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CHANGE INFORMATION

This handbook is subject to continuous change or revision, on a priority basis,

to reflect current Lunar Module or mission changes, or to improve content or

arrangement, The content and the changes are accounted for by the List of
Effective Pages, and the following means:

Record of Publication: The publication date of each basic issue and each change

issue is listed below as a record of all editions.

Page Change Date: Each page in this handbook has space for entering a change
date. The latest publication date will be entered in this space each time a page

is changed from the basic issue.

COMMENTS

NASA Comments: NASA comments or suggested changes to this handbook should

be directed to M. E, Dement, Flight Crew Support Division, Spacecraft Operations
Branch, Building No. 4, MSC 2101 Webster Seabrook Road, Houston, Texas 77058.

GAC Comments: GAC comments or suggested changes to this handbook should be

directed to the Product Support Department, LM Publications Section.

RECORD OF PUBLICATION

The issue of the Apollo Operations Handbook - LM, Volume 1, dated 15 December

1968, is the basic issue. Subsequent changes will be issued to maintain informa-

tion current with all active Lunar Modules, This record will reflect the publica-
tion date of all changes,

Basic Date Change Date

15 December 1968 15 March 1969

1 February 1970 15 June 1969
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SECTION 1

SPACECRAFT

INTRODUCTION

This section includes descriptions of the LM, the LM - SLA - S-IVB connections, the

LM-CSMinterfaces, and LM stowage provisions. The Apollo-Saturn space vehicle configuration is

shownin figure 1-1.

1.1 LM CONFIGURATION. (See figure 1-2.) a

The LM is designed for manned lunar landing missions. It consists of an ascent stage anda
descent stage; the.stages are joined together at four interstage fittings by explosive nuts andbolts.

Subsystem continuity between the stages is accomplished by separable interstage umbilicals and hard-

line connections, :

Both stages function as a single unit during lunar orbit, until separation is required. Stage

separation is accomplished by explosively severing the four interstage nutsand bolts, the interstage

umbilicals, and the water lines. All other hardlines are disconnected automatically at stage separation.
The ascent stage functions as a single unit to accomplish rendezvous and docking with the CSM. The &
overall dimensions of LM are given in figure 1-3. Station reference measurements (figure 1-4) are
established as follows:

e The Z- and Y-axis station reference measurements (inches) start at a point where

both axes intersect the X-axis at the vehicle vertical centerline: the Z-axis extends
forward and aft of the intersection; the Y-axis, left and right. The point of inter-

section is established as zero.

e The +Y-axis measurements increase to the right from zero; the - Y-axis measure-
ments increase to the left. Similarly, the +Z- and - Z-axis measurements increase

forward (+Z) and aft (-Z) from zero.

e The X-axis station reference measurements (inches) start at a design reference

point identified as station +X200.000. This reference point is approximately 128
inches above the bottom surface of the footpads (with the landing gear extended);
therefore, all X-axis station reference measurements are +X-measurements.

1.2 ASCENT STAGE.

1.2.1 GENERAL DESCRIPTION.

The ascent stage, the control center and manned portion of the LM, accommodates two
astronauts. It comprises three main sections: the crew compartment, midsection, and aft equipment

bay. The crew compartment and midsection make up the cabin, which has an approximate overall

volume of 235 cubic feet. The cabin is climate controlled, and pressurized to 4.80.2 psig. Areas

other than the cabin are unpressurized.

1.2.2 STRUCTURE. (See figure 1-5.)

The ascent stage has six structural areas: crew compartment, midsection, aft equipment

bay, thrust chamber assembly (TCA) cluster supports, antenna supports, and thermal and micro-

meteoroid shield,
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@ 1.2.2.1.1 Control and Display Panels. (See figure 1-7.)

The crew compartment has 12 control and display panels: two main display panels

(1 and 2) that are canted forward 10°, two center panels (3 and 4) that slope down and aft 45° towards
the horizontal, two bottom side panels (5 and 6), two lower side panels (8 and 12), one center side panel
(14), two upper side panels (11 and 16), and the orbital rate display - earth and lunar (ORDEAL) panel
aft to panel 8.

Panels 1 and 2 are located on each side of the front face assembly centerline, at eye level.
Each panel is constructed of two 0.015-inch-thick aluminum-alloy face sheets, spaced 2 inches apart
by formed channels. The spacer channels are located along the sheet edges; additional channels, inboard
of the edge channels, reinforce the sheets. This forms a rigid box-like construction with a favorable
strength-to-weight ratio and a relatively high natural frequency. Four shock mounts support each panel
on the structure. Panel instruments are mounted to the back surface of the bottom and/or to the top
sheet of the panel. The instruments protrude through the top sheet of the panel. All dial faces are
nearly flush with the forward face of the panel. Panel 1 contains warning lights, flight indicators and

controls, and propellant quantity indicators. Panel 2 contains caution lights, flight indicators and
controls, and Reaction Control Subsystem (RCS) and Environmental Control Subsystem (ECS) indicators
and controls.

Panel 3, immediately below panels 1 and 2, spans the width of these two panels. Panel 3
contains the radar antenna temperature indicators and engine, radar, spacecraft stability, event timer,

RCSand lighting controls.

Panel 4 is centered between the flight stations and below panel 3. Panel 4 contains attitude
controller assembly (ACA) and thrust translation controller assembly (TTCA) controls, inertial
subsection indicators, and LM guidance computer (LGC) indicators and controls. Panels 1 through 4
are within easy reach and scan of both astronauts.

Panel 5 and 6 are in front of the flight stations at astronaut waist height. Panel 5 contains
lighting and mission timer controls, engine start and stop pushbuttons, and the X-translation pushbutton.
Panel 6 contains abort guidance controls.

Panel 8 is at the left of the Commander's station. The panel is canted up 15° from the
B horizontal; it contains controls and displays for explosive devices, audio controls, and heater controls.

Panel 11, directly above panel 8, has five angled surfaces that contain circuit breakers.
Each row of circuit breakers is canted 15° to the line of sight so that the white band on the circuit
breakers can be seen when they open.

Panel 12 is at the right of the LM Pilot's station. The panel is canted up 15° from the
horizontal; it contains. audio, communications, and communications antennas controls and displays.

Panel 14, directly above panel 12, is canted up 36.5° from the horizontal, It contains
controis and displays for electrical power distribution and monitoring.

Panel 16, directly above panel 14, has four angled surfaces that contain circuit breakers.
Each row of circuit breakers is canted 15° to the line of sight so that the white band on the circuit
breakers can be seen when they open.

The ORDEAL panel is immediately aft of panel 8. It contains the controls for obtaining
LM attitude, with respect to a local horizontal, from the LGC.

1.2.2.1.2 ForwardHatch. (See figure 1-8.)

The forward hatchis in the front<face assembly, just below the lower display panels. The
hatch is approximately 32 inches square; it is hinged to swing inboard on quick-release hinge pins

when opened. A cam latch assembly holds the hatch in the closed position; the assembly forces lip,
around the outer circumference of the hatch, into a preloaded elastomeric silicone compound seal that

is secured to the LM structure. Cabin pressurization forces the hatch lip further into the seal, ensuring
a pressure-tight contact. A handle is provided on both sides of the hatch, for latch operation. To open

the hatch, the cabin must be completely depressurized by opening the cabin relief and dump valve on the

hatch. When the cabin is completely depressurized, the hatch can be opened byrotating the latch handle.
A lockpin in a plate over the latch can be withdrawn to release the latch in an emergency. The cabin

relief and dump valve can also be operated from outside the LM.
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1.2.2.1 Crew Compartment. (See figures 1-5 and 1-6.)

The crew compartmentis the frontal area of the ascent stage; it is 92 inches in diameter
and 42 inches deep. This is the flight station area; it has control and display panels, armrests, body
restraints, landing aids, two front windows, a docking window, and an alignmentoptical telescope (AOT),
Flight station centerlines are 44 inches apart; each astronaut has a set of controllers. and armrests.
Circuit breaker, control, and display panels are along the upper sides of the compartment. Crew pro-
vision storage space is beneath these panels. The main control and display panels are canted and cen-
tered between the astronauts to permit sharing and easy scanning. An optical alignmentstation, between
the flight stations, is used in conjunction with the AOT. A portable life support system (PLSS) donning
station is also in the center aisle, slightly aft of the optical alignmentstation. .

The crew compartment shell is cylindrical and of semimonocoqueconstruction. It is a
fusion-welded and mechanically fastened assembly of aluminum-alloy sheet and machined longerons.
The shell has an opening for the docking window, above the Commander'sflight station. The front face
assembly of the crew compartment has two triangular windowsand the forward hatch. Twolarge struc-
tural beams extend up the forward side of the front face assembly; they support the structural loads
applied to the cabin structure. The lower ends of the beams support the two forward interstage mounts;
the upper ends are secured to additional beam structure that extends across the top of the crew compart-
ment shell and aft to the midsection structure. The crew compartment deck measures approximately
36 by 55 inches. It is constructed of aluminum honeycomb bonded to two sheets of aluminum alloy. Non-
flammable Velcro pile strips, which contact hooked Velco material on the astronaut boots, are bonded to
the deck surface. Handgrips, recessed in the deck, aid the astronauts during egress and ingress through
the forward hatch. Perforated glass-reinforced plastic covers the ceiling above the flight stations. A
handrail, with five green radio luminescent disks attached to it, is bolted to the left-hand structural beam
of the front face assembly.

ANTENNA SUPPORTS MIDSECTION AFT EQUIPMENT BAY

   

 

EQUIPMENT RACK

THERMAL AND CREW COMPARTMENT TCA CLUSTER SUPPORTS
MICROMETEOROIO SHIELD 3O0LMS.13

Figure 1-5. Ascent Stage Structure Configuration
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: A. 300LM 10-7

Figure 1-7. Cabin Interior (Looking Forward)

1.2.2.1.3 Windows. (See figures 1-9 and 1-10.)

Two triangular windowsin the front face assembly provide visibility during descent, ascent,
and rendezvous and docking phases of the mission. Both windows have approximately 2 square feet of
viewing area; they are canted downto the side to permit adequate peripheral and downwardvisibility. A
third (docking) window is in the curved overheadportion of the crew compartment shell, directly above

the Commander'sflight station. This window provides visibility for docking maneuvers. All three win-
dows consist of two separated panes, vented to space environment. The outer pane is made of Vycor
glass with a thermal (multilayer blue-red) coating on the outboard surface and an antireflective coating
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on the inboard surface. The inner pane is made of struct.:al glass. It is sealed with a Raco seal (the

docking window inner pane has a dual seal) and has a def:.: coating on the outboard surface and an anti-
reflective coating on the inboard surface. Both panes are »olted to the window frame through retainers.

All three windowsare electrically heated ts: »-event fogging. The heaters for the
Commander's front window and the docking window receiy: their power from 115-volt a-c bus A and the

Commander's 28-volt d-c bus, respectively. The heater -.r the LM Pilot's front window receives power
from 115-volt a-c bus B. The heater power for the Com~:ander's front window and the docking window

is routed through the AC BUS A: CDR WIND HTR and HZ:TERS: DOCK WINDOWcircuit breakers,
g respectively; for the LM Pilot's front window, through th: AC BUS B: SE WIND HTRcircuit breaker.

These are 2-amperecircuit breakers, on panel 11. The :-.mperature of the windows is not monitored
with an indicator; proper heater operation directly affect: ~rew visibility and is therefore visually
determined by the astronauts. When condensation or fre: appears on a window, that window heater is
turned on. It is turned off when the abnormal condition c:sxppears. When a window shade is closed,
that window heater mustbeoff.

B@ 1.2.2.2 Midsection, (See figures 1-5 and 1-11.)

The midsection structure is a ring-stiffenec -2mimonocoque shell. The bulkheads consist

of aluminum-alloy, chemically milled skin with fusion-welz¢.longerons and machinedstiffeners. The mid-
section shell is mechanically fastened to flanges onthe majo: :tructural bulkheadsat stations +Z27.00 and
-Z27.00. The crew compartment shell is mechanically secu: -i{o an outboard flange of the +227. 00 bulkhead.
The upper and lower decks,at stations +X294. 643 and +X23.. .00, respectively, are made of aluminum -alloy,

integrally stiffened and machined. The lower deck provides - -uctural support for the ascent stage engine.
The upper deck provides structural support for the dockin:: - :nnel and the overhead hatch.

Two main beams running fore and aft, inter”. with those above the crew compartment,
are secured to the upper deck of the midsection; they sur: .: the deck at the outboard end of the docking
tunnel. The aft ends of the beams are fastened to the aft .:-xlead (-Z27.000), which has provisions for

bolting the tubular truss membersthat support both aft i: .. “stage fittings. Ascent stage stress loads
applied to the front beam are transmitted through the tw: ams on the upper deckto the aft bulkhead,

and, through the aft interstage support members, tothe ags. The combination of beams, bulkhead,

and truss members forms a cradle around the cabin ass: iy; it takes up all the stress loads applied

to the ascent stage. Two canted beam assemblies, secur to the bottom of the lower deck andto the

forward and aft bulkheads, form the ascent stage engine. .partment. The engine support ring truss

membersare bolted to the lower deck.
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a Figure 1-11. Cabin Inverior (Looking Aft)

The right side of the midsection contains :rost of the ECS controls and most of the heat

transport section water glycol plumbing. Valves for o,:ration of the ECS equipment are readily

— accessible from the crew compartment. Theleft side «: ihe midsection contains flight data file,

a portable life support system (PLSS), and other cre; srovisions stowage. Guidance, Navigation
and Control Subsystem (GN&CS) electronic units that du »«x require access by the astronauts are located
on the midsection aft bulkhead. These units include a I.3 cuidance computer, a coupling data unit, a

 

 

ASCENT Si AGE
@ Page 1-12 Mission_LM_ Basic Date_1 Fetruary 1970 Change Data_ 1 April 1971



LMA790-3-LM

APOLLO OPERATIONS HANDBOOK
SPACECRAFT

 

power and servo assembly, and a signal conditioner assembly. ACS propellant tanks are installed be-

tween the midsection bulkheads, on each side, external to the basic structure of the midsection. The

ascent engine propellant tanks are mounted in the midsection, beneath the RCS tanks.

A ring at the top of the ascent stage is compatible with the clamping mechanismsin the

CM. This ring is concentric with the X-axis, which is also the nominal centerline of thrust of the ascent
and descent engines. The drogue portion of the docking mechanism is secured below this ring during

the docking operation to mate with the CM-mounted probe. It is also stored in this area when storage is
required out of the crew compartment.

1.2.2.2.1 Docking Tunnel (See figure 1-11.)

The docking tunnel, at the top centerline of the ascent stage, is 32 inches in diameter and
16 inches long. The lower end of the tunnel is welded to the upper deck structure; the upper end is

secured to the main beams and the outer deck. The tunnel is used for transfer of astronauts and equip-
ment to the LM from the CM and for transfer of the LM astronauts and equipment to the CM. This _
tunnel is compatible with its counterpart in .the CM whenin the docked configuration; it allows for astro-
naut transfer, without exposure to space, in a pressurized or unpressurized extravehicular mobility

unit (EMU).

1.2.2.2.2 Overhead Hatch. (See figure 1-12.)

The overhead hatch is directly above the ascent engine cover, on the X-axis. Provisions
for crew transfer through this hatch are based upon a head-first passage. Handgrips in the aft section

of the docking tunnel aid in crew and equipment transfer. An off-center latch adjacent to the forward
edge of the hatch, can be operated from either side of the hatch. The hatch is opened from within the

cabin by rotating the handle approximately 90° counterclockwise; by turning the handle 90° clockwise, to
open the hatch from outside the LM. A maximum torque of 35 inch-pounds is required to disengage the

latching mechanism to open the hatch. The hatch is secured closed by rotating the handle in the opposite
direction. The hatch has a preloaded elastomeric silicone compound seal mounted in the ascent stage
structure. Whenthe latch is closed, a lip near the outer circumference of the hatch enters the seal,

ensuring a pressure-tight contact. Normal cabin pressurization forces the hatchlip into its seal. To
open the hatch, the cabin must be depressurized through the cabin relief and dump valve;the latch is

then unfastened.

EXTERNAL

RELIEF AND DUMP
VALVE HANDLE

a, = fo
 

 

 

at —

DOOR HANDLE CABIN ‘/
RELIEF AND OUMP yy df
VALVE HANDLE Ad  

HATCH
IN OPEN POSITION

C-JOOLM4- 117

Figure 1-12. Overhead Hatch
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1.2.2.3 Aft Equipment Bay. (See figure 1-5.)

The aft equipment bay, aft of the -Z27.000 bulkhead, is unpressurized. The main support-
ing structure of the bay consists of tubular truss membersbolted to the aft side of the - 227.000 bulk-
head. The truss members, used in a cantilever type of construction, extend aft to the equipmentrack.
The equipment rack assembly is constructed of a series of vertical box beams, supported by an upper
and lower Z-frame. The beams have integral cold rails that transfer heat from the electronic equip-

ment mounted on the equipment racks. The cold rails are mounted vertically in the structural frame,

which is supported at its upper and lower edges by the truss members. A water-glycol solution (coolant)

flows through the cold rails.

Two oxygen tanks and two gaseous helium tanks are secured with supports and brackets to
the truss members, the -Z27.000 bulkhead, and the equipment rack. Support mountings and brackets

are secured to the aft side of the -Z27.000 bulkhead, for valves, plumbing, wiring, ECS components,
and propellant tanks that do not require a pressurized environment.

1.2.2.4 Thrust Chamber Assembly Cluster Supports. (See figure 1-5.)

Aluminum-alloy tubular truss members for external mounting of two forward thrust cham-

ber assembly (TCA) clusters are bolted to both sides of the front face assembly and to the crew compart-

ment shell. Aluminum-alloy tubular truss members for external mounting of two aft TCA clusters are

bolted to the upper and lower corners of the equipment rack assembly and to the - Z27.000 bulkhead.

1.2.2.5 Antenna Supports. (See figure 1-5.)

The ascent stage provides mounting accommodations for an S-band steerable antenna, two

VHFantennas, two S-band in-flight antennas, and a rendezvous radar antenna. The S-band steerable

antenna has tubular truss members; the main truss is mounted on top of the right side of the midsection.

One VHF antenna is mounted on the top left side of the stage, forward of the +Z27.00 bulkhead; the
other one is mounted on the top right side, aft of the -Z27.00 bulkhead. One S-band in-flight antenna is

mounted on the front face assembly; the other one, on the aft equipment bay rack. The rendezvous

radar antenna is mounted on the upper beams of the crew compartment.

1,2.2.6 Thermal and Micrometeoroid Shield, (See figure 1-5.)
 

The entire ascent stage structure is enveloped with a thermal and micrometeoroid shield,

which combines either a blanket of multiple layers of aluminized polyimide sheet (Kapton H-film) and
aluminized polyester sheet (mylar) with a sandwich of inconel skin, inconel mesh and nickel foil or a

polyimide blanket with a single sheet of aluminum skin. The blanket panels, formed in various shapes

and sizes, consist (outboard to inboard) of 15 layers of 0.0005-inch-thick H-film, 10 layers of 0.00015-

inch-thick mylar, anda single layer of 0.0005-inch-thick H-film. Ina few ascent stage areas that have

different thermal-protection requirements, the number of layers in a blanket panel varies slightly. Out-

board to inboard, the sandwich comprises a 0.0015-inch-thick inconel skin and one or morelayersof

inconel mesh alternated with 0.0005-inch-thick nickel foil. The number of inconel mesh and nickelfoil

layers in a sandwich and the thickness of the aluminum skin vary considerably at different areas of the

vehicle, depending on the duration and intensity of RCS thruster plume impingementat those areas. The

combined thermal and micrometeoroid shield is mounted on low-thermal-conductive supports (standoffs),

which keep it at least 2 inches from the main structure. Where subsystem components are mounted
external to the ascent stage basic structure, the standoffs are mounted to aluminum frames that sur-

round the components. The aluminum or inconelskin (the outermost material) serves as a micro-
meteoroid bumper; the sandwich and blanket material serve as thermal shielding. Where the blankets
meet, the mating edges are sealed with mylar tape. Vent holes are provided in the blanket.

The aluminized mylar blankets insulate the structure against temperatures up to +350° F.

On the TCA support truss members, which are subjected to temperatures in excessof +350° F due to
engine radiation, an additional 20 layers of H-film are installed. H-film has an insulating capability up
to +1,000° F. Additional H-film blankets are also used in other areas of the ascent stage that will be
subjected to temperatures in excess of +350° F. During earth prelaunch activities, various components
and areas of the ascent stage mustbe readily accessible. Access panels in the outer skin and insulation

provide this accessibility.
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1.3 DESCENT STAGE.

1.3.1 GENERAL DESCRIPTION.

The descent stage is the unmannedportion of the LM. The descent stage structure provides
attachment and support points for securing the LM within the spacecraft Lunar-Module adapter (SLA),

1.3.2 STRUCTURE, (See figure 1-13.)

The descent stage is constructed of aluminum-alloy, chemically milled webs. It consists
of two pairs of parallel beams arranged in a cruciform, with a deck on the upper and lower surfaces.

The beam websare at stations +¥27.000, ~-Y27.000, +Z27.000, and -Z27.000. The lower deckis at

station +X131.140; the upper deck, at station +X196.000. The ends of the beams areclosed off by end
closure bulkheads at stations +Z81.000, -Z81.000, +Y81.000, and -Y81.000. Joints are fastened with
standard mechanical fasteners. A four-legged truss (outrigger) at the ends of each pair of beams serves
as a support for the LM in the SLA and as the attachmentpoint for the main strutof the landing gear.
The outriggers are constructed of tubular aluminum alloy. Fittings on the +¥27. 000 and -Y27.000 beams,
at station +Z65. 906, serve as the forward attachmentpoints for the ascent stage. Fittings on the -Z27.000
beam, at stations +Y65.000 and -Y65.000, serve as the aft attachmentpoints for the ascent stage.

Compartments f.: -med by the descent stage structural arrangement house equipment re-
quired by LM subsystems. The center compartment houses the descent stage engine, which is supported

by eight tubular truss members secured to the four corners of the compartmentand by the engine gimbal

ring. Descent engine oxidizer tanks are housed in the fore and the aft compartments between the

+Y¥27.000 and -Y27.000 be:ms; descent engine fuel tanks, between the +Z27.000 and - Z27.000 beams in

the side compartments. :
AFT
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The areas, between the main beams, that giv

referred to as quadrants, Quadrant 1 is formed by the inte:

quadrant 2 by the -Z27.000 and -Y27.000 beams, quadrant

and quadrant 4 by the +Z27.000 and +Y27.000 beams.

Quadrant 1 has mounting provisions for a Lu.

ment Transport System (METS) and also has a high-pressure

Quadrant 2 houses an ECS water tank and Ap.
(ALSEP). A cosmic ray experiment package is mounted ad):

-the ALSEP is mounted adjacent to the ALSEP, but outsidet:
meteoroid shield. A landing radar antenna is supported ext
lower deck. Components for the landing radar are mountea

Quadrant 3 houses supercritical helium and «
control assembly of the GN&CS, an ECS gaseous oxygen tan

Quadrant 4 houses EDS components (umbilic::

pyro relay box), an ECS water tank and gaseous oxygen tank
propellant quantity gaging system (PQGS). A modified MES.

Five EPS batteries, two ECA's, and a batter
on the -Z bulkhead.

Fill and drain ports and vents for the fuel, o

tanks are external to the descent stage outer skin.

meteoroid shield, the landing gear, and an egressplatform.
of the RCS downward-firing thrusters from the descent stay

Two deflectors are shorted to provide clearance for the LE
respectively. The supporting trusses for these deflectors |

1.3.2.1 Thermal and Micrometeoroid Shield.

The entire descent stage structure is envelo;

which combines multiple layers of aluminized mylar and H-
In areas where micrometeoroid protection is required, one
used as skin. The shield is mounted on low-thermal-condu:
inch away from the main structure. A titanium blast shiel¢

engine compartment, above the thermal shield, deflects the

the descent engine compartment.

The bottom of the descent stage, and the ene:

temperatures due to radiation from the descent engine. A?

blanket of alternate layers of nickel foil and Fiberfax outsic

the bottom of the descent stage from engine heat. A titanic:

layers of nickel foil and Fiberfax under an outer blanket of

flange-like ring of columbium backed with a fibrous insulat:
extension and joined to the base heat shield by an annular b«

arrangement permits engine gimbaling, but prevents engine

1.3.2.2 Landing Gear. (See figure 1-14.)

The landing gear provides the impact attenus
surface, prevents tipover, and supports the LM during lun*

attenuated to load levelsthat preserve the structural integr:
stowed in a retracted position; it remains retracted until th
DEPLOYswitch on panel 8. The landing gear uplocks are -

deployment mechanism extend the landing gear. Once exte’

in place by two downlock mechanisms.

The landing gear is of the cantilever type: it

outriggers that extend from the ends of the descent stage s:

front, rearandbothsides of the LM. Each leg assemblyc.

secondary struts, an uplock assembly, two deployment anc

The des.

300K

» descent stage its octagon shape are

.ion of the +Z27.000 and -Y27.000 beams,
the -Z27.000 and +¥27.000 beams,

toving Vehicle (LRV) or a Mobile Equip-

-20us oxygen disconnect.

‘unar surface experiment packages
-¢o the ALSEP. A fuel cask for use with

:adrant thermal blanket and micro-

-ily on additional structure below the

ye -Y27.000 beam.

ant helium tanks, the descent engine

nd interstage hardline disconnects.

ale cutter, pyro relay battery, and
waste management container, and the
mounted externally to quadrant 4.

itrol relay assembly are mounted

‘er, helium, water, and gaseous oxygen

stage includes a thermal and micro-

sur plume deflectors, to divert the plume
re truss mounted to the descent stage.
iadrant 1) and the MESA (quadrant 4),
been modified.

“ith a thermal and micrometeoroid shield,

with an outer skin of 0.002-inch H-film.
-e of black-painted 0.00125-inch inconel is
supports, which keep it at least one-half

ured to the upper side of the descent
_ent engine exhaust out of, and away from

ompartment, are subjected to very high

heat shield, composedof titanium with a

nd a blanket of H-film inside, protects
eld with a thermal blanket of multiple

-m protects the engine compartment. A
3 attached directly to the engine nozzle
-s of 25-layer H-film. This bellows

« from leaking into the engine compartment.

required to land the LM on the lunar
ay and lunar launch. Landing impact is

‘the LM. At launch, the landing gear is

mmander operates the LDG GEAR
explosively released and springs in the

each landing gear assemblyis locked

ists of four leg assemblies connected to

oral beams. The legs extend from the

s of a primary strut, a footpad, two
‘Lock mechanism, and a truss assembly.

 

 

 

Theleft, right and aft footpad each have a lunar-surface s. probe. A ladder is affixed to the

forward leg assembly.
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Figure 1-14. Landing Gear

1.3,2,2.1 Primary Strut.

The upper end of the primary strut attaches to the descent stage outriggerfitting; the lower

endhas a ball joint support for the footpad. Crushable aluminum honeycombinside the primary strutis
used as the shock-absorbing medium. The primary strut absorbs compression loads only.

1.3.2.2.2 Footpad.

The footpad assures minimal penetration of the lunar surface. It has a diameter of 37
inches and can pivot at the end of the primary strut. A lunar-surface sensing probe is attached to each
footpad except the forward one,

1.3.2.2.3 Secondary Struts. “4

The outboard end of each secondary strut attaches to the primary strut; the inboard end,
to the deployment truss. The secondary struts contain crushable aluminum honeycomb for shock
attentuation. These struts absorb compression and tension loads.

1.3.2.2.4 Uplock Assembly.

The uplock assembly for each landing gear assembly comprises a fixed link and an explosive
cutter device containing two end detonator cartridges. Thefixed link, attached between the descent stage
structure and the primary strut, restrains the landing gearin its retracted (stowed) position. The cutter
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device is pinned to the fixed link. Setting the LDG GEA!: DEPLOY switch to FIRE activates the
electrical circuit that fires the high-explosive charge in the end detonator cartridges. The resulting
detonations impel cutter blades that sever the fixed link, »ermitting the deployment mechanismtofully
extend the landing gear. Either cartridge supplies suffici«-:f energy to sever the fixed links.

1.3.2.2.5 Deployment and Downlock Mechanism.

Each deployment and downlock mechanism tivo for each landing gear assembly) consists of
two spring-loaded devices and connecting linkage, which <izploy and then lock the landing gear.

The deployment portion of the mechanism cunsists of a spring and linkage (a link and a cam

idler crank). The linkage is attached between descent stage structure and the landing gear deployment

truss. One end of the spring is attached to the linkage; tre other end iscoiled around a roller attached

to descent stage structure. After the uplock assembly fixed link is severed, the spring coils up, pulling
on the linkage and indirectly on the deploymenttruss to fully deploy the landing gear.

The downlock portion of each deployment anc downlock mechanism consists of a spring-
loaded latch (with an integral cam follower) attached to descent stage structure, a latch roller on the
deployment truss, and two independentelectrical switches in a single case. When the landing gearis

retracted, the latch is held open because the cam follower rests on the cam of the cam idler crank. As
the landing gear deploys, the cam rotates and, at full deployment, the cam follower drops off the cam
ramp, allowing the spring to snap the latch over the latch roller.. This secures the roller against a

stop on the structure. Simultaneously with the latching motion, the electrical switches are actuated.to
change the LDG GEAR DEPLOY talkback from a striped to a gray indication. The indication, reflecting

the deployed and locked gear condition occurs if at least one of the two switches in each downlock device
has actuated, An external visual indication that the landing gear is deployed and locked is also pro-

vided, A red luminescent stripe is painted on the lock latch and on the deployment truss. These stripes
becomealigned when the landing gear assemblies are down and locked. The stripes can be seen, day or

night, from as far away as 100 feet; they serve as an indication that can be checked from the CM.

1.3,2.2.6 Lunar-Surface Sensing Probe.

The lunar-surface sensing probe attached to the left, right, and aft landing gear footpads is
an electromechanical device. The probes are retained in the stowed position against the primary strut

until landing gear deployment. During deployment, mechanical interlocks are released, permitting spring

energy to extend the probes below the footpad, At lunar contact (just before landing gear impact), two

mechanically actuated switches in each probe energize the LUNAR CONTACTlights to advise the crew to
shut off the descent engine. Each probe has two indicator plates, which, when aligned, indicate that the
probe is fully extended.

1.3.2.2.7 Ladder.

The ladder affixed to the primary strut of the forward leg assembly has rungsandrailings.
It extends from the forward end of the platform to the end of the strut's outer cylinder. The ladder is
used to climb to and from the’hatch during extravehicular activity on the lunar surface.

1.3.2.3 Platform.

The external platform, on the LM,centerline immediately below the forward hatch, provides
the astronauts with work space for handling equipment, and aids ingress to and egress from the LM.

The platform is approximately 3 feet square; it is attacheto the descent stage structure.

1.4 LM - SLA - S-IVB CONNECTIONS,

At earth launch, the LM is within the SLA, «ich is connected to the S-IVB booster. The

SLA has an upper section and a lower section. The outriz:vers, to which the landing gear is attached,

provide attachment points for securing the LM to the SLA i-wer section. The LM is mountedto the SLA
support structure on adjustable spherical seats at the apex sf each of the four outriggers; it is held in
place by a tension holddown strap at each mounting point. !efore the LM is removed, the upper section
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of the SLA is explosively separated into four segments. These segments, which are hinged to the lower
section, fold back and are then forced away from the SLA by spring thrusters. The LM is then explo-
sively released from the lower section.

1.5 LM-CSM INTERFACES,

A ring at the top of the ascent stage provides a structural interface for joining the LM to

the CM. The ring, which is compatible with the clamping mechanismsin the CM, provides structural

continuity. The drogue portion of the docking mechanism is secured below this ring. The drogue is

required during docking operations to mate with the CM-mounted probe. See figure 1-15 for orientation
of the LM to the CSM,

1,5,1 CREW TRANSFER TUNNEL.

The crew transfer tunnel (LM-CM interlock area) is the passageway created between the

LM overhead hatch and the CM forward pressure hatch when the LM and the CSM are docked. The

tunnel permits intervehicular transfer of crew and equipment without exposure to space environment,

The tunnel and the LM are pressurized from the CM.

1.5.1.1 Final Docking Latches.

Twelve latches are spaced equally about the periphery of the CM docking ring. They are

placed around and within the CM tunnel so that they do not interfere with probe operation. When

secured, the latches ensure structural continuity and pressurization between the LM and the CM, and

seal the tunnel interface.
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Figure 1-15. LM-CSM Reference Axes
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1.5.1.2 Umbilical.

An electrical umbilical, in the LM portion of the tunnel, is connected by an astronaut to
the CM. This connection can be made without drogue removal.

1.5.1.3 Docking Hatches.

The LM has a single docking (overhead) hatch; the CM hasa single, integral, forward

hatch, The LM overhead hatch is not removable. It is hinged to open 75° into the cabin.

1,5.1.4 Docking Drogue,

The drogue assembly is a conical structure with provisions for mounting in the LM portion
of the crew transfer tunnel. The drogue may be removed from either end of the crew transfer tunnel
and may be temporarily stowed in the CM or the LM, during Service Propulsion System (SPS) burns.
Oneof the three tunnel mounts contains a locking mechanism to secure the installed drogue in the tunnel.

1.5.1.5 Docking Probe.

The docking probe provides initial CM-LM coupling and attenuates impact energy imposed
by vehicle contact. The docking probe assembly consists of a central body, probe head, capture latches,
pitch arms, tension linkages, shock attenuators, a support structure, probe stowage mechanism, probe
extension mechanism, probe retraction system, an extension Jatch, a preload torque shaft, probe
electrical umbilicals, and electrical circuitry. The assembly may be folded for removal and stowage
from either end of the transfer tunnel.

The probe head is self-centering. When it centers in the drogue the three capture latches
automatically engage the drogue socket. The capturelatches can be released by a release handle on

the CM side of the probe or by depressing a probe head release button from the LM side, using a special
tool stowed on the right side stowage area inside the cabin.

1.5.1.6 Docking Aids.

Visual alignment aids are used for final alignment of the LM and CSM, before the probe
head of the CM makescontact with the drogue. The LM +Z-axis will align 50° to 70° from the CSM
~Z-axis and 30° from the CSM +Y-axis. The CSM position represents a 180° pitchover and a counter-
clockwise roll of 60° from the launch vehicle alignment configuration.

An alignment target is recessed into the LM so as not to protrude into the launch con-
figuration clearance envelope or beyond the LM envelope. The target, at approximately stations

-Y46. 300 and -2Z0. 203, has a radioluminescent black standoff cross having green radioluminescent disks
on it and a circular target base painted fluorescent white with black orientation indicators. The base is

17.68 inches in diameter. Crossmembers onthe standoff cross will be aligned with the orientation in-
dicators and centered within the target circle when viewed at the intercept parallel to the X-axis and

perpendicular to the Y-axis and Z-axis.

1.6 STOWAGE PROVISIONS,

The LM hasprovisions for stowing crew personal equipment. The equipment includes such
items as the docking drogue; navigational star clfarts and an orbital map, umbilicals, a crewman's

@ medical kit; a lunar extravehicular visor assembly (LEVA)for each astronaut, a special
multipurpose wrench (tool B); spare batteries for the PLSS packs, and other items. For a
detailed list of crew personal equipment, refer to paragraph 2. 11.
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2.1.3.5 General Operation of the Control Electronics on,
 

The PGNS, in conjunction with the CES, prov:

tion, and descent or ascent propulsion maneuvers. Autom:

with manual inputs, As backup for PGNS control, the AGS.

if the PGNS malfunctions, Table 2, 1-1 contains a summar.

2.1.3.5.1 Attitude Control. (See figure 2. 1-17.)

LM attitude is controlled by X, Y, and Z axes

automatic, attitude hold, pulse, direct, and hardover (man...
modes are selected with the MODE CONTROL: PGNS or A‘

ATTITUDE CONTROL: ROLL, PITCH, and YAW switches.

Automatic Mode. The automatic mode providesfully autom

the LGC generates the required thruster commands and ro:
ATCAprovide thruster on and off commandsto selected RC

the abort guidance mode, roll, pitch, and yaw attitude erra:
the ATCA, These error signals are passed through limiter:

from the RGA, demodulated, passed through selectable dea:
PRM's and jet driver amplifiers, which fire the RCSjets.
to correct the attitude errors. In the primary and abort gu.

attitude control about all three LM axesby initiating hardov

Attitude Hold Mode. This is a semiautomatic mode, in whi.
change at an angular rate proportional to ACA displacemen:.

detent (neutral) position. In the primary guidance mode, ri
ment are sent to the LGC, The LGC operates on these con:
in the ATCA to commandrotation rates by meansof the thri:

neutral position, LM rotation stops and the LGC maintains :
with the ACA in the neutral position, LM attitude is held by

is moved out of the detent position, the attitude error signa::

mands proportional to ACA displacement are processed int! .

the desired vehicle rate is achieved. When the ACAisrett:

reduced to zero and the AGS holds the LM in the new attituce.

Pulse Mode. The pulse mode (minimum impulse control) is
PGNSis in control and operating in the attitude hold mode.
commands a minimum impulse burn for each movement of t!

The ACA must be momentarily returned to the detent positic:
maximum rate at which minimum impulses can be command:

mode, the astronaut performs rate damping and attitude stee:
It is selected on an individual- 3.

the appropriate ATTITUDE CONTROL switch (ROLL, PITCH
is selected, automatic attitude control about the selected axi:

:.t$ mode, the ACA must be movedpast 2, 5°

mode is an open-loop mode.

generated when the ACAis displaced. To changeattitude in
from detent; this commands acceleration about the selected ..x

acceleration about the same axis must be commanded,

Direct Mode.

Automatic AGS attitude control about the selected axis is dis

are routed to the RCS secondary solenoids when the ACA is

tinuously until the ACA is returned to the detent position,

Hardover Mode,

the RCS secondary solenoids to fire four thrusters.
control mode.

 

The direct mode is also an open-loop acceler:

axis basis by setting the appropriate ATTITUDE CONTROL-

> splaced 2.5°,

In an emergency, the ACA can be displace:
to command an immediate attitude change about any axis, 7:

This m..

automatic control of LM attitude, transla-
sontrol can be overridden by the astronauts,
oplemented by manual inputs, can be used
the CES modesof attitude control,

.nere are five modesof attitude control:

verride), The automatic and attitude hold
witch; the pulse and direct modes, with the

attitude control, During PGNScontrol,
them to the ATCA. The jet drivers in the
zimary solenoids for attitude changes, In

~:mmals are generated in the AGS and sent to
.id then are combined with damping signals
.ad circuits, jet select logic circuits,

« jet select logic determines which jets fire
sce modes, the astronaut can override

commands with the ACA,

cither astronaut can command an attitude

iM attitude is held when the ACAis in the

2ommands proportional to ACA displace-
nds and provides signals to the jet drivers
ers. When the ACAis returned to the
new attitude, In the abort guidance mode,
sans of AGS error signals. When an ACA

vom the AGS are set to zero. Rate com-
ATCA, and the thrusters are fired until

-d to the detent position, the vehicle rate is

“iected by a DSKY entry (verb 76) when the
>> minimum impulse control, the LGC

ACA beyond 2, 5° of the detent position.
“etween each impulse command, The
iS approximately five per second. In this

ing, When the AGS is in control, the pulse
s (roll, pitch, and yaw) basis by setting

ar YAW) to PULSE, When the pulse mode
is disabled and a fixed train of pulses is

 

1s. To terminate LM rotation, an opposite

wy mode, It is selected on an individual-

“teh (ROLL, PITCH or YAW) to DIR.
‘ad and direct commands to two thrusters

The thrusters fire con-

+ the maximum limit (hardover position)
« displacement applies signals directly to
‘aver can be implemented in any attitude
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then to OPERATE, The time between closing the circuit breakers and setting the AGS STATUSswitch toOPERATE should be 40 minutes; for at least the last 25 minutes, the switch should be set to STANDBY.Degraded performanceis available after 10 minutes in the standby mode. When the AGS STATUS switchis set to OFF, the AEA has no functional capability, After 20 seconds in the standby mode, the AEA canaccept the CDU zero signal and integrate the PGNS Euler angle changes. Complete AEA capability isafforded when the switch is set to OPERATE. In the operate mode, the AEA enters a core-priming
routine that ensures that the memory is properly magnetized.

AGS operations are performed mainly through two DEDA addresses: 400 and 410. (Refer
to Apollo Operations Handbook, VolumeII, paragraph 4.4 for AGS selector logic list.) Address 400 is i
the AGS submode selector; address 410, the guidance routine selector. The selected routine is computed
every 2 seconds, regardless of the submode selected. The AGS does not respond to orient the LM in
accordance with the routine selected, unless DEDA address 400 (mode selector) is set to +00000 (attitude
hold), +10000 (guidance steering), or +20000 (Z-axis steering).

When the LM is under full AGS control, the engine-on signal cannot be generated unless theguidance steering submode is selected, The engine-on signal is automatically generated after ullage hasbeen sensed for three (DEDA-accessible constant) consecutive computer cycles (2 seconds per cycle).The AGS recognizes ullage to have occurred when the average acceleration in the +X-direction exceeds0.1 fps2, (The average acceleration is DEDA-accessible.) The ASA (containing the accelerometers)islocated ahead of the center of gravity (in the +X-direction), Therefore, LM rotations cause sensedaccelerations in the -X-direction. For this reason, LM rotations cannot cause the AGS to sense that
ullage has occurred,

Initial conditions for AGS operation require that the AGS STATUS switch be set to STANDBY, ES

When the LMis not underfull AGS control (neither the ABORT nor ABORT STAGE push-button has been pressed, or the MODE CONTROL: AGS switch is not set to AUTO, or the GUID CONTswitch is not set to AGS), the AGS issues engine commands(on or off) that duplicate actual engine
operation.

Under full AGS control, the ascent or descent engine is automatically commanded off whenthe velocity to be gained in the +X-direction is less than the nominal ascent engine thrust decay velocityand if the total velocity to be gained is less than a prescribed threshold (a DEDA-accessible constantcurrently set at 100 fps). This dual: check maintains the engine on if an abort occurs during poweredflight with the LM incorrectly oriented for the abort maneuver and the velocity to be gained large(greater than the 100-fps threshold).

Whenthe velocity to be gained (LM under full AGS control) is less than 15 fps and the sensedthrust acceleration level in the +X-direction is greater than 0.1 fps?, the desired thrust direction is fixedin inertial space (a form of attitude hold). If this were not done, the LM desired attitude might go
through an undesirably wide excursion in an attempt to achieve perfect velocity cutoff conditions, Largevariations near the end of a maneuver are undesirable. The velocity cutoff errors incurred by fixing thedesired attitude before engine cutoff are small. After the maneuveris completed, small cutoff errorscan be removed(if desired) by the axis-by-axis velocity trim capability of the AGS.

The descent stage is staged (when the AGS is in control) by pressing the ABORT STAGEpushbutton. The Staging sequence begins only when engine-on commands are issued, During a thrustingmaneuver, the staging sequence begins immediately upon pressing the ABORT STAGE pushbutton (assum-ing that all panel controls that transfer control of the LM to the AGS have been set properly), The AGSsenses sufficient average thrust acceleration throughout the staging maneuver to maintain ullage. Whenthe AGS receives verification from the CES that the ascent engine is on, the AGS automatically enters theattitude hold submode, After a prescribed interval, between zero and 10 seconds (DEDA-controlled,presently set at 1 second), the AGS automatically enters the normal guidance steering submode.

When the PGNS controis the LM (GUID CONT switch setto PGNS), the AGS is in the followupmode. Manual control of the LM by the astronauts (MODE CONTROL: PGNS switch set to ATT HOLD,attitude controller out of detent) also causes the followup signal to be routed to the AGS. In the followupmode, the AGS follows the PGNS by routing engine commands(on or off) in accordance with ascent ordescent engine operation and provides zero attitude control error Signals. The AGS provides attitude
error signals (corresponding to the AEA guidancesolutions) for the FDAI's when the PGNSis in control,the MODE CONTROL: PGNS switch is set to AUTO, the ATTITUDE MONswitchis set to AGS, and theRATE/ERR MONswitch is set to LDG RDR/CMPTR,
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Figure 2.1-14. Abort Guidance Path - Simplified Block Diagram

The abort guidance path operates in the automatic mode or the attitude hold mode, In the

automatic mode, navigation and guidance functions are controlled by the AGS; stabilization and control

functions, by the CES, In the attitude hold mode, the astronaut uses his ACA to control vehicle attitude.
The ACA generates attitude-rate, pulse, direct, and hardover commands, Theattitude-rate and pulse
commands, AEA error signals, RGA rate-damping signals, and TTCA translation commandsare applied
to the ATCA. The ATCAprocesses these inputs to generate thruster on and off commands,

In the attitude hold mode, pulse and direct submodes are available for each axis. The pulse
submode is an open-loop attitude control mode in which the ACA is used to make small attitude changes

in the selected axis. The direct submode is an open-loop attitude control mode in which pairs of thrusters
are directly controlled by the ACA. The astronaut can also control vehicle attitude in any axis by moving
the ACA to the hardover position. In addition, the astronaut can override translation control in the

+X-axis with a +X-axis translation pushbutton. Pressing the pushbutton fires all four +X-axis thrusters.
<4

2,1,3.3 General Operation of Primary Guidance and Navigation Section. (See figure 2, 1-15.)

This discussion of PGNS operation is limited to astronaut interface with the PGNS, because
PGNSoperation is dependent upon the LGC program in process and upon the mission phase. The astro-

naut can perform optical sightings, monitor subsystem performance, load data, select the mode of

operation, and, with the aid of the PGNS, manually control the LM. The program to be performed by

the LGC is selected by the astronaut or initiated by the LGC.

The DSKY enables the astronaut to communicate with the LGC and perform a variety of tasks
such as testing the LGC, entering voice link data, and commanding IMU mode switching. The hand con-
trollers permit manual changes or computer-aided manual changesin attitude or translation. The PGNS
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steering, and stabilization equations necessaryto initiate on and off commands for the descent and ascent
engines, throttle commands and trim commandsfor the descent engine, and on and off commandsfor the
thrusters.

the IMU. Using inputs from the LR, IMU, RR, TTCA's, and ACA's, the LGC solves guidance, navigation, GN&c

Control of the vehicle, when using the primary guidance path, ranges from fully automatic to
manual. The primary guidance path operates in the automatic modeorthe attitude hold mode. In the
automatic mode, all navigation, guidance, stabilization, and control functions are controlled by the LGC.
When the attitude hold modeis selected, the astronaut uses his ACA to bring the vehicle to a desired
attitude. When the ACA is movedout of the detent position, proportional attitude-rate or minimum
impulse commands are routed to the LGC, The LGC then calculates steering information and generates
thruster commands that correspond to the mode of operation selected via the DSKY. These commands
are applied to the primary preamplifiers in the ATCA, which routes the commandsto the proper thruster,
Whenthe astronaut releases the ACA, the LGC generates commandsto hold this attitude. If the astro-
naut commandsfour-jet direct operation of the ACA by going to the hard over position, the ACA applies &
the commanddirectly to the secondary solenoids of the corresponding thruster,

In the automatic mode, the LGC generates descent engine throttling commands, which are
routed to the descent engine via the DECA, The astronaut can manually control descent engine throttling
with his TTCA. The DECA sums the TTCAthrottle commands with the LGC throttle commands and
applies the resultant signal to the descent engine, The DECAalso applies trim commands, generated by
the LGC, to the GDA's to provide trim control of the descent engine. The LGC supplies on and off com-
mands for the ascent and descent engines to the S&C control assemblies. The S&C control assemblies
route the ascent engine on and off commandsdirectly to the ascent engine, and the descent engine on and
off commandsto the descent engine via the DECA.

In the automatic mode, the LGC generates +X-axis translation commandsto provide ullage.
In the manual mode, manual translation commands are generated by the astronaut, using his. TTCA,
These commands are routed, through the LGC, to the ATCA and on to the proper thruster,

2.1.3.2 Abort Guidance Path, (See figure 2, 1-14.)

The abort guidance path comprises the AGS, CES, and the selected propulsion section. The
AGS performsall inertial navigation and guidance functions necessary to effect a safe orbit or rendezvous
with the CSM. The stabilization and control functions are performed by analog computation techniques,
in the CES,

The AGS uses a strapped-down inertial sensor, rather than the stabilized, gimbaled sensor
used in the IMU. The ASA is a strapped-down inertial sensor package that measuresattitude and acceler-
ation with respect to the vehicle body axes. The ASA-sensedattitude is supplied to the AEA, whichis a
high-speed, general-purpose digital computer that performs the basic strapped-down system computations
and the abort guidance and navigation steering control calculations. The DEDA isa general-purpose
input-output device through which the astronaut manually enters data into the AEA and commandsvarious
data readouts.

The CES functions as an analog autopilot when the abort guidance path is selected. It uses
inputs from the AGS and from the astronauts to provide the following: on, off, and TTCA throttling com-
mands for the descent engine; gimbal commandsfor the GDA's to control descent engine trim; on and off W@W
commands for the ascent engine; sequencer logic to ensure proper arming and staging before engine
startup and shutdown; on and off commandsfor the thrusters for translation and stabilization, and for
various maneuvers; jet-select logic to select the proper thrusters for the various maneuvers; and modes
of vehicle control, ranging from fully automatic to manual.

The astronaut uses the TTCAto control descent engine throttling and translation maneuvers.
The throttle commands, engine on and off commands from the S&C control assemblies, and trim com-
mands from the ATCA are applied to DECA. The DECAapplies the throttle commandsto the descent
engine, the engine on and off commandsto the descent engine latching device, and the trim commandsto
the GDA's. The S&C control assemblies receive engine on and off commandsfor the descent and ascent
engines from the AEA, As in the primary guidance path, the S&C control assemblies route descent engine
commands to the DECA and apply ascent engine on and off commands directly to the ascent engine.
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2.1.2.5 GN&CS - CS Interface,

The Communications Subsystem (CS) interfaces directly with the GN&CS when the astronaut
uses a push-to-talk switch on his ACA, When the switch is pressed, the ACA issues a d-c signal that
enables an audio center in the signal-processor assembly of the VHF/AM communications. This a
enabling signal allows the audio signals from the microphones to be processed by the CS. Automatic re-
mote control of the LGC is provided through use of a digital uplink assembly (DUA). Uplink commands
from MSFN, processed by the DUA, are used for program control. The CS interfaces indirectly with the
GN&CS, using VHF/AM communications for voice uplink commands, It also interfaces with a tone
generator in the CES, The generator, enabled by a command from the master alarm circuit of the
Instrumentation Subsystem (IS), issues a 1-kc tone to the astronaut headsets as an indication of a sub-
system malfunction.

2.1.2.6 GN&CS - EDSInterface.

The GN&CSinterfaces with the Explosive Devices Subsystem (EDS) by supplying a descent
engine on signal to the supercritical helium explosive valve and an ascent engine on signal, whichinitiates
the staging sequence. When the descent engine is operated for the first time, the MASTER ARM switch
(panel 8) is set to ON sothat the supercritical helium explosivevalve is blown when the descent engine on @signal is issued. All other normal pressurization and staging sequences areinitiated by the astronauts,

During an emergency situation, the ABORT STAGE pushbutton when pushed, shuts down the
descent engine and pressurizes the APS, blowing the helium tank explosive valves that are selected by the
ASC He SEL switch (panel 8). After a time delay, the GN&CS generates an ascent engine on Signal which
initiates the staging sequence as the ascent engine begins to fire. Upon completion of staging, a stage
Status signal is routed from the EDS deadface switch to the ATCA and to the LGC, This signal automati-
cally selects the power deadband for RCS control during ascent engine operation.

2.1.2.7 GN&CS - IS Interface.

The Instrumentation Subsystem (IS) senses GN&CS physical status data, monitors the
GN&CS equipment, and performs in-flight checkout, The data signals are conditioned by the signal-
conditioning electronics assembly (SCEA) and suppliedto the pulse-code- modulation and timing
electronics assembly (PCMTEA) and the caution and warning electronics assembly (CWEA). The
PCMTEAchangesthe input signals to a serial digital form for transmission to MSFN, The CWEAchecks
the status of the GN&CS by continuously monitoring the information supplied by the SCEA. When an out-
of-limits condition is detected by the CWEA, the CWEA energizes one or more of the caution and warning
lights associated with the GN&CS.

The LGC interfaces directly with the IS to supply a 1.024-mc primary timing signal for the
PCMTEA, This timing signal is used in generating timing and sync signals required by other sub-
systems, The IS supplies the LGC with telemetry data start and stop commands andsyncpulsesfor
clocking out telemetry data, It also supplies the AEA with telemetry stop commands and syncpulses.

2.1.3 FUNCTIONAL DESCRIPTION,

The GN&CS comprises two functional loops, each of which is an independent guidance and
control path. The primary guidance path contains elements necessary to perform all functions required
to complete the lunar mission, If a failure occurs in this path the abort guidance path can be substituted,

2.1.3.1 Primary Guidance Path, (See figure 2. 1-13.)

The primary guidance path comprises the PGNS, CES, LR, RR, and the selected propulsionsection required to perform the desired maneuvers, The CES routes flight control commands from the
PGNSand applies them to the descent or ascent engine, and/or the appropriate thrusters.

The IMU, which continuously measuresattitude and acceleration, is the primary inertialsensing device of the vehicle. The LR sensesslant range and velocity. The RR coherently tracks the
CSMto derive LOS range, range rate, and angle rate. The LGC uses AOT star-sighting data to align a

 GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Mission LM

_

Basic Date 1 February 1970 Change Date 15 June 1970 Page 2. 1-2]



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

Throttle commands to the descent engine are generated automatically by the LGC under

@ program control, or manually witha TTCA. The TTCAcan be used to override LGC throttle commands.

The AGS cannot throttle the descent engine. Throttle commands cause the throttle actuator of the

descent engine to change the position of the flow control valves and vary the injector orifice of the

engine. Changing the position of the flow control valves changes the quantity of fuel and oxidizer metered
into the engine and thus changes the magnitude of engine thrust.

The GN&CS generates trim commandstotilt the descent engine to control the direction of

the thrust vector. Thedescent engineis tilted about the LM Y-axis and Z-axis to compensate for the
- offset of the center of gravity due to fuel depletion during descent engine operation. The thrust vector is

@ controlled by the LGC with the aid of two GDA's. The GDA's are pinned to the descent engine and the

LM structure along the Y-axis (roll) and Z-axis (pitch), When actuated, the GDA's extend or retract a
screwjack-actuated arm that tilts the engine to attain the desired thrust vector. Thrust vector control

for the ascent engine is achieved through firing of selected upward-firing TCA’s.

2.1.2.2 GN&CS - RCS Interface.

The GN&CSprovides on and off commands to the 16 TCA's (referred to as thrustersorjets)

to control LM attitude and translation, In the primary modeof operation (PGNSin control), the LGC

generates the required commands and sends them to the proper jet drivers in the CES. The jet drivers

send selected on and off commands to the RCS primary solenoids. In the secondary mode of operation

@ (AGS in control), the AGS supplies the CES with attitude errors. The ATCA in the CES uses these
inputs to select the proper thruster for attitude and translation control.

a The thrusters are controlled manually with an ACA and a TTCA. The ACA pro-
vides attitude commands and the TTCA provides translation commands to the LGC during the
primary mode of operation and to the ATCA during the secondary mode of operation. The ACA

can fire the thrusters directly during the pulse, direct, and hardover modes, bypassing the LGC or AEA,

@ and the ATCA. The four downward-firing thrusters may be fired by pressing the +X TRANSL pushbutton
(panel 5), The on and off commands supplied to the thruster take the form of a step function. The dura-
tion of the signal determines the firing time of the selected thruster, which ranges from a pulse (less than
1 second) to steady-state (1 second or longer).

Each thruster contains an oxidizer solenoid valve and a fuel solenoid valve which, when open,

pass propellant through an injector into the combustion chamber, where ignition occurs. Each valve

contains a primary (automatic) solenoid and a secondary (direct) solenoid, which open the valve when
energized, On and off commands from the ATCA are applied to the primary solenoids; the direct

commands are applied to the secondary solenoids.

2.1.2.3 GN&CS - EPS Interface.

, The Electrical Power Subsystem (EPS) supplies primary d-c and a-c power to the GN&CS,
This power originates from six silver-zinc batteries (four in the descent stage and two in the ascent

Bi stage). An additional battery has been added in the ascent stage for LM 10 and subsequent. The descent

batteries feed power to the buses during all operations, before staging. Immediately before staging
occurs, ascent battery power is switched on and descent battery power is terminated. A deadface relay
circuit deadfaces the descent batteries when normal staging occurs. Under emergency conditions, when

the ABORT STAGE pushbutton is pressed, a power switchover command, which initiates deadfacing

automatically, is routed to the EPS. The 28-volt d-c battery power is routed through an inverter to pro-

vide 115-volt, 400-cps ac to the GN&CS equipment. Refer to paragraph 2.1.3.6 for a functional descrip-

tion of power distribution.

2.1.2.4 GN&CS - ECS Interface,

The Environmental Control Subsystem (ECS) provides thermalstability for the temperature-
| sensitive electronic equipment of the GN&CS. The electronic equipment (except the IMU) is mounted on

cold plates and rails through which ECS coolant (ethylene glycol-water solution) is routed to remove heat.
To cool the IMU, the coolant flows through its case. The heat that is removed from the equipmentis

vented overboard by the ECS sublimators.
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Figure 2.1-12. Alignment Optical Telescope Axes

this involves setting the ENG ARM switch to the desired position. Depending on the switch a
setting, a discrete is generated in the CES to enable the START pushbutton (panel 5) for ascent engine

operation or to operate actuator isolation valves for descent engine operation. Under abort or emergency
conditions, the ABORT and ABORT STAGE pushbuttons (panel 1) are used to perform the armingfunction. &

When the PGNS is in control, on and off commands are generated automatically by the j
LGC under program control, or manually with the START pushbutton (panel 5) and stop push-

buttons (panels 5 and 6). With the AGS in control, on and off commands are generated automatically by
the AEA (an abort guidance computer) under specific routines, or manually with the START and a

stop pushbuttons, The on and off commandg actuate pilot valves, which hydraulically open or

close the fuel and oxidizer shutoff valves. Under emergency conditions, the ascent engine ignition

sequence may also be automatically completed through use of the ABORT STAGEpushbutton. [If a

the ascent engine-on command from either computer is lost, a memory circuit in the CES keeps issuing
the commandto the ascent engine.

The descent engine receives on and off commands, throttle commands, and trim commands

from the DECA. The ignition sequence commandsfor the descent engine are generated automatically a
or manually in a manner similar to that of the ascent engine. On and off commands are routed from
either computer (dependent on the guidance modeselected), or the START and stop pushbuttons, through

the DECAto actuate the descent engine pilot valves.
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Figure 2,1-11, LM Vehicle and GN&CS Axes

2.1.1.5.3 IMU Axes,

The IMU axes are defined by the three gimbal axes. These axes are designated as outer

gimbal axis (OGA), middle gimbal axis (MGA), and inner gimbal axis (IGA), The gimbal axes are defined

when the gimbal angles are 0°; they are as follows: the OGA is parallel to the X-axis, the MGA is paral-

lel to the Z-axis, and the IGA is parallel to the Y-axis. The axes of the IMU stable memberare parallel

to the vehicle axes and the gimbal axes when the gimbal angles are 0°.

Inertial Reference Integrating Gyro Axes. The inertial reference integrating gyro (IRIG) axes, designated

Xg, Yg, and Zg, are parallel to the LM vehicle axes. If the attitude of the stable memberis changed with

respect to inertial space, the gyro senses the change about its axis and provides an error signal to the

stabilization loop of the IMU.

 

Pulse Integrating Pendulous Accelerometer Axes. The pulse integrating pendulous accelerometer (PIPA)

axes, designated Xa, Ya, and Za, are parallel to the LM body-axes. Velocity changes are measured
along the PIPA axes.

2.1.1.5.4 Alignment Optical Telescope Axes, (See figure 2. 1-12.)

The AOT is mounted to the navigation base so that the AOT shaft axis is parallel to

the X-axis. The telescope LOS is approximately 45° above the vehicle Y-Z plane. The AOT LOS

is fixed in elevation and movable in azimuth to six detent positions. These detent positions are

selected manually by turning a detent selector knob on the AOT;they are located at 60° intervals. All

six positions (forward, right, right rear, rear, left rear, and left) are used for star sightings. The

forward (F), or zero, detent position places the LOS in the X-Z plane, looking forward and up as one

would look from inside the LM. The right (R) and right rear (Rp) detent positions place the LOS 60° and

120°, respectively, to the right of the X-Z plane, Similarly, the left (L) and the left rear (Lp) detent

positions place the LOS 60° and 120°, respectively, to the left of the X-Z plane. The rear (CL) detent

position places the LOS in the X-Z plane, looking aft as one would look from inside the LM, In addition,

the CL position (180° from the F position) is the stowage position, Each position maintains the LOS at

45° from the LM + X-axis.

2.1.2 SUBSYSTEM INTERFACES. (Seefigure 2, 1-2.)

2.1.2.1 GN&CS - MPS Interfaces.

The GN&CS provides a sequence of commands to the Main Propulsion Subsystem (MPS) to

control the ascent and descent engines. For ignition to occur, the engine must first be armed. Normally,
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The ATCA routes the RCS thruster on and off commands from the LGC tothe thrusters, in
the primary control mode. During abort guidance control, the ATCA acts as a computer in determining

which RCS thrusters are to befired.

2.1.1.3.4 Rate Gyro Assembly.

The RGA supplies the ATCA with damping signals to limit vehicle rotation rates and facili-
tates manual rate control during abort guidance control.

2.1.1.3.5 Descent Engine Control Assembly.

The DECAprocesses engine-throttling commands from the astronauts (manual control) and

the LGC (automatic control), gimbal commandsfor thrust vector control, preignition (arming) commands,
and on and off commands to control descent engine operation.

The DECA accepts engine-on and engine-off commands from the S&C control assemblies,
throttle commands from the LGC and the TTCA, and trim commands from the LGC or the ATCA.

Demodulators, comparators, and relay logic circuits convert these inputs to the required descent engine

commands. The DECAapplies throttle and engine control commands to the descent engine and routes

trim commandsto the gimbal drive actuators.

2.1.1.3.6 Gimbal Drive Actuators.

_ The GDA's, under control of the DECA, tilt the descent engine along the pitch and roll axes

so that the thrust vector goes through the LM center of gravity.

2.1.1.3.7 Ascent Engine Arming Assembly.

The AEAA provides a means of arming and firing the ascent engine under remote control.
Under remote control, MSFN can select PGNS or AGS control of ascent engine firing through uplink com-

mands processed by the Communications Subsystem. The AEAA performsthis function by duplicating

the functions of the ENG ARM and GUID CONTswitches (panel 1), using relay logic.

2.1.1.3.8 S&C Control Assemblies.

The three S&C control assemblies are similar assemblies. They process, switch, and/or

distribute the various signals associated with the GN&CS.

2.1.1.4 Orbital Rate Display - Earth and Lunar.
 

The ORDEALprovides an alternative to the attitude display, in pitch only. Whenselected,
the ORDEALproduces an FDAI display of computed local vertical attitude during circular orbits around
the earth,

2.1.1.5 LM Vehicle, and Guidance, Navigation, and Control Subsystem Axes, (See figure 2.1-11.)
 

Several sets of axes are associated with the LM and the GN&CS. Eachsetis a three-axis,
right-hand, orthogonal coordinate system. Figure 2,1-11 shows the relationships of various sets of axes
when the IMU gimbal angles are 0°.

<4

2.1.1.5.1 LM Vehicle Axes.

The X-axis positive direction is through the overhead hatch; the Z-axis positive direction is
through the forward hatch. The Y-axis is perpendicular to the X-Z plane,

2.1.1.5,2 Navigation Base Axes,

The navigation base (NB) is mounted to the LM structure so that a coordinate system is
formed by its mounting points. The Ynp axis is parallel to the vehicle Y-axis. The Xnp axis is parallel
to the vehicle X-axis. The ZnB axis is perpendicular to the Xyp-Ynp plane and parallel to the vehicle
Z-axis,
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Figure 2.1-10. TTCA Manipulations
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Figure 2,1-9, ACA Manipulations

2.1.1.3.2  Thrust/Translation Controller Assemblies, (See figure 2. 1-10.)

The TTCA's control LM translation in any axis; they are functionally integrated translation

and thrust controllers. The astronauts use these assemblies to commandvehicle translations by firing

RCS thrusters and to throttle the descent engine between 10% and 92, 5% thrust magnitude. The con-

trollers are three-axis, T-handle, left-hand controllers, mounted with their longitudinal axis approxi -

mately 45° from a line parallel to the LM Z-axis (forward axis).

A lever on the right side of the TTCA enables the astronaut to select either of two control

functions: (1) translation control in the Y-axis and Z-axis, using the RCS thrusters, and descent engine

throttling to control X-axis translation and (2) translation control in all three axes, using the RCS thrusters.

Due to the TTCA mounting position, vehicle translations correspond to astronaut hand movements when

operating the controller. Moving the T-handle to the left or right commandstranslation along the Y-axis.

Moving the T-handle inward or outward commandstranslation along the Z-axis. Moving the T-handle

upward or downward commandstranslation along the X-axis, using the RCS thrusters, when the select

lever is in the down position. When the lever is in the up position, upward or downward movementof the

TTCA increases or decreases, respectively, the magnitude of descent engine thrust. Regardlessof the

select lever position selected, the TTCA can commandtranslation along the Y-axis and Z-axis, using the li

RCS thrusters,

2.1.1.3.3 Attitude and Translation Control Assembly.

The ATCA controls vehicle attitude and translation by issuing on-off commandsto the RCS

thrusters, In primary guidance control, attitude and translation commands are generated by the LGC

and applied directly to jet drivers within the assembly. In the abort guidance path, the ATCAreceives

translation commands from a TTCA, rate-damping signals from the RGA, andattitude rate commands

and pulse commands from the ACA. The ATCA combinesattitude and translation commandsin its logic

network to select the proper thruster to be fired for the desired translation and/or rotation.
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The guidance computational section provides trajectory computation and selection, steering

computation, and midcourse-correction computation, This computational section receives data relating to

the CSM state vector and the LM state vector from the LGC in other external source through the AGS input

I selector logic. The state vector is the vehicles attitude and velocity for a given mission time. Body-

referenced steering errors are received from the stabilization and alignment computational section, for

trajectory computation. The LM abort guidance problem consists of solving the equations of the selected
guidance maneuver, including steering, attitude, and engine control computations. Outputs of the guidance ~

computational section, through the output select logic circuits, include engine on and off signals to the

CES, and velocity to be gained (selectable by DEDA readout).

2.1.1.3 Control Electronics Section. (See figure 2. 1-8.)
 

The CES processesattitude and translation signals when operating in the primary guidance

mode or the abort guidance mode.

When operating in the primary mode, the CES converts RCS commandsto the required

electrical power to operate the RCS solenoid valves. The CES accepts discrete (on and off) descent

engine gimbal commandsand, upon receipt of an on command, causes the descent engine to move about

its gimbal axis. The CES accepts LGC and manual engine on and off commands and routes them to the

MPSto fire or stop the descent or ascent engine. The CES accepts LGC and manual thrust commandsto

throttle the descent engine (10% to 92.5% of maximum thrust). The CES also provides manuaiattitude

and translation commandsto the LGC,

Whenoperating in the abort guidance mode, the CES accepts attitude error signals from the

i AGS, or manual attitude rate commandsfrom the attitude hand controller or rate-damping signals from a

gyro assembly, and fires the RCS thrusters to achieve attitude control. The CES accepts manual transla-

tion commandsand fires the appropriate thrusters to accelerate the LM in the desired direction. The

CES automatically gimbals the descent engine for trim control in accordance with signal polarity. The

CES accepts AGS and manual engine on and off commandsand routes them to the descent or ascent engine.

The CES accepts manual throttle commandsto control descent engine thrust and accepts manual rota-

@ tional, low-amplitude acceleration, open-loop commands.

The CES comprises two attitude controller assemblies (ACA's), two thrust/translation con-

troller assemblies (TTCA's), an attitude and translation control assembly (ATCA), a rate gyro assembly

& (RGA), descent engine control assembly (DECA), two gimbal drive actuators (GDA's), an ascent engine

arming assembly (AEAA), and three stabilization and control (S&C) control assemblies.

2.1.1.3.1 Attitude Controller Assemblies. (See figure 2. 1-9.)

The ACA's are right-hand pistol grip controllers, which the astronauts use to command

changes in vehicle attitude. Each ACAis installed with its longitudinal axis approximately parallel to the

X-axis. Each ACA supplies attitude rate commands proportional to the displacementof its handle, to the

LGC and the ATCA; an out-of-detent discrete each time the handle is out of its neutral position; and a

followup discrete to the AGS each timethe controller is out of detent. A trigger-type push-to-talk switch

on the pistol grip handle of the ACA is used for communication with the CSM and ground facilities.

As the astronaut uses his ACA, his hand movements are analogous to vehicle rotations.

Clockwise or counterclockwise rotation of the controller commands yaw right or yaw left, respectively.

Forward or aft movement of the controller commands vehicle pitch down or up, respectively. Left or

right movement of the controller commands roll left or right, respectively.

The ACA's are also used in an incremental landing point designator (LPD) mode, whichis

available to the astronauts during the final approach phase, In this mode, the angular error between the

designated landing site and the desired landing site is nulled by repetitive manipulation of an ACA. LPD

signals from the ACA aredirected to the LGC, which issues commands to move the designated landing

site incrementally along the Y-axis and Z-axis.
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The ASA consists of three strapped-down pendulous accelerometers, three strapped-down

gyros, and associated electronic circuitry. The accelerometers and gyros (one each for each vehicle

axis) sense body-axis motion with respect to inertial space. The accelerometers sense acceleration

along the vehicle orthogonal axis. The gyros and accelerometersare securely fastened to the vehicle X,
¥, and Z axes so that motion along or around one or more axis is sensed by one or more gyros or
accelerometers,

2.1.1.2.2 Data Entry and Display Assembly. (See figure 2. 1-7.)

The DEDA(panel 6) is used by the astronauts to select the desired mode of operation, insert the

desired targeting parameters, and monitor related data throughout the mission. Essentially, the DEDA

consists of a control panel to which electroluminescent displays and data entry pushbuttons are mounted
and a logic enclosure that houses logic and input-output circuits.

2.1.1.2.3 Abort Electronics Assembly.

The AEA is a general-purpose, high-speed, 4,096-word digital computer that performs
basic strapped-down guidance system calculations and the abort guidance and navigation steering calcula-
tions. The computer uses a fractional two's complement, parallel arithmetic section, and parallel data
transfer. The AEA has three software computational sections: stabilization and alignment, navigation,
and guidance.

The stabilization and alignment computational section computes stabilization and alignment

on generation of mode signals by the DEDA. These modesignals (attitude hold, guidance steering,
Z-axis steering, PGNS-to-AGS alignment, lunar align, gyro and accelerometer calibration, and body-
axis align) determine the operation of the stabilization and alignment computational section in conjunction
with the navigation and guidance computational sections. The body-referenced steering error signals and

total attitude sine and cosine signals are used to control the FDAI. Direction cosine data are routed to

the navigation computational section, where they are used in computing lateral velocity and inertial
acceleration data,

The navigation computational section uses accelerometer inputs received from the ASA. via
AEAinput logic circuits, to calculate LM position and velocity in the inertial reference frame. The

navigation computational section supplies total velocity, altitude, and altitude-rate data, and lateral

velocity data in the LM reference frame, to the output logic circuits. Velocity data are routed to the

DEDA,altitude-rate data are routed to the ALT RATE indicator (panel 1), and lateral velocity data are
routed to the X-pointer indicators (panels 1 and 2). Velocity and position data are routed to the guidance

computational section, for computing LM orbital parameters.
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TEMPERATURE PROGRAM COMPUTER ACTIVITY
GIMBAL LOCK CAUTION LIGHT CONDITION LIGHT STATUS LIGHT VERB CODE PROGRAM NUMBER(YELLOW) (YELLOW) (YELLOW) (GREEN) DISPLAY DISPLAY

UPLINK ACTIVITY
STATUS LIGHT

NOUN CODE DISPLAY

NO ATTITUDE
STATUS LIGHT (WHITE}

DATA DISPLAY (REGISTER 1)

STANDBY STATUS
LIGHT

DATA DISPLAY (REGISTER 2)

KEY RELEASE
STATUS LIGHT (WHITE)

OPERATOR ERROR
STATUS LIGHT (WHITE)

OATA DISPLAY (REGISTER 3)

CLEAR DATA PUSHBUTTON

RESTART CONDITION ENTER DATA PUSHBUTTON
LIGHT

TRACKER CONDITION
UGHT (YELLOW

LR ALTITDE DATA
NO GOOD CAUTION

UGHT (YELLOW)

PROCEED PUSHBUTTON

RESET PUSHBUTTON

KEY RELEASE PUSHBUTTON

 

LR VELOCITY DATA

NO GOOD CAUTION Note:
LIGHT (YELLOW) All pushbutton switches, including

NOUN numerical keys (0 thru 9) and + and —
VERB PUSHBUTTON PUSHBUTTON keys, are momentary pushbuttons. 200LM5-18

Figure 2,1-5. Display and Keyboard Assembly

The AGS provides steering commandsfor three steering submodes: attitude hold, guidance
steering, and acquisition steering. The attitude hold submode maintains the vehicle attitude that exists
when the submode is entered, In the guidance steering submode, the AEA generatesattitude commands t
to orient the LM X-axis so that it lies along the direction of the thrust vector. In the acquisition steering
submode, the AEA generates attitude commandsto orient the LM Z-axis along the estimated line of sight I
(LOS) between the LM and CSM.

The AGS outputs an engine-on or engine-off command during all thrusting maneuvers. If the
PGNSis in control, the commandis a followup of the signal produced by the PGNS. If the AGS is in control,
the engine-on command can be routed only after the appropriate switches are set and the ullage maneuver
has been performed. When proper velocity-to-be-gained are achieved, an engine-off command is issued,

The AGS uses RR angle information and accepts range and range-rate information from the
RR for updating LM navigation so that the LM Z-axis is toward the CSM, or for midcourse correction,
These data are manually inserted into the AEA by the astronaut by using the DEDA.

The AGS automatically aligns the strapped-down inertial system of the ASA by computing
the direction cosines that relate the LM body axes to the desired inertial coordinate system. It also
provides in-flight gyro and accelerometer calibration to compensate for fixed non-g gyro drift, and
telemetry data for MSFN throughthe IS.

2.1.1.2.1 Abort Sensor Assembly.

The ASA, by meansof gyros and accelerometers, provides incremental attitude information
around the vehicle X, Y, and Z axes and incremental velocity changes along the vehicle X, Y, and Z axes.
Data pulses are routed to the AEA, whichusesthe attitude and velocity data for computation of steering
errors, The ASA is mounted on the navigation base above the astronauts’ heads, between the crew com-
partment and the thermal and micrometeoroid shield.
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Figure 2,1-4, Alignment Optical Telescope

2.1.1.1.10 Display and Keyboard, (See figure 2, 1-5.)

a Through the DSKY, the astronauts can load information into the LGC, retrieve and display

information contained in the LGC, and initiate any program stored in memory. The astronauts can also
use the DSKY to control the moding of the ISS. The exchanze of data between the astronauts and the LGC
is usually initiated by an astronaut; however, it can also be initiated by internal computer programs.

The DSKY is located on panel 4, between the Commander and LM Pilot and abovethe for-
ward hatch. The upper half is the display portion; the lower half comprises the keyboard, The display

portion contains five caution indicators, six status indicators, seven operation display indicators, and
three data display indicators, These displays provide visual indications of data being loaded in the LGC,

the condition of the LGC, and the program being used, The displays also provide the LGC with a means
of displaying or requesting data.

2.1.1.2 Abort Guidance Section. (See figure 2. 1-6.)

The AGS consists of an abort sensor assembly {ASA), abort electronics assembly (AEA),

and a data entry and display assembly (DEDA). The ASA p-rforms the same function as the IMU; it
lf establishes an inertial reference frame. The AEA, a high-speed, general-purpose digital computer,is

the central processing and computational device for the AGs. The DEDAis the input-output device for
controlling the AEA,

Navigation is performed bythe AGS through 1:::¢gration of the equations of motion and
substitution of instantaneous LM velocity for the variables. The AGS decodes the PGNS downlink data
to establish LM and CSM position, velocity, and associate: ‘ime computations. This information is
used to initialize or update the AGS navigational computatii:s upon command from the DEDA. The AGS
solves the guidance problemsof five distinct guidance rout:.:s: orbit insertion, coelliptic sequence

i initiate, constant delta (4) altitude, terminal phase initiate. ind change in LM velocity (external aV).
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2.1.1.1.4 Pulse Torque Assembly.

The PTA supplies inputs to, and processes outputs from, the inertial components in the ISS,

2.1.1.1.5 Power and Servo Assembly.

The PSA contains power supplies for generation of internal power required by the PGNS,

and servomechanisms and temperature control circuitry for the IMU.

2.1.1.1.6 Signal Conditioner Assembly.

The SCA provides an interface between the PGNS and the Instrumentation Subsystem (IS).

The SCA preconditions PGNS measurements to a 0- to 5-volt d-c format before the signals are routed to
the IS,

2.1.1.1.7 Alignment Optical Telescope. (See figure 2.1-4,)

The AOT, an L-shaped periscope, is used by the astronaut to take angular measurements of
celestial objects. These angular measurements are required for orienting the platform during certain

periods while the vehicle is in flight and during prelaunch preparations while on the lunar surface.
Sightings taken with the AOT are transferred to the LGC by the astronaut, using the CCRD assembly.

This assembly also controls the brightmess of the telescope reticle pattern.

2.1.1.1.8 Computer Control and Reticle Dimmer Assembly, (See figure 2. 1-5.)

The CCRD assembly is mounted on an AOT guard, The MARK X and MARKY pushbuttons are

used by the astronauts to send discrete signals to the LGC when star sightings are made. The REJECT
pushbutton is used if an invalid mark has been sent to the LGC, A thumbwheel on the assembly adjusts

the brightness of the telescope reticle lamps.

2.1.1.1.9 LM Guidance Computer.

The LGC is the central data-processing device of the GN&CS. The LGC, a control computer

with many of the features of a general-purpose computer, processes data and issues discrete control sig-
nals for various subsystems, As a control computer, it aligns the IMU stable platform and provides RR
antenna drive commands, The LGC also provides control commandsto the LR and RR, the ascent and
descent engines, the RCS thrusters, and the cabin displays. As a general-purpose computer, it solves
guidance problems required for the mission, In addition, the LGC monitors the operation of the PGNS,

The LGC stores data pertinent to the ascent and descentflight profiles that the vehicle must

assume to complete its mission. These data (position, velocity, and trajectory information) are used by

the LGC to solve flight equations, The results of various equations are used to determine the required

magnitude and direction of thrust. The LGC establishes corrections to be made, The vehicle engines are
turned on at the correct time, and steering commands are controlled by the LGC to orient the vehicle to a
new trajectory, if required. The ISS senses acceleration and supplies velocity changes, to the LGC, for

calculating total velocity. Drive signals are supplied from the LGC to the CDU and stabilization gyros in
the ISS to align the gimbal angles in the IMU. Position signals are supplied to the LGCto indicate

attitude changes.

The LGC provides antenna-positzoning signals to theRR and receives, from the RR channels

of the CDU, antenna angle information. The LGC uses this information in the antenna-positioning calcula-
tions. During lunar-landing operations, star-sighting information is manually loaded into the LGC, using

the DSKY. This information is used to calculate IMU alignment commands, The LGC and its programming

help meet the functional requirements of the mission. The functions performed in the various mission
phases include automatic and semiautomatic operations that are implemented mostly through the execution

of the programs stored in the LGC memory.
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The optical subsection (OSS) is used to determine the position of the vehicle using a catalog

of stars stored in the computer and celestial measurements made by an astronaut. The identity of

celestial objects is determined before earth launch. The AOT is used by the astronaut to take direct
visual sightings and precise angular measurements of a pair of celestial objects. The computer sub-

section (CSS) uses this data, along with prestored data, to compute position and velocity and to align the
inertial components, The OSS consists of the AOT and a computer control and reticle dimmer (CCRD)
assembly.

The CSS, as the control and data-processing center of the vehicle, performsall the guidance
and navigation functions necessary for automatic control of the flight path and attitude of the vehicle, For

these functions, the GN&CS uses a digital computer, The computer is a control computer with many of
the features of a general-purpose computer, As a control computer, it aligns the stable platform, and
positions both radar antennas. It also provides control cammands to both radars, the ascent engine, the
descent engine, the RCS thrusters, and the vehicle cabin displays. As a general-purpose computer, it
solves guidance problems required for the mission. The CSS consists of a LM guidance computer (LGC)

and a display and keyboard (DSKY), which is a computer control panel.

2,1.1.1.1 Navigation Base.

The navigation base is a lightweight (approximately 3 pounds) mount that supports, in

accurate alignment, the IMU, AOT, and an abort sensor assembly (ASA).

2.1.1.1.2 Inertial MeasurementUnit.

The IMU is the primary inertial sensing device of the vehicle. It is a three-degree-of-

freedom, stabilized device that maintains an orthogonal, inertially referenced coordinate system for

vehicle attitude control and maintains three accelerometers in the reference coordinate system for
accurate measurement of velocity changes. The IMU contains a stable platform, gyroscopes, and

accelerometers necessary to establish the inertial reference.

The stable platform serves as the space-fixed reference for the ISS. It is supported by

three gimbal rings (outer, middle, and inner) for complete freedom of motion, Three Apollo inertial

reference integrating gyroscopes (IRIG's) sense attitude changes; they are mounted on the stable platform,

mutually perpendicular, The gyros are fluid- and magnetically-suspended, single-degree-of-freedom
types. They sense displacement of the stable platform and generate error signals proportional to dis-

placement, Three pulse integrating pendulous accelerometers (PIPA's) (fluid- and magnetically-sus-

pended devices) sense velocity changes.

2.1.1.1.3 Coupling Data Unit.

The CDU converts and transfers angular information between the GN&CS hardware. The unit

is an electronic device that performs analog-to-digital and digital-to-analog conversion. The CDU
processesthe three attitude angles associated with the inertial reference and the two angles associated

with the RR antenna. It consists of five almost identical chamniels: one each for the inner, middle, and
outer gimbals of the IMU and one each for the RR shaft and trunnion gimbals.

The two channels used with the RR interface between the RR antenna and the LGC. The LGC

calculates digital antenna position commands before acquisition of the CSM. These signals, converted to

analog form by the CDU, are applied to the antanna drive mechanism to aim the antenna. Analog

tracking-angle information, converted to digital form by the unit, is applied to the LGC.

The three channels used with the IMU provide interfaces between the IMU and the LGC and
between the LGC and the AGS, Each of the three IMU gimal angle resolvers provides its channel! with

analog gimbal-angle signals that represent vehicle attitude. ‘‘he CDU converts these signals to digital
form and applies them to the LGC. The LGC calculates attitude or translation commands and routes |

them through the CES to the proper thruster. The CDU converts attitude error signals to 800-cps analog

signals and applies them to the flight director attitude indicator (FDAI). Coarse- and fine-alignment
commands generated by the LGC are coupled to the IMU through the CDU.
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The PGNS provides the navigational data required for vehicle guidance. These data include
line-of-sight (LOS) data from an alignmentoptical telescope (AOT) for inertial reference alignment, sig-
nals for initializing and aligning the AGS, and data to the astronauts for determining the location of the .
computed landingsite.

The AGS is primarily used only if the PGNS malfunctions. If the PGNS is functioning

properly when a mission is aborted, it is used to control the vehicle. Should the PGNSfail, the lunar
mission would have to be aborted; thus, the term "abort guidance section. '' Abort guidance provides only
guidance to place the vehicle in a rendezvous trajectory with the CSM orin a parking orbit for CSM-active
rendezvous. The navigation function is performed by the PGNS and the Radar Subsystem, but the naviga-
tion information also is supplied to the AGS, In case of a PGNS malfunction, the AGS uses the last navi-
gation data provided to it. The astronaut can update the navigation data by manually inserting RR data
into the AGS,

The AGS is used as backup for the PGNS during a vehicle mission abort. It determines the
vehicle trajectory or trajectories required for rendezvous with the CSM and can guide the vehicle from
any point in the mission, from separation to rendezvous and docking, including ascent from the lunar
surface. It can provide data for attitude displays, make explicit guidance computations, and issue com-

mands for firing and shutting down the engines. Guidance can be accomplished automatically, or man-
ually by the astronauts, based on data from the AGS. When the AGS is used in conjunction with the CES,
it functions as an analog autopilot.

The AGS is an inertial system that is rigidly strapped to the vehicle rather than mounted on

a stabilized platform, Use of the strapped-down inertial system, rather than a gimbaled system, offers
sufficient accuracy for lunar missions, with savings in size and weight, Another feature is that it can be

updated manually with radar and optical aids.

The CES processes Reaction Control Subsystem (RCS) and Main Propulsion Subsystem
(MPS) control signals for vehicle stabilization and control. To stabilize the vehicle during all phases of

the mission, the CES provides signals that fire any combination of the 16 RCS thrusters. These signals

control attitude and translation about or along all axes. The attitude and translation control data inputs

originate from the PGNS during normal automatic operation, from two hand controllers during manual
operations, or from the AGS during certain abort situations.

The CES also processes on and off commandsfor the ascent and descent engines and routes
automatic and manual throttle commands to the descent engine. Trim control of the gimbaled descent
engine is also provided to assure that the thrust vector operates through the vehicle center of gravity.

These integrated sections (PGNS, AGS, and CES) allow the astronauts to operate the vehicle

in fully automatic, several semiautomatic, and manual control modes.

2.1.1.1 Primary Guidance and Navigation Section.
 

The PGNSincludes three major subsections: inertial, optical, and computer, (See figure

2.1-3.) Individually or in combination they perform all the functions mentioned previously.

The inertial subsection (ISS) establishes the inertial reference frame that is used as the
central coordinate system from which all measurements and computations are made. The ISS measures

attitude and incremental velocity changes, and agsists in converting data for computer use, onboard dis-
play, or telemetry. Operation is started automatically by a guidance computer or by an astronaut using

the computer keyboard. Once the ISS is energized and aligned to the. inertial reference, any vehicle

rotation (attitude change) is sensed by a stable platform. All inertial measurements (velocity and attitude)
are with respect to the stable platform. These data are used by the computer in determining solutions to
the guidance problems, The ISS consists of a navigation base, an inertial measurement unit (IMU), a

coupling data unit (CDU), pulse torque assembly (PTA), power and servo assembly (PSA), and signal
conditioner assembly (SCA).
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2.1 GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM.
 

2.1.1 INTRODUCTION.

The primary function of the Guidance, Navigation, and Control Subsystem (GN&CS)is

accumulation, analysis, and processing of data to ensure that the vehicle follows a predeterminedflight
plan. The GN&CS provides navigation, guidance, and flight control to accomplish the specific guidance

goal. To accomplish guidance, navigation, and control, the astronauts use controls and indicators that.
interface with the various GN&CS equipment. (See figure 2.1-1.) Functionally, this equipment is con-
tained in a primary guidance and navigation section (PGNS), an abort guidance section (AGS), and a con-
trol electronics section (CES), (See figure 2. 1-2.)

The PGNSprovides the primary means for implementing inertial guidance and optical navi-
gation for the vehicle. When aided by either the rendezvous radar (RR) or the landing radar (LR), the
PGNSprovides for radar navigation. The PGNS, when used in conjunction with the CES, provides auto-
matic flight control. The astronauts can supplement or override automatic control, with manual inputs.

The PGNSacts as a digital autopilot in controlling the vehicle throughout the mission. Nor-
mal guidance requirements include transferring the vehicle from a lunar orbit to its descent profile,

achieving a successful landing at a preselected or crew-selected site, and performing a powered ascent

maneuver that results in terminal rendezvous with the CSM,
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Figure 2,.1-1. GN&CS - Major Component Location
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Priority Control. The priority control establishes a processing priority for operations that are performed jonac

by the LGC. Priority control is related to the sequence generatorin that it controls the instructions to

the LGC. The priority control processes input-output information and issues order code and instruction

signals to the sequence generator and a 12-bit addresses to the central processor.

The priority control consists of start, interrupt, and counter instruction control circuits. The start

instruction control circuit initializes the LGC if the program works itself into a trap, if a transient power

failure occurs, or if the interrupt instruction control is not functioning properly. The LGC is initialized

with the start order code signal, which not only commands the sequence generator to execute the start

instruction, but resets other circuits. When the start order code signal is being used, issued, a stop

signal is sent to the timer. This signal stops the time pulse generator until all essential circuits have

been reset and the start instruction has been initiated by the sequence generator.

The interrupt instruction control forces execution of the interrupt instruction by sending the interrupt

order code signal to the sequence generator, and the 12-bit address to the central processor. There are

10 addresses, each of which accounts for a particular function that is regulated by the interrupt instruc-

tion control. The interrupt instruction control links the DSKY, telemetry, and time counters to the

program. The interrupt addresses are transferred to the central processor by read control pulses from

the sequence generator. The input-output circuits are the source of the DSKY, telemetry, and time

counter inputs. The interrupt instruction control has a built-in priority chain which allows sequential

control of the 10 interrupt addresses. The decoded addresses from the central processor control the

priority operation. :

The counter instruction control is similar to the interrupt instruction control in that it units input-output

functions to the program. It also supplies 12-bit addresses to the central processor and instruction sig-

nals to the sequence generator. The instruction signals cause a delay (not a interruption) in the program

by forcing the sequence generator to execute a counter instruction. The addresses are transferred to the

central processor by read control pulses. The counter instruction control also has a built-in priority of

the 29 addresses it can supply to the central processor. The priority is also controlled by decoded

counter address signals from the central processor. The counter instruction control contains an alarm

detector, which produces an alarm if an incremental pulse is not processed properly.

Input-Output Interfaces. The input interface receives signals from the PGNS and other sources. (Refer

to table 2.1-3.) These signals are conditioned and isolated by the input interface before they are routed

into the LGC logic circuitry. The output interface conditions and isolates the LGC output signals before

routing them to their assigned destinations. The input and output circuits of the LGC include storage and

gating devices, which are referred to as input-output channels.

Mostinput and output channels areflip-flop registers. Certain discrete inputs are applied to individual

gatingcircuits, whichare part of the input channel structure. Input data are applied directly to the input

channels; there is no write process as in the central processor. However, the data are read out to a

the central processor under program control. The input logic circuits accept inputs that cause interrupt

sequences within the LGC. These incremental inputs (acceleration data from the PIPA's, etc) are applied

to the priority control circuits and, subsequently to associated counters in erasable memory.

Outputs from the LGC are placed in the output channels and are routed to specific systems through the

output interface circuits. The operation is identical with that in the central processor. Data are written

into an output channel from the write lines and read out to the interface circuits under program control.

The downlink word is also loaded into an output channel and routed to the IS by the downlink circuits. The [

output timing logic gates synchronization pulses (fixed outputs) to the PGNS. These are continuous outputs,

since the logic is specifically powered during normal operation of the LGC and during standby.

Channel No. 1. This channel is the L-register of the LGC.

Channel No. 2. This channel is the quotient (Q) register of the LGC.

Channel No. 3. This channel is the high-order scaler. The channel furnishes a 14-bit

positive number whoseleastsignificant bit has a weight of 5.12 seconds. The maximum content of the

register is 23.3 hours.
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©} Priority Control. The priority control establishes a processing priority for operations that are performed ee

by the LGC. Priority control is related to the sequence generator in that it controls the instructions to

the LGC. The priority control processes input-output information and issues order code and instruction

signals to the sequence generator and a 12-bit addresses to the central processor.

The priority control consists of start, interrupt, and counter instruction control circuits. The start

instruction control circuit initializes the LGC if the program works itself into a trap, if a transient power

failure occurs, or if the interrupt instruction control is not functioning properly. The LGCis initialized

© with the start order code signal, which not only commands the sequence generator to execute the start

instruction, but resets other circuits. When the start order code signal is being used, issued, a stop

signal is sent to the timer. This signal stops the time pulse generator until all essential circuits have

been reset and the start instruction has been initiated by the sequence generator.

 

The interrupt instruction control forces execution of the interrupt instruction by sending the interrupt

order code signal to the sequence generator, and the 12-bit address to the central processor. There are

10 addresses, each of which accounts for a particular function that is regulated by the interrupt instruc-

tion control. The interrupt instruction control links the DSKY, telemetry, and time counters to the

program. The interrupt addresses are transferred to the central processor by read control pulses from

the sequence generator. The input-output circuits are the source of the DSKY, telemetry, and time

counter inputs. The interrupt instruction control has a built-in priority chain which allows sequential

control of the 10 interrupt addresses. The decoded addresses from the central processor control the

priority operation. : ,

The counter instruction control is similar to the interrupt instruction control in thatit units input-output

functions to the program. It also supplies 12-bit addresses to the central processor and instruction sig-

nals to the sequence generator. The instruction signals cause a delay (not a interruption) in the program

by forcing the sequence generator to execute a counter instruction. The addresses are transferred to the

central processor by read control pulses. The counter instruction control also has a built-in priority of

the 29 addresses it can supply to the central processor. The priority is also controlled by decoded

counter address signals from the central processor. The counter instruction control contains an alarm

detector, which produces an alarm if an incremental pulse is not processed properly.

 

Input-Output Interfaces. The input interface receives signals from the PGNS and other sources. (Refer

to table 2.1-3.) These signals are conditioned and isolated by the input interface before they are routed

into the LGC logic circuitry. The output interface conditions and isolates.the LGC output signals before

routing them to their assigned destinations. The input and output circuits of the LGC include storage and

gating devices, which are referred to as input-output channels.

Most input and output channels are flip-flop registers. Certain discrete inputs are applied to individual

gatingcircuits, whichare part of the input channel structure. Input data are applied directly to the input

channels; there is no write process as in the central processor. However, the data are read outto i

the central processor under program control. The input logic circuits accept inputs that cause interrupt

sequences within the LGC. These incremental inputs (acceleration data from the PIPA's, etc) are applied

to the priority control circuits and, subsequently to associated counters in erasable memory.

Outputs from the LGC are placed in the output channels and are routed to specific systems through the

output interface circuits. The operation is identical with that in the central processor. Data are written

into an output channel from the write lines and read out to the interface circuits under program control.

The downlink word is also loaded into an output channel and routed to the IS by the downlink circuits. The [

output timing logic gates synchronization pulses (fixed outputs) to the PGNS. These are continuousoutputs,

since the logic is specifically powered during normal operation of the LGC and during standby.

Channel No. 1. This channel is the L-register of the LGC.

Channel No. 2. This channel is the quotient (Q) register of the LGC.

Channel No. 3. This channel is the high-order scaler. The channel furnishes a 14-bit

positive number whose least significant bit has a weight of 5.12 seconds. The maximum contentof the

register is 23.3 hours.
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processor, whereit is decoded and processed. A number of key codes are required to specify an address

or a data word, The program initiated by a key code also converts the information from the DSKY key-

board to a coded display format. The coded display formatis transferred by another program to an

output channel ofthe LGC andsent to the DSKY for display. The display is a visual indication that the key

code was properly received, decoded, and processed by the LGC.

Timer. The timer generates the timing signals required for operation of the LGC. It is the primary

source of timing signals for all subsystems.

The master clock frequency, generated by an oscillator, is applied to a clock divider logic circuit. The

clock divider logic divides the master clock frequency into gating and timing pulses at the basic clock

rate of the LGC (1, 024 kpps). This basic clock rate is also applied to a scaler and a time pulse generator.

The scaler further divides the output of the clock divider logic into pulses and signals which are used for

gating, for generating rate signal outputs, and for accumulating time. The time pulse generator produces

a recurring set of time pulses which define a specific memory cycle during which access to memory and

data flow take place within the LGC.

Sequence Generator. The sequence generator executes the instructions stored in memory, processes

instruction codes and producescontrol pulses that regulate data flow of the LGC. The control pulses

control the operations assigned to each instruction and the data stored in memory.

The sequence generator consists of an order code processor, a command generator, and a control pulse

generator. The sequence generator receives order code signals from the central processor and priority

control. These signals are coded by the order code processor and supplied to the commandgenerator.

Another set of control pulses are used for gating the order code signals into the sequence generator at the

end of each instruction. The command generator decodes the input signals and produces instruction

commands which are supplied to the control pulse generator.

The control pulse generator receives 12 time pulses from the timer. These pulses occur in cycles and

- are used for producing control pulses in conjunction with the instruction commands. There are five types

of control pulses: read, write, test, direct exchange, and special purpose. Information in the central

processoris transferred from one register to another by the read, write, and direct exchange control

pulses. The special purpose control pulses regulate the operation of the order code processor. Thetest

control pulses are used within the control pulse generator. Branch test data from the central processor

change the control pulse sequence of various functions.

Central Processor. The central processor performs all arithmetic operations required of the LGC,

buffers all information coming from and going to memory, checks for correct parity on all words coming

from memory, and generates a parity bit for all words written into memory. The central processor

consists of flip-flop registers; write, clear, and read control logic; write amplifiers; a memory buffer

register; a memory address register; a decoder; and parity logic.

Primarily, the central processor performs operations dictated by the basic instructions of the program

stored in memory. Communication within the central processor is accomplished through write ampli-

fiers. Data flow to or from memory to the registers, between individual registers, or into the central

processor from external sources. Data are placed on the write lines and are routed to a specific register

or to another part of the central processor under control of the write, clear, and read logic. This logic

accepts control pulses from the sequence generator and generates signals to read the contents of a

register onto the write lines and to write the contents into another register of the central processor or

another area of the LGC. The particular memory location is specified by the contents of the memory

address register. The address is fed from the write lines into this register, the output of which is

decoded by the address decoder logic. Data are subsequently transferred from memory to the memory

buffer register. The decoded address outputs are also used as gating functions within the LGC.

External inputs through the write amplifiers include the contents of the erasable and fixed memory bank

registers, all interrupt addresses from priority control, control pulses associated with specific arithme-

tic operations, and the start address for an initial start condition. Information from the input and output

channels is placed on the write lines and routed to specific destinations within or external to, the central

processor.
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The first key interrupt is initiated when a DSKY pushbutton is pressed. A marksignal, indicating a

sighting, initiates the second key interrupt. The uplink interrupt indicates completion of an uplink word.

The radar interrupt is generated when a complete radar work is received. As the ACA is moved outof

detent the hand controller interrupt is initiated.

The time 6, 5, 3, and 4 interrupt conditions are internal interrupts initiated by the LGC. lenacs

Before a priority program can be executed, the current program must be interrupted. The

contents of the program counter and any intermediate results contained in the central processor should

be preserved. The priority control produces an interrupt request signal, which is sent to the sequence

generator. The signal, acting as an order code, executes as instruction that transfers the contents of the
programcounter and any intermediate results to memory. The interrupt request signal also transfers

the priority program address from priority control to the central processor and, then, to memory through

the write lines. As a result, the first basic instruction word of the priority program is entered into the
central processor, from memory, and execution of the priority program begins. The last instruction of
each priority program restores the LGC to normal operation, provided no other interrupt request is

present, by transferring the previous contents of the program counter and intermediate results from their

storage locations in memory back to the central processor.

Data pertaining to the flight, which include real time, acceleration, and IMU gimbal angles,
are stored in memory locations called counters. The counters are updated as soon as new data becomes

available. Data inputs to priority control are called incremental pulses. Each incremental pulse pro-

duces a counter address and a priority request. The priority request signal is sent to the sequence
generator as an order code. The control pulses produced by the sequence generator transfer the counter

address to memory through the write lines of the central processor. The control pulses also enter the

contents of the addressed counter into the central processor.

Real time, which is used in solving guidance and navigation problems, is maintained within

the LGC, in the main time counter of memory. The main time counter provides a 745. 65-hour (approxi-,
mately 31 days) clock. Incremental pulses are produced in the timer and sent to priority control to
increase the main time counter. The LGC clock is synchronized with ground elapsed time (GET) which

is "time zero" at launch. The LGC time is transmitted once every second by downlink operation for com-

parison with the GET of MSFN.

Incremental transmissions occur in the form of pulse bursts from the output channels to

the CDU, the gyro fine alignment electronics, and the radars. The numberof pulses and the time
at which they occur are controlled by the LGC program. Discrete outputs originate in the output channels

under program control. These outputs are sent to DSKY and other subsystems. A continuous pulse train

at 1.024 mc originates in the timing output logic and set as a synchronization signal to the timing elec-

tronics assembly in the IS.

The uplink word from MSFNvia the digital uplink assembly (DUA) is supplied as an incre-

mental pulse to priority control. As this word is received, priority control produces the address of the

uplink counter in memory and requests the sequence generator to execute the instructions that perform
the serial-to-parallel conversion of the input word. When the conversion is completed, the parallel word

is transferred to a storage location in memory by the uplink priority program. The uplink priority

program also retains the parallel word for subsequent downlink transmission. Another program converts

the parallel word to a coded display format and transfers the display information to the DSKY.

The downlink operation of the LGC is asynchronous with respect to the IS. The IS supplies

all the timing signals necessary for the downlink operation. (Refer to paragraph 2.1, 2 for interface

discussion.)

Through the DSKY, the astronaut can load information into the LGC, retrieve and display
information contained in the LGC, andinitiate any program stored in memory. A key code is assigned

to each keyboard pushbutton. When a DSKY pushbutton is pressed, the key code is produced and sentto

an input channel of the LGC. A signal is also sent to priority control, where the signal produces the

address of a priority program stored in memory and a priority request signal. The priority request

signal is sent to the sequence generator. This results in an order code and initiates an instruction for

interrupting the program in progress and for executing the key interrupt No. 1 priority program stored
in memory. This programtransfers the key code temporarily stored in an input channel, to the central
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flight data that are displayed to assist the astronaut during various phases of the mission are as follows:

total LM attitude, attitude errors, altitude and altitude rate, forward and lateral velocities, and percen-

tage of descent engine thrust commanded by the LGC,

Total attitude is generated from the IMU gimbal angles. With the ATTITUDE MON switch

(panel 1) set to PGNS, the IMU gimbal angles are routed to the gimbal angle sequencing transformation EB

assembly (GASTA). The GASTA transforms the gimbal angles into signals of the proper configuration of

total attitude. The total attitude signals are applied to the FDAI sphere for direct astronaut readout. The

FDAI also displays roll, pitch, and yaw rates and errors, The FDAI rate indicators monitor the rate of

change of angular position, When the RATE/ERR MON switch (panel 1) is set to LDG RDR/CMPTR,the

FDAI error indicators indicate the deviation between the programmedand actual attitude. The FDAI rate

indicators are fed from the CES rate gyros; the pitch, yaw, and roll attitude errors are supplied from the

LGC through the CDU.

The astronauts can select the LR, PGNS, or AGS as the sourcefor the altitude and altitude-

rate parameters. When the MODE SEL switch is set to PGNS, the LGC calculates altitude and altitude

rate, but issues signals for display of either altitude or altitude rate. Altitude and altitude rate are not

displayed simultaneously. These signals are routed through the RNG/ALT MONswitch (panel 1) to the

ALT and ALT RATEindicators (panel1).

Forward andlateral velocities are displayed on the X-pointer indicator. The indicator

receives velocity signals from the LGC via the CDU when the MODE SEL switch is set to PGNS. The

LGC calculates the velocities from its stored information and from information received from the LR,

The LGC feeds the calculated data to the CDU for digital-to-analog conversion before display. The

X-POINTER SCALE switch (panel 3) selects the scale of the indicator. The type of velocity and the

scale selected are indicated by illuminated placarding on the borders of the X-pointer indicator.

The amount of descent engine throttling, as commanded by the LGC, is routed to the CES,

The CES sends this command to the THRUST indicator (panel 1) andto the descent engine. The THRUST

indicator also displays the amount of thrust sensed at the engine thrust chamber, so that a comparison

can be made.

PGNSvehicle control includes interfacing for attitude and translation control and for pro-

pulsion control (descent and ascent engine). Commands from the LGC are routed through the CES to the

RCS thrusters and to the ascent and descent engines for proper flight control.

2.1.3.4 General Operation of Abort Guidance Section. (See figure 2, 1-16.)
 

Control of the LM by the AGS dependsonthe settings of various cabin switches and on DEDA

entries, Attitude control, using the RCS, must be under mode control [ROLL, PITCH, and YAW

ATTITUDE CONTROLswitches (panel 3) set to MODE CONT.]

For the AGS to effect guidance steering (not merely attitude hold) and engine control, the

GUID CONT switch must be set to AGS and the MODE CONTROL: AGS switch must be set to AUTO, For

nominal DPS operation, the ENG ARM switchis set to DES and the engine START pushbutton is pressed.

For abort DPS operation, the ABORT pushbutton (panel 1) is pressed to arm the descent engine, Ascent

engine operation is similar to descent engine operation, except that the ENG ARM switch is set to ASC,

For APS operation in abort situations, with the descent stage attached, the ABORT STAGE pushbutton

(panel 1) is pressed to arm the ascent engine.

The MODE SEL, ATTITUDE MON,and RATE/ERR MON switches (panels 1 and 2) are used

to monitor AGS maneuvers. When these switches are set as indicated in figure 2,1-16, the FDAI's

X-pointer indicators, and the ALT and ALT RATEindicators display the information required to monitor

AGS operations,

The AGS STATUS switch (panel 6) provides power to the AGS when the AC BUS B: AGS and

STAB/CONT: ASA and AEAcircuit breakers are closed, With the AGS STATUS switch set to OFF,

closing the ASA circuit breaker causes the ASA to be in a temperature-controlled condition, Closing the

AEA circuit breaker causes power to be applied to the AEA. Closing the AGS circuit breaker applies

15-volt (rms), 400-cps power to the AGS power supply.
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2.1.3.5.2 Translation Control. (See figure 2.1-17.)

Automatic and manual translation control are available in all three axes, using the RCS,
Automatic control consists of thruster commands from the LGC to the jet drivers inthe ATCA. These
commandsare used for translations of small velocity increments and for ullage settling before ascent or
descent engine ignition after coasting phases. Manual control in the primary guidance mode consists of
on and off commands from a TTCA, through the LGC, to the primary preamplifiers. In the abort guid-
ance mode, only manual control is available. Control consists of on and off commands from a TTCA to
the jet selected logic in the ATCA. Thevoltage is sufficient to satu-ate the PRM's and provide control
of the thrusters. RCS thrust (+X-axis) is available when the +X TRANSL pushbutton is pressed. The
secondary solenoids of the four downward-firing thrusters (BID, A2D, B3D, A4D) are energized as long
as the +X TRANSL pushbutton is pressed.

2.1.3.5.3 Descent Engine Control. (See figure 2. 1-18.)

Descent engine control accomplishes major changes in LM velocity.

Ignition and Shutdown. Descent engine ignition is controlled by the PGNSand the astronaut through the
CES, Before ignition, the engine must be armed by setting the ENG ARM switch (panel 1) to DES. This
uction sends an engine arm discrete to the LGC and to the S&C control assemblies. Engine-on commands
from the LGC or AGS are routed to the DECA through the S&C control assemblies. When it receives the
engine arm and start discretes from the S&C control assemblies, the DECA commandsthe descent engine
on, The engine remains on until an engine-off discrete is initiated with either stop pushbutton (panels 5
and 6), An engine-off discrete is generated when the 4V reaches a predetermined value. The astronauts
can commandthe engine on or off, using the engine START (panel 5) and stop pushbuttons.

Throttle Control. Descent engine throttle (thrust) can be controlled by the PGNS and/or the astronauts.
Automatic throttle (increase/decrease) signals from the LGC are sentto the DECA. The analog output of
the DECA controls descent engine thrust from 10% to maximum thrust (92.5%), In the automatic mode
(THR CONT switch set to AUTO), the astronauts can use the TTCA's to increase descent engine thrust.
When the THR CONT switchis set to MAN, the astronaut has complete control over descent engine thrust.
If a TTCAis used for throttle control, X-axis translation capability is disabled.

Trim Control. Descent engine trim is automatically controlled during the primary guidance and abort
guidance modes, to compensate for center-of-gravity offsets during descent engine operation. In the
primary guidance mode, the LGC routes trim on and off Signals in two directions, for each gimbal axis,
to the DECA. These signais operate power control circuitry, which drives the GDA's, In the abort
guidance mode, Y- and Z-axis signals that drive the GDA’s are routed from the ATCA to the DECA. The
GDA's tilt the descent engine along the Y-axis and Z-axis a maximum of +6° or -6° from the X-axis,
GDA's are activated during periods when descent engine is armed,

2.1.3.5.4 Ascent Engine Control. (See figure 2, 1-19.)

Ascent engine ignition and shutdown can beinitiated by the PGNS, AGS, or the astronaut.
Automatic and manual commandsarerouted to the S&C control assemblies. These assemblies provide
logically ordered control of LM staging and engine on and off commands. The S&C control assemblies
provide a positive command for fail-safe purposes if the engine-on commandis interrupted. In the event
of an abort stage command while the descent engine is firing, the S&C control assemblies provide a time
delay before commanding LM staging and ascent engine ignition. The time delay ensures that descent
engine thrusting has completely stopped before the LM is staged,

2.1.3.6 Power Distribution. (See figure 2. 1-20.)

Each section of GN&CS receives its power independently of the other sections, from the
CDR's and the LMP's busesthrough the circuit breakers on panels 11 and 16, respectively. Theflight
displays associated with the GN&CSreceive power from CDR's a-c and d-c buses. When poweris sup-
plied to a particular display, a power-on indicatoris energized, For the X-pointer, THRUST, RANGE,
and RANGE RATEindicators, the power-on indicator is a lamp; for the FDAI's, talkbacks are used. The
MISSION TIMERand the EVENT TIMERdonot have power-on indicators,
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2.1,3.6,1 PGNS PowerDistribution.

The LGC receives 28-volt d-c primary power from the PGNS: LGC/DSKY circuit breaker.

The primary power is used by power supplies within the LGC to develop +14- and +4-volt d-c power.

These outputs are used for logic power within the LGC, The +14-volt d-c power supply also provides an

input to the DSKY power supplies. The +4-volt d-c power supplies (2) of the LGC provide power for the

standby and operate modes of LGC operation.

The standby mode of operation is initiated by pressing the PRO pushbutton on the DSKY,

after keying the appropriate setup command (verb-noun combination). During standby, the LGC is put

into a restart condition and the +4- and +14-volt d-c supplies are switched off. This places the LGC in

a low-power mode in which only the LGC timer and a few auxiliary assemblies are operative. The DSKY

power supply receives +28- and +14-volt dc and an 800-pps sync from the LGC. The power supply de-

velops 275-volt, 800-cps power for the DSKY electroluminescent displays.

The power and servo assembly (PSA) receives input power from the PGNS: LGC/DSKY,

IMU STBY, and IMU OPRcircuit breakers. The input voltage is 27. 542.5 volts dc, with transient limits

between 24. 0 and 31.8 volts dc. In addition to the d-c input from the EPS, the PSA power supplies re-

quire clock pulses (800 pps, 3.2 kpps, and 25.6 kpps) from the LGC. The PSA power supplies are as

follows:

@ 28-volt, 800-cps, +1% power supply

@ 28-volt, 800-cps, 0°¢ , +5% power supply

e 28-volt, 800-cps, -90°¢ , +5% power supply

@ -28-volt d-c power supply

@ 28-volt, 3, 200-cps power supply

The 800-cps power supplies provide the PGNS with 1%, 5% -90°¢ , and 5% 0°? power, The

28-volt, 800-cps, 1% power supply provides the IMU resolver excitation, servoamplifier demodulator

reference, a reference signal to the FDAI's, a reference to the coupling data unit, RR resolver excitation,

and ACA excitation, The 28-volt, 800-cps, 5% power supply provides the -90° and 0° excitation power for

the gyro wheels, the IMU blowers, PIP fixed heater power, and bias heater power. The -28-volt d-c

power supply provides negative d-c inputs to the a-c amplifiers used in the inertial loops and powerto the

three gimbal servoamplifiers in the stabilization loops and to the pulse torque assembly power supply to

generate -20 volts dc for use in accelerometer loops. The 28-volt, 3, 200-cps power supply provides the

IMU with 28-volt power, which is then reduced through a transformer to 2- and 4-volt levels, The power

supply provides excitation voltages (2 and 4 volts) for signal ducosyn signal-generator excitation and for

magnetic suspension winding excitation for the torque and signal ducosyns of the IRIG's and PIPA's. The

3, 200-cps output is also used as a reference for the demodulator of the gimbal servoamplifier in all —

modes of operation, except the coarse-alignment mode.

The pulse torque assembly (PTA) derives input power from the PSA when the IMU operate

command is generated, The PTA power supply is synchronized by a 12, 8-kpps clock pulse from the LGC,

The PTA power supply provides +20 volts dc to the three binary current switches in the PIPA loops and

+120 volts de to the binary current switch and q-c differential amplifier in the fine-alignment electronics

associated with the stabilization loops of the IMU. The PTAalso provides three separate +28-volt d-c

precision voltage references to each of the three PIPA d-c differential amplifiers.

The CDU power supplies (+4 and +14 volts dc) receive 28 volts, 800 cps, and +28 volts dc

(IMU operate signal) from the PSA, and a sync pulse from the LGC. The power supplies provide a reg-

ulated output voltage for use in the CDU logic circuitry. Under full load conditions, the +4-volt d-c power

supply is required to provide +4 volts dc +1%, at 2.5 to 3.0 amperes.
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The signal conditioner assembly (SCA) receivesits operating power from the PSA. The jong

operating power includes IMU operate and IMU standby +28 volts dc used for B+ voltage in the SCA

circuits, and reference voltages consisting of 800-cps and 3, 200-cps 1% feedback voltage from the IMU.

Three additional reference voltages (2.5 volts dc for bias, an 800-cps square wave, and a 3, 200-cps

square wave) are generated in the SCA.

The AOT receives 115 volts ac for illumination of the reticle, from the AC BUS A andthe

AC BUS B: AOT LAMPcircuit breakers. The heaters in the AOT receive power from the CDR's d-c

bus through the HEATERS: AOTcircuit breaker.

2,1.3.6.2 AGS Power Distribution.

All power (ac and dc) required by the ASA is provided by the ASA power supply, which

receives 28-volt d-c power from the STAB/CONT: ASA circuit breaker (panel 16), The power supply

provides regulated 28 volts dc for current regulators, +12 volts de to bias amplifiers in the accelerom-

eters, +4 volts de for use in a frequency countdown subassembly and the gyros, -12 volts dc for use in

the gyros, -6 volts de for use as bias for the gyros, and -2 volts dc for use as bias in the frequency

countdown subassembly. A-C voltages are provided for the accelerometer gyros and pulse torquing

servoassemblies by 28-volt, 800-cps inputs from the ATCA.

The AEA uses two power supplies, One operates in the standby and operates modes, It

supplies power to clock countdown circuits and for the three integrating registers of the input-output

subassembly. The other power supply operates in the operate mode and supplies powerto the remainder

of the AEA, These power supplies receive 28-volt d-c power from the STAB/CONT: AEAcircuit

breaker (panel 16) and 115-volt, 400-cps power from the AC BUS B: AGS circuit breaker (panel 11).

They also receive 28-volt, 800-cps power from the ATCA power supply for synchronization, The operate

power supply provides -2, +4, +6, +13.5, +14, -13,5, and -18 volts de,

The DEDA operating power consists of +4 and -2 volts de supplied by the operate power

supply of the AEA.

2.1.3.6.3 CES Power Distribution.

The CDR's and LMP's 28-volt d-c buses and the CDR's 115-volt a-c bus supply power to the

CES. The ACA receives 28-volt d-c power from the CDR's bus for two-jet direct control through the

STAB/CONT: ATT DIR CONT circuit breaker. D-C excitation from the ATCAis used by the ACAto

generate pulse commands. Proportional rate commands are generated from a 28-volt, 800-cps signal

from the ATCA. This input signal to the ACA is also used by the TTCA during AGS control, for gener-

ation of throttle commands. During PGNS control, the PSA supplies the excitation voltage for the TTCA,

The TTCA receives +15 volts de via an S&C control assembly from the ATCA powersupply for the gener-

ation of translation commands. The STAB/CONT: ATT DIR CONT circuit breaker also provides power

for the secondary coils of the TCA's during the direct mode and when the +X TRANSL pushbutton is used. &

The ATCA primary power supply receives 28 volts de from the LMP's bus through the i

STAB/CONT: ATCAcircuit breaker. When the ATCA/AGScircuit breaker is on and GUID CONTswitch

is set to AGS and the MODE CONTROL: AGS switch is set to ATT HOLD or AUTO,the thruster drivers a

are enabled. When the BAL CPL switch is set to ON, the 28 volts from the circuit breaker enables the

four upward-firing thrusters. Power from the circuit breakers is also used to test the RGA, using the

GYRO TEST switches (panel 3).

The ATCA primary power supply provides regulated +15, -15, and +4, 3 volts de for the

ATCA and other GN&CS equipment, and +6 and -6 volts de for the ATCA only, The power supply is

synchronized by a 1.6-kpps signal (square wave) to generate a regulated 28-volt, 800-cps, 1¢ output

and a regulated, isolated, 28-volt, 800-cps, 39 output for RGA gyro spin motor excitation. Single

phase is also supplied for AEA signal reference excitation. If the synchronizing pulses are lost, the power

supply runs free at 800 cps +1%. Another ATCA power supply uses the 28-volt d-c input to generate re-

dundant -4,7 volts de for use within the ATCA, for jet solenoid driver bias. Also, 28-volt, 800-cps a

power is supplied to the RR as "backup" power and to the IS and the rate displays as reference.
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The STAB/CONT: DECA PWR circuit breaker supplies +28 volts dc to the descent enginecontrol circuit in the DECA, Whenthe descent engine is armed, this input power is routed to the actua-tor isolation valves of the descent engine. The power supply of the DECA consists of a reference powersupply and an auxiliary power supply. The reference supply receives +15 and -15 volts dc from the
:.3-volt d-c ATCA power supply. D-C active regulators in the reference supply convert the +15 and -15

volts de to +6 and -6 volts de, respectively, The 6-volt outputs of these regulators are very stable; they
are used as a source for a voltage divider, which supplies the reference voltages to the comparators,

The auxiliary power supply receives 400-cps power from the CDR's a-c bus through the AC
BUS A: DECA GMBLcircuit breaker. The power supply rectifies and filters the a-c powerto supply
+22 and -22 volts de for the DECA manual throttle circuit and +22 volts de for the power failure time-
delay circuit. During an ATCA power failure, the auxiliary power supply provides +6 volts dc to the
descent engine control circuit and enables full thrust of descent engine, In addition, +22- and -22-volt
d-c reference voltages are used for a powerfailure monitor circuit in the DECA. The +15- and -15-volt
d-c inputs to the reference power supply are also connected with the +22- and -22-volt d-c inputs,
respectively, to supply the manual throttle circuit if the 22-volt d-c supplies fail.

Power from the STAB/CONT: DES ENG CONTcircuit breaker enables the engine control
circuits inthe DECA, This poweris interrupted when the ABORT STAGE pushbutton is used or when the
ABORTor STOP pushbuttons are used. The STAB/CONT: ENG START OVRD, AELD (2), ABORT
STAGE (2). ENG ARM, and DES ENG OVRD circuit breakers are used in conjunction with the relay logic
of the DECA and S&C control assemblies to accomplish ascent or descent engine control.

The GASTA receives 115 volts ac from the CDR's a-c bus through the AC BUS A: GASTA
circuit breaker and 28 volts dc from the CDR's d-c bus through the FLIGHT DISPLAYS: GASTAcircuit
breaker, These two inputs energize the computer servo in the GASTA,

2.1.3.6.4 ORDEAL PowerDistribution,

The ORDEALreceives 115 volts ac from the CDR's a-c bus through the AC BUS B: ORDEAL
circuit breaker and 28 volts dc from the CDR's d-c bus through the FLIGHT DISPLAYS: ORDEALcircuit
breaker. The 115-volt a-c power lights the ORDEAL panel and drives the resolvers, The d-c power is
used for switching.

2.1.3.6.5

|

800-cps Synchronization Loop, (See figure 2, 1-21.)

Because the CES uses 800-cps analog signals as a reference, the various assemblies must
be synchronized. In the primary guidance mode, the ACA's and TTCA's receive 28-volt, 800-cps
Signals from the PSA of the PGNS. The proportional attitude commands to the LGC are either
in phase or 180° out of phase with this 800-cps signal. In the abort guidance mode, the ACA's and
TTCA's receive 28-volt, 800-cps signals from the ATCA. The proportional attitude commands fed back
to the ATCA are now synchronized with the ATCA power supply. The AGS and RGA receive 28-volt,
800-cps signals from the ATCA; their outputs, returned to the ATCA,are synchronized. The FDAI's also
receive the 800-cps synchronization voltage to properly display the RGA signals. In turn, the ATCAit-
self is synchronized to the clock (1, 600 pps) of the PCMTEA; however, it can run free as its own source
should this synchronizing pulse be lost.

2.1.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION,

2.1.4.1 Primary Guidance and Navigation Section - Inertial Subsection.

The ISS comprises the navigation base (NB), IMU, the coupling data unit (CDU), the pulse
torque assembly (PTA), the power and servo assembly (PSA), and the signal conditioner assembly (SCA).
(See figure 2, 1-22.)

ISS operation can be initiated automatically by the LGC, or manually by the astronaut using
DSKY entries to command the LGC to select the various operating modes. The ISS status or modeof
operation can be displayed on the DSKY, as determined by a computer program, The IMU furnishesthe
inertial reference; it consists of a stable member with three degrees of freedom, stabilized by three inte-
grating gyros. The stable member must be aligned with respect to the reference coordinate system each
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Figure 2.1-21, 800-cps Synchronization Loop

time the ISS is powered up. The stable member must be realigned during flight because it may deviate

from its alignment, due to gyro drift. Also, the crew may desire a new stable memberorientation, The

alignment orientation may be that of the CSM or that defined by the thrusting programswithin the LGC.

Sighting of two stars is required for in-flight fine alignment. The stable memberis aligned after the LGC

processes sighting data that have been combined with the known IMU angles and supplies gyro-torquing

signals to the IMU.

Once the ISS is energized and aligned to an inertial reference, LM rotation is about the gim-

baled stable member, which remains fixed in space. Resolvers, mounted on the gimbal axes, act as

angle-sensing devices and measure LM attitude with respect to the stable member. These angular mea~-

surements are displayed to the astronaut by the flight director attitude indicator (FDAI), and angular

changesof the inertial reference are sent to the LGC,

Desired LM attitude is calculated in the LGC and compared with the actual gimbal angles, A

difference between the actual and calculated angles results in generation of attitude error signals, by the

ISS channels of the CDU, which are sent to the FDAI for display. These error signals are used by the

digital autopilot program in the LGC to activate RCS thrusters for LM attitude correction. Attitude error

is displayed by the FDAI error needles. LM acceleration due to thrusting is sensed by three PIPA's,

which are mounted on the stable member with their input axes orthogonal, The resultant signals (velocity

changes) from the accelerometer loops are supplied to the LGC, which calculates the total LM velocity.
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Figure 2,1-22, Inertial Subsection - Functional Diagram

2.1.4.1,1 Navigation Base. (See figure 2, 1-23.)

The navigation base is a lightweight mount that supports, in critical alignment, the IMU,

ASA, and AOT. It consists of a center ring with four legs that extend from either side. The IMU is

mounted to the ends of one side of the four legs. The AOT and the ASA are mountedto the opposite ends

of the legs, The navigation base is bolted to the LM structure above the astronauts’ head, with three

mounting pads on the center ring. An electrical grounding strapis attached to the center ring and to the

LM structure,

2.1.4.1.2 Inertial Measurement Unit. (See figure 2. 1-24.)

The IMU uses three Apollo 25-inertial reference integrating gyros (IRIG's) to sense changes

in stable memberorientation, and three 16-pulse integrating pendulous accelerometers (PIPA's) to sense

velocity changes, The 25-IRIG's are fluid- and magnetically-suspended, single-degree-of-freedom

gyros with a 2, 5-inch-diameter case. The 16-PIPA's are fluid- and magnetically-suspended, pendulum-

type devices with a 1, 6-inch-diameter case, The IMU gimbals consist of an outer gimbal mounted to the

case, a middle gimbal mounted to the outer gimbal, and an inner gimbal (stable member) mounted to the
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Figure 2.1-23, Navigation Base
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Figure 2.1-24, IMU Gimbal Assembly
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middle gimbal. All three gimbals are spherical, have 360 degrees of freedom, and are positioned by
torque m: .rs, The IMU also consists of a failure-detection assem: anda temperature contro] assem-
bly. The -omplete IMU weighs ar.roximately 42 pounds,

Inertial Reference Integrating Gyros, The IRIG's are the sensing elements of the IMU stabilization loon.
The three gyros are mounted on the stable member, with their input axes mutually perpendicular, An;
change in the attitude of the LM changes the attitude of the stable member and is sensed by one or more
of the gyros. The gyros convert this displacementinto an error signal, which is amplified and fed to the

IMU gyro-torquing loop. The gyro-torquing loop repositions the stable memberuntil this error signal is

nulled and the original attitude of the stable memberis reestablished,

 

The gyros tend to maintain their attitude with respect to inertial space. If a gyro is forced to rotate about

the input axis (which is perpendicular to the wheel spin axis), it responds with a torque aboutthe out-

put axis (which is perpendicular to the spin and input axes). The spin axis is displaced from its normal

(null) alignment with the spin reference axis by an amount equal to the angle through whichthe output axis
has rotated. The spin reference, input, and output axes are always mutually perpendicular.

The construction of the IRIG's is similar to that of conventional single-degree-of-freedom gyros. The

IRIG's consist of a wheel assembly, spherical (sealed) float, cylindrical case, single generator ducosyn,

and torque generator ducosyn. The gyroscopic wheel, mounted within the sealed float on a shaft per-
pendicular to the axis of the float, spins on preloaded ball bearings. The wheel is driven by a

hysteresis synchronous motor in an atmosphere of helium, which prevents corrosion of the ferrous parts

and provides good transfer of heat. The helium in the float is at’a pressure of one-half atmosphere. The

torque generator ducosyn is mounted on one end of the float shaft; the signal generator ducosyn is mounted

at the other end.

The space between the float and the case is filled with a suspension and dampingfluid. This fluid is

maintained at the same density as the float, thereby suspending the float with respect to the case and re-
moving the friction between the float pivot and bearing. The fluid density is kept equal to the density of
the float by maintaining the gyro and its fluid at the proper temperature. The fluid also damps the float
oscillations with respect to the case. The space immediately surrounding the float is entirely filled with
fluid. Most of the nonfunctional space within the gyro case is consumed by damping blocks which assist
in the control of the damping coefficient. .

The ducosyns consist of a separate magnetic suspension assembly and a separate transducer microsyn

mounted as a single unit. Each ducosyn contains two separate stators, which are mounted to the case,

and two separate rotors, which are mounted on a commonring on the float assembly. The signal gen-

erator ducosyn is mounted, in the IRIG's, on the positive output-axis end of the float to provide magnetic

suspension. The transducer microsyn provides an electrical analog signal proportional to the position of

the float. A torque generator ducosyn is mounted on the negative output-axis end of the float to provide

magnetic suspension. The transducer microsyn converts an electrical error signal into torque about the
output axis. The IRIG magnetic suspension assembly and the primary of the signal generator require

4-voit, 3,200-cps, single-phase excitation. In addition to the magnetic and fluid suspension, the IRIG's
have a set of pivots and bearings on the output axis.

Pulse Integrating Pendulous Accelerometers, The PIPA's are the sensing elements of the IMU acceler-
ometer loops. The three accelerometers are mounted with the IRIG's on the stable member, with their

input axes mutually perpendicular. Any change in LM velocity is sensed by one or moreof the acceler-
ometers. The PIPA's route the changein velocity through the accelerometer loops to the LGC. The

LGC, in turn, issues accelerometer drive signals to torque the PIPA's back to their null position.

 

The PIPA is basically a pendulum-type device consisting of a cylinder with a pendulous float pivoted with

respect toa case. The axis of the pivot defines the output axis. The space between the pendulousfloat

and the caseis filled with fluid. A signal generator ducosyn is mounted on the positive end of the output

axis to provide magnetic suspension and output signals indicative of rotational position of the float. A

torque generator ducosynalso acts as a transducer to convert torque signals, in the form of electrical

pulses, into mechanical torque about the output axis. A 2-volt rms, 3,200-cps, 1¢ excitation is required
for the PIPA magnetic suspension and the primary winding of the signal generator.
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The float body is a cylinder of beryllium, whichis fitted to a shaft on which the float pivots. The rotors i

of the ducosyns are mounted on the endsof the float body. The complete float assembly is in the main

housing assembly and the space serves as both a fluid suspension for the float and as a viscous damping

gap for the fluid. The main housing contains a bellows assembly to take up the expansions and contrac-

tions of the fluid during heating. The end housings contain the ducosyn stators and the pivot bearing.

The magnetic suspension units have tapered stator poles and a tapered rotor so that magnetic suspension §j

forces are developed in both the axial and radial directions. The main housing assembly is completely

covered by a case, which provides magnetic shielding and hermetically seals the unit. Heating coils

between the main housing and case heat the suspension fluid to the proper temperature. All electrical

signals are routed through the torque generator end of the case.

When an acceleration is sensed along the input axis of the accelerometer, the float rotates from the null

position. This rotation is sensed by the signal generator ducosyns. The reference excitation voltage of

the signal generator is synchronized with the LGC clock, which is the reference for all GN&CS and loop

timing.

The output of the secondary of the signal generator ducosyn consists of two amplitude- modulated, sup-

pressed-carrier signals: one of zero phase; the other, phase. These two 180° out-of-phase signals

are phase-shifted 45° from the reference excitation (by the effect of a resistor in series with the secondary Jf

winding) and amplified by a preamplifier mounted on the stable member.

Inner Gimbal Assembly. The inner gimbal (IG), referred to as the stable member,is free to rotate 360°

about its axis. The stable member is machined from a solid block of cold-pressed and sintered beryl-

lium; holes for mounting the IRIG's, PIPA's and the associated electronics are bored in the block. The

stable memberinputs and outputs are routed through a 40-contact slipring on each end of the inner gimbal

axis (IGA). Angular data are transmitted by multispeed transmitter resolvers (1X and 16X), which

supply 800-cps signals to the CDU's. A gyro error resolver, mounted on the negative end of the IGA, is

used in the stabilization loop to transform gyro error into gimbal axis error. A d-c torque motor,

mounted on the positive end of the axis, is used in the stabilization loop to position the stable member.

Middle Gimbal Assembly. The middle gimbal (MG) is suspended by two intergimbal assemblies inside the

outer gimbal. The MG supports the inner gimbal. Each intergimbal assembly provides 360 degrees of

freedom. However, to avoid gimbal lock, rotation is restricted within +85 ° and -85°. Each intergimbal

assembly contains a duplex-pair ball bearing (one fixed; one floated) and a 40-contact slipring for routing

electrical inputs and outputs, A multispeed transmitter resolver, mounted on the negative end of the

middle gimbal axis (MGA), transmits angular data, A d-c torque motoris mounted on the opposite end

of the axis.

Outer Gimbal Assembly. The outer gimbal (OG) is similar ta the MG; itis suspended inside the supporting

case by two intergimbal assemblies, Each intergimbal assembly provides 360 degrees of freedom for the

outer gimbal axis (OGA). Each intergimbal assembly contains a duplex-pair ball bearing (one fixed, one fj

floated), and a 50-contact slipring for routing electrical inputs and outputs. A multispeed transmitter

resolver (1X and 16X) is mounted on the negative end of the OGA. A d-c torque motor is mounted on the

opposite end of the axis. Two thermostatically controlled axial-flow blowers mounted in the outer gimbal

walls move air from the vicinity of the middle gimbal to the walls of the case, where heatis carried

away by water-glycol solution circulating through passages in the case.

IMU Case. The IMU caseis a spherical enclosure, which supports the inner, middle, and outer gimbals.

The outside diameter of the case is approximately 12.5 inches. The walls of the case contain coolant

passages through which a water-glycol solution is circulated to dissipate heat generated by inertial

components and electronic modules. Two quick-disconnectfittings connect the coolant passages to the

primary coolant loop of the ECS heat transport section.

IMU Temperature Control Assembly, (See figure 2. 1-25,) The IMU temperature control assembly

maintains the temperature of the three IRIG's and three PIPA's within required limits during IMU

standby and operating modes, The assembly supplies and removesheat, as required, to maintain IMU

heat balance with minimum power consumption, Heat is removed by convection, conduction, and radia-

tion, The natural convection, used during the IMU standby mode, is changed to blower-controlled forced
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Figure 2,1-25. IMU Temperature Control

convection during IMU operating modes, Forced convection between the middle gimbal and the water-
glycol-cooled gimbal case is shown in figure 2, 1-26. The IMU is sealed to maintain internal air pressure

at 1 atmosphereto provide the required natural and forced convection. The temperature control assem-
bly consists of a temperature control circuit, a blower control circuit, and’a temperature alarm circuit,

The temperature control circuit applies the required nominal heat 4130°.4°F) to the inertial components.
This circuit includes six IRIG end-mount heaters, three PIPA end-mount heaters, a temperature control
thermostat assembly mounted on the stable member, two stable member heaters, an anticipator heater,
and a temperature control module that turns the heaters on and off, as necessary, There are three addi-

tional PIPA end-mount heaters; these are not controlled by the control module, but operate continuously
when 28-volt, 800-cps IRIG power is applied. Power for the other heaters is 28 volts dc.

The blower control circuit removes heat, as required, to maintain heat balance. This circuit includes a
blower control thermostat assembly mounted on the stable member, two axial blowers mounted on the
outer gimbal, and a blower control module that turns the blowers on and off, as necessary, The blowers

Bf are turned off when temperature exceeds +139°:0,2°F; they do not operate during the IMU standby mode.
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Figure 2,1-26, IMU Forced Convection Cooling

The temperature alarm circuit monitors the temperature control assembly. The alarm circuit contains

an alarm thermostat for high- temperature sensing (>+134°:0.2° F), an alarm thermostat for low-temper-

ature sensing (<+126°+0.2° F), anda temperature alarm module that provides a discrete to the LGC [

during normal-temperature operation (+126° to +134°+0.2° F). When an out-of-limit t
the TEMPlight on the DSKY goes on. HaNemperanire o°eurs.

IMU Failure-Detection Assembly. The IMU failure-detection circuits monitor the 800-cps phase B power

supply, 3, 200-cps power supply, inner gimbal servo error, middle gimbal servo error, and outer gimbal

servo error, When

a

malfunction occurs, the failure-detection circuits provide an IMU failure signal to

the LGC, The LGC processesthe failure signal and routes it through the DSKYas an ISS warning indica-

tion to the warning indicators on panel 1. An IMU temperature out-of-limit condition routes a signal

through the LGC to the DSKY to turn on the TEMPcondition indicator.

 

2.1.4.1.3 Coupling Data Unit, (See figure 2, 1-27.)

The CDU performsanalog-to-digital conversion, digital-to-analog conversion, moding, and

failure detection. It is a sealed container, which encloses 34 modules of 10 types. The 10 types of

modules make up five almost identical channels: one each for the inner, middle, and outer gimbals and

one each for the RR shaft and trunnion gimbals. Several CDU modules are shared by all five channels.

Analog-to-Digital Conversion. Analog signals are received by the CDU from the IMU or the RR 1X and

16X resolvers. The magnitude of these signals is indicative of the degree of angular displacement.

The five channel inputs are phase-shifted and attenuated by the switching logic and coarse-fine mixing

circuit. The signals are used as an input to an error-detector circuit. The error detector monitors the E

phase and amplitude of the 800-cps error output of the mixing and attenuation circuit. The phase of the

signal determines whether the digital signal to be generated is positive or negative. The amplitude of the

signal determines whether the digital pulses, equivalent to 20 arc seconds of gimbal displacement, are

generated at 800 pps or 12.8 kpps. The digitalpulse train is the input to a 16-bit binary read counter.

The read counter, with binary stages designated as 29 to 215 counts the pulse train generated by the rate

select and up-downlogic circuitry. The 20 (least significant) bit output is transmitted to the LGC as a

gimbal angle change (4@¢) equivalent to 40 arc seconds. This is the only information pertaining to gimbal

angles or angle changes that is transmitted from the CDU to the LGC. During the ISS coarse-alignment

mode of operation, a 4ég of 160 arc seconds per pulse is transmitted from the 22 output stage to the error

counter of the CDU. The two stages (20 and 25) and the remainder of the read counter permit accumula-

tion of the gimbal angle, with the least significant bit equivalent to 20 arc seconds of gimbal angle and the

mostsignificant bit (215) equivalent to 180° of gimbal displacement. The read counter can accumulatea

total gimbal angle of 359°59'40'. The contents of the read counter are not accessible for readout or dis-

play at any time.
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The primary function of the read counter is to provide the incremental b angles to be used in the coarse-

fine mixing and switching logic for mechanization of the trigonometric identity sin (@-¥}. When the read
counter has accumulated value Wequal to the angle %, the input to the error detector is nulled and the read

counter does not receive additional input pulses until a change in gimbal angle occurs, During certain
ISS modesof operation, the read counter receives a reset pulse that sets the counterto zero,

This command is generally given when the system is energized, to permit the gimbals and the read
counter to come into agreement with each other before using the gimbal angle information stored in the

computer,

Digital-to-Analog Conversion. The error counter, a nine-bit (20 to 28) counter, is used primarily in the
conversion of digital data to its analog equivalent, With only one exception, coarse alignment, the error
counter is operated solely from LGC input data, Each pulse into the error counter, whether from the
LGC or from the read counter, is equivalent to 160 arc seconds of gimbal angle displacementorattitude
error, The counter must be enabled by an error-counter enable discrete from the LGC. Whenattitude
error is to be displayed, the counter accumulates the pulse train from the LGC and maintains that value
until the LGC either counts the value down or removesthe error-counter enable discrete. In the coarse-
alignment mode of operation, the read counter, as it accumulates increasing gimbal angles due to a coarse
repositioning of the gimbal, can cause the contents of the error counter to decrease toward zero,

Whenthe binary stages of the error counter are switched, switches in the 800-cps ladder networkof the
digital-to-analog converter are opened or closed, As the ladder switches are closed, an 800-cps analog
signal, whose amplitude is proportional to the contents of the error counter and whose phaseis deter-
mined by a positive or negative value stored in the error counter, is generated in the digital-to-analog

converter. If the LGC moding control has selected a coarse-alignment or attitude error display mode,
the 800-cps signal is used without conversion to dc, If the error counter contents are indicative of an
LGC-calculated forward and lateral velocity signal, the 800-cps, 0- or7-phase signal is converted from

ac to dec for use as a display drive signal.

Moding. The moding section of the CDU receives the following discretes from the LG:

e ISS CDU zero

e ISS error-counter enable

e RRCODU zero

e RRerror-counter enable

e ISS coarse alignment

e Display inertial data (DID).

The DID commandis routed to the LGC and the CDU modingsection by setting the MODE SEL switch to
PGNS, The LGC discretes are buffered and processed, by the moding section, to the proper logic levels
and timing for use in other sections of the CDU. The CDU zero discrete resets the read counter to zero.
Upon termination of the discrete, the read counter again accumulates the numberof pulses equivalent to
the actual gimbal angle. The CDU zero discrete, besides being used in the CDU, is sent to the AGS to
initialize the PGNS angle input registers and start accumulation of PGNS alignment signals.

Failure Detection, Failure-detection circuits monitor CDU circuitry for malfunctions. The failure-

detection circuits monitor ISS CDU channel performance and RR CDU channel performance; they operate
identically for both, Upon detection of an out-of-tolerance condition, an ISS CDU failure or RR CDU
failure discrete is issued to the LGC. The ISS CDU failure discrete causes the LGC to issue failure dis-

crete to the caution and warning electronics for display. A RR CDU failure discrete causes the TRACKER

condition indicator on the DSKY to go on. :
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2.1.4.1.4 Pulse Torque Assembly, eng

The PTA consists of 17 electronic modular subassemblies mounted on a common base,
There are four binary current switches. One furnishes torquing current to the three IRIG's and the other
three furnish torquing current to the three PIPA's. The four d-c differential amplifier and precision
voltage reference subassemblies regulate torquing current supplied through the binary current switches.

The three a-c differential amplifier and interrogator subassemblies amplify accelerometer
signal generator signals and convert them to plus and minus torque pulses, The gyro calibration module
applies plus or minus torquing current to the IRIG's when commanded by the LGC. The three PIPA cali-
bration modules compensate for the differences in inductive loading of accelerometer torque generator
windings and regulate the balance of plus and minus torque. A pulse torque isolation transformer couples
torque commands,data pulses, interrogate pulses, switching pulses, and synchronizing pulses between
the LGC and PTA. Powerfor the other 16 subassemblies is supplied by the pulse torque power supply. Jf

2.1.4.1.5 Power and Servo Assembly.

The PSA provides a central point for the PGNS amplifiers, modular electronic components,
and power supplies. The PSA is on the cabin bulkhead behind the astronauts. It consists of 14 subas-
semblies mounted to a header assembly. Connectors and harnesses are integral to the header assembly.
A thin cover plate, mounted on the PSA, hermetically seals the assembly. During flight, this permits
pressurization of the PSA to remain at 15 psi.

The three gimbal servoamplifiers supply the torquing signals for the IMU gimbals, IMU
moding is accomplished by the relay module, A -28-volt d-c power supply supplies powerto the gimbal
servoamplifiers and pulse torque power supply, The PSA contains one amplifier and one automatic
amplitude control, filter, and multivibrator subassembly for the 3, 200-cps, 1% power supply. The ampli-
fier supplies 28 volts, 3,200 cps, to the ducosyn transformeron the stable memberandto the gimbal
servoamplifiers; the automatic amplitude control, filter, and multivibrator subassembly regulates ampli-
fier operation,

An amplifier and an automatic amplitude control, filter and multivibrator subassembly is
also associated with the 800-cps power supply. This amplifier supplies 28 volts, 800 cps, for IMU re-
solver excitation and provides a reference signal for an 800-cps, 5% amplifier, which in turn provides a
reference for another 800-cps, 5% amplifier. These two amplifiers, 90° apart in phase, supply 28 volts,
800 cps, for the IMU blowers, gyro wheels, and the PIPA heaters. The IMU load compensation subas-
sembly provides power-factor correction for 800-cps, 1%, and 5% supplies, The 28-volt IMU operate
power from the CDR's 28-volt d-c busis filtered by the PGNS supplyfilter subassembly.

the 28-volt, 800-cps, 1%; and the 28-volt, 800-cps, 5%; and the gimbal error signals; provides IMU
turn-on moding discretes; and indicates IMU temperature out-of-tolerance condition to GSE through the
umbilical of the launch tower (LUT). :

The IMU auxiliary subassembly indicates to IS an out-of-tolerance condition of 3, 200-cps; |

2.1.4.1.6 Signal Conditioner Assembly.

The SCA preconditions PGNS measurementsto a 0- to 5-volt d-c format before the signals j
are routed to the IS. There are three types of SCA output signals: PB, PU, and PD. The PB type
are preconditioned analog signals derived from a bipolar signal, The PU type are preconditioned analog
signals derived from a unipolar signal. The PD type are preconditioned bilevel discretes. The PB type
identifies signals that are referenced to the 2. 5-volt d-c bias supply. The SCA consists of four signal-
conditioning modules, which are listed, with signal description and telemetry number, in table 2. 1-2.
The SCA is mounted piggyback on the PSA,

The gimbal resolver signal-conditioning module conditions the inner, middle, and outer
gimbal resolver sine and cosine signals.

The IRIG and PIPA signal-conditioning module conditions the inner, middle, and outer
gimbal IRIG error signals and the X-, Y-, and Z-PIPA error signals. This module also generates a
3, 200-cps, square-wave reference signal required to operate the SCA circuits.
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Table 2.1-2. Signal Conditioner Assembly - Signal-Conditioning Modules
 

 

Signal-Conditioning Telemetry

Module Signal Description No.

Gimbal resolver Sine of IG 1X resolver output GG2112V

Cosine of 1G 1X resolver output GG2113V

Sine of MG 1X resolver output GG2142V

Cosine of MG 1X resolver output GG2143V

Sine of OG 1X resolver output GG2172V

Cosine of OG 1X resolver output GG2173V

IRIG and PIPA iG [RIG error GG2107V

MG IRIG error GG2137V

OG IRIG error GG2167V

X-PIPA signal generator output GG2001V

Y-PIPA signal generator output GG2021V

Z-PIPA signal generator output GG2041V

3, 200 cps, 28-volt supply GG1331V

CDU, PIPA temper- Pitch CDUdigital-to-analog output GG2219V

nae? and 2, 5-vde Yaw CDUdigital-to-analog output GG2249V

Roll CDU digital-to-analog output GG2279V

IMU standby/off GG1513X

PIPA temperature GG2300T

LGC operate GG1523X

PCM 2.5-vde TM bias GG1110V

IMU 28-volt, 800-cps, 1% GG1201V

Radar resolvers and Sine of RR shaft 1X resolver output GG3304V

120-volt PIPA supply Cosine of RR shaft 1X resolver output GG3305V

Sine of RR trunnion 1X resolver output GG3324V

Cosine of RR trunnion 1X resolver output GG3325V

120-vde pulse torque reference GG1040V     
The CDU, PIPA temperature, and 2, 5-volt d-c bias signal-conditioning module conditions

the pitch, roll, and yaw CDU digital-to-analog converter outputs, the PIPA temperature sensor signal,

ISS 28-volt standby power, and 800-cps 1% amplifier output, This module also supplies the 2, 5-volt d-c

bias for the bipolar measurements,

The radar resolvers and 120-volt PIPA supply signal-conditioning module conditions the sine

and cosine signals from the shaft and trunnion 1X resolvers of the RR antenna assembly, and the 120-volt

output of the pulse torque power supply. This module also supplies an 800-cps, square-wave reference

signal to the SCA circuits.

2.1.4.1.7 Inertial Subsection - Functional Loops.

There are seven functional loops: three stabilization loops, a gyro-torquing loop, and three

accelerometer loops. The three stabilization loops maintain the stable member rotationally fixed with

respect to inertial space, The stable memberis used as the reference to maintain the orientation of the

accelerometers with respect to the inertial frame of reference and as an attitude reference for the LM,

The gyro-torquing loop permits introduction of external driving signals into the stabilization loops during

closed-loop conditions. The three accelerometer loops measure the acceleration of the stable member
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along three orthogonal axes and integrate these data to determine velocity, The LGC uses the velocity
data to compute LM trajectory. The accelerometerloops also generate torquing signals for torquing t!-e
PIPA's back to a null position after sensing an acceleration.

Stabilization Loops. (See figure 2, 1-28.) When the stabilization loops hold the stable memberinertia:
referenced. any movement of the stable memberis sensed by one or moreof the three IRIG's. This re-
sults in an IRIG-signal-generator, 3,200-cps, error-signal output, which is proportional to the rotation of
the gyro about its input axis. This error signal is then amplified by a preamplifier, which is an integral
part of the IRIG assembly, The Y-gyro error signal passes directly to the associated gimbal servoampli-
fier through the normally closed contacts of the coarse-alignment relay. The X- and Z-gyro error signals
are resolved about the IGA by the gyro error resolver before being introduced to the associated gimbal

servoamplifiers. The servoamplifier current output is fed to the appropriate gimbal torque motorto re-
store the stable memberto its original reference position. As the stable memberis returned to its origi-

nal reference position, the movement sensed by the IRIG is opposite in direction but equal in magnitude to
the disturbance input; the result is precession of the float. Due to precession, the float returns to its null

position. Because no signal-generator output is then present, the loop is nulled and nofurther drive sig-
nals are applied until another disturbance is introduced.

Resolution of the X- and Z-gyro error signals is required because motion about the MGA or the OGA, with
the stable member at some angle other than 0°, is sensed by the X-gyro and Z-gyro. The resolver then
sums the components of gyro error that lie along the MGA or OGAanddirects the gyro errorsto the ap-
plicable gimbal servoamplifier.

Whenthe stabilization loops are initially energized. the stable memberis referenced to the LM axes by
driving the gimbals with an error signal inserted at the coarse-alignment input to the gimbal servoampli-
fiers (coarse-alignment relay energized). If a specific inertial reference is desired, the stable member

is aligned to the desired orientation, using the stabilization loops. The alignment is accomplished in two

steps: coarse-alignment moding and fine-alignment moding. During coarse alignment, the gyro error sig-

nals are disconnected from the gimbal servoamplifiers. Instead, 800-cps error signals are injected

through the coarse-alignment relay to torque the gimbals to approximately the desired position. For fine

alignmentof the stable member, the coarse-alignment relay is deenergized and gyro error signals are

injected in the loops for additional gimbal torquing. The gyro error signals are generated by torquing the

TRIG’with pulses originating at the LGC and processed throughthe pulse torque or fine-alignment elec-
tronics loop. The stable memberis then aligned and the stabilization loops hold it in this final position.

Gyro-Torquing Loop. (See figure 2,1-28.) Using a torque generator to torque the IRIG floats, it is pos-
sible to drive the [MU gimbals to new positions. This permits fine alignment of the stable memberto a
desired reference with considerable accuracy. When gyro torquing is required during the fine-alignment
modeof operation, the LGC issues pulses, which are controlled by program 52, that:

@ Enable the torquing electronics

e Select the gyro to be torqued

e@ Select the direction of torquing

@ Control the amount of torque applied.

The three IRIG's are sequentially torqued by the LGC during fine alignment; it is possible for all three
gyros to be controlled through one set of torquing electronics. The torquing electronics consists of a
gyro calibration module, a binary current switch, a d-c differential amplifier and precision voltage refer-
ence module, and a pulse torque power supply module.

Basically, the gyro-torquing loop operates by applying a constant current to the torque windings in the
IRIG. When torque pulses and gyro select pulses are initiated by the LGC, a constant direct current is
applied to an IRIG and the float is torqued a specific amount; a specific amount of IMU gimbal rotation is
provided, The numberortorque (set) pulses applied to the current switch determines how long the torqu-
ing current is applied. The gyro select pulses enable a switching network(in the gyro calibration module),
which closes a current path through a specific winding ina specific gyro for positive or negative torquing
of the float. Before and after torquing, the LGC issues no-torque (reset) pulses to the current switch,
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which enables constant current to flow along a dummypath external to the IRIG's, This reduces transients

when torquing is initiated. The torquing loop is enabled by an LGC command, which energizes a relay to

apply powerto the loop. The constant-current supply consists of the d-c differential amplifier, the pulse

torque power supply, and a current regulator in the binary current switch,

Accelerometer Loops. (See figure 2,1-28.) The three accelerometer loops are identical. The pulse

torque power supply provides +20, -20, and+1 20 volts dc and +28 volts dc, regulated, to all the loops,

The PIPA signal generator outputs are two 3, 200-cps error signals, which are of opposite phase and pro-

portional to the rotation of the pendulum about its output axis. These error signals are amplified by the

preamplifier and, then, routed to the a-c differential amplifier. There. the two signals are summed; the

resultant is amplified and, then, phase split. The two resulting signals are of opposite phase; they are

fed to the interrogator circuitry, which determines the direction of pendulum movement and generates

positive or negative commandsindicative of the direction of movement. The interrogate and switching

pulses from the LGC are used to generate the positive or negative torque pulses to the binary current

switch.

The binary current switch uses the interrogator outputs to generate torquing current (to torque the pendu-

lums back to null) and pulses that represent velocity changes. The velocity pulses are generated by pro-

viding data pulses from the LGC suchthat the velocity outputs are positive or negative increments of ve-

locity. The torquing current is generated in a manner similar to that used in the gyro-torquing loop. The

constant-current supply consists of a d-c differential amplifier and precision voltage reference and a cur-

rent regulator. Constant current is supplied to the binary current switch. A positive or negative input

command turns on the positive or negative current switch, routing a positive or negative torque signal to

the torque windings in the PIPA. The torquing currentis fed to the PIPA torque generator through a load-

balancing networkin the calibration module. This ensures that for a given amount of torquing current an

equal amount of torque is developed in the positive or negative direction.

When the accelerometer loops operate, a certain amount of PIPA torquing occurs at all times, even during

periods of no acceleration. This torquing continuously moves the pendulums an equal amountin the posi-

tive and negative direetions; as a result, an equal amount of positive or negative velocity pulses are sent

to the LGC. When an acceleration is sensed, more of one type of pulse is generated. This unbalance

produces either positive or negative 4V pulses, which are routed to the LGC PIPA counter to be accumu-

lated as LM velocity changes.

2.1.4.1.8 Inertial Subsection - Modes of Operation, (See figure 2. 1-29.)

Except for the IMU cage and inertial reference modes, the modes are controlled by the CDU

as commanded by the LGC, The IMU cage modeis initiated when the IMU CAGE switch (panel1) is set to

ON. The inertial reference mode is entered automatically whenever the ISS is not in another mode, The

CDU logic receives from the LGC the following discrete commands:

e ISS CDU zero

e ISS error-counter enable

e Coarse-align enable

e RR CDU zero

e RR error-counter enable

e® Display inertial data (DID) (program-controlled).

The ISS CDU zero, ISS error-counter enable, and ISS coarse-align enable discretes control three identical

channels in the ISS portion of the CDU. The RR CDU zero, RR error-counterenable, and DID discretes

control the RR shaft and trunnion channels in the RR portion of the CDU. All discretes, except RR CDU

zero, are used for moding operations, In addition to the LGC-CDU discretes, the LGC issues a torque

enable command to the gyro-torquing loop for initation of the fine-alignment mode,
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IMU Turn-Qn Mode. The IMU turn-on modeinitializes ISS operation by driving the IMU gimbals to zero ’

)t
and clearing and inhibiting the CDU read and error counters. The IMU turn-on mode (program controlled

is initiated by applying IMU operate powerto the ISS. The LGC issues the two discretes required for

this mode: CDU zero and coarse align enable. The LGCalso issues the turn-on delay complete discrete

to the ISS after 90 seconds.

When IMU poweris applied to the ISS, the LGC receives an ISS power-on discrete and a turn-on delay re-

quest. The LGC respondsto the turn-on delay request by issuing the CDU zero and coarse-align enable

discretes to the CDU. To prevent PIPA torquing for 90 seconds during the IMU turn-on mode, an inhibit

signal is applied to the pulse torque power supply. The CDU zero discrete clears and inhibits the read

and error counters of the CDU. The ISS power (28 volts dc) is applied directly to the coarse-alignment

relay, and through the deenergized contacts of the turn-on control relay to energize the cage relay. A

ground is provided through the contacts of the energized cage relay to the coil of the coarse-alignment re-

lay, energizing the coarse-alignment relay. The contacts of the energized coarse-alignment relay switch

the gimbal servoamplifier reference from 3,200 cps to 800 cps and close the IMU cage loop through the

contacts of the energized cage relay. -

The coarse-alignment relay is held energized by the CDU coarse-align discrete and the contacts of the

energized cage relay. The IMU gimbals drive to the zero reference position, using the sine output of the

1X gimbal resolvers (sine ¢).

After 90 seconds, the LGC issues the ISS turn-on delay complete discrete, which energizes the turn-on

control relay. The energized turn-on control relay locks up through its own contacts. Energizing the

turn-on control relay removes the turn-on delay request and deenergizes the cage relay, removing the

sine @ signal. Energizing the turn-on control relay also removes the pulse torque power supply inhibit

signal. The 90-second delay permits the gyro wheels to reach their operating speed before the stabiliza-

tion loops close. The pulse torque power supply inhibit signal prevents accelerometer torquing during the

90-second delay.

After the 90-second delay, the LGC program removes the CDU zero and coarse-align enable discretes.

allowing the ISS to go to the inertial reference mode (coarse-alignment relay deenergized), or it can re-

move the CDU zero discrete and provide an error-counter enabie discrete while maintaining the coarse-

align enable discrete. The latter combination of discretes defines the coarse-alignment mode of opera-

tion.

Coarse-Alignment Mode. The coarse-alignment mode enables the LGC to align the IMU rapidly to a de-

sired position, with limited accuracy, In this mode, the LGC issues two discretes to the CDU: coarse-

align enable and ISS error-counter enable.

The coarse-align enable discrete is routed through the CDU, whereit provides a ground path to the

coarse-alignment relay, energizing the relay. The energized relay opens the gyro preamplifier output,

replaces the normal 3, 200-cps reference with an 800-cps reference, and routes the 800-cps coarse-

alignment error output from the CDU digital-to-analog converter to the gimbal servoamplifier through the

deenergized contacts of the IMU cage relays. This drives the gimbal until the coarse-alignment signalis

zero volts rms. The coarse-align enable discrete and error-counter enable discrete are also accepted by

the CDU logic as moding commands, enabling the error-counter and permitting transfer of aeg angles

from the read counter to the error counter.

After the logic circuitry in the CDU has beenset up to accept commands from the LGC, the LGC begins

transmitting positive or negative gimbal drive commands(pulse trains at 3,200 cps). These pulses, each

equivalent to a gimbal angle change ( 46) of 160 arc seconds, are accumulated in the error counter. The

first 46, pulse determines the direction in which the error counter is to count and provides a polarity

control to the digital-to-analog converter of the CDU. The polarity control provides an in-phase or an

out-of-phase analog reference. An 800-cps analog signal, whose amplitude is dependent on the error

counter content and the polarity of the input command ( 4@,), is then generated, This signal is the 800-

cps coarse-alignment error output from the digital-to-analog section, it is routed to the gimbal servo-

amplifier, causing the gimbal to drive in the direction commandedby the LGC.
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The changing gimbal angles are dete: by the error-“tector circuits in the CDU. These detected
errers permit a pulse train, at 6,40¢ vs, to increas» = read counter, The increasing read counter
nul xe sine and cosine voltage inputs to the error-«. -tor circuits from th: -‘U 1X and 16X resolvers.

AS tue read counter is being incremented, one output of the counter, representing a 40-arc-second-per-
pulse increase in gimbal angle, is routed to the LGC. Another output of the counter, representing 160
arc seconds per pulse, is recognized in the CDU logic as an incremental value to be entered into the error
counter in a direction opposite to that of the LGC-commanded 4%. If aé¢ is positive, the error counter
counts up and the Aég from the read counter decreases the counter. For each counter pulse into the error
counter, the total content decreases. This decreases the digital-to-analog converter output and, there-
fore, the rate of drive. When the number of digital feedback pulses equals the LGC-commanded number
of pulses, the error counter is empty and the digital-to-analog converter output should be zero.

The rate of drive of the gimbals during coarse alignmentis limited to a maximum of 35° per second. This
is due to degenerative feedback provided within the CDU mechanization.

Fine-Alignment Mode. (See figures 2. 1-28 and 2,1-29.) The fine-alignment mode allows the LGCto
position the IMU accurately to a predetermined gimbal angle, closer than 40 arc seconds of CDU toler-
ance, Since each gyro-torquing pulse is equal to 0. 615 arc second of displacement. The LGC does not
issue any discretes to the CDU during this mode of operation; therefore, the read counter circuitry re-
peats the changing gimbal angles exactly as was done in the coarse-alignment mode, The LGC keeps
track of the gimbal angle to within 40 arc seconds.

The commanding signals for the fine-alignment mode are issued to the time-shared fine-alignmentor pulse
torque electronics. The LGC first issues a torque enable discrete, which applies 28 and 120 volts de to
the binary current switch, a differential amplifier, and a precision voltage reference circuit, allowing
the circuit to become operative. The current switch is reset by the no-torque pulses, allowing a dummy
current, which is equal to the torquing current, to flow. This allows the current to settle to a constant
value before it is used for gyro torquing. A gyro is then selected (gyro select pulses) for either (positive
or negative) torquing current. After the discretes have been issued, the LGC sends torque (set) pulses
or fine-alignment commandsto the set side of the current switch, The pulse allows the selected torquing
current (positive or negative) to flow through the gyro windings, causing the float to move. The resulting
signal generator output causes the stable memberto be driven through an angle equal to the command
angle. The LGC receives inputs from the CDU read counter that indicate a 40-arc-second-per-pulse
change in gimbal angle,

The number of torquing pulses sent from the LGCto the torquing electronics is computed on the basis of
gimbal angle at an instant of time and a desired alignment angle. The difference is converted into the
number of pulses necessary to drive the gimbal through the difference angle. The required number of
fine-alignment pulses is computed only once; it is not recomputed on the basis of gimbal angle after the
desired numberof pulses have been sent. Fine-alignment loop operation is open-loop as far as the LGC
is concerned; the 4@, pulses are not used for feedback.

The fine-alignment pulses generated by the LGC are issued in bursts of 3,200 pps. The fine-alignment
electronics permits the torquing current to be on in the direction chosen by LGC logic, for the duration of
the pulse burst. When the LGCis not issuing fine-alignment pulses or the gyro floats are not being
torqued, the stable member can be considered inertially referenced.

Attitude Error Display Mode, Theattitude error display mode permits the LGC to display attitude errors,
in analog form, to the astronaut, In this mode, CDU error-counter enable discrete is generated by the
LGC. The LGC is informed of the gimbal angle and any changestoit by the read counter and the analog-
to-digital converter associated with it, The read counter output is routed through logic to the LGC, which
is then aware of the current LM attitude.

 

A digital autopilot program (DAP) has a computed desired attitude associated with current time and LM
position, The difference between the desired and actual values is attitude error. The attitude error is
converted to 46, pulses (each equivalent to 160 arc seconds of error), which are fed to the error counter
at a rate of 3,200 pps. The error counter is incremented to contain the number of pulses commanded.
The contents of the error counter are converted to an 800-cps error signal by the digital-to-analog con-
verter, The phase of the digital-to-analog converter output depends on whether the input commandis a
positive or negative,
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The 800-cps attitude errors have a maximum amplitude of 5 volts rms, zero or 7 phase. They are dis-

played by the FDAI attitude error needles. Digital feedback from the read counter to the error counter is

disabled during this mode of operation; only the LGC-generated Ae commands increase or decrease the

error counter. Total LM attitude can also be displayed in the FDAI. This information is taken from the

gimbal angle 1X resolver sine and cosine windings. Pitch, yaw, and roll can be displayed from the inner.

outer, and middle gimbals, respectively, after being processed by the GASTA.

Display Inertial Data Mode. The DID mode is program controlled, This mode is initiated by setting the

MODE SEL switch (panel 1) to PGNS, This arms the DID relay in the CDU and provides an input discrete

to the LGC, requesting the DID program,

The LGC, upon recognition of the input discrete. issues a DID discrete to the CDU. This energizes the

same DID relay, completing the interface between the CDU digital-to-analog converter and the X-pointer

indicators (panels 1 and 2). The LGC also issues a RR error-counter enable discrete and an ISS error-

counter enable discrete to the CDU. This enables all five CDU error counters. of which three (ISS error

counters) are used for attitude error display; two (RR error counters), for forward and lateral velocity

display. .

Attitude error is displayed in the same mannerasin the attitude error display mode. The ISS read count-

ers repeat the gimbal angle changes and provide ié¢g commands to the LGC, which then determines the

attitude error. The attitude error is converted to a pulse train, which increases the CDU ISS error

counters. The contents of the counters are converted to analog signals, which are fed to the FDAI for

display. The read counter input to the error counter is inhibited, allowing the error counters to be in-

creased or decreased only by the LGC.

For forward and lateral velocity display, the LGC receives positive and negative pulses from the ISS ac-

celerometer loops and velocity data from the LR. On the basis of calculations derived from this informa-

tion, the LGC increments the CDU RR error counters with 48 commands, which are proportional to LM

forward and lateral velocity. The contents of the error counters are converted to analog signals in the

digital-to-analog conversion section. The resulting positive or negative d-c voltages are routed through

the energized DID relay. the MODE SEL switch, and to the cabin displays. The CDU RR error counters

operate independently of the read counter circuitry: therefore, the condition of the RR is immaterial for

this operation. The CDU RR analog-to-digital sections are not affected by this mode, but may be used

for RR antenna position readout, if required. Altitude or altitude rate is also displayed during this mode.

The LGC calculates the altitude/altitude rate and sends this data directly to the ALT and ALT RATEin-

dicators (panel 1) via the MODE SEL switch and the RNG/ALT MONswitch (panel 1). Altitude data from

the LR are supplied to the LGC to aid in this calculation.

IMU Cage Mode. The IMU cage mode is an emergency mode that enables the astronauts to recover a

fumbling IMU by setting the gimbals to zero, and to establish an inertial reference, This mode can also

be used to establish an inertial reference when the LGC is not activated. The IMU cage mode is initiated

by holding the IMU CAGE switch to ON for sufficient time (5 seconds maximum) to allow the IMU gimbals

to settle at the zero position, The IMU gimbal zeroing can be observed on the FDAI. If the mode is com-

manded to recover a tumbling IMU after the IMU turn-on mode is completed or to establish an inertial

reference with the CSS in standby or off, holding the IMU CAGE switch to ON drives the IMU gimbals to

zero, When the switch is released, the ISS entersthe inertial reference mode.

Holding the IMU CAGE switch to ON energizes the cage and coarse-alignment relays, which apply the sine

@ signals to the gimbal servoamplifiers, and sends an IMU cage discrete to the LGC. Releasing the

switch deenergizes the cage and coarse-alignment relays. When the coarse-alignment relay is deener-

gized. the stabilization loops are closed. The LGC. upon receiving the IMU cage discrete, stops issuing

discretes.

The IMU cage mode should not be used indiscriminately. The mode is intended only as an emergency re-

cover function for a tumbling IMU. During the IMU cage mode, the IMU gimbal rates are sufficient to

drive the gyros into their rotational and radial stops due to the lack of CDU rate limiting.
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Gimbal Lock Mode, The gimbal lock mode provide: 1e astronauts with an indication of a large middle
gimbal angle and disables the stabilization loop when gimbal lock occurs, An indication is also provided
to notify the astronauts that the inertial reference is lost, When the magnitude of the middle gimbal angle
exceeds +70° or -70°, the LGC turns on the GIMBAL LOCKcondition light on the DSKY. The light goes
off as soon as the middle gimbal angle is less than +70° or -70°, If the magnitude of the middle gimbal
angle increases to +85°, the LGC turns on the NO ATT condition light on the DSKY, indicating that the
inertial reference is lost, and issues the coarse-alignment discrete to the CDU, which opensthe stabiliza-
tion loop and allows the stable member to be referenced to the LM. The astronauts can leave this mode
by requesting the coarse-alignment mode via a DSKY entry.

Inertial Reference Mode. Inertial reference is considered a mode of ISS operation during any period

after IMU turn-on is completed and the stabilization loops are closed (coarse-alignment relay deener-

gized) without any gyro-torquing occurring, The IRIG's hold the stable memberinertially referenced,
and the reference can be displayed on the FDAI from the gimbal angle 1X resolver sine and cosine outputs.
The ISS is considered to be in the inertial reference mode of operation during any period after IMU turn-
on is completed during which the ISS is not in any other of its modes, The CDU read counters continu-
ously monitor gimbal angle changes due to LM motion and indicate to the LGC the changing angles. The
error counters and the digital-to-analog converter are not used in this mode,

2.1.4.2 Primary Guidance and Navigation Section - Optical Subsection,
 

The AOTis used by the astronaut to take direct visual sightings and precision angular

measurements of a pair of celestial objects. These measurements are transferred to the LGC by the
CCRD. The LGC usesthis angular information along with the prestored data to compute the LM posi-
tion and velocity and to perform the fine alignment of the IMU stable member. The AOT can be set
to six positions; it has a manually rotated reticle with an angular display.

2,2.4,2,1 Alignment Optical Telescope.

The AOT, mounted on the navigation base to provide a mechanical alignment and a common
reference between the AOT and IMU. is a unity-power, periscope-type device with a 60° conical field of
view, The AOT has a movable shaft axis (parallel to the LM X-axis) and a line-of-sight axis (approxi-
mately 45° from the X-axis).

The AOT is essentially an L-shaped device approximately 36 inches long, and consists of an

upper section and an eyepiece, Structural components, such as housing and mounts, are machined from

beryllium; spacers and similar parts are made of aluminum. A pressure strain seal is used to seal the

cabin from space environment,

The AOT optics (figure 2,1-30) consists of two sections: shaft optics and eyepiece optics.
The shaft optics section is a -5 power complex that provides a 60° field of view. The eyepiece optics
section is a +5 power complex that provides shaft and trunnion angle measurements. :

The inner housing, which is part of the upper section and rotates within an outer housing,
contains the componentsof the shaft optics section. Objective and relay lenses and a prism are centrally

aligned and axially located within the inner housing.

The relay lens assembly is positioned near the bottom of the inner housing with the objective

lens assembly above it. The head prism and itS mounting form the uppermostpart of the objective lens

assembly and protrude through the top of the outer housing.

The objective lenses, consisting of six spherical lens elements and one aspherical element,

focus the image at the eyepiece side of the aspherical field lens, The aspherical field lens collects the
light rays and transmits them to the relay lenses, Image diameterat the first focal plane is approxi-

mately 6 x 10-4 inches, The relay lens assembly transfers and focuses the image at the second focal
plane located at the AOT reticle. The aperture between the lens cells functions as a field stop, limiting
the field of view to 60°. The head prism is fixed in elevation, with the center of its field of view 45°
above the Y-Z plane, The prism collects light from a 60° segment of the celestial sphere and refractsit

to the prism hypotenuse. The light reflects from the hypotenuse, emerges from the output face of the
prism, and impinges on the first element of the objective lensassembly,

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

Page 2,1-62 Mission LM_ Basic Date 1 February 1970 Change Date 15 June 1970



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

HEAD PRISM NAVIGA ~N STAR    

 

ASPHERICAL

FIELD LENS

p> OBJECTIVE LENSES

Ist FOCAL PLANE

> RELAY LENSES 
2nd FOCAL PLANE

EYEPIECE LENSES
300LM4 181

Figure 2,1-30, Alignment Opticai Telescope - Optical Schematic

The eyepiece optics section is the assembly through which the astronaut views the images of

the stars on the reticle. The eyepiece optics consists of a glass window, a mirror, the reticle, and the
eyepiece lenses, The glass window is mounted between the relay lens assembly and the eyepiece optics
provides a seal between the two assemblies. The mirror, mounted between the window and the eyepiece

optics at an angle of 45°, reflects the image from the relay lenses into the eyepiece lenses, The reticle
is at the second focal plane, coincident with the ‘mage and concentric with the AOT optical centerline.
The reticle is positioned between two plano-plano glass disks. The reticle pattern is etched on one disk

and covered by the other for protection. The disks are clamped together and mountedto a geartrain,
which drives the reticle counter,

The AOT reticle pattern consists of crosshairs and a pair of Archimedes spiral lines, The

vertical crosshair, an orientation line designated the Y-line, is parallel to the LM X-axis when the

reticle is at the 0° reference position, Actually, the vertical crosshair (upper quadrant) is a pair of

radial lines that facilitate accurate superimposition of target stars between them, The horizontal cross-

hair, designated the X-line, is perpendicular to the orientation line, The pair of spiral lines are one-
turn spirals, originating from the center of the reticle and terminating at the top of the vertical crosshair,

Ten miniature red lamps mounted around the reticle prevent false star indications caused by

imperfections in the reticle and illuminate the reticle pattern, Stars will appear white, reticle imperfec-

tions, red. Heaters prevent fogging of the mirrsr due to moisture and low temperatures during the mis-

sion, The AOT mirror heaters receive operating power through the HEATERS: AOTcircuit breaker

(panel 11). This power is applied 30 minutes befure initally using the AOT and is then left on for the
remainder of the mission,

A reticle control enables manual rotation of the reticle for use in lunar surface alignments,
A counter on the left side of the AOT, provides anzular readout of the reticle rotation, The counter reads

in degrees to within +0,02° or +72 seconds. The maximum reading is 359.98°, then the counter returns
to 0°, Interpolation is possible to within +0. 01°.
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A rotatable eyeguard is fastened to the end of the eyepiece section. The eyeguardis axially
adjustable for head position, It is used when the astronaut taks sip igs through the AOT with his face-

plate open, This eyeguard is removed when the astronaut takes sigi .1gs with his faceplate closed; a
fixed eyeguard, permanently cemented to the AOT, is used instead. The fixed eyeguard prevents marring
of the faceplate when pressed against the eyepiece,

A high-density filter lens, supplied as auxiliary equipment, prevents damage to the astro-

naut’s eyes due to accidental direct viewing of the sun or if the astronaut chooses to use the sun as a

reference, The filter mounts on a threaded portion of the fixed eyeguard.

2.1.4,2.2 Computer Control and Reticle Dimmer Assembly.

The CCRD is mounted on the AOT guard. A thumbwheel on this control box enables the

astronauts to adjust the brightness of the AOT reticle lamp when star-sighting, MARK X and MARK Y

pushbuttons, also on this assembly, are used by the astronauts to send discrete signals to the LGC when

star-sighting for an IMU in-flight alignment. The REJECT pushbutton is used if an invalid mark discrete
has been sent to the LGC, The assembly routes heater power to the AOT and supplies reticle lamp power,

The reticle-dimming circuit consists of a thumbwheel-controlied potentiometer (which protrudes from

one side of the CCRD), two diodes, a control transistor, and a transformer.

2.1.4.2.3 Optical Subsection Operation,

The OSS is used for manual star sightings, which are necessary for accurate determination

of the inertial orientation of the IMU stable member, These star sightings are required during certain

periods while the LM is in flight. There are two methods for using the OSS.

In-Flight Sightings. (See figure 2.1-31.) For in-flight sightings, the AOT may be placed in anyof the
three usable detent positions. However, when the LM is attached to the CSM, only the F position is used.
For in-flight operation, the CSS and the ISS are turned on, the AOT counter is zeroed, a detent position
is selected, and the LM is maneuveredto obtain a selected star in the AOT field of view, near the center.

The specific detent position code and selected star code are entered into the LGC via the DSKY, The LM

is then maneuvered so that the star image crosses the reticle crosshairs, When the star image is coin-

cident with the Y-line, the astronaut presses the MARK Y pushbutton: whenit is coincident with the X-line,

he presses the MARK X pushbutton, The astronaut may do this in either order and, if desired, he may

erase the latest mark by pressing the REJECT pushbutton, When the MARK X or MARKY pushbuttonis

pressed, a discrete is sent to the LGC. The LGC then records the time of mark and the IMU gimbal

angles at the instant of the mark,

Crossing of a reticle crosshair line by the star image defines a plane containing the star. Crossing of

the other reticle crosshair line defines another plane containing the same star, The intersection of these

planes formsa line that defines the direction of the star, To define the inertial orientation of the stable

member, sightings on at least two stars are required, Each star sighting requires the same procedure.

Multiple reticle crossings and their corresponding marks can be made on either or both stars to improve

the accuracy of the sightings. Upon completion of the second star sightings, the LGC calculates the

orientation of the stable member with respect to a predefined reference coordinate system,

Lunar Surface Sightings. On the lunar surface, the LM cannot be maneuveredto obtain a star-image

¢rossing on a reticle crosshair line, The star can be selected in any detent position (F, R, Rp, CL,

LR, or L) of the AOT, The astronaut, using the manual reticle control knob, adjusts the reticle to

superimpose the target star between the two radfkl lines on the reticle. The angle (star shaft angle, As)

displayed on the AOT counteris then inserted into the LGC by a DSKY entry. The astronaut next rotater

the reticle until the same target star is superimposed between the two spiral lines on the reticle, This

provides a second angular readout (reticle angle, Ag), which is inserted into the LGC by a DSKYentry.

The AOT detent position and the star code numbersare also inserted into the LGC, The LGC can now

caiculate the angular displacementof the star from the center of the field of view by computing the dif-

ference between the two counter readings. Due to the characteristics of the reticle spiral, this angle

(AR - Ag) is proportional to the distance of the star from the center of the field of view. Using this

angle and the proportionality equation, the LGC can calculate the trunnion angle (At). At least two star

sightings are required for determination of the inertial orientation of the stable member,
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Figure 2,1-31. Alignment Optical Telescope - Reticle Pattern

2.1.4.3 Primary Guidance and Navigation Section - Computer Subsection.

The CSSis the control and processing center of the PGNS, It consists of the LGC and the
DSKY. The CSS processes data and issues discrete outputs and control pulses to the PGNS, AGS, CES,
and to other LM subsystems.

2.1.4.3.1 LM Guidance Computer, (See figure 2, 1-32.)

The LGC contains a timer, sequence generator, central processor, priority control, an
input-output section anda memory, The main functions of the LGC are implemented through execution of

programs stored in memory. Programsare written in a machine language called basic instructions. A

basic instruction can be an instruction word or a data word, All words for the LGC are 16 bits long.

In memory, data words contain a parity bit, 14 magnitude bits, and a sign bit. A binary 1 in

the sign bit indicates a negative number; a binary 0, a positive number, Instruction words contain a 12-

bit address code and a three-bit order code. Normally, the address code representsthe location of a

word in memory or the central processor. The order code defines the data flow within the LGC, and the
address code selects the data that is to be used for computations. The order code represents an opera-

tion to be performed on the data whose location is represented by the address code, The order code of

each instruction is entered into the sequence generator, which controls data flow and producesa different
sequence of control pulses for each instruction. Each instruction is followed by another instruction. To
specify the sequence in which consecutive instructions are to be executed, the instructions are normally

stored in successive memory locations, The address of the instruction to be executed next is derived by
adding the quantity one to the address of an instruction being executed, Execution of an instruction is
complete when the order code of the next instruction is transferred to the sequence generator and the
relevant address is in the central processor.
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The central processor performs arithmetic operations and data manipulations on information

accepted from memory, the input channels, and priority control. Arithmetic operations are performed

using the binary 1's complement numbering system. The central processor performsall operations under
the control of pulses generated by the sequence generator.

All words read out of memory are checked for the correct parity, and a bit is generated

within the central processor for all words written into memory, The LGC uses odd parity; an odd number

of binary 1's including the parity bit is associated with all the words stored in memory. The central
processor also supplies data and control signals through the output channels and provides interface for
the various subsystems.

The I.GC operates in an environment in which many parameters and conditions change ina

continuous manner. The LGC, however, operates in an incremental manner, operating only one param-

eter ata time. Therefore, for the LGC to process the parameters, the LGC hardware is time shared.

The time sharing is accomplished by assigning priorities to the LGC processing functions. These

priorities are used by the LGC so that it processes the highest priority processing function first. Time
sharing is implemented by one of the following:

e@ Counter interrupt (a hardware function)
t

e Program interrupt (a hardware and program control program)

@ Program-controlled processing (program control function).

Each of the foregoing has a relative priority with respect to each other; also within each
there are a number of processing functions, each having a priority level relative to the other processing
functions within the group. Most of the processing performed by the LGCis in the program controlied

processing category. During this processing the LGCis controlled by the program stored in the LGC
memory.

The counter interrupt processing has the highest priority functions. A counter interrupt
input that requires processing causes the processing of either program-controlled function or interrupt

to be suspended. After processing the counter interrupt, control is returned to the processing that was

suspended. Program interrupts are the next highest priority type of processing. This type of process-

ing causes suspension of any program controlled processing. A program interrupt cannotinterrupt or

suspend the processing of a counter interrupt or the processing of another program interrupt, but an

inhibit, initiated through program action, can be set so that the program interrupt processing cannot

interrupt the program-controlled processing. Program-controlled processing is the lowest priority type

of processing. Any counter interrupt or program interrupt processing causes the program-controlled

processing to be suspended. The LGC has 10 program interrupt conditions. These interrupts, in order

of priority, are as follows:

e Time6 interrupt (T6 RUPT)

@ Time5 interrupt (T5 RUPT)

e Time 3 interrupt (T3 RUPT)

e Time4 interrupt (T4 RUPT),

e Key interrupt No. 1 (KYRPT 1)

e Key interrupt No. 2 (KYRPT 2) or Mark interrupt (MKRPT)

e Uplink interrupt (UPRUPT)

e Downlink interrupt (DNKRPT)

e Radar interrupt (RADRPT)

e Hand controller interrupt (HNDRPT).
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Channel No. 4. This channel is the low-order scaler. The channel furnishes a 14-bit
positive number whoseleast significant bit has as a weight of 1/3200 second. The maximum contentof
the register is 5.12 seconds.

Channel No. 5 and 6. These output channels have eight bit positions and are associated with

the RCS thrusters. The channel outputs are used for LM translation and rotation. The thruster com-
mands from the channels are fed to preamplifiers of the jet drivers in the CES. The driver amplifier
outputs are fed to the RCS to provide required control. The alphanumeric designation in the "bit position”
columns indicates which of the 16 thrusters is controlled by that bit. A logic 1 in any of the bit positions

causes the appropriate thruster to be fired.

Channel No. 7. The channel is the fixed, external memory register. It is associated with

selection of word locations in the fixed memory. The channel has three bit positions,

Channel No. 10. The information in this channel is routed to the DSKY, which illuminates

the various electroluminescent displays associated with the DSKY.

Channel No. 11. Ail the information in this channel is routed to the DSKY condition indi-

cators, If bit positions No. 1 through 7 contain a logic 1, the appropriate indicator goes on. Bit positions
No. 13 and 14 contain the on-off commands for the ascent or descent engine (dependent on the setting of
the ENG ARMswitch).

Channel No. 12. This output channel contains the discrete commandsthat are used by the
PGNS. Bit positions No. 13 and 14 contain the discretes issued to the radar section.

Channel No. 13. The first four bits of this channel are associated with the radars. The
content of bit positions No. 1 through 3 defines which data are to be supplied by the radars to the LGC.

(Refer to table 2.1-4.) Bit position No. 4 contains the radar data strobe. When a ''1" has been entered

into bit position No. 4 simultaneously with the necessary selection bits in bit positions No. 1 through 3,

the LGC starts to transmit one of the six control signals. While the control signal is being transmitted,

a sync pulse is also transmitted. When the radar receives the sync pulses, it sends data pulses to the

LGC. Bit positions No. 12 through 14 are program interrupt priority control commands. Bit position
No. 6 is not used.

Channel No. 14. Bit positions No. 6 through 15 are associated with the ISS. CDU drive
signals (bit positions No. 11 through 15) are generated when the bit position contains a logic 1. More than
one of these signals can be generated simultaneously. Bit positions No. 7 and 8 select a gyro to be torqued
positively or negatively and then applies a 3, 200-cps signal to the appropriate gyro. The appropriate

signal is determined by the configuration of bits No. 7 through 9. If bit positions No. 6 and 10 are a logic
1, a 3,200-cps pulse train is routed to the gyro electronics specified by bit positions No. 7 through 9.

Channel No. 15. This input channel has five bit positions. Whenever a pushbutton on the
DSKY is pressed, a five-bit code is entered into this channel.

Channel No. 16. This input channel has five bit positions. If a MARK pushbutton on the
AOTis pressed, a logic 1 is entered into bit positions No. 3, 4, or 5. This initiates an interrupt routine
within the LGC. Bits No. 6 and 7 receive discretes from the DES RATE switch (panel 5), commanding
an increase or decrease in the rate of descent.

Channel No. 30. This input channel consists of 15 bit positions and uses inverted logic.

Bit position No. 1 informs the LGC that an abort, using the descent engine, has been

commanded. This position is filled by either crewman pressing the ABORT pushbutton,

Bit position No. 2 informs the LGC that staging has occurred. This signal is generated

in the Explosive Devices Subsystem.

Bit position No. 3 informs the LGC that the crew has armedthe ascent or descent

engine by setting the ENG ARM switch to the appropriate position.
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9 10 11 12 13 14 15 Channel

1
2

3

4

5

6

7

Relay bit 9 Relay bit 10 Relay bit 11 Relay Relay Relay Relay 10

address 1 address 2 address 3 address 4

t Test connect Caution Engine-on Engine-off il

outbit reset command command

+ Pitch trim - Pitch trim + Roll trim - Roll trim LR position RR auto track ISS turn-on 12

command or enable complete

RHC Test Enable Reset Reset Reset Enable T6 13

rc read alarms standby trap trap trap interrupt

Gyro Gyro Shaft angle Trunnion angle gzCDU gyoDU gxCDU 14

minus activity CDUdrive CDU drive drive drive drive

15

16

IMU G&N control IMU cage IMU CDU IMU failure ISS turn-on Temperature 30

operate of S&C failure request in limits

ion +Y-translation

|

-Y-translation

|

+Z-translation

|

-Z-translation

|

Attitude hold

|

Automatic ACA outof 31

stabilization detent

id Gimbaloff Apparent 32
gimbal fail

LR range Block Uplink Downlink PIPA LGC Oscillator 33

low scale uplink too fast too fast failed. alarm

'
34

35         
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Table 2.1~3. LGC Input-Output Channel Assignments

Bit Positions

2 3 4 5 6. 7 8 9

U RCS A4D RCS A3U RCS B3D RCS B2U RCS A2D RCS A1U RCS B1D
on on on on on on on

A RCS BF RCS AIF RCS A2A RCS B2L RCS A3R RCS A4R RCS B1L
on on on on on on on

FE 5 FE 6 FE7

itl Relaybit 2 VEL caution Relay bit 4 ALT caution Relay bit 6 Relay bit 7 Relay bit 8 Relay bit 9

lamp lamp

ning CMPTR UPLINK ACTY| TEMP caution KEY REL VERB/NOUN OPR ERR Test connect Test connect

anel 1) ACTY lamp status lamp lamp status lamp flash status lamp outbit outbit

R RR error- Horizontal Coar se~align Zero IMU IMU error- DID + Pitch trim

counter enable} vel low scale enable CbU counter enable enable

: Radar b Radar a Radar Inhibit Block inlink Downlink Enable RHC

(Refer to table 2.1-4.) activity uplink word order RHC counter read

Altitude Altitude Thrust Gyro enable Gyro b Gyro a Gyro
rate indicator indicator drive minus

Key 2 Key 3 Key 4 Key 5

Mark X Mark Y Mark Positive rate Negative rate
REJECT of descent of descent

Stage verify Engine Abort Automatic DID RR CDU IMU
armed Stage throttle failure operate

ition - Elevation + Yaw - Yaw + Azimuth - Azimuth +X-translation -X-translation +Y-translatio

(LPD) (LPD) (LPD)

D and RCS A8U and RCS B4U and RCS B3D and RCS B1D and RCS AlU and RCS B2U and RCS A2D and Gimbal off

iled. A3Rfailed. B4F failed. B3A failed. B1L failed. AIF failed. B2L failed. A2Afailed.

RR power on RR range RR data LR data LR position LR position LR velocity LR range
automatic low scale good good No, 1 No. 2 data good low scale

rst of two words

cond of two words



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

  

Channel Name 1 2

1 L-register
2 Q-register

3 Sealer 2
4 Scaler 1

5 Pitch RCS B4U RCS A4D
Yaw on on

6 Roll RCS B3A RCS B4F

on on

7 F EXT

register

10 DSKY Relay bit 1 Relaybit 2

11 DSKY ISS warning CMPTR
light (panel 1) |ACTY lamp

12 GNE&CS Zero RR RR error-

discretes CDU counter enable

13 LGC Radar c Radar b

discretes (Refer to table 2.1-4.

14 IMU Outlink Altitude
discretes activity rate

15 Main Key 1 Key 2

DSKY

16 Navigation

30 GN&CS Abort Stage verify

discretes

31 Translation |+ Elevation - Elevation
and rotation |(LPD) (LPD)

32 Impulse RCS A4D and |RCS A8U and
A4R failed. ASR failed.

33 Optics RR power on

(LGC) automatic

34 Downlink 1 First of two words

35 Downlink 2 Second of two words    
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© Bit position No. 4 informs the LGC that an abort, using the ascent engine, has been

commanded.

Bit position No. 5 informs the LGCthatit is in control of descent engine throttle.

Bit position No. 6 requests the LGC to supply forward and lateral velocity signals to

the X-pointer indicators.

@ Bit position No. 7 contains a logic 1 when a failure has occurred in a radar CDU channel,

Bit position No. 9 contains a logic 1 when the IMUis in the operate mode.

Bit position No. 10 informs the LGC that PGNSis in control of the LM.

Bit position No. 11 indicates that the IMU cage condition exists in the ISS.

Bit position No. 12 indicates that a failure has occurred in an inertial CDU channel.

Bit position No. 13 indicates that a malfunction has occurred in the IMU stabilization

loop.

Bit position No. 14 indicates that the ISS has been turned on or commanded to be

turned on.

Bit position No. 15 indicates that the stable member temperature has not exceeded its

design limits.

© Table 2.1-4. Channel 7 Radar Fixed Extension Bits

 

 

Function Bit 1 Bit 2 Bit 3
a b c

RR range rate 0 0 0

RR range 0 0 1

LR V, 1 0 0

LR V. 1 0 1
y

LR V, 1 1 0

LR range 1 1 1     
 

Channel No. 31. This input channel has 15 bit positions and uses inverted logic.

Bit positions No. 1 and 2 indicate positive and negative pitch manual input commands,

respectively, from the ACA. These bits are used for elevation changes when the

landing point designator (LPD) is used.

Bit positions No. 3 and 4 indicate positive and negative yaw manual input commands,

respectively, from the ACA.

Bit positions No. 5 and 6 indicate positive and negative roll manual input commands,

respectively, from the ACA. These bits are used for azimuth changes when the LPD

©} is used.
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Bit positions No. 7 through 12 indicate positive and negative X-, Y-, and Z-translation
commands from the TTCA. These signals command LM translation by on-and-off
firing of the thrusters, under LGC control.

Bit position No. 13 indicates that the CES is operating in the attitude hold mode.

Bit position No. 14 indicates that the CES is operating in the automatic mode.

Bit position No. 15 informs that LGC that the ACA is out of detent.

Channel No. 32. This input channel has 15 bit positions and uses inverted logic.

Bit positions No. 1 through 8 inform the LGC of a thruster pair shutoff, so that the
LGC immediately ceases to command the thruster pair on and compensatesforits loss.

Bit position No, 9 informs the LGC that the descent engine pitch and roll gimbal drive
actuators have been shut off by the astronaut.

Bit position No. 10 informs the LGC that the DECA has detected an apparentfailure of
the pitch or roll trim loop.

Channel No, 33, This input channel has 15 bit positions and uses inverted logic.

Bit position No. 2 indicates that RR power is on and the RR mode selector switch
(panel 3) is set to LGC.

Bit position No, 3 indicates that the RR scale factor is on low scale, This signal is

implemented automatically by the RR at a range of less than 50 nautical miles.

Bit positions No. 4 and 5 indicate that the RR and LR range trackers have locked on.

Bit positions No. 6 and 7 indicate the position of the LR antenna.

Bit position No. 8 indicates that the LR velocity trackers have locked on.

Bit position No. 9 indicates that the LR scale factor is on low scai This signal is

implemented by the LR at approximately 2,500 feet.

Bit position No. 10 is used to inhibit reception of data via uplink. This signal is

alwaysin the logic 0 state.

Bit positions No. 11 and 12 indicate that PGNS telemetry rate is too high.

Bit position No. 13 indicates failure in an accelerometerloop.

Bit position No. 14 indicates an LGC internal malfunction.

Bit position No. 15 indicates that the LGC oscillator stopped.

Channels 34 and 35. These outputs channels provide 16-bit words, including a parity bit,
for downlink telemetry transmission.

Memory. Memory provides the storage capability for the LGC;it is divided into two sections: erasable
memory and fixed memory. The erasable memory has a storage capacity of 2,048 words; the fixed

memory, 36,864 words. The erasable memory is a random-access, destructive- readout storage device.

Data stored in the erasable memory can be altered or updated, The fixed memor: :s a nondestructive

storage device. Data stored in the fixed memory are unalterable, because the data are hardwired and
readout is nondestructive.

Both memories contain magnetic-core storage elements. In the erasable memory, the storage elements
form a core array; in the fixed memory, the storage elements form three core ropes. The erasable

memory has a density of one word per 16 cores; the fixed memory, eight words per core. Each word
is located by an address.
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In the fixed memory, addresses are assigned to instruction words to specify the sequence in which they

are to be executed; blocks of addresses are reservedfor data, such as constants and tables. Information

is placed into the fixed memory permanently by weaving patterns through the magnetic cores. Informa-

tion is written into assigned locations in the erasable memory with the DSKY, uplink, or program

operation,

Both memories use 2 common address register (S-register) and an address decoderin the central proc-

essor, Whenthe S-register contains an address pertaining to the erasable memory, the erasable

memory cycle timing is energized, Pulses sent to the erasable memory cycle timing then produce strobe

signals for the read, write, and sense functions. The erasable memory selection logic receives an

address and a decoded address from the central processor and produces selection signals, which permit

data to be written into, or read out from, a selected storage location, When a word is read out from a

storage location in the erasable memory, the location is cleared, A word written into the erasable

memory, through the memorybuffer register in the central processor, by a write strobe operation. A

word read from a storage location is applied to the amplifiers. The amplifiers are strobed and the

information is entered into a buffer register of the central processor. The memory buffer register re-

ceives information from both memories.

The address in the S-register energizes the fixed memory cycle timing when a location in the fixed

memory is addressed, Pulses sent to the fixed memory cycle timing produce the strobe signals for

the read and sense functions. The selection logic receives an address from the write lines and a decoded

address from the S-register, and produces selection signals for the core rope, The content of a storage

location in the fixed memory is strobed from the fixed memory sense amplifiers to the erasable memory

sense amplifiers and then entered into the memory buffer register of the central processor.

Alarm-Detection Network, The alarm-detection network consists of temperature, voltage, scaler, double

frequency scaler oscillator, memory clamping, and the warning filter and integrator circuits, The

alarm-detection network monitors LGC operation. If an LGC failure is detected, a failure signal is

routed to the DSKY for display. An LGC powerfailure is also displayed by the LGC warning light (panel 1).

2.1,4.3,2 Display and Keyboard Assembly, (See figure 2. 1-33.)

The DSKY consists of a keyboard, display panel, condition indicators, and a relay package.

The keyboard enables the astronauts to insert data into the LGC andto initiate LGC operations. Through

the keyboard, the astronauts can also control ISS moding. The DSKY display panel provides visual indi-

cations of data being loaded into the LGC, LGC condition, and LGC program, The display panel also

provides the LGC with a meansof displaying or requesting data, The condition indicators display PGNS

status and malfunctions, The controls and displays associated with the DSKY are discussed in section 3.

Keyboard, The DSKY keyboard is used to insert or read out LGC data. The keyboard consists of 10

numerical pushbuttons (0 to 9), two sign pushbuttons (+ and -), and seven instruction pushbuttons (ENTR,

CLR, VERB, NOUN, RSET, PRO, and KEY REL). All the pushbuttons, except the PRO pushbutton,

have five-bit codes associated with them; they convey information to the LGC, The PRO pushbutton is

hardwired into the LGC power supplies.

Displays and Indicators. There are two types of displays on the DSKY: control displays and data displays.

Fach display can display any decimal character or remain blank. The indicators on the DSKY are re-

ferred to as condition lights; they represent various PGNS operating conditions, Each control display

(VERB, NOUN, and PROG) can display two decimal characters or remain blank, The VERB and NOUN

displays can also flash. The data displays are three separate registers, referred to as R1, R2, and R3.

Each register can display as many as five decimal characters, with or without a plus or minus sign, or

remain blank. Each of the 11 condition lights on the DSKYis labeled with the PGNScondition it repre-

sents; it goes on if that condition occurs, The condition lights and the conditions they represent are

described in section 3.
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Figure 2.1-33, Display and Keyboard Assembly - Block Diagram
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8 Relay Package. The relay package consists of a relay matrix and decoding circuits. jonas

The inputs entered from the keyboard, as well as other information, appear on the displays after proc-

essing by a program, Display of information is accomplished through the relay matrix, A unique code

for the characters to be displayed is formed by 15 bits from output channel No, 10 in the LGC, Bits No,

12 through 15 are decoded by the decoding circuits and, along with bits No. 1 through 11, energize

specific relays in the matrix, causing appropriate characters to be illuminated, The information dis-

played is the result of a key code punched in by the astronaut, or is LGC-controlled information, The

display characters are formed by electroluminescent segments, which are energized by a voltage from

the power supply, routed through relay contacts, Specific inputs from the PGNSare also applied,

through the LGC, to certain relays in the matrix through output channel No, 10 of the LGC. The re-

sulting relay-controlled outputs are caution signals to the PGNS.

2.1.4.3.3 Manual Operation of DSKY.

The operator of the DSKY can communicate with the LGC by pressing a sequence of push-

buttons on the DSKY keyboard. Except for the PRO pushbutton, each pushbutton pressed inserts a five-

bit code into the LGC. The LGC responds by returning a code, which controls a display on the display

panel, to the DSKY orbyinitiating an operation by the central processor. The LGC canalsoinitiate a

display of information or request the operator for someaction, through the processing of its program,

The basic language of communication between the operator and the DSKY consists of verb and

nouncodes. (Refer to Apollo Operations Handbook, Volume Il, paragraph 4.4 for DSKY verb and noun codes.)

The verb code indicates what action is to be taken (operation). The noun code indicates to what this actionis

applied (operand). Verb and noun codes may be originated manually or by internal LGC sequence. Each

verb or noun code contains two numerals. The standard procedure for manual operation involves pressing

a sequence of seven pushbuttons:

VERB Vj Vo NOUN Ny No ENTR

@ Pressing the VERB pushbutton blanks the VERB code display on the display panel and clears

the verb coderegister within the LGC. The next two pushbuttons (0 to 9) pressed provide the verb code (Vy

and V9). Each numeral of the code is displayed by the VERB display as the pushbuttonis pressed. The NOUN

pushbutton operates the same as the VERB pushbutton, for the NOUN display and noun code register.

Pressing the ENTR pushbutton starts the operation called for by the displayed verb-noun combination, It

is not necessary to follow any order in punching in the verb or noun code, It can be done in reverse order,

and a previously entered verb or noun may be used without repunchingit.

If anerrorin the verb code or the noun codeis noticed before the ENTR pushbutton is pressed,

correctionis made by pressing the VERB or NOUN pushbutton and repunching the erroneous code, without

changing the other one, Only when the operator has verified that the desired verb and noun codes are

displayed should he press the ENTR pushbutton, An example of the sequence in which the pushbuttons are

pressed is as follows: VERB, 1, 6, NOUN, 2, 1, ENTR. Pressing the ENTRpushbutton advises the LGC

that it should perform the operation called for by the verb and noun codes, An alternative sequence would

be: NOUN, 2, 1, VERB, 1, 6, ENTR. When the VERB pushbutton is pressed, the two VERB displays

are blanked. As the digits of the VERB code are punched in, they are displayed in the VERB displays.

The NOUNdisplay operates in the same manner.

A noun code can refer to a group of LGC erasable registers, a group of counter registers, or

it may serve merely asalabel. A label noun does not refer to a particular LGC register; it conveys informa-

tion by its noun code number only. The group of registers to which a noun code refers may bea group ofone,

two, orthree members. These members are generally referred to as 1-, 2-, or3-component nouns. The

© component is understood to be a component memberof the register group to which the noun refers. The

machine addresses for the registers to which a noun refers are stored in the LGC in nountables.

A single noun code refers to a groupof 1-, 2-, or 3-component members. The verb code deter-

mines which component memberof the noun group is processed. For instance, there are five different load

verbs. Verb 21 is required for loading the first component of whatever noun is used therewith; verb 22

loads the second componentof the noun; verb 23, the third component; verb 24, the first and second com-

ponent; and verb 25, all three components. A similar component format is used for the display and

© monitor verbs.
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Whenthe decimal display verb is used, all the component membersof the noun being used
are scaled as appropriate, converted to decimal, and displayed in the data display registers. Decimal
data are identified by a plus or minus sign preceding the five digits. If a decimal format is used for load-
ing data of any component members of a multicomponent load verb, it must be used for all components of
the verb. Mixing of decimal and octal data for different components of the same load verb is not permis-
sible. If data are mixed, the OPR ERR condition light goes on.

 

Monitor verbs update displayed data once a second. Once a monitor verb is executed, the
data on the display panel continues to be updated until the monitor is turned off by V33E (proceed/
proceed without data), V34E (terminate), and internal program initiation of the program, or by a fresh
start of the LGC. V33E is the abbreviation for the sequence of depressions (VERB, 3, 3, ENTR)that
instructs the LGC to stop updating the monitor (display registers).

After any use of the DSKY, the numerals (verb, noun, and data words) remain visible until the
next use of the DSKY. Ifa particular use of the DSKY involves fewer than three data words, the data
display registers (R1, R2, R3) not used remain unchanged unless blanked by deliberate program action.

“Machine address to be specified" nouns allow any machine address to be used. When the
ENTR pushbutton is pressed the verb-noun combination senses a noun of this type, and the flash is
immediately turned on. The verb code is left unchanged. The operator loads the desired five-octal-
character complete machine address. It is displayed in R3 as it is punched in. If an error is made in
loading the address, the clear (CLR) pushbutton may be used to removeit.

Data Loading. Some verb-noun codes require additional data to be loaded. If additional data are required
after the ENTR pushbutton is pressed, following the keying of the verb-noun codes, the VERB and NOUN
displays flash on and off at a 1.5-cps rate. These displays continue to flash until all information asso-
ciated with the verb-noun codeis loaded.

Numerical data are considered decimal if the five-numeral data word is preceded by a plus sign or a minus
sign: if no sign is supplied, it is considered octal. The + and - pushbuttons are accepted by the LGC only
when they precede the firstnumeral of the data word; they are ignored at any other time. Decimal data
must be loaded in full five-numeral words (no zeros may be suppressed): octal data may be loaded with
high-order zeros suppressed. If decimal format is used for any componentof a multicomponent load verb,

it must be used for all components of that verb. Mixing of octal and decimal data for different components
of the same load verb is not permissible. (If such data are mixed, the operator error alarmisinitiated.)

The ENTR pushbutton must be pressed after each data word. This tells the program in progressthat the

numerical word entered is complete.

After the ENTR pushbutton is pressed, the VERB and NOUNdisplays stop flashing and remain on, dis-
playing the entered verb-noun combination. As the various pushbuttons are pressed (while entering the
data), the digits are displayed in positions of one of the display registers corresponding to the order in
which they were entered. As the data is entered, it is temporarily stored in intermediate buffers. It is

not placed into its final destination as a specified address noun code until the final ENTR pushbutton is

pressed.

If an attempt is made to enter more than five numerals in sequence, the sixth and subsequent numerals

are rejected. If the 8 or 9 pushbutton is pressed during octal load (as identified by lack of a sign entry),

it is rejected and the operator error (OPR ERR) condition light goes on.

The LGC always instructs the operator through a loading sequence. The operator (or the internal pro-

gram) initiates the sequence by selecting VERB, 25 (load 3 components of), (any noun will do), ENTR.
The verb code is changed to 21 (load first component of) and the flash is turned on. Verb 21 continues to

be flashed as the first data word is being loaded. When the ENTR pushbutton is pressed, the verb code is
changed to 22 (load second component). Flashing continues while the second data word is loaded. When
the ENTR pushbutton is pressed, the verb code is changed to 23 (load third component); the flash continues
while the third data word is loaded. When the ENTR pushbutton is pressed, the flash is turned off and all
three data words are placed in the locations specified by the noun.

In multicomponentload situations, the appropriate single component load verbs are flashed one at a time. @
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@ Correcting Erroneous Data. The CLR pushbutton is used to remove errors in Rl, R2, or R3 during data rn

loading. This allows the astronaut to begin loading again. Use of the CLR pushbutton doesnotaffect the

PROG, NOUN, or VERBdisplays.

To correct errors for single-component load verbs, the CLR pushbutton clears the register being loaded,
provided that the CLR pushbutton is pressed before the ENTR pushbutton. Once the ENTR pushbutton is
pressed, the CLR pushbutton has no effect. After the ENTR pushbutton has been pressed, the only way to

© correct an error for a single component is to begin to load again.

To correct errors for second and third component load verbs, the CLR pushbutton is used. Thefirst
pressing of the CLR pushbutton clears the register being loaded. Consecutive pressing clears the regis~

ters above the register being loaded, until R1 is cleared.

Program Selection. Verb 37 is used to change the program. Keying VERB, 37, and ENTRblanks the
NOUNdisplay; the verb code flashes. The two-digit program code is then loaded. For verification pur-

poses, the program code is displayed, as it is loaded, in the NOUN display register. When the ENTR
pushbutton is pressed, the flashing stops, the new program to be entered is requested, and a new program

code is displayed in the PROG display.

Release of Display and Keyboard System. The display and keyboard system program can be used by in-

ternal LGC programs. However, any operator keyboard action (except reset) makes the system program

unavailable (busy) to internal routines. The operator has control of the system until he wishes to release
it. Thus, he is assured that data he wishes to observe will not be replaced by internally initiated data

displays. In general, it is recommended that the operator release the system for internal use when he
has temporarily finished with it. This is done by pressing the KEY REL pushbutton.

If an internal program attempts to use the system, but finds that the operator has used it and not yet re-

leased it, the KEY REL light goes on. When the operator finds it convenient, he should press the KEY
©} REL pushbutton to allow the internal program to use the display and keyboard panel.

Operator Error. The OPR ERR condition light goes on when the operator presses pushbuttons improperly.

The light goes on when an undefined verb or noun is entered or when a verb that is defined and a noun that
is defined are entered, but the combination of verb and noun is illegal. Both of these errors do not re-
quire any further operator action. The following operator errors also do not require further action:

e@ The component numberof the verb exceeds the number of the components in the

noun.

e The octal display and monitor verbs are used with a "decimal only" noun.

e The decimal display and monitor verbs are used with mixed nouns.

e The decimal display and monitor verbs are used with an "octal only'’ noun.

e A no-load verb is used with a noun that is not a no-load noun. (Nouns that have a
split minute/second scale for any component are no-load nouns.)

e An input code other than those that are defined is received from the keyboard.

5 e The contents of the register exceed its limit.

When improper data are entered for a defined verb-noun combination that requires loading of additional

data, the OPR ERR condition light goes on. The error is detected when the final entry of the loading

sequence is made. Whenthe light goes on, recycling to the beginning of the loading sequence is required.

Only the data must be entered again, not the verb-noun combination. Other errors that cause the OPR

ERR condition light to go on, and require recycling, are as follows:

e The address entered for a "machine address to be specified" noun is not octal.
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e Octal and decimal data are mixed in multicomponent load verbs. (All data words
loaded for a given noun must be all octal or all decimal. )

@ Octal data are loaded a "decimal only" noun.

e Decimal data are loaded an “octal only" noun.

e Loaded decimal data numerically exceed the maximum permitted by the scale factor
associated with the appropriate component of the noun.

e Negative decimal data are loaded, using the Y-optics scale.

® For displays of time, the three data words are not loaded for the hours, minutes,
and seconds scale.

@ When loading with the hours, minutes, and seconds scale, the minutes exceed 59,

the seconds exceed 59.99, and the total exceeds 745 hours 39 minutes 14.55 seconds.

e Two numerals are not supplied for the program code under verb 37.

2.1.4.3.4 |DSKY Operation Under LGC Control.

The principles of DSKY operation by the internal LGC sequences are the same as those de-
scribed for manual operation of the DSKY. DSKY operation by the internal LGC sequences encompasses

the following categories: display, loading, please perform, and please mark.

The display operation is used to display data to the operator. Data computed by the mission

program can be displayed by using various display verbs. The loading operation requests that the operator

load data. The please-perform operation requests an action by the operator, who then notifies the LGC L

that he has complied. The please-mark operation requests that the operator press MARK pushbutton on

the AOT for an optics sighting.

LGC-initiated verb-noun combinations are displayed as static or flashing displays. A static

display identifies data displayed only for operator information; no operator response is required. If the dis-
played verb-noun combination flashes, appropriate operator response is required, as dictated by the

verb-noun combination. In this case, the internal sequenceis interrupted until the operator responds

appropriately, then the flashing stops and the internal sequence resumes. A flashing verb-noun display
must receive only one of the proper responses; otherwise, the internal sequence that instructed the
display may not resume.

Display. The appropriate operator response to a flashing display (verb-noun combination) is as follows:

e Correct the data and perform the appropriate load-verb sequence. Upon pressing

the ENTR pushbutton, the internal sequence proceeds normally.

e Recycle by keying VERB, 32, ENTR. This returns the program to a previous

location.

e Proceed, or proceed without data, by pressing the PRO pushbutton. This indi-
cates acceptanceof the displayed data and a desire for the internal sequence to
continue normally,

e Terminate by keying VERB, 34, ENTR. oe

Data Loading. When data are to be loaded, the VERB and NOUNdisplaysflash. The flashing occurs

whether data loading is initiated by LGC or by the operator. The appropriate register (Ri, R2, or R3)

is blanked in anticipation of data loading. Data are loaded a: five-numeral words; they are displayed

numeral-by-numeral in one of the registers as loaded.
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© The appropriate response to an internally initiated verb-noun combination for loading is as follows: cS

e Load the desired data. After the final entry, the internal sequence proceeds

normally.

e Proceed, or proceed without data, by pressing the PRO pushbutton.

© e Terminate by keying VERB, 34, ENTR.

Please Perform. The operator must respond to a "please perform"'request. With this request, the verb-noun

combination flashes and the internal sequence is interrupted. The "please perform"verb (50) is usually used

with the "checklist" noun (25) and an appropriate checklist code numberin Rl. (Refer to Apollo Operations j

Handbook, Volume II, paragraph 4.4 for checklist codes.) The appropriate responseis as follows:

@ Press the ENTR pushbutton to indicate that the requested action has been performed.

(The internal sequence continues normally.) Proceed without data by pressing

the PRO pushbutton. The operator chooses not to perform the requested action,

but desires the internal sequence to continue with the previous data.

e Terminate by keying VERB, 34, ENTR.

The "please perform" verb is also used with the "change of program"noun and "‘engine-on enable" noun.

Its use in these cases is subject to the LGC program in process.

Please Mark. The “please mark" verbs are flashed when the LGC is prepared to accept optical-sighting

data from the AOT.

2.1.4.3.5 Primary Guidance and Navigation Section - Modes of Operation.

© The PGNSis considered to be in an operational modeuponinitiation of a program by the astronauts

! or MSFN, Whenoperating underone of the various programs, the LGC automatically computes required mission

parameters, commands the PGNSandthe other sections and subsystems, and displays pertinent data to the astro-

naut and MSFN(via downlink). (Refer to Apollo Operations Handbook, VolumeII, paragraph 4.4for PGNS pro- |

grams.) For operational compatibility, the astronauts and/or MSFNcan initiate, modify, or interrupt the

automatic program sequences. In certain cases, the programs are initiated by a previous program.

The LGC is preprogrammed to display a mode number or program number on the DSKY

in responseto initiation of a program. This display remains on until the sequence of events for the

specific mission phase, as dictated by the program, is completed.

The astronaut may also be required, or may wish, to perform specific submodes (routines)

during a program. The PGNSroutines are used by most LGC programs,to perform the required input and

output functions. (Refer to Apollo Operations Handbook, Volume II, paragraph 4,4 for PGNSroutines.) i

Through these routines, the LGC can command various guidance modes, display and accept information

from the DSKY and radar, provide for telemetry inputs and outputs, control positioning of the RR antenna

and the IMU stable member, and remain cognizant of the PGNS and LM subsystem operations, Only the

ISS of the PGNS operates under specific modes when the PGNS is used. These modes of ISS operation are

listed and defined in paragraph 2.1.4.1.8.

2.1.4.4 Abort Guidance Section.

© 2.1.4.4.1 Abort Sensor Assembly. (See figure 2. 1-34.)

The ASA contains three floated, pulse-rebalanced, single-degree-of-freedom, rate-

integrating gyroscopes and-three pendulous reference accelerometers in a strapped-downconfiguration.

These six sensors are housed in a beryllium block, which is mounted on the navigation base. The sen-

sors are aligned with the three LM reference axes, The assembly also includes pulse torque servo-

amplifiers (one associated with each sensor), a frequency divider, temperature control amplifiers, and

a power supply.
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sensors. The three gyros sense angular rates about the LM orthogonal axes and the three accelerom-

eters sense accelerations along the same axes. These motions are converted to pulses proportional to

the sensed motion. These pulses are routed to the AEA for further processing. Current generated in

the accelerometer produces torque that opposes the torque caused by the force of acceleration on a

pendulous mass. The average currentis proportional to the acceleration. Pulses generated in the

accelerometers are used by the AEA in measuring velocity increments. The output of each gyro and

© accelerometer is applied to a pulse torque servoamplifier. The pulse torque servoamplifiers used

© The ASA operates on a current pulse torquing principle to rebalance the output from its en

quantized time-modulated feedback to torque-balance their associated gyro or accelerometer. The

servoamplifiers consists of an amplifier, a quantizer bridge and driver, and a current regulator.

The strapped-down inertial guidance system has the advantage of substantial size and

weight reduction over the more conventional gimbaled inertial guidance system, but has the disadvantage

of error buildup over sustained periods of operation. The calibration method uses the PGNS as a refer-

ence to determine the drift-compensation parameters for the ASA gyros. Calibration parameters are

stored in the AEA and used to correct calculations based on the gyro inputs.

The accuracy of the ASA inertial data outputs is temperature-dependent. The ASA tempera-

ture control subassembly maintains the internal ASA temperature at +120° F, with externa] temperatures

between +30° and +130° F. Two temperature control circuits are used, one each for fast warmup and

fine temperature control. During fast warmup, ASA temperature can be raised from +30° F to approxi-

mately +116° F in 40 minutes. The ASA must warm upfor at least 25 minutes (warmup mode - AGS

STATUSswitch on panel 6 set to STANDBY)before operation. The fast warmup circuitry consists of a

thermal sensor, which detects the internal ASA temperature and provides a proportional d-c analog to

heater driver electronics that maintain the required heater power constant. The constant heater power

permits a uniform temperature rise within the ASA. The fine temperature control circuit controls the

temperature after ASA temperature reaches +116°F. The fine temperature control circuit can raise the

temperature 4°F and maintain this operating temperature within 0, 2° F.

is displaced by acceleration along the input axes. Fluid between the pendulum and housing provides damp-

ing for the servo loop.

© Accelerometers. Each accelerometeris used in a closed servo loop in which the sensing mass (pendulum)

An inductive pickoff device of the accelerometer detects pendulum displacement. This displacement

produces an a-c error signal, which is fed to a pulse torquing servoamplifier, where it is demodulated

and changed to a d-c voltage. The d-c voltage is fed toa pendulum torquer, which produces a force equal

and opposite to the acceleration force. The pendulum torquer output returns the pendulum to its null

position. A d-c voltage proportional to acceleration is obtained from a precision resistor in series with

the pendulum torquer. This d-c voltage is a direct measure of acceleration.

Gyros. (See figure 2.1-35.) The gyros are of the single-degree-of-freedom type; they can process in

only one phase of three orthogonal axes. The spin axis is the axis of rotation for the gyro spin motor.

For any force exerted at right angles to the spin axis (in the plane of the input axis), a precession occurs

because the gyro flywheel resists changes in the position of the plane in which it developes its angular

momentum. The developed opposing force acts in a third plane and tends to cause rotation of the gyro

float. Therefore, for any rotation about the gyro input axis, force is developed to cause rotation about

the gyro output axis, Each gyro comprises two major assemblies: a primary structure and a spin motor

assembly.

 

Primary Structure. The primary structure is formed by two machined castings, which support a float

and a pickoff and torquer. Two sapphire endstones in the primary structure support the float pivots.

Part of the primary structureis filled with a high-density viscous fluid that supports the float and com-

pletely fills the space between the primary structure and the float. A bellows at one end of the primary

structure expands and contracts with changes in gyro temperature to prevent damage to primary struc-

ture, The float provides structural support for the gyro spin motor and wheel, and a frictionless support

for the output pickoff. The specific gravity of the viscous fluid in the gyro changes with changes in

temperature; for this reason, the temperature of the gyros must be closely maintained. An advantage of

flotation is viscous damping, which provides an integrating action that makes the gyro float less sus- i

ceptible to vibration and shock along its input axis and cushioning of the float against shock and vibration

© along its output axis.
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Figure 2.1-35. Abort Guidance Section - Gyro Assembly

Each gyro has thermistors mounted on its case to sense temperature. Thermistor resistance is

5, 3764100 ohms at a nominal gyro temperature of +120° F; the temperature gradient, 112 ohms/°Fat i
120° F. The thermistor leads are routed to the ASA test connector.

The pickoff and torquer are installed in one end of the primary structure. The pickoff is an air-core ©
differential transformer that has a four-pole primary and a two-pole secondary winding. The torqueris
an eight-pole, D'Arsonval-type torque generator.

The pickoff can be considered as a transformerthat has a stationary primary winding and a rotatable
secondary winding. The primary, attached to the primary structure, is excited by a 22-volt, 8-ke signal

from the ASA power supply. The secondary consists of an unexcited winding within the torquer core; the

secondary rotates with the float. Because of its position relative to the excited primary, no voltage is

induced in the secondary whenthe float is in its null position. When the float is rotated in either direction,

the relative position of the secondary to the excited primary changes and the excited primary induces an
a-c voltage in the secondary. The magnitude of this voltage is proportional to the amountof float dis-

placement, and its phase is indicative of the direction of float displacement. This voltage is phase-de-

modulated by pulse torquing servoamplifier electronics, quantized, and converted to a torquing signal that
is fed back to the torquer to return the float to the null position. The current flowing in the torquer,

which is attached to the float and rotates with it, sets up a magnetic field that reacts with the field pro-
duced by a permanent magnet attached to the primary structure. The reaction between the magnetic field
producedin the torquer coil and the magnetic field produced by the permanent magnet creates sufficient
torque to return the float to its null position. Heat produced by current flow through the torquing coil

adversely affects temperature-sensitive components of the gyro. The resultant errors appearin the
output as displacing forces, which are minimized by the forced limit cycle mode. The forced limit cycle

mode keeps the average heat around the gyro equal, which enables gyro drift to be predictable. ©

Spin Motor Assembly. The spin motor assembly is a four-pole, synchronous, hysteresis motor that is

housed within the float. The assembly includes a wound-pole stator secured to the gyro float by stator
shaft supports. Three-phase excitation of the stator produces a rotating magnetic field. The motor

maintains at synchronous speed any load that it can accelerate from a dead standstill. The float chamber

housing is filled with helium, which carries heat away from the motor. Each gyro has an auxiliary
inductive pickoff near its motor. The pickoff is excited by a small magneton the flywheel, each time the
magnet passes the pickoff; for each revolution of the motor flywheel, a pulse is induced in the pickoff.
The output from the pickoff is routed to the test connector so that, during test, motor velocity can be
measured.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

Page 2.1-86 Mission LM_ Basic Date 1 February 1970 Change Date 15 June 1970

 



LMA790- 3- LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

 

It receives a 1-microsecond pulse, with a repetition rate of approximately 7.8 microseconds (128 kpps),
as the basic clock signal from the AEA, The subassembly processes these 1-microsecondpulses to

generate signals for control of the timed functions of the other assemblies in the ASA. The following
seven fundamental signals are generated by the frequency countdown subassembly:

© Frequency Countdown Subassembly. The frequency countdown subassembly controls timing functions. Gi

e 64-kpps, 1-microsecond signal

© e@ i-ke rampsignal

e Early blanking gate (0 to 3 blocking gate)

e Late blanking gate (61 to 64 blocking gate)

e 8-kpps synchronizing signal

e 400-pps signals

e i-kc utility pulse.

64-kpps, 1-Microsecond Signal. The 64-kpps, 1-microsecond-wide signal is the fundamentaldigit or bit

representing the quantized analog signals from the gyros or accelerometers. These pulses (hereinafter

called quanta) are gated through the pulse torquing servoamplifiers by a time-modulated signal produced

in the gyro or accelerometer torquing loops. The number of quanta permitted as outputs from each pulse

torquing servoamplifier during each forced limit cycle is dependent on the magnitude and direction of the

force displacing the gyro or accelerometer sensors and the time this force is acting. If a force providing

a50° per second displacement of the referenced axis acts for one-half second, the gyro output magnitude i

indicates a total change of 2.5° in the angular position of the referenced axis. Similarly, if a force

providing an accelerometer displacement equivalent to 5 fps acts for one-half second, the magnitude of

© the accelerometer output indicates a change in speed of 2.5 fps along the referenced axis.

For the gyros and their respective pulse torquing servoamplifiers, after algebraic manipulation of the

nominal quanta count of 32 pulses per limit cycle, each quantum has the weight of 0.00088049°. For the

accelerometers and ther respective pulse torquing servoamplifiers, each quantum has the weightof

0.003125 fps. Thus, for a positive output angle of 2.5°, the referenced gyro pulse torquing servoampli-

fier provides a total of 18,840 pulses (out of a possible maximum of 30, 500) during the one-half second

that the force acts on the gyro input (or reference) axis. For an output velocity of +2.5 fps, the refer-

enced accelerometer pulse torquing servoamplifier provides 16, 800 pulses (out of a possible maximum of

30,500) during the one-half second that the displacing force acts on the accelerometer sensitive axis. For

a gyro-sensed negative output angle of 2.5°, the gyro pulse torquing servoamplifier provides a total of

13,160 pulses (out of a possible minimum of 1,500). For a velocity of -2.5 fps, the accelerometer pulse

torquing servoamplifier provides 15,200 pulses (out of a possible minimum of 1, 500).

1-kc Ramp Signal. The 1-ke ramp signal provides the basic timing functions for the dither signal used to

retorque the accelerometers and gyros. This signal is applied to all pulse torquing servoamplifiers.

Early Blanking Gate (0 to 3 Blocking Gate). The early blanking gate is a pulse that occursatthe start

of each forced limit cycle and whose width is equal to the width of three quantized pulses (approximately

46.8 microseconds). The early blanking gate provides a quanta-limiting function when the dither signal

duty cycle is three or less pulses wide, to prevent occurrence of 0% duty cycle. A 0% duty cycie is

equivalent to maximum negative torque acting on the sensors and producesscale factor nonlinearities,

© which are suppressed by a three-pulse limit. When the dither signal duty cycle is three or less pulses

wide, the limiting function is enabled. Less than three pulses from a gyro pulse torquing servoamplifier

represents an angular displacement about the gyro input axis of (3 - 32) x 103 x 8.805 x 10-4, or approxi-

mately -25.6°. Three or less pulses from an accelerometer pulse torquing servoamplifier represents an

angular displacementabout the accelerometer input axis of (3 - 32)x 103x3.125x10-3, or approximately

-90.625 fps.

Late Blanking Gate (61 to 64 Blocking Gate). The late blanking gate is a pulse that occurs atthe end of

© each forced limit cycle and whose width is equal to the width of three quanta periods (approximately 46.8
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microseconds). The late blanking gate is used to prevent a 100% duty cycle. The output from a gyro

pulse torquing servoamplifier represents an angular displacementof (61 - 32) x 103 x 8.805 x 10-4, or

approximately +25.6°. When the duty cycle is more than 61 pulses wide, the output from an accelerom-
eter pulse torquing servoamplifier represents a velocity of (61 - 32) x 103 x 3.125 x 10-3, or +90. 625
fps.

8-kpps Synchronizing Signal. The 8-kpps synchronzing signal synchronizes the dc-to-dc converterin the

ASA power supply. The converter contains a Royer oscillator, which drives the main output power stage
of the converter. When poweris applied, the oscillator free-runs at approximately 6 kc. When the d-c

outputs come up to the proper voltage, power is supplied to the frequency countdown subassembly, which
then provides an 8-kpps synchronizing signal for the oscillator. The oscillator then drives the main
power stage of the converter at an 8-kc rate. Use of a separate oscillator driver and a power output

stage reduces the starting power requirements.

400-pps Signals. The 400-pps signals generated in the frequency countdown subassembly are used to

develop the gyro spin motor drive. There are four of these signals: one primary and three secondary.
The primary signal is developed from the basic 8-ke synchronizing signal and is used as a reference for

comparing the secondary signals. The three secondary signals are a 400-pps signal 180° out of phase

‘with the reference (antireference), a 400-pps signal 90° out of phase with the reference (quandrature),
and a 400-pps signal 180° out of phase with the quadrature signal (antiquadrature). All these signals are
applied to the ASA power supply for further signal processing.

1-ke Utility Pulse, The 1-ke utility pulse has a 50% duty cycle at the forced limit cycle rate. This pulse
triggers the ramp generator in the ASA, and synchronizes test equipment to the forced limit cycle period
during test.

Fast Warmup Controller. The fast warmup controller provides heater power to bring the ASA upto

operating temperature within the allotted warmup time, The controller comprises a thermal sensor, two

flat-pack resistive networks, four transistor matched pairs, two zener diodes, and three ordinary diodes.
Three heater control transistors and three heaters mounted on the controller housing are also part of the

fast warmup circuitry. The thermal sensor senses the internal ASA temperature and provides a propor-

tional d-c analog to the regulation and heater driver electronics that maintain the total fast warmup power
constant,

Fine Temperature Controller, The fine temperature controller maintains ASA operating temperature at

a nominal 120°:0.2° F. For maximum operating efficiency, the controller is directly supplied with

28-volt d-c power from the LM primary power source. The controller has two thermal sensors, which
sense ASA internal temperatures and provide a proportional d-c analog to the detecting electronics. The
controller provides switched, rather than continuous, power to the activate temperature heaters. It
comprises four transistor matched pairs, three resistive flat-pack networks, two integrated circuit
amplifiers, and a unijunction transistor operated as a ramp generator. A transistor matched pair and a

Single transistor used as a heater control device, mounted on the housing, are also partof the fine tem-
perature controller.

 

Power Supply. All a-c and d-c power required by the ASA is provided by its power supply, which receives

28-volt primary power and synchronizing signals from the frequency countdown subassembly. In addition

to the d-c voltages for use by ASA subassemblies, other d-c voltages are produced by the power supply

for its internal use. The a-c voltages are used by the accelerometers, gyros, and pulse torquing servo-

amplifiers. The subassemblies of the ASA that use a-c and d-c powerare as follows:

e The +28-volt d-c power is used by the current regulators and budget drivers in
each pulse torquing servoamplifier.

e@ The +12-volt d-c power is used to bias the amplifiers in the accelerometers and

to bias integrated circuit amplifiers in the pulse torquing servoamplifiers.

e The +4-volt d-c power is used in the frequency countdown subassembly and the

pulse torquing servoamplifiers to bias logic integrated circuit modules.

e@ The -12-volt d-c power is used as bias voltage in the pulse torquing servo-
amplifiers.
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© e The -6-volt d-c power is used as bias voltage in the pulse torquing servo- cS

amplifiers.

 

e The -2-volt d-c poweris used as bias in the frequency countdown subas-

sembly and to bias logic integrated circuit modules in the pulse torquing

servoamplifiers.

e The 6.3-volt, 8-kc power is used by the demodulators in the pulse torquing

servoamplifiers.

@. The 22-volt, 8-kc power is used to excite the pickoffs in the gyros.

e The 1.5-volt, 8-kc power is used to excite the pickoffs in the |

accelerometers.

e The 29-volt, 400-cps, three-phase poweris used to drive the gyro spin

motors.

2.1.4.4.2 Abort Electronics Assembly. (See figure 2. 1-36.)

The AEA consists of a memory subassembly, a central computer, an input-output subas-

sembly, and a power subassembly.

Memory. The AEA memory is a coincident-current, parallel, random-access, ferrite-core memory

with a capacity of 4,096 words (18 bits each). The cores are arranged in square planes; each core is

subjected to X- and Y-coordinate selection. There is one plane for each bit in the word; the arrangement

consists of 64 rows and 64 columns. The numberof words in the memoryis equal to the numberof-cores

in a bit plane. An addressto the computer is specified by an X-coordinate and a Y-coordinate; it refers

to the core at that location in all 18-bit planes.

®@ The memory core stack is divided into two sections: temporary memory (2,048 words) and permanent

memory (2,048 words). The temporary memorystores replaceable instructions and data. Temporary

results may be stored in this memory and may be updated as necessary. Checkout routines may be loaded

during checkout and subsequently discarded. Each core in the temporary memoryis threaded by an

X-selection winding, a Y-selection winding, a sense winding, and an inhibit winding. All windings,

except the inhibit winding, are single turn. There are 18 sense and inhibit windings. They thread all

cores ina single bit plane. Each bit phase has an associated sense amplifier and inhibit driver. In

the permanent memory, each core is threaded by a sense winding and Y-selection winding. The inhibit

winding in the permanent memoryis omitted and the X-selection winding passes only through cores that

represent zeros. The sense windings, Y-selection windings, and sense amplifiers are commonto the

temporary and permanent memories.

The cycle time of the memoryis 4 microseconds. The addresses of the temporary storage locations

are 0 through 3777g; the addresses of the permanent storage locations, 4000g through 77778.

The binary state of a core is read by applying equal pulses to the X and Y drive lines that cross the de-

sired bit. This applies an effective full-select current +Ig to the selected core and drives it to the 1

state. All other cores threaded by the pulsed X and Y drive lines receive +I,/2. If, while reading, the

selected core is changing from the 0 state to the 1 state, a signal is present across the sense winding.

This signal is read by the sense amplifier as a 0. If the core is in the 1 state at the start of reading, no

signal appears across the sense winding. Absenceof a signal is read by the sense amplifier as a1. In

the permanent memory, a selected core that is threaded by both an X- selection and a Y-selection winding

switches from the 0 state to the 1 state and is, therefore, readas a0. A selected core that is not

threaded by an X-selection receives only a pulse of +Ig/2 and is thereby always read as a 1.

Whena bit is read, the core is left in the 1 state. To achieve nondestructive readout, the word read

must be written back into the memory. When writing, equal pulses (-Is/2) are applied to the X- and

Y-selection lines. Because the polarity of these selection currents is opposite to that used in reading,

the X- and Y-drivers must be bidirectional. Applying -Is/2 to an X- and Y-selection line causes the
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selected bits to switch to the 0 state. Ifa 1 is to be written in the temporary memory, +Ig/2 is applied
to the inhibit line simultaneously with pulsing of the X and Y lines. The inhibit current pulse overlaps
the X- and Y-selection currents to preclude partial switching of the selected core to the 0 state.

The system logic is such that only 0's can be written into the memory. The 1 state is brought about by
inhibiting the writing of 0's. Therefore, the cores of the word selected must be setto the 1 state before
information can be written into the cores. This core setting is accomplished by performing the read

operation, which sets all cores to the 1 state, before the write operation. No inhibit current is required
in the permanent memory becauseall cores that were in the 0 state can be restored to 0 by applying X

and Y write currents (-Is/2 each). Cores that were in the 1 state remain 1's because they were subjected
to a total currentof only -1,/2.

The memory operates in three modes: read-restore, read-clear, and clear-write. At the beginning of a

memory cycle, the central computer supplies the memory with an initiate-memory-cycle signal, a mode

signal, and an address. Address information is ina 12-bit address register in the central computer.
Decoding is performed within the memory. The address register always contains the address location at
the beginning of a memory cycle. During the read-restore mode, the contents of the location specified
by the address register are read from the memory into the memory register (M-register). The read-
restore mode is used for the temporary and permanent memories. The read-clear mode is similar to the

read-restore mode, except that the information is not restored to the memory. This mode applies only
to the temporary memory and whenit is unnecessary to restore information after reading. In the clear-

write mode, the contents of the M-register are written into the location specified by the address register.

The word to be written is transferred into the M-register during the second microsecond of the memory

cycle.

Central Computer. The central computer comprises an addressregister (L-register), a memory

register (M-register), an index register (X-register), a program counter (P-register), cycle counter
(C-register), an operation code register, adder, accumulator (A-register), and a multiplier -quotient
register (Q-register), The registers are interconnected by a parallel data bus. Central-computer
operations are executed by appropriately timed transfer of information between these registers, between
the memory and the M-register, and between the accumulator and input-output registers. The adder,
M-register, Q-register, and accumulator form the basis for execution of arithmetic operations,

Address Register. The address register is a 12-bit static register that is loaded under AEA control,
from the least significant 12 bits of the data bus. The address register holds the address of the memory
location to which access is requested.

Memory Register. The memory register (M-register) is an 18-bit static register, which is loaded from

the memory cores or the data bus. The register holds data that are to be transferred between the central

computer and the memory, by the data bus. The data bus is a collection of gates through which data

(up to 18 bits in parallel) may transfer from one register to another. Data transferred from the memory

are held by the M-register as they are placed on the data bus. During this time, data transfer is a

read-and-restore operation. Data transferred to the memoryfrom the central computer are held by the
M-register as they are written into the memory. The A-register (accumulator) holds the multiplicand

during multiplication, the dividend during division, the addend during addition, and the minuend during

subtraction. The A-register is loaded by clearing it, then adding the contents of the M-registerto it.

Index Register. The index register is a three-bit ripple counter that is used for operand-address modi-
fication. When an indexed instruction is executed, the effective operand address is computedby a logical
OR operation between the index register and the three least significant bits of the operand address. When

a transfer and text index instruction is executed, the index register is decreased by one if the counter is
greater than zero, and the next instruction is taken from the location specified by the address field of the

transfer and text index instruction. If the index register is zero, the counter is not decreased, and the

next instruction is taken in sequence. The index register is loaded under program control, from the least

significant three bits of the data bus.

Program Counter. The program counter is a 12-bit ripple counter, that is loaded from the least signif-

icant 12 bits of the data bus by execution of a transfer instruction. The program counter holds and

generates instruction addresses in sequence.
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@ Cycle Counter. The cycle counter is a five-bit counter that controls shift instructions and certain long

orders. The counter is loaded from the six least significant bits of the M-register.

Operation Code Register. The operation code register is a five-bit static register that is loaded under

software-control, from the five most significant bits of the data bus. The register holds the five-bit

order code during its execution.

registers (the A-register and M-register) furnish the inputs to the adder. The adder changes

the contents of the A-register by adding or substracting information (true or complement data, respec-

tively) from the M-register. Three microseconds are required for the carry to propagate and the

correct sum to be available at the adder outputs after the M-register information is gated into the adder.

At the end of the 3-microsecond period, the sum is clocked into the A-register, replacing its previous

contents (augend). ‘A one-bit shift (either left or right) may be implemented simultaneously by gating the

output of the adder into adjacent bits of the A-register. The data bus is not used to interconnect the

adder with the A-register or M-register.

© Adder. The arithmetic section is designed around an 18-bit, 3-microsecond parallel adder. Two 18 -bit

Accumulator. The accumulator is an 18-bit static register (A-register). It communicates, in parallel,

with the adder and the data bus, and serially with the Q-register for shifting operations such as

multiplication, division, and double-length shif':. The accumulator holds the results of most arithmetic

operations; it is used to communicate with the wiput or output registers.

Multiplier-Quotient Register. The multiplier-quotient register (Q-register) is an 18-bit two-way shift

register that communicates, in parallel, with the data bus and serially with the accumulator. The Q-

register holds the least significant half of the double-length product after multiplication and initially

holds the least significant half of the double-length dividend for division. After division, it holds the

unrounded quotient. For double-length shifting operations, the Q-register is logically attached to the

low-order end of the A-register. After execution of a transfer and set Q-instruction, the Q-register

holds a transfer instruction with an address field set to one greater than the location of the transfer and

© set Q-register instruction.

Timing. Timing is controlled by an eight-bit register and a three-bit register. These registers produce

the timing signals required to control all operations of the central computer.

Data Bus. The data bus consists of gates through which data (up to 18 bits in parallel) may transfer from

one register to another. A typical transfer consists of 18 bits of data from the A-register to the M-

register. When this occurs, the timing and control logic generates two control signals. The first control

signal gates all 18 bits of the A-register onto the data bus for 2 microseconds (some data bus transfers

take 3 microseconds); at the same time, the second control signal gates the contents of the data bus into

the clocked set input of the 18 M-register flip-flops. At the end of the second microsecond, the M-register @

is clocked and the information transfer is complete.

For several transfers from the data bus, both true and complement information is gated into the receiving

register. However, for transfers into the P-register only selected true signals are gated; therefore, this

register must always be cleared to 0's before receiving new information For transfers into X-, C-, and

M- registers, only selected complementsignals are gated; these registers must be cleared to 1's before

receiving new information. Information transfer into most registers is via the clocked set- reset inputs at

the appropriate clock time; however, the three registers (C, P, and X) connected as ripple counters are

loaded from the data bus via the flip-flop direct set-reset inputs.

amplifiers, and gates, which operate independently of the central computer, except when specifically

accessed by a particular input or output order. There are four basic types of registers in the input-

output subassembly: integrator, ripple counter, shift, and static. These registers operate independently

of the central computer, except when they are accessed during execution of an input or output instruc -

tion, All transfers of data tables 2.1-5 and 2.1-6 between the central computer and the input -output

registers are in parallel, The PGNS Euler angles are accumulated in three integrator registers, each

of which consists of a 15-flip-flop shift-register, a half-adder/subtractor, and control logic. The

registers shift 15 bit positions at 512 kc upon receipt of each new pulse input, to serially add or subtract

© Input-Output Subassembly. The input-output subassembly consists of special registers, counters,
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Table 2.1-5. Abort Electronics Assembly - Input Signal Characteristics
 

 

PGNS alignment
signals:
-A6, +486,
“Aw, +av,
“Ad, tag

CDU zero

PGNStelemetry
downlink stop

PGNStelemetry bit-
synchronizing pulse

AGSinitialization
(downlink data)

Descent engine on

Ascent engine on 
PGNS to AEA

PGNS to AEA

PGNS to AEA

PGNS to AEA

PGNS to AEA

Descent

engine to AEA

Ascent engine

to AEA  
Digital pulse train (64 kpps maxi-
mum), denoting negative and positive

angular increments of three PGNS
gimbal angles

51.2-kpps pulse train used to reset
PGNSangle input registers

50-pps signal indicating termination

of PGNS telemetry downlink shift
operation

51.2-kpps pulse train used to shift
in PGNS telemetry downlink data

51.2-kpps signal comprising 40-bit
words; used to initialize AGS

navigation

Discrete indicating state of descent

engine

Discrete indicating state of ascent

engine  

Nomenclature Routing Signal Description Remarks

AGS telemetry stop ISS to AEA 50-pps signal; indicates completion

of telemetry shift for one digital word

AGStelemetry shift ISS to AEA 51.2 kpps (burst of 24 pulses, 50
pulses times per second); shifts telemetry

data out of AEA

28-volt, 800-cps CES to AEA Sinusoidal excitation for digital-to- +0.5 vrms and +1%

reference analog converters in AGS frequency accuracy

Automatic CES to AEA Discrete used to put AEA in auto- Definitions:
matic submode 1 - Ground

0 - Open circuit

Abort CES to AEA Discrete indicating abort but that Definitions:
staging has not occurred 1 - Ground

0 ~ Open circuit

Follow-up CES to AEA Discrete used to put AEA in followup Definitions:
submode 1 - Ground

0 - Open circuit

Abort stage CES to AEA Discrete indicating abort and that Definitions:
staging is initiated 1 - Ground

0 - Open circuit

Gimbal angles are used
during PGNS-to-AGS

alignment, to define the

inertial reference frame.

Definition:
On - Application for
300 milliseconds

(minimum)

Burst of 40 pulses with
period of 20 milliseconds
each

Burst of 40 pulses with
period of 20 milliseconds

each

Definitions:

1 - Ground, engine on

0 - Open circuit,

engine off

Definitions:
1 - Ground, engine on

0 - Open circuit,
engine off

 

 

Page 2,1-94
GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

1 February 1970Mission LM Basic Date Change Date

  

 



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

 

 

@ Table 2.1-6. Abort Electronics Assembly - Output Signal Characteristics

Nomenclature Routing Signal Description Remarks

Total attitude signals: AEA to FDAI 0- to 15-vrms, 400-cps, sinusoidal Scale factor: 30 milli-

sine a, cosine a, signals for total attitude display volts per step

sine 8, cosine 8,

sine Y, cosine Y Computation rate: 25

times per second

Altitude signal (h) AEAto displays 64-kpps signal with word frequency Resolution: 2.3 feet per

of >five times per second, used bit (15-bit word)
for altitude display

Altitude, rate AEA to displays 64-kpps signal with word frequency Resolution: least signi-

signal (h) of > five times per second, used ficant bit 0.5 foot per

for altitude display second (14 bits plus sign)

Lateral velocity AEA to displays D-C analog (-5 to +5 vde), dynamic Resolution: 25 mv/fps

(Vyb) range -200 to +200 feet per second

Shift, pulses for h AEA to displays 64 kpps

and h

Attitude error signals AEA to CES 0- to 4.5-vrms, 800-cps, sinusoidal, Resolution: 300 milli-

Ex, Ey, Ez and displays body-referenced, altitude error volts per degree +5% with

signals for steering and display -70° to +78° range       
one from the previous count. The counting is inhibited momentarily when an input transfer to the A-

register via the data bus is required. The registers are reset to zero by a 51.2-kc pulse input on

the CDU zero line. Data from the ASA gyros and accelerometers are accumulated in six 11-bit flip-flop

ripple counters. The inputs to these counters are inhibited when they are accessed by the central com-

puter; they are reset to 0 after each access. The four-bit DEDA register, the 18-bit input telemetry

register, the 24-bit output telemetry register, and the 15-bit register that is time shared for altitude and

altitude rate are all implemented as shift registers. The first three of these registers are asynchronous

(shifted by an external shift clock); the other one has associated shift controls and generates shift clocks

in the AEA. In each case, shifting is inhibited during parallel access by the central computer. All the

other registers are static flip-flop registers. The D/A registers are loaded in parallel, via the data

bus, from the A-register. The discrete register is changed by setting or resetting a specific flip-flop

within the register with a specific output order (unique address); the A-register is not involved in

changing the discrete register.

Combinations of certain individual input-output addresses can be made, within an input or output instruc-

tion, to facilitate setting or resetting a group of registers or iscretes. Only addresses that have the

same mostsignificant octal character can be combined. To combine one or more addresses, each

address (excluding the most significant character) is added numerically, For example, combining the

addressesof all six 11-bit counters would result in an address of 617. An input instruction with the

address 617 would reset all the counters.

are represented by asynchronous pulse train signals, with a frequency range of 0 to 6.4 kpps. Each
integrator register has two input lines: one for positive pulses and one for negative pulses. These reg-

isters operate during the standby mode, when the central computerlogic is off.

©} Integrator Registers. Three integrator registers accumulate PGNS angles @, ¢, and ¥. The PGNS angles

The integrator registers are up-down counters that serially add or subtract one count per pulse input.

Each integrator register consists of an input buffer section, a shift control section, and a 15-bit shift

register section with half-adder and control logic. The input buffer section synchronizes incoming PGNS

pulses with the AEA clock and provides temporary storage for one pulse. The shift control section allows

© the register to shift the appropriate number of times for each pulse input from the input buffer.
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Input Counters. Six input counters accumulate ASA gyro and accelerometer data. These data (AVx, avy,

AVz, 4Q, AR, and AP) are represented by pulse trains with a frequency range of 0 to 64 kpps. These
pulses are asynchronous to the AEA. The input consists of an input buffer section and an 11-bit ripple

counter with control logic.

Downlink Telemetry Register. The downlink telemetry register is an 18-bit input register. It receives
a serial 40-bit PGNS downlink telemetry word, The first 18 bits are retained in the register. The 40-bit
word is shifted into the register by externally controlled shift pulses at a rate of 51.2 kpps. These shift
pulses are asynchronous to the AEA. A 1 in the input data is represented by a pulse (coincident with a
shift pulse); a 0, by lack of a pulse, A stop pulse from the external control indicates the end of a trans-
mitted word. The register is used by GSE to enter data into the central computer, but cannot be used by

GSE and telemetry simultaneously. An 18-bit word is used by the GSE. The register consists of a shift
pulse buffer section and a 18-bit shift register section with shift control logic. The shift pulse buffer

section synchronizes the input shift pulses with the AEA and provides a delay between data pulses received

and shift pulses received.

Altitude-Altitude Rate Register. The altitude-altitude rate register is a 15-bit output register. It is used
to output, serially, altitude and altitude rate data. A 1 in the output data is represented by a pulse; a 0,

by lack of a pulse. There are separate output data and output shift pulse lines for the altitude and altitude

rate. An output discrete selects the data and shift pulse lines to be used. Before data are entered into
the register, the output discrete corresponding to the desired output mustbeset.

Output Discretes. There are 11 output discrete flip-flops in the AEA. Each discrete can be used inde-
pendently of the others. Except for the two DEDA discrete flip-flops, all the output discrete flip-flops

are set and reset by different addresses. The DEDA output discrete flip-flops are automatically reset by
the hardware; they cannot be reset by the program. The DEDAdiscrete flip-flops are clock-set by the

appropriate output instructions, and clock-reset 1 microsecond later. These discretes output a single

pulse, nominally 1-microsecond wide, each time the flip-flop is set. The test mode failure output dis-
crete is automatically set if the 20-millisecond timing pulse occurs during any instruction other than the

delay instruction. The engine-on output discrete flip-flops are automatically reset during the power turn-

on sequence. Thealtitude and altitude rate output discretes have a common reset address. These dis-

cretes are used for internal control of the altitude-altitude rate register. They enable the desired serial

data and shift pulse output lines. The GSE output discretes are used to gate out a 128-kpps pulsetrain.

The ripple carry inhibit output discrete is used internally to test the adder carry mechanism.

Output Telemetry Register. The output telemetry register, a 24-bit output register, outputs telemetry
serial data or GSE serial data. The telemetry data word is 24 bits long; the GSE data word, 18 bits long.
Telemetry and GSE cannot use the register simultaneously. A 1 in the output data is represented by a
pulse; a 0, by lack of a pulse, Each data word is shifted out with the mostsignificant bit first. Data in
the register are shifted out by asynchronous, externally controlled, shift pulses at a rate of 51.2 kkps.
Twenty-four shift pulses are sent for telemetry data; 18, for GSE data. The external control sends a stop
pulse to the output telemetry register when all shift pulses have been sent.

The telemetry word list comprises a 50-word block of data. (Refer to table 2.1-7.) Each output telem-

etry word comprises 24 bits (a six-bit identification (ID) code followed by an 18-bit central computer

word).

The identification code represents the sequential position of the telemetry word in the word list
(01g to 62g). The data "equation symbol" are the same as those used in the AGS software program. The
central computer word contains codes or numeric data. The numeric data are in binary 2's complement

format. The mostsignificant bit (bit No. 0) is a sign bit (0 for positive data; 1 for negative data), The
remaining bits are numbered (1 through 17), from most significant to least significant.

DEDA Register. The DEDA register is a four-bit input-output register, which receives or sends four

bits of serial data. A 1 in the serial data is represented by a pulse; a 0, by lack of a pulse. Data are

shifted in or out by asynchronous, externally controlled, shift pulses at a rate of 64 kpps. These input

shift pulses are gated out as data pulses when the DEDAregister is in an output mode. Bits No. 1 through

4 of the DEDA Register are transferred to bits No. 1 through 4 of the accumulator during an input instruc-

tion and loaded with bits No. 14 through 17 of the accumulator during an output instruction. The DEDA

register consists of a shift pulse buffer section and a four-bit shift register with control logic.
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@ Clock Countdown Subassembly. The clock countdown subassembly develops 512-kpps, 128-kpps, and I d

64-kpps and 50-pps timing signals from the 1.024-mc system clock. The clock countdown subassembly

consists of a toggle flip-flop, three counter sections, and associated gating.

Power Subassemblies. Two independent power supplies are associated with the central computer. One

functions in the standby and operate mode; it supplies power to clock-countdown circuits and to three in-

tegrating registers, The other power supply functions only in the operate mode; it supplies powerto the

remainderof the central computer. The outputs of the latter power supply are available in sequence so

as not to compromise the memory, monitors the input voltage and output voltages and provides a control

signal (PS13). The control signal is true if the central computer is in the operate mode, the input voltage

is at least 20 volts dc and all output voltages are at the proper levels.

Table 2.1-7. Abort Electronics Assembly - Telemetry Word List

 

 

         

Lunar Least
Word ID Code Equation Binary Significant

No. (Octal) Symbol Scaling Bit Weight Unit Description

1 01 541 - - DEDA readout mode flag; 1 in sign bit indicates DEDA

processing is in readout mode.

2 02 DD - - - Most recent DECA data word in computer units

3 03 638 - - - DEDA clear modeflag; 1 in sign bit indicates DEDA

processing is in clear mode.
04 ani

05 aro 1 2716 - RowNo. 1 of direction cosine matrix

6 0
8 413

7 07 ADST - - - Octal address associated with most recent DEDA

© communication

8 10 aay

9 11 Ags 1 2716 - Row No. 3 of direction cosine matrix

10 12 agg

11 13 h 57° 28 feet LM altitude above mean earth (lunar) surface

12 14

13 0 15 r 257° 2° feet Components of LM inertial position

14 16

15 17 EONS10 - - - Engine~on indicator and GUID CONT switch

16 20

7 21 x 253] 28 feet Components of CSM inertial position

18 22

19 23 Ts 253 28 feet Predicted value of LM radius at completion of current

guidance routine, except in external Av

20 24 av

21 25 ay 3 274 fps Compensated incremental velocity components accumu-
lated per 20 milliseconds along X-, Y-, or Z-body-axis a

22 26 wv by corresponding X, Y, or Z accelerometer
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Table 2.1~-7. Abort Electronics Assembly - Telemetry Word List (cont)

Lunar Least

Word |ID Code |Equation| Binary |Significant

No. (Octal) Symbol Scaling} Bit Weight Unit Description

23 27 ty 1 2-16 sec Least significant half of AGS absolute time

24 30 day

25 31 Aay -6 2716 rad Compensated incremental components per 20 milli-

seconds of vehicle rotation about X-, Y-, or Z-body-

26 32 Aa, axis, measured by X, Y, or Z gyro.

27 33 Tp 9 278 sec Time to LM engine burnout

28 34

29 35 Vv 13 272 fps Components of present LM inertial velocity vector

30 36

31 37 #8en 17 1 - Ullage counter for telemetry

32 40

33 | 41 No 13 272 fps Components of CSM inertial velocity vector

34 42

35 43 h 13 2-2 fps LM altitude rate

36 44 AVG 13 272 fps Magnitude of velocity to be gained for existing
guidance mode

Vpo 13 278 fps ||Predicted velocity to be gained in CDH burn

37 45 Ver 13 272 fps |(Total velocity to rendezvous in TPI

38 46 Siot 3 - - Bio for telemetry

Tao 18 2 sec ||\Time from nominal CSI burn to CDH burn correspond-

ing to best cost function for this computing cycle

39 47 tgC 18 2 sec |[Time from present to TPI maneuver

40 50

AL 51 Xpp 1 2716 - Components along X, Y, and Z inertial axes of unit

vector commanding desired pointing direction for LM

42 52 X-body-axis

43 53 ty 18 gi sec Most significant half of AGS absolute time

44 54 Soo - - - Function selector by which submodelogic is selected
via DEDA

45 55 B's - - - Discretes that make up discrete word one

46 56 ar 23 25 feet |\Differential LM-CSM altitude after CDH burn

4 23 2 feet |)Transfer orbit perifocus altitude in TPI

47 57 quer 23 28 feet Perifocus altitude of present LM orbit

48 60

49 61 Vq 13 27? fps |Sensed velocity increments along LM body-axis

50 02
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Startup. To place the central computer in operation, the operator sets the AGS STATUSswitch from

STANDBY to OPERATE. The power subassemblies then apply powerto the central computer in a pre-

determined sequence. When all operate voltages are at their proper levels, power supply signal PS13

remains 0 for at least 10 microseconds. During this 10-mic second period, certain initial conditions

are established in the central computer. These conditions ar: such that the central computer automat-

ically accesses an instruction from a predetermined memory location. Central computer operation then

continues under normal program control.

Shutdown. The central computer shuts down if the power supply input voltage drops below 20 volts dc;it

restarts automatically when the proper input voltage is restored. If the central computer shuts down

after reading from memory, but before restoring memory, information is lost. This is prevented by

completing the current memory cycle while preventing initiation of additional memory cycles during

shutdown. When the power supply input voltage is restored (20 volts dc) and the current memory cycle

is completed, the central computer is ready to go through its startup sequence.

2.1.4.4.3 Data Entry and Display Assembly. (See figure 2. 1-37.)

DEDAoperation involves the display; shift register; bit, digit, and cycle counters; a data

transfer sequencer; pushbutton entry, and data-AEA transfer.

Display. The three mostsignificant digit positions (1, 2, and 3) of the shift register are decoded to form

the address display. The next position (4) is decoded to form the sign display. The remainderof the

digit positions (5, 6, 7, 8, and 9) are decoded to form the data display. The decoded digit for each

numeric display provides an output for each segmentof the display. The display segments for each digit

are activated, via drivers, by outputs from the decoding logic associated with the respective four-bit digit

positions of the shift register. The all 1's code in any digit position of the shift register deactivates the

decode outputs, blanking the digit display.

Shift Register. The shift register accumulates and holds all information entered with the pushbuttons

or transferred from the central computer for display. The shift register contains 36 bits comprising

nine digits. Codes presented from the pushbuttons are entered directly into the four least significant bits

of the register and positioned for display. Address and data bits transferred from the central computer

are entered into the least significant bit position of the register. Address and data bits to be transferred

to the central computer are taken from the mostsignificant bit position of the register.

Bit, Digit, and Cycle Counters. The bit counter is a six-bit ripple counter. The counter accumulates

the number of clock pulses gated to the shift register and, in conjunction with the digit and cycle counter,

controls positioning of digit codes in the shift register as they are entered with the pushbuttons. The

bit counter also controls the transfer sequence as information is transferred to or from the central

computer. The digit counter, a five-bit shift register counter that is incremented on the final count of

the bit counter, detects operator errors. Error's arise when pushbuttons are pressed out of sequence,

while entering data into the shift register. Such errors cause the OPR ERR light to go on. The cycle

counter is a four-bit shift register whose main purposeis to control the cycling of inputs to the shift

register.

 

Data Transfer Sequencer. The data transfer sequencer consists of a two-step counter and flip-flops that

buffer and control data transferred from the central computer. The sequencercontrols the timing of shift

pulses and information bits transferred to or from the central computer and provides control for shifting

the contents of the shift register during the transfer.

Pushbutton Entry. To enter data with the pushbuttons, the CLR pushbutton must be pressed. This action

Sets the entire shift register, which blanks the display and resets the digit, bit, and cycle control

counters, and operator error logic circuits. A flip-flop that enables the keyboard (pushbutton) control

logic is also set. This flip-flop is reset when the ENTR or READOUTpushbutton is pressed.

The CLR, ENTR, and READOUTpushbuttons, when pressed, engage two separate, isolated switches,

each of which routes a signal, When the CLR pushbutton is pressed, one signal clears the display; the

other is routed to the AEA, preparing it for an entry or readout operation. When the ENTR or READOUT

pushbutton is pressed, one signal prepares the DEDA for information transfer; the other, triggers the
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Figure 2.1-37. Data Entry and Display Assembly - Detailed Block Diagram
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5 start of AEA command operation, If the CLR, ENTR, or READOUT pushbuttons are not pressed far Pay:

enough to actuate both switches, only one signal is routed instead of two and the resulting incomplete a W

operation depends upon which switch closes.

As the pushbuttons are pressed, binary -coded-decimal (BCD) signals are fed to gates, which, in parallel,

set or reset the four least significant flip-flops of the shift register. These gates are controlled by the

pushbutton strobe, a delayed pulse generated in the keyboard control logic. The pushbutton strobe also

sets bit counter enable flip-flop and cycle control flip-flop. The bit counter enable flip-flop enables a

© gate, which feeds clock pulses to the shift register. When clock pulses add up to 31, as counted by the

pit counter, another gate is enabled. This gate resets the bit counter enable flip-flop on the next clock

(pulse 32), terminating the shift register clocks, and enables a clock pulse that is fed to the digit counter,

incrementing the counter by one.

Digit codes entered into the shift register are positioned in their proper location by the cycle counter as

the register is clocked. Thefirst digit is positioned in the mostsignificant end of the shift register, the

second digit in the next most significant digit location, and so on until the ninth (last) digit is entered.

The cycle counter positions the digit codes by enabling gates, which cause the information in the shift

register to circulate out of the most significant end intothe eighth digit position in the register while hold-

ing the current pushbutton input in the least significant digit position. Ata time determined by the current

state of the digit and bit counters, a gate that resets the cycle control flip-flop to allow the current input

to shift through the register, behind the information previously entered, is enabled.

If pressing the ENTR or READOUT pushbutton results in an operator error or if either pushbutton is

pressed during an operator error condition, the central computer recognizes the error by detecting 1's

in positions that normally contains 0's. Pressing the CLR pushbutton resets the operator flip-flop.

Data-AEA Transfer. Upon entering nine digits into the shift register with the pushbuttons, and visual

verification that an operator error condition does not exist, the ENTER pushbutton may be pressed to

start the data transfer sequencer. The central computer responds to the enter signal by sending a shift-in

discrete to the DEDA. This discrete sets a flip-flop, which initiates data transfer to the central com-

puter. Data are transferred ina two-step operation controlled by the data transfer sequencer. During

the first step of the shift-in sequence, the most significant bit of the shift register is gated with a 1-

microsecond-wide clock pulse and fed to an output circuit. During the second step of the shift-in sequence,

a shift pulse is fed to the central computer, the contents of the shift register are shifted one bit position,

and the bit counter is incremented by one.

Each shift-in discrete results in four cycles of the data transfer sequencer or transfer of one digit. The

central computer sends shift-in pulses until the entire word is transferred. As the contents of the reg-

ister are shifted from the most significant end, 1's are shifted into the least significant end, The display

is blank after all digits have been transferred. Becauseof the data transfer sequencer four-cycle

operation, the address digits, which are coded in three bits (octal), and the sign digit, which is coded in

one bit, are alloted four bits in the shift register. The extra bits are used to provide redundant codes

for blanking the respective displays or detection of an operator error by the central computer.

To display a word within the central computer, the three-octal-digit address of the word is entered into

the shift register and the READOUTpushbutton is pressed, The central computer responds by sending

shift-in discretes, which transfer the address digits to the central computer. The central computer then

sends a series of shift-out discretes. Each shift-out discrete sets a control flip-flop, which enables the

shift register to enter bits transferred from the central computer.

© During the first step of the shift-out sequence, a shift pulse is fed to the central computer, which trans-

mits a data bit back to the DEDA. The DEDAstoresthedata bit in a buffer flip-flop. During the second

step, the buffered data bit is shifted into the least significant bit of the shift register as the register

contents are shifted one bit position. Simultaneously, the bit counter is incremented by one. As for

shift-in discretes, the data transfer sequencer cycles four times for each shift-out discrete; the computer

must send a shift-out discrete before transfer of each digit.

The central computer may continually update the DEDAdisplay by sending repeated sequencesof nine

shift-out discretes with accompanying data. Pressing the HOLD pushbutton stops the central computer

from sending shift-out discretes after the next full word has been transferred to the DEDA;the contents
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of the shift register remain unchanged. Pressing the READOUT pushbutton causes the central computer
to resume sending shift-out discretes; the contents of the shift register change accordingly. In this mode
of operation, pressing the READOUT pushbutton does not cause an operator error.

2.1.4.4.4 DEDA Operation.

DEDAoperation is initiated by pressing the CLR pushbutton. This enables data entry with

the numerical pushbuttons (0 through 9), As each numerical pushbutton is pressed, its code is placed

in a register for display in the order in which the pushbuttons are pressed. When the appropriate number
of characters is entered, the ENTR or READOUTpushbutton is pressed. If the CLR, ENTR, or READ-

OUTpushbutton is not pressed to the full extent of its travel, the OPR ERR light may go on or a condition

may develop in which no action occurs. No false information is sent to, or readout of, the AEA when

this occurs, However, the step(s) must be repeated. (Refer to the pushbutton-entry discussion in para-
graph 2.1.4. 4.3.)

The following paragraphs contain the operating procedures for the DEDA, using the front
panel pushbuttons and electroluminescent readouts. Before performing these procedures, the appro-

priate cabin switches must be set to the on position, the AC BUS B: AGS (panel 11) and STAB/CONT:
AEA and ASA circuit breakers (panel 16) must be closed, and the AGS STATUSswitch (panel 6) must
be set to OPERATE,

Data Insertion. The sequence of operations for inserting data into the AEA via the DEDAis as follows:

e Press and release CLR pushbutton.

This operation clears the DEDA and blanks all lighted characters. The CLR

pushbutton must always be pressed before any DEDAentry.

e Press and release three consecutive numerical pushbuttons.

This operation identifies the address (octal) of the AEA memory word location
into which the data are to be inserted. The AEA will not process data with an

octal address larger than 704.

e Press and release pushbutton that corresponds to sign (+ or ~) of data to be

inserted.

e Press and release desired five consecutive numerical pushbuttons that

correspond to the numerical value of data to be inserted (decimal or octal, as

appropriate for entry). Refer to Apollo Operations Handbook, VolumeII,

paragraph 4.4 for DEDA inputs (addresses).

@ Verify entry by comparing electroluminescent display with desired address and
desired numerical value.

e Press and release ENTR pushbutton.

This operation enters the word into the AEA and blanks the address and data

displays.

Data Readout. The sequence of operations for reading the contents of an AEA memorycell is as follows:

e Press and release CLR pushbutton.

This operation initializes the DEDA andblanks all lighted characters. The
CLRpushbutton must always be pressed before any readout.
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This operation identifies the address of the AEA memorycore location from

which data are to be extracted. The address is in octal form; it must not

exceed the number 704. If a numberlarger than 704 is entered into the

address, the DEDA readout will be extinguished when the READOUT

pushbutton is pressed. Refer to Apollo Operations Handbook, VolumeII, a

paragraph 4,4 for data that are DEDA-accessible from the AEA.

e Verify entry by comparing electroluminescent address with desired address.

e Press and release READOUT pushbutton.

After the READOUT pushbutton has been pressed, the displayed quantity and

its address are updated twice per second. The astronaut can hold a value

on the display by pressing the HOLD pushbutton. This value is held on the

display until the READOUT pushbutton is pressed (at which time the displayed

quantity is updated twice per second) or until the CLR pushbutton is pressed

(at which time the DEDAis initialized for the next command andthe displays

are blanked).

Decimal Point Location. There is no decimal point indication on the DEDA. To use the AGS correctly,

the astronauts must have knowledge of the quantization of the decimal quantity being entered or

@::: out. If a position variable has a quantization of 100 feet, then 42, 300 feet is entered or displayed as

+00423.

Operator Error, The OPR ERR light on the DEDA display panel goes on if the operator makes any of the

following errors:

e Nine pushbuttons are not pressed and the ENTR pushbutton is pressed.

e Three pushbuttons are not pressed and the READOUT pushbutton is pressed.

e READOUTpushbutton is pressed after more than three digits are entered.

e More than nine pushbuttons have been pressed since the last pressing of the

CLR pushbutton.

@ e The 8 or 9 pushbutton is pressed while loading the address portion of the word.

e The + or - pushbutton is not pressed in the fourth position of the nine-digit word.

@ The + or - pushbutton is pressed in other than the fourth position.

© e A quantity is being read out and the ENTR pushbutton is pressed.
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The following operator errors do not cause the OPR ERR light to go on.

e If anumber greater than 704 is entered into the address portion of the display

along with other numbers, the DEDA exhibits an odd display when the ENTR

pushbutton is pressed. The numbersshift and several entry slots are blanked.

e Ifa number greater than 704 is entered into the address portion of the DEDA
and the READOUT pushbutton pressed, the DEDA is blanked.

e If an octal quantity is entered with a digit greater than 7 or if a numbergreater
than its allowable range is entered via the DEDA, a computer-processing error

results. If the address is read out, the display is different than what was entered.

Address values greater than 704, used for program instructions cannot be entered into the DEDA. If
such entries are attempted, the symptoms described in the preceding paragraph occur. Normal

operation is restored by pressing the CLR pushbutton.

2.1.4.4.5 Abort Guidance Section - Self-Test Routine.

The self-test routine continuously checks that the computer logic and memoryare functioning
properly. DEDA address 412 is used, in conjunction with the test, to indicate test results to the astro-

nauts and to allow resetting of error indicators. If a readout of address 412 on the DEDAis performed,

the following outputs are possible:

+00000 - Test not completed

+10000 - Test successfully completed

+30000 - Logic test failure

+40000 - Memorytestfailure

+70000 - Logic and memorytest failure.

An additional output (+00000) permits the astronaut to reinitiate testing and reset the AGS
warning light after failure is detected. When a failure is encountered during the test, the output in memory
location 412 is displayed and the AGS warning light goes on; future tests are inhibited until testing is re-
initiated. The error indicator is reset or testing reinitiated by entering +00000 in address 412. The
astronauts need not monitor DEDA address 412 periodically, because the AGS warninglight (panel 1) pro-
vides a visual indication of an error. However, as part of the AGS turn-on procedure, the DEDA check
should be performed as a partial check of AGS warning light and computer operation.

2.1.4.4.6 Abort Guidance Section - Initialization Function.

Initialization comprises two functions: navigation initialization, and time initialization.

Navigation Initialization, The AGS accepts initialization inputs from the PGNS downlink (automatic) or
from the DEDA (manual). Data are accepted when an initialized instruction has been entered through the

DEDAduring an unpowered flight phase of the mission. Data shall not be inserted during LM powered

flight. Initialization is referenced to the AGS absolute time base and the AGS inertial reference frame at

the timeof initialization. Upon completion of initialization, an initialization-complete indication is gen-
erated and may be displayed via the DEDA upon request.

Ephemeris data from the LM and CSMareinputs for initialization. These inputs are initialized automati-

cally via the PGNS downlink by entering 414+10000, and ENTR on the DEDA. Completion of automatic

initialization is indicated by the DEDA address and data indicators being set back automatically to

414+00000. LM ephemeris data areinitialized manually, using the DEDA.
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© The PGNS downlink data provide LM and CSM position, velocity, and epoch time, which are used to

initialize LM navigation and CSM orbit parameters (state vectors). The data are provided in the AGS

inertial coordinate frame. The LM and CSM epochtimesare in the same time base as the AGS

absolute time. The sequence in which the PGNS downlink data are used to initialize the AEA is given

in table 2.1-8.

Table 2.1-8. PGNS Downlink Data Update Sequence

 

 

© Initialization DEDA

Sequence Description Address

1 Identification word 414

2 LM X-position, AGS coordinates 240

3 LM Y-position, AGS coordinates 241

4 LM Z-position, AGS coordinates 242

5 LM epoch time (most significant) 254

6 LM X-velocity, AGS coordinates 260

q LM Y-velocity, AGS coordinates 261

8 LM Z-velocity, AGS coordinates 262

9 LM epochtime (least significant) 254

10 CSM X-position, AGS coordinates 244

11 CSM Y-position, AGS coordinates 245

© 12 CSM Z-position, AGS coordinates 246

13 CSM epoch time (most significant) 272

14 CSM X-velocity, AGS coordinates 264

15 CSM Y-velocity, AGS coordinates 265

16 CSM Z-velocity, AGS coordinates 266

17 CSM epochtime(least significant) 272    
 

The sequence of the 17 words occursat a basic rate of 50 words per second. The sequenceis not inter-

rupted. The word formats of the 17 downlink words areas follows:

 

Bit No. 0/1; 2)3)4!5]6)] 7] 8{ 9} 10] 11 12) 13) 14)15) 16/17
 

ID Word xX| X} X| X} X| X] XxX] x] XX] Xx

: Data Word 1] S| X| X} X} X| X] X} X]| X] XJ] xX

© X=0orl1, Y= Not applicable, S = Sign bit (0 or 1).

A stop pulse discrete, which is set after a new downlink word has been inserted into the downlink input

register, will be available to the program. Thestop pulse discrete is reset upon reading the downlink

input register. The time interval between stop pulses is 20 milliseconds. The program interrogates the

stop pulse discrete twice per 20-millisecond cycle, with at least a 1-millisecond separation. The input

© register is read only if the stop pulse discrete is set to ensure that the input register is not read while

 

                  
    

data are being shifted into the input register.
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The three components of LM position are entered by keying address codes 240, 241, and 242, and the
value and sign of the data, on the DEDA. The three components of LM velocity are entered by keying
address codes 260, 261, and 262, and the value and sign of the data, on the DEDA. The LM epoch
time (a multiple of 6 seconds) is entered by keying address code 254 on the DEDA. Keying 414 and
+20000 on the DEDA completes initialization. When initialization is completed, the AEA is automatically
set back to the attitude hold submode, as indicated by the DEDA display (414+00000). Manualinitial-
ization of CSM ephemeris data is identical with that for the LM, except for the address codes.

Time Initialization. Initialization of AGS absolute time consists of entering an absolute time of zero into
memory. This is accomplished by keying 377 on the DEDA. AGS absolute time is not limited to zero,
except by procedures. A time tag, referred to as epoch time, is associated with each state vector. Pri-
mary system time, referred to as ground elapsed time (GET)is referenced to the time of lift-off. There-
fore, the epoch times are the values of GET at which the state vectors were determined. The LGC clock
has a capacity of approximately 2.7 million seconds; the AEA clock, approximately 0.26 million seconds.
This disparity requires a procedure for modifying the epoch time transmitted from the LGC to the AEA at
initialization. Because the AEA does not require launch time, it is possible to modify epoch time with a
subtractive time bias. This bias is the GET at which the AEA clock is started.

The procedure requires entering a verb in the DSKY and establishing an absolute time of zero on the
DEDA. At the desired initialization time, the two ENTR pushbuttons are pressed simultaneously. The
absolute time in the PGNSat the initialization time becomes the AGS time bias and may be read outin
hours, minutes, and seconds via the DSKY. This time bias must then be subtracted from all subsequent
times entered into the AGS(if the times are referenced to GET).

2.1.4.4.7 Abort Guidance Section - Modes of Operation.

The AGS has two major modesof operation: inertial reference and alignment. These modes
are selected via the DEDA after the ASA has warmed up for 30 minutes, the AGS STATUS switch is set
to operate, and the STAB/CONT: AEAcircuit breaker is closed.

Inertial Reference Mode. When the AGSis in the inertial reference mode, it provides attitude error in-
formation and engine commands(on and off), which are used for vehicle stabilization and/or for directing
vehicle abort. The inertial reference mode is always in one of the following submodes:

e =6Attitude hold

e Guidance steering

e® Z-body-axis steering

All active steering modes couple attitude errors about the LM body axes to the autopilot (CES). The magni-
tudes of the angular errors are limited to +15° and -15°. The autopilot attitude turning rates are limited
to +10°/second and -10°/second about the Y-body-axis and +5°/second and -5°/second about the X-body-
axis and Z-body-axis, except after staging, with the DEAD BAND (panel 3) switch set to MAX. At that
time, no rate limiting exists. AGS steering in no way protects the PGNSplatform against gimbal lock.
In the following discussions it is assumed that the GUID CONT switch is set to AGS, the LM is in orbit
(lunar surface flag is not set), and the PITCH, YAW, and ROLL switches are set to MODE CONT.

Attitude Hold. The attitude hold submode generates steering commandsto maintain the LM in the inertial
attitude that existed when the attitude hold mode was first entered. Attitude hold can be entered by setting
the MODE CONTROL: AGS switch to ATT HOLD or by using address 400 on the DEDA and entering
+00000. Once the attitude hold modeis established, it can be released by causing the followup signal to
be issued (GUID CONT switch set to PGNS or MODE CONTROL: AGS switch set to ATT HOLD and ACA
in manual control) or by entering other than +00000 into DEDA address 400. The preferred method is to
set the MODE CONTROL: AGS switch to ATT HOLD andorient the LM to the desired attitude, using the
ACA. Reentering the attitude hold mode causes the LM to maintain the attitude that exists when the mode
is reentered.
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If the AGS is in the guidance steering submode (DEDA address 400 is +10000 and the MODE CONTROL:

AGS switch is set to ATT HOLD), the AGS issues engine-on or engine-off commandsthat agree with the

existing status of the engine being used. If the AGS issues engine-on commands and the MODE CONTROL:
AGS switch is set to AUTO, attitude hold mode is entered by setting address 400 to +00000 via the DEDA.
This causes engine-off commandsto be generated.

Guidance Steering. The address for ordering guidance steering is 400; the entry is +10000. The guidance
steering submodeorients the LM so that the LM thrust vector points in the desired direction for achieving
the objective of the selected guidance routine. The LM X-body-axis orientation also depends upon which

engine is used. The RCS engines are assumed to thrust along the body axes. If the descent engine is

used, the thrust vector is assumed to be along the +X-body-axis. If the ascent engine is used, the thrust

vector is assumed to be displaced from the LM +X-body-axis by an amount equal to the nominal cantof the

ascent engine. Because of thrust alignment errors, the actual thrust vector will not lie exactly along the

nominal direction. Small velocity errors at engine cutoff may result. These errors, sensed by the AGS,
can be removed through axis-by-axis thrusting (AV residual removal).

Whenthe ascent engine is used, equations that compensate for the cant of the engine should also be used.
DEDAaddress 411 should be entered with a value of +10000 before entering AGS guidancesteering, to
achieve desired orientation of the thrust axis. When the ascent engine is burned, the thrust direction is
selected by the AEA, regardless of the value of the address 411 entry.

The AEA correction for the cant of the ascent engine is achieved by two octal constants (one for pitch and
one for roll). The constants are preprogrammed into the central computer, but are DEDA-accessible so

that they can be changed during the mission. The pitch constant is entered with the address 566. The

value of the constant, entered in octal units of radians, should be positive if the engine causes a thrust

acceleration component along the +Z-body-axis. Similarly. the yaw componentis entered in octal form

in units of radians via address 602. The sign of the value entered should be positive if the cant of the
engine causes a thrust acceleration component along the +Y-axis direction.

The LM Z-body-axis can be controlled as follows:

e DEDAaddress 623+00000

The LM Z-body-axis is driven parallel to the CSM orbit plane. If the +X-body-axis

points ahead of the local vertical (posigrade), the Z-axis is below the local hori-
zontal. If the +X-body-axis is behind the local vertical the Z-axis is above the

local horizontal. If the X-body-axis is vertically upward, the Z-body-axis will be

pointed horizontally forward. If the X-body-axis is pointed vertically downward the

Z~-body-axis will be directed horizontally opposite to the direction of motion.

e@ DEDA address 623+10000

The LM Z-body-axis is driven parallel to a plane determined by its guidance
steering unit vector Wp (DEDAentries 514, 515, or 516). This mode is normally

used to maintain S-band communication during lunar orbit insertion. Unit vector

Wp is entered in octal form and is nominally defined before the mission.

e X-axis override

The Z-body-axis can be oriented to any desired position about the thrust axis by

setting the ATTITUDE CONTROL: YAW switch to PULSE or DIR and by means

of the ACA.

The gain in the E, channel decreases toward zero as the +X-body-axis approaches a perpendicular orien-

tation with respect to the specified plane. If +00000 is entered in address 623 and the X-body-axis is
perpendicular to the CSM orbit plane, the gain in the yaw steering channel is zero for any orientation of
the Z-axis. This situation is typical for earth-orbit missions, during which large out-of-plane maneuvers

are performed. By specifying a unit vector Wp (X-axis) not normal to the CSM orbit plane and by enter-
ing +10000 into address 623, yaw steering control can be maintained.
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The guidance steering submode controls three steering operations: prethrust steering, orbitial rate
pitch steering, and open steering.

Prethrust steering is guidance steering (address 400 contains +10000) that is performed before ullage is
sensed and thrusting, to orient the LM for the burn. Prethrust guidance steering is implemented by set-

ting the GUID CONT switch to AGS, the MODE CONTROL: AGS switch to AUTO, and the ATTITUDE CON-
TROL: PITCH, YAW, and ROLL switches to MODE CONT, and entering +10000 into address 400. The

AGSthen orients the LM to the particular guidance mode selected (address 410). AGS steering orientation
of the LM, before the engine burn, falls into two categories:

e CSI, CDH, external 4V

Before initiation of these maneuvers, the desired attitude of the LM is established

in the local horizontal coordinate system. Before the CSI maneuver, if the CSI

computations are being performed and if the AGS is in the guidance steering sub-

mode, the LM is oriented so that the X-body-axis is maintained horizontal and

parallel to the CSM orbit plane.

e Direct transfer (TPI and Midcourse)

If the AGSis in a direct transfer guidance routine and in the guidance steering sub-
mode, the vehicle orients itself to the desired attitude in inertial space and remains
fixed in inertial space. When absolute time exceeds the TPI burn time tigC, as

would be the case for a midcourse maneuver when the rendezvous problem has not
been retargeted, the guidance solution is in real time and LM attitude conforms to

the changing solution.

Orbital rate pitch steering maintains the LM X-body-axis along the local horizontal, using the external

4V guidance routine and the guidance steering submode. The AGS can maintain the LM atanyattitude

in a local vertical coordinate frame during free flight. The X-inertial-axis can also be maintained, using
the CSI guidance routine and the guidance steering submode, because the CSI maneuveris horizontal.
This procedure is ideal for use between the orbit insertion phase and the CSI maneuver phase becausethe

desired calculations (CSI) are performed simultaneously. If the calculated CSI maneuveris a retrograde

maneuver, the +X-body-axis points backwards and the Z-body-axis points along the local vertical and not
toward the lunar surface.

During open steering, the AGS is in control and the ATTITUDE CONTROL: PITCH, YAW, and ROLL

switches are usually set to MODE CONT. Any channel can be overriden by setting the switch for that
channel to PULSE or DIR. In some instances, manually orienting one LM axis more than 90° from the

desired direction (AGS-computed) can cause the LM to rotate through large angles about the two AGS-

controlled axes. In attitude hold and guidance steering, X-axis override can be accomplished through any
desired angle. In Z-body-axis steering, Z-axis override can be accomplished through any desired angle.

If manual override of any other steering channel is desired, the attitude excursion about that axis should

be limited to less than 90° from the desired orientation computed by the AGS.

Z-Body-Axis Steering. This submode is entered via the DEDA, using the address 400 and entering +20000.
No DPS or APS thrust can be accomplished in this mode. The following options are available for specify-

ing the desired direction of the Z-body-axis.

e DEDAaddress 507+00000

Orient the Z-body-axis toward the estimated direction of the CSM (used during

rendezvous radar acquisition).

e DEDAaddress 507+10000

Orient the Z-body-axis in the desired thrust direction (used to perform small

thrusting maneuvers along the Z-body-axis).
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In either option, with the Z-axis pointed in the desired direction, the X-body-axis is oriented parallel to

the CSM orbit plane. If the +Z-body-axis is pointed ahead of the LM, the +X-body-axis is above the local

LM horizontal plane. If the Z-body-axis is behind the LM, the +X-body-axis is below the local horizontal

plane. The gain in the roll channel (Z-axis) decreases toward zero as the +Z-axis approaches a perpen-

dicular orientation with respect to the CSM orbit plane. When perpendicular, the gain in the roll steering

channel is zero for any orientation of the +X-axis. In this submode, the X-body-axis can be manually con-

trolled by setting the ATTITUDE CONTROL: ROLLswitch to PULSE or DIR and operating the ACA.

Inertial Reference States. These states comprise followup, attitude control, and complete control.

Followup State. In the followup state, the AGS can perform the following functions:

e@ Maintain an inertial reference frame and provide total attitude signals for display

e Maintain the attitude error signals to the CES at zero (If automatic and followup

discretes are present, error signals are computed. )

e Use accelerometer inputs from the ASA to calculate LM current position and

velocity in the inertial reference frame

e Solve the LM abort guidance problem, using a specific guidance scheme

e Accept initializing information from the PGNS downlink or the DEDA

e Command the engine on if the ascent engine-on signal or the descent engine-on
signal is present, and commandthe engineoff otherwise.

The flight program and the AGSare in the followup state when the followup discrete is present. If the

automatic discrete is present, the attitude error signals computed in accordance with the particular sub-
mode in which the program is operating are displayed. If the automatic discrete is absent, attitude error

Signals are set to zero.

In the followup state, the program issues an engine-on command every 40 milliseconds if the program is

in the inertial reference mode and either the descent engine-on discrete or ascent engine-on discreteis
present. Otherwise, the flight program issues an engine-off command every 40 milliseconds.

Attitude Control State. The flight program and the AGS arein the attitude control state when the followup
discrete, the abort discrete, and the abort stage discrete are absent. In this state, attitude error signals

computed in accordance with the particular submode in which the program is operating are used for

attitude control and for display. If the automatic discrete is absent, the programis in the attitude hold
submode. If the automatic discrete is present any submode is permissible.

Whenthe system is in the attitude control state, the program issues an engine-on command every 40
milliseconds if the program is in the inertial reference mode and either the descent engine-on discrete or
ascent engine-on discrete is present. Otherwise, the flight program issues an engine-off command every

40 milliseconds.

Complete Control State. The flight program and the AGS are in the complete control state when the
followup discrete is absent and either the abort discrete or the abort stage discrete is present. In this
state, attitude error signals computed in accordance with the particular submode in which the program is
operating are used for attitude control and for display. If the automatic discrete is absent, the program
is in the attitude hold submode. If the automatic discrete is present, any submodeis permissible, except

as follows:

e The program shall be held in the attitude hold submode when the abort stage discrete

is present, from the time the ascent engine-on discrete is first received until a

preselected time thereafter. The preselected time shall have a minimum range of

0 to 10 seconds.

e At the completion of a maneuver when the engine is commanded off because the

conditions for issuing engine-on commands are no longer satisfied, the program

automatically returns to the attitude hold submode.
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When in the complete control state and the vollowing four conditions are simultaneously satisfied, the
program issues an engine-on command every 40 milliseconds. Otherwise, the flight program issues an
engine -off command every 40 milliseconds.

e The automatic discrete is present.

e The AGS submodeselector has been set to guidance steering, via the DEDA.

e Either the ullage condition has been satisfied or the ascent engine has been burned
while the LM is on the lunar surface.

e Either the magnitude of velocity to be gained exceeds a specified threshold or the
projection of velocity to be gained along the X-body-axis is in the +X-body-axis
direction and exceeds the nominal ascent engine cutoff velocity impulse.

‘the ullage condition is satisfied when the accumulated sensed velocity increments along the X-body-axis
have exceeded a specified threshold in each consecutive 2~second computation cycle for three cycles. The
ullage condition is reset and the count restarted if the accumulated sensed velocity increment along the
X-body-axis falls below the specified threshold in any one 2-second computation cycle.

Alignment Mode. Alignment consists of initializing the AEA to obtain an attitude reference to a desired
inertial reference. The AGS causesthe attitude error signals to the CES to be reduced to zero during the
alignment mode. In response to an alignment submodeinstruction (a DEDA entry), the inertial reference
frame is aligned to a reference frameof the three alignment submodes: PGNS-to-AGS alignment, lunar
alignment, and body-axis alignment.

The PGNS-to-AGS alignment submode aligns the AGS direction cosinesto the attitude reference determined
by PGNS Euler angles 6, y, and ¢. (See figure 2.1-38.} The lunar alignment submode usesthelocal
vertical sensed by the Y and Z accelerometers and a previously stored azimuth angle (8 L), which is up-
dated for lunar stay (subsequent missions) by the correction factor 46, for an attitude reference frame.
The body-axis alignment submode uses current LM attitude as the attitude reference. ©

PGNS-to-AGS Alignment Submode. This submode is used when AGS alignment is to be accomplished,
using PGNS Euler angles. This submodeis entered by keying the DEDA (400+30000, and ENTR); it should
only be entered when the PGNSis operative.

Lunar Alignment Submode. The AEAis aligned so that the computational inertial reference axes (Xi, Yi
Zi) coincide with the axes of a selenocentric coordinate frame with the X-axis along the lunar local vertical
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(positive outward from the lunar center) and the Z-axis direction conceptually obtained by crossing the

unit angular momentum vector of the CSM orbit with a unit vector along the X-axis. Compensated veloc-

ity increments from the ASA Y-accelerometer and Z-accelerometer are used to determine the local

vertical with respect to the instantaneous LM coordinates.

The LM azimuth angle with respect to the CSM orbit plane at lunar touchdownis determined by storing,

upon command of the DEDA, the AGS azimuth reference as defined by appropriate elements of the trans-

formation matrix. An azimuth correction angle is subtracted from the stored reference to compensate

for the affects of lunar rotation during lunar stay and for any CSM plane changes. The azimuth correction

angle (48), which updates the inertial Z-axis direction, is inserted via the DEDA (address 547) before

lunar alignment. This factor is provided to the astronauts via voice link.

The lunar alignment submodeis entered by keying 400+40000, and ENTR on the DEDA. The astronauts

can store the landing azimuth of the touchdown point by keying 413 and +10000 on the DEDA.

Body-Axis Alignment Submode. For the body-axis alignment (orbital alignment) submode, the AGS inertial

reference frame is made coincident with the LM axes. Body-axis alignment is achieved by keying 400

+50000, and ENTR on the DEDA. To terminate this submode, the LM Pilot keys 400+00000 on the DEDA.

Calibration. Calibration of the gyros and accelerometers comprises the following:

e Lunar surface gyro calibration

e In-flight gyro and accelerometer calibration

e In-flight accelerometer calibration only.

Lunar Surface Gyro Calibration. This calibration is automatically selected by program control when

calibration is selected via the DEDA. This program provides for gyro calibration, to update gyro fixed

drift compensation while the LM is on the lunar surface. Lunar surface calibration requires that lunar

alignment has immediately preceded it. The program then stores the existing transformation matrix to

provide a reference attitude. The input angular increment is compensated by the calibration equations to

remove the lunar rotation rate. The angular errors of the AGS indicated attitude (as defined by the trans-

formation matrix) with respect to the reference attitude are computed and used to maintain the AGSatti-

tude alignment with the stored reference attitude, and to correct the gyro drift compensation. The gyro

calibration routine provides updated values of 1K1, 1K6, and 1K11. (Refer to table 2. 1-9.)

After lunar touchdown, 413+10000 should be entered via the DEDA. This entry stores AGSattitude for

possible future lunar alignment, sets the AEA lunar surface signal, and inhibits accelerometer calibra-

tion. The procedure for lunar surface gyro calibration is as follows:

e If the PGNSis operative, PGNS-to-AGS alignment is performed. If the PGNSis in-

operative, lunar alignment is performed. The alignment must result in a Y-inertial-

axis that is within 10° (half cone angle) of the lunar north polar axis.

e After alignment, 400+60000 via the DEDAis entered.

e Calibration requires 302 seconds. Completion can be verified by reading out

DEDA address 400. At completion of calibration, the readout automatically returns

to +00000 (attitude hold).
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Table 2.1-9. Abort Guidance Section - Calibration Compensations

 

 

Equation

Symbol Address Description

1K1 544 X-gyro drift compensation coefficient

1K6 545 Y-gyro drift compensation coefficient ©

1K1i 546 Z-gyro drift compensation coefficient

1K19 540 X-accelerometer bias compensation coefficient

1K21 541 Y-accelerometer bias compensation coefficient

1K23 542 Z-accelerometer bias compensation coefficient     
In-Flight Gyro and Accelerometer Calibration. This calibration is automatically selected by the flight

program when calibration is selected via the DEDA, and provides in-flight calibration to update gyro fixed

drift compensation. This calibration takes place during free fall with the program in the calibrate, lunar

surface flag absent, and the LM in the attitude hold steering submode. The gyro drift calibration uses the

PGNS IMU Euler angles as reference. The program automatically selects PGNS-to-AGS alignment during

the first 2-second cycle, to provide initial alignment of the AGS to the IMU. For the remainder of the

calibration period, the program computes the angular errors of the AGS indicated body-axes (as defined

by the transformation matrix) with respect to the PGNS indicated body-axes (as defined by the IMU Euler

angles). The angular errors are multiplied by an appropriate gain factor and added to the AGS compen-

sated angular increments, causing the AGSattitude reference (transformation matrix) to remain aligned

to the IMU reference. Simultaneously, the accumulated error signals are multiplied by another gain ,

factor and added to the gyro drift compensation so that, in steady state, the compensation is equal to the

gyro drift.

In-flight calibration of the accelerometer static bias compensation takes place concurrently with in-flight

gyro calibration. The accelerometer velocity increments accumulated during free fall are multiplied by

an appropriate gain factor and added to the accelerometer bias compensation so that the compensation is

equal to the accelerometer bias. Accelerometer calibration provides updated values of 1K19, 1K21, and

§ 1K23. (Refer to table 2.1-9.)} In-flight calibration aligns the AGS; therefore, it is not necessary to

follow in-flight calibration with a PGNS-to-AGSalignment. In-flight gyro and accelerometer calibration

should not be performed when the PGNS is inoperative. Instead, in-flight accelerometer calibration only

should be performed. The procedure for in-flight gyro and accelerometer calibration when the PGNSis

operative and attitude rotation rate is less than 0.1° per second is as follows:

@ Set MODE CONTROL: AGS switch to ATT HOLD.

e Enter 400+60000 via the DEDA.

Calibration requires 302 seconds. Completion can be verified by reading out DEDA

address 400. At completion of calibration, the readout returns to +00000 (attitude

hold).

In-flight Accelerometer Calibration Only. This procedure is performed when the PGNSis inoperative.

In-flight accelerometer calibration only does not affect AGS alignment. The procedure for in-flight

accelerometer calibration only is as follows:

e Set AGS switch to ATT HOLD.

e Inhibit the RCS by setting the PITCH, ROLL, and YAW switches to DIR. The ACA

must be left in detent (no manual control).
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e Enter 400+70000 via the DEDA lend

Calibration is completed in 32 seconds. ! ‘ever, it takes 302 seconds for readout

of DEDA address 400 to return to +00000 . . itude hold).

 

2.1.4.4.8 Abort Guidance Section - Guidance Routines.

eS The AGS program contains the following guidance routines:

e Orbit insertion

e Coelliptic sequence initiation (CSI)

e Constant delta altitude (CDH)

e Terminal phase initiation (TPI)

e External AV.

The routines are selected, using the DEDA. Refer to table 2. 1-10 for the address and func-

tion of each guidance routine. Guidance calculations associated with the selected routine are completed

every 2 seconds of the submode selected. The LM, however, will not maneuver in accordance with the

selected routine unless the AGS has control of the LM and the guidance steering submodeis selected.

Before beginning guidance operations, the AGS must be aligned and initialized with LM and

CSM ephemeris data. Entry of LM and CSM ephemeris data is required because every guidance routine

uses these data in the guidance and steering computation. Navigation data must be updated throughout the

mission, using PGNS downlink data, the DEDA, or RR data. Navigation data must also be updated before

© CSI and TPI maneuvers. Propellant expenditure is highly dependent on the accuracy of these maneuvers.

Table 2.1-10. Abort Guidance Section - Guidance Routines

 

 

Address
and Code Routine Function

410 + 00000 Orbit insertion Engine and steering commands are generated to drive LM to specified

orbit injection conditions.

410 + 10000 CSI maneuver Engine and steering commands are generated to establish appropriate

LM-CSM phasing TPI time.

410 + 20000 CDH maneuver Engine and steering commands are generated to drive LM into orbit

that is coelliptic with CSM.

410 + 30000 TPI search AGS evaluates various direct transfer rendezvous solutions. Astronauts

select desired solution. Thrusting is not performed with this routine.

410 + 40000 TPI execute Engine and steering commands are generated to cause LM to be on

, CSMintercept trajectory.

410 + 50000 External AV Engine and steering commands are generated to perform externally

specified thrust maneuver.      
Orbit Insertion Routine. The orbit insertion routine provides attitude commands and engine-off commands

to obtain predetermined cutoff conditions. These conditions are defined by the following targeting param-

eters entered into the AEA via the DEDA:
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e Insertion altitude; DEDA address 347

e Magnitude of the horizontal componentof inertial velocity at burnout; DEDA
address 507

e Altitude rate at burnout; DEDA address 423.

The attitude commands provide yaw steering of the LM into the CSM orbit plane by the time the cutoff

conditions are attained. The capability of steering out a wedge angle of up to 2° is provided (assuming
sufficient AV). When the velocity to go to cutoff (4Vg) reaches a preselected threshold, updating of the
command attitude is terminated. The engine is commanded off when AVg reaches the nominal ascent
engine tailoff velocity threshold and the total velocity to go is less than 100 fps.

Coelliptic Flight Plan Rendezvous Guidance. Whenthe principal foci of two orbits are coincident and
when the products of the length of the semimajor axis and eccentricity of each orbit are equal, the orbits
are considered to be coelliptic. This implies that when the two orbits are coplanar, they have coincident

centers and vacant foci. The guidance routines are based on the assumption that deviations from co-

planarity are small. Coelliptic orbits have an essentially constant differential altitude (constant Ah).

 

The flight program contains a set of guidance routines for calculation of powered maneuvers required for

the LM to execute a coelliptic flight plan for rendezvous with the CSM. This flight plan nominally calls
for three powered maneuvers:

e CSI (coelliptic sequence initiate) maneuver

e CDH (constant 4h) maneuver

@  TPI (terminal phase initiate) maneuver.

In the nominal coelliptic flight plan, the LM is placed in an orbit coelliptic with that of the CSM by

executing the CSI maneuver, then the CDH maneuver. In both of these maneuvers, the horizontal com-

ponentof thrust is maintained parallel to the estimated CSM orbit plane. The CSI and CDH routines

compute and control these maneuvers. An additional capability is provided for removing out-of-plane

velocity in the CSI and CDH maneuvers, by using the external AV routine for control. To enable this, the

required incremental velocities computed by both the CSI and CDH routines are automatically furnished

to the external AV routine to target, in advance, the in-plane components of the burn.

The final maneuver of the coelliptic flight plan sequence is the TPI maneuver, nominally a burn that
places the LM on a direct intercept trajectory with the CSM. The maneuveris initiated when the angle
of the LM-CSMline of sight with respect to the local horizontal is at a preferred value. The TPI
routine computes and controls this maneuver; it may also be used for implementing subsequent midcourse
correction maneuvers.

Coelliptic Sequence Initiation Routine. Coelliptic rendezvous is initiated by the CSI burn, followed by a

CDH maneuver. The magnitude of the CSI burn is computed so that, after the CSI and CDH maneuvers,

the LM arrives at the desired TPI time with the desired LOS angle to the CSM. The CSI and CDH

maneuvers are computed in the AGS X-Z inertial plane. The CSI routine computes the magnitude of the

horizontal velocity increment (parallel to the CSM orbit plane) required to satisfy targeting conditions.

 

The AGS time of the CSI routine is one targeting condition for the CSI maneuver. This entry is made by
using DEDA address 275. Timeto go until the CSI maneuvercan be obtained by reading out address 313

on the DEDA.

After the CSI maneuver has converged to a solution, the time from the CSI to CDH can be obtained by

using address 373 on the DEDA. Time until CDH (when less than 136 minutes) can also be obtained by

using address 313. Other times available in the CSI routine are listed in the DEDA output list. (Refer

to Apollo Operations Handbook, Volume Il, paragraph 4.4, addresses 274, 275, and 377).
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The angle that the projection of the LM-CSM LOS on the X-Z inertial plane makes with the LM local

horizonta} at the desired TPI time (positive, measured clockwise from the local horizontal forward of the

LM when looking in the direction of the +Y-inertial-axis) is another targeting condition.

The CDH burn is performed at the time determined by the CSI routine. This time is the predicted time

of LM arrival at the first or second crossing of the LM orbit line of apsides, following the CSI burn. A

DEDAinput (416+10000) specifies whether the CDH maneuver will be performed at the second crossing.

Otherwise, it is assumed that the CDH maneuverwill be performed at the first crossing. If the predicted

radial rate (rs) is nearly zero at CSI coast, it is possible that the subsequent coast orbit would be

circular, Selection of first or second apsidal crossing becomes meaningless for a circular orbit.

The CSI routine is repeated three times every 2 seconds. The routine computes, and makes available for

readout via the DEDA, the following parameters:

e CSI iteration error

e Time from CDH to TPI

e Predicted differential altitude in the coelliptic orbit

e Predicted coelliptic burn 4V magnitude

e Sign and magnitude of predicted horizontal (CSI) AV

e Predicted time from CSI to CDH.

The CSI routine provides a real-time commanded attitude. The CSI horizontal AV solution is valid at

CSI time (tigA). When real time (t) becomes greater than tiga» the CSI routine is computed in real time.

Constant Delta Altitude. The CDH routine computes, in real time, attitude commands and velocity incre-

ment required to make the LM and CSMorbits coelliptic. The CDH routine provides commanded attitude

such that the horizontal component of vehicle X-axis thrusting is parallel to the CSM orbit plane.

 

The CDHroutine is selected after completion of the CSI burn, by keying 410 and +20000 into the DEDA.

When this occurs, targeting is accomplished automatically for the CSI routine, by the CSI computations.

The CDH solution is computed for future time, predicted during the CSI routine, until real time exceeds

the predicted burn time. The solution is thereafter computed in real time.

If the CDH maneuver doesnot follow the CSI maneuver, the time to go until the CDH maneuver must be

entered as a targeting constant. This is accomplished by keying address 315 on the DEDA. Addresses

275, 310, and 377 are timing quantities available in this mode.

In a nominal mission, the CDH maneuver is assumedto occur after the CSI maneuver; therefore,

targeting is accomplished automatically for the CDH maneuver by the CSI computations. The event

timer is set by using the quantity T 4 (after the CDH routine is entered), which is the time to go until the

CDH maneuver, if T4 does not exceed 136 minutes. The times of interest during the CDH maneuverare

listed in table 2.1-11.
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Table 2.1-11. Time (Minutes) Quantities Available in CDH Mode

 

 

Address Quantization Equation Symbol Description

310 0.01 Ta Timeto go until CDH maneuver

275 0.1 To Time from CDH to nominal TPI maneuver
predicted during CSI

275 0.1 gi Nominal time of TPI maneuver (targeting
quantity)

313 0.01 Toerg Timeto perifocus of present LM orbit

377 0.1 t AGS computer time      
Terminal Phase Initiation Routine. The TPI maneuver begins the direct transfer to rendezvous. There
are two direct transfer routines: one, primarily for mission planning (TPI search); the other, for
performing the maneuver (TPI execute). The latter routine can also be used for mission planningif
desired. In general, the routines are used together, in sequence, to perform the TPI maneuver.

 

During mission planning, the object is to determine when direct transfer should occur. This determina-

tion is based upon achieving the desired LOS angle between the LM and CSM. Onceignition time is

determined, the AGS is switched to the alternate direct transfer routine and the maneuver is performed.

This routine is used in the coelliptic rendezvous scheme, following the CDH maneuver. The CSI and

CDH maneuvers are performed so that, at the nominal TPI time, the phasing between the LM and CSM is

such that the desired LOS angle is achieved.

Because of errors in the AGS (due to sensors, navigation, maneuver execution, etc), the desired LOSis

not achieved at exactly the targeted TPI time. To determine when the desired LOS will be achieved and,
thus, when to perform the maneuver, a direct transfer search guidance routine is available in the AGS

(DEDAentry 410+30000). During this routine, the astronauts determine total velocity required to

rendezvous, and perform the TPI maneuver based upon achieving a desirable value (TBD) of total

velocity. The alternate direct transfer guidance routine (DEDA entry 410+40000) is used to actually

perform the maneuver.

There are two modes that can be used for the TPI maneuver. Tables 2.1-12 and 2.1-13 define the time

quantities of interest in each mode.

Table 2.1-12. Time (Minutes) of Interest for TPI Search Routine

 

 

¢

Address Quantization Equation Symbol Description

310 0.01 Ta Input quantity. TPI search assumes TPIto
occur in Ta minutes.

373 0.1 tigc AGS computer time of TPI maneuver;
output quantity.

307 0.01 Jé Input quantity. Time from TPI to intercept
(assuming no burns after TPI).

311 0.01 Tr Timeto go until intercept; output quantity

313 0.01 Tperg Time to perifocus of present LM orbit     
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© Table 2.1-12. Time (Minutes) of Interest for TPI Search Routine (cont) oad

 

 

Address Quantization Equation Symbol Description

377 0.1 t AGS computer time

306 0,01 j4 Time increment prior to rendezvous at

which node is created

312 0.01 ga Stable orbit offset

 

Table 2.1-13. Time (Minutes) of Interest for TPI Execute Routine

 

Address Quantization Equation Symbol Description

 

373 0.1 tigc Either input quantity or quantity obtained

from TPI search mode. This is AGS
computer time of the TPI maneuver.

310 0.01 Ta Time to go until TPI maneuver; output

quantity.

307 0.01 yo Input quantity. Time from TPIto intercept

(assuming no burns after TPI).

311 0.01 Tr Time to go until intercept; output quantity.

313 0.01 Tperg Time to perifocus of present LM orbit

© 377 0.1 t AGS computer time

306 0.01 jt Time increment prior to rendezvous at

which node is created

312 0.01 ep Stable orbit offset       
Epoch times input to the AEA via the DEDAare in units of minutes with a quantization level of 1/10

minutes or 6 seconds. Epoch data used in the AGS for navigation updates via the DEDA mustbe valid at

a multiple of 1/10 minute. If not, position errors of three miles for lunar missions could result due to

roundoff of epoch time via the DEDA.

External 4V Routine. The external 4V routine accepts components of a velocity-to-be-gained vector in

local vertical coordinates entered via the DEDA. A commandedattitude maintains the LM X-axis toward

the resultant of the velocity-to-be-gained vectors in real time, independentof the required burn time.

When ullage is sensed, and thereafter until the AEA is switched from the external AV, the external AV

components remain fixed in inertial space. If the external AV routine (DEDA entry 410+50000)is

initiated early or late, the desired orbit at cutoff is not achieved. Large timing errors result in large

differences between the actual orbit obtained and the orbit desired.

©The AGS can maintain the LM in any attitude in a local vertical coordinate frame during free flight. The

LM can be pitched at the orbital rate to maintain the X-axis along the local horizontal, using the external

aV routine. A fictitious velocity-to-be-gained vector is entered via the DEDAto obtain the desired

attitude.

2.1.4.4.9 Abort Guidance Section - Descent or Ascent Engine and Thrust Chamber Assembly Bur

When the LM is under AGScontrol during coasting flight, the AGS can fire the descent u-

© ascent engine or thruster(s). The AEA is programmedin such a mannerthat translational thrust is applied

 

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

Mission LM_ Basic Date 1 February 1970 Change Date Page 2.1-117

 



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

in certain nominal directions. (Refer to table 2,1-14.) The nominal cant angle used by the AGSis con-
trolled by two constants in the AEA computer (DEDA-accessible in octal):

e 4K7 - Cant angle (radians) of thrust vector in the pitch plane. DEDA address 566.
Positive sign indicates thrust vector is canted from the +X-body-axis
toward the +Z-body-axis.

®  4K8 - Cant angle (radians) or thrust vector in the yaw plane. DEDA address
602. Positive sign indicates thrust vector is canted from the +X-body-
axis toward the +Y-body-axis.

Table 2.1-14. Abort Guidance Section - Translational Thrust

 

 

 

Engine Direction of Thrust Assumed by AEA

Descent +X-body-~axis

Ascent Canted. Cant angle data are used by AEA to
account for canted thrust direction.

TCA The +X, +Y, +Z thrust chamber assemblies
assumed to thrust along tX-, +Y-, +Z-body-

axes, respectively.  
 

Before in-orbit maneuvers, the astronauts choose which TCA(s) will be used. The AGS must
be informed, via the DEDA,of the decision to fire the ascent engine, so that steering transients will not
occur at the start of the burn. Before AGS-controlled orientation to the desired thrustattitude, the fol- q
lowing DEDA selection should be entered or verified:

e DPS or RCS: DEDA entry 411+00000

e APS: DEDA entry 411+10000.

Regardless of the selection, the AEA assumesthe canted thrust direction wheneverthe
APS-on discrete is received. (See figure 2. 1-39,)

   

  

     
  

 
 

TO + AEA ASSUMESSTEERING . ADDRESS 00000 oF APS DISCRETE APS OFF NONCANTED
LOGIC 2) THRUST VECTOR

+ 10000 APS ON

  6AEA ASSUMES CANTED THRUST VECTOR iN
STEERING EQUATIONS

 

 

   
j

STEERING

 

3O0LM4-258

Canted Thrust Selection Logic @Figure 2, 1-39,
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Descent or Ascent Engine Burn, To prepare for an engine burn under AGS control, the following con-

ditions are required:
 

e Condition No. 1- Th JID CUNT switch mustbe set to AGS. This removes the

followup signal to the +.GS. _

e Condition No. 2 - The MODE CONTROL: AGS switch must be set to AUTO. This

transmits an auto discrete to the AGS and removes the AGS from attitude hold.

e Condition No. 3 - The ABORT pushbutton must be pressed. “This ‘arms the DPS.

e Condition No. 4 - The ABORT STAGEpushbutton mustbe pressed. This arms

the APS. :

e Condition No. 5 - +10000 must be entered into DEDA address 400. This enables

the engine-on signal and guidance steering. a

Conditions No. 1, 2, and 5 are sufficient for the AGS to assumecontro! and orient the LM with the

selected guidance routine. However, to fire the descent or ascent engine additional conditions (conditions

No. 6 or 7, and 8 must be met).

Velocity To Be Gained. For the engine-on discrete to be issued to the CES, oneof the following conditions

must be met:

e@ Condition No. 6 - The magnitude of the velocity-to-be-gained vector, as computed

in the AEA, must exceed 100 feet per second.

e Condition No. 7 - The component (sign and magnitude) of the velocity-to-be-gained

vector must exceed the engine tailoff 4V value (currently +2.1 fps).

Ullage. Before an engine can be fired, the AGS must sense ullage. Ullage must be supplied manually by

pressing the + X TRANSL pushbutton until the engine fires. The condition governing the AEA recognition

of ullage is as follows:

e@ Condition No. 8 - The AEA recognizes whether the sensed velocity change per

2-second compute cycle equals or exceeds 0.2 fps in the +X-body-axis direction

for three consecutive compute cycles.

If the sensed velocity increment drops below 0.2 fps on a 2-second compute cycle, an engine-off discrete

is sent to the CES. Before the engine can be fired again, the AGS must again establish the ullage

recognition condition. During the powered-flight abort staging sequence, the sensed velocity accumulated

over any 2-second period will exceed 0.2 fps; therefore, ullage is maintained and the AEA generates

continuous engine-on signals. :

Satisfaction of Ullage Condition Due To Angular Accelerations. The maximum distance between the ASA

and the LM centerof gravity is approximately 10 feet in the +X-body-axis direction and 5 feet in the

+Z-body-axis direction. There is effectively no displacement in the Y-body-axis direction. Because

the ASA is offset in the Z-direction, angular accelerations about the pitch axis could. cause the ullage

condition to be satisfied. The required angular acceleration is slightly greater than 1°/second* and must

exist for a minimum of 6 consecutive seconds.

If all conditions for engine burn, except the ullage condition, are satisfied and the LM is to be reoriented

through a large angle under AGS control, the engine STOP pushbutton must be pressed until LM reorienta-

tion has occurred, to avoid sending the engine-on command.
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Conditions for descent or ascent engine burn are as follows:

 

e To fire the descent engine, conditions No. 1, 2, 3, 5, 8, and either or both 6

and 7 are sufficient.

e To fire the ascent engine, conditions No. 1, 2, 4, 5, 8, and either or both 6

and 7 are sufficient. ©

Lunar Surface Lift-Off. On the lunar surface ullage is automatically generated and the orbit insertion
guidance routine generates a large value of velocity to be gained. To ascend to orbit insertion, the

following are required:

e The GUID CONTswitch must be set to AGS; the MODE CONTROL: AGSswitch, to
AUTO.

e The submode must be guidance steering (DEDA entry 400+10000).

e The AEA guidance routine must be orbit insertion (DEDA entry 410+00000).

e The ABORT STAGE pushbutton must be pressed. The AGS will issue an engine-on
discrete igniting the ascent engine.

Manual Engine Operation. If an engine is fired by pressing the engine START pushbutton, it can only be

shut down by pressing the engine STOP pushbutton (unless fuel depletion or staging occursfirst). If the

engine is manually fired, the AGS will not shut it down. When an engine is manually fired, the astronauts

can monitor 4Vgx (quantized at 1 fps) via DEDA address 500 and press the engine STOP pushbutton when

4Vpx is near zero. ©

Thrust Chamber Assembly Burns. TCA translation can be used with AGS steering control when the

following are performed:
 

e Conditions No. 1, 2, and 5 must be established in sufficient time for the LM to

orient to the desired thrust attitude.

e DEDA address 500 mustbe selected for 4Vgx readout.

@ The ATT/TRANSL mustbe set to the desired numberof jets (2 or 4).

e@ The engine STOP pushbutton must be pressed. This inhibits the engine-on
discrete.

e The ABORT or ABORT STAGEpushbutton must be pressed. This provides for

attitude hold at the end of the burn.

e At maneuver time, use the TTCAto null the DEDA reading.

e When 4Vgx equal zero, reduce thrust to zero. ©

2.1.4.4.10 Abort Guidance Section - Thrust Termination.

When the LM is under PGNScontrol, the AGS outputs engine-on or engine-off discretes,

which are followups of the actual engine condition. These discretes are inhibited when the GUID CONT

switch is in the PGNS position. When the LM is under AGS control, the engine-off discrete is sent to the

CES whenthe velocity-to-be-gained magnitude falls below the threshold value.
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Ascent or Descent Engine. When the AGS sends an engine-off discrete to the CES, the ascent or descent

engine thrust automatically terminates, provided the engine was not turned on by pressing the engine

START pushbutton. Under AGS control, the engine-off discrete is generated if any of the following

conditions occur:

@ Velocity-to-be-gained magnitude is equal to or less than 100 fps and the component

of the velocity-to-be-gained vector resolved along the +X-body-axis is equal to or

less than 2.1 fps.

e  Ullage recognition signal (less than 0.2 fps sensed AV ina 2-second computer

cycle) is lost.

e Address 400 does not contain the value +10000.

Attitude Hold. If the MODE CONTROL: AGS switch is set to ATT HOLD during an AGS-controlled

powered maneuver, the AGS is placed in an engine followup mode. The existing LM attitude and the

engine-on discrete to the CES are maintained; an engine-off discrete is inhibited by the MODE CONTROL:

AGS switch. The astronauts can assume manual attitude control by moving the ACA out of detent. When

this option is used, thrust must be manually terminated. Returning the ACA to the detent position and

setting the MODE CONTROL: AGS switch to AUTO allows the AGS to resume guidance control; thrust

terminates when the velocity-to-be-gained magnitude has decreased to the threshold established for

engine shutdown.

Thrust Chamber Assemblies. The following procedure applies to each axis individually if axis-by-axis

translation is being performed (LM in attitude hold) or to the X-body-axis if AGS steering is used:

e Monitor, via the DEDA, the velocity-to-be-gained magnitude in the appropriate

thrust direction. (Refer to table 2.1-15.)

e Terminate thrust manually with the TTCA when velocity to be gained (along the

appropriate axis) is zero.

In the AGS steering mode, the LM is placed in attitude hold when thrust terminates. If the thruster burn

has continued long enough (longer than 6 seconds) for the ullage recognition signal to be generated in the

AEA, the AGS switches to attitude hold when AVex is equal to, or less than, 2.1 fps. If the burn is too

short for ullage recognition or if thrusting along the Z-body-axis, the AGS orients the LM +X-body-axis

along the direction of the residual 4V vector after thrust termination. This could produce an undesired

LM rotation in an attempt to align the +X-body-axis along the residual AV vector.

Table 2.1-15. Abort Guidance Section - Thrust Directions

 

 

 

DEDA(Least Significant Digit)

Quantity* DEDA Address Units Lunar Mission

4Vex 500 fps 0.1

AVgy 501 fps 0.1

4Vgz 502 fps 0.1   
 

*These quantities are computed every 40 milliseconds and updated on the DEDA display

every half second.  
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In addition, in the AGS steering mode, when velocity to be gained is less than 15 fps and the sensed AV in
the +X-body-axis direction exceeds 0.2 fps in a 2-second computer cycle, the AEA ceases updating the
desired thrust direction. To avoid undesired LM rotations, the procedure for performing TCA burnsof

less than 15 fps when AGSsteering is used is as follows:

e The GUID CONT switch must be set to AGS; the MODE CONTROL: AGS switch, to
AUTO.

e DEDAentry 400+10000 (guidance steering) must be verified.

e Immediately preceding the maneuver (within 10 seconds), the MODE CONTROL
switch must be set to ATT HOLD.

@ 4Vgx must be monitored via DEDA address 500.

@ The maneuver must be performed with the +X TRANSL pushbutton.

e TCA thrusting must be terminated when 4Vpy is zero.

If the option to perform a Z-body-axis thruster burn with the LM Z-body oriented in the desired thrust
direction is chosen (DEDA entries 400+20000 and 507+10000), set the MODE CONTROL: AGSswitch
to ATT HOLD whenvelocity to be gained along the Z-body-axis is less than 15 fps.

2.1.4.5 Control Electronics Section

2.1.4.5.1 Attitude Controller Assemblies. (See figure 2. 1-40.)

The ACA performsthe following functions:

e@ Supplies attitude rate commands proportional to ACA handle displacement, to the
LGC and ATCA

e Supplies low amplitude pulse rotational acceleration open loop commands to ATCA/
RCS during AGS control

@ Supplies an out-of-detent discrete each time the ACA handle is out of the neutral
position

e Supplies a followup discrete to the AEA each time the ACAis out of detent, when

the AGS is in control and operating in the attitude hold mode. The followup dis-

crete is present at all times.

® Provides a switch for the push-to-talk function, required for communications.

e Supplies 2-jet direct operation under AGS control, through the RCS secondary
coils

e Provides for 4-jet direct operation, which is available at all times, through the
RCS secondary coils as a manual override.

The ACA is used for closed-loop proportional rate commands in the attitude hold mode and

for open-loop acceleration commandsin the pulse, direct, and hardover modes. (See figure 2. 1-41. }

For ACA proportional control, a 28-volt, 800-cps signal is applied to the primarycoil of

three proportional transducers. The secondary voltage of each transduceris proportional to ACA dis-

placement about its input axis (one each for the roll, pitch, and yaw axes). When ACA displacement
exceeds 0.5° , two sets of switch contacts close. One set of contacts sends an out-of-detent discrete to

the LGC and a followup discrete to the AEA if the MODE CONTROL: PGNSswitch is set to ATT HOLD.
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YAW AXIS
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PIVOTAL POINTS

A- 200UM4-204

Figure 2.1-40. ACA - Angular Displacements

The other set of contacts sends a proportional secondary voltage to the LGC or the ATCA. The output

gradient voltages are 0. 28 volt/degree of displacement (1° to 11°). Positive rotation commands

generate in-phase voltage; negative commands, 180° out-of-phase voltage.

During attitude control (ATTITUDE CONTROL:. ROLL, PITCH, or YAW switch set to

‘MODE CONT) when the minimum pulse mode is selected via the DSKY and the PGNSis in control, the

LGC common applied to the plus and minus switches of the ACA is returned to the LGC when the ACA

is displaced more than 2. 5°. When the AGS is in control and the pulse modeis selected for a given axis

(ATTITUDE CONTROL: ROLL, PITCH, or YAW switch set to PULSE), positive or negative d-c voltages

are applied to the plus and minus switches of the ACA. When the ACA is displaced 2.5° or more from

neutral, a positive or negative d-c voltage is applied to the ATCA. A positive voltage commandsa posi-

tive acceleration (pulsed) about the selected axis; a negative voltage commands negative acceleration.

With the ATTITUDE CONTROL: ROLL, PITCH, or YAW switch set to DIR, 28 volts dc is applied to two

RCS secondary solenoids when the ACA is displaced more than 2. 5°,

In any attitude control operation, if the ACA is moved 12° or more in any axis (hardover

mode), the ACA activates four thrusters via the secondary coils. With either the MODE CONTROL:

PGNS or AGS switch set to ATT HOLD and the ATTITUDE CONTROL: ROLL, PITCH, and YAW switches

(one or more) set to MODE CONT, the ACA can command LMattitude changes about the selected axis or

about as many as three axes simultaneously.

2.1.4,5.2  Thrust/Translation Controller Assemblies. (See figure 2. 1-42. )

Either astronaut's TTCA can be used for manual control of LM translation in any axis, de-

pending on the setting ofthe THROTTLE-JETSselect lever. The THROTTLEposition is selected for

translation control, using the descent engine and the thrusters; JETS, for translation control, using

only the thrusters.

A pair of detent switches and a pair of limit switches are located about each TTCA axis; a

nonlinear potentiometer is located along the longitudinal axis. (See figure 2. 1-43.) The detent switches
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Figure 2.1-42, TTCA - Angular Displacements

provide a discrete to the LGC when the astronaut operates the TTCA 0. 25 inch out of its detent (neutral)

position. The discrete commands the LGC to issue translation change commandsin accordance with

the TTCA motion.

When the AGSis controlling the vehicle, the limit switches issue on and off translation

commandsdirectly to the RCS jet logic and driver circuitry. The nonlinear potentiometer provides an

electrical output, which is proportional to TTCA displacement, when the THROTTLE -JETS select lever

is set to THROTTLE. These signals are routed to the DECA to command proportional control of thrust

(magnitude). The nonlinear characteristic provides increased servo characteristics.

2.1.4.5.3 Attitude and Translation Control Assembly. (See figure 2. 1-44.)

The ATCA processes signals from the ACA, TTCA, RGA, and ABAin the AGS mode and

from the LGC in the PGNS mode. The ATCA provides control of LM translation and rotation in all three

axes, using the thrusters. Automatic and manual control are available in the primary guidance and

abort guidance modes.

The ATCA performsthe following functions in the primary guidance mode:

e Under automatic attitude hold control, conditions the thruster commands from

the LGC

@ e Supplies regulated 800-cps, three-phase and single-phase power to the RGA, and

reference 800-cps, single-phase power to the FDAI's, AGS, IS, and the RR backup a

servo transducers (manual mode)

e Supplies regulated d-c power to the DECA, ACA, TTCA, and S&C control assem-

blies and internal d-c power to the ATCA

e Accepts externally generated ground discretes at the primary jet drivers pre-

© amplifiers during the digital autopilot (DAP) mode a
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The ATCA performs the following functions in the abort guidance mode: lend

e Accepts 800-cps attitude error signals, rate commandsignals, and rate gyro

signals for the purpose of generating on and off thruster commands

 

e Sums, amplifies, limits, demodulates, and deadband attitude and rate (command

and gyros) signals to produce vehicle rotation commands.

e Determines, by combination of rotation and translation commandsin the logic

circuitry, the appropriate pulse ratio modulators and jet solenoids to be

energized. Proper thruster selection provides the desired rotation and trans-

lation.

e Accepts external open-loop, low-level rotation commands directly at the logic net-

works (pulse mode)

e Provides trim signals to the DECA

e Provides d-c voltages to the ACA, TTCA, DECA, and the control panel, and

internal d-c voltages to the ATCA

e Provides synchronized 800-cps, three-phase power to the RGA and 800-cpssingle-
phase power to the ACA, TTCA, RGA, AGS, FDAI's, IS (during manual mode
only), and RR backup servo transducers

e Accepts and processes mode-changing external signals to effect changes in rate gain
due to changes in vehicle inertial (during APS or DPS operations), a change in
deadbands (manually set), and a change in two-jet - four-jet rotation commands, but a

dependent upon engine propulsion modes.

In the primary guidance mode, only the primary preamplifiers are enabled by the

GUID CONT switch. The circuits in the ATCA remain fully active when used with PGNS, but

automatic manual steering and translation commands from the jet selection logic are inhibited.

Regulated d-c power and the synchronized 800-cps power are still supplied from the ATCA. In this

functional mode, the ATCA electronically switches the thruster command ground discretes from the

LGC to provide driving power for RCS jet solenoid actuation and provides vehicle rotation rates to the

FDAI's. Inthe abort guidance mode, only the abort preamplifiers are enabled and thruster signals from

the pulse ratio modulators are switched to drive the RCS primary solenoids. The BAL CPL switch

(panel 1) must be set to ON to enable ali 16 abort preamplifiers. If the BAL CPL switch is set to OFF,

the four abort preamplifiers that control the upward-firing thrusters (A1U, B2U, A3U, and B4U) are dis-

abled, if necessary, to optimize conditions during ascent engine firing.

In the abort guidance mode, pitch, roll, and yaw signals are processed in three similar

channels. Attitude error signals from the AGS are applied to the ATCA in the automatic mode and the

attitude hold mode with the ACA's in detent. When the DEAD BANDswitch (panel 3) is set to MIN (narrow

deadband), the error signals are first passed through limiters to prevent excessive vehicle rates. The

limiters maintain the vehicle rates at a maximum of 10°/sec in pitch and 5°/sec in roll and yaw during

descent or ascent phases. When the DEAD BAND switchis set to MAX (wide deadband), the limiter is

eliminated. The error signals are next summed with rate-damping signals from the RGA. In the attitude

hold mode, with an ACA out of detent, proportional attitude-rate commands are summed with the RGA

rate-damping signals. The gains of the summing amplifiers are changed when the LM is staged, to

account for the change in vehicle moment of inertia. The summed a-c signals are changed to de by keyed

demodulators and filters. In the roll and pitch channels, the demodulator output is routed to the DECAto

© control descent engine trim. The deadband circuitry provides for a wide deadband (-5° to +5°) ora

narrow deadband (-0.3° to +0.3° roll and pitch; 0.4° to +0.4° yaw). If the ascent or descent engine is

turned on, the narrow deadband is automatically selected. When the engines are turned off, the deadband

depends upon the setting of the DEAD BAND switch.

In the automatic and attitude hold modes, the attitude error signals from the deadband cir-

cuits are routed to the logic summing amplifiers, which drive the proper pulse ratio modulator (PRM) and

reaction jet driver. In the pulse mode, d-c voltages from the ACA's are directly routed to the

logic summing amplifiers. Using one summing amplifier to drive one thruster or the other in the eight

opposing pairs, depending on the polarity of the ACA output, eliminates the possibility of wasting fuel by

simultaneously firing opposing thrusters. Roll, pitch, and X-axis translation are controlled by the vertical
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thrusters; yaw, Y-axis translation, and Z-axis translation, by the horizontal thrusters. The eight summing

amplifiers combinetheattitude signals and translation commands from the TTCA and apply the resultant

signals to eight PRM's. Logic circuitry determines whether two or four thrusters (jets) fire for X-axis

translation, pitch, and roll, as well as, the net number ot jets activated by combination signals. Also,

manual operation of two or four jets in X-translation and pitch or roll on a single-axis basis is possible,

using ATCA.

The eight PRM's generate pulses, whose width and frequency vary according tothe input volt-
age, to control the duty cycle of the thrusters. The pulse output of each PRM is fed to a pair of solenoid

driver preamplifiers and jet drivers. Each pulsefrom the PRMfires one of a pair of opposing thrusters,

depending on the polarity of the input voltages to the PRM. Whenthe pulse is applied, the jet drivers,
which act as solid-state switches, supply a ground path tothe solenoid coilof the thruster. This action

completes anelectrical path forthe solenoid coil, and the thruster fires for the duration of the PRM pulse.

The ATCA consists of an attitude error signal conditioner-limiter, rate signal summation

amplifier demodulator-filter network, deadband circuits, jet select logic, pulse ratio modulators, and

solenoid driver preamplifiers and jet solenoid drivers. (See figure 2. 1-45.)

Attitude Error Signal Conditioner- Limiter. To provide the proper scale factor, impedance match, and

limiting, the 800-cps attitude error signal is passed through a signal conditioner-limiter before summa-

tion with the rate gyro signal. Limiting the attitude error prevents command of excessive vehicle rates

during narrow deadband operation only subject to ascent or descent conditions. The limiting action of

the limiter is eliminated during wide deadband operation.

 

Rate Signal Summation Amplifier. The attitude error and rate and ACA signals are a-c summed and
amplified before demodulation by the amplifier, because they are all synchronized to the 800-cps power
source. Amplification and summingat this point helps to minimize error causedby drift.

Demodulator- Filter Network. A keyed demodulator is used to convert summed and amplified error sig-
nals to dc. The synchronized 800-cps power source of the ATCAis used for the demodulator reference.

An active filter is used to obtain 12-db/octave attenuation for frequencies above 18 cps. Thefiltered roll

and pitch signals are routed to the DECA for descent engine trim.

Deadband Circuits. Either of two deadband circuits can be selected manually with the DEAD BAND

switch. The wide deadband (DEAD BAND switch set to MAX) is used for coasting-period limit cycling

to conserve fuel. The narrow deadband (DEAD BAND switch set to MIN) is used during periods when

the ascent or descent engine is thrusting. In addition to the manual capability, an automatic minimum

deadband override is provided for use during ascent or descent engine thrusting.

Jet Select Logic. (See figure 2.1-46.) For any combination of analog rotation and translation signal

inputs to the ATCA, this logic provides signals to the proper thrusters (tables 2. 1-16 and 2. 1-17).

Maximum momentcontrol of four jets for combinational commands occurs whenever they are commanded.
When the ascent or descent engine is thrusting, the ascent engine latching device of an S&C control as-
sembly automatically puts the logic in four-thruster roll and pitch operation. In four-thruster operation,
the logic corrects roll or pitch errors with four thrusters. This provides additional attitude gain to

compensate for possible engine thrust-vector misalignment. The X TRANSL switch (panel 1) enables

the astronauts to command four-thruster X-axis translation to provide additional thrust capability along
the vehicle X-axis.

Pulse Ratio Modulators. The PRM's accept the net output signal + or - of the logic network d-c

summing amplifiers. The eight PRM's consists of a zero crossover detector, an absolute value cir-

cuit, output gating, and the PRM circuit. The PRM's accept d-c analog signals from the thruster selec-
tion logic, detect the polarity, and route the pulsed output to the proper jet driver. The zero crossover

detector detects the polarity of the d-c input, and provides enabling signals to the appropriate gates
when the inpu' signals exceed the threshold level (0.5 volt), In this manner simultaneous thrusting of
opposing jets is prevented. Because the PRM circuit operates on positive inputs only, the absolute

value circuit is required, to invert negative inputs and pass positive inputs to the PRM. The outputs

of the zero crossover detector and the PRM circuit, applied to AND gates, produce a train of pulses
at the output of the PRM whenthe two inputs are coincident. :
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Table 2.1-16. RCS Jet Select Logic - Rotational Maneuver

B A B A BBA B A A B A BAB
4 4 4 4 3 3 3 3 22 2 2 I1o1i1ii1

Maneuver U DF U DAR U DAL U D L

+P (Yaw left), four-jet xX x X x

two-jet Alternating pulses between A4R, B2L & AIF, B3A

-P (Yaw right), four-jet_ x x x x

two-jet Alternating pulses between B4F, A2A & B1L, A3R

+P (Alternative)*, two-jet x xX
x X

Xx x
x Xx

X X
Xx xX

-P (Alternative)*, two-jet x xX

Xx x
x
xX x

x x
xX Xx

+U (Pitch up, roll right)**, two-jet D4 Xx

-U (Pitch down, roll left)*, two-jet Xx x

+V (Pitch down, roll right)**, two-jet x x

-V (Pitch up, roll left)**, two-jet x x ©

a *Alternative two-jet policies when a P rotational jetfails.
*4]f one U or V rotational jet fails, the other jet completes rotation.

Solenoid Driver Preamplifiers and Jet Solenoid Drivers. Thirty-two solenoid driver preamplifiers ac-
cept pulsed inputs from the 16 PRM outputs when the AGSis used or from the 16 PGNSoutputs when the

primary guidance mode is used. When the AGS is used, its 16 preamplifiers are enabled with 28-volt
d-c power and the PGNS preamplifiers are disabled, and vice versa. The jet solenoid drivers, driven

by either one set of preamplifiers or the other, control the firing of their respective thrusters by pro-

viding a ground to the fuel and oxidizer solenoids through output transistors. When the AGSis selected
and the main engine (ascent or descent) is firing, X-axis rotation logic inputs cause one or two of the
vertical thrusters to fire and oppose the engine thrust. To prevent this from occurring, the BAL CPL
switch can be used to disable four of the preamplifiers. Setting the X-TRANSL switch to 4 JETS and the
BAL CPLswitch to OFF provides two-thruster roll and pitch error corrections without opposing the

engine thrust.

2.1.4.5.4 Rate Gyro Assembly. (See figure 2. 1-47.)

The RGA sensespitch, roll, and yaw rates and applies the 800-cps rate signals to the ATCA.

The ATCA uses the 800-cps rate signals to rate-dampthe attitude control loop when the AGSis in control.

Rate signals are displayed on the FDAI from monitor points at the ATCAinputs. ©

The RGA consists of three single-degree-of-freedom rate gyros mounted so that they sense

vehicle roll, pitch, and yaw rates. Each gyro can measure input rates from -25° to +25° per second;

each has self-test features. Each rate gyro senses a rate of turn about its input axis, which is perpendic-

ular to the spin and output axes. This rate of turn is dependent on the gimbal position of the gyro. An

analog output(rate of turn) is obtained from the stator- rotor pickoff, which is positioned by the precession

® of the gimbal. The pickoff voltages are continuously fed to the FDAI rate indicators and the ATCA. In

abort guidance, these rate signals are effective in damping vehicle rates.

Three-phase, 26-volt, 800-cps power generated in the ATCAis applied to the motor of each

gyro. Pickoff excitation (28-volt, 800-cps power generated in the ATCA) is applied to the primary coil
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Table 2.1-17. RCS Jet Select Logic - Translational Maneuver jonas

 

 

   
 

BABA A BBA B A A B A F A B

4 4 4 4 3 3 3°38 22 2 2 to21iiai1

Maneuver U D F R DAR U DA OL D F L

+X-Translation, four-jet x xX x x

two-jet x x
x X

~X-Translation, four-jet X Xx

two-jet xX xX

+Y-Translation x x

~Y-Translation x x

+Z-Translation x xX

-Z-Translation x xX

+U (+Z & +Y) Translation . x xX X xX

-U (-Z & ~Y) Translation X X Xx X

+V (+Z & -Y) Translation x xX xX x

-V (-Z & +Y) Translation x x xX X

+Y-Tack Translation* Alternating pulses between B2L, B4F & A2A, B2L

© Alternating pulses between BIL, AIF & BLL, B3A

-Y-Tack Translation* Alternating pulses between A4R, B4F & A4R, A2A
Alternating pulses between A3R, B3A & A3R, A1F

+Z-Tack Translation* Alternating pulses between B3A, A3R & B38A, BIL
Alternating pulses between A2A, B2L & A2A, A4R

-Z~Tack Translation* Alternating pulses between B4F, A4R & B4F, B2L

Alternating pulses between A1F, A3R & AIF, BIL   
*y- and Z-track translations are commanded when conventional Y or Z two-jet translations are not
available (jet failure). Tacking alternations are performed every 0.1 second.

of a microsyn pickoff. The secondary coil picks off an 800-cps voltage proportional to the precession of

the gy: “nd, hence, proportional to the LM rate about the gyro input axis (0. 140 vrms/deg/sec).

Polari: .s arranged so that an in-phase pickoff voltage indicates a positive rate; a 180° phase pickoff a

voltage, a negative rate.

The self-test capability consists of a spin motor rotation test and a self-test torquer (gim-
bal torquer). The self-test torquer applies torque to the movable gimbal. When 28 volts dc is applied to
windings Ll and L2, the secondary of transformer T1 should pick off a voltage equivalent to a 5°/sec

© rotation. The direction of torquing is reversed by changing the polarity of the d-c voltage.

2.1.4.5.5 Descent Engine Control Assembly. (See figure 2. 1-48.)

The DECAprocesses four descent -engine-controlling outputs, as follows:

e Engine-throttling commands from the astronauts (manual) and the PGNS (automatic)

© e PGNS or ATCA signalsto position the GDA's to control engine trim
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Figure 2.1-47. Rate Gyro Assembly - Schematic and Vector Diagram

Engine arm commandsto actuate the fuel and oxidizer isolation valves in th
descent engine

On and off commandsto control descent engine ignition and shutdown (figure 2.1-51)

Issues GDA operation and DC supply failure notification to IS

To initiate manual throttle commands only, the THR CONT switch (panel 1) must be set to

 

 

MAN. (See figure 2.1-49.) During manual throttle control, LGC throttle commands are interrupted and
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Figure 2.1-48. Descent Engine Control Assembly - Simplified Block Diagram

only manual commands are displayed on the THRUSTindicator. Manual throttle commands consist of

a-c voltages, proportional to the active TTCA X-axis displacement, which are applied to the DECA.

The active TTCA always provides at least a 10% command. These commandsdrive a nonlinear circuit

that provides the desired thrust level. With nonlinear thrust levels, more resolution is obtained at the

lower levels. (See figure 2. 1-52.) Once the nonlinear region of the TTCA is reached, the TTCAshould

be displaced to its hard stop to prevent erratic descent engine operation.

To apply automatic throttle commands to the descent engine, the THR CONT switch must be

set to AUTO. The automatic commands appear on two separate lines (throttle increase andthrottle

decrease) as 3,200-cps pulse inputs to an integrating d-c counter (up-down counter), Each pulse corre-

sponds to a 2. 7-pound thrust increment. Throttle increases can drive the counter up to 12 volts, which,

when combined with the TTCA fixed 10% output in the descent engine throttle servoamplifier, corresponds

to 92.5% thrust. During automatic throttle operation, the LGC-commandedthrust is summed with the
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Figure 2.1-49. Descent Engine Control Assembly - Throttle Control Diagram

output of the TTCA. When the TTCAis in its minimum position, the LGC-commanded thrust is summed

with the fixed 10% output of the TTCA. When an active TTCAis displaced from its minimum position,

the amount of manual thrust commanded is summed with the LGC-commandedthrust to produce the

desired resultant. In this case, the TTCA overrides LGC control of descent engine thrust. The

total thrust commanded (automatic and/or manual) cannot exceed 92.5%. Automatic thrust commands

desired by the LGC are always 10% of thrust lower than required to compensate for the TTCAfixed

output.

In the primary guidance mode, the LGC provides automatic trim control (see figure 2.1-50).
When the LGC determines the required descent engine trim it provides a train command to the DECA, on
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Figure 2.1-51. Descent Engine Control Assembly - Engine Control Diagram

'

a positive trim line or a negative trim line for the roll or pitch axis. The trim commandis routed by
a malfunction logic circuit and to a power-switching circuit, which applies 115-volt, 400-cps power to
the proper GDA. The power-switching circuit is controlled by the malfunction logic. The GDAtilts the
descent engine and providesa 400-cps feedback signal (proportional to engine position) to the DECA.
The DECA demodulates and differentiates the feedback signal; the resultant signal is fed back to the mal-
function logic circuit. The malfunction logic generates a trim failure signal that removes the 400-cps
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Figure 2.1-52. Throttle Control vs TTCA Displacement

power from the power-switching circuit. The signal is generated, and routed to the LGC and the

IS, if any of the following conditions exist:

e The GDA is not moving in the commanded direction.

e The malfunction circuitry fails.

e The transducerfails.

e The 400-cps motor rotates without a command.

e The 400-cps motorfails.

In the abort guidance mode, roll and pitch trim signals are received from the roll and pitch
error channels inthe ATCA. A comparator and threshold circuit in the DECA generates negative or
positive trim commands and routes them to the malfunction logic, which controls the power -switching

circuits as in the primary guidance mode.

2.1.4.5.6 Gimbal Drive Actuators. (See figure 2. 1-53.)

There are two GDA's. Each GDA consists, primarily, of a single-phase motor, a feedback
potentiometer, and associated mechanical devices. Each GDA can extend or retract 2 inches from the

@ midposition to tilt the descent engine a maximum of +6° or -6° along the Y-axis and Z-axis. a

On and off signals are supplied to the GDA's from the power gate circuits in the DECA. The

DECAprovides 115-volt, 400-cps power to the GDA motor, which controls the stroke of the GDA at a
rate of 0.0662 inch per second (7.5 volts per inch) +10% in a positive or negative direction along the
Y-axis and Z-axis. Gimbal position signals are supplied by the feedback potentiometer to a failure-

detection circuit in the DECA,
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Figure 2.1-53, Gimbal Drive Actuator

2.1.4.5.7 Ascent Engine Arming Assembly. (See figure 2. 1-54.)

The AEAA is used in conjunction with the digital uplink assembly (DUA) of the CS. The

DUA decodes the VHF (450-mc) uplink commands and routes control commands to the AEAA and program

control commands to the LGC. The program control commandsinstruct the LGC to initiate the APS
burn program. At the same time, control commandsarerouted to the AEAA to arm the ascent engine.

These commands energize a bank of relays, which, when energized, short the contacts of the ENG ARM

switch. This arms or enables the ascent engine ignition circuits within S&C control assemblies No. 1

and 2.

Normally, the PGNS is used to fire the ascent engine. Another bank of relays is used to

keep PGNS in control. Through the normally closed contacts of these relays, the GUID CONT switch

is shorted to the PGNS position. MSFN can select AGS control by energizing these relays. When
energized, they short the contacts of the GUID CONT switch to the AGS position. Remote AGS program

control is achieved with the followup facility of the LGC. Control of the LGC program is performed by

MSFN; the LGC, through the followup facility, instructs the AEA as to what functionsit is performing.

The AEA then follows the LGC by issuing the same commands. These commands from the AEA are

present at all times, but are not used until relay K8 is energized. When K8 is energized, the LGC out -

puts are terminated and the outputs of the AEA are used.

The relay logic consists of two bridging circuits that use four relays each (figure 2. 1-55).

One bridge circuit (relays Ki, K2, K3, and K4), when energized, shorts the contacts of the ENG ARM

switch to the ASC position. The other bridge circuit (relays K5, K6, K7, and K8), when energized,

shorts the contacts of the GUID CONT switch to the AGS position, The contacts of relays K5, K6,

K7, and K8 are normally closed when the relays are deenergized. This conditions shorts the contacts

of the GUID CONT switch across the PGNS position.

All the relays are energized by inputs from the DUA. The select commands (select 1,

2, 3, or 4) determine which pair of relays are to be energized to close the bridge circuit. The set

commands(set 1 or 2) energize the relays designated by the select command. The reset commands

deenergize the bridge circuit.

2.1.4.5.8 S&C Control Assemblies.

The S&C control assemblies contain three similar assemblies. One of the assemblies
also processes automatic and manual ascent or descent engine on and off commands. The circuits

 

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

Page 2.1-142 Mission LM Basic Date 1 February 1970 Change Date

 



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

 

   

   
 

    
   

    
 

   
    
  

  

      
             
  

 

 

    
  
     
 

    
 

FROM MSFN
(UHF - 450MC) TO MSFN

UPLINK
COMMANDS Yeesun

PCMTEA

UPLINK &
@ VERIFICATION VERIFICATION

CONTROL ASCENT ENGINE ARMING ASSEMBLY S&C CONTROL ASSEMBLY NO.2
fi .2-66A.DUA COMMANDS (See figure 2.2-66A.)

AUTO ENGINE ON Ke
tcc p+ AELDPROGRAM G ENGINE ARMED Lo! — |

CONTROL FOLLOWUP ' }
(START ASCENT SIGNALS ENGINE \ =
ENGINE BURN) ARMED

AEA GUIDCONT '

AUTO ENGINE ®CDRS  TSTAB/CONT ON i
28-VDC Arca AGS '1 1
BUS '

Ay oO ' bs t
o a i 13k8

' 13 SET
LMP'S =sTAB/CONTS !
28-VDC atca i =!

a, 10 | !a el be

° ot - 13k
° | RESET

STAB/CONT
ING — 05
am =

Oo ' =

A © ° T) KI4
o— OHO '2 ASCENT

lo
‘4 ENGINE

ARM
t =

1

ASE e-olc

¢——__—__0-]-wofF loo Lo °
| ODES' COR'S ENGINE STOP LMP’S ENGINE STOP

ENG ania
ASC

on

DES

STAB|CONT= $&C CONTROL ASSEMBLY NO.t
oO ASCENT

ENGINE ON ASCENT

Xs -o| sre ENGINE
1 k13 ‘
'3 ASCENT %4 K207 AUTO | O—
sQENGINE ¢! !

ARM '
= — '

7
1 QKi4

FROM ATCA +15 VDC '
POWER SUPPLY spouma-280
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used for the ascent engine commandsare called the ascent engine latching device (AELD). The ascent
engine commands are processed, and engine ignition and shutdown commandsare sentto the ascent
engine and staging sequence commandsare sent to explosive devices. The first time that the asc-«t

engine is ignited, the engine-on command starts the staging sequence, using the Explosive Devic:

Subsystem. The S&C control assemblies contain a memorycircuit that maintains the ascent eng.. . on

if the automatic on signal is lost, until an automatic off signal or a manual stop commandis received.

Descent engine commands are processed and sent to the DECA. These commands
(descent engine arm, and automatic and manual engine on and engine off) are processed again by the

DECAfor descent engine iginition and shutdown.

2.1.4.5.9 Gimbal Angle Sequencing Transformation Assembly. (See figure 2. 1-56.)

The GASTA operates in conjunction with the FDAI's. The GASTA conditions the analog

gimbal angle signals from the IMU before they are applied to the FDAI's to drive the FDAI sphere.

The GASTAconverts 26-volt, 800-cps signals from the IMU to 15-volt, 400-cps signals. The signals
from IMU mustbe routed through the GASTA for conditioning. Because the AGS has its own GASTA
(or conditioning) function, its gimbal angle signals are routed directly to the FDAI's.

2.1.4.6 Oribital Rate Display - Earth and Lunar. (See figure 2. 1-57.)
 

The ORDEALis an electromechanical device that contains a pair of resolvers, one for

each FDAI. The resolvers are driven by a stepper motor, at the orbital rate selected with the
ALT SET control on the ORDEAL panel. They may be switched directly into the pitch total attitude

channels of the FDAI's.

The resolvers provide a display of LM attitude with respect to a local horizontal refer-

enece frame. They transformthe pitch angle in accordance with their shaft position, which is

driven by a digital rate servo. The desired shaft rate is obtained by controlling the pulse rate, which
is applied to the stepper motor. This pulse rate is derived from the LM 400-cps frequency supply

as required by digital logic. Because the transformation is made in the pitch channel only, it is
imperative that the inertial reference be aligned with the +Y-axis of the reference along the cross
product of the velocity vector (V) and the position vector from the center of earth (R).

The ORDEALis used after obtaining the LM attitude with respect to the local horizontal,
from the LGC. The selected FDAI (Commander's or LM Pilot's) is slewed to this angle. The

ORDEAL then torques its resolvers at the orbital rate, specified by the ALT SET control, ofa

circular orbit.

2.1.5 PERFORMANCE AND DESIGN DATA.

The performance and design data for the GN&CS sections are given in tables 2. 1-18

through 2.1-21.

Table 2.1-18. Primary Guidance and Navigation Section - Performance and Design Data

 

Navigation base

Weight 3 pounds

Diameter 14 inches

Leg length (approx) 10 inches  
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Table 2.1-18. Primary Guidance and Navigation Section - Performance and Design Data (cont)

 

Inertial measurement unit

Weight (approx)

Diameter

Temperature

Alignmentoptical telescope

Numberof detent positions

Field of view

Counter readout

Counter resolution

Computer control and reticle dimmer assembly

Height

Width

Depth

Weight

Pulse torque assembly

 

42 pounds

12.5 inches

TBS

6

60°

000. 00° to 359. 98°

+36 arc seconds

3-3/8 inches

4-3/8 inches

2-1/2 inches

3 pounds

 

 

Height 2-1/2 inches

Width 11 inches

Depth 13 inches

Weight 15 pounds

Pressure TBS

Power and servo assembly

Height 2.675 inches

Width 8.875 inches

Depth 23.5 inches

Weight 20 pounds

Coupling data unit

Number of channels 5

Height 5.5 inches

Width 11.33 inches
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Figure 2.1-56. Gimbal Angle Sequence Transformation Assembly Schematic Diagram

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

Mission LM Basic Date 1 February 1970 Change Date Page_2.1-147/2, 1-148



ANSFORMATION ASSEMBLY

 

(GLE SEQUENCING TR L
t
}

}|

js

il
O
e
 

aa=o7
—
—

|
—
|

 
35:

[0

306

 

a

 

  
 

N
.
S

J
]
J
e

J
|
S

 
IQE308 SOF

i  

 

 

 

 

 
 

 

 
 

 

 
 

a
N

‘
\

a
on

wm
os

ates
(ay!

8G

ft
“it

_—-e
|

A
LUA!

Le
W
-
—
+
—
/
_

|
a
t

%
 

NLoS

 

 

    
 
 

  09 
 
 

 
 |

4 DEMODULAT!    
 
  7 929 
 

4
|  tin' 
 



+

+28 VOC

RETURN

SINE
OUTER
GIMBAL
ANGLE

COSINE

SINE
MIDDLE
GIMBAL

ANGLE

COSINE {

SINE
INNER

GIMBAL
ANGLE

COSINE

1U5V 400 CPS

B00 CPS
REFERENCE

GIMBLE ANGLE SEQUENCING TRA

 

 

 

 

 

 
 

 
 
 

 

= Nn

ae

 

~

E
  

|   
 



LMA790-3- LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

+ 5 vDC
 

     
  

rcc7

(
I

 OPR/ SLOW
oO 

—{ MODE LOGIC
SLEW

uP
Zs

_ NORMAL

DOWN CDR’S FDAI

 

 
HOLD/FAST

 up
 

SLEW LOGIC      
———-roa ——_——_,,

i 2
ons

@ RATE a

—— |
RESOLVER NO. 1 ORB RATE 1 |
etSN .

$NRTL 1 on
$$)

| SIN\y (IN)

—— | T FROM GASTA
COS y (IN) > OR AGS

COS y (IN)

| | CC
COS y (OUT) S

 

 
  

 

  | COS y (OUT)

a.) 0 T PITCH CHANNEL ONLY

>—__-——————————-——-SIN y (OUT)

| SIN y (QUT)

|° t —A

   
   LMP’S FDAI

RESOLVER NO. 2 | SIN y (IN)

/    
  

—————o
I COS y (IN) OR AGS

 

a OS y (IN)

o| COS y (OUT)

L- | CO$y (OUT)

SIN! y (OUT)

— | SIN-y (OUT)
a

  

r

|
|
|
|
|
i
| ee

| t———»a; SIN}y (IN)
| FROM GASTA

I
|
4

|  

 

  
    

 

 2O0LM4. 268
 

Figure 2.1-57. Orbital Rate Display - Earth and Lunar ~- Schematic Diagram
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Table 2.1-18. Primary Guidance and Navigation Section - Performance and Design Data (cont)

 

Coupling data unit (cont)

Depth

Weight

© LM guidance computer

Computer type

Internal transfer

Memory

Erasable

Fixed

Word length

Number system

Circuitry type

Machine instructions

Regular

© Involuntary

Peripheral

Program interrupt options

Counter in:: ‘pt options

Memory cyc: time

Add time

Telemetry

Uplink

Downlink

Basie clock oscillator

LGC power supplies

Parity 

20 inches

35 pounds

Automatic, electronic, digital, general-purpose, and
control

Parallel] (all bits simultaneously)

Random access

Coincident-current core; 2,048-word capacity

Core rope; 36,864-word capacity

16 bits

Binary 1's complement - for manipulation

Flat pack, NOR micrologic

56 total

42 total

9 total - associated with counter interrupts and program

interrupts

5 total (for ground testing only)

10 total

29 total

12 microseconds

24 microseconds

Synced from PCM

Up to 1,000 bits/second

Telemetry start and end pulses at 50 or 10 pps

2,048 mc

One +-volt switching regulator Operated from 28-volt

One +14-volt switching regulator d-¢ input power

Positive (positive de = binary1; 0 volts = binary 0)

Odd  
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5 Table 2.1-19. Abort Guidance Section - Performance and Design Data

 

 

 

Primary power

ASA clock

ASA temperature range

DEDA clock

AEA clock

AEA and DEDAlogic levels

AEA memory

Numberof bits

Cycle time

AEA temperature range

2814 volts dc, 90 watts

1152.3 volts ac, 400 cps, +5%, 3.5 watts

128 kpps

TBS

128 kpps

1, 02442 pps

Zero: 0 to 0.5 volt de
One: +3 to +5 volts de

4,096 words

18 bits per memory word

5 microseconds

+60° to +80° F

 

Table 2.1-20. Control Electronics Section - Performance and Design Data

 

 

Attitude and translation controller assembly

Input signals

Operating frequency

Cooling

Temperature range

Rate gyro assembly

Input power

Starting power

Steady-state power

Transient power

Sensitivity

Input range

Input rate frequency

Descent engine control assembly

A-C input power nominal voltage

Steady-state voltage limits

Operating temperature range

D-C input power nominal voltage

Attitude error, command rate, and rate gyro output

800 cps

Conduction through mounting flanges

0° to +160° F

Single- and three-phase, 800 cps

18 watts (maximum, three-phase)

8.5 watts (maximum; three-phase)

1.5 watts (de)

1.0 watt (single phase)

40 watts (dc)

0.05° per second

-25° to +25° per second

2044 cps

115 vrms

+2.5 to -2.5 vrms

457° to +97° F

44, +15, +28, and -15 volts dc
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Table 2.1-20. Control Electronics Section - Performance and Design Data (cont)

 

Attitude and translation controller assembly (cont)

A-C power consumption

Transient peak

Steady-state average

D-C power consumption

Transient peak

Steady-state average

Total power consumption

Transient

Steady-state

Gimbal drive actuator

A-C power

A-C power consumption (steady-state
average)

Stroke

Gimbalposition

Gimbal rate

Frequency of operation

Attitude controller assembly

Operating power

Type of sensor

Displacement

Thrust/translation controller assembly

Operating power

Type of sensor

6 watts (maximum)

3 watts (maximum)

5 watts (maximum)

5 watts (maximum)

27.6 watts (maximum)

7.9 watts (maximum)

11542.5 vrms, single phase, 400 cps

35 watts

+2 to -2 inches +5%

+6° to -6° 45%

0.2°/sec +10%

5.0 cps (maximum)

28 volts, 800 cps

Proportional transducer

0.28 volt/degree

28 volts, 800 cps

Proportional transducer

 

Table 2.1-21. Orbital Rate Display - Earth and Lunar - Performance and Design Data

  Operating power

AC

DC

Power consumption

AC

DC

Range oforbital altitude

Operating temperature range

Weight

115+2.5 vrms, single phase, 400 cps

2823 volts

4 watts at 0.9 power factor (minimum)

4 watts

10 to 310 nm (calibrated in 5-nm steps)

0° to +160° F

5.5 pounds  
 

 

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTWM

Mission LM_ Basic Date 1 February 1970 Change Date 15 June 1970 Page 2. 1-153

 



LMA790-3- LM
APOLLO OPERATIONS HANDBOOK

 

SUBSYSTEMS DATA @

@ 2.1.6 OPERATIONAL LIMITATIONS AND RESTRICTIONS.

HE 2.1.6.1 General.

The following operational limitations and restrictions pertain to the GN&CS as a whole.
Limitations and restrictions that pertain to specific portions of the GN&CS are covered in paragraphs

@ 2.1.6.2 through 2.1.6.5.

e The IMU, ASA, and LGC mustnot be placed in their operate modes until after 15 ©

minutes of sublimator operation. If this requirement is not observed, erroneous

and changing IMU, ASA, and LGC outputs occur during temperature cycling.

e Before and during all AV maneuvers, narrow deadband operation must be used to

achieve proper control of the thrust vector, for trajectory accuracy. Failure to
comply with this procedure produces an unacceptable level of uncertainity in the
trajectory.

e The AGS must be updated to the PGNS within 5 minutes before any burn, to minimize
error due to drift. In addition, the time from first star fix to completion of AGS
alignment must not exceed 16 minutes for powered descent and ascent. If updating

is not performed, erroneous data may be stored in the AEA, resulting in trajectory

anomalies if the PGNS fails and the AGS is required for abort.

e Continuous heating must be provided for the ASA, IMU, RR, and LR to maintain

minimum survival temperature levels. If survival heating fails, permanent

degradation or damage of the assemblies may result.

e For accurate updating of AGS state vectors, using the RR, the separation distance
between the LM and the CSM mustnot exceed 100 nm.

 

2.1.6.2 Primary Guidance and Navigation Section. ©

The operational limitations and restrictions for the PGNS are as follows:

e IMUfine alignment must be completed at some time prior to any main engine burn,

the elapsed time between alignment and the engine burn is dictated by the allowable

burn dispersions. A fine alignment must be performed 20 minutes prior to the

powered descent and ascent to and from the lunar surface. The time from thefirst

star fix to completion of the IMU alignment must not exceed 10 minutes. These
times are established to compensate for stable member drift, which would result in

an unacceptable level of error in thrust vector alignment,

e The IMU requires an operating time of 30 minutes, for temperature stabilization,

after switching from standby to operate. The first 90 seconds are required by the
IMU gyros, to acquire synchronous rotor speed; the remaining time is for temper-

ature stabilization. If the IMU is used during this time, scale factor changes
resulting from varying temperature cause degraded attitude data.

e A gimbal lock condition exists if the outer and inner gimbals come within 20° of

each other. When these two gimbals become coplanar, attitude data is lost and

torquing requirements becomeinfinite.

e To maintain the LGC reference time, the LGC off mode is not used except
during sublimator dryout, If the reference time is lost, it is reestablished
by the astronauts with DSKYinputs,

@ The LGC mustbe in the operate mode when the IMUis switched to operate, because

IMU moding is performed by LGC commands. If this requirement is not observed,

the IMU, which placesitself in the cage modeat initial IMU operate turn-on,
will not disengage cage automatically.

@ The AOTfield of view must cover a suitable starfield, because LGC programming

for IMU alignment is based on specific star requirements. IMU alignment will be
inadequate if this requirementis not observed. ©
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@ The periphery of the AOT field of view must not be within 15° of the sun, because cs
sunlight interferes with the optical assembly.

 

@ The AOT heaters must be on continuously from 30 minutes before first use of the
AOT until after last use, to prevent fogging of the lens.

e The AOT must be in the stowed position (azimuth control set to CL) when not in
use, to protect the viewing face from RCS plume impingement and spaceparticles,
Failure to observe this requirement may result in damage to the lens and will

result in inaccurate IMU alignment.

e The RR antenna must be positioned for minimum interference with the AOT when
performing IMU alignment; otherwise, the RR occults a large portion of the AOT
field of view. The minimum position for the RR antenna is orientation No. I (shaft
angle of -77,2°, trunnion angle of 0°),

e During initial turn-on of the PGNS, the LGC and DSKY power mustbe turned on at
least 20 seconds before the CWEAis turned on. Failure to observe this restriction
could result in a false alarm condition (LGC warning).

2.1.6.3 Abort Guidance Section. a

The operational limitations and restrictions for the AGS are as follows:

e At least 25 minutes must be allowed for ASA warmup, to stabilize the inertial

components, otherwise, operation is degraded.

e AEA operation is terminated automatically if its power subassembly d~c input
voltage drops below 20 volts dc.

© e The ASA gyro rate must not exceed 25°/second; otherwise, output is degraded.

e The AGS update for PGNS/AGS alignment must be completed within 5 minutes
before any burn, The time from the first star sighting to the completion of AGS
alignment must not exceed 90 minutes for powered descent and ascent to and from

the lunar surface. (Earth orbital mission times are a function of mission re-

quirements.) Exceeding or not following these restrictions will result in degraded
data stored in AEA which will cause trajectory anomalies.

2.1.6.4 Control Electronics Section. a

The operational limitations and restrictions for the CES are as follows:

e The static operating load limit for the GDA is 2, 900 pounds.

e The TTCA provides control over the throttle magnitude, from 10% to 92.5 % of

maximum thrust.

e Linearity of thrust commanded must be +5% over the entire throttling range.

e When the ascent engine is on, RCS +X-thrusters are used only for pitch and roll

control (and therefore add to aV), except as needed when large commands occur

© or when moments due to center-of-gravity offset exceed the unbalanced couples

control boundary. For AGS operation, manual switching to balanced couples may

be required during powered ascent at a predetermined time based on prelaunch

center-of-gravity predictions. If -X-thrusters are used, excessive fuel consumption

results because a portion of the AV provided by the ascent engine is cancelled while

overcoming the unbalance created by the center-of-gravity offset.

e Before and during 4V maneuvers minimum (narrow) deadband is commanded. If

this restriction is not followed, an uncertainty in trajectory will result.
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H 2.1.6.5 Orbitial Rate Display - Earth and Lunar.

 

The operational limitations and restrictions for the ORDEALareas follows:

e The ORDEALshall be used only when the LM is ina circular orbit. If this re-

striction is not observed, FDAI pitch displays are degraded.

e The ORDEALis limited to altitudes between 10 and 310 nm. If these limits are
exceeded, outputs are degraded. ©
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2.2 RADAR SUBSYSTEM.

2.2.1 INTRODUCTION.

During the landing phase and subsequent rendezvous phase, the LM uses radar navigational

techniques to determine distance and velocity. Each phase uses a radar designed specifically for that phase

(rendezvous radar (RR), landing radar (LR)). Both radars inform the astronaut and the computer

concerning position and velocity relative to acquired target. During lunar landing, the target is the

surface of the moon; during rendezvous, the target is the Command Module,

2.2.1.1 Rendezvous Radar and Transponder.
 

The RR, operated in conjunction with a RR transponder in the CSM, is used to acquire and

track the CSM before and during rendezvous and docking. (See figure 2.2-1.) When the primary naviga-

tion and guidance section (PGNS) is in control (normal operation), the RR provides the PGNSand cabin

displays with line-of-sight (LOS) range and range rate data, and LOSangle and angle rate data with respect
to the CSM. If PGNSfails, the astronauts furnish these data to the abort guidance section (AGS). The i
RR LOSis defined as the line-of-sight direction between the CSM target and the RR antenna. The RR
also tracks the CSM target during the coasting and descent engine burn phases of the mission to supply
tracking data for any required abort maneuver.

During the rendezvous phase, RR performanceis evaluated by comparing RR range and range

rate tracking values with Manned Space Flight Network (MSFN)tracking values. A large deviation from

the MSFNtracking values indicates a gross error in the RR range and range rate data. Data pertaining

to the RR shaft- and trunnion-axis angles and the inertial measurement unit (IMU) gimbal anglesare also
transmitted to MSFN for comparison with like ground-tracking data.

The RR transponder, a radar receiving and transmitting target, increases the RR maximum-

usage range capabilities by reducing the RR transmitting power losses versus range from fourth to
second power as compared to skin-track radar. By providing the RR with a discrete radar transmitting

signal to acquire and track, the transponder makes the CSM appearto the RRasthe only objectin its

field of view. On acquiring the RR signal illuminating the CSM, the transponder side-steps the RR three-

tone, phase-modulated carrier frequency down 40.8 mc to 9792 mc and then transmits the phase-coherent
9792-mc carrier frequency for acquisition by the RR. The three-tone modulation of the transponder-

transmitted signal is kept phase-coherent with the RR-transmitted signal received by the transponder.

2.2.1.2 Landing Radar.

The LR provides the PGNSand the astronauts with slant range and velocity data for control
of descent to the lunar surface. Based on these data, the PGNS calculates control signals for LM rate of
descent, hovering at low altitudes, and soft landing at the selected lunar site. The LR is activated at
approximately 50,000 feet above the lunar surface and remains activated until touchdown. In the nominal

descent trajectory, slant range data are available to the PGNS at approximately 40,000 feet (no less than

25,000 feet); velocity data, at approximately 35,000 feet (no less than 18,000 feet).

2.2.2 SUBSYSTEM INTERFACES.

The Radar Subsystem interfaces with the Guidance, Navigation, and Control Subsystem

(GN&CS), Instrumentation Subsystem (IS) and Electrical Power Subsystem (EPS).

2.2.3 FUNCTIONAL DESCRIPTION,

2.2.3.1 Rendezvous Radar. (See figure 2. 2-2.)

The RR provides LOS range, range rate, and antenna angular data to the LM guidance com-

puter (LGC) and to the LM cabin displays. By entry via the data entry and display assembly (DEDA), the
abort electronics assembly (AEA) is supplied with range and range rate data for a computer-controlled

(LGC or AEA) rendezvous of the LM and CSM.

The RR, when search-sweeping or tracking and locked on to the RR transponder in the CSM,
is a continuous-wave coherent system, which uses phase-lock techniques in the radar and in the trans-
ponder. When operating with the LGC, the RR derives range, range rate, and shaft and trunnion angle
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Figure 2.2-1. LM Rendezvous Radar and CSM Target Orientation

data and routes these data to the LGC. The AEAstate vector is automatically updated by range and range

rate data from the LGC or by manually inserting this data via the DEDA. Range is determined by meas-
uring the time delay between the transmitted signal and the received signal. Range rate is determined by

measuring the two-way Doppler shift of the carrier signal received from the transponder. The RR has

an unambiguous range capability from 80 feet to 400 nm and a range rate capability from -4, 900 to

+4, 900 fps.

Range and range rate data are accepted by the LGC only upon program demand. The CDU

continuously receives the shaft and trunnion angles, converts them to digital form, and sends these data

to the LGC upon program démand. In addition to the RR outputs to the LGC, range and range rate are
displayed in the cabin. The shaft and trunnion angles and angle rates are indicated as elevation and

azimuth angles by the FDAI and as pitch and yaw rates by the X-pointer indicator on panels land 2. The
| azimuth indication is derived from the trunnion angle; the elevation indication, from the shaft angles.

The angle rates are derived from the gyro torquer currents.

The RR consists of an antenna assembly and an electronics assembly. The antenna assembly

multiplies the 102.425-mc carrier signal generated in the electronics assembly by 96, to obtain the

9832. 8-mc transmitter signal. In free flight, the LGC computes the LOS angle to the CSM and then points

the LM +Z-axis to the CSM target. The LGC designates the RR antenna angles, pointing the RR antenna

to the target, so that the 9832. 8-mc transmitter signal can be acquired by the transponder.

The transponder sweeps +104 kc about its nominal 9792-mc transmitter frequency until the

RR 9832. 8-mc (plus Doppler) signal is detected. Concurrent with automatic detection, the transponder ~

halts the frequency sweep and acquires the RR transmitter signal by phase-locking to the carrier fre-

quency. The transponder side-steps the RR transmitter signal 40.8 mc to 9792 mc (plus Doppler) and

transmits that signal for acquisition by the RR.

The RR search~sweepsuntil it acquires the transponder-transmitted signal, then locks on tothe
fi 9792-mc plus Doppler carrier frequency. Atthis time, the radar angle-tracking loop is closed between the RR
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© and the transponder. The RR modulates its transmitted 9832. 8-mc signal with range tones. The trans-

ponder demodulates the RR-transmitted signal and modulates its 9792-mc (plus Doppler) signal with the

range tones phase-coherent with the range tones present on the received RR-transmitted signal. i

The transponder signal is received by a four-port feedhorn. The feedhorn, arranged ina rad

simultaneous lobing configuration, is located at the focus of a Cassegrainian antenna. (See figure 2.2-3.)

If the transponderis directly in line with the RR antenna boresight, the transponder signal energy is

| equally distributed to each port of the feedhorn. If the transponderis not directly in line, the signal

energy is unequally distributed among the four ports.

The RF signal passes through a polarization diplexer to a comparator, which processes the

RF signal to develop sum and difference signals. The sum signal representsthe sum of energy received

by all feedhorn ports (A+B+C+D). (See figure 2.2-3.) The difference signals, representing the differ-

ence in energy received by the feedhorn ports, are processed along two channels: a shaft-difference

channel and a trunnion-difference channel. The shaft-difference signal represents the vectoral sum of

the energy received by the vertically adjacent ports (A+D)-(B+C) of the feedhorn. The trunnion-difference

signal represents the vectoral sum of the energy received by the horizontally adjacent ports (A+B)-(C+D)

of the feedhorn. The comparator outputs are heterodyned with the transmitter frequency (9832.8 mc) to

obtain three 40.8-mc IF signals. The sum channel (reference), trunnion channel, and shaft channel of

the preamplifiers amplify their respective IF signals, which are then routed to the receiver subassembly

of the electronics assembly.

The electronics assembly furnishes crystal-controlled signals, which drive the RR trans-

mitter and provide a reference for processing the return signal. The electronics assembly also supplies

servo drive signals for antenna positioning and angle tracking. The frequency synthesizer subassembly

develops the carrier frequency (102.425 mc), which is multiplied, by 96, to 9832.8 mc (X-band) in a multi-

plier chain in the antenna assembly and phase modulated by three tones (200 cps, 6.4 ke, and 204.8 kc).

The tones are generated by a reference generator in the range tracker. The receiver subassembly pro-

cesses the three 40. 8-mc IF preamplifier outputs in three separate channels, The three 40. 8-mc IF

signals (sum, trunnion, and shaft) are converted into 6. 8-mc IF signals. The sum signal (6. 8-mc IF) is

fed to the range tracker subassembly.

PARABOLIC TRUNNION (YAW) AXIS

PRIMARY REFLECTOR

SUPPORT STRUTS (4)

HYPERBOLIC
SECONDARY REFLECTOR

SHAFT (PITCH) AXIS
PARALLEL WITH LM +-vax
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© Figure 2.2-3. Rendezvous Radar Antenna Assembly
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The range tracker sequentially compares the phase of the 200-cps, 6.4-kc, and 204. 8-kc

return modulations with the phase of the reference signals from a reference counter, to provide range

inforrm:tion to the signal data converter. This operation cannot take place until the frequency tracker has

locke: .»; and the LGC has issued an auto track enable signal so that the range tracker can lock up.

Comp.ison of the phase of the return and reference signals provides unambiguous ranging from 80 feet

to 400 nm. The range output is fed to the LGC and to the cabin displays.

 

The sum signal output of the receiver subassembly is also fed to the frequency tracker sub- ©

assembly. The received frequency is not constant; it varies with the range rate between the LM and the

CSM. The difference in frequency (Doppler frequency) is a function of the rate of change of range. By

measuring the Doppler frequency, the range rate may be determined. The frequency tracker subassembly

detects the Doppler frequency by continuously comparing the received frequency, after it has been con-

verted to 6.8 mc in the receiver subassembly, with a reference frequency. A voltage-controlled

oscillator (VCO) in the frequency tracker subassembly is maintained at the received frequency plus

Doppler frequency by means of an automatic phase-lock loop. Any change in Doppler frequency results

in a corresponding change in VCO frequency. The instantaneous frequency of the VCOis a function of

range rate. Range rate data are fed to the LGC and to the cabin displays.

The Doppler frequency component must be eliminated from the ranging and antenna-

positioning circuits because it would cause inaccuracies. Therefore, the loop that controls the VCO

frequency encompasses part of the receiving circuits. A feedback loop removes the Doppler frequency

from the ranging and antenna-positioning circuits, but maintains the VCO at the received frequency

(6.8 mc + Doppler frequency).

After double conversion to 1.7 mc in the receiver, the trunnion- and shaft-difference signals

are demodulated, using the sum signal as a reference. The trunnion- and shaft-difference (pointing error)

signals obtained are used to torque gyros, which then provide trunnion- and shaft-axis servo drive signals

for correcting antenna pointing errors. The position of the transponder with respect to the RR boresight

determines the antenna pointing error signals generated. With the RR boresight facing above or below

the transponder, a shaft pointing error signal is generated only in the shaft angle error detector. With

the RR boresight facing to either side of the transponder, a trunnion pointing error signal is generated.

AnAGC loop in the receiver subassembly makesthe output of the angle error detector dependent on the

antenna angle error only, and independent of signal amplitude. The output of the angle error detector

causes the motor of the antenna trunnion and shaft to position the antenna so that the boresight is aligned

with the CSM.

A gyro-stabilization loop compensates for vehicle angular motion. When tracking the trans-

ponder, RR antennaattitude indicates the direction of the transponder with respect to the LM. Resolvers

transform the antenna-to-LM vehicle angles into electrical signals, which are fed to the LGC through the

coupling data unit (CDU). When the antennais in antenna orientation No. I, angular data are also routed

to the LM displays.

2.2.3.1.1 Modes of Operation.

The RR operates in three modes: automatic tracking, slew (manual), and LGC control. The

RENDEZVOUS RADAR selector switch (panel 3) is used to select the mode of operation.

Automatic Tracking Mode. The automatic tracking mode is selected by setting the RENDEZVOUS RADAR

Selector switch to AUTO TRACK. This mode enables the RR to track the CSM automatically after it has

been acquired; tracking is independent of LGC control. When this modeis selected, tracking is maintained

by comparing the received signals from the shaft and trunnion channels with the sum channel signal. The

resultant error signals drive the antenna, thus maintaining track. ©

Slew Mode. The slew (manual) mode is selected by setting the RENDEZVOUS RADAR selector switch to

SLEW. ‘This mode enables an astronaut to slew the antenna manually to a position for acquisition of the

CSM.

LGC Control Mode. The LGC control modeis selected by setting the RENDEZVOUS RADARselector switch

to LGC. In this mode, the LGC automatically controls antenna positioning, initiates automatic tracking

once the CSM transponder is acquired, and controls change in antenna orientation. When this mode is @
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@ selected, the RR sends a RR power-on/LGC discrete to the LGC. Automatic control of RR search and

acquisition is provided by the PGNS, which transmits LGC-derived slewing commands to position the RR
antenna.

2.2.3.1.2 General Operation. (See figure 2. 2-4.) Rap}

The LGC positions the radar antenna at an angle such that its transmitted continuous-wave
radiation can be received at the transponder. Whenthe antennais within 0.5° of the LGC-estimated
direction to the transponder (a total maximum antenna pointing error of 2.5°), the LGC provides an auto-
track-enable signal that initiates the tracking function. The antenna boresight may be as muchas 2. 5°

off the target LOS due to cumulative mechanical, electrical, and LGC programming errors. After the

frequency tracker has locked up with the transponder carrier frequency, the RR angle-tracksthe trans-

ponder target. During tracking, the RR supplies shaft and trunnion angles to the LGC via the CDU
analog-to-digital converters.

The shaft and trunnion resolver outputs are routed through the SHFT/TRUN < switch
(panel 1) and the RATE/ERR MON switch to the FDAI error needles. With the RATE/ERR MON switch

set to RNDZ RADAR,the shaft angle signals are applied to the pitch error needle and the trunnion angle
signals are applied to the yaw error needle. The SHFT/TRUN < switch provides the desired scaling

factor (+5° or 450°) for the resolver outputs. With the RATE/ERR MONswitch set to RNDZ RADAR,the
shaft and trunnion rates, corresponding to RR boresight angular rates, are routed through the X-POINTER
SCALE switch (panels 1 and 3) for display on the X-pointer indicator (panels 1 and 2): the ELEV RT and
AZ RT placarding on the indicators are illuminated, The setting of each XK-POINTER SCALE switch
determines the scaling and whether the X.1 or X1.0 placarding on the associated indicator is illuminated.

The RR angle-tracking loop cannot be completed until the transponder is phase locked to the

RR signal and the RR receiver is phase locked to the transponder signal. In the RR, lock-on to the

transpondersignal (9792 mc) activates ranging modulation and the ranging tracking error is nulled within

11 seconds after the RR locks on to the transponder signal or after the LGC issues the auto-track-enable
discrete, whichever is completed last. After range and range rate lock-on are completed, the RR issues

a data-good discrete to the LGC. The NO TRACKlight (panel 3) is extinguished. Range and range rate
data are now available to the LGC and to cabin displays. Besides shaft and trunnion angles, angle rate

data are available to cabin displays.

If the target is lost during LGC modetracking, the NO TRACKlight goes on, indicating that
the RR is not locked on to the CSM. A no-track signal supplied to the caution and warning electronics
assembly (CWEA) causes the RNDZ RDRcaution light (panel 2) to go on. The PGNS takes control and
positions the antenna to regain acquisition and automatic tracking. The acquisition sweep generator in the

frequency tracker begins to sweep and continues sweeping until acquisition is achieved and angle tracking
is restored. When ranging circuits in the electronics assembly achieve lock-on, the data-good discrete

is restored, allowing range and range rate from the electronics assembly to be accepted by the LGC and

routed through the RNG/ALT MONswitch (set to RNG/RNG RT) to the RANGE and RANGE RATEindica -
tors (panel 1).

With the RENDEZVOUS RADAR selector switch set to SLEW, the RR is operated in the slew
mode, using the SLEW and SLEW RATE switches (panel 3). With the SLEW RATEswitch set to HI, the
slew rate is a nominal 7° per second; with the switch set to LO, the slew rate is a nominal 1.3° per

second. The astronaut can slew the antenna in the desired direction by holding the SLEW switch in the
required position (UP, DOWN, LEFT, or RIGHT) and using the proper slew rates for the periods of time

required. When automatic tracking is desired, the RR must be placed in the automatic-tracking mode or

© LGC mode.

Setting the RADAR TEST switch to RNDZ implements the RR self-test. The TEST/MONITOR
switch and the SIGNAL STRENGTHindicator (panel 3) provide readout of the test parameters for AGC,

transmitter power, and shaft- and trunnion-angle errors. Shaft- and trunnion-angle rates are read on the

X-pointer indicator; angles, on the FDAI. The range and range rate self-test parameters are monitored

on the RANGE and RANGE RATEindicators. The astronauts can monitor antenna temperature, using the

TEMP MONITORswitch and the TEMPindicator on panel 3. If antenna temperature exceeds the tempera-
ture limits (-54° to +148° F), the CWEA turns the HEATERcaution light (panel 2) on.
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In the LGC control mode, the antenna is automatically reoriented from antenna orientation
No. I to antenna orientation No. II by LGC-programmed slewing commands. This antenna reorientation

involves a specific combination of single-axis, alternate shaft and trunnion slewing to movethe antenna to

within the desired region. Dual-axis control commencesafter the antenna reaches the desired region.

 

The PGNS gains control of the RR antenna when the LGC receives the RR power-on/LGC
discrete. This signal is initiated, with the PGNS: RNDZ RDRcircuit breaker closed, by setting the

RENDEZVOUS RADAR selector switch to LGC. The LGC initializes the control loops by sending the zero
RR-CDU discrete to the CDU (RR channels). This discrete clears the read counters in the trunnion and

shaft CDU section and inhibits transmission of incrementing pulses from the read counters. The error
counters are also cleared and inhibited by a logic circuit within the CDU. The LGC removesthe zero
discrete to enable the read counters and issues a RR-CDU error-counter-enable discrete to enable the
error counters. The LGC then begins sending pulses representative of positioning angles to the digital-

to-analog converters. The resulting analog signal is routed to the radar electronics to position the

antenna. The signals are applied to the antenna-mounted gyros, which are torqued, and the resulting

error signals are applied to the servomotors via servoamplifiers. Positioning data are obtained from the

resolver signals. These data are applied to the analog-to-digital converter in the CDU, which converts

the positional angles to digital pulses and then routes these pulses to the LGC.

In positioning the antenna to LOS with respect to the CSM, the LGC commands a maximum
slew rate of 7° per second until the antenna boresight is within 7° of LOS with the CSM target. Within

7° of LOS, the LOS slew rate decrease (in degrees per second) is equal to the angular error decrease

(in degrees) between the antenna boresight and the LOS with respect to the CSM. The slew rate decreases
and then terminates when the RR acquires the CSMtarget.

2.2.3.1.3 Antenna Orientation, (See figures 2,2-5 and 2, 2-6.)

The attitude of the antenna axis with respect to the LM axes dependson its antenna orienta-

tion. There are two types of antenna orientation: antenna orientation No. I and antenna orientation No. I;

both can be manually initiated by the astronauts by display and keyboard (DSKY) entries. The operational

and mechanical limits for antenna orientation No. I and If are depicted in figures 2.2-5 and 2.2-6, re-

spectively. The RR antenna performswithin the operational limits with optimum accuracy and minimum

degradation. The operational limits are the LGC program limits and operational slewing limits. For

antenna orientation No. I and II, the antenna mechanical limits are the shaft and trunnion mechanical

coverages, stated in boresight angular degrees, from one hardstop to the other hardstop. The shaded

areas on the vector diagramsof the figures denote the mechanically restricted areas in boresight angles.

The actual mechanical limits are 90° from the boresight mechanical limits. The hardstops act against the

trunnion and shaft axis; they prevent damage to the RR antenna and LM body.

Antenna Orientation No. I. This orientation is used for transponder tracking during rendezvous operation.

With reference to the +Z-axis, orientation No. I provides LOS operational shaft coverage from -70° to

+60° and LOS operational trunnion coverage from -55° to +55°.

Antenna Orientation No. If. This is an overhead orientation, used during lunar stay and subsequent

ascent. With respect to the +Z-axis, orientation No. II provides LOS operational shaft coverage from

+45° to +155°. LOS operational trunnion coverage from -55° to +55° is with respect to the -Z-axis.

In orientation No. II, the antenna is rotated 180° about the trunnion axis from orientation No. I to obtain

the required angle coverage.

2.2.3.2 Rendezvous Radar Transponder.

The RR transponder consists of an electronics assembly (figure 2. 2-7) and an antenna ©
assembly (figure 2.2-13), The electronics assembly contains the following functional subassemblies:

microwave, receiver, carrier lock loop, tone-modulation detector, and power supply. The transponder

antenna receives the 9832. 8-mc (plus Doppler) phase-modulated signal transmitted from the RR. The
received signal is routed through a waveguide to the microwave subassembly. A unidirectional circu-
lator in the microwave subassembly transfers the received signal to a mixer, whereit is mixed with
an internally generated 9792-mc (plus Doppler) signal. The output of the mixer is the difference fre- .
quency of 40.8 mc, which is fed to the receiver subassembly. This difference frequency contains the @

 

range tone phase modulation.
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© Figure2,2-5. Rendezvous Radar - Antenna Orientation No. I

The receiver subassembly mixes the 40. 8-mc signal generated in the carrier lock loop sub-

assembly, to provide a range tone phase modulated difference frequency of 6.8 mc. This signal is applied §f
to a coherent detector in the tone modulator detector subassembly, along with a 6. 8-mc reference signal

from a VCOin the carrier lock loop subassembly. Range tones are extracted by coherent demodulation.

After the range tones are demodulated, they are filtered, amplified, and sent to a phase modulatorin the

microwave subassembly. Simultaneously, the phase modulator receives a 9792-mc unmodulated signal
derived, by frequency multiplication, from the 6.8-mc reference signal in the carrier lock loop sub-

@ assembly.
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Figure 2,2-6, Rendezvous Radar - Antenna Orientation No.II

The phase modulator of the microwave subassembly modulates the transponder transmitter

9792-mc (plus Doppler) signal with the same range tones, from the tone modulation detector subassembly,

that are being demodulated from the received RR signal. The modulated range tones are kept phase-

coherent with the range tones of the received RR signal. The transponder phase -modulated transmitter

signal goes through a circulator to the antenna, where it is propagated for interception by the RR.
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2.2.3.2.1 Modes of Operation.

The transponder operates in three basic modes: transponder, beacon, and Self-test.

 

Transponder Mode. The transponder operates in this mode while it is receiving RR transmitter signals.
In this mode, the transponder provides a continuous-wave, phase-modulated signal whose frequency

ff is 40. 8 mc lower than that of the RR-transmitted signal. The transponder phase-modulating tones are
the same as the RR phase-modulating tones: 200 cps, 6.4 kc, and 204. 8 kc.

Beacon Mode. The transponderis in this acquisition mode when it is operational and no signal is received

from the RR. A sweep generator and an acquisition logic portion of the carrier lock loop subassembly

cause a frequency sweep scan of +104 kc about the transponder nominal frequency (9792 mc). When the
transponder antenna receives RR-transmitted signals that exceed minimum Signal strength, a threshold

detector in the carrier lock loop subassembly provides a d-c level to stop the sweep generator and permit

tracking.

Self-Test Mode. The self-test mode enables the astronauts to check transponder performance. Theself-

test mode is initiated by application of an external self-test signal. This test verifies frequency lock-on
and AGC response at a simulated 200-nm range. A self-test oscillator (figure 2. 2-7) in the microwave
subassembly provides a 40. 8-mctest signal for the first mixer preamplifier. When the 40. 8-mctest
signal is applied, the first mixer stage is bypassed. When the self-test mode is not used, the self-test
oscillator is deenergized.

2.2.3.2.2 General Operation. (See figure 2.2-8.)

After it is energized and placed in operation, the transponder operates automatically in

conjunction with the RR. Transponder turn-on, monitoring and self-test capabilities are provided by the

CSM cabin controls and indicators. Figure 2.2-8 shows transponder signal flow through switches and

indicators and the location of these switches and indicators in the CSM cabin. ©
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& $4 ; ‘ 5 co ec OPER AGC RSte
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Figure 2,2-8, Transponder - Functional Flow Diagram
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To place the transponder in operation, the RNDZ XPNDR FLT BUScircuit breaker is closed,
then the RNDZ XPNDRswitch is set to HEATER. This action feeds 28 volts dc to the oven in the tone
modulation detector subassembly. The oven heats the 204. 8- and 6.4-kc band-passfilters to the oper-

ating temperature (+160° F). A minimum waiting time of 15 minutes is necessary before the RNDZ
XPNDRswitch is set to PWR. This waiting time prevents degradation in RR range accuracy due to

temperature. With the switch set to PWR, 28 volts dc is routed to the power supply subassembly.

At the output of the microwave assembly, a power monitor provides a d-c readout propor-
tional to transmitter output power. The SYSTEM TEST switches (S1 and S2) and the £< YSTEM TESTd-c
voltmeter permit monitoring transmitter power, AGC, and frequency lock. The proper d-c voltage

readouts for those parameters are:

SYSTEM TEST Switch (S2) Parameters D-C Voltage Readout

Position A Transmitter power 1.0 to 5.0 volts

Position B AGC 1.0 to 4.5 volts

Position C Frequency lock 4.0 to 5.0 volts

Frequency unlocked 0+0. 8 volts

The astronauts use the RNDZ XPNDR TEST SW switchto initiate the self-test enable signal

for transponderself-test. This signal energizes a self-test oscillator in the microwave subassembly
(figure 2.2-7) and bypasses the first mixer stage. The astronauts then verify transponder performance

by using the SYSTEM TEST switches and SYSTEM TEST d-c voltmeter to monitor for the proper d-c
voltage indications, as designated in the preceding paragraph.

2.2.3.3 Landing Radar, (See figure 2.2-9.)

The LR sensesthe velocity and slant range of the LM relative to the lunar surface by means

of a three-beam Doppler velocity sensor and a radar altimeter. Coordinate velocities are calculated

from the measured Doppler shift along three beams of microwave energy, as is the Doppler shift of the
radar altimeter beam. The radar altimeter is Doppler corrected and the output slant range is used by

the LGC to derive LM altitude from the lunar surface. Slant range is calculated from the frequency
deviation difference between the altimeter transmitted and received signals, resulting from the frequency
modulation of the transmitted signal and the time delay between the transmitted and received signals.
Velocity and range data are made available to the LGC as 15-bit binary words; the nominally forward and
lateral velocity data, to the LM displays as d-c analog voltages; and the slant range and vertical velocity
(range rate) data, to the LM displays as pulse-repetition frequencies (PRF).

The LR, located in the LM descent stage, consists of an antenna assembly and an electronics
assembly. The antenna assembly contains two interlaced phased arrays which transmit four velocity and
two altimeter beams. Four broadside arrays receive the reflected energy of the three desired velocity
beamsand the one desired altimeter beam; there is one broadside array for each desired received radar

beam. The electronics assembly searches, tracks, processes, converts, and scales the Doppler and
CW/FMreturns, which provide the velocity and slant range information for the LGC and the LM controls

and displays.

During lunar descent, the LR antenna assembly transmits four velocity beams (10.51 gc)
and two altimeter beams (9.58 gc) to the lunar surface. Three separately received velocity beams con-
tain three Doppler velocities with Doppler sign sense. Mixing the received three velocity beams with a
portion of the velocity transmitter power, extracts three separate Doppler audio-frequency (AF) spectrum

signals (D1, D2, and D3). The Doppler sign sense is preserved by a single sideband mixing technique.

The received altimeter beam is compared by mixing with a portion of the altimeter transmitter power to
extract a range frequency (FR) with Doppler (D4) and Doppler sign sense. The Doppler is subtracted
later, leaving Doppler-compensated range frequency. The altimeter receiver is blanked during the
transmit and receive times of modulator flyback. The LM altitude is derived from the Doppler-compen-

sated range frequency.
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In the acquisition mode, frequency trackers in the electronics assembly use 1,200-cps, low-
pass filters to scan wide-band, AF spectrum signals (D1, D2, D3, and D4) for four separate narrow-band
spectrums. These spectrums correspond to the frequency power spectrums along the centers of the
received veloci: » and altimeter beams. When each of the frequency trackers acquire these narrow-band

Doppler and alti:eter frequencies, they go into the tracking mode and the LGC receives velocity and
range data-good discretes.

data computers within the electronics assembly compute the antenna coordinate velocities (Vxa, Vya, and
Vza) from the Doppler frequencies on the three returning velocity beams. The term Vxa representsalti-
tude rate or vertical velocity; Vya, lateral velocity; and Vza, approximate forward velocity.

© By adding and scaling in accordance with antenna coordinate velocity formulas, the velocity

Whenall Doppler velocity frequency trackers are locked to the discrete Doppler frequencies

on the three returning velocity beams,D1, D2, and D3, velocity data good occurs and the antenna coordi-
nate velocities, in PRF form, are gated to the signal data converter. The lateral and forward velocities
(Vya and Vza, respectively) are now also available to the X-pointer indicator (panels 1 and 2) as d-c
analog voltages. The altitude rate (Vxa) is now also available to the ALT RATE indicator asa PRF. By
use of radar-data select commands and a readout command, the LGC supplies the PRF counting periods
and causes the signal data converter to shift out, in sequence, the Vxa, Vya, Vza, and range data as
separate 15-bit serial binary words.

When LMaltitude drops to 2,500 feet or less, the electronics assembly frequency trackers
switch to narrow-band filters for tracking. An altitude mode control signal increases the frequency-

deviation rate of the transmitted altimeter signal (9.58 gc) from +4 me to +20 mc. A low-altitude PRF

(range frequency) is gated to the ALT indicator and a low-altitude scale factor discrete is sent to the LGC.

Using the LDG ANT switch on panel 3, the antenna can be manually positioned to antenna position No. 1
(descent) or antenna position No. 2 (hover). With the switch set to AUTO, the LGC automatically com-

mands the antenna to antenna position No. 2 when the LM goes through a pitch-up maneuverat an altitude j
© of about 7500 feet.

. Antenna temperature, altimeter and velocity sensor power, and other parameters are moni-

tored with LM displays. A LR self-test.is initiated with a LM control. The self-test command enables
simulated velocity Dopplers (9.6 kc) and simulated range (19.2 ke). Correct LR performance is then l
determined from the correct LR output values of slant range and coordinate velocities, as monitored on
LM displays and via the LGC input.

2,.2.3.3.1 Signal Processing. (See figure 2.2-10.)

The LR extracts the positive and negative Doppler shifts from the returning velocity beams

and the range frequency + Doppler from the returning altimeter beam. The LR processes the beam

Doppler shifts (D1, D2, and D3) to derive the LR antenna coordinate velocities (Vxa, Vya, and Vza) data.
In processing the range frequency + Doppler, the LR compensates for the + Doppler. These velocity

and range (altitude) data are made available to the LGC as 15-bit serial binary words; the velocity data,
to the LM displays as d-c analog voltages; and the range rate data, to the LM displaysas PRF. The slant
range to the indicator is scaled by cos 15° to give nearly true LM-to-lunar-surface altitude when the LR
catenna is in position No. 2 (hover).

In the antenna assembly, the velocity sensor oscillator multiplier (VSOM) generates a
109.479-mc signal, which is multiplied by 96 and power-amplified to produce the 10. 51-gce velocity beam
(200 milliwatts minimum)that is propagated by a multiple-waveguide phased array to the lunar surface.

Three separate broadside arrays receive three reflected velocity beams, each conveying a positive or

negative Doppler shift. The reeived Doppler (F1+D1) is mixed at the balanced mixer with a continuously

sampled, transmitted fundameiital frequency (F1) to extract the AF Doppler shift with Doppler sign sense.
At the balanced mixer output, a quadrature pair retains the Doppler sign sense of the returned velocity-

beam signal by a single sideband technique by having one path at 0° reference with respect to the other [
path (90°). When there is a closing Doppler velocity, the +90° path leads the 0° reference path by +90°.
At the balanced mixer outputs, AF Doppler shifts with Doppler sign sense are proportional to the opening

or closing velocity between the LM and the lunar surface along the centers of the velocity beams.
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The oscillator/modulator and altimeter transmitter multiplier develops the 9.58-gc fre-

quency~modulated altimeter beam (175 milliwatts minimum)that is propagated to the lunar surface by a

multiple-waveguide phased array. The altimeter broadside array receives the reflected altimeter beam.

At a balanced mixer, the received signal is compared with a sampled transmitted signal to obtain the
frequency difference. This frequency difference without Doppler is proportional to the time difference
between transmitted and received signals due to a sawtooth frequency modulation on the transmitter.
The slant range is derived from this time difference. The range converter cancels the undesired @

 

Doppler, leaving Doppler-compensated range frequency PRF as a tracker output.

The three velocity Doppler shifts (D1, D2, and D3) with Doppler sign sense, and the altimeter

range frequency with Doppler (D4) and Doppler sign sense, are applied to dual AF amplifiers. At rela-

tively high altitudes, the dual AF amplifiers provide 88-db gain. When signal strength becomes excessive,
usually due to low altitudes, the 33-db gain amplifiers are switched out and the frequency trackers only
receive signals with 55-db gain.

Each Doppler velocity sensor (DVS) frequency tracker acquires and then tracks AF Doppler

frequencies to obtain an average Doppler frequency corresponding to a Doppler shift at the velocity beam

power spectrum center. The Doppler-shift frequency is superimposed on a 614. 4-ke subcarrier for

processing by a velocity data converter. Each frequency tracker functions in an acquisition loop or a

tracking loop. The acquisition loop sweeps the tracking loop to within its acquisition (pull-in) capability.

Whenthe Doppler signal plus noise (S+N) exceeds the out-of-band noise factor (N) by 3 db, the frequency
tracker locks on to a narrow band of Doppler frequencies corresponding to the velocity beam center. It

also provides a tracker lock-on (TL) signal to determine LR operational status. The tracking loop,

basically a narrow-band AFC circuit, smoothes and tracks the Doppler-shift frequency corresponding to

the Doppler power spectrum at the velocity beam center. Doppler sign sense is retained and the fre-

quency tracker output is a pure sinusoid, at 614.4 kc + Doppler offset frequency (FC+D1), (FC+D2), and
(FC+D3). When the Doppler velocity frequency trackers achieve tracker lock-on, tracker lock-on dis-

cretes enable a velocity data-good (VDG) LR output discrete. When any velocity frequency tracker is
not locked on, a velocity data-no-good (VDNG) LR output discrete is enabled. When the range frequency
tracker is not locked on to the frequency shift of the returned altimeter beam, or when either of the
velocity beams needed for altimeter doppler correction is not locked on, the range data good (RDG) dis-
crete is disabled, and the range data-no-good (RDNG) LR output discrete is enabled.

g

A frequency tracker may have a false tracker lock-on due to locking on a minor lobe of
another beam. This condition is referred to as cross-lobe lock-on. The astronauts determine whether
the LR data displayed are authentic by comparing these data with expected values. The LGC also con-
ducts a reasonablenesstest on all incoming LR data. In both cases, the LR data consists of LM altitude
and velocity components: forward velocity (Vza), lateral velocity (Vya), and altitude rate (Vxa). If the
LGC reasonablenesstest fails, an LGC alarm notifies the astronauts. An astronaut can force the fre-
quency trackers back into the acquisition loop (forced search) by setting the RADAR TEST switch to LDG

for 2 seconds. In forced search, all trackers are forced to perform a search sweep, after which they

reacquire their respective spectrums.

From the DVS frequency trackers, each Doppler offset frequency is applied to a converter

in the velocity data (VD) converter subassembly. From the Doppleroffset frequency, the converter
removes the subcarrier (center frequency), synchronizes and multiplies the Doppler offset frequency by
four to retain the quadrature phases, indicates Doppler sign sense and, based on Doppler sign sense,

provides an output to computers within the VD computer subassembly. From each converter output, a

Doppler signal (4D<0 or 4D>0) goes to the computers within the VD computer subassembly. The notation
4D>0 means four times Doppler offset frequency with positive Doppler (closing velocity); the notation

4D<0, four times Doppler offset frequency with negative Doppler (opening velocity). ©

When a frequency tracker output becomes less than 1.47 kc (Doppler frequency), a bandwidth

control circuit switches the frequency tracker to its narrow band-pass frequency operation (tracking) by
switching the low-pass filters from 1200 cps to 500 cps. When an altitude mode control discrete indicates

a slant range less than 2,500 feet, the altimeter scale factor is increased by a factor of five and the band-

width control circuits switch all the frequency trackers to their narrow band-pass frequency operation.

The altimeter scale factor and the frequency trackers are switched again into their high altitude mode of
operation if the LR slant range exceeds 2,800 feet.

From the 4D<0 and 4D>0 signals, VD computersobtain the velocity beam Doppler products :

(D1, D2, and D3) with Doppler sign sense. The computers convert these Doppler products into antenna @
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coordinates velocities Vxa, Vya, and Vza. With the velocity frequency trackers locked on, the VDG dis-

cretes gate the lateral (Vya) and forward (Vza) velocities, in d-c voltage form, to the X-pointer indicators;

the altitude rate (Vxa), aS a PRF with altitude rate sign sense, to the ALT RATEindicator. The altitude

rate sign sense conveyspositive or negative Doppler velocity. The VDG discretes also gate the Vxa, Vya,

and Vza, aS PRF, to the signal data circuits of the signal data/range converter subassembly.

From the range frequency converter output, the altimeter beam (D4) frequency is applied to

range converter circuits of the signal data/range converter subassembly. When discretes TLI1 and TL2

are present, these circuits use the computed PRF Doppler along D4 to cancel the Doppler, leaving

Doppler-compensated range frequency as a PRF. The range converter circuits derive the Doppler along

D4 by adding the Doppler frequencies Di and D2 and dividing them by two, then multiplying the resultant

average by 15/16 because the altimeter and velocity transmitter frequencies (and thereby their Doppler

frequencies for any given velocity) are in a ratio of 15/16.

2.2.3.3.2 General Operation. (See figure 2.2-11.)

Using the LM controls and indicators, the astronauts can monitor the LM velocities, LM

altitude, and LR transmitter power and temperature; apply power to heat the antenna and power to the LR;

initiate LR self-test; and place the antennain position No. 1 (descent) or 2 (hover). The LR self-test

permits operational checks of the LR without radar returns from external sources.

TheHEATERS: LDG RDRcircuit breaker (panel 11) is closed at the launch pad andleft

closed for the mission duration. This circuit breaker activates an antenna temperature control, which

applies power to antenna heaters to protect antenna components against the spatial cold when power is not

applied to the LR. Closing the PGNS: LDG RDR circuit breaker applies power to the LR power supply

and removes heater power from the antenna. The activated LR furnishes the antenna with 30 watts mini-

mum of dissipated power.

The LR is first turned on and self-tested for 5 minutes during LM checkout before separa-

tion from the CSM. The self-test is accomplished by activating the LR with the PGNS: LDG RDRcircuit

breaker, waiting 2 minutes for adequate warmup, and setting the RADAR TEST switch on panel 3 to LDG.

A self-test command activates self-test circuits, which apply simulated Doppler signals (9.6 ke) to the

LR velocity sensors and simulated lunar range signals (19.2 ke) to the altimeter sensor. After processing

by the antenna and electronics assemblies, these simulated self-test signals are monitored for expected

LM simulated forward and lateral velocities, with the X-pointer indicators, and for expected LM simu-

lated altitude and altitude rate, with the ALT and ALT RATEindicators. The self-test values are also at

the LGC input and that interface is checked on DSKY display by inputing suitable verbs and nouns.

To monitor the LM simulated forward and lateral velocities with the X-pointer indicator on

panel 1, switches on panel 1 are set to the following positions: MODE SEL to LDG RADAR, RATE/ERR

MON to LDG RDR/CMPTR, and X-POINTER SCALE to HI MULT or LO MULT. The HI MULT position

provides a 200-fps scale and lights the X10 multiplier placard on the X-pointer indicator. The LO MULT

position provides a 20-fps scale. To monitor altitude and altitude rate, the RNG/ALT MON switch on

panel 1 is set to ALT/ALT/RT and the MODE SELswitchis left at LDG RADAR.

Altimeter transmitter and velocity transmitter power is monitored by setting the TEST/

MONITOR selector switch to ALT XMTR and VEL XMTRand observing the SIGNAL STRENGTH meter.

A half-scale reading indicates an acceptable minimum power-output level. LR antenna temperature is

monitored by setting the TEMP MONITORselector switch to LDG and observing the TEMPindicator for

an indication within the operating temperature range of +50° to +150°F.

If the range frequency tracker fails to lock on, the velocity data-no-good or range data-no-

good discrete are sent to the PCMTEA and are telemetered to MSFN. Antenna temperature data are also

telemetered.
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After a successful LR self-test, the LR is de: :::vated and the RADAR TESTswitchis set to
OFF. The LRis placed in operation a few minutes prior t. -owered descent and remains operational

until lunar touchdown.

LR slant range data is available to the LGC and on the ALT indicator at or above 25,000 feet.
At or above 18,000 feet, the forward (Vza) and lateral (Vxa) velocities are available to the LGC and onthe
X-pointer indicators.

When the LM reachesan altitude of 500 feet or less, the astronauts initiate manual control

(P66) for the remainder of the descent to the lunar surface. The LR may drop lock during this phase of

the mission, due toa zero Doppler. Ata preselected minimumaltitude (usually 50 feet), LR data to the
LGCis inhibited. During this critical phase of the mission, the altitude and velocity data on the LM
displays is inertially derived by the LGC from the state vector which has been updated by LR data.

LR raw data can be displayed as a cross-check and/or if a problem occurs in the PGNS

coordinate transformation. When touchdown is accomplished, the LR is deactivated by opening all LR

circuit breakers.

2.2.3.3.3 Antenna Positions.

The Lit antenna is oriented to position No. 1 (descent) or 2 (hover). Position No. 1 orients

the antenna boresight 24° with respect to the LM X-axis. In position No, 2, the antenna boresight is

parallel to the LM X-axis. The antenna pivots on its Y-axis which is ata 6° angle with respect to the LM

Y-axis. The angle between the antenna boresight and the altimeter beam is 20. 4°, (See figure 2, 2-12.)

In the nominal mission, the LDG ANT switch (panel 3) is set to AUTO and the LGC controls
the antenna position. For test or override purposes, the LR antenna position may be controlled manually.

Antenna position No. 1 is selected by setting the LDG ANT switch to DES; antenna position No. 2, with the

switch set to HOVER. With the switch set to AUTO, the LGC commandsthe antennato position No. 2 at

the LM pitchover point on the descent trajectory, at about 7,800 feet.

The LR antenna position command energizes a DSKYrelay solenoid, thereby applying an

antenna position No. 2 discrete to a pedestal motor switch, which switches a pedestal motor driver to the

position No. 2 activate command line. From the antenna pedestal motor driver, a current-amplified sig-

nal is routed through a closed cam-limit switch to drive the tilt-actuator motor. The driven motor tilts

the LR antenna to position No. 2.

Whenthe antenna reacheseither position, a cam mechanism cuts off the motor drive signal

by opening that positions activate command switch. In addition, the drive signal now causes a closed

circuit to exist across the motors armature, acting as a dynamic brake. In either antenna position limit,

only a drive signal out of that position is accepted by the circuit set up by the limit switch contacts. In

addition, either position causes an indication discrete to be sent to the LGC, which usesthis discrete to

transform radar data into inertial coordinates for guidance computations.

The pedestal motor is controlled in the same way by the limit switches when the LR antenna

is commanded manually by setting the LDG ANT switch to DES or HOVER.
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2.2.3.3.4

BEAM ANGLES
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Figure 2,2-12.

Antenna Beam Configuration,
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BEAM ANTENNA

TT = 0°

BEAM 2

ANTENNA POSITION NO. 2
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ANTENNA TILT ANGLES . 8. 300LM4.72

Landing Radar - Antenna Beam Configuration

(See figure 2. 2-12.)

The antenna beam configuration provides the LR with velocity Doppler and range information

relative to the LM and the lunar surface. The Doppler shift along each velocity Doppler beam (D1, D2,

and D3) is directly proportional to velocity along the beam between the LM and the lunar surface. A

closing velocity beam conveys positive Doppler sense; an opening velocity beam, negative Doppler sense.

By linearly frequency-modulating the altimeter beam carrier frequency, the frequency difference between

the transmitted and received altimeter beams becomesthe range frequency with Doppler component. The

Doppler component is removed later, leaving a Doppler-compensated range frequency, which is propor-

tional to the beam transit time.

Regardless of whether the LR antenna is in position No. 1 or 2, the beam angle relationships

remain the same between the received altimeter and velocity beams and the antenna boresight. By using

formulas based on these beam angle relationships, the LR derives the LR antenna coordinate velocities

Vxa, Vya, and Vza.
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Above 2,500 feet, the altimeter X-band (9.58 gc) microwave energy has a frequency -deviation

range of +4 mc; below 2,500 feet, a frequency-deviation range of +20 mc. Transmitter microwave energy

samples are continuously mixed with the return energy. The resultant frequency difference (range fre-

quency) is proportional to a sawtooth frequency-deviation rate, and two times the distance to the lunar

surface. The altimeter frequency tracker is blanked for a period which includes the transmit and receive

times of the sawtooth sweep retrace.

The Doppler velocity sensor (DVS) transmitting array, consisting of parallel waveguide with

parallel H-plane slots, forms and propagates the DVS microwave energy into four beams symmetrically

positioned about the antenna boresight or beam group center. Only beams 1, 2 and 3 have corresponding

receiver arrays, hence the fourth beam is not used and is not shownin figure 2. 2-12. There are only

three DVS receiving arrays, which are aligned to the three DVS beams. The DVS transmitting array was

designed to obtain precisely the desired beam angles shown in figure 2.2-12, These beam angles deter-

mine the vector angle of the velocity measured by the beam, andin the resolution of those vector velocities

into antenna coordinate velocities, is a factor in determination of scaling accuracy. Each of the three

DVS two-way beam widths is 3.66° E-plane and 7.33° H-plane. The DVS E-plane is parallel to the

antenna Y axis.

The altimeter transmitting array, consisting of parallel waveguides with angular E-plane

slots, forms and propagates the altimeter microwave energy into two beams symmetrically positioned about

a center which is 1.9 degrees tilted aft from the antenna boresight or electrical beam group center. The

altimeter transmitting array is part of the same structure or assembly as the DVS transmitting array,

with the waveguides of each running in the antenna Y-axis direction and alternately interlaced in the

antenna Z-axis direction. Only one altimeter beam has a corresponding receiver array, hence the other

is not used and is not shownin figure 2.2-12. The altimeter transmitting array is structurally design

positioned to obtain precisely the desired beam angle shown in figure 2.2-12. This beam must be located

in the plane formed by DVS beams 1 and 2 and mustbisect the angle made by those beams, because the

Doppler correction for the altimeter beam is obtained from the sum of beams 1 and 2 Dopplers, which

represents a Doppler vector in that position. The altimeter beam angles are used by the LGC in the

computation of LM altitude from LR slant range output. The altimeter two way beam width is 7.5°

E-plane and 3.9° H-piane. The altimeter E-plane is parallel to the antenna Y-axis.

2.2.3.4 Radar Power Distribution.

The RR and LR receive 28-volt d-c power for the antenna heaters from the HEATERS: LDG

RDR, RNDZ RDR STBY, and RNDZ RDR OPR circuit breakers (panel 11).

The RR receives power from the CDR's d-c and a-c buses through the PGNS: RNDZ RDR

and the AC BUS A: RNDZ RDRcircuit breakers (panel 11), respectively. The 28-volt d-c power applied

to the RR power supply subassembly, provides regulated outputs of +26,+25, +12, -12, +6, and +4, 3 volts dc.

The 115-volt a-c power drives the antenna assembly gyro spin motors and supplies the gyro pickoff

excitation.

The LR receives 28-volt d-c power from the CDR's d-c bus through the PGNS: LDG RDR

circuit breaker (panel 11) for its low-voltage d-c power supply. The regulated outputs of the power

supply are +25.3 volts dc for the altimeter and the velocity sensor; for the other functional areas of the

LR, +25, -25, +4, and -2 volts de.

Refer to figure 3-3 for additional circuit breaker information.

2.2.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION

2.2.4.1 Rendezvous Radar.

2.2.4,1.1 Antenna Assembly. (See figure 2.2-3.)

The RR antenna is an amplitude~comparison, simultaneous-lobing, directional device that

provides accurate angle and angle rate tracking information. The 24-inch-diameter parabolic primary

reflector of the radar antenna has a conventional four-port Cassegrainian feedhorn. The radiation from

the feedhorn illuminates a hyperbolic secondary reflector located to reflect the feedhorn-radiated RF
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energy back to the primary reflector, Use of the hyperbolic reflector uniformly illuminates the parabolic

reflector with RF energy and results in the formation of a narrow, highly directional beam. The antenna
operates in the X-band region of the mic: «'ave spectrum and possesses an overall power gain of 32 db.

The signal radiated from the antenna is c.: cularly polarized to minimize sign: . losses due to variations in
attitude that occur between the LM and CSM. The antenna beamwidth is nom::.. :y 3.5°.

The antenna pedestal and base of the antenna assembly are mounted on the external struc-
tural members of the LM. The antenna pedestal supports the shaft-axis members, including the shaft

resolver and servomotor. The trunnion axis is perpendicular to, and intersects, the shaft axis, which
supports the trunnion-axis membersthrough the trunnion resolver and servomotor. The antenna re-

flectors and the microwave and RF electronics components are assembledatthe top of the trunnion axis.
This assembly is counterbalanced by the trunnion-axis rotating gyroscope package, mounted below the
shaft axis. Both groups of components, mounted opposite each other on the trunnion axis, revolve about

the shaft axis. This balanced arrangement enables balanced driving torques and reduces the servo re-

quirements and weight. The microwave, radiating, and the gimbaling components, and other internally

mounted components, have flexible cables that connect the outboard antenna componentsto the inboard
electronics assembly, A flexible cable wrap-up system is used at the trunnion- and shaft-bearing joints.

The RR shaft- and trunnion-axis resolvers transmit angular position to the LGC via the
CDU RR channels. The LGC uses theseangle position data in conjunction with range and range rate to
update the state vector. The RR also provides data to LM cabin displays for use by the astronauts in

evaluating the rendezvous phase of the mission.

2.2.4,1.2 Electronics Assembly. (See figure 2.2-2.)

The electronics assembly consists of the following subassemblies: receiver, frequency

synthesizer, frequency tracker, self-test, antenna control amplifier, range tracker, signal data con-

verter, and instrumentation converter.

Receiver Subassembly, The receiver subassembly is an amplitude-comparison, triple-conversion,

three-IF-channel unit that generates shaft and trunnion error signals for an antenna servo loop when

angle-tracking the target with the radar antenna. It also functions as an intermediate signal path for

received signals, which are used by the frequency tracker and range tracker. An AGC loop in the re-
ceiver subassembly maintains a constant signal output to the other subassemblies despite variation in

signal input. This ensures that the angle error is a function of the angle error signals, not a function of

signal amplitude. The receiver subassembly consists of three channels: sum channel (reference),

trunnion-axis difference channel, and shaft-axis difference channel.

The receiver subassembly also contains phase-sensitive detectors for generating angle error signals, an
IF distribution amplifier unit for supplying reference channel signals to the range and frequency trackers,

and a local oscillator-mixer for generating a second local-oscillator signal. The second local-oscillator
frequency js obtained by heterodyning the frequency tracker VCO output and a reference frequency. This
produces a sum frequency that is 6.8 mc lower than the incoming 40.8-mc Doppler-shifted frequency.

At the second mixer, the Doppler frequency shift is removed; all subsequent signal processing is accom-
plished at fixed carrier frequencies.

Frequency Synthesizer Subassembly. The frequency synthesizer subassembly supplies the other RR

subassemblies and the antenna assembly with coherent reference frequencies, which provide extreme
accuracy and a high degreeof stability. Multiplying and dividing circuits, local oscillators, amplifiers,

and mixers are used in the frequency synthesizer to provide five output frequencies whose functions and

destinations are listed in table 2, 2-1.

 

The frequency synthesizer subassembly contains two oscillators. One oscillator operates at 102.425 mc;

it provides an input to a chain multiplier in the antenna assembly. The chain multiplier multiplies the

input by a factor of 96 to produce the radar transmitter frequency (9832.8 mc). The other oscillator

produces a frequency of 1.7 mc. Multiplication and division of this frequency provides the other fre-

quencies required for RR operation. (The 1.7-mceoscillator is controlled in frequency by comparisonof

its 102, 425-mc output with the 102. 425-mc oscillator.)
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Table 2,2-1, Frequency Synthesizer - Output Frequencies

 

 

Frequency (mc) Function Destination

5.1 Third mixer excitation Receiver

6.8 Reference signal Frequency tracker and range
tracker

7,0125 Doppler bias mixer excitation Frequency tracker

27.2 Second mixer reference Receiver

102,425 Transmitter excitation Antenna assembly, multiplier chain

    
Frequency Tracker Subassembly. The frequency tracker subassembly is a phase-lock loop that detects,

acquires, and phase-tracks the received signal in the receiver subassembly sum channel. In addition,

the frequency tracker provides Doppler frequency and sense outputs, and frequency lock-on indication.

The frequency tracker phase-locks a VCO with the return signal. A sweep circuit varies the VCO fre-

quency across the expected Doppler frequency range (-100 to +100 kc). The presence of a carrier signal

within the locking range, when sensed through a narrow (1 kc) filter by a threshold circuit, stops the

sweep and permits the VCO to phase-lock. The phase detector has a 6.8-me reference signal, supplied

by the frequency synthesizer subassembly. An error signal from the receiver subassembly drives the

VCO to a frequency, which, when mixed with a 27. 2-mc signal at the receiver second IF oscillator pro-
duces a 1.7-mcsignal that passes through the 1-kc filter. The VCO, which is tracking the Doppler-shifted

carrier and is used as a local oscillator, removes the Doppler frequency shift from all signals in the

succeeding IF stages. The sweep generator stops sweeping the VCO whenthe acquisition logic and the
threshold detector produce a frequency tracker lock-on discrete. When this discrete and the auto- track

enable discrete are present together, the range tracker subassembly and the auto angle track circuits are

enabled,

Self-Test Subassembly. The self-test subassembly is used to perform a qualitative test to verify proper
operation of the RR electronics. The test provides range, range rate, and angle error data for a simu-

lated 200-nm signal. Basically, the self-test subassembly provides a means of inserting, into the antenna

assembly, signals that simulate RF inputs to the RR. Range rate information is contained in a fixed IF
offset of 10 kc, corresponding to a velocity of 500 fps. Range information is placed on the crystal oscil-

lator frequency by a varactor phase modulator driven by three-tone phase shifters. Angle error informa-
tion is simulated by square-wave phase modulation of the difference channel signals, which switches the

phase of the difference channels between 90° and 270° with respect to the sum channel signal.

The self-test circuits are enabled when the RADAR TEST switch is set to RNDZ. The RANGE and RANGE
RATEindicators should read approximately 195 nm in range and approximately -500 fps in range rate and
the antenna should be driven in alternate directions, as indicated by the FDAI error needles,

Antenna Control Amplifier Subassembly. The antenna control amplifier subassembly contains amplifiers

for driving the antenna shaft- and trunnion-axis servomotors, amplifiers for driving the gyro torquer

coils, and voting logic for switching between the redundant and primary gyros in the event of a malfunction

of the pair of gyros in use. The amplifiers, in conjunction with the antenna components and receiver

subassembly, form inner and outer closed loops for each axis. The inner (stabilization) loop maintains

 

the antenna boresight axis fixed in inertial space in the presence of vehicle motion, as sensed by the gyros.
The outer (tracking) loop further maintains the antenna boresight on the target, using the tracking error

signals from the receiver. In the designate mode, the tracking loop is open and LGC-designated antenna
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position data, or manual slew dat... are accepted by the subassembly. The LGC designates the antenna

boresight to the target, and suppi:es an automatic tracking enable signal for the RR when within 0.5° of
the computed target LOS. The possibility of side-lobe lock-on is made negligible by limiting the antenna

boresight displacement from the computed target LOS to within 0.5° before closing the tracking loop.

Allowing for a 1° error in the computer LOS with respect to the actual LOS to the CSM and a 1° boresight

error for the RR-to-IMU alignment, the total misalignmentis limited to 2.5°, which is adequate to pre-
vent an antenna side-lobe lock-on. (The first sidelobe stable tracking point is 6° off boresight.) The
antenna then continuously tracks the target by maintaining the monopulse receiver angle error signals at

null. The antenna may also be manually slewed, at either of two selected LOS rates. In this case, the

enable signal required to close the automatic tracking loop is supplied by setting the RENDEZVOUS
RADARselector switch (panel 3) to AUTO TRACK.

The antenna shaft and trunnion are positioned by 32-pole, brushless, permanent-magnet-rotor-type
motors. The motors are driven by pulse-width-modulated drive signals applied to their sine and cosine
windings. The direction of motor rotation is reversed by reversing the motor winding across the pulse-

width- modulated drive voltage.

A gyro voting circuit, consisting of performance comparison and logic-switching circuits, automatically

detects a malfunctioning gyro and removes it from the control loop. There are two pairs of gyros; one

pair ata time is used to stabilize the antenna. Either pair can be used. The voting circuit determines

whether the active pair contains a failed gyro by comparing the outputs of the gyros, three ata time. If

a failure or degradation occurs in the pair in use, the other pair is automatically switched into the

antenna- stabilizing network.

For certain types of gyro failure, and when slewing or designating at high angular rates, the voting logic

can switch to the pair containing the failed gyro. This results in loss of angle control, and unpredictable
antenna motion.

A RR GYRO SEL switch permits manual override of the gyro voting logic. The switch is on the AOT
guard, The AUTO position permits normal voting operation. Setting the switch to PRIM or SEC selects
the primary or secondary pair of gyros, respectively, without voting operating. Normally, the switch

is set to PRIM; in case of suspected gyro malfunttion, it is set to SEC.

Range Tracker Subassembly. The range tracker subassembly determines the range to the transponder by

measuring the relative phase delay between the tones that modulate the transmitted and the received sig-

nals. The transponder reply signal, after undergoing dual frequency conversion in the RR antenna

assembly and receiver subassembly is applied as a 6. 8-mc signal to the coherentdetector of the range
tracker subassembly. This signal is demodulated in the coherent detector, which uses a 6.8-mc quad-

rature reference. The individual sine-wave rangetone signals are extracted from the receiver noise by

use of band-pass filters. The range phase delay, proportional to range, is measured independently on
each of the three tone signals in a closed tracking loop, using three locally generated reference square
waves each of which has variable phase with respect to the transmitted signals. The phase of the refer-
ence Square waves is adjusted until they have matching phase with respect to each of the received signals.

The phases match when each reference square wave is in quadrature with the phase of the corresponding

received tones. The reference square waves are digitally produced by comparison between a running
high-speed counter and a low-speed range counter. The low-speed range counter is driven upward or

downward, until phase null is achieved in each of three tone phase detectors, by incremental range pulses

obtained from a voltage-to-PRF converter. Above 50.6 nm, the converter is controlled by weighted in-

tegration of two of the three phase-detector error signals; below 50.6 nm, by one of the error signals.

Signal Data Converter Subassembly. (See figure 2,2-13.) The signal data converter subassembly con-

sists of a computer interface board and an input-output amplifier board; it provides the electrical interface

between the RR and the LGCfor range and range rate data. It also supplies an 18-bit range word for the
displays and routes the RR control signals from the control panel. The computer interface board contains

a 15-bit binary counter, a 15-bit shift register, two strobe gate generators and associated data transfer
logic, and six discrete interface circuits. The input-output amplifier board contains relay drivers, pulse

shapers, a signal shaper, and antenna servo control logic. Depending on the control signals from the

LGC, the computer interface board provides either range or range rate data to the LGC.
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Figure 2.2-13. Rendezvous Radar Digital Data Transfer - Functional Flow Diagram

The LGC requests range data by sending strobe pulses on three lines at a rate of 3,200 pps. One strobe
line supplies a continuous train of reset pulses for timing. A burst of 256 pulses is sent ona second

strobe line to read the range into the register. After a strobe interval of 80 milliseconds (read time),
the LGC sends a burst of readout pulses on a third line to obtain the data. In this operation, the range

data are transferred automatically from the range counter to the 15-bit shift register. The range data
are transmitted to the LGC in true and complement forms on two separate lines.

The LGC requests range rate data by sending pulses on the reset strobe line and a burst of pulses on the

range rate gate strobe line at a rate of 3,200 pps. Both sets of pulses are routed through a gate generator

to provide three outputs, as follows:

e Reset pulses to clear the 15-bit binary counter

e Range rate pulse to control the duration of the counting period

e Transfer pulses to activate the 15-bit transfer logic.

The range data routed to the LGC can haveeither of two different scale factors. Range low-scale factor

switching is automatically implemented by the RR at ranges of 50.58 nm or less. The RR has an 18-bit

accumulator (counter) for transferring range data to the 15-bit shift register. Only 15 of 18 bits are gated

to the shift register, to be sent to the LGC, At ranges greater than 50.58 nm, the 15 mostsignificant bits
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are transferred, At ranges less than 50.58 nm, the 15 least significant bits are transferred. The range
scale factor determines whether the 15 least significant bits or 15 most significant bits from the counter

are gated to the shift register. The RR sends a discrete signal (RR range low-scale factor) to inform the
LGC that low-scale-factor radar operation is in effect. The low-scale factor of the transferred range
data is 9.38 feet/bit; the high-scale factor, 75.04 feet/bit. RR scale factor switching does not occur dur-
ing range data transfer.

Instrumentation Converter Subassembly. The instrumentation converter subassembly provides the follow-

ing signals, which are obtained as outputs from a power monitor converter and data-no-good/no- track

converter.

 

e Transmitter power output to cabin display (SIGNAL STRENGTHindicator on

panel 3)

e Data~no-good signal to telemetry

e No-track signal to cabin display (NO TRACKlight on panel 3).

The instrumentation converter subassembly consists of a power monitor converter and a data-no-good

and no-track converter. The power n::-nitor converter output indicates the RR transmitter power output.

A d-c analog voltage from a directiona. coupler and diode rectifier in the antenna assembly is chopped by

a 20-ke square wave, amplified, and demodulated. The d-c analog signal is filtered and then routed to
the SIGNAL STRENGTHindicator, whereit indicates RR transmitter power output.

The data-no-good and no-track converter monitors the signal data converter subassembly for a data-no-

good condition. A data-no-good condition exists when either range or range rate lockon is missing. This

converter generates data-no-good and no-track signals upon detection of a data-no-good condition. Routed

to the IS, the data-no-good signal enables the lighting of the RNDZ RDR caution light (panel 2) and the
telemetering of the no- track condition to MSFN. The no-track signal also enables the lighting of the

RNDZ RADAR: NO TRACKlight.

2.2.4.2 Rendezvous Radar Transponder.
 

2.2.4,2.1 Antenna Assembly. (See figure 2. 2-14.)

The transponder antenna assembly is mounted tilted 15° from the normal to the surface of
the Service Module. The antenna assembly, located close to the transponder electronics assembly, is
approximately 159 inches forward of the Service Module aft section, with CSM-axis coordinates of 40°

from +Z-axis, 50° from +Y-axis, and 75° off +X-axis. The antenna, a wide-angle-of-coverage horn,
has an on-axis gain of approximately +7 db. Out to the limits of antenna coverage (+60°), the antenna
gain is never less than 0 db.

The antenna part of the assembly consists of a Y-type, two-porthole, waveguide horn with

a circular ground plane. The antenna is protected by, and isolated from, an aluminum-phosphate radome
connected to a cork- insulated fiberglass housing mounted on the Service Module fairing. The radome and

housing protect the antenna from dust and thermal and abrasive blastoff effects. The radome composition

permits optimum microwave reception and transmission with minimum deterioration of signal strength
and characteristics,

The antenna is coupled, by waveguide sections, to the transponder electronics assembly. A
waveguide flange connects the antenna base to an antenna waveguide flexible adapter. A coupling flange
connects the flexible adapter to a waveguide transmission line.

2.2,4,2.2 Electronics Assembly. (See figure 2.2-7.)

The electronics assembly consists of the following subassemblies: microwave, receiver,
carrier lock loop, tone-modulation detector, and power supply.

Microwave Subassembly. The microwave subassembly couples the antenna to the receiving and trans-

mitting circuits of the transponder. A circulator in the microwave subassembly permits dual use of the
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Figure 2.2-14. Transponder Antenna Assembly

antenna for both transmitting and receiving without significant leakage of the transmitted signal into the

receiver circuits. The signals transmitted from the RR are routed through the circulator to the mixer.

The circulator permits signal transfer in the direction of the mixer only. The mixer combinesthe re-

ceived signal with a 9792-mcsignal developed in the X96 frequency multiplier. The mixer output, a

40.8-mc IF signal, is amplified by a preamplifier and routed to the receiver subassembly. The X96

frequency multiplier develops the 9792-mc signal by multiplying the 102-mceoutput of the carrier lock

loop subassembly by 96, The 9792-mc signal is used as the carrier frequency for the transponder trans-~-

mitter signal. The 9792-mcsignal is applied to the three-tone phase modulator, where the range tones

from the originally received signal are phase-modulated onto the newly generated transponder carrier

signal (9792 mc plus Doppler); this signal is transmitted for RR acquisition.

The modulated output of the three-tone phase modulator is coupled to the antenna waveguide through the

circulator. The modulated transmitted energy enters one port of the circulator, whose magnetic and RF

fields cause it to be rotated clockwise to the output port and out to the antenna.

Whenenabled, the self-test circuit applies 12 volts de to an oscillator. The oscillator provides a 40. 8-mc

test signal, which is applied to the preamplifier of the first mixer. This self-test signal takes the place

of the 40.8-mc output of the mixer and is used to self-test the receiver subassembly.

Receiver Subassembly. The 40.8-mc IF signal from the microwave subassembly is amplified by the first

IF amplifier and applied to the second mixer. The amplifier output is mixed with a 34-mc signal from the

carrier lock loop subassembly to producea 6. 8-mc output.

The 6.8-mc signal is routed through an 8-kc band-passfilter to produce a narrow-band signal and through

a 200-ke band-passfilter to produce a wide-band signal. The narrow- and wide-band signals are both fed

to the threshold detector of the carrier lock loop subassembly to permit comparison of the noise levels of

the two signals. The 6.8-mc IF signal is also routed to the tone- modulation detector subassembly through

an output buffer and gating circuit.

The receiver subassembly also provides an AGC loop for the transponder electronics assembly. The

AGC loop comprises the preamplifier of the first mixer in the microwave subassembly and thefirst IF

amplifier in the receiver subassembly. The narrow-band output of the 8-kc band-pass filter is passed,

through a 1-ke filter, to the AGC amplifier and detector. By filtering out the noise, the narrow-band
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filter assures that AGC response is mostly determined by the received signal level, The AGC loop main-

tains the 6.8-mc receiver output signal constant despite the va_. ‘ion of the signal input from the RR,

 

output, which sweeps the VCO linearly with time. By use of a difference amplifier, the lock-up and
threshold detector compares the respective signal power of a 6, 8-mc wide-band (100 kc) signal with a
1-kc limited-band signal (+10 db) extracted from the wide-band signal. When the signal power of the
+500-cps signal (1-kc limited-band signal) exceeds that of the 6.8-mc wide-band signal, a stop-sweep
signal is sent to the acquisition logic and sweep generator. The sweep generator stops its linear-timed,

sawtooth sweep of the VCO. The VCO phase positioning is now controlled by error signals generated by

the modulator, which derived these signals by comparing the VCO output with the 6.8-mc narrow-band

signal. The difference amplifier switches in a notch filter to remove the 200-cps phase modulation from
the error signal. The error signal enables a relay to produce the VCO tune signal. Through the acquisi-

tion logic and sweep generator, the VCO tune signal drives the VCO phase positioning to make and keep the
VCO output phase-coherent with the 6. 8-mc narrow-band signal.

Carrier Lock Loop Subassembly. The acquisition logic and sweep generator circuit produces a sawtooth E

The lock-up detector also compares the 6.8-mc narrow-band signal with the output of the VCO. When the
two signals are phase-locked, the detector produces a frequency lock-on discrete, which is used to gate

the 6.8-mcesignal out of the receiver subassembly. The 6.8-mc output of the VCO is used as a reference
signal in the tone~modulation detector subassembly. This 6.8-mc signal is also multiplied by five ina

frequency multiplier to produce a 34-me signal, which is routed to the second mixerin the receiver sub-

assembly and to the X3 frequency multiplier. The 102-mc output of the X3 frequency multiplier is applied
to the microwave subassembly.

Tone- Modulation Detector Subassembly. Routed from the output buffer and gate (receiver subassembly),

the 6.8-mc signal, with RR-transmitted Doppler and three tones, is compared with the 6.8-mc reference
signal at the coherent detector (tone-modulation detector subassembly). The coherent detector uses the
reference signal to ensure that the transponder transmitter signal will be frequency-coherent with the RR
transmitter signal. The output of the coherent detector is routed to three parallel band-pass filters and
amplifier and phase-adjust circuits, one each of 200 cps, 6.4 kc, and 204.8 kc. The 6.4- and 204, 8-kc
tone filters are in an oven whose temperature is controlled to 160°+1° F to stabilize tone phase shift.
Eachstrip of circuits filters, amplifies and phase-adjusts its respective tone before it is routed to the
phase modulator in the microwave subassembly.

Power Supply Subassembly. The power supply subassembly provides all the secondary power (+25, +12,
and —-12 volts dc) required by the transponder electronics assembly.

2.2.4.3 Landing Radar.

2.2.4,3.1 Antenna Assembly. (See figure 2. 2-15.)

 

The LR antenna assembly is mounted on an antenna pedestal, which is bolted to the underside
of the descent stage. In antenna position No. 2 (hover), the antenna transmitting and receiving arrays face
directly downward; the antenna is parallel to the plane formed by the LM Y-LM Z-axis. Twointerlaced J
transmitting phased arrays propagate cross-polarized (90° out of phase) velocity (10.51 gc) and altimeter
(9.58 gc) microwave energy to the lunar surface. Four receiving broadside arrays (DVS beamsNo. 1, 2,
and 3, and the altimeter beam) are each structurally positioned so their maximum-gain direction coincides

with the center of the corresponding transmitted microwave beam. Toeffect this cross-polarization, the
velocity sensor transmitting and receiving arrays have E-wall slots in their multiwaveguides, and the
altimeter transmitting and receiving arrays have H-wall slots in their multiwaveguides. A nonabsorptive
finish, thermal blanket, and external thermal shield partially protect the antenna assembly against the
effects of the descent engine plume and the thermal conditions of space.

Inside the antenna assembly, four pairs of microwave mixers, four pairs of audio-frequency i
preamplifiers, a velocity sensor transmitter, an altimeter transmitter, and a frequency modulator are
mounted on aplatform underneath the interlaced transmitting arrays. Specially cut waveguide sections,
phase shifters, isolators, and waveguide couplers provide optimum matching, minimize VSWR,and obtain
proper phase relationships between the transmitters and transmitting phased arrays and between the four

microwave mixers and the four receiving arrays. At the back of each receiving array and at right angles
to its parallel waveguides, a coupling waveguide is positioned to collect received microwave energy equally

 

RADAR SUBSYSTEM

Mission LM_ Basic Date_1 February 1970 Change Date 1 April 1971 Page 2.2-33



LMA7$90-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

<= ELECTRICAL INTERFACE

+ Y-AXIS~__* 5

ANTENNA PEDESTAL

 

  
  

  
  

 

ROTATING SHAFT

+ Z-AXIS —Y- AXIS

TILT BRACKET (2)

+ X- AXIS

OVS BEAM 1 ALTIMETER BEAM DVS BEAM 3
RECEIVING ARRAY RECEIVING ARRAY RECEIVING ARRAY

  DVS BEAM 2
RECEIVING ARRAY

—+ Z-AXIS 
I

THERMAL SHIELD TILT AXIS

DOPPLER VELOCITY
SENSOR (DVS) ALTIMETER HOVER DESCENT

TRANSMITTING ARRAY (11) TRANSMITTING ARRAY (11) (POSITION NO. 2) (POSITION NO. 1) 300UM4-256

Figure 2.2-15, Landing Radar Antenna Assembly

from each of the multiple waveguides, The microwave energy is routed through specially cut waveguide
sections toa microwave, quadrature-pair balanced mixer. Phase shifters and isolators within the wave-
guide sections maintain the 0°/90° phase relationships and thereby retain the Doppler velocity sign sense
of the received microwave energy. Ata dual preamplifier (figure 2.2-10), this Doppler sign senseis
further retained by quadrature-pair lines (0° and +90°). When the received microwave energy conveys

a closing Doppler velocity, the +90° line leads the 0° line by +90°. A microwaveleveler, between the

altimeter transmitting array and the altimeter transmitter multiplier, minimizes amplitude modulation

of the frequency-modulated transmitter signal by smoothing the amplitude fluctuations.

The antenna pedestal has a tilt mechanism for tilting the antenna to either of two positions

and an electrical interface between the antenna assembly and the LR electronics assembly. On command

initiated by the LGC or the LDG ANTswitch, a tilt-actuator motor moves the antenna to position No. 1
(descent) or 2 (hover). In the descent position, the antenna group beam centeris tilted 24° with respect
to the LM X-axis; in the hover position, it is parallel to the LM X-axis. During a lunar-landing mission,

the antenna is initially set to the descent position for the descent phase. When the LM pitchup maneuver

occurs, the LGC commandsthe antenna to the hover position. The antenna remains in the hover position

until lunar touchdown.

Quadrature-Pair Balanced Mixers. (See figure 2,2-10.) Three quadrature-pair balanced mixers remove

the AF Doppler components with Doppler sign sense from the three received velocity beams. At the

balanced mixers, the received velocity beam signals (D1, D2, and D3) are mixed with a continuously
sampled, transmitted velocity beam signal (10.51 gc) to extract the AF Doppler shifts and Doppler sign
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sense, The three balanced mixer outputs go to three dual AF preamplifiers. At each of the three bal-

anced mixer outputs, a quadrature pair :etains the Doppler sign sense of the returned velocity beam

signal; the AF Doppler frequency with Doppler sign sense is proportional to the opening or closing

velocity between the LM andthe lunar surface along the center of the received velocity beam.

One quadrature -pair balanced mixer extracts the range frequency with its AF Doppler shift. The received

altimeter signal is compared with a continuously sampled, transmitted altimeter beam signal (9.58 gc)
to obtain the beam frequency which is routed to a dual AF preamplifier. At the mixer output, a quad-
rature pair retains the Doppler sign sense. The range frequency, which is obtained by subtracting the
AF Doppler shift from the beam frequency, is proportional to the time difference between the received
and transmitted altimeter beams.

Dual Audio- Frequency Amplifiers. (See figure 2.2-10,) The Doppler audio spectrum paired signals from

the balanced mixers are applied to dual audio-frequency amplifiers. Each pair of amplifiers amplifies

the Doppler-paired signals to obtain a total gain of 88 db at low received signal levels. Because excessive

signal strengths at low altitudes may overdrive the frequency tracker, a threshold detector monitors the

output level of the 55-db gain amplifiers. When the 55-db gain signals exceed 300 millivolts, a switched

AGC action cuts out the 33-db gain amplifiers. A low-gain discrete notifies the frequency tracker of the
lowered amplitude condition.

 

Velocity Sensor Oscillator/Multiplier. (See figure 2.2-10.) The velocity sensor oscillator/multiplier
 

transmits a continuous-wave, 10.51-gce signal through a three-beam, electronically tilted phased array.
Anoscillator generates a 104. 478-mc fundamental frequency, which is power-amplified and frequency-
multiplied by a multiplier-varactor chain to produce the 10.51-gc transmitter signal (200 milliwatts
minimum power). The transmitter signal is applied to the velocity sensor phased array through a direc-

tional coupler and specially cut waveguide sections. A sample of transmitter power is picked off and

then routed through 2 power monitor for display by the SIGNAL STRENGTHindicator. Low-power

transmitter signals are routed from 20-db directional couplers to three velocity sensor microwave

mixers, where they function as local-oscillator signals for RF-to-AF conversion. Each resulting audio-
frequency Doppler component is proportional to the Doppler velocity along the corresponding received
beam.

Altimeter Transmitter/Multiplier, (See figure 2, 2-10.) The altimeter transmitter/multiplier consists

of a power amplifier and a multiplier-varactor. The altimeter oscillator/modulator applies a sawtooth,

frequency-modulated, 99.79-mc signal, which is swept at a 130-cps repetition rate, to the transmitter.

The 99. 79-mc signal ispower-amplified and then frequency -multiplied by the multiplier-varactor chain to
produce a 9.58-gc transmitter signal (175 milliwatts minimum power), which is applied to the altimeter
phased array through a microwave leveler, a directional coupler, and specially cut waveguide sections.

 

The microwave leveler minimizes amplitude fluctuations, to prevent unwanted amplitude modulation of

the frequency- modulated transmitter signal. The 9.58-gc transmitter signal frequency deviation is +4 mc

at LM altitudes in excess of 2,500 feet; x20 mc, at 2,500 feet and less. A sample of transmitter poweris

picked off and then routed through a power monitor for display by the SIGNAL STRENGTHindicator. A

low-power transmitter signal (9.58 gc) is fed from a directional coupler to a quadrature-pair balanced .

mixer, where it is continuously compared and mixed with the received altimeter signal. The resulting
frequency difference, between the transmitted and received signals, is the range frequency, which is

proportional to the sawtooth frequency-deviation rate and twice the distance to the reflecting surface. An

RF-to-AF conversion also results in an audio-frequency Doppler component, which is proportional to the
velocity along the received altimeter beam. This unwanted Doppler component is subsequently cancelled,

leaving a Doppler-compensated range frequency. The LM altitude is derived from the Doppler-compen-
sated range frequency.

Altimeter Oscillator/Modulator. (See figure 2.2-10.) The altimeter oscillator/modulator generates
sawtooth, frequency-modulated, 99. 78-mc average center-frequency signals swept at a 130-cps repetition
rate. The frequency-deviation rate is 441.6 ke (nominal) at LM altitudes in excess of 2,500 feet; +208 kc

(nominal), at 2,500 feet and less. This frequency-modulated signal (14 milliwatts nominal) is applied to
the altimeter transmitter/multiplier.

Oscillator circuits develop 130-cps square waves, which are applied to a sawtooth generator. The saw-
tooth-generator outputs are linear sawtooth waveforms, with a sweep time of 7,000 microseconds and a
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flyback time of 700 microseconds. Through a switch attenuator, a VCO is swept by sawtooth waveforms

of suitable voltage amplitude. An AFC loop minimizes the VCO center-frequency drift. The VCO output
is power -amplified and frequency -multipliedto become the frequency- modulated, 99.79-mc average center
frequency.

An altitude mode control signal applied to the switch attenuator determines whether the VCO center fre-

quency is swept at a high or low frequency~deviation rate. A high frequency~-deviation rate is initiated
when the LM altitude is 2,500 feet or less. A blanking signal to the range frequency tracker blanks for
a period including the sawtooth-generator transmitter and receiver flyback times (7,000 microseconds
and 700 microseconds, respectively).

Antenna Pedestal, (See figure 2.2-15.) The antenna pedestal serves as the electrical and mechanical
interface between the antenna assembly and the LM. It also positions the antenna in either of its two

operating positions (descent and hover). Antenna positioning is performedby tilt-actuator (d-c revers-
ible) motor controlled manually with the LDG ANT switch, or automatically by an LGC commandif the
switch is set to AUTO, The AUTOposition is the normal mission position; it allows the LGC to switch
the antenna from the descent position to the hover position at the optimum altitude for the descent trajec-
tory being used.

A position is selected by application of +28 volts on the appropriate control line. A limit switch,
which opens when the antenna reaches the selected position, removes power from the actuator. Travel

time to either antenna position is less than 10 seconds. In each antenna position, a spring-tension, 400-

pound preload prevents the antenna from vibrating off its selected position. The 10-second travel time

is necessary to traverse the 24° angle and because of this stressed preload. Nominal powerdrain is
15 watts during this travel time. Antenna-position indication is provided by a separate set of switch

contacts, which is located in the antenna pedestal. The indication provided by the switch contacts is

used to generate an antenna position No. 1 or 2 discrete to the LGC.

Antenna Heaters and Temperature Control. (See figure 2.2-10.) The antenna assembly, designed for a
temperature range of 0° to 185” F, is mounted off a surface whose temperature can vary from -260° to

+260° F during translunar and lunar-orbital periods. An external thermal shield, thermal blankets, and
a nonabsorptive finish partially protect the antenna from spatial temperature extremes. Whenthe LR is

operating, sufficient heat is dissipated to maintain antenna temperature within +55° and +150° F,

When the LR is not operating, an antenna temperature contro] and antenna heaters maintain antenna tem-

perature within +55° to +70° F. The antenna heaters are cal-rod heating elements that are imbedded in

the antenna transmitting-array support structure. With the HEATERS: LDG RDRcircuit breaker closed

and the PGNS: LDG RDR circuit breaker open, +28 volts dc is applied to the antenna heater control,

which then furnishes heater power (through a power amplifier) to the antenna heaters. Using thermistors

to monitor antenna temperature and controlling switch circuits, the antenna heater control switches in the
power amplifier to apply power to the heaters when antenna temperature drops below +55°F; it switches
out the power amplifier when antenna temperature exceeds +70° F.

To assure accurate LR frequency tracking when first turned on, the monitored antenna temperature when
the LR is not operating must not be less than +50° F and should not exceed +70° F. With the LR turned on,
the antenna temperature must be within +50° and +150° F to assure velocity and range data accuracy.

When the PGNS: LDG RDG circuit breaker is closed, the LR is activated and antenna heater poweris
turned off. An antenna temperature sensor provides antenna temperature signals to the TEMP indicator
(panel 3).

2.2.4.3.2 Electronics Assembly. (See figure 2.2-10.)

The electronics assembly contains four frequency trackers, a velocity data converter sub-
assembly, a velocity data computer subassembly, anda signal data/range converter subassembly. The

electronics assembly provides the LGC and LM displays with inputs that correspond to the range along
the altimeter beam and antenna coordinate velocities with respect to the LM axes.

Doppler Velocity Frequency Trackers. Three Doppler velocity frequency trackers convert the broadband

outputs of the dual AF preamplifiers (antenna assembly) to discrete AF Doppler components. Using a

variable oscillator and narrow-band, low-passfilters, each frequency tracker acquires and tracks the
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to the centroid of the Doppler power spectrum which correspondsto the center of the returned velocity i

beam. The resultant Doppler audio frequency is superimposed on a 614, 4-ke subcarrier for further

processing by a converter within the velocity data converter subassembly. Doppler sign sense represen-
tative of opening or closing velocity is interpreted and preserved through the frequency trackers, anda

VDGdiscrete is sent to the LGC, when all the Doppler velocity frequency trackers are locked on to the

discrete Doppler audio frequencies at the centers of the received velocity beams. Each Doppler velocity
frequency tracker scans, acquires and tracks the AF Doppler componentat the center of ti correspond-

ing velocity beam.

Range Frequency Tracker. The range frequency tracker operates ina manner similar to that of the

Doppler frequency trackers. From a dual AF preamplifier, this frequency tracker receives a broadband

output containing a range frequency with AF Doppler component. The frequency tracker scans, acquires,

and tracks the centroid of these frequencies, which corresponds to the center of the returned altim-

eter beam. When the frequency tracker is locked on and tracking and the two rear velocity beam |
trackers are tracking, a RDG discrete is sent to the LGC. The range frequency with AF Doppler com-

O9

ponent is sent to a range frequency converter.

Velocity Data Converter Subassembly. The velocity data converter subassembly contains three velocity

data converters, a range converter, a reference frequency generator, a bandwidth control circuit, and

logic gates. From the Doppler velocity frequency trackers, each Doppler offset frequency with quadra-

ture phases of 0°, 90°, 180°, and 270° is applied to a converter in the velocity data converter subas-

sembly. The converter removes a 614. 4-kce subcarrier from the Doppler offset frequency, synchronizes

and multiplies the Doppler offset frequency by four to retain the quadrature phases, indicates Doppler

sign sense, and, based on Doppler sign sense, provides an output to computers within the velocity data

computer subassembly, From eachof three converter outputs, a Doppler signal (4D >0 to 4D <0) goes to

the computers within the velocity data computer subassembly. The expression 4D >0 denotes four times

the Doppler offset frequency with positive Doppler (closing velocity); 4D <0, four times the Doppler offset

frequency with negative Doppler (opening velocity).

 

The range frequency converter operates ina manner similar to that of the velocity data converters. From

the range frequency tracker, the range frequency converter receives a range frequency and a Doppleroff-

set frequency with quadrature phases of 0°, 90°, 180°, and 270°. The range frequency converter .
removesthe center frequency and then routes the range frequency with Doppler frequency to range con- i

verter circuits of the signal data/range converter subassembly.

The bandwidth control circuit, basically a frequency comparator, switches all the Doppler velocity fre-

quency trackers to narrow band-pass operation (tracking) when an altitude mode discrete indicates an
altitude of 2,500 feet and less. When Doppler velocity frequency tracker output is less than 1.47 kc
(Doppler frequency), the circuit switches the frequency tracker to narrow band-pass operation by switch-

ing the low-pass filters from 1,200 cps to 500 cps.

Logic gates monitor tracker lock-on discretes from the four frequency trackers (three Doppler velocity,

and range). When all the Doppler velocity frequency trackers are locked on, discretes TL1, TL2, and
TL3 enable a VDG discrete to the LGC. When the range frequency tracker is locked on and discretes
TL1 and TL2 are present, the RDG discrete is enabled and routed to the LGC. The reference frequency

generator provides all the reference frequencies necessary for LR operation.

Velocity Data Computer Subassembly. The velocity data computer subassembly consists of three com-

puters, which compute antenna coordinate velocities Vxa, Vya, and Vza from the discrete Doppler

components with Doppler sign sense (4D <0 and 4D>0) received from the Doppler velocity frequency

trackers. With these velocity frequency trackers locked on, VDG discretes gate the lateral (Vya) and
forward (Vza) velocities, in d-c voltage form, to the X-pointer indicators; the altitude rate (Vxa), asa

PRF with altitude rate sign sense, to the ALT RATEindicator. The altitude rate sign sense conveys

positive or negative Doppler velocity. The VDG discretes also gate Vxa, Vya, and Vza, as PRF, to the
signal data circuits of the signal data/range converter subassembly.

 

Signal Data/Range Converter Subassembly. The signal data/range converter subassembly consists
of signal data and range converter circuits and an altitude mode switch. From the range frequency
converter output, the range frequency with Doppler (D4) is applied to the range converter circuits. i
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When discretes TL1 and TL2 are present, these circuits use a computer quantity Vxa' to cancel the Dop-

i pler, leaving Doppler-compensated range frequency in pulse-train form. The range converter circuits

drive Vxa' by adding the Doppler products D1 and D2 and multiplying the sum by 15/16, The range fre-
quency, aS PRF, is applied to the altitude mode switch circuit and to the signal data circuits. When the
range PRF is equivalent to 2,500 feet or less, a low-altitude PRF is gated to the ALT indicator. A
mode (M) discrete changes the altimeter oscillator/modulator frequency-deviation range from +4 mc to

+20 mc. The discrete switches the frequency trackers to narrow band-pass operation. The M discrete

also enables a range low-scale factor discrete to the LGC.

The signal data circuits convert the radar data, in PRF form, into the LGC 15-bit format. An LGC
strobe command enables the signal data circuits to read out particular radar data (Vxa, Vya, Vza, or
range). For lateral velocity (Vya), LGC strobe command Vya strobes input gates to gate in the Vya
pulse train, allowing 80 milliseconds to be counted into a 15-bit counter. On LGC readout command,

the Vya data in a shift register is read out in serial binary form to the LGC. Upon receiving the Vya

data, the LGC subtracts a number equal to 0. 80 x CF to extract the velocity and its polarity. The
velocity is multiplied by its scale factor to convert to lateral velocity in feet per second. Five 80-

millisecond samples are averaged to obtain one smoothed 400-millisecond value to be used for state vec-
tor computation update.

2.2.5

2.2-3,

PERFORMANCE AND DESIGN DATA.

The performance and design data for the Radar Subsystem are given in tables 2, 2-2 and

Table 2.2-2. Rendezvous Radar and Transponder ~ Performance and Design Data

 

 

Rendezvous radar

Radar transmitted frequency

Radar received frequency

Radiated power

Antenna design

Angle-tracking method

Antenna diameter

Antenna gain

Antenna beamwidth (3-db points)

Antenna side-lobe level

Gyroscopes

Modulation

Receiver channels

Receiver noise figure

Receiver intermediate frequencies

Maximum range (unambiguous)

Minimum range

9832.8 mc

9792.0 mc + Doppler

300 mw (nominal)

Cassegrainian

Amplitude monopulse

24 inches

32 db (nominal), 31.5 db at beam center, 28.0 db at 2° off

boresight

4,0°

-13 db adjacent to main lobe

Four (two redundant)

Phase modulation by three tones: 200 cps, 6.4 ke, and

204.8 ke

Reference, shaft (pitch), and trunnion (yaw)

10 db (maximum)

40.8, 6.8, and1.7 me

405 nm

80 feet
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Table 2.2-2. Rendezvous Radar and Transponder - Performance and Design Data (cont)

 

 

Rendezvou. .dar (cont)

Range accuracy

Range data output

Range scale factor

400 to 50.6 nm

50.6 nm to 80 feet

Range rate

Range rate scale factor

Range rate accuracy

Complete acquisition time (range

and range rate)

Angular accuracy

Range

400 nm

300 nm

200 nm

5nm

2nm

1 nm

80 feet

Angle rate accuracy

Range

400 nm

100 nm to 80 feet

Transponder

Antenna

Transmitted frequency

Received frequency

Coherenceratio

Bias: +500 feet or 0.05%, whichever is greater, for

ranges > 50.6 nm
+120 feet for ranges < 50.6 nm

Random (30): 80 feet or 1% for ranges between 80 feet

and 5 nm

300 feet or 1/4% for ranges between 5 and 400 nm

15-bit serial format

75,04 feet/bit

9.38 feet/bit

+4900 to -4, 900 fps

19.91 pps/fps

+1 fps, 30 random

+1 fps, bias

15 seconds

Maximum error (mr)

Random

5.3 8

5.t 8

4.8 8

4.7 8

8.7 8

10 8

10 8

Maximum error

0.4 mr/sec

0.2 mr/sec

4-inch Y-horn, linearly polarized, 12-inch interconnecting

waveguide

9792 mc (RR frequency 9832.8 mc x 240/241)

9832.8 mc + one-way Doppler

240/241
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Table 2,2-2. Rendezvous Radar and Transponder - Performance and Design Data (cont)

 

 

Transponder (cont)

Radiated power 300 mw

Antenna coverage 160° by 105° (fixed position on CSM)

Acquisition time 1.8 seconds with 98% probability, with -123-db signal

at antenna (range: 400 nm)

Intermediate frequencies

First IF 40.8 mc

Second IF 6.8 me

Modulation PM bythree tones (200 cps, 6.4 ke, 204.8 ke)

Range 80 feet to 400 nm

Weight 16.0 pounds

Input power 75 watts

Heater 20 watts (maximum)

 

 

Table 2.2-3. Landing Radar - Performance and Design Data

 
 

Velocity sensor Continuous-wave, three-beam

Radar altimeter CW/FM

Altitude capability 40,000 feet :

Velocity capability Acquisition at 24, 000-foot altitude

_Weight (approx) 43.5 pounds

Power consumption 125 watts de (nominal)

147 watts dc (maximum - with tilt mechanism operating)
132 watts dc (maximum - steady-state)

Heater power consumption 63 watts de (maximum) at 28 volts de

Altimeter antenna

Type Planar array, space-duplexed

Gain (two-way) 50.4 db

RF power 100 mw (minimum)

Beamwidth (two-way) 3.9° E-plane
6.5° H-plane

Velocity sensor antenna

Type Planar array, space-duplexed

Gain (two-way) 49.2 db  
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Table 2.2-3. Landing Radar - Performance and Design Data

 

RF power

Transmitter

Warmup time

Acquisition time

Altimeter

Primary power 

Velocity ser.sor antenna (cont)

Beamwidth (two-way)

Velocity sensor frequency

Altimeter frequency

FM sweep duration

Velocity sensor

Electronics assembly temperature range

200 mw (minimum)

3.67° E-plane
7.34° H-plane

10.510 kme +5 me

9.580 kmc +5 mc

1 minute

0.007 second

12 seconds (maximum)

12 seconds (maximum)

25 to 31.5 volts dc (nominal)
3.5 to 6.5 amperes

-20° to +110° F  
 

2.2.6

2.2.6.1 Rendezvous Radar.

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the RR are asfollows:

For accurate updating of AGS state vectors, using the RR, the separation distance

between the LM and the CSM mustnot exceed 100 nm.

The RR antenna mustbe positioned for minimum interference with the alignment

optical telescope (AOT) when performing inertial measurement unit (IMU)alignment;

otherwise, the RR occults a large portion of the AOT field of view. The minimum

position for the RR antennais orientation No. I (shaft angle of -77.2°, trunnion angle

of 0°).

If the RR antenna has been unstowed (for instance, to use the AOT), it cannot be

restowed from inside the LM.

The HEATERS: RNDZ RDR - OPRcircuit breaker (panel 11) must be closed 2.5

hours before the RR is used. If the RR temperature is not increased from survival

heating level to operating heating level, the RR may be inoperative or its per -

formance may be degraded.

Mechanical movement of the RR shaft cannot exceed +68° and -148° referenced to

the X-axis, due to mechanical stops. Trunnion-axis movementis restricted from

-70° to -110° about the +Z-axis.

When switching the RR antenna from orientation No. I to orientation No. II, 35 to

45 seconds must be allowed for slewing the antenna.
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B 2.2.6.2 Landing Radar.

Manual operation of the RR antenna is only available in orientation No. I. [If this

restriction is not observed, readout of antenna angles is impossible, because dis-

play of RR antenna angles is restricted to orientation No. I.

The RR must be operated within joint specification restrictions on timeline and

thermal inputs into the antenna assembly. Components will overheat, resulting in

degraded operation or possible complete loss of the RR, if operational limitation is

not adhered to.

Before any LGC-controlled maneuver based on RR angular data, 15 minutes of

continuous tracking must be completed by the RR. The LGC must compensate for

RR-IMU angular misalignment (bias) error. [If this requirementis not observed,

inaccurate data is fed to the LGC, resulting in excessive fuel consumption.

During RR-IMUbias determination, the LM-CSM LOS mustbe within 30° of the

LM +Z-axis. If this requirement is not observed, computation of required AV

corrections is degraded, resulting in excessive use of the RCS.

If electromagnetic interference (EMI) in system is identified as caused by the track-
ing light (regular pulses on audio channel or pulses at approximately 1 pps on
SIGNAL STRENGTHmeter), the tracking light may be turned off until acquisition
of data is complete.

While on the moon, the RR antenna should be pointed away from the lunar surface,
with the antenna boresight approximately parallel to the X-axis. This is required
only for a landing near the sub-solar point. Exceptions to this are when the RR is
tracking the CSM and during AOT operation. Possible damage to the RR due to
thermal overload will result in degraded performanceif this restriction is not
observed. The antenna assembly temperature should not be allowed to exceed 75° F

when poweris off.

The operational restrictions and limitations for the LR are as follows:

The LR must be allowed to warm up for 1.5 minutes for temperaturestabilization;
otherwise, degraded and changing output will result.

The LR must be operated within a specific mission timeline; otherwise, the compo-

nents will overheat and degraded operation or possible loss of the LR will result.
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2.3 MAIN PROPULSION SUBSYSTEM.

2.3.1 INTRODUCTION.

The Main Propulsion Subsystem (MPS) consists of the descent propulsion section (DPS)

(figure 2.3-1) and the ascent propulsion section (APS). Each section is complete and independent of the

other and consists of a liquid-propellant rocket engine with its own propellant storage, pressurization,

and feed components. The DPS provides the thrust to control descent to the lunar surface. The APS

provides the thrust for ascent from the lunar surface. In case of mission abort, the APS and/or DPS can

place the LM into a rendezvous trajectory with the CSM from any point in the descent trajectory; there is

a deadman zone immediately above the lunar surface, where abort cannot be accomplished. The choice of

engine to be used depends on the cause for abort, on how longthe descent engine has been operating, and

on the quantity of propellant remaining in the descent stage.
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ACTUATOR
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GIMBAL RING
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Figure 2.3-1. Descent Propulsion Section - Component Location
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Both propulsion sections use identical hypergolic propellants: a 50-50 mixture, by weight,
of hydrazine (N2H4) and unsymmetrical dimethylhydrazine (UDMH)asthe fuel; nitrogen tetroxide
(N904), as the oxidizer. The injection ratio of oxidizer to fuel is approximately 1.6 to 1, by weight. a

Basic operation of the two propulsion sections is similar. In each section, gaseous helium

forces the propellants from their tanks, through propellant shutoff valves, to the engine injectors. The
DPS uses supercritical helium for propellant pressurization; the APS uses ambient gaseous helium. The -

primary reason for using supercritical helium is the weight saving. Both the descent and ascent engine . (
assemblies consist of a combustion chamber, where the propellants are mixed and burned; an injector
that determines the spray pattern of the propellants injected into the combustion chamber; and propellant

control valves and orifices that meter, start, and stop propellant flow to the engine upon command. The

descent engine, which is larger and produces morethrust than the ascent engine, is throttleable for

thrust control and is gimbaled for thrust vector control. The ascent engine is neither throttleable nor
gimbaled. Redundancy of vital components in both propulsion sections provides a high reliability factor.

Before starting the descent or ascent engine, proper propellant settling must be established.
This is accomplished by moving the LM in the +X-direction to cause the propellants to settle at the
bottom of the tanks. As the propellants are consumed, tank ullage increases and more propellantsettling

time is required for each subsequent engine start. The +X-translation is accomplished by operating the

Reaction Control Subsystem (RCS) downward-firing thrust chamber assemblies (TCA's). Two or all
four downward-firing TCA's can be selected, depending upon whether RCS propellant conservation (two
TCA's) or a shorter RCSfiring time (four TCA's) is the major consideration.

2.3.2 DESCENT PROPULSION SECTION INTERFACES. (Seefigure 2.3-2.)

The DPS receives 28-volt d-c and 115-volt a-c primary power through the Commander's
and LM Pilot's buses of the Electrical Power Subsystem (EPS). The outputs of the DPS pressure and
temperature transducers and liquid-level sensors are processed in the Instrumentation Subsystem (IS)
and are transmitted via the Communications Subsystem (CS) to MSFN: The IS also processes the DPS (
caution and warning and display signals. The Explosive Devices Subsystem (EDS) opens explosive valves
in the DPS to enable propellant tank pressurization and venting.

The Guidance, Navigation and Control Subsystem (GN&CS) issues autematic on and off

commands, gimbal drive actuator commands, and thrust level commands to the descent engine. The

automatic on and off commands and thrust level commands can be overriden manually. Descent engine

arming and ignition are controlled by automatic guidance equipment, or by the astronauts through the

stabilization and control (S&C) control assembly and the descent engine control assembly (DECA). A

descent engine arm signal is sent to the S&C control assembly when an astronaut sets the ENG ARM

switch (panel 1) to DES or when he presses the ABORT pushbutton (panel 1) preparatory to starting a

mission abort program, using the descent engine. Engine-on signals from the LM guidance computer

(LGC) or abort guidance section (AGS) are sent to the DECA through the S&C control assembly. The
DECAturns the descent engine on upon receiving the arm and the engine-on signals. If DECA power
fails, the DES ENG CMD OVRD switch (panel 3), in the ON position, will supply an alternate voltage
source to keep the engine firing. The engine remains on until the engine-off command is received from
the automatic guidance equipment. The astronauts can also generate engine on and off commands

manually; these commands override the automatic commands. A manual start is accomplished (after

propellant tank pressurization with ambient helium) by arming the descent engine and pressing the START

pushbutton (panel 5). Either astronaut can shut off the descent engine by pressing his STOP pushbutton
(panels 5 and 6) or by pressing the ABORT STAGE pushbutton (panel 1). An abort-stage command results

in immediate descent engine shutdown, automatically followed by ascent propellant tank pressurization, ,
and enabling of circuitry for stage separation and ascent engine firing. Stage separation and ascent engine \

firing occurs when the ascent engine-on command is issued. *

Descent engine throttling is controlled by the LGC or the astronauts. The throttling-range

limitations are from minimum thrust (approximately 10% of 10,500 pounds) to approximately 65% and a
full throttle (approximately 92.5%). The range between 65% and 92.5% is a transient region that cannot

be used for extended periods because excessive engine erosion occurs in this zone. Under normal condi-

tions, the engine cannot be operated in the transient region because automatic throttle com-

mands above 65% automatically produce a full throttle output. Only in case of malfunction can inadvertent
throttling occur in the transient region, in which case manual correction must be made. Automatic (
throttle increase and decrease signals from the LGC are sent to an integrating counter in the DECA. The
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analog output of the DECA controls descent engine thrust. In the automatic mode, the thrust/translation

controller assemblies (TTCA's) can be used by the astronauts to increase descent engine throttle (over-

riding the automatic throttle command); the TTCA's cannot be used, however, to decreasethe throttle

command. (Refer to paragraph 2.3.3.3.1.) In the manual throttle mode, the astronauts have complete

control over descent engine thrust.

The primary guidance and navigation section (PGNS) of the GN & CS, or the AGS, auto-
matically controls descent engine gimbal trim, to compensate for center-of-gravity offsets during descent

engine firing. In PGNS operation, the LGC sends trim on and off signals in two directions, for each

gimbal axis, to the DECA. These signals operate powercontrol circuitry, which drives the two gimbal
drive actuators (GDA's). In AGS operation, Y- and Z-axis error signals from the attitude and translation

control assembly (ATCA) are sent to the DECAto drive the GDA's. The GDA'stilt the descent engine

along the Y-axis and Z-axis a maximum of 6° from the center position. Tne ENG GMBL switch (panel 3)

permits removing GDA powerto interrupt the tilt capability if the ENG GMBLcaution light (panel 2) goes
on, indicating a malfunction.

The DPS modesof operation are discussed in detail in paragraph 2.1.3.5. The control
circuitry is shown in figure 2.1.18.

2.3.3 DESCENT PROPULSION SECTION FUNCTIONAL DESCRIPTION.

The DPS consists of an ambient helium bottle and a cryogenic helium storage vessel with
associated helium pressurization components; two fuel and two oxidizer tanks with associated feed com-

ponents; and a pressure-fed, ablative, throttleable rocket engine. The engine can be shut down and

restarted, within operational limitations and restrictions (paragraph 2.3.6), as required by the mission.
At the fixed full-throttle position, the engine develops a nominal thrust of 9, 870 pounds; it can also be

operated within a nominal range of 1,050 to 6,800 poundsof thrust.

The engine is mounted in the center compartment of the descent stage cruciform;it is
suspended, at the throat of the combustion chamber, on a gimbal ring that is part of the engine assembly.

The gimbal ring is pivoted in the descent stage structure, along an axis normalto that of the engine pivots.

The engine can be tilted up to +6° or -6°, by means of the GDA's, to ensure that the thrust vector passes

through the LM center of gravity.

Functionally, the DPS can be subdivided into a pressurization section, a propellant feed
section, and an engine assembly.

2.3.3.1 Pressurization Section. (See figure 2.3-3.)

Before earth launch, the propellant tanks are only partly pressurized, so that the tanks will

be maintained within a safe pressure level under the temperature changes that can occur between the time

the tanks are loaded and launch. Beforeinitial engine start, the ullage space in each propellant tank re-

quires additional pressurization. This initial pressurization (prepressurization) is accomplished with am-

bient helium. (Supercritical helium cannot be used becausethe helium circulating through the fuel/helium
heat exchanger may freeze thefuel before fuel flow is established.) A pressure transducerat the outlet port
of the ambient helium bottle supplies a signal through the HELIUM MONselector switch (panel 1), when
set to AMB PRESS, to the HELIUM indicator (panel 1) to enable the astronauts to check the status of the
bottle before initial engine start. The propellant tanks are prepressurized by opening explosive valves
in the ambient helium line and in the lines leading to the fuel and oxidizer tanks. The valve in the am-
bient helium line prevents helium flow from the storage bottle before prepressurization. The compati-

bility valves in the lines leading to the fuel and oxidizer tanks prevent propellant vapors from degrading
the upstream components due to prolonged exposure before pressurization.

After setting the MASTER ARM switch (panel 8) to ON, the DES PRPLNT ISOL VLV switch

(panel 8) is set to FIRE to open the fuel and oxidizer compatibility valves. The DES START He PRESS

switch (panel 8) is then set to FIRE, opening the ambient helium isolation explosive valve. Ambient

helium flows from the storage bottle through the open explosive valve and through a filter, where debris
from the explosive valve is trapped. The ambient helium enters the main pressurization line downstream
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of the normally closed helium isolation solenoid valve and flows through the secondary pressvre regulator

where pressure is reduced to approximately 245 psi. The regulated ambient helium then e : the pro-
pellant tanks to provide the normal ullage pressure.

 

After pressurization with ambient helium, the supercritical helium from the cryo-
genic storage vessel is used to maintain ullage pressure. Supercritical helium is stored at a
density approximately eight times that of ambient helium. Because heat transfer from the out- q

side to the inside of the cryogenic storage vessel causes a gradual increase in pressure (approxi-~

mately 6 to 10 psi per hour, depending on ambient conditions). Only a component malfunction, a

significant time slippage, or a change in the predetermined burn profile can cause the super-

critical helium to approach, or exceed, the limits of the pressure/time envelope. An out~-of-limit

condition may result in rupture of the dual burst disks which may cause the descent engine to
operate in a blowdown mode. (The period of engine operation in the blowdown mode depends upon

the amount of ullage volume present. )

The cryogenic storage vessel is isolated by an explosive valve, which is fired automatically

after an engine-on command has been given. With the ENG ARM switch (panel 1) set to DES, the engine-

on command can be given manually by pressing the START pushbutton (panel 5), or it can be given auto-

matically by the LGC or AGS. In either case, the MASTER ARM switch must be in the ON position to

fire the explosive valve. A delay circuit causes a 1.3-second delay between opening of the propellant

shutoff valves and firing of the supercritical helium isolation explosive valve. This time delay prevents

the supercritical helium from entering the fuel/helium heat exchanger until fuel flow is established so

that freezing of the fuel in the heat exchanger cannot occur.

The supercritical helium initially passes through the first loop of the two-pass fuel/helium
heat exchanger. Here it absorbs heat from the fuel that is routed from the fuel tanks through the heat

exchanger, before ultimate delivery to the engine. The helium is warmed to approximately -200° F and

routed back through the helium/helium heat exchanger inside the cryogenic helium storage vessel. The
-200° F helium transfers heat to the remaining supercritical helium in the vessel, causing an increase
in pressure in the vessel that ensures continuous expulsion of helium throughout the entire period of
operation. After passing through the helium/helium heat exchanger, where it is cooled to approximately

-300° F, the helium is routed back through the second loop of the fuel/helium heat exchanger and heated
to approximately +35° F before delivery to the pressure regulators.

With the supercritical helium pressurization system operating, the pressure in the cryo-
genic helium storage vessel varies between 400 and 1,750 psia. The pressure is monitored on the

HELIUM indicator when the HELIUM MONselector switch is set to SUPCRIT PRESS. The cryogenic

storage vessel is protected against overpressurization by a dual burst disk assembly. If an excessive

heat transfer through the vessel wall increases the internal pressure above approximately 1, 900 psid,
the burst disks rupture and the entire helium supply is lost. A normally open vent relief valve between
the two burst disks protects against back pressurization of the upstream burst disk if it develops a small
leak. If a large leak develops, the vent relief valve closes and the downstream burst disk protects the
storage vessel. A thrust neutralizer at the outlet of the downstream burst disk prevents generation of
unidirectional thrust if the burst disks rupture.

Downstream of the fuel/helium heat exchanger, the helium flow continues througha filter
that traps debris from the explosive valve, then the pressurization line divides into two parallel legs.

A normally open, latching solenoid valve and a pressure regulator are in series in the primary leg; a

normally closed, latching solenoid valve is in series with a pressure regulator in the secondary leg.

The pressureof the helium flowing through the primary leg is reduced by the pressure regulator to the
nominal pressure (245 psia) required to pressurize the propellant tanks. If this regulator fails open or

closed, pressure at the helium manifold increases or decreases accordingly beyond acceptable limits

(rises above 260 psia or drops below 220 psia) and the DES REG warninglight (panel 1) goes on. When
a caution or warning light goes on, a signal is routed from the caution and warning electronics assembly.

(CWEA)in the IS to light the MASTER ALARMpushbutton/lights (panels 1 and 2) and to provide a 3-kc tone
in the astronaut headsets. Pressing either MASTER ALARM pushbutton turnsoff both lights and terminates
the tone, but has no effect on the caution or warning light. (The DES REG warninglight is inhibited

before initial descent engine arming. It will go off when normal pressure is restored when the CWEA
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circuit breaker is cycled, or when the ascent and descent stages separate.) Under regulator failure con-
ditions, the astronauts must close the solenoid valve in the malfunctioning leg and open the solenoid valve

in the redundant leg, to restore normal propellant tank pressurization. The normally open (primary)
solenoid valve is closed by momentarily setting the DESCENT He REG 1 switch (panel 1) to CLOSE;the
DESCENT He REG1 talkback above the switch then provides a barber-pole display. The normally closed
(secondary) solenoid valve is opened by momentarily setting the DESCENT He REG 2 switch to OPEN;the
DESCENT He REG2 talkback above the switch then provides a gray display. (Both solenoid valves may be
closed.during the coast periods of descent, to prevent inadvertent tank overpressurization due to possible

helium leakage through the pressure regulators and to inhibit leaks downstream of the latching valves. ) ‘E

The primary and secondary helium flow paths merge downstream of the regulators to form a
common helium pressurization manifold. Transducers monitor the manifold pressure; they provide con-

tinuous telemetry signals to MSFN, and signals that cause the DES REG warning light to go on when the

sensed pressure exceeds 260 psia or drops below 220 psia. The manifold routes the helium into two flow

paths: one path leads tc ‘he oxidizer tanks; the other, to the fuel tanks. Each path has a quadruple check

valve assembly in a ser:s-parallel arrangement. The quadruple check valves isolate the upstream com-

ponents from the corrosive propellant vapors and prevent hypergolic action, as a result of backflow from

the propellant tanks, in the helium pressurization manifold. After passing through the compatibility

explosive valves, the helium flows into the top of the fuel and oxidizer tanks. Diffusers at the top of the

tanks uniformly distribute the helium throughout the ullage space. Helium crossover lines maintain a
balanced ullage pressurein the tanks containing the same propellants.

Immediately upstream and in parallel with the propellant tanks, each helium flow path con-

tains a relief valve assembly to protect the propellant tanks against overpressurization. The assemblies

(a burst disk in series with a relief valve) vent pressure in excess of approximately 275 psia and reseal

the flow paths after overpressurization is relieved (254 psia). Thrust neutralizers eliminate unidirectional

thrust generated by the escaping gas. To prevent leakage through single point relief valves during normal

operation, the burst disks are located upstream of the relief valves. The burst disks rupture at a pres-

sure between 260 and 275 psi; the relief valves open fully at 275 psi to pass the entire helium flow from a

failed-open regulator preventing damage to the propellant tanks.

Two vent lines, in parallel with the relief valve assemblies, include an explosive valve in
series with a normally open solenoid valve for each propellant tank. The vent lines are intended for

planned depressurization of the tanks after lunar landing, when temperaturerise of the supercritical

helium and heat soak-back from the engine (after shutoff) causes pressure buildup in the tanks. The j

planned venting arrangementprotects the astronauts against untimely venting of the tanks through the

relief valve assemblies. The fumes are vented overboard, through the relief valve thrust neutralizers at

the fuel and oxidizer pressurization line vents. (See figure 2,3-1.) If the helium pressurization line is

open, the supercritical helium in the cryogenic storage vessel will be vented together with the propellant

tanks. The supercritical helium will vent rapidly until pressure drops to approximately 350 psia, then

the pressure remaining in the cryogenic storage vessel will decrease with the decreasing propellant tank
pressures. To open the vent lines, the MASTER ARMswitch is set to ON and the DES VENT switch

(panel 8) is set momentarily to FIRE, opening both explosive vent valves simultaneously. The MASTER

ARMswitch is then set to OFF. Venting of the lines is monitored by setting the PRPLNT TEMP/PRESS
MONswitch (panel 1) to DES 1 and the HELIUM MONselector switch (panel 1) to SUPCRIT PRESS. When
the OXID PRESS indicator indicates less than 20 psia, the HELIUM MONselector switch is set to OFF,
the OXID VENT switch is set to CLOSE, and the OXID VENTtalkback will change to a barber-pole dis-

play. When the FUEL PRESSindicator indicates less than 8 psia, the FUEL VENT switch is set to

CLOSE, causing the FUEL VENT talkback to provide a barber-pole display.

2.3.3.2 Propellant Feed Section. (See figure 2.3-3. )

Each pair of propellant tanks (containing like propellants) is manifolded into a common

delivery line. Balanced propellant flow is maintained by trim orificesin all propellant lines downstream [

of the tanks.
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Helium pressure in the propellant tanks is monitored on the FUEL and OXID PRESSin-

dicators (panel 1), propellant temperature in the tanks is monitored on the FUEL and OXID TEMP

indicators. The PRPLNT TEMP/PRESS MONswitch selects the set of fuel and oxidizer tanks (No. 1

or No. 2) for monitoring. Each propellant tank has its own temperature transducer to supply temp-

erature signals to the indicator. One pressure transducer in the fuel pressurization line and one in

the oxidizer pressurization line supply pressure signals to the indicators. Therefore, the pressure

reading remains constant regardless of whether tank No. 1 or 2 monitored. Propellant quantity re-
maining in the tanks is monitored on the OXIDIZER and FUEL QUANTITYindicators (panel 1). The

PRPLNT QTY MON switch selects the set of fuel and oxidizer tanks (No. 1 or 2) for monitoring.

Pressurized helium, acting on the surface of the propellant, forces the fuel and oxidizer into
the delivery lines through a propellant retention device that maintains the propellant in the delivery lines
during negative-g acceleration (up to acceleration in excess of -2g). The oxidizer is piped directly to

the engine assembly; the fuel circulates through the fuel/helium heat exchanger before it is routed to the
engine assembly. A small bypass permits some fuel to reach the engine without flowing through the heat
exchanger. This protects against a pressure buildup should the fuel in the heat exchanger be frozen. Each
delivery line contains a trim orifice and a filter. The trim orifices provide engine interface pressure of
approximately 222 psia at full throttle position for proper propellant use. The filters prevent debris,

originating at the explosive valves or in the propellant tanks, from contaminating downstream components.

2.3.3.2.1 Propellant Quantity Gaging System. (See figure 2.3-4.)

The propellant quantity gaging system (PQGS) enables the astronauts to continuously monitor

the quantity of propellants remaining in the four tanks, The PQGSis of the capacitance type. It con-

sists of four quantity-sensing probes with low-level sensors, a control unit, two QUANTITYindicators,
the PRPLNT QTY MONswitch, and the DES QTY warning light. During a lunar-landing mission, the
PQGS will be turned on approximately 10 seconds before engine ignition and shut off approximately .
10 seconds after engine shutdown. The continuous PQGS power-on time is limited to 45 minutes. This

limitation safeguards the thermal capability of the electronic components which, if exceeded, could result

in erroneous indications. The PROPUL: PQGScircuit breaker (panel 16) is used to apply or remove
PQGS power. The PRPLNT QTY MONswitch selects a set of propellant tanks (fuel and oxidizer tanks

No. 1 or 2) to be monitored on the FUEL and OXIDIZER QUANTITYindicators. With the PRPLNT QTY

MONswitch set to OFF, the QUANTITY indicators remain lit; however, the digital readouts on the indi-

cators blank out. With the PRPLNT QTY MON switch set to DES 1 or DES 2 and the descent engine shut

off, the QUANTITY indicator readings remain stable until a zero-g condition develops, at which time the

readings drift and become indeterminate.

The low-level sensors provide a discrete signal to cause the DES QTY warninglight to go
on when the propellant level in any tank is down to 9.4 inches (equivalent to 5.6% propellant remaining,
or sufficient for 116 seconds of engine burn at hover thrust (approximately 25%)). The MASTER ALARM
pushbutton/light and the 3-kc tone are not activated when the DES QTY warninglight is energized to
prevent distraction of the astronauts during the most critical phase of the lunar landing mission. The

PQGS has an estimated uncertainty tolerance of 1.3% of full tank capacity for cabin display and telemetry
transmission. This tolerance is reduced to 1% in the 8% to 25% propellant quantity range where the
PQGS performs at a higher accuracy.

The quantity-sensing probes are double-walled; one probe is installed to run vertically
through the center of each propellant tank. Each probe has a 20-volt d-c input. Varying resistance,
caused by propellant consumption, causes the output signal to vary from 5 volts de to zero, in direct
proportion to propellant quantity. The output signals, processed through the probe circuitry, are sent
directly to the control unit which converts them to provide the following:

e Indications of the quantity of propellant remaining in the tanks, on the QUANTITY
indicators

e Conditioned signals, corresponding to propellant quantities in each of the four tanks,
to the telemetry registers

e A warning signal when the propellant in any of the four tanks is depleted to a pre-
determined level.

 

MAIN PROPULSION SUBSYSTEM

Page 2.3-10 Mission LM Basic Date 1 February 1970 Change Date 1 April 1971



Mission LM_ Basic Date_1 February 1970 Change Date

MAIN PROPULSION SUBSYSTEM

Page 2. 3-11   +
20

VD
C

S
E
N
S
O
R
P
O
W
E
R

r
P
R
O
P
U
L

y
 

F
U
E
L

S
E
N
S
O
R

T
E
S
T

L
M
P
‘
S

2
8
-
V
D
0
C

   

T
A
N
K

N
O
.

1

   
F
U
E
L

T
A
N
K

N
O
.

2 +
2
0
V
D
C

O
X
I
D
I
Z
E
R

+
2
0
v
o
c

 

B
U
S

ra
cs o

|
o
T

 

 
o
c
/
D
C

C
O
N
V
E
R
T
E
R

 

 
 
 

  

T
E
S
T
 b
h

t

|
S
E
N
S
O
R

‘4
 

QU
AN
TI
TY

OU
TP
UT
S

(4
)
 

B
U
F
F
E
R
S

P
Q
G
S
C
O
N
T
R
O
L
U
N
I
T

 
PO
WE
R

RE
GU
LA
TO
R

 
  

c
o P
O
W
E
R

  
S
E
L
E
C
T
O
R

M
O
D
E

B
L
A
N
K
I
N
G

G
E
N
E
R
A
T
O
R

 
 

 
 

 

L
O

F
R
E
Q

S
I
G
N
A
L

C
L
O
C
K

 

1
5
K
C

C
L
O
C
K

 
 

S
Y
N
C

C
O
M
M
U
T
A
T
O
R
 

G
R
O
U
N
D

 [
 

 
 
 

A
N
A
L
O
G

 

  
 

i a
 

T
A
N
K

N
O
.

1

O
X
I
D
I
Z
E
R

+
2
0
V
D
C

T
E
S
T

  
|

SE
NS
OR

LO
W-
LE
VE
L

pO
UT
PU
TS

(4
)
)

 
C
O
M
M
U
T
A
T
O
R

A
/
D

C
O
N
V
E
R
T
E
R

 

—
—
—
_
—
o
y

        

PR
PL
NT

QT
Y
M
O
N

DE
SI

DE
S
20 or
r
°

Q
U
A
N
T
I
T
Y

O
X
I
D
I
Z
E
R

  
 

DI
GI
TA
L

e
e
e
)

F
U
E
L

i=
 

—
a

C
O
M
M
U
T
A
T
O
R
  

 
 

 
a

 
 

 
 

 
T
O

 

 

R
E
L
A
Y

 

ES

 
 

T
A
N
K

N
O
.
2

 
D
R
I
V
E
R

 
L
o
w

T
E
L
E
M
E
T
R
Y

W
A
R
N
I
N
G

 

 
 

(L
AT
CH
IN
G)
 

oe
)

L
E
V
E
L

R
E
L
A
Y

 
 
 

L
o
L
d

c
o
o
e
e
e
i
i
i

|
P
Q
G
S
S
E
N
S
O
R

 

L
O
W

LE
VE
L

BR
ID
GE
 

  

  
 t
—
#
1

O
S
C
I
L
L
A
T
O
R

 

 
L
O
W

LE
VE
L

S
E
N
S
O
R
 

 

 
 

 
 F
R
O
M

C
O
N
T
R
O
L

U
N
I
T

|
RE
GU
LA
TO
R   

 

V
O
L
U
M
E

S
E
N
S
O
R
 
 

 

D
E
T
E
C
T
O
R

 
 
 

—
T
O

L
O
W
-
L
E
V
E
L

D
I
S
P
L
A
Y

 

 

 

  
 

 
 
 

BR
ID
GE

 
 

 
T
E
M
P
E
R
A
T
U
R
E

 

D
E
T
E
C
T
O
R

 
C
O
M
P
A
R
A
T
O
R
 

 
 

 
T
O

Q
U
A
N
T
I
T
Y

D
I
S
P
L
A
Y

F
i
g
u
r
e

2
,
3
-
4
.

P
r
o
p
e
l
l
a
n
t
Q
u
a
n
t
i
t
y
G
a
g
i
n
g
S
y
s
t
e
m

-
Si

mp
li

fi
ed

F
u
n
c
t
i
o
n
a
l
B
l
o
c
k
D
i
a
g
r
a
m

11
6
S
E
C
O
N
D
S

A
T

2
5
%

T
H
R
U
S
T

C
-
3
O
0
L
M
4.
19
0

 LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

2.3.3.3 Engine Assembly. (See figures 2.3-5 and 2.3-6.)

Fuel and oxidizer enter the engine assembly through interface flanges on opposite sides of

the engine. The fuel line has a tap-off branch (pilot valves actuation line) that leads through two actuator
isolation valves (arranged in parallel for redundancy) to the four solenoid-operated pilot valves. The

fuel in this line is routed, through the pilot valves, to the actuators, where it is used as actuation fluid

to open the propellant shutoff valves. The main fuel and oxidizer flow is routed through respective flow
control valves, then each flow path splits into two parallel paths that route the propellants through the

redundant propellant shutoff valves. The propellant shutoff valve assemblies are in a series-parallel

arrangement. The series redundancy prevents open failure; the parallel redundancy prevents closed

failure. The valves open simultaneously to permit propellant flow to the engine while it is operating;

they close simultaneously to terminate propellant flow at engine shutdown. At the two upstream fuel
shutoff valves, venturis restrict the fuel flow so that the oxidizer reaches the injector between 40 and 50

milliseconds before the fuel. This precludes the possibility of a fuel lead, which would result in rough

engine starts. Downstream of the propellant shutoff valves, the parallel paths merge to form onefuel

and one oxidizer path. The fuel passes through final trim orifice and enters the variable-area injector
manifold, where a concentric annulus of fuel flow is formed. The oxidizer is routed, through the center

element of the injector, to the combustion chamber, where it mixes with the fuel for combustion:

Before initial engine operation and during engine shutdown, the solenoid-operated actuator
isolation valves (pre-valves) are closed to prevent possible fuel loss in the pilot valve actuation line due

to leakage at the pilot valves. The actuator isolation valves are opened by setting the ENG ARM switch
to DES. This enables the actuation fuel to flow to the pilot valves just before the pilot valves are opened.

When the START pushbutton is pressed (or an engine-on commandinitiated), the four solenoid~operated

pilot valves open simultaneously, permitting the actuation fuel to open the propellant shutoff valves, thus
routing fuel and oxidizer to the combustion chamber. During the start, the solenoids in the pilot valves

unseat the caged balls from the inlet ports and seat them against the overboard vent ports; fuel enters

the actuator cavities. The actuator pistons are connected to rack-and-pinion linkages that rotate the
balls of the shutoff valves 90° to the open position to permit propellant flow to the injector. The series-
parallel redundancy in the valve arrangement provides for positive start and shutdown. During shutdown,

the solenoids in the pilot valves are deenergized and the vent ports are open. The spring-loaded actua-

tors close the shutoff valves. Residual actuation fuel is vented overboard through four separate lines

that lead to vent ports at the bottom of the descent stage. (See figure 2.3-1.)

The propellant in the main fuel and oxidizer lines flows through cavitating-venturi-type
flow control valves that control propellant flow to the engine below the 65% throttle setting. Transition

from cavitation to noncavitation occurs between 70% and 80%. At full throttle, and during momentary

transition through the full throttle to 65% range, engine throttling takes place primarily in the pintle

assembly of the injector and in the flow control valves. At approximately 70% of maximum thrust, cavi-

tation commencesin the throats of the flow control valves, causing the valves to function as cavitating

venturis down to minimum thrust. Once cavitation begins, the propellant-metering function is entirely

removed from the injector; flow is controlled entirely by the flow control valves.

The throat area of the flow control valves is regulated by a close-tolerance, contoured,

metering pintle that is linked directly to the injector sleeve. The linkage is operated by a single actuator

so that movementof the actuator simultaneously adjusts the pintles in the flow control valves and the
movable sleeve in the injector. The fuel and oxidizer are injected at velocities and angles compatible

with variations in weight flow. At full throttle, engine operation is conventional. As the engine is throt-

tled down, the pintles in the flow control valves are moved to decrease the flow control area in the
venturis so that the pressure drop across the valves balances out the differential between engine and

injector inlet pressures. At the same time, the injector orifice areas are decreased Sothat the injection

velocities and impingement angles of fuel and oxidizer are maintained at near-optimum condition for

combustion efficiency.

The injector consists of a faceplate and fuel manifold assembly with a coaxial oxidizer feed

tube and an adjustable (metering) orifice sleeve. Oxidizer flows through the center tube and out between

a fixed pintle and the bottom of the sleeve; the fuel orifice is an annular opening between the sleeve con-

tour and the injector faceplate. The fuel flows behind the face of the injector to cool the faceplate. Some
fuel, tapped off the fuel manifold is used for barrier cooling of the wall. The fuel is emitted in the form

of a thin cyclindrical sheet; the oxidizer, in a series of individual sprays. The oxidizer sprays break up
the fuel stream and establish the injector pattern at all thrust settings.
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Figure 2.3-5. Descent Engine Assembly - Flow Diagram
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The mechanical linkage that connects the pintle of the flow control valves and the injector

sleeve is pivoted about a fulcrum attached to the injector body. Throttling is controlled by the throttle
valve actuator, which positions the linkage in response to electrical input signals. At maximum thrust,
the actuator positions the linkage to fully open the flow control valves and injector apertures. As com-
manded thrust is reduced, the actuator reduces the flow at the flow control valves and movesthe injector

orifice sleeve to reduce the apertures. As the adjustable orifice sleeve moves upward, the area of the

propellant orifices increases.

2.3.3.3.1 Descent Engine Control.

After the engine is manually armed by setting the ENG ARM switch to DES, it can be fired
automatically or manually. Under manual control, the engine can be started and stopped by the Com-

mander by pressing the START and STOP pushbuttons on panel 5; it can be stopped by the LM Pilot by

pressing the STOP pushbutton on panel 6. The mode of thrust control is determined by the THR CONT

switch (panel 1). When this switch is set to AUTO, engine thrust is controlled by the LGC. When the

switch is set to MAN, the Commander's or LM Pilot's TTCA (depending on the setting of the MAN

THROTswitch, panel 1) controls the engine thrust. In the automatic mode, the TTCAis still operational.

It is normally set against its hard (low) stop, where it supplies a 10% thrust commandthat is summed with

the LGC command, resulting in a combined thrust commandto the descent engine. For example, if the

required thrust is 50%, the LGC commands 40%, which is augmented by the 10% obtained from the TTCA.

If the TTCA is moved from the hard stop, it supplies a greater portion of the combined command and the

LGC command decreases accordingly. Thus, for the required 50% thrust, the TTCA may now command
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20%; the LGC, 30%. If the TTCA is moved to a setting such that it commands more than the required

thrust, it overrides the automatic command (the LGC portion becomes zero) and descent engine thrust is

determined entirely by the TTCA setting.

The dual-scale CMD THRUST and ENG THRUSTindicator (panel 1) displays commanded

marual or automatic thrust on the CMD scale and actual engine thrust on the ENG scale. The ENG Scaie

input is derived from a pressure transducer in the combustion chamber, because thrust is proportional to

chamberpressure. At full throttle positionthe ENG scale reads 92.5% (actualfull-throttle-position thrust)

while the CMD scale reads between 92.5% and 100%. At all other throttle settings (10% to 65% throttling “|

range) the ENG and CMD scales normally display identical readings of the actual engine thrust. Display

of dissimilar readings indicates that the engine is not following the thrust commandsorthat transfer from

automatic to manual throttle control is in process. As shown in the example given previously, if the

TTCAis displaced from the hard stop in the automatic mode, for 50% required thrust, the TTCA may

command 20% while the LGC contributes 30%. The ENG scale of the THRUSTindicator will read 50%;

however, the CMD scale (where LGC command is summed with a 10% bias) will read 40%. As the TTCA

is moved to increasing throttle settings, the CMD scale readings decrease. When the CMD scale reading

has dropped to 10%, the LGC no longer supplies any portion of the thrust command and the TTCAis in

control. At this point, a smooth transfer from the automatic mode to the manual mode is accomplished

by setting the THR CONT switch to MAN. The CMD and ENGscales will now indicate identical readings.

(For the preceding example, both pointers will align at 50%.) Very slight deviations between CMD and

ENG scale readings may occur as engine operating time increases. The deviations are due to combustion

chamber erosion, which causes chamber pressure to decay slightly.

The T/W (thrust/weight) indicator (panel 1) is used primarily to monitor X-axis accelera-

tion during lunar landing and lift-off. The T/W indicator is a self-contained accelerometer that displays

instantaneous X-axis acceleration in lunar-g units (1 lunar g = 5.23 ft/sec2). Inasmuch as a given

throttle setting provides a specific acceleration when the vehicle has a given mass, the T/W indicator

can be used as backup for the THRUSTindicators to monitor engine performance.

2.3.4 DESCENT PROPULSION SECTION MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

2.3.4.1 Explosive Valves. (See figure 2.3-7.)

An ambient helium isolation valve, a supercritical helium isolation valve, a fuel compati-

bility valve, an oxidizer compatibility valve, a fuel vent valve, and an oxidizer vent valve are the

explosive valves used in the DPS. These valves normally are closed; they are controlled by the EDS

control and fire circuits and, when fired, fully open and remain open. To prevent valve failure in the

closed position, each explosive valve has two cartridges that are fired from redundant systems in the

EDS. A cartridge is fired by applying power to the initiator bridgewire for a few milliseconds. The

resultant heat fires the initiator, generating gases in the valve explosion chamberat an extremely high

rate. The gases drive the valve piston into the valve housing to open the valve by shearing a closure

disk and aligning the piston port permanently with the pressure line plumbing.

2.3.4.2 Cryogenic Helium Storage Vessel.
 

The cryogenic helium storage vessel is double walled; it consists of an inner spherical tank

and an outer jacket. The void between the tank and the jacket is filled with aluminized mylar insulation and

evacuated to minimize ambient heat transfer into the tank. The vessel hasfill and vent ports, a burst

disk assembly, and an internal helium/helium heat exchanger. The inner tank is initially vented and

loaded with liquid helium at approximately 8° R; the fill sequence is completed by closing the vent and
introducing a high-pressure head of gaseous helium. Asthe high-pressure, low-temperature gas (at

approximately 14° R) is introduced, the density and pressureof the stored helium are increased. At

the end of pressurization, the density of the stored supercritical helium is approximately 8.7 pounds per a

cubic foot, and the final pressure is approximately 80 psi.

The burst disk assembly (figure 2.3-7A) prevents hazardous overpressurization within the ves-

sel. It consists of two burst disks in series, with a normally open, low-pressure vent valve between the

disks. The burst disks are identical; they burst ata pressure between 1,881 and 1,967 psid to vent the en-
tire supercritical helium supply overboard. A thrust neutralizer at the outlet of the downstream burst disk
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diverts the escaping gas into opposite directions to prevent unidirectional thrust generation. The vent
valve prevents low-pressure buildup between the burst disks if the upstream burst disk leaks slightly.
The valve is open at pressures below 150 psia. It closes when the pressure exceeds 150 psia, so that,
for faster leaks, the pressure buildup will eventually rupture the downstream burstdisk and all super-
critical helium will be vented.

2.3.4.3 Fuel/Helium Heat Exchanger.
 

Fuel is routed directly from the fuel tanks to the two-pass fuel/helium heat exchanger. The

heat exchanger transfers heat from the fuel to the supercritical helium, which is warmed to operating

temperature by flowing through the two separate heat exchanger passes. The fuel/helium heat exchanger

is of finned tube construction; the first and second helium passages are in parallel crossflow with

respect to the fuel. All parts are stainless steel; each fin is lap brazed to an adjacent fin and to the

side panels to increase structural rigidity. Helium flows in the tubes and fuel flows in the outer shell
across the bundle of staggered, straight tubes.

2.3.4.4 Helium Isolation Solenoid Valves. (See figure 2.3-8.) 

These helium isolation valves are two-coil, latching, solenoid-operated valves that shut off

helium flow through one leg of redundant flow lines if the pressure regulator in the leg fails open. The

valves are actuated by the DESCENT He REG 1 and REG 2 switches (panel 1). A position indicator

switch in each valve feeds a signal to the DESCENT He REG 1 and REG2 talkbacksto indicate whether

the particular valve is closed (barber-pole display) or open (gray display).

The valve poppet is part of the "open" armature and shaft assembly. When the "latch open"

coil is energized, the poppet leaves the valve seat as the "open" armature slides into the latched position,

overcoming the force of the closing spring. The latch balls becomeseated in the "open" armature detents
to maintain the valve open after the "latch open" coil is deenergized. To close the valve, the latch re-

lease coil is energized, causing the latch armature and pin assembly to slide back, overcoming the force

of the latch spring. As the pin moves back, the latch balls drop out of the detents in the "open" armature

and the force of the closing spring pushes and maintains the poppet firmly against the valve seat. The

normally closed, internal bleed valve opens if seepage past the moving valve seals causes a pressure

buildup in the valve housing. An arc suppression circuit, consisting of two zener diodes across each coil,

eliminates the induced voltage generated when the coil is deenergized. .
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Figure 2.3-8. Helium Isolation Solenoiu Valve, Latched-Open Position
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2.3.4.5 Helium Pressure Regulators. (See figure 2.3-9.)

The primary and secondary helium pressure regulators are two separate units contained in

a common housing. Each regulator is supplied from a separate helium pressurization line, but both

feed into a single outlet manifold. Each pressure regulator consisis of a direct-sensing main stage and a

pilot stage. The valve in the main stage is controlled by the valve in the pilot stage, which senses small
changes in the regulator outlet pressure (Pr) and converts these changes to proportionally large changes

in control pressure (Pc). The main stage valve poppet is positioned for varying flow demands by changes

in the control pressure acting on the main stage bellows sensor.

A reduction in flow demand causes a rise in the regulator outlet pressure because flow from

the regulator exceeds the new downstream demand. The rise in outlet pressure reducesthe pilot valve

output, thereby reducing flow into the main stage chamber. Becausethe pilot stage chamber bleeds
directly into the regulator outlet line, reduced flow into the chamber causes a proportional reduction

in the control pressure, which, in turn, moves the main stage valve poppet toward the closed position.

The resultant reduced flow through the main stage valve matches the downstream demand. An increase

in the downstream demand causes a reduction in outlet pressure, which tends to open thepilot valve.
The resultant increase in control pressure causes the main stage valve poppet to open more to meet the

increased downstream demand.

The flow limiter at each regulator inlet restricts maximum flow through the regulator to
19 pounds of helium per minute so that the propellant tanks are protected if the regulator fails open.

The filter downstream of the flow limiter prevents particles, which could cause excessive leakage at
lockup or regulation malfunction, from reaching the main stage and the pilot valve seats. The
control pressure relief valve prevents control pressure from exceeding the regulator outlet pressure
by more than 150 to 200 psi, by venting main stage chamber pressure into the outlet line. This

relief valve operates only if the pilot
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Figure 2.3-9. Descent Propulsion Section - Helium Pressure Regulators
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valve fails; it does not interfere with normal pressure regulator operation. The overstroke relief valve

at the main stage bellows sensor prevents the regulated outlet pressure from overshooting its limit.

2.3.4.6 Relief Valve Assemblies. (See figure 2.3-10.)

The relief valve assemblies are downstream of the burst disk assemblies in the helium

pressurization line. The helium enters the relief valve chamber and acts against the relief valve dia-

phragm, overcoming the force of the relief valve spring and lifting the poppet off its seat. This opens the

helium pressurization line to vent excess helium overboard. A thrust neutralizer at the outlet port pre-

vents generation of unidirectional thrust. The cylindrical filter in the relief valve chamber prevents par-

ticles from lodging in the valve seat. When helium pressure dropsbelow the reseat pressure, the relief

valve closes to prevent further helium loss. Before burst disk rupture, the light vent spring keeps the

relief valve poppet slightly off its seat. This prevents pressure buildup in the relief valve chamber in

case of a slight burst disk leak. If the pressure in the relief valve chamber exceeds approximately 8 psi,
the force of the vent spring is overcome andthe relief valve poppet closes. Pressure then continues to

build up and work against the relief valve diaphragm. When the pressure reaches approximately 260 psi,

the relief valve cracks.

2.3.4.7 Burst Disk Assemblies. (See figure 2.3-11.)

Each helium pressurization line leading to the propellant tanks has a burst disk assembly

upstream of the relief valve assembly. The function of the burst disk assembly is to protect the relief
valve from corrosion by the propellant. Between 260 and 275 psia system pressure the burst disk will
rupture, permitting the relief valve to function. When the inlet pressure reaches the burst pressure

range, the coil-spring-loaded disk assembly and the belleville spring inner support assembly, which are

connected by the burst disk, move downstream together. The disk assembly seats first and because the

burst disk cannot withstand the force on the inner support assembly, it ruptures. The disk assembly is

moved upstream by the coil spring, opening the flow passage.
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Figure 2.3-10. Descent Propulsion Section - Relief Valve Assembly
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Figure 2.3-11. Descent Propulsion Section - Burst Disk Assembly

2.3.4.8 Propellant Storage Tanks.

The propellant supply is contained in four cylindrical, spherical-ended titanium tanks of
identical size and construction. Two tanks contain fuel; the other two, oxidizer. Each pair of tanks

containing like propellants is interconnectedat the top, and all propellant lines downstream of the tanks
contain trim orifices, to ensure balanced propellant flow. A diffuser at the helium inlet port (top) of
each tank distributes ‘the pressurizing helium uniformly into the tank. An antivortex device in the form
of a series of vanes, at each tank outlet, prevents the propellant from swirling into the outlet port, thus

precluding inadvertent helium ingestion into the engine. Each tank outlet also has a propellant retention
device (negative-g can) that permits unrestricted propellant flow from the tank under normal pressur -

ization, but blocks reverse propellant flow (from the outlet !ine back into the tank) under zero-g or

negative-g conditions. This arrangement ensures that helium does not enter the propellant outlet line as

a result of a negative-g or zero-g condition or propellant vortexing; it eliminates the possibility of engine

malfunction due to helium ingestion.

2.3.4.9 Throttle Valve Actuator. (See figure 2.3-12.)

The throttle valve actuator is a passively redundant, electromechanical, linear~motion

servoactuator which moves the throttle linkage in re «ponse to an electrical input command. Moving the

throttle linkage simultaneously changes the position .: the flow control valve pintles and the injector

sleeve. Changing the position of the flow control valve pintles varies the amountof fuel and oxidizer

metered into the engine and thus changes the magnitude of engine thrust. The throttle valve actuator is

located between the fuel and oxidizer flow control valves; its housing is rigidly attached to the engine head

end and its output shaft is attached to the throttle linkage.

The actuator is controlled by three electronic channels, which power three d-c torque

motors on a common shaft. The motor shaft supplies the input to the ball screw, which converts rotary

motion to the linear motion of the throttle valve actuator output shaft (total excursion is 0.754 +0. 01 inch).

Nonjamming mechanical stops prevent overtravel of the output shaft in the retracted and extended posi-

tions. All mechanical moving parts of the actuator are within a hermetically sealed portion of the unit

(pressurized to 0.25 psia with a 9 to 1 mixture of nitrogen and helium). A diaphragm-type leak indicator

in the cover of the hermetically sealed portion of the actuator provides visual evidence of loss of vacuum

within the unit. Five potentiometers are ganged to the torque motor shaft through a single-stage plane-

tary reduction gear (potentiometer drive gears). Three of these potentiometers supply position feedback

information to the three motor amplifier channels, one to each channel. One of the other two potentiom-

eters provides throttle actuator shaft position data for telemetry to MSFN, the other one is a spare.
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The automatic and manual command signal input voltages are summedandfed into the non-

linear shaping network to provide the nonlinear position versus command required to nullify other non-

linearities in the engine and provide an overall signal that represents linear thrust versus command volt-

age. This signal is summed with the voltage output of the position feedback potentiometer. If the two

voltages are of equal magnitude, but positive polarity, the error voltage is zero. If they are not equal,

a positive or negative error voltage is generated. (The error voltage is positive if the commandsignal

is greater; negative, if the feedback voltage is greater.) The error voltage is summed with a preset in-

put from the bias network (used to trim the actuator) and is then conditioned and fed into a preamplifier.

The preamplifier output is summed with the preamplifier outputs of the other channels to control the

power amplifier that drives the torque motor (clockwise or counterclockwise). As the motor rotates the

ball screw, the position feedback potentiometer is driven by the planetary gearing. A current-limiting

circuit senses motor current and, through feedback, limits the current to 3 amperes per channel under

normal conditions. A current-cutback circuit senses motor voltage and, under conditions indicative of

power transistor failure, provides an input to the current-limiting circuit, causing it to limit the

current to approximately 0.75 ampere per channel.

The redundancy within the throttle valve actuator ensures that failure of any one electrical

component will not cause the actuator to fail. Failure of one preamplifier channel will be nullified by the

cross couplingand high-gain feedback and wil! result in a negligible positioning error. Failure of a

power amplifier or torque motorcircuit is detected by the current-cutback and/or current-limiting cir-

cuits, and any erroneous output is reduced to a level that can be overcome by the other two channels with-

out detrimental effects.

The throttle valve actuator provides a fail-safe system in the event selective malfunctions

external to the throttle valve actuator occur. If either the primary 28-volt d-c power, the command and

reference voltages, or the +15- or -15 volt reference voltage is lost, the throttle valve actuator causes

the descent engine to automatically thrust at full throttle position. If 28-volt d-c power is lost while the

descent engine is firing, the throttle valve actuator cannot sustain control, it will be driven to the full

throttle position by the hydraulic loads imposed by the propellant pressures on the flow control valves

and the injector. (If there are no hydraulic loads, the throttle valve actuator moves to the position of

balanced mechanical loads.) Loss of the -15-volt reference voltage causes the potentiometer feedback

voltage to drop to zero. Asa result, only the positive command voltage is in control, and the throttle

valve actuator movesto the full throttle position. If the +15-volt reference voltage fails, the failure-

detection circuit that monitors this voltage provides a signal that causes the throttle valve actuator to

moveto the full throttle position. The power source for the command voltage is the +15 volt power

supply that supplies the input to the plus side of the throttle valve actuator reference. Therefore, loss of

the command voltage also results in loss of the reference voltage, which causes the throttle valve

actuator to moveto the full throttle position. (Loss of the command voltage alone would cause the throttle

valve actuator to move to the minimum thrustposition. )

2.3.4.10 Flow Control Valves. (See figure 2.3-13.)

The oxidizer and fuel flow control valves are on the side of the engine, immediately down-

stream of the propellant inlet lines. They are securedto the throttle valve actuator mounting bracket.

The flow control valve pintle assemblies are mechanically linked to the throttle valve actuator by a

crossbeam.

The flow control valves are cavitating venturis with movable pintle sleeves.

Enginethrottling is initiated by an electrical signal to the throttle valve actuator, commanding an in-

crease or decrease in engine thrust. Operation of the throttle valve actuator drives the crossbeam to

a new position, thus changing the position of the pintles in the flow control valves. This axial movement

of the pintles decreases or increases the pintle flow areas to control propellant flow rate and thrust. Be-

low an approximate 70% thrust setting, flow through the valves cavitates, and hydraulically uncouples

the propellant transfer system (and thereby, the flow rate) from variations in combustion chamber pres-

sure. The movable pintle sleeve, shaft-driven through the valve body, is sealed by two flexible bellows.

Shear pins in the bearing sleeves permit the valve bearings to operate in redundant modes (rolling or

sliding) to improve reliability. Normally, the bearings roll; however, under an excessive load, the shear

pins give to permit the bearings to slide. Both pintle sleeve shafts are attached to a yoke that is driven

by the throttle valve actuator.
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Propellant Shutoff Valve Assemblies.
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Flow Control Valve

Each of the four propellant shutoff valve assemblies consists of a fuel shutoff valve, an

oxidizer shutoff valve, a pilot valve, and a shutoff valve actuator. The shutoff valve actuator and the fuel

shutoff valve are in a common housing. The oxidizer shutoff valve is in a separate housing to isolate fuel

from oxidizer. It is actuated by a mechanical linkage driven from the fuel shutoff valve. The fuel and

oxidizer shutoff valves, downstream of the flow control valves, are exposed to the full propellant pressure

before engine firing. Propellant leakage at the valve seats is vented overboard.

2.3.4.11.1 Pilot Valves and Shutoff Valve Actuators.

The four solenoid-operated pilot valves control the actuation fluid (fuel) for the fuel and

oxidizer shutoff valves. Normally, the pilot valves are closed, the solenoids are deenergized, and the

actuation fluid is shut off by action of the spring-loaded solenoid plungers on the ball poppet seated in the
lower pilot valve seats. The back side of the actuator chamber is vented to preclude a fuel buildup

caused by leakage of the pilot valves, and overpressurization caused by an excessive fuel temperature

increase. Whenthe pilot valves are open, all solenoids are energized, and the actuation fluid (at approxi-

mately 110 psia) acts against the spring-loaded actuator plunger to open the oxidizer and fuel shutoff

valves. At this point, the pilot valve poppets are forced against the upper valve seats, sealing off the

vent port. When the electrical signal is removed, the valve poppets return to their lower seat to seal off

the actuation fluid. The propellant shutoff valves are closed by the return action of the actuator piston

springs, which expels the fuel entrapped in the cylinders and valve passages through thepilot vent port.

2.3.4.11.2 Fuel and Oxidizer Shutoff Valves.

The fuel and oxidizer shutoff valves are mechanically linked, fuel-actuated ball valves that

are arranged in a Series-parallel configuration. The valve housings are made of aluminum alloy. The

ball element operates against a spring-loaded Teflon seat to assure positive sealing when the valveis

closed. All ball valves are supported by ball bearings. The individual valves are rotated by a rack-and-
pinion-gear arrangement, which translates the linear displacement of the pistons in the shutoff valve

actuators.

2.3.4.12 Variable-Area Injector. (See figure 2.3-14.)

The variable-area injector consists of a pintle assembly, drive assembly, and manifold as-

sembly. The pintle assembly introduces the propellant uniformly into the combustion chamber. The drive

assembly has a twofold function: first, it serves as a passage for conducting the oxidizer into the pintle

assembly; second, it contains the bearing and sealing components that permit accurate positioning of the

injector sleeve. The injector sleeve varies the injection area so that near-optimum injector pressure

drops and propellant velocities are maintained at each thrust level. The primary function of the manifold
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Figure 2.3-14. Variable-Area Injector - Quarter Section

assembly is to distribute the fuel uniformly around the outer surface of the sleeve. Fuel enters the mani-

fold assembly and is passed through a series of distribution plates near the outer diameter of the
assembly.

At the center of the manifold, the fuel passes through a series of streamlined hole rings that
suppress fuel flow discontinuities. From this point, the fuel is admitted into a narrow passage formed by

two parallel conical surfaces (the manifold body and a faceplate). The passage smoothes out remaining

gross fuel discontinuities and assists in cooling the injector face. The fuel then passes onto the outer

surface of the sleeve, past a fuel-metering lip. The fuel is injected as a hollow cylinder so that it

reaches the impingement zone with a uniform circumferential velocity profile and without atomizing, at

all flow rates. The oxidizer is injected through a double-slotted sleeve so that it forms a large number of

radial filaments. Each filament partially penetrates the fuel cylinder and is enfolded by fuel in such a

way that, following fast liquid-phase reactions and gas evolution, little preferential separation of oxidizer

and fuel can occur. For given propellant densities, overall mixture ratio, and injector geometry, there
is a range of propellant injection velocity ratios that result in maximum mixture ratio uniformity through-

out the resultant expanding propellant spray. When they occur, the liquid-phase reactions generate gas

and vapor that atomize and distribute the remaining liquid oxidizer and fuel uniformlyin all directions,

resulting in high combustion efficiency. A separate fuel manifold feeds the barrier cooling orifices to
minimize engine erosion.

2.3.4.13 Combustion Chamber and Nozzle Extension. (See figure 2. 3-15.)

The combustion chamber consists of an ablative-cooled chamber section, nozzle throat, and

nozzle divergent section. The ablative sections are enclosed in a continuous titanium shell and jacketed

in a thermal blanket composed of aluminized nickel foil and glass wool. A seal prevents leakage between

the combustion chamber and nozzle extension.

 

The nozzle extension is a radiation-cooled, crushable skirt, made of columbium with an
aluminide coating. It is attached to the combustion chamber case at a nozzle area ratio of 16 to i and
extends to an exit area ratio of 54.0 to 1.

2.3.4, 14 Gimbal Ring and Gimbal Drive Actuators.

The gimbal ring is located at the plane of the combustion chamber throat. It consists of a

rectangular beam frame and four trunnion subassemblies. The assembly permits up to +6° or -6° roll

and pitch trim control of the engine. A description of the two gimbal drive actuators is given in para-
graph 2.2.4.6.
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Figure 2.3-15. Descent Engine Combustion Chamber, Nozzle Extension, and Heat Shield

2.3.5 DESCENT PROPULSION SECTION PERFORMANCE AND DESIGN DATA.

The performance and design data for the DPS are given in table 2. 3-1.

Table 2.3-1. Descent Propulsion Section - Performance and Design Data

 

Pressurization section

Ambient helium bottle

 

Volume 1 cubic foot

Initial filling weight of helium 1.12 pounds

Initial helium pressure and temperature 1,600 psia at +70° F

Usable helium 1 pound

Proof pressure 2,333 psi

Burst pressure 2,625 psi  
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Table 2.3-1. Descent Propulsion Section - Performance and Design Data (cont)

 

 

Pressurization section (c xt)

Cryogenic helium storage vessel

Nominal storage pressure and temperature

Maximum storage pressure and temperature

Volume

Density

Initial filling pressure and temperature

Initial filling weight at charge pressure

Usable helium

Proof pressure

Burst pressure

Burst-disk rupture pressure

Helium filters

Nominal filtration

Absolute filtration

Helium pressure regulators

Outlet pressure

Normal operation flow rate range (nominal)

Nominal flow rate at full throttle

Inlet pressure range

Lockup pressure (maximum)

Maximum flow rate

Quadruple check valve assemblies

Opening pressure

Maximum pressure drop

Relief valve assembly

Burst-disk rupture pressure

Relief valve cracking pressure

Full-flow pressure

Fully open flow rate

Reseat pressure (minimum)

1,555 psia at ~400° F

1,710 psia at -320° F

5.9 cubic feet

8.7 pounds per cubic foot

80 psia at ~450° F

51.2 pounds

49.4 pounds

2,274 psia

3,420 psia

1,881 to 1,967 psid

5 microns

15 microns

245+3-3 psia at inlet pressure of 400 to 1750 psia
245+3-5 psia at inlet pressure of 320 to 400 psia

0.52 to 5.5 pounds per minute

5.2 pounds per minute

320 to 1,750 psia

253 psia at inlet pressure of 400 to 1750 psia

255 psia at inlet pressure of 320 to 400 psia

19 pounds per minute

2 to 2. 88 psid

8.0 psi at full throttle

260 to 275 psi

260 psi

275 psi

10 pounds per minute

254 psi  
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Table 2.3-1. Descent Propulsion Section - Performance and Design Data (cont)

 

Propellant feed section

Propellant tanks

Capacity (each tank)

Total fuel (unpressurized)

Total oxidizer

Ullage volume (minimum)

Usable fuel

Usable oxidizer

Usable fuel and oxidizer

Unusable fuel

Unusable oxidizer

Unusable fuel and oxidizer

Nominal tank ullage pressure(at full

throttle position)

Proof pressure

Burst pressure

Nominal propellant temperature

Propellant temperature range

Engine interface inlet pressure (trim orifice
output at full throttle position)

Propellantfilters

Nominalfiltration

Absolute filtration

Fuelfilter rated flow

Fuel filter maximum pressure drop

Oxidizer filter rated flow

Oxidizer filter maximum pressure drop

Engine Assembly

Nominal engine thrust (full throttle)

Minimum engine thrust

Nominal combustion chamber pressure (FTP)

Engine-gimbaling capability 

67.0 cubic feet

7,577 pounds

12,085 pounds

1,728 cubic inches

7,492 pounds

11,957 pounds

19,499 pounds

47 pounds

90 pounds

137 pounds

235 psia

360 psia

405 psia

+70° F

+50° to +90° F

2222 psia

40 microns

60 microns

13.3 pounds per second

2 psi

21.2 pounds per second

3 psi

9,900 pounds (FTP)

1,280 pounds (12.2%)

103. 4 psia

+6° or -6° for trim control along Y-axis and
Z~axis  
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Table 2,3-1. Descent Propulsion Section - Performance and Desir’ Data (cont)

 

Engine Assembly (cont)

Propellant injection ratio (oxidizer to fuel) 1.6 tol

Approximate weight 348 pounds

Overall length 95 inches

Nozzle exit diameter 63 inches

 

2.3.6 DESCENT PROPULSION SECTION OPERATIONAL LIMITATIONS AND RESTRICTIONS,

The operational limitations and restrictions for the DPS are as follows:

The landing gear must be deployed before descent engine firing. If not deployed,
the landing gear would be in the path of the descent engine plume and would be
damaged.

Before descent engine starts, the RCS +X-axis thrusters must befired to settle

the propellants under weightless conditions. Unsettled or insufficiently settled

propellants will result in rough or erratic starts that could lead to engine

failure.

Propellant bulk temperatures before descent engine start must be between +50°

and +90° F. If temperature limits are exceeded, the resultant rough combustion

may adversely affect engine-component performance, and ullage pressure
limitations may be exceeded.

The descent engine must be not operated for prolonged periods in the throttling

range of 65% to 92.5%. In this range, operation of the cavitating venturis of

the flow control valves becomes unpredictable and may cause an improper fuel-

oxidizer mixture ratio, which will result in excessive engine erosion and early

combustion chamber burn-through.

The DPS must not remain pressurized longer than 3,5 days before the anticipated

termination of use. If this limit is exceeded, the pressurization section compo-
nents mayfail to operate because of the corrosive nature of the propellants.

The descent engine combustion chamber must not be subjected to more than

1,100 seconds of engine operation. Exceeding this limitation will cause the engine

to operate with a severely charred combustion chamber, possibly resulting in

burn-through.
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2.3.7 ASCENT PROPULSION SECTION INTERFACES, (See figure 2. 3-16.)

The APS receives 28-volt d-c and 115-volt a-c primary power through the Commander's

and LM Pilot's buses of the EPS. The outputs of the APS pressure and temperature transducers, low-

level sensors, and valve position indicator switches are processed in the IS and are transmitted via the

CS to MSFN. The IS also processes the APS caution and warning signals. The EDS opens explosive

valves in the APS to enable propellant tank pressurization. Interconnect plumbing between the APS pro-

pellant tanks and the RCS thrust chamber assembly feed lines permits the RCS to use APS propellants

during certain mission phases, thereby conserving the RCS propellant supply.

The GN&CS issues automatic on and off commands to the ascent engine. Ascent engine

arming, ignition, and shutdown can be initiated by automatic guidance equipment (PGNS or AGS) orby the

astronauts. The automatic and manual commands are sent to the S&C control assemblies, which provide

sequential control of LM staging and engine on and off commands. The ascent engine is armed manually

by setting the ENG ARM switch to ASC or pressing the ABORT STAGE pushbutton. (Either action auto-

matically shuts off the descent engineif it is firing.) After setting the ENG ARM switch to ASC (and after

initial propellant tank pressurization), the ascent engine can be started manually by pressing the START

pushbutton and stopped by pressing either STOP pushbutton. In the event of an abort-stage command while

the descent engine is firing, the S&C control assemblies provide a time delay before commanding LM

staging and ascent engine firing. This delay ensures that the descent engine has stopped thrusting before

staging occurs. To stop the ascent engine after an abort-stage start, the ABORT STAGE pushbutton must

be reset (pressed a second time) to release the switch. (This procedure is necessary because the ABORT

STAGEpushbutton disables the STOP pushbutton. ) The manual commands override the commands issued

by the automatic guidance equipment.

The APS modes of operation are discussed in detail in paragraph 2.1.3.5. The control

circuitry is shown in figure 2.1.19.

2.3.8 ASCENT PROPULSION SECTION FUNCTIONAL DESCRIPTION.

The APS consists of a constant-thrust rocket engine that is not gimbaled, two propellant

tanks, two helium tanks, and associated propellant feed and helium pressurization components. (See

figure 2.3-17.) The engine is installed in the midsection of the ascent stage; it is canted so that the

center line is tilted 1.5° from the X-axis, in the +Z-direction. The engine develops 3,500 poundsof

thrust in a vacuum, sufficient to launch the ascent stage from the lunar surface and place it into a pre-

determined lunar orbit. The engine can be shut down and restarted, within operational limitations

and restrictions (paragraph 2.3,11), as required by the mission.

Functionally, the APS can be subdivided into a pressurization section, a propellant feed

section, and an engine assembly.

2.3.8.1 Pressurization Section. (See figure 2. 3-18.)

The propellants are pressurized by gaseous helium, supplied from two identical tanks and

routed through redundant flow lines into the propellant tanks. The helium is stored at a nominal pressure

of 3,050 psia at a nominal temperature of +70° F. A pressure transducerat each tank outlet port is

connected to the HELIUM indicator via the HELIUM MONselector switch. Before staging, the pres-

sure transducers also supply a signal to the IS that will cause the ASC PRESS warning light to go on when

the pressure in either helium tank is less than 2,773 psia. This alerts the astronauts to identify and

isolate the faulty tank. The HELIUM MONselector switch selects the tank pressureto be displayed.

Whena caution or warning light goes on, a signal is routed from the CWEAto light the MASTER ALARM

pushbutton/lights (panels 1 and 2) and to provide a 3-kc tone in the astronaut headsets. Pressing

either MASTER ALARMpushbutton turns off both lights and terminates the tone, but has no effect on

the caution or warning light. If the ASC PRESS warning light goes on because pressurein either

helium tank is less than 2,773 psia, the light goes off upon separation of the descent and ascent stage.

Before initial ascent engine operation, the helium isolation explosive valves prevent the

helium from leaving the tanks. These valves can be opened individually or simultaneously. The propel-

lants are not pressurized until shortly before initial ascent engine start. To accomplish initial pressuri-

zation, the helium isolation explosive valves and the fuel and oxidizer compatibility explosive valves
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(upstream of the propellant tanks) are opened simultaneously Normally, propellant pressurization is

initiated by setting the ASCENT He SEL switch (panel 8) to F If the HELIUM indicator shows a leak

(zero or decaying pressure) in one of the tanks, the ASCEN”: +EL switch is set so that only the ex-

plosive valve leading from the nonleaking tank opens, thus pr iting helium loss through the leaking

tank via the helium interconnect line (downstream of the explosive valves). The MASTER ARM switch

is then set to ON and the ASCENT He PRESS switch is set to FIRE and released, firing the explosive

valves in the APS.

A

filter in each helium flow path traps debris from the explosive valve.

Downstream of the filter, each helium flow path has a normally open latching solenoid

valve and two series-connected pressure regulators. The downstream regulator is set to a slightly

higher output pressure than the upstream regulator; the regulator pair in the primary flow path produces

a slightly higher output than the pair in the secondary (redundant) flow path. This arrangement. causes

lockup of the regulators in the redundant flow path after the propellant tanks are pressurized, while the

upstream regulator in the primary flow path maintains the propellant tanks at their normal pressure of

184 psia. If either regulator in the primary flow path fails closed, the regulators in the redundant flow

path sense a demand and open to pressurize the propellant tanks. If an upstream regulator fails open,

control is obtained through the downstream regulator in the same flow path. Because the downstream

regulator normally does not control the output pressure, an open failure of this regulator has no effect.

If both regulators in the same flow path fail open, pressure in the helium manifold increases above the

acceptable limit of 220 psia, causing the ASC HI REGcaution light (panel 2) to goon. This alerts the

astronauts to the fact that the failed-open regulators must be identified and the helium isolation solenoid

valve in the malfunctioning flow path must be closed so that normal pressure can be restored. The

regulator outlet pressure is sensed by redundant pressure transducers that supply inputs to the IS, for

telemetry to MSFN. Oneof these pressure transducers supplies the input signal to the ASC HI REG

caution light. Excessive pressure is vented by the relief valve assemblies in parallel with the propellant

tanks. The solenoid valve is closed by setting the ASCENT He REG 1 or REG 2 switch (panel 1) to

CLOSE; the talkback above the switch will change to a barber-pole display.

The primary and secondary helium flow paths merge downstream of the regulators to form

a commen helium manifold. The manifold routes the helium into two flow paths: one path leads to the

oxidizer tank; the other, to the fuel tank. A quadruple check valve assembly, a series-parallel arrange-

mentin each path, isolates the upstream components from corrosive propellant vapors. The check

valves also safeguard against possible hypergolic action in the common manifold resulting from mixing

of propellants or fumes flowing back from the propellant tanks. Two parallel compatibility explosive

valves, downstream of each quadruple check valve assembly, seal off the propellanttank inlets, isolating

the fuel and oxidizer (liquid and vapor) before initial ascent engine start. This reduces contamination

problems involving helium components and prolongsthe life of the pressure regulators. The fuel and

oxidizer compatibility explosive valves are opened simultaneously with the helium isolation explosive

valves before initial engine start. The four compatibility valves are arranged so that two fuel compati-

bility valves and two oxidizer compatibility valves, in parallel paths, lead to their propellant tanks. One

fuel and one oxidizer compatibility valve has dual cartridges, the other two are fired by single cart-

ridges. (See figure 2.3-20.)

Immediately upstream of the fuel and oxidizer tanks, each helium path contains a burst

disk and relief valve assembly to protect the propellant tanks against overpressurization. This assembly

vents pressure in excess of approximately 245 psia (relief valve cracking pressure) and reseals the flow

path after overpressurization is relieved. A thrust neutralizer eliminates unidirectional thrust generated

by the escaping gas. To prevent leakage through a faulty relief valve during normal operation, the burst

disk is located upstream of the relief valve. The burst disk ruptures at a pressure slightly below the

relief valve setting. The relief valves can pass the entire helium flow from a failed-open pair of regu-

lators, preventing damageto the propellant tanks.

2.3.8.2 Propellant Feed Section. (See figure 2.3-18.)

The APS has one oxidizer tank and one fuel tank. Each tank has a temperature transducer

that supplies propellant temperature signals to the FUEL and OXID TEMPindicators, and a pressure

transducer that supplies ullage pressure signals to the FUEL and OXID PRESSindicators. (The same

TEMP and PRESS indicators are used for the APS and DPS.) APS data are displayed when the PRPLNT

TEMP/PRESS MONswitch is set to ASC. A low-level sensor in each propellant tank causes the ASC QTY

caution light (panel 2) to go on when the remaining propellant in either tank is sufficient for only 10 sec-

onds of engine operation. The ASC QTY caution light is inhibited when the ascent engine is not operating.
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Burst disk rupture pressure — 238 psia
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Helium flows into the top of the fuel and oxidizer tanks. Diffusers at the top of the tanks

uniformly distribute the helium throughout the ullage space. The outflow from each propellant tank

divides into two paths. In the primary path, each propellant flows through a trim orifice to the propellant

filter in the engine assembly, and then to the isolation and bipropellant valve assemblies (propellant

shutoff valves). The trim orifice provides an engine interface pressure of 170 psia for proper propellant

use. The secondary path connects the ascent propellant supply to the RCS. This interconnection, at the

normally closed ascent feed solenoid valves (part of the RCS), permits the RCS to burn ascent propel-

lants, providing the APS is pressurized and the ascent or descent engine is operating when the RCS

thrusters are fired. A line branches off the RCS interconnect fue! flow path and leads to two parallel

actuator isolation solenoid valves. From there, this line routes fuel to the engine pilot valves that actu-

ate the propellant shutoff valves in the engine assembly. The normally closed actuator isolation valves

prevent possible fuel loss through a leaking pilot valve before initial engine operation or during engine

shutdown. The actuator isolation valves, and the propellant shutoff pilot valves in the engine assembly,

are opened and closed simultaneously by engine-on and engine-off commands.

2.3.8.3 Engine Assembly. (See figure 2.3-19.)

The ascent engine is a fixed-injector, restartable, bipropellant rocket engine with an abla-

tive combustion chamber, throat, and nozzle extension. Fuel and oxidizer enter the engine assembly

through inlet ports at the interface flanges and are routed through the propellant filters and the propel-

lant shutoff valves (isolation and bipropellant valve assemblies) to the injector; a separate fuel path

(actuator pressure line) leads to the pilot valves, where fuel pressure actuates the propellant shutoff

valves.

Propellant flow to the engine combustion chamber is controlled by a valve package assem-

bly, trim orifices, and an injector assembly. The valve package assembly consists of eight propellant

shutoff ball valves that make up the two fuel-and-oxidizer-coupled isolation valve assemblies and the

two fuel-and-oxidizer coupled bipropellant valve assemblies, four actuators, and four solenoid-operated

pilot valves. Inside the valve package assembly, the fuel and oxidizer passages divide into dual flow

paths, with two series ball valves in each flow path. The paths rejoin at the valve package outlet. The

propellant shutoff valves are arranged in fuel-oxidizer pairs; each pair is operated from a single crank-

shaft assembly by an individual fuel-pressure-operated actuator. Shaft seals and vented cavities prevent

fuel and oxidizer from coming into contact with each other due to seepage along the shafts.

After the ascent propellants have been pressurized, the ascent engine can be started manu-

ally by setting the ENG ARM switch to ASC and by pressing the START pushbutton. Automatic starts

are initiated by LGC or AGS engine-on commands. At engine start, the two actuator isolation valves in

the propellant feed section, and the four pilot valves, are opened simultaneously, routing fuel into the

actuator feed line and to the four pilot valves. When the solenoids of the pilot valves are energized, the

pilot valve spools slide away from the fuel inlet ports and block the overboard vent ports. Fuel enters

the actuator chambers and extends the actuator pistons, cranking the propellant shutoff valves 90° to

the fully open position. The propellants now pass through the shutoff valves and trim orifices directly

to the injector. The orifices determine the thrust level of the engine and the mixture ratio of the pro-

pellants by trimming the pressure differentials of the fuel and oxidizer. The physical characteristics

of the injector establish an oxidizer lead of between 40 and 50 milliseconds. This precludes the possi-

bility of fuel lead, which would result in rough engine starts.

At engine cutoff, the pilot valve solenoids are deenergized, opening the actuator ports to

the overboard vents so that residual fuei in the actuators is vented into space. (See figure 2.3-17 for

vent locations.) With the actuation fuel pressure removed, the actuator pistons are moved back by

spring pressure, causing the propellant shutoff valves to turn 90° to the closed position.

The ascent engine assembly has transducers and valve position indicator switches for

sensing fuel and oxidizer inlet pressures, thrust chamber pressure, and propellant shutoff valve posi-

tions. The transducer outputs are converted to telemetry data in the IS. These data are transmitted to

MSEN, where they are used to monitor the performance of the ascent engine.
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BS 2.3.9 ASCENT PROPULSION SECTION MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

B 2.3.9.1 Explosive Valves. (See figure 2.3-20.)

A high-pressure helium isolation valve at each helium tank outlet, two low-pressure fuel

compatibility valves (in parallel), and two low-pressure oxidizer compatibility valves (in parallel), are

the explosive valves used in the APS. Normally, all helium isolation valves and compatibility valves

are opened simultaneously by a command from the EDS control andfire circuits (or from the ABORT
STAGE pushbutton on panel 1). The ASC He SEL switch (normally set to BOTH) permits isolating a de-
fective helium tank by setting the switch to TANK 1 or TANK 2, therebyfiring either helium isolation
valve individually. The ASC He SEL switch determines which helium isolation valves will be opened,
regardless of whether manual, automatic, or abort stage fire commands are issued. To prevent valve

failure in the closed position, the two high-pressure helium isolation valves have dual cartridges that
are fired simultaneously by redundant systems in the EDS. The fuel and oxidizer compatibility valves
are in redundant parallel flow paths. To ensure propellant tank pressurization, one fuel valve and one
oxidizer valve are fired by dual cartridges, the other two compatibility valves are fired by single cart-
ridges. A cartridge is fired by applying powerto the initiator bridgewire for a few milliseconds. The

resultant heat fires the initiator, generating gases in the valve explosion chamber at an extremely high
rate. The gases drive the valve piston into the valve housing to open the valve by shearing a closure

disk and aligning the piston port permanently with the pressure line plumbing.

B@ 2.3.9.2 Helium Isolation Solenoid Valves. (See figure 2.3-8.)

The helium isolation solenoid valves in the APS are identical with those in the DPS except

that they are actuated by the ASCENT He REG 1 and REG 2 switches and their position indicator switch
signal is fed to the ASCENT He REG 1 and REG 2 talkbacks. (Refer to paragraph 2.3.4.4 for a descrip-

tion of the helium isolation solenoid valves. )

B 2.3.9.3 Helium Pressure Regulator Assemblies. (See figure 2.3-21.)

Each helium pressure regulator assembly consists of two individual pressure regulators
connected in series. The downstream regulator functions in the same manner as the upstream regula-

tor; however, it is set to produce a higher outlet pressure so that it becomes a secondary unit that will

only be in control if the upstream regulator (primary unit) fails open.

PRIMARY SECONDARY
REGULATOR REGULATOR

  
PILOT STAGE
BELLOWS

 
PLUNGER

 

PILOT STAGE
CHAMBER

PILOT STAGE
POPPET

FILTER

 

INLET = Db ouner

MAIN STAGE
POPPET

FLOW

MAIN STAGE UMITER

PISTON

MAIN STAGE
CHAMBER 00LM4-211

Figure 2.3-21. Ascent Propulsion Section - Helium Pressure Regulator Assembly
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Each pressure regulator unit consists of a direct-sensing main stage and a pilot stage. The

valve in the main stage is controlled by the valve in the pilot stag which senses small changesin the

regulator outlet pressure (Pr) and converts these changes to pre ionally lars changes in control

pressure (Pc). The main stage valve poppet is positioned for va - flow dem.:ids by changes in the

control pressure acting on the main stage piston. A reduction ii w demand causesa rise in the regu-

lator outlet pressure because flow from the regulator exceeds th: ew downstream demand. Therise in

outlet pressure decreases the pilot valve output, thereby reducing flow into the main stage chamber.

Because the main stage chamber bleeds directly into the regulator outlet line (through a fixed orifice),

reduced flow into the chamber causes a proportional reduction in the control pressure, which, in turn,

moves the main stage valve poppet toward the closed position. The resultant reduced flow through the

main stage valve matches the downstream flow demand. An increase in the downstream demand causes

a reduction in outlet pressure which tends to open the pilot valve. The resultant increase in control

pressure causes the main stage valve poppet to open, thus meeting the increased downstream demand.

The flow limiter at the outlet of the main stage valve of the secondary unit restricts maxi-

mum flow through the regulator assembly to 5.5 pounds of helium per minute, so that the propellant tanks

are protected if the regulator fails open. Thefilter at the inlet of the primary unit prevents particles,

which could cause excessive leakage at lockup, from reaching the regulator assembly.

2.3.9.4 Relief Valve Assemblies. (See figure 2.3-22.)

Each helium pressurization line leading to the propellant tanks has a relief valve assembly

that consists of a burst disk in series with a relief valve. The redundancy within each relief valve as-

sembly ensures against helium loss during normal operation and protects the propellant tanks against

inadvertent overpressurization. The burst disk is held in place by the automatic initiator assembly.

When pressure in the pressurization line exceeds approximately 226 psi, the tensile member breaks,

causing the helium pressure and the force of the initiator spring to rupture the burst disk. The helium

then enters the relief valve chamber and acts against the relief valve piston, overcoming the main poppet

spring, and lifting the poppetoff its seat. This opens the helium pressurization line to vent the excess

helium overboard. A thrust neutralizer at the oulet port prevents generation of unidirectional thrust.

A filter at the inlet to the relief valve chamber prevents particles from lodging in the valve seat. When

helium pressure drops below the reseat pressure, the relief valve poppet closes to prevent further

helium loss. Before burst disk rupture, the light bleed valve spring keeps the bleed poppet slightly off

its seat. This permits a low pressure to be vented and prevents pressure buildup in the relief valve

chamberin case of a slight burst disk leak. If the leakage pressure builds up, the force of the bleed

valve spring is overcomeand the bleed poppet closes. Pressure then continues to build up and work

against the relief valve piston. When the pressure reaches approximately 245 psi, the relief valve

cracks.

2.3.9.5 Propellant Storage Tanks.

The propellant supply is contained in two spherical titanium tanks. The tanks are of

identical size and construction. On tank contains fuel; the other, oxidizer. A helium diffuser at the

inlet port of each tank distributes the pressurizing helium uniformly into the tank. An antivortex device

(a cruciform at each tank outlet) prevents the propellant from swiriling into the outlet port, precluding

helium ingestion into the engine. Each tank outlet also has a propellant retention device that permits

unrestricted propellant flow from the tank under normal pressurization, but blocks reverse propellant

flow (from the outlét line back into the tank) under zero-g or negative-g (better than -2g) conditions.

This arrangement ensures that helium does not enter the propellant outlet line while the engine is not

firing, thus it eliminates the possibility of engine malfunction due to helium ingestion. A low-level

sensor in each tank (approximately 4.4 inches above the tank bottom) supplies a discrete signal that

causes the ASC QTY caution light to go on when the propellant remaining in either tank is sufficient for

approximately 10 seconds of burn time (48 poundsof fuel, 69 poundsof oxidizer minimum).

2.3.9.6 Valve Package Assembly. (See figure 2.3-23.)

At the propellant feed section/engine assembly interface, the oxidizer and fuel lines lead

into the valve package assembly. The individual valves that make up the valve package assembly are in

a series-parallel arrangement to provide redundant propellant flow paths and shutoff capability. The

valve package assembly consists of two bipropellant valve assemblies, two isolation valve assemblies,

 

MAIN PROPULSION SUBSYSTEM

Mission LM_ Basic Date _1 February 1970 Change Date 1 April 1971 Page 2, 3-39



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA
 

OUTLET

>  

    

  

 

MAIN POPPET

BURST DISK SEAL

TENSILE MEMBER 4SCREEN

 

  TEST
PORT

BLEED VALVE

SPRING
AUTOMATIC

INITIATOR

SPRING BLEED POPPET

(OPEN)

MAIN POPPET
FILTER

MAIN POPPET

SPRING

MOVING SEAL

INTERNAL VENT OUTLET 300LM4-218

Figure 2.3-22. Ascent Propulsion Section - Relief Valve Assembly

and four solenoid-operated pilot valve and actuator assemblies. Each bipropellant valve assembly and
each isolation valve assembly consists of one fuel shutoff valve and one oxidizer shutoff valve. These

are ball valves that are operated by a commonshaft, which is connected to its respective pilot valve and

actuator assembly. Shaft seals and vented cavities prevent the propellants from coming into contact with

each other. Separate overboard vent manifold assemblies drain the fuel and oxidizer that leaks past

the valve seals, and the actuation fluid (fuel in the actuators upon pilot valve closing), overboard. (See

figure 2.3-17.) The eight shutoff valves open simultaneously to permit propellant flow to the engine

while it is operating; they close simultaneously to terminate propellant flow at engine shutdown. The

two isolation valve assemblies are exposedto the full pressure of the propellant feed system. The four

nonlatching, solenoid-operated pilot valves control the actuation fluid (fuel) for the isolation and bipro-

pellant valve assemblies. Normally, the solenoids are deenergized, and the actuation fuel is shut off by

action of the spring-loaded spools blocking the inlet ports. The back sides of the actuator chambers are

vented to eliminate fuel buildup due to leakage. When the solenoids are energized, all pilot valves are

opened and the actuation fuel enters the actuators whereit acts against the spring-loaded actuator piston

to open the shutoff (ball) valves. At this point, the pilot valve spools seal off the vent port. When the

electrical signal is removed, spring action forces the valve spools to seal off the actuation fuel. The

propellant shutoff valves are closed by the return action of the actuator piston springs, and the actuation
fuel trapped in the actuator chamber and valve passages is expelled through the pilot valve vent ports.

2.3.9.7 Injector Assembly.

The injector assembly consists of the propellant inlet lines, a fuel manifold, a fuel
reservoir chamber, an oxidizer manifold, and an injector orifice plate assembly. It takes longer to

fill the fuel manifold and reservoir chamber assembly. Consequently, the oxidizer reaches the com-

bustion chamber approximately 50 milliseconds before the fuel, resulting in smooth engine starts. The

injector orifice plate assembly is of the fixed-orifice type, which uses a baffle and a series of perimetef

slots (acoustic cavities) for damping induced combustion disturbances. The baffle is Y-shaped, with a
120° angle between each blade. The baffle is cooled by the propellants, which subsequently enter the
combustion chamber through orifices on the baffle blades. The injector assembly face is divided into two
combustion zones: primary and baffle. The primary zone uses impinging doublets (one fuel and one
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Figure 2.3-23. Ascent Engine Assembly

oxidizer), which are spaced in concentric radial rings on the injector assembly face. The baffle zone
(1.75 inches downstream from theinjector face) uses impinging doublets placed at an angle to the in-

jector face radius. Film-cooling of the combustion chamber wall is achieved by injecting fuel through

orifices spaced around the perimeter of the injector. Parallel orifices inject fuel parallel to the engine

centerline; canted orifices inject fuel against the chamber wall to form a film of fuel. The nominal

propellant temperature is +70° F as it enters the injector. The temperature range is +50° F to +90° F;
the fuel temperature is within 10° F of the oxidizer temperature. The temperature range at engine

start may be +40° to +500° F (restart at peak heat soakback).

2.3.9.8 Combustion Chamber Assembly.

The combustion chamber assembly consists of an engine case and mount assembly and a

plastic assembly, which includes the nozzle extension. The engine case and mount assembly is bonded

and locked to the plastic assembly to form an integral unit. The plastic assembly provides ablative

cooling for the combustion chamber;it consists of the chamber ablative material, the chamber insulator,
the nozzle extension ablative material, and a structural filament winding. The chamber ablative material
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extends from the injector to an expansion ratio of 4.6. The chamberinsulator, between the ablative

material and the case, maintains the chamber skin temperature within design requirements. The

ablative material of the nozzle extension extends from the expansion ratio of 4.6 to 45.6 (exit plane) and

provides ablative cooling in this region. The structural filament winding provides the structural support

for the plastic assembly and ties the chamber and nozzle extension sections together.

2.3.10 ASCENT PROPULSION SECTION PERFORMANCE AND DESIGN DATA.

The performance and design data for the APS are given in table 2, 3-2.

Table 2.3-2. Ascent Propulsion Section - Performance and Design Data

 

Pressurization section

Helium tank initial filling weight

Minimum usable helium weight

Helium tank initial pressure and temperature

Helium tank volume

Helium tank maximum operating pressure and

temperature

Helium tank proof pressure

Helium tank burst pressure

Helium filters

Absolute filtration

6.5 pounds per tank

5.1 pounds per tank

3,050 psia at +709 F

3.35 cubic feet

3,500 psia at +140° F

4,650 psia at +160° F

5,250 psia at +160° F

15 microns

Nominalfiltration 5 microns

Helium pressure regulator assemblies

Primarypath outlet pressure
Upstream regulator 18424 psia

Downstream regulator 19024 psia

Secondary path outlet pressure

Upstream regulator 17624 psia

Downstream regulator 18244 psia

Maximum lockup pressure 203 psia

Maximum outlet flow rate (each

regulator path)
5.5 pounds per minute

Inlet pressure range 400 to 3, 500 psia

Nominal helium flow rate 1.45 pounds per minute

Quadruple check valve assemblies

Opening pressure 2.0 to 2. 88 psid

Maximum operating inlet pressure 270 psia

Maximum pressure drop 4.5 psi at 2.13 pounds per minute   
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Table 2.3-2. Ascent Propulsion Section - Performance and Design Data (cont)

 

Pressurization section (cont)

Compatibility explosive valves operating

pressure range

Relief valve assembly

Burst-disk rupture pressure

Relief valve cracking pressure

Full-flow pressure

Reseat pressure (minimum)

Fully open flow rate (minimum)

Propellant feed section

Propellant tanks

Capacity (each tank)

Total fuel

Total oxidizer

Ullage volume (minimum)

Usable fuel

Unusable fuel

Usable oxidizer

Unusable oxidizer

Propellant temperature range

Nominal propellant temperature

Nominal ullage pressure

Proof pressure

Burst pressure

Trim-orifice outlet pressure

Engine assembly

Propellant filters

Nominalfiltration

Absolute filtration

Fuel flow rate

Oxidizer flow rate

Propellant injection ratio (oxidizer to fuel) 

100 to 270 psia

226 to 250 psia

245 psia

250 psia

225 psia

4 pounds per minute

36 cubic feet

2,008 pounds

3,179 pounds

0.5 cubic foot per tank at +90° F

1,993 pounds

6 pounds

3,190 pounds

35 pounds

+50° to +909 F

+70° F

184 psia

333 psia

375 psia

16524 psia

175 microns

200 microns

4.3 pounds per second

7.0 pounds per second

1.6:1  
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Table 2.3-2. Ascent Propulsion Section - Performance and Design Data (cont) (

 

Engine thrust

 

Engine Assembly (cont)

Propellant feed section

Injector inlet pressure

3,500 pounds

 
 

Steady-state operation 170 psia (

Engine start to 90% of rated thrust 0.310 second

Engine shutdown to 10% of rated thrust 0.200 second

Combustion chamber pressure 120 psia

Nomina! propellant temperature at injector inlet +70° F

Approximate maximum weight 180 pounds

Overall length 47 inches

Nozzle exit diameter 34 inches

2.3.11 ASCENT PROPULSION SECTION OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the APSare as follows:

Propellant tank pressure before pressurization must be between 62 and 205 psia. (

If these limits are exceeded during dynamic loading, structural failure in the pro-

pellant tanks may result, causing loss of the LM.

Propellant bulk temperature before ascent engine start must be between +50° and

+90° F, If the temperature limits are exceeded, the engine performance will be

degraded.

Before ascent engine starts (except FITH with DPS burn), the RCS +X-axis

thrusters must be fired to establish proper propellant tank ullage, to settle the

propellants under weightless conditions, and to prevent helium from entering the

RCS interconnect lines. Unsettled or insufficiently settled propellants may result

in rough or erratic starts that could lead to engine failure.

The APS must not remain pressurized longer than 24 hours before anticipated

termination of use. If this limit is exceeded, the pressure regulator assemblies

will exceed their qualified propellant exposure time.

In the blow-down mode, it is not desirable that the ascent engine be operated when

chamberpressure has decayed to less than 112 psia. Ata pressure of less than (

114 psia, firing should be terminated unless engine operation is critical to mission

success.
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2.4 REACTION CONTROL SUBSYSTEM.

2.4.1 INTRODUCTION.

The Reaction Control Subsystem (RCS) stabilizes the LM during descent, helps to maintain

the desired trajectory during ascent, and controls LM attitude and translation about, or along, all axes

during hover, rendezvous, and docking maneuvers, It also provides acceleration for propellant settling

in the descent and ascent propellant tanks. Attitude and translation are controlled with 16 RCS thrust

chamber assemblies (TCA's), which are fed by the RCS propellant supplies or by propellants from the

ascent propulsion section (APS) of the Main Propulsion Subsystem (MPS). The 16 TCA's are arranged

in clusters of four, mounted on four outriggers that are equally spaced around the LM ascent stage. In

each cluster, two TCA's are mounted parallel to the LM X-axis, facing in opposite directions; the other

two are spaced 90° apart, in a plane normalto ‘the X-axis and parallel to the Y-axis and Z-axis. (See -

figure 2.4-1.) Four plume deflectors are attached to the descent stage, extending upward to the nozzle [

of each downward-firing TCA. These deflectors are shields that prevent the downward exhaust plume

from damaging the LM structure.

The RCS consists of two parallel, independent systems (A and B), which, under normal

conditions, function simultaneously, Each system has its own pressurized propellant supply that feeds

eight TCA's (two in each cluster), The arrangement of the TCA's is such that either system, func-

tioning alone, can provide complete control in all axes, with sometranslation effects. Moreover, if the

propellant supply of one system is depleted or fails, a crossfeed capability permits routing propellants

from the operative system to all 16 TCA's.

Fuel and oxidizer are loaded into bladders within the propellant tanks and into the mani-

fold plumbing that extends from the tanks through the normally open main shutoff valves up to the TCA a

solenoid valves. Before separation of the LM from the CSM, the TCA's are heated to their operating

temperature and the explosive valves are fired. Gaseous helium, reduced to a working pressure,
enters the propellant tanks and forces the fuel and oxidizer to the TCA's. Here, the

MAIN SHUTOFF HELIUM-PRESSURE-

REGULATING PACKAGEVALVES TANK
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Figure 2.4-1, Reaction Control Subsystem - Component Location
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propellants are blocked by normally closed fuel and oxidizer valve assemblies until a thruster-on
command is issued. As the selected TCA receives a thruster -on command, its fuel and oxidizer
valve assemblies open to route the propellants through the TCA injector into the combustion

chambers, where they impinge and ignite. Switches on panel 2 (LGC THRUSTER PAIR CMDS)
generate signals for the LGC, telemetry, and caution and warning talkbacks to indicate the

status of the thrusters. )

2.4.2 SUBSYSTEM INTERFACES, (See figure 2.4-2.)

Transducer and valve position indicator switch outputs that originate in the RCS are proc-
essed by the Instrumentation Subsystem (IS). The operational measurements that are monitored
throughout the mission are transmitted via the Communications Subsystem (CS) to MSFN. The IS also
processes RCS caution and warning signals. The RCS propellant tanks are pressurized immediately
before separation of the LM from the CSM,by firing of explosive valves by the Explosive Devices
Subsystem (EDS). Interconnect plumbing between the TCA feed lines and the APS propellant tanks

permits the RCS to use APS propellants during certain phases of the mission, thereby conserving the

RCS supply. The RCS receives 28-volt d-c primary power through the Commander's and LM Pilot's
buses of the Electrical Power Subsystem (EPS).

The Guidance, Navigation, and Control Subsystem (GN&CS) provides commandsthat select

and fire TCA's for durations ranging from a pulse of less than 1 second to steady-state operation. The

TCA's can be operated in an automatic mode, an attitude hold mode, or a manual override mode. RCS
operation can be controlled by the primary guidance and navigation section (PGNS) or by the abort

guidance section (AGS). A detailed description of RCS operation by the GN&CSis given in paragraph

2.1.3.5. The control circuitry is shown in figure 2.1.17,

Normally, translation and attitude are controlled by the PGNS in the automatic mode, in
which all navigation, guidance, stabilization, and steering functions are controlled by the LM guidance
computer (LGC). Under AGS control, the abort electronics assembly (AEA) and the attitude and transla-

tion control assembly (ATCA) take the place of the LGC.

The attitude hold mode provides semiautomatic operation. In this mode, either astronaut

can manually determine attitude changes by displacing his attitude controller assembly (ACA), and

three-axis translation changes by displacing his thrust/translation controller assembly (TTCA). When

the ACA is displaced, an impulse proportional to the amount of displacement is routed to the LGC. The

LGC uses this impulse to perform steering calculations and to generate a thruster-on command, The
thruster-on commandis routed to appropriate jet drivers in the ATCA,firing selected TCA's. A display

and keyboard (DSKY) input to the LGC determines whether the LGC commandsan angular rate change

proportional to ACA displacement, or a minimum impulse for each ACA displacement. When the ACA

is returned to the detent position, the LGC sends a commandto hold the attitude. For translation,

displacement of the TTCA sends a discrete to the LGC, which sends a thruster-on commandto selected
TCA's. When the TTCA is returned to neutral, the TCA's are turnedoff.

In the attitude hold mode, under AGS control, the AEA generates attitude errors that are
summed, in the ATCA, with proportional rate commands from the ACA and a rate-damping signal from

the rate gyro assembly (RGA). The ATCA then performsthe steering calculations and generates the

thruster on and off commands. Twoor four X-axis TCA's for translation maneuvers and a manual

override for attitude control in each axis (2-jet direct) can be selected. The four upward-firing TCA's

can be inhibited to conserve RCS propellants during the ascent engine thrust phase.

The manual override mode, under PGNS or AGS control, overrides the automatic mode,
The four-jet hardover command from the ACA is a manual override command, whichis applied directly

to the TCA's. The hardover output fires four TCA's simultaneously.

For MPSpropellant-settling maneuvers, two or four downward-firing TCA's can be se-

lected. Under PGNScontrol, the selection is manually keyed into the DSKY for routing to the LGC,

Under AGS control, the selection is made by setting the ATT/TRANSL switch (panel 1) to the 2 JETS or
4 JETS position. Under manual control, pressing the +X TRANSL pushbutton (panel 5) provides a

command to operate the four downward-firing TCA's, which continue firing until the pushbutton is
released. Firing two TCA's conserves RCS propellants; however, it requires a longer firing time to
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settle the MPS propellants. Before staging, firing of four TCA's may be necessary because thermal
impingement on the descent stage skin limits operating time for the downward-firing TCA's to 40 sec-
onds.

2.4.3 FUNCTIONAL DESCRIPTION. (See figure 2. 4-3.)

Functionally, each RCS system (A or B) can be subdivided into a helium pressurization
section, a propellant section, a propellant quantity measuring device, and eight TCA's. All RCS com-
ponents are located in the ascent stage. Because RCS systems A and B areidentical, only one system
is described,

2.4.3.1 Helium Pressurization Section.
 

Approximately 1 pound of gaseous helium, at a nominal pressure of 3,050 psia at +70° F, is

stored in the helium tank. Flow from the tank separates into two parallel paths. Each flow path contains

a normally closed explosive valve that isolates the helium tank from the downstream components before

RCS pressurization. A sensor (part of:the propellant quantity measuring device) in the helium tank

senses the pressure-temperature ratio of the helium. The sensor output is conditioned and routed to
the A or B QUANTITYindicator (panel 2), which indicates the combined (fuel and oxidizer) percentage
of propellants remaining. A pressure transducerat the outlet port of the helium tank monitorsthe
helium pressure. It supplies a signal to the PRESS indicator (panel 2) when the TEMP/PRESS MON
selector switch (panel 2) is set to He. (When the switch is set to He, the X10 light of the PRESS indicator
goes on to indicate that the values displayed must be multiplied by 10.) The pressure transducer also
Supplies a signal that causes the RCS caution light (panel 2) to go on, when helium pressureat the tank

outlet port drops below 1,700 psia. When a caution or warning light goes on, a signal is routed from the
caution and warning electronics assembly (CWEA)in the IS to light the MASTER ALARM pushbutton/

lights (panels 1 and 2) and to provide a 3-kc tone in the astronaut headsets. Pressing either MASTER

ALARM pushbutton/light turns off both lights and terminates the tone, but has no effect on the caution or
warning light,

When the MASTER ARM switch (panel 8) is set to ON and the RCS He PRESSswitch is set

to FIRE, the explosive valves open simultaneously to pressurize the RCS. Because of the redundant

paths, failure of one explosive valve does not affect pressurization of the propellant tanks. Downstream

of the explosive valves, the two flow paths merge and the helium flows througha filter that prevents
contamination of downstream components by trapping debris generated by firing the cartridges in the

explosive valves, A restrictor orifice, downstream of the filter, dampenstheinitial helium surge,
thereby minimizing the possibility of rupturing the burst disk in the downstream pressure relief valve
assemblies,

Downstream of the restrictor, the flow path contains two series-connected pressure
regulators, The primary (upstream) regulator is set to reduce pressure to approximately 181 psia.

The secondary (downstream) regulator is set for a slightly higher output (approximately 185 psia). In

normal operation, the primary regulator provides proper propellant tank pressurization. A pressure

transducer senses the pressureat the output of the regulators and provides an input to the PRESS

indicator via the TEMP/PRESS MON selector switch (PRPLNTposition). If one regulator fails closed,

or if both regulators fail open, the downstream pressure decreases or increases beyond acceptable
limits (minimum pressure of 165 psia; maximum pressure of 218.8 psia) and the RCS A REG or RCSB
REG warning light (panel 1) goes on, (If the main propellant shutoff valves are closed, this warning
light is inhibited and does not go on, regardless of the pressure at the helium regulator manifold.)
Downstream of the pressure regulators, a helium manifold divides the flow into two paths: one leads to
the oxidizer tank; the other, to the fuel tank. Each flow path has quadruple check valves in a series-
parallel arrangement to prevent backflow of propellant vapors into the helium manifold if seepage occurs
in the propellant tank bladders, The helium flows through the check valves into the propellant tanks.
A relief valve assembly at the inlet port of each propellant tank protects the propellant tank against
overpressurization. If pressure in the helium lines exceeds 220 psia, a burst disk in the relief valve

assembly ruptures, When the pressure reaches 232 psia, helium is vented overboard throughthe relief

valve vent port. When the pressure drops below 212 psia, the relief valve closes, permitting normal
system operation.
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firing the explosive helium isolation valve exceeds 100%, so that after the valve is opened and the

helium in the helium tank becomesless dense, the indicated quantity is 100%. During periods of inten-

sive TCA firing, when the RCS propellants are consumedat a very high rate, the QUANTITYindicator

displays a minus error of 5% to 10% for several minutes.

The input device of the PQMD is a Wheatstone bridge that senses pressure/temperature

(P/T) ratio. The bridge is energized by a bridge amplifier in the analog computer. The analog com-
puter contains a power supply, three amplifiers, and three internal system-calibrating adjustments.

The output voltage of the P/T sensor is applied to the preamplifier. The amplified signal is fed to the

output amplifier, which sums this signal with an input reference voltage and provides an analog output

(0 to 5 volts) to the QUANTITYindicator. The power supply receives an input voltage from the RCS SYS

B: PQGS DISP circuit breaker (panel 16).
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2.4.3.4 Thrust Chamber Assemblies. (See figure 2. 4-6.)
 

The TCA clusters are enclosed in thermal shields, with the TCA combustion chamber out-

board of the second rib and the nozzle protruding from the shield, The thermal shields aid in maintaining

a temperature-controlled environment for the propellant lines from the ascent stage to the TCA's,

minimize heat loss, and reflect radiated engine heat and solar heat.

Each TCA contains an oxidizer solenoid valve and a fuel solenoid valve, which, when open,

pass propellant through an injector into the combustion chamber, where ignition occurs. Each solenoid

valve contains a primary (automatic) coil and a secondary (direct) coil, either of which, when energized,

opens the valve. Primary power (28 volts) is applied to the TCA primary coils via the RCS SYS A and

RCS SYS B: QUAD TCAcircuit breakers (panels 11 and 16, respectively). (See figure 2.4-7,) Each

circuit breaker controls power to the primary coils of two TCA's in each quad. In the automatic mode,

the on and off commands are applied to the primary coils of the TCA's. When a manual override com-

mand (such as attitude hardover or +X-translation) is issued, the commandis applied directly to the

secondary coils of the TCA's.

For attitude control, the duration of TCA firing ranges from a pulse to steady-state opera-

tion. The pulse mode is used for small attitude changes in the selected axis. In this mode, TCA

operation lasts for less than 1 second: the minimum pulse for TCAfiring (at 21 volts) is 13 milliseconds.

In the steady-state mode, operation lasts for 1 second or longer. For a short-duration pulse (figure

2.4-8), engine thrust is just beginning to rise when the shutdown commandis given, and only a very

small amount of propellant is injected into the combustion chamber. Under these conditions of minimum

impulse, the full 100 pounds of thrust cannot be achieved and TCA operation is comparatively inefficient.
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Figure 2.4-8. TCA Firing - Thrust Versus Time

If the pressure regulator in the helium pressurization section fails closed, TCA operation

continues briefly, until helium pressure drops below the acceptable limit and propellants are no longer

injected into the TCA combustion chamber. If both pressure regulators fail open, the relief valves in

the pressurization section vent the helium overboard; however, TCA operation continues until near- -

depletion of the helium. In either type of pressurization failure, use of the eight TCA's of the affected

system is lost until the main shutoff valves are closed and the crossfeed valves are openedto allow the

operative system to supply propellants to the TCA's of the malfunctioning system.

Initial combustion occurs in a preigniter cup which raises the main combustion chamber

pressure for satisfactory TCA ignition, Fuel and oxidizer pass through preigniter tubes to their re-

spective preigniter injection orifices. The fuel is sprayed into the preigniter cup; the oxidizer is

ejected and impinges with the fuel, causing spontaneous ignition and establishing combustion in the

preigniter cup. The main fuel flow is routed through four equally spaced holes in the side of the pre-

igniter tube, to a chamberthat channels the fuel to an annulus. The annulus routes fuel to three

concentric fuel rings. Fuel is sprayed from eight orifices in the outermost ring onto the combustion

chamber wall, where it forms a boundary layer for cooling. The intermediate middle ring has eight

orifices that spray fuel onto the outer wall of the preigniter cup. This fuel cools the preigniter cup

before it vaporizes. Eight primary fuel orifices of the middle ring eject fuel to mix with the oxidizer.

The main oxidizer flow is routed through four equally spaced holes in the side of the oxidizer preigniter

tube, to a chamberthat supplies the eight primary oxidizer orifices of the innermost ring. The eight

primary oxidizer orifices and eight primary fuel orifices are arranged in doublets, at angles to each

other, so that the emerging propellant streams impinge. Due to the hydraulic delay built into the injector,

ignition at these eight doublets occurs approximately 4 milliseconds later than ignition inside the pre-

igniter cup.
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Whenthe thruster-off command is given, the primary or secondary coils become deener-

gized, releasing the armature poppets. Spring and propellant pressure return the av:nature popret of

each valve to its seat, shutting off propellant flow into the injector, Propellant trapped in the in; ctor is

ejected and burned for a short time, while thrust decays to zero pounds,

2.4.3.4,.1 Thrust Chamber Assembly Failure-Detection System. (See figure 2. 4-7.)

The failure-detection system can detect thruster-on or thruster-off failures when the RCSis

under PGNSor AGScontrol. Athruster-onora thruster-off failure produces the sameindication in thatit

causes the RCS TCA warninglight (panel 1) to go on and the QUADtalkback associated with the failed

TCA to provide a red display. Setting the QUAD switch to (DISABLE)isolates the malfunctioning TCA

from primary coil commands, causing the QUAD talkback to change to a barber-pole display and the

RCS TCA warninglight to go off. A microswitch in the QUAD switch applies an inhibit signal to the LGC

to prevent the valves of the malfunctioning TCA from being cycled.

Thruster-On Failures. A thruster-on failure is defined as a TCA thrusting condition without an on

command from the GN&CS. If a thruster-on failure occurs, opposing TCA's fire when it becomes
necessary to nullify the effect of the failed-on TCA. For example, if TCA A4D fails on, TCA's A2D and
B4U receive on commands. A tabulation of opposing TCA's is given in figure 2. 4-9,

All thruster-on commands are routed through the CWEA which detects the presence of opposing command

signals, The commands, from the jet drivers, to turn on particular TCA's are routed to the thruster

failure-detection system, where they are applied simultaneously to two AND gatesin each failure-
detection circuit. When a thruster-on command (command A4D,figure 2. 4-7) and the opposing thruster-on
commands (commands B4U and A2D) are applied simultaneously to the AND gates, the result is an

on-failure signal that is applied to the flip-flop via the OR gate. Setting the flip-flop causes the RCS

TCA warning light to go on and the respective QUADtalkback to provide a red (TCA failure) display.

Setting the related QUAD switch (SYSTEM A: QUAD 4) to (DISABLE) applies a reset signal to the flip-flop

and counter, turning off the RCS TCA warning light.

Thruster-Off Failures. A thruster-off failure is defined as a nonthrusting condition with an on command

from its jet driver, With an on command to TCA A4D (figure 2. 4-8), and the absence of a response from

the pressure switch in the TCA, an off-failure signal is initiated at the AND gate. The TCA pressure

switch closes by the time a maximum pressure of 10.5 psia is sensed in the combustion chamber;it

opens by the time pressure has decayed to a minimum of 3 psia. If the jet driver signal from the AND

gate lasts longer than 80 milliseconds, it is inverted and applied to the set side of the flip-flop via the

OR gate. Asa result, the RCS TCA warning light and the respective QUAD talkback provide a failure

indication. Under normal operating conditions, the TCA's may not respond to all individual on com-

mands, if these commands(pulses) are of short duration (less than 80 milliseconds). Pulse skipping is

not critical until a numberof consecutive short pulses are skipped. When six short pulses have not

produced a thruster-on response, the seventh consecutive pulse, regardless of duration or whetherit

produces TCAfiring or not, will cause the counter to generate a failure output. The counter output sets

the flip-flop via the OR gate, causing the RCS TCA warning light and the respective QUAD talkback to

provide a failure indication,

2.4.3.4.2 Heaters.

Thirty-two heaters are used to heat the 16 TCA's; two of the heaters are attached to each

TCA flange. The heaters are fed by a 28-volt d-c input; each heater consumes 17.5 watts at 24 volts.

One heater of each TCA receives power from the SYS A/B-1 circuit breaker of its respective cluster;

the other heater, from the SYS A/B-2 circuit breaker. In effect, two redundant, independently operating

heating systems are used to heat each TCA cluster. The heaters normally operate in an automatic mode,

in which redundant thermal switches (two connected in parallel for each heater) sense the TCA injector

head temperature and turn the heaters on and off, as required, to maintain TCA temperature within the

required range. The primary thermal switches are set to maintain TCA temperature at +140°s8° F; the

redundant thermal switches are set for +147°+7° F. A 2° deadband permits the temperature to drop 2°

below the turn-on temperature.
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Figure 2.4-9. Reaction Control Subsystem - Thruster-On Failure Correction

The heaters of system A/B-1 are connected directly to their circuit breakers and cycle on

and off, as required, unless the appropriate circuit preaker (HEATERS RCS SYS A/B-1: QUAD circuit

breakers on panel 11) is opened. The heaters of system A/B-2 are connected to their circuit breakers

(HEATERS: RCS SYS A/B-2 QUAD circuit breakers on panel 16) through four three-position switches

(one for each cluster). Normally, these switches (RCS SYS A/B-2 QUAD 1 through QUAD 4 on panel 3)

are set to AUTO to cycle the heaters on and off to maintain the desired temperature. With the switch set

to OFF, the circuit is interrupted and the heaters in the particular cluster are off. With the switch set

to MAN, the thermal switches are bypassed and the heaters remain on regardless of the temperature.

The astronauts can determine the temperature of each cluster by using the TEMP MONITOR

selector switch and TEMPindicator (panel 3). The inputs to the TEMPindicator originate at four

temperature transducers, one for each quad. The heaters of the off-temperature cluster can be dis-

connected from the electrical power supply by opening the appropriate heater QUADcircuit breaker.
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2.4.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

2.4.4.1 Explosive Valves,

The explosive valves are single-cartridge-actuated,° smally closed valves, Setting the

MASTER ARM switch (panel 8) to ON and momentarily holding the KCS He PRESSswitch to FIRE com-

pletes the circuit between the explosive-vaive cartridge and the EDS buses. A cartridge is fired by

applying powerto the initiator bridgewire for a few milliseconds. The resultant heat fires the initiator,

generating gases in the valve explosion chamber at an extremely high rate. The gases drive the valve

piston into the valve housing to open the valve by shearing a closure disk and aligning the piston port

permanently with the pressure line plumbing.

2.4.4.2 Helium Pressure Regulator Assembly. (See figure 2, 4-10.)
 

The helium pressure regulator assembly consists of two individual pressure regulator units

connected in series. Both regulator units function in the same manner, however, the downstream regu-

lator is set to produce a higher outlet pressure so thatit becomes a secondary unit that will only be in

control if the upstream regulator (primary unit) fails open.

Each pressure regulator unit consists of a direct-sensing main stage and a pilot stage. The

valve in the main stage is controlled by the valve in the pilot stage, which senses small changesin the

outlet pressure (Pr) and converts these changes to proportionally larger changesin control pressure

(Pc). The main stage valve poppetis positioned for varying flow demands by changes in control pressure

acting on the main stage piston.

During normal RCS operation, the helium flow rate through the regulator assembly is

relatively low. Consequently, the main stage valve poppet remains closed. The pilot stage valve poppet

is held open by the pilot stage spring, permitting helium to flow into the regulator outlet line through a

fixed orifice in the main stage piston, The outlet pressure, sensed by the pilot stage bellows, acts

against the force of the pilot stage spring to maintain the regulator output at a constant preset pressure.

The flow limiter at the regulator assembly outlet port restricts maximum flow through the regulator

assembly so that the propellant tanks are protected if both regulator units fail open. The filter at the

regulator assembly inlet prevents particles, which could cause excessive leakage at lockup, from reaching

the valve seats.

2.4.4.3 Relief Valve Assemblies. (See figure 2.4-11.)

Each helium pressurization line leading to the propellant tanks has a relief valve assembly

that consists of a burst disk, a relief section, anda vent. The burst disk ensures against helium loss

while the system is under normal operating pressure; it protects the propellant tanks against overpres-

surization by rupturing if the pressure reaches approximately 220 psi. During normal operation (burst

disk is intact), the vent is open. This creates a vent path that prevents pressure buildup in the relief

section in case of a slight burst disk leak. If the leakage pressure builds up to 150 psi, the action of the

vent spring is overcomeand the vent poppet closes. Whenline pressure in the system exceeds approxi-

mately 220 psi, the pressure forces the belleville spring to snap over, causing the burst disk to hit the

punch. This results in a nonfragmentation-type rupture. After the burst disk is ruptured (or after the

vent poppet closes), the helium pressure acts against the relief poppet, which cracks at approximately

232 psi. The relief poppet reseats at approximately 212 psi. The vent poppet reopens when the relief

section pressure has dropped to approximately 20 psi. The filter upstream of the relief section prevents

particles from lodging in the relief poppet seat.

2.4.4.4 Fuel and Oxidizer Tanks, (See figure 2. 4-12.)

 

The propellants are stored in cylindrical titanium-alloy tanks with hemispherical ends.

The propellant is in a Teflon bladder, which is chemically inert and resistant to the corrosive action of

the propellants. The bladder is supported by a standpipe running lengthwise in the tank. The propellant

is fed into the tank from

a

fill point accessible from the exterior of the LM. A bleed line that extends

up through the standpipe draws off gases trapped in the bladder. Helium flows between the bladder and

the tank wall and acts upon the bladder to provide positive propellant expulsion.
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Figure 2.4-10. Helium Pressure Regulator Assembly
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Figure 2,4-11. Relief Valve Assembly
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Figure 2.4-12, Propellant Tank Assembly

2.4.4.5 Thrust Chamber Assembly, (See figure 2. 4-6.)

2.4,4.5.1 Fuel ana Oxidizer Valve Assemblies.

The fuel valve assembly and oxidizer valve assembly are normally closed, two-coil,

solenoid valves. Each valve consists of a spool assembly, spring, armature, and seat assembly. A
filter at the inlet of each valve provides final filtration of the propellants before they reach the injector.
The fuel and oxidizer valve assemblies are identical, except for the seat assemblies and spool assem-
blies. The exit diameter of the metal seat of the oxidizer valve assembly is larger than that of the fuel
valve seat. The fuel valve spool assembly gives a faster armature response than the oxidizer valve spool
assembly, resulting in a nominalelectrical fuel lead of 2 milliseconds.

The seat assembly retains the spring and armature in the cavity of the spool assembly. The

load maintains constant pressure on the armature, forcing the armature's poppet-type head into the

angled seat to form an integral seal. A passage in the armature permits propellant to enter the seat-area

cavity. The spool assembly consists of a concentric metal body with a three-hole mounting flange; it

contains two independent coils (primary and secondary) wound on a magnetic core.

2.4.4.5.2 Injector Head Assembly.

The injector head assembly provides support for the fuel and oxidizer valve assemblies, the
mounting flange for the combustion chamber seal and combustion chamber, the fuel passagesto the fuel
annulus, the pressure pickup tap for -:easuring combustion chamber pressure, and a propellant impinge-

ment arrangement(eight-on-eight dc-.oiets with unlike impingement) for mixing propellants. The injector

head assembly consists of an injector head housing, injector insulator, injector insert, and preigniter
inserts (fuel and oxidizer). The injector insulator provides thermal insulation between the fuel and oxi- f

dizer valves and the injector head housing. The injector head assembly has four concentric rings of equally \

spaced holes on its face, and a preigniter cup.

2.4.4,5.3 Combustion Chamber and Extension Nozzle,

The combustion chamber consists of a coated molybdenum combustor, The extension

nozzle is fabricated from L 605 cobalt base alloy; eight stiffening rings are machined around its outer
surface. The combustion chamber and extension nozzle are joined together by a large coupling nut and

lockring. The combustion chamber is mounted on the injector head assembly, with an attach ring as-
sembly and bolts,
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2.4.5 PERFORMANCE AND DESIGN DATA.

The performance and design data for the RCS are given in table 2.4-1. The values listed

are nominal unless otherwise specified.

Table 2.4-1. Reaction Control Subsystem - Performance and Design Data

 

Helium pressurization section

 

Helium tank volume (at ambient pressure)

Helium tank initial fill pressure and temperature

Helium weight (initial fill conditions)

Helium tank maximum working pressure

Helium operating temperature range

Helium tank proof pressure

Helium tank burst pressure

Helium filter efficiency

Primary regulator pressure output

Primary regulator lockup pressure

Secondary regulator pressure output

Secondary regulator lockup pressure

Flow rate through pressure regulator assembly

(single TCA operation)

Quadruple check valve assembly cracking
pressure

Quadruple check valve assembly reverse

leakage rate

Relief valve burst-disk rupture pressure

Relief valve venting pressure

Relief valve reseat pressure

Propellant section

Oxidizer

Oxidizer tank volume(including ullage)

Oxidizer tank ullage volume

Oxidizer flow rate to each TCA

Available oxidizer in each system

Oxidizer loaded in each system (tank and

manifold)

910 cubic inches

3050450 psia at + 70° F

1.03 pounds

3,500 psia

+40° to +100° F

4,650 psia

5,250 psia

5 microns nominal

12 microns absolute

18143 psia

188 psia maximum

18543 psia

192 psia maximum

0.036 pound per minute

5 to 7 psid

5 x 10> sec/sec of helium

220 psia

232 psia

212 psia minimum

Nitrogen tetroxide (N,04)

2.38 cubic feet

273.0 cubic inches

0. 240 Ib/sec

194.1 pounds minimum

208.2 pounds
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Table 2,4-1. Reaction Control Subsystem - Performance and Design Data (cont)

 

Propellant section (cont)

Fuel

i Fuel tank volume (including ullage)

a Fuel tank ullage volume

Fuel flow rate to each TCA

Available fuel in each system

7 Fuel loaded in each system (tank and
manifold)

Propellant tank working pressure

Propellant tank proof pressure

Propellant tank burst pressure

Propellant storage temperature range

Propellant pad pressure

Propellant temperature

Propellant filter efficiency

Ascentfeed filter efficiency

interconnect valves, crossfeed
| Main shutoff valves, ascent feed

valves:

AP oxidizer flow
AP fuel flow
Response Time

Thrust chamber assembly

Engine thrust

Nozzle expansion ratio

Chamber-cooling method

Combustion chamber pressure

Propellant injection ratio (oxidizer to fuel)

Heater operating power and type

Oxidizer inlet pressure (steady state)

Fuel inlet pressure (steady state) 

50-50 mixture of hydrazine

(NoH4) and unsymmetrical
dimethylhydrazine (UDMH)

1.91 cubic feet

158.5 cubic inches

0,117 lb/sec

99.3 pounds minimum

107.4 pounds

176 psia

333 psia

375 psia

+40° to +100° F

50 psia

+70° F

5 microns nominal

18 microns absolute

15 microns nominal

25 microns absolute

2 psi at 0.88 pound per second
2.5 psi at 0.88 pound per second
0.25 second at 250-psi inlet

pressure

100 pounds

40 tol

Fuel-film cooling and radiation

96 psia

2,05 tol

28 volts dc; resistance-wire

element

170410 psia

170310 psia  
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Table 2.4-1, Reaction Control Subsystem - Performance and Design Data (cont)

 

  
 

Thrust chamber assembly (cont)

Approximate weight 5.25 pounds

Overall length 13.5 inches

Nozzle exit diameter 5.75 inches

2.4.6 OPERATIONAL LIMITATIONS AND RESTRICTIONS. iE

The operational limitations and restrictions for the RCS are as follows:

e The RCS/APSinterconnect valves must not be opened until the LM is experiencing

a force in the +X-direction (+X-axis acceleration), The interconnect valves must

be closed 10 seconds before ascent engine shutdown (except when the downward-

firing (+X-axis) TCA's are to be fired beyond APS shutdown, in which case the

interconnect valves must be closed 10 seconds before downward-firing TCA shut-

down). This ensures that minimum helium enters the RCS from the APS. Failure

to meet this requirement may result in erratic thrusting and possible TCA failure.

e Caution should be exercised in operating the TCA's when propellant tank temperature

is less than +40° F or exceeds +100° F. TCA performance outside the propellant

temperature limits has not been determined.

e If the RCS heaters have been turned off after the TCA's have been fired, the TCA's

must be warmed before subsequentfiring. A cold TCA cannotbefired safely, and

TCA failure may occur if this requirement is not observed.

e Maximum allowable continuous firing time for the downward-firing TCA'’s (unstaged)

is 40 seconds. If this firing time limit is exceeded, damage to the descent stage i

thermal insulation may result.

e Maximum allowable continuous firing time for the upward-firing (-X-axis) TCA's

in clusters No. 1, 3, and 4 is 30 seconds. If this firing time limit is exceeded,

damage to the S-band steerable antenna, the VHF antenna, and the RR antenna may

result due to overheating.

e The TCA's mustnot be fired if cluster temperature is less than +120° F. If some

heaters fail, a TCA may be as cool as +85° F while the TEMP indicator (panel 3)

indicates +120° F for the cluster with the failed heaters. Firing a TCA whose tem-

perature is less than +85° F may result in an explosion.
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@ 2.5 ELECTRICAL POWER SUBSYSTEM

2.5.1 INTRODUCTION.

The Electrical Power Subsystem (EPS), principal source of electrical power for the LM,

consists of a d-c section and an a-c section. Both sections supply operating power to respective elec-

© trical buses, which supply all LM subsystems through circuit breakers.

Electrical power is supplied by five batteries (one, a lunar battery) in the descent stage and |

two in the ascent stage. Two descent stage batteries (No. 1 and 4) power the LM from T-30 minutes

until after transposition and docking, at which time the LM receives electrical power from the CSM.

After separation from the CSM, during the powered descent phase of the mission, four descent stage

batteries are paralleled with the ascent stage batteries. Paralleling the batteries ensures minimum

required voltage for all LM operations. During lunar stay, specific combinations of the five descent

_ stage batteries can be paralleled to provide LM power. Ec

Beforelift-off from the lunar surface, ascent stage battery power is introduced, descent

power is terminated, and descent feeder lines are deadfaced and severed. Ascent stage battery poweris

then used until after final docking and astronaut transfer to the CM.

The EPS batteries are controlled and protected by electrical control assemblies, a relay

junction box, and a deadface relay box, in conjunction with the control and display panel. A battery a

control relay assembly adapts the lunar battery to the four descent battery control circuits. Primary

' a-c power is provided by two inverters, which supply 115+ 2.5-volt, 400+ 0.4-cps (synced condition),

\ a-c power to LM subsystems. The operating frequency of the inverters is 4004 10 cps, in the nonsynced,

free-running condition.

© Electrical power is distributed to LM subsystems via the LM Pilot's d-c bus, the Com-

mander's d-c bus, and a-c buses A and B. A complete listing and description of the d-c and a-c circuit

breakers is in section 3. Secondary d-c power distribution is provided by two sensor-powerfuse assem-

blies, which supply d-c power to sensors of the Environmental Control Subsystem (ECS), Reaction

Control Subsystem (RCS), and Main Propulsion Subsystem (MPS).

Batteries in the Explosive Devices Subsystem (EDS) provide primary powerto trigger LM

explosive devices. (Refer to subsection 2.8.) Other batteries supply power to operate the portable life

support system (PLSS) and scientific equipment. These batteries are in addition to those in the EPS.

2.5.2 SUBSYSTEM INTERFACES.

2.5.2.1 External Power and Signal Interface. (See figure 2.5-1.)
 

The EPS provides the primary sourceof electrical power for the LM during the mission and

is the distribution point for externally generated power during prelaunch and docked operations. The EPS

interfaces with all functional subsystems of the LM. The Commander's and LM Pilot's buses supply
28 volts dc; a-c buses, A and B, supply 115-volt, 400-cps ac. Prelaunch d-c and a-c poweris initially

supplied to the EPS from external ground power supplies: d~c power to the Commander's and LM Pilot's
buses and a-c power to a~c bus A. (The a-c power can be routed through circuit breakers to a-c bus B.)

Approximately 7 hours before launch, ground-supplied power is discontinued and d-c poweris connected

from the launch umbilical tower (LUT) to the LM Pilot's bus via the relay junction box (RJB). The EPS

distributes internally generated d-c power from launch until LM-CSM docking, at which time LM

power is shut down and the CSM supplies 28 volts dc to the Commander's bus. (The d~c power can be

routed through circuit breakers to the LM Pilot's bus.) Ground return is effected via the floating
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Fivure 2.5-1. Electrical Power Subsystem - Signal Interface Block Diagram
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@ translunar bus. (Ground return in the LM is generally accomplished through the metal structure, where-

as ground return in the CSM is isolated from the CSM structure.) Before LM-CSM separation, all LM

internally supplied electrical power (ac and dc) is restored.

Circuits in electrical control assemblies (ECA's) of the EPS monitor and control LM elec-

trical power. The circuits route discrete output signals if operating limits are exceeded. The output

signals are fed to the Instrumentation Subsystem (IS) for conditioning before indicator, talkback, or com-

ponent caution light display and telemetering. The EPS monitoring signals are representative of mal-
© functioning batteries, battery currents and terminal voltages, and feed line/battery status. The condi-

tioned analogs of these signals are then routed from electronic replaceable assemblies (ERA's) No. 1 and

2 in the IS to the ELECTRICAL POWERportion of panel 14 for related display. In addition, primary-

bus-monitoring signals are connected from the LM Pilot's and Commander's 28-volt buses and a-c bus A

to the IS for conditioning and subsequent voltage display on panel 14. Synchronization pulses (6.4 kpps)

are supplied from the pulse-code-modulation and timing electronics assembly (PCMTEA)of the IS to the

inverters to accurately control a-c output frequency. An inverter inhibit signal path is completed in the
caution and warning electronics assembly (CWEA) of the IS when the INVERTERswitch (panel 14) is set
to OFF.

Pressing the ABORT STAGE pushbutton (panel 1) supplies an automatic abort stage command

from the Guidance, Navigation, and Control Subsystem (GN&CS) to the RJB, with a return path via the

EDS circuit interrupters. Abort staging initiates a switchover from descent d-c power to ascent d-c

power before stage separation.

2.5.2.2 Internal PowerInterface. (See figure 2.5-2.)

Battery-generated d-c poweris initially supplied to the Commander's and LM Pilot's buses
for distribution through circuit breakers. Inverter-generated a-c poweris initially supplied to a-c buses

A and for distribution to all subsystems, except the ECS and EDS. The a-c buses supply 115-volt, 400-

cps, regulated power through circuit breakers. Figure 2.5-2 shows the circuit breakers associated with

© specific subsystems, circuit breaker amperage ratings, and reference designations.

2.5.3 FUNCTIONAL DESCRIPTION. (See figures 2.5-3 through 2.5-5.)

2.5.3.1 General.

The basic EPS power distribution is shown in figure 2.5-3. The output of each battery is

applied to an ECA. The descent stage ECA's provide an independent control circuit for each descent

battery. The ascent stage ECA's provide four independent battery control circuits, two control circuits

for each ascent battery. Reverse-current (R/C) and overcurrent (O/C) conditions are monitored by the
ECA's. Temperature is monitored within each battery, the overtemperature (O/T) signal is enabled by
the ECA's. Each ECA battery control circuit can detect a bus or feeder malfunction and operate a main
feeder contactor (MFC) associated with the malfunctioning battery to remove the battery from the EPS
distribution system (overcurrent only). Only the ascent power backup contactors do not have overcurrent

protection.

Descent stage battery power (figure 2. 5-4) is controlled and monitored by the descent ECA's,

which switch and apply the power to the RJB and the deadface relay box (DRB). The powerfeeders of

descent batteries No. 1 and 2 are routed through the RJB deadface relay to the LM Pilot's circuit breaker

panel (16). The power feeders of batteries No. 3 and 4 are routed through the DRB deadface relay to the
Commander's circuit breaker panel (11). The power from the lunar battery can be routed through the i

RJB or DRB deadface relays to the LM Pilot's or Commander's circuit breaker panel. In all instances,

this circuit arrangement provides for deadfacing all descent battery powerin the event of normal staging
or abort staging situations. Ascent stage battery power(figure 2.5-5) is controlled and monitored by

the ascent ECA's, where the power is switched and applied, through power feeders, to terminal junction

points at the RJB and DRB.

Ascent and descent battery main power feeders are routed through circuit breakers to the
d-c buses. From the d-c buses, d-c power is distributed through circuit breakers to all LM subsystems.
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Two inverters, which make up the EPS a-c section power source, supply all a-c power re- @

quirements of the LM. The INVERTER switch connects either inverter to the circuit breakers that supply

the a-c buses. Closing the appropriate AC BUS A and AC BUS

B

circuit breakers on panel 11 connects the

selected inverter to feed the a-c buses. Either inverter can supply the LM a-c load requirements.

2.5.3.2 D-C Section.

The EPS d-c section consists of the four descent stage batteries, two descent stage ECA's, ©

two relay switching boxes, two ascent stage batteries, two ascent stage ECA's, a lunarbattery, a

battery control relay assembly, a control panel, two circuit breaker panels, and two sensor power fuse

assemblies.

After ground facility power is disconnected, descent stage batteries No. 1 and 4 are con-

nected at their LV taps. These batteries are underlight load (less than 200 watts) at this time; there-

fore, the LV taps (at the 17th cell of the 20-cell batteries) are used to facilitate discharge of the inherent

initial high voltage of the battery. During normal EPS operation, beginning with subsystem activation,

descent batteries No. 1 and 4 HV taps and batteries No. 2 and 3 are selected with switches on panel 14.

Power is then fed from the descent stage batteries through their associated ECA’s (batteries

H No, 1 and 2 through ECA No. 1, batteries No. 3 and 4 through ECA No. 2, and, the lunar battery through

ECA No. 1 or 2) to the ascent stage via the RJB and DRB, terminating at the LM Pilot's and Commander's

d-c buses. The battery feeders are connected to the d-c buses through the 100-ampere EPS: BAT FEED

TIE circuit breakers (panels 11 and 16).

From the d-c buses, d-c poweris then distributed to the LM subsystems and to the EPS in-

verters through circuit breakers on panels 16 and 11. During noncritical phases of normal operation, the

30-ampere EPS: CROSS TIE BAL LOADScircuit breakers (panels 11 and 16) are closed to distribute un-

balanced loads between buses so that the batteries discharge evenly. The ascent stage batteries supply

d-c power to the LM Pilot's and Commander's buses in essentially the same manner as the descent stage

batteries. The batteries are selected with the ASCENT POWER switches (panel 14). The corresponding

descent and ascent stage batteries (by respective bus) are paralleled during DPS operation, and the EPS:

CROSS TIE circuit breakers (panels 11 and 16) are opened, thereby isolating the Commander's and LM

Pilot's d-c buses.

i The lunar battery supplies power to input power feeders in ECA No, 1 and 2. Switches

on panel 14 select the ECA that feeds the associated bus (ECA No. 1 for the LM Pilot's d-c bus,

ECA No. 2 for the Commander's d-c bus). The battery control relay assembly logic, in conjunction

with ECA No. 1 and 2, inhibits placing the lunar battery and battery No. 2 simultaneously, on the

LMPbus, and battery No. 3 and the lunarbattery simultaneously on the CDR bus. The battery con-

trol relay assembly logic also inhibits placing the lunar battery on both buses simultaneously.

Descent batteries No. 1 and 2 supply power to a power feeder in ECA No. 1. Descent bat-

teries No. 3 and 4 are connected to separate power feeders in ECA No, 2 and are jumpered to the power

feeder of the other batteries at the output of the ECA and at the 100-ampere EPS: BAT FEEDTIEcircuit

breakers. Failure of battery No. 3 or 4 therefore permits the other batteries to supply both power feed- {

ers. A power feeder short while operating on descent battery poweris detected by an overcurrent-

sensing circuit in the respective ECA, which disconnects the one or two descent batteries associated with

the shorted power feeder. The d-c buses are isolated from the shorted feeder by opening the respective ©

EPS: BAT FEED TIE circuit breakers. During an emergency, either operating d-c bus can supply power

to the inoperative isolated bus if the EPS: CROSS TIE BUS circuit breakers (panels 11 and 16) are closed.

A similar condition, whereby a shorted feeder is automatically isolated, exists when operating on both

ascent batteries. However, the battery associated with the shorted feeder can be connected manually to

the power feeder of the other ascent battery by setting the respective BACK UP FEEDswitch (panel 14) to

ON, thereby permitting continued use of the battery.
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A-C power is provided to LM subsystemsby either of two identical, redundant inverters; it

is controlled by the EPS: INV 1 and INV 2 circuit breakers (panel 11 and 16, respectively), the INVERTER

switch, and the AC BUS A: BUS TIE or AC BUS B: BUSTIE circuit breakers on panel 11. The EPS: INV 1

or INV 2 circuit breaker supplies 28 volts dc from the LM Pilot's or Commander's 28-volt d-c bus to the ©

 

2.5.3.3 A-C Section.

chosen normally synced inverter, where the dc is changed to 115-volt, 400-cps, a-c power (350 volt-

amperes, steady-state). The INVERTERswitch selects the output of either inverter and routesit to the

a-c buses via the respective AC BUS: BUS TIE circuit breakers. Normally, inverter No. 2 is energized

when the LM subsystemsare first activated and connected to the a-c buses. Inverter No. 1 functions as
backup during the mission, except that it is the operating inverter during DPS and APS engine burns. An

a-c bus voltage and frequency readout signal is supplied from a-c bus A, via the AC BUS A: AC BUS VOLT
circuit breaker (panel 11), to the IS for telemetry and caution light display. An out-of-tolerance frequency

(less than 398 cps or more than 402 cps) or alow-voltage condition (less than 112 volts ac) causes the IN-
VERTERcaution light (panel 2) to go on. The astronaut determines the cause of the malfunction and per-
forms corrective action. The INVERTERcaution light goes out when the malfunction is remedied. (When

the INVERTERcaution light goes en, the MASTER ALARM pushbutton/light on panels 1 and 2 goes on

and a tone is generated for the astronaut headsets. Pressing either MASTER ALARMpushbutton/light

extinguishes the pushbutton/lights and terminates the tone.) When set to AC BUS, the POWER/TEMP MON

selector switch (panel 14) selects a-c bus A for voitage display on the VOLTSindicator (panel 14); the
reading on the AMPSindicator has no significance.

2.5.3.4 Power Monitoring.

The primary a-c and d-c voltage levels, d-c current consumption, and the status of all

main power feeders must be monitored periodically to ensure availability of proper power for all LM
subsystems, throughout the mission. This monitoring is normally the responsibility of the LM Pilot,
who controls the ELECTRICAL POWERportion of panel (14). This panel has talkbacks that indicate main
power feeder status, indicators that display battery and bus voltages and battery current, and component

caution lights that are used for detecting shorted buses or main power feeder lines andfor isolating a ‘
malfunctioning battery. Availability of redundant a-c and d-c power permits the astronaut to disconnect,
substitute or reconnect batteries, feeder lines, buses, or inverters to assure a continuous electrical .

supply.

2.5.3.4.1 Battery Status-Monitoring Circuits. (See figure 2.5-6. )

Talkbacks on panel 14 indicate the status of the descent and ascent batteries (on or off the

line). A DESCENT POWERtalkback barber-pole display signifies that the related battery is disconnected

from its main power feeder; a gray display, showing LO, that the battery low-voltage tap is connected to the

power distribution system via the main power feeder; a gray display, that the high-voltage tap is connect-

ed to the power distribution system. A DES BATStalkback gray display signifies that the descent battery

outputs are connected to the ascent stage; a barber-pole display, that these power lines are discon-

nected and the ascent stage is isolated electrically from the descent stage. The ASCENT POWERtalk-
backs indicate that their related ascent battery is connected (gray) or disconnected (barber pole) from
the respective normal feed or backup feed main power feeder lines. The LUNAR BAT talkback CDR,

LMP, and barber-pole displays indicate that the lunar battery is on the CDR bus, the LMP bus, or

is off-line.
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When a descent battery is disconnected from its main feeder line, its related talkback
provides a barber-pole display. Setting a high-voltage (or low volt: switch (panel 14) to ON
energizes the related high-voltage (or low-voltage) MFC r:‘uy in th spective ECA. The relay
contacts close, permitting a signal to pass to a signal bu’ stage SRA No. 2 of the IS. D-C
power, supplied to the buffer stage from the LM Pilot's d-. bus, passes to the talkback upon ar-
rival of the ECA output signal. Output closure signals of the high-voltage (or low-voltage) signal
buffer stages are connected to individual coils (in the talkback assembly), which, when energized,
activate talkbacks to display the status of the batteries. In addition, receipt of an ECA output
signal at the signal buffer stages causes an event signal to be routed to the PCMTEA, for
telemetry.

When the lunar battery is disconnected from its main feeder line in both ECA's, the |
LUNAR BATtalkback provides a barberpole display. Setting the LMP LUNAR BAT switch (panel 14)
to ON, energizes the related MFC relay in ECA No. 1 and activates the LUNAR BATtalkback to
display LMP. When the CDR LUNAR BATswitch is set to ON, the related MFC relay in ECA
No. 2 is energized and the LUNAR BAT talkback displays CDR. Three conditions are associated with
batteries No. 1 and 4: high-voltage tap on the power feeder line, low-voltage tap on the power-feeder
line, and battery completely off the power feeder line. Two conditions are associated with batteries No.
2 and 3: voltage on or off the power feeder line. Three conditions are associated with the lunar battery:
voltage on the LMP or CDR powerfeederline, or voltage completely off the powerfeederlines.

Four conditions are associated with each ascent battery: battery on or off the normal power
feeder line (for that particular battery) and battery on or off the backup power feeder line. These con-
ditions are determined by the setting of the NORMAL FEED and BACK UP FEEDswitches (panel 14).
Operation of the ASCENT POWERtalkbacks and generation of the activating signals are similar to that of
the DESCENT POWERtalkbacks, except that each signal buffer stage output closure signal is routed to an
individual talkback and each talkback provides only two displays (gray or barber pole). Telemetry signals
are also generated within the PCMTEAfor ascent battery monitoring.

2.5.3.4.2 Battery Voltage—and Current-Monitoring Circuits. (See figure 2. 5-7.)

The VOLTS and AMPSindicators (panel 14) enable monitoring the terminal voltage and cur-
rent draw of each descent battery (high-voltage tap for voltage only) and ascent battery. In addition, the *
VOLTSindicator, when used in conjunction with the POWER/TEMP MONselector switch and the ED VOLTS
switch (panel 14), monitors the terminal voltage of ED batteries A and B of the EDS. Except that a descent
ECA controls two batteries and an ascent ECA controls one battery, the voltage- and current -monitoring
circuits of each EPS battery are essentially the same. Therefore, the voltage- and current-monitoring
circuits of only one EPS battery are described.

The positive terminal of the EPS battery is connected through a 1/8-amperefuse(in the re-

spective ECA) to an attenuator in ERA No. 2 of the IS. The attenuator input signal is in the range of 0 to
40 volts dc. The resultant attenuator output (0 to 5 volts dc) is an analog of the input signal. This output
is routed directly to its assigned terminal of the POWER/TEMP MONselector switch. When the switch is
set to the battery position (BAT 1 through BAT 6, and LUN for LM 10 and subsequent), the analog is routed
to the positive terminal of the VOLTSindicator and displayed. (The indicator scale is graduated from 20
to 40 volts dc; although the input signal is of considerably smaller magnitude.) Only the high-voltage posi-
tive tap of each descent battery is monitored in this manner. Each ascent battery has only one positive
terminal.

Battery current flowing through the main feeder line (normal or backup feeder for ascent

batteries, high- or low-voltage feeder for descent batteries) is sensed by the related current monitor coil
in its respective ECA. Each battery has an individual current monitor circuit; the lunar battery uses a

current monitor circuits of battery No. 2 for the LMP bus; and current monitor circuits of battery No. 3,

for the CDR bus. The monitor senses the magnitude of current flow through the associated main feeder
line and provides a representative analog output. This analog is routed to a specific terminal (assigned

by battery number) on a deck of the POWER/TEMP MONselector switch, as are the current analogs
of all other ascent and descent batteries. When the switch is set to the battery position, the analog is

routed to the positive terminal of the AMPSindicator and displayed. (The indicator scale is graduated
from 0 to 120 amperes, although its input signal is of considerably smaller magnitude). Ascent
battery current is read directly from the indicator; for descent battery current, the indicator reading
must be halved.
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The positive and negative terminals of the two ED batteries are connected to respective con-

tacts of the ED VOLTS switch. When the switch is set momentarily to BAT A or BAT B,that particular

battery is connected to signal conditioner (SC) No. 1 in the IS. The SC output is a conditioned analog (0 to

+5 volts dc) that represents the actual ED battery terminal voltage (0 to +40 volts dc), which is routed to

the ED/OFF terminal of the POWER/TEMP MONselector switch, for voltage monitoring.

2.5.3.4.3 Primary Bus Voltage-Monitoring Circuits. (See figure 2. 5-8.)

The Commander's d-c bus, the LM Pilot's d-c bus, and a-c bus A are monitored periodi- ©

cally for the proper voltage level, to ensure application of adequate power to all LM subsystems. Moni-

toring is accomplished by selecting the bus, with the POWER/TEMP MONselector switch, and reading

the associated voltage on the VOLTSindicator. The readings on the AMPSindicator have no significance.

D-C bus voltages are read directly from the indicator scale, which is graduated from 20 to 40 volts dc;

for a-c readings, conversion is required. The d-c scale is equivalent to a range of 62.5 to 125 volts ac,

when monitoring the a-c bus. The indicator green band is equivalent to the nominal a-c range of 112 to

118 volts.

 

The Commander's d-c bus is connected via the EPS: DC BUS VOLTcircuit breaker (panel

11) to an attenuator in ERA No. 1 of the IS. The attenuated signal is routed to the CWEA and through an

isolation amplifier. The 0- to 5-volt attenuated d-c signal is an analog, which is fed to the PCMTEAfor

telemetry and to the CDR terminal of the POWER/TEMP MONselector switch. Except that it is pro-

— cessed through ERA No. 2, the LM Pilot's d-c bus analog is connected to the LMP terminal of the

switch in like manner. The attenuated analogs of the Commander's and LM Pilot's d-c bus voltages

are fed through buffer amplifiers and an OR gate. If the d-c voltage on either bus drops below

26.5 volts, a CWEA relay is energized; its contacts close to provide a ground return to the pc

BUS warning light (panel 1), causing it to go on. The warning light goes off when the bus voltage

is again within limits.

A-C bus A (115 volts) is connected via the AC BUS A: AC BUS VOLTcircuit breaker toa

frequency-to-de stage and an ac-to-de stage in ERA No. 1. The d-c output signals are fed to the CWEA

and to isolation amplifiers. The amplifier outputs are fed to the PCMTEAfor telemetry. A 0- to 5-volt

d-c analog signal fromthe ac-to-de stage isolation amplifier is sent to the AC terminal of the POWER/ ©

TEMP MON selector switch. Selecting this switch position routes the analog signal to the positive terminal

of the VOLTS indicator. The output signals of the frequency-to-de and ac-to-de converters are also fed :

through buffer amplifiers and an OR gate to an AND gate in the CWEA. Aninhibit signal is routed to this

AND gate when the INVERTERswitch is set to OFF, thereby inhibiting signal passage. Setting the switch

to 1 or 2 removesthe inhibit signal. If the a-c bus A voltage is less than 112 volts, or if the a-c bus

frequency is less than 398 cps or more than 402 cps, a CWEA relay is energized; its contacts close to

provide a ground return to the INVERTERcautionlight (panel 2), causing it to goon. The INVERTER

light goes off when the a-c bus voltage and frequency are again within limits.

 

2.5.3.4.4 Malfunctioning-Battery Isolation Circuitry. (See figure 2. 5-9.)

The BATTERYcaution light (panel 2) goes on when there is an overtemperature, overcurrent,

or reverse-current condition in any EPS battery. The malfunction isolation circuitry associated with each

battery, within its respective ECA, is essentially the same. Only the isolation circuitry of one battery in

ECA No. 1 is discussed.

D-C power from the related SC in the IS is supplied to the paralleled array of mal-

function relay contacts within ECA No. 1. Thermal sensors, in parallel within the battery, close if

any cells overheat; a reverse-current or overcurrent condition causes the respective relays in the

ECA to become energized and related relay contacts close. If either of these conditions exists, the

d-c power from the SC flows through the respective set of contacts back to the SC and to a CWEA

OR gate. The OR-gate output energizes a CWEArelay that provides a ground return to the BATTERY @

caution light, causing it to go on. The caution light goes off when the malfunction that caused it to

go on is eliminated.

The d-c signal fed back to the SC from the ECA activates an event gate, which provides a

channeled signal to the pulse code modulator of the IS, for telemetry. This same d-c signal also activates

a contact closure gate, completing a circuit from the BAT FAULT componentcaution light (panel 14) to the

respective battery terminal of the POWER/TEMP MONselector switch. Setting the switch to this battery

position applies a ground return to the light, causing it to goon. The malfunctioning battery is identified ))

by the placarded switch position. The light goes off when the malfunction is corrected, or the battery is
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Figure 2.5-7. Battery Voltage- and Current-Monitoring Circuits ~ Simplified Diagram
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Notes:

1. Voltmeter range is + 20 to + 40 volts de.

2. The analog voltage outputs of the attenuators

range from 0 to 5 volts dc.
3. Refer to the functional block diegram of the IS

for related inpu? and output signals.

4. Line of guillotine during abort staging opera-

tions.

300LM 10-133.
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@ removed from its main power feeder line by momentarily setting the respective switch (panel 14) to

OFF/RESET.

2.5.3.5 EPS Stages of Operation.

The EPS operates in seven basic stages, as follows:

© e GSE-vehicle ground power supply (VGPS) to LM until T-7 hours (ac and dc)

e  GSE-launch umbilical tower (LUT) power to LM from T-~-7 hours until T-30 minutes

(de only)

e Descent stage power from T-30 minutes through CSM rendezvous and docking i
(two descent batteries on low-voltage taps)

e Lunar orbit - CSM/LM power

e Descent stage power (two descent batteries manually switched to high-voltage i

taps and remaining descent batteries switched on)

e Ascent stage power (on normal main feeders)

@ Staging (normal or abort)

2.5.3.5.1 GSE-Supplied Prelaunch Power. (See figure 2. 5-10. )

Before earth launch, a~c and d-c power are supplied to the LM by the VGPS. An umbilical
cable or a portable power supply is carried onboard the LM and connected to two GSE connectors, one

under each center side console. At approximately T-7 hours, the VGPS poweris replaced by LUT power.

The SLA/LM assembly is now connected to the LUT by umbilical cable. LUT power is supplied to the

LM Pilot's bus through the RJB. LUT remote control includes LUT deadface relay (LDR) set and reset

commands, and LM high- and low-voltage off and low-voltage on signals. The LDR supplies power through

the LM Pilot's main power feeders to the LM Pilot's d-c bus. D-C poweris supplied to the Commander's

bus through the EPS: CROSS TIE circuit breakers. .

2.5.3.5.2 Descent Stage Power (Low-Voltage Taps).

At T-30 minutes, the LUT resets the LDR and connects the EPS descent battery low-voltage
taps to the respective feeder lines. The descent batteries supply limited power to certain critical equip-

ments from T-30 minutes until completion of CSM transposition and docking.

2.5.3.5.3 Lunar Orbit - CSM/LM Power. (See figure 2.5-11.)

On completion of CSM rendezvous and docking, an astronaut connects powerand control

umbilical cables from the LM to the CSM. The CSM deactivates LM powerand then supplies power to the

LM critical equipment, using the LM translunar negative bus. CSM/LM control logic prohibits CSM power

to the LM powerdistribution system while the LM descent stage batteries are on the main power feeder

lines. CSM/LM control logic is as follows:

e CSM deactivates LM power(low voltage off)

e CSMinitiates CSM power to LM

e CSM deactivates CSM power to LM

©} @ CSMinitiates LM power on (low voltage on).

2.5.3.5.4 Descent Stage Power (High-Voltage Taps).

Batteries No. 1 and 4 have HI-V and LO-V switches, and talkbacks, on panel 14. a

Batteries No. 2 and 3 have only ON-OFF/RESET switches, and talkbacks. The lunar battery has
an ON-OFF/RESET switch for the CDR and LMP bus, and a talkback that indicates which bus

is selected.
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Descent stage battery low-voltage and off/reset control lines are routed through the RJB to

the appropriate ECA; high-voltage control lines are routed directly to the respective ECA. Additional

low-voltage and off/reset control is effected within the RJB through internal logic control signals. De-

scent battery No. 2 supplies electrical power to the LM Pilot's d-c bus via ECA No. 1 and the RJB.

Descent batteries No. 3 and 4 supply the Commander's d-c bus via ECA No. 2 and the DRB.

2.5.3.5.5 Ascent Stage Power

Each of the two ascent batteries has a NORMAL and BACKUPfeeder switch and related

talkbacks on panel 14. Battery No. 5 normally supplies power to the LM Pilot's d-c bus via ECA No. 3.

Battery No. 6 normally supplies power to the Commander's d-c bus via ECA No. 4.

2.5.3.5.6 Staging - Normal or Abort. (See figure 2.5-12.) ,

Before stage separation, the LM d-c bus loads are transferred from the descent stage

batteries to the ascent stage batteries; d-c power to the bus power distribution system is maintained

uninterrupted. Automatic transfer is initiated by pressing the ABORT STAGEpushbutton (panel 1);

this applies 28 volts dc to the EPS abort stage relays inthe RJB. These relays close the normal MFC's

of each ascent ECA (if the ECA's have not been selected previously in the backup feed mode). After the

ascent stage battery MFC's have placed the ascent stage batteries on the line, additional abort stage re-

lay contacts supply an off/reset signal through the RJB, to each descent stage battery and to the deadface

relays (DFR's). Transfer from descent stage battery power to ascent stage battery power can also be in-

itiated manually. In manual transfer, the ascent batteries must be placed on the line before initiating

transfer with the DES BATS switch (panel 14). This is accomplished by setting the ASCENT POWER

switches (panel 14) to ON, setting appropriate DESCENT POWERswitches (panel 14) to OFF/RESET, then

setting the DES BATS switch to DEADFACE. Auxiliary DFR contacts in the RJB and DRBprovide direct

control of the DES BATStalkback for monitoring the deadface operation.

2.5.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

2.5.4.1 Descent Stage Batteries.

The descent batteries include the lunar battery, which is identical with descent batteries

No. 1 through 4. The low-voltage tap is used only on batteries No. 1 and 4. .

Each battery is composedof silver-zinc plates, with a potassium hydroxide electrolyte.

Each battery has 20 cells, weighs 135 pounds, andhas a415-ampere-hour capacity (approximately 25 amperes

at 28 volts dc for 16 hours, at +80° F) when discharged inaccordancewith the nominal powerprofile of the mis-

sion. The batteries can operate in a vacuum while cooled by an ECS cold-rail assembly to which the bat-

tery heat sink surface is mounted. If one descent stage battery fails, the remaining descent stage bat-

teries can provide sufficient power for a curtailed mission. Five thermal sensors monitor cell tempera-

ture limits (+145° +5° F) within each battery; they cause the BATTERY caution light to go onto alert the

astronaut to a battery overtemperature condition. The batteries initially have high-voltage characteris-

tics; a low-voltage tap is provided (at the 17th cell) for use from T-30 minutes through transposition and

docking. The high-voltage tap is used for all other normal LM operations. (Manual switchover from low

to high voltage usually occurs when the battery has discharged to approximately 90% of capacity, less than

27 volts d-c bus voltage.) Normally, the battery high- or low-voltage outputs are connected to the main

feeder lines, using the DESCENT POWERswitches, but electrical contactor switching is ultimately per-

formed in the battery's respective ECA. Normally, the descent stage batteries are paralleled so that all

batteries discharge evenly. See figure 2.5-4 for a functional block diagram of descent stage battery power

distribution. The terminal voltages of a descent battery are as follows:

Nominal voltage - 30.0 volts dc

Minimum voltage during 40-ampere discharge - 28.0 volts dc

Maximum voltage (under load) - 32.5 volts de

2.5.4.2 Ascent Stage Batteries.

The two ascent stage batteries (No. 5 and 6) are identical. Each battery is composed of

silver-zinc plates, with a potassium hydroxide electrolyte. Each battery weighs 125 pounds, and has a

296-ampere-hour capacity (50 amperes at 28 volts dc for 5.92 hours, at +80° F) when discharged in

ELECTRICAL POWER SUBSYSTEM
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Mission LM Basic Date 1 February 1970 Change Date 1 April 1971 Page 2.5-23

ELECTRICAL POWER SUBSYSTEM

3
A
M
P

A
y

c
e
o

LM
P’

S
E
P
S

o
e

|
28

-V
DC

e
o

B
U
S

¥
CO

NN
EC

T

 

D
F
R

SE
T

 

r
o

>
—
_
O
—
—
—

C

 

PO
Es

B
A
I
S

co
nn

ec
t

©
D
E
A
D
F
A
C
E

TT co

O
F
R

RE
SE
T

R
E
L
A
Y
J
U
N
C
T
I
O
N
B
O
X

w
w
e
w
e
e

e
e
e
e
e
e
—

E
C
A

N
O
.
4

(
A
S
C
E
N
T
)
 

|
BU

N
O
R
M

MF
C

LO
R

N
O
R
M

w5

s

~
rt

  
1
v
/
H
V

O
F
F

A
B
O
R
T

L
O
G
I
C

 
 

 

 

ta
o

ra
ce

|

~
B
U
S

3
A
M
P

   
 

 Lg res se
ac
om
r

C
D
R
’
S

2
8
-
V
D
C

B
U
S

 

 

 

D
E
A
D
F
A
C
E

R
E
L
A
Y
B
O
X

 
 

 
 

 
 

D
F
R

SE
T
y
y
A
C

i
t C

1
DF

R
RE
SE
T

 

O
F
R

dh  
 

 
¥

 

 

 

+

M
E
C

SE
T

|

F
R
O
M

B
A
T
T
E
R
Y

N
O
.

6

r
e
s
s

oe
s

 

 

(
2
—
—
—
—
-

A
B
O
R
T

S
T
A
G
E

|
C
L
O
S
U
R
E

 

 

CD
R‘
S

2
8
-
V
D
C

B
U
S

 

 

 
E
C
A

N
O
.

3
(
A
S
C
E
N
T
)

I
 
  

 
 

  D
F
R

D
F
R

[p
a]

4
s
,

T
O
P
O
W
E
R

D
I
S
T
R
I
B
U
T
I
O
N

S
Y
S
T
E
M
F
R
O
M

BA
TT
ER
IE
S

N
O
.

3
A
N
D

4
(2
8
V
D
C
)

P
t
!

Y
e

D
I
S
P
L
A
Y

DE
S
Ba

rs

F
i
g
u
r
e
-
2
.
5
-
1
2
.

TO
PO
WE
R

DI
ST

RI
BU

TI
ON

SY
ST
EM

FR
OM

BA
TT
ER
IE
S

NO
.

1
A
N
D

2
(2
8
VD
C)

+

.
}

|
IC

TO
M
A
I
N

FE
ED

N
O
R
M

M
F
C

C
O
N
T
A
C
T
O
R
S

|

BU
MF
C

   
  

 
 

N
O
R
M

M
F
C

L
O
R

M
F
C

SE
T

F
R
O
M

B
A
T
T
E
R
Y

N
O
.

5

D
e
a
d
f
a
c
e
R
e
l
a
y
a
n
d

S
t
a
g
i
n
g
L
o
g
i
c

-
S
i
m
p
l
i
f
i
e
d
S
c
h
e
m
a
t
i
c
D
i
a
g
r
a
m

5
A
M
P

r
e
s
s

re
a
co
mt

UM
P’

S
2
8
-
V
D
C

B
U
S

C
-
3
0
0
L
M
S
-
7

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA  



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

accordance with the nominal power profile of the mission. The batteries can operated in a vacuum while

cooled by ECS cold rails to which the battery heat sink surface is mounted. The nominal operating tem-

perature of the ascent stage batteries is approximately +80° F. Battery temperature in excessof +145°

+5° F closes a thermal sensor, causing the BATTERYcaution light to go on. (The light does not go on if

the ascent battery normal MFCis open. ) The astronaut then takes corrective action to eliminate the

faulty battery. Two ascent stage batteries ordinarily supply the d-c power requirement, from normal

staging to final docking of the ascent stage with the orbiting CSM or during any malfunction that requires

separation of the ascent and descent stages. However, if one ascent stage battery fails, the remaining

battery provides sufficient power to accomplish safe rendezvous and docking with the CSM during any part

of the mission.

The ascent batteries do not have low-voltage taps; inherent high-voltage characteristics are

eliminated because the batteries operate with sufficient loading to bring the batteries to the proper partial

discharge voltage. Normally, the ascent stage batteries are paralleled to ensure that both batteries dis-

charge evenly. See figure 2.5-5 for a functional block diagram of ascent stage battery power distribution.

The terminal voltages of an ascent stage battery are as follows:

Nominal voltage - 30.0 volts dc

Minimum voltage (with two ascent batteries) - 28.0 volts dc

Minimum voltage (with one ascent battery, abort - 27. 5 volts de

Maximum voltage (under load) - 32.5 volts dc

2.5.4.3 Descent Stage Electrical Control Assemblies. (See figure 2. 5-13.)

The two descent stage ECA's protect and control the descent stage batteries. Each ECA has

control circuits for each battery accommodated.

 

R In ECA No. 1, one set of control circuits (HV and LV) is used for battery No. 1, one control

circuit (HV) is used for battery No. 2, and one control circuit (LV) is used for the lunar battery. In

ECA No. 2, one set of control circuits (HV and LV) is used for battery No. 4, one control circuit (HV)

is used for battery No. 3, and one control circuit (LV) is used for the lunar battery.

A failure in one set of battery control circuits does not affect the other set. The primary func-

tion of the ECA is to connect the related batteries or one battery to the associated main feeder line through

the LV or HV MFC's. Theprotective circuits of the ECA automatically disconnect a descent stage battery

if an overcurrent condition exists, and cause the BATTERYcautionlight to go on if a battery overcurrent,

reverse-current, or overtemperature condition is detected.

Analogs of battery voltage and current (monitored constantly in the ECA)are routed to the IS

to provide indications on the VOLTS and AMPS indicators. Battery talkbacks (low voltage, high voltage,

and off) receive drive signals derived from ECA-supplied discrete levels processed through the IS. The

major elements in the descent stage ECA's are LV and HV MFC's, current monitors, overcurrent relays,

reverse-current relays, and power supplies. An auxiliary relay supplies system logic contact closures to

other control assemblies in the LM powerdistribution system.

The MFC's are electrically interlocked to prevent closing an HV contactor when an

LV contactor is already closed, and vice versa. This prevents short-circuiting the tapped sec-

fis of the respective descent stage battery, this also prevents putting the lunar battery on its

associated bus when the associated HV contactor is already closed, and vice versa. The

MFC's are operated by the DESCENT POWER ON-OFF /RESET switches.

The ECA current monitor produces isolated outputs for the IS, overcurrent relay,

and reverse-current relay from the battery current that flows through the HV or LV MFC's.

The current monitor supplies a d-c level (proportional to battery current) to the overcurrent re-

lay. Voltage in the relay circuit builds up until the close coil of the overcurrent relay is

energized (reflecting 150 to 200 amperes for approximately 13 to 100 seconds), at which time

the HV or LV contactor opens to disconnect the battery from its power feeder. The magnitude

of battery current is inversely proportional to the time it takes for the close coil of the relay

to be energized; the greater the initial overcurrent, the less time required for tripping. The

overcurrent relay is sensitive to magnitude; it therefore follows the overcurrent trip charac-

teristics. The relay must be reset manually (with the ON-OFF/RESET switches), once it is

tripped. A lockout relay (LOR) ensures that the battery cannot be turned on unless the
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overcurrent relay has been reset. For each overcurrent circuit, the ECA provides an alarm signal to the

caution and warning circuits in the IS, causing the BATTERY caution light to go on.

The reverse-current relay causes the BATTERYcaution light to go on when current flow in

the direction opposite to normal current flow exceeds 10 amperesfor at least 4 seconds. Unlike the over-

current relay, the reverse-current relay does not open the related MFC's and is self-resetting when the

current monitor ceases to detect a reverse-current condition. During reverse-current conditions, the

related MFC must be switched open manually by setting the DESCENT POWER switches to OFF/RESET.

The descent stage ECA power supplies provide ac for current-monitor excitation, and regulated de for the

other ECAcircuits.

2.5.4.4 Battery Control Relay Assembly.

)

 

The battery control relay assembly adapts the lunar battery to the descent electrical control

assemblies. It inhibits battery overtemperature monitoring when the lunarbattery is not in use, switches

current monitor signals and malfunction indications to the appropriate monitors, and inhibits simultaneous

application of lunar battery voltage to the LMP and CDR buses. It also provides a fused circuit and con-

ditioning for lunar battery voltage measurements.

2.5.4.5 Ascent Stage Electrical Control Assemblies. (See figure 2.5-14.)

 

 

The two ascent stage ECA's individually control and protect the two ascent stage batteries in

nearly the same manneras the descent stage ECA's control and protect the descent stage batteries. Each

ascent stage ECA contains electrical power feeder contactors, an overcurrent relay, a reverse-current

relay, and a current monitor. Each ascent stage battery can be connected to its normal or backup main

feeder line via the normal MFC or the backup main feed contactor (BU MFC)in its respective ECA. Both

batteries are thereby connected to the primary d-c power buses. The normal feeder line has overcurrent babe

protection; the backup feeder line does not. Otherwise, the ascent stage ECA's function the same as the ;

descent stage ECA's. The ascent stage ECA's provide reverse-current monitoring, overcurrent protec -

tion, and contact closures for indicators. The MFC's and BU MFC's inthe ascent stage ECA's are manu-

ally operated with the respective ASCENT POWER switches.

2.5.4.6 Relay Junction Box. (See figure 2. 5-10.)
\

The RJB provides the following:

e Control logic and junction points for connecting external prelaunch power (via the

LUT) to the LM Pilot's d-c bus

e Control and power junction points for connecting descent stage and ascent stage

ECA's to the LM Pilot's bus

e  Deadfacing of half of the power feeders between the descent and ascent stages.

 

The RJB provides contro!of all LV contactors (on and off) from the LUT and CSM, and con-

trol of all low- and high-voltage descent power contactors (off) on receipt of an abort stage command. On

and off control of ground facility power through the LUT is provided by the LDR. The RJB includes abort

logic relays, which, when energized by an abort stage command, close the ascent stage battery MFC's and

open the deadfacerelays. The RJB deadface relays provide on and off control of the main power feeder of

descent batteries No, 1 and 2 and, for LM 10 and subsequent, the lunar battery. These relays are opened

and closed with the DES BATS switch, or are opened automatically when the abort logic relays close. The

deadface relays in the RJB deadface half of the main power feeders between the descent and ascent stages;

the other half of the power feeders is deadfaced by the deadface relays in the DRB. The ascent stage then

provides primary d-c power to the LM.

2.5.4.7 Deadface Relay Box. (See figure 2.5-12.)

 

The DRB contains a deadface relay, which controls the output of descent stage batteries No.

3 and 4 and the lunar battery in the same manner as the RJB deadface relay controls descent stage

batteries No. 1 and 2 and the lunar battery. Because the Commander's and LM Pilot's circuit

breaker panels are located on opposite sides of the LM cabin, two individual deadfacing facilities

(one for each circuit breaker panel) provide a physically expedient deadfacing process.

2.5.4.8 Inverters. (See figure 2.5-15.)

Two redundant 400-cps inverters individually supply the primary a-c power required in the

LM. Inverter output is controlled by application of 28 volts dc from the Commander's or LM Pilot's )
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B-3O0LM4-64   
Figure 2.5-15. Inverter No. 1 - Block Diagram

28-volt d-c bus through the EPS: INV 1 and INV 2 circuit breakers, the INVERTER switch, and the AC

BUS A and AC BUS B: BUS TIE circuit breakers. The inverters are identical; therefore, only the invert-

er No. 1 circuitry is discussed. The 28 volts dc is applied through an electromagnetic interference (EMI)

filter and an input filter to a de-to-de converter. The regulated output of the converter is changed to a

400-cps square wave in the inverter stage. The output of the inverter stage is controlled by 400-cps

pulse drives developed from a 6. 4-kilopulse-per-second (kpps) oscillator, which is, in turn, synchronized

by timing pulses from the IS. The output of the inverter stage is 40040.4 cps, synchronized, 400210 cps,

with a free-running oscillator. The 6.4-kpps oscillator output is divided precisely by 16 in the divider

logic circuit and routed to the inverter stage, the electronic tap changer, and short-circuit protection

circuits. The electronic tap changer sequentially selects the output of the tapped transformerin the in-

verter stage, converting the 400-cps square wave to an approximate sine wave of the same frequency. The

output filter minimizes harmonic distortion. The voltage regulator maintains the inverter output at 115

volts ac +1% during normal load conditions by controlling the amplitude of the dc-to-de converter output.

The voltage regulator also compensates for variations in the d-c input and a-c output load.

Setting the INVERTER switch to 1 routes the inverter No. 1 output to the AC BUS A: BUS

TIE INV 1 circuit breaker for a-c bus A application and to the AC BUS B: BUS TIE INV 1 circuit breaker

for a-c bus B application. A-C power at bus A is monitored for proper voltage amplitude and frequency

by the IS via the AC BUS A: AC BUS VOLTcircuit breaker (panel 11). When the voltage at bus A is less

than 112 volts ac, or the frequency is less than 398 cps or more than 402 cps, the INVERTERcaution light

goes on. The light goes off when the malfunction is remedied.

2.5.4.9 Circuit Breaker and EPS Control Panels.

All primary a-c and d-c powerfeed circuits are protected by appropriately rated circuit

breakers on the Commander's and LM Pilot's buses. The two d-c buses are electrically connected by the
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main power feeder network. Functionally redundant LM equipmentis placed on both d-c buses (one on

each bus), so that each bus can individually perform a mission abort during emergencies. EPS circuit

controls and monitoring displays are on panel 14. Section 3 contains a description of all EPS controls

and displays. Circuit breaker characteristics are given in table 2. 5-1.

Table 2.5-1. Circuit Breaker Characteristics

 

D-C circuit breaker

Operating voltage 28 volts

Operating voltage limit 32.5 volts

Transient voltage limits 50 volts above, 100 volts below,

operating voltage

Ripple voltage Less than 1.5 volts, peak

 

A-C circuit breaker

Steady~state operating voltage 115+2.5 volts rms

Transient voltage limits 90 to 188 volts, peak

Transient voltage recovery time 170 milliseconds  
 

 

2.5.4.10 Sensor Power Fuse Assemblies. (See figure 2.5-16. )
 

Two sensor power fuse assemblies, in the aft equipment bay, provide a secondary d-c bus

system that supplies excitation to ECS, RCS, and MPStransducers that develop display and telemetry

data. During prelaunch procedures, the INST: SIG SENSOR circuit breaker (panel 16) is open, and

primary poweris supplied to the assemblies from the Commander's 28-volt d-c bus, via the EPS: DC

BUS VOLTcircuit breaker (panel 11) and the closed contacts of relay K6 in panel 11. The coil of K6 is

energized by the ground-supplied GSE umbilical cable. Before launch, the GSE umbilical is disconnected

and K6 is deenergized. Closing the INST: SIG SENSORcircuit breaker supplies power directly to the

sensor power fuse assemblies from the LM Pilot's 28-volt d-c bus. With this circuit breaker closed,

closing the EPS: CROSS TIE circuit breaker(s) on panel 11 supplies redundant power from the Com-

mander's 28-volt de bus. Each assembly comprises a positive d-c bus, negative return bus, and 40 fuses.

All sensor return lines are routed to a common ground bus.

 

2.5.5 PERFORMANCE AND DESIGN DATA.

The performanceand design data for the EPS are given in table 2. 5-2.

Table 2,5-2, Electrical Power Subsystem - Performance and Design Data

 

A-C section

 

Inverter input voltage 24 to 32 volts de

Inverter output (with 1151.2 volts rms, 400+0.4 cps,
PCMTEA sync) single phase

Inverter output (with 115+1.2 volts rms, 400410 cps,

internal sync) single phase

Normal load range 0 to 350 volt-amperes (at power
factors 0.65 lagging to 0.80 leading)

Maximum overload at 525 volt-amperes for 10 minutes

constant voltage output  
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Table 2.5-2. Electrical Power Subsystem - Performance and Design Data (cont)

 

 

D-C section

Steady~state bus voltage limits 26.5 to 32.5 volts de

Nominal supply bus voltage 28 volts de ‘

Transient voltages 50 volts above or below nominal ‘

Power requirements

Ascent ECA's 84 watts, momentarily during battery

Descent ECA's 84 watts, momentarily during battery

EPS displays 2 watts

supply voltage

switching; 10 watts, steady-state

 

switching; 20 watts, steady-state  
 

2.5.6 OPERATIONAL LIMITATIONS AND RESTRICTIONS. nee

The operational limitations and restrictions for the EPS are as follows:

When EPSbatteries are in use, the primary glycol cooling loop (ECS) must be

operating. If this restriction is not observed, EPS components will be damaged. :

The only deviation to this is at low power levels (200 watts or less); then batteries )

can operate for 8 hours without cooling.

When supplying power, temperature must be maintained between +29° and +100° F,

If this restriction is exceeded, battery could be damaged or voltage output could go

out of specification (less than 26.5 volts dc).

Maximum continuous inverter power output must not exceed 350 volt-amperes. De-

mand can go to 525 volt-amperes for up to 10 minutes. If this limitation is ex-

ceeded, inverter components could be damaged.

 

Maximum CSM power to the LM during docked coast phases in approximately 296 ’

watts peak (average is approximately 108 watts). If this restriction is exceeded,

circuit breakers in the CSM will trip, shutting off power to the LM.

Available ascent electrical energy is 17.8 kilowatt-hours at maximum steady-state

current drain of 50 amperesper battery, at 28 volts dc.

Available descent electrical energy is 58.6 kilowatt-hours maximum at steady-

state current drain of 25 amperes per battery, at 28 volts dc.

 

During descent engine burns, the corresponding descent and ascent stage batteries

(by supplied bus) must be paralleled to preclude a low bus voltage due to descent

battery failure.
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( e Both EPS: CROSS TIE circuit breakers on panel 16 must be opened during descent

engine burns. If this restriction is not observed, a short on one buswill affect

the other bus.

e The EPS: CROSS TIE BAL LOADScircuit breaker on panel 11 must be closed at

all times. If this restriction is not observed, redundant powerto the Instrumenta-

tion Subsystem and EPS displays will not be available.

e Maximum current drain on one ascent battery during ascent engine burns (abort

condition) is 104 amperes. At higher current drains, the d-c bus voltage may

drop below the low operating limit.

 

e Inverter output voltage must never drop below 110 volts ac; otherwise, the descent

engine control assembly (DECA) may becomeinoperative.
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2.6 ENVIRONMENTAL CONTROL SUBSYSTEM

2.6.1 INTRODUCTION

The Environmental Control Subsystem (ECS) provides a habitable environment for two astro-

nauts while the LM is separated from the CSM, and permits the astronauts to decompress and repres-

surize the cabin in accordance with mission requirements. It also controls the temperature of electronic

equipment and provides water for drinking, cooling, fire extinguishing, and food preparation.

 

The major portion of the ECSis in the cabin. Part of the equipment-cooling loop and two

oxygen tanks are in the aft equipment bay. Two water tanks are in the upper midsection, two larger

oxygen tanks and two larger water tanks are in the descentstage. (See figures 2.6-1 and 2,6-2.) Power

for the ECS is supplied from the Electrical Power Subsystem. (See figures 2. 6-3 and 2.6-5.) The ECS

(figure 2,6-4) comprises an atmosphere revitalization section (ARS), an oxygen supply and cabin pressure

control section (OSCPCS), a water management section (WMS), a heat transport section (HTS), and pro-

visions for supplying oxygen and waterto the portable life support system (PLSS).

2.6.1.1 Atmosphere Revitalization Section.

duct leading toa vent. The suit circuit assembly is a closed-loop recirculation system that cools and

ventilates the pressure garment assemblies (PGA's); maintains a desirable level of carbon dioxide in the

atmosphere; removes odors, particles, noxious gases, and excessive moisture; enables control of the

temperature of oxygen flow to the PGA's; and, if required, automatically isolates the PGA’s from the

system, The suit liquid cooling assembly circulates water and controls its temperature in the liquid-

cooled garment, circulates cabin air, when required, and removes lunar dust from the cabin during |

The ARS consists of a suit circuit assembly, suit liquid cooling assembly, and steam flex

ascent from the lunar surface. The steam flex duct carries steam discharged from the suit circuit water

sublimator, when operating, to ambient vacuum.
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Figure 2.6-1, Environmental Control Subsystem - Component Location (Sheet 1 of 3) i
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Oxygen circulation is maintained by centrifugal fans. Heating and cooling are accomplished

by passing the oxygen through heat exchangers, where heat is either surrendered to, or picked up from,

the coolant of the HTS. Water separators remove excess moisture after the cooling phase.

2.6.1.2 Oxygen Supply and Cabin Pressure Control Section.
 

The OSCPCS stores gaseous oxygen and maintains cabin and suit pressure by supplying oxy-

gen to the ARS, This replenishes losses due to crew metabolic consumption and cabin or suit leakage.

There are four oxygen supplies: two, in the descent stage, provide oxygen during the descent and lunar- i

stay phases of the mission; two, in the ascent stage, during the ascent and rendezvous phasesof the

mission.

 

2.6.1.3 Water Management Section.

The WMSsupplies water for drinking, cooling, fire fighting, food preparation, and for re-

filling the PLSS cooling water tank. It also provides for delivery of water from ARS water separators to

HTS sublimators and from the water tanks to ARS and HTSsublimators.

The water tanks are pressurized before launch, to maintain the required pumping pressure

in the tanks. The two descent stage tanks supply most of the water required until staging occurs. After I

staging, water is supplied by the two ascent stage tanks.

Pressure-regulated water from the tanks, along with ARS water, is delivered to the HTS

sublimators via manually controlled shutoff valves. A manual disconnect and shutoff valves are provided

for control and use of ascent and descent tank water for drinking, food preparation, fire extinguishing,

and PLSSrefills.

2.6.1.4 Heat Transport Section.

The HTS consists of a primary coolant loop and a secondary coolant loop. The secondary

loop serves as a backup loop and functions in the event that the primary loop fails. A water~glycol solu-

( tion circulates through each loop. The primary loop provides temperature control for batteries, electron-

ic equipment that requires active thermal control, and for the water that circulates through the LCG and

the oxygen that circulates through thecabin and PGS's. The batteries and electronic equipment are mounted

on cold plates and rails through which coolant is routed to remove waste heat.

The cold plates used for equipment that is required for mission abort contain two separate

coolant passages; one for the primaryloop and one for the secondary loop. The secondary coolant loop,

which is used only if the primary loop is inoperative, serves only these cold plates.

 

In-flight waste heat rejection from both coolant loopsis achieved by the primary and second-

ary sublimators, which are vented overboard. A coolant pump recirculation assembly contains all the

HTS coolant pumpsand associated check and relief valves. Coolant flow from the assemblyis directed

through parallel circuits to the cold plates for the electronic equipment, the oxygen-to-glycol heat

exchangers, and the water-to-glycol heat exchanger in the ARS.

2.6.2 SUBSYSTEM INTERFACES.

An absolute pressure transducer in each descent oxygen tank feed line generates an output i

proportional to tank pressure. Theoutput is routed to the Instrumentation Subsystem (IS), whereit is

conditioned to provide a telemetry signal, a caution indication, and through the O2/H90 QTY MON

selector switch (panel 2), a display on the O2 QUANTITYindicator. When descent tank 1 pressure drops &f

below 135 psia (approximately 5% of capacity), a signal is routed to the Og QTY caution light. Momentar-

ily setting the O9/H20 QTY MONselector switch to C/W RESET extinguishes the light.

A pressuretransducerin the fill line of each ascent oxygen tank generates an output that is

also conditioned in the IS to provide a telemetry signal, a caution indication, and a display on the O9

QUANTITYindicator. The quantity of oxygen remaining in the tanks is read on the indicator by setting

the selector switch to ASC 1 or ASC 2, as applicable. The Og QTY caution light goes on if, before staging,

the pressure in either ascent oxygen tank is less than 684 psia (less-than-full condition). After staging,

the signal that causes this indication is inhibited; instead, the light goes on when pressurein ascent tank

No. 1 is less than 100 psia. The caution light is extinguished by setting the selector switch to C/W

RESET.
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2.6.3 FUNCTIONAL DESCRIPTION.

The fun: ‘ional description of each of the four major ECS sections is supported by a func-
tional flow diagram which, to reduce complexity, does not contain electrical circuitry, Figure 2. 6-5

showsall ECS electrical circuits and all ECS interfaces with the Electrical Power Subsystem (EPS) and

2.6.3.1 Atmosphere Revitalization Section. (See figure 2. 6-6.)

The ARSis a recirculation system that conditions oxygen by cooling or heating, and dehumid-
ifying and deodorizing it for use within the PGS's and cabin; it also circulates water through the liquid-
cooled garmentto provide cooling during peak heat loads; during ascent from the lunar surface, it re-

| moves dust from the cabin atmosphere. The major portion of the ARSis within the suit circuit assembly.

  
In normal operation the SUIT ISOL valve is set to SUIT “LOW and conditioned oxygen flows

to the PGS's and is discharged through the return umbilical to the suit circuit. Suit circuit pressure,

sensed at a point downstream of the suits, is referenced to the oxygen regulators that control pressure by

supplying makeup oxygen to the suit circuit, The suit circuit relief valve protects the suit circuit

against overpressurization, by venting to cabin ambient.

The CABIN position of the SUIT GAS DIVERTERvalve is used during pressurized-cabin op-

eration, to divert sufficient conditioned oxygen to the cabin to control carbon dioxide and humidity levels.

Pulling the valve handle selects the EGRESS position to isolate the suit circuit from the cabin. The
EGRESSposition is used for all unpressurized cabin operations as well as closed suit mode with pres-

surizedcabin. Anelectrical solenoid override automatically repositions the valve from CABIN to EGRESS
when cabin pressure drops below the normal level or when the PR ~ REG A or PRESS REG valve is

set to EGRESS.

With the SUIT GAS DIVERTERva've set to CABIN, cabin discharge oxygenis returned to the

suit circuit through the CABIN GAS RETURNvalve. Setting the CABIN GAS RETURNvalve to AUTO en-
ables cabin pressure to open the valve. When the cabin is depressurized, differential pressure closes the
valve, preventing suit pressure loss. (

A small amount of oxygen is tapped from the suit circuit upstream of the PGA inlets and fed
to the carbon dioxide partial pressure sensor, which provides a voltage to the PART PRESS COg indicator .
(panel 2).

_ The primary and secondary carbon dioxide (CO9) and odor removal canisters are connected

HS to form a parallel loop. The primary conister contains a LM-size cartridge; the secondary canister, a
/ PLSS-size cartridge. A debris trap in the primary canister cover prevents particulate matter from

entering the cartridge. A relief valve in the primary canister permits flow to bypass the debris trap if

it becomes clogged. Oxygen is routed to the COg and odor removal canisters through the COg CANISTER
SEL valve. The carbon dioxide level is controlled by passing the flow across a bed of lithium hydroxide

(LiOH); odors are removedby absorption in activated charcoal. When carbon dioxide partial pressure

reaches or exceeds 7.6 mm Hg, as indicated on the PART PRESS COgindicator, the CO9 component

caution light and ECS caution light go on. The COg CANISTER SEL valveis then set to SEC, placing the

secondary canister onstream. This unlocks the cover on the PRIM COg CANISTER. The PRIM CO9
CANISTER VENT pushbutton is pushed to release pressure from the canister before the canister cover is

removed. The primary cartridge is replaced, the canister coveris installed, and the COp CANISTER

SEL valve is set to PRIM, placing the primary canister back onstream. The ECS caution light is extin-

guished by the lowering of the carbon dioxide partial pressure below 7.6 mm Hg. The CO, component

caution light is on when the COg level is above 7.6 mm Hg or CO9 CANISTER SEL valveis in the SEC
position. A flow limiter in the primary cartridge makesthe flow resistance equivalent to a secondary

cartridge and maintains suit circuit oxygen flowrates compatible with the water seperator requirements.

The flow limiter is removable in flight should additional oxygen flow be desired.

From the canisters, conditioned oxygen flows to the suit fan assembly, © “ich maintains

circulation in the suit circuit. Only one fan operates at atime. The ECS: SUIT FAN: circuit breaker
is closed and the SUIT FANselector switch is set to 1 to initiate suit fan operation. At startup, a fan

differential pressure sensor is in the low position (low P), which, through the fan condition signal con-

trol, energizes the ECS caution light and SUIT FAN component caution light. The lights remain on until
the differential pressure across the operating fan increases sufficiently to cause the differential pressure

sensor to moveto the normalposition. If the differential pressure drops to 6.0 inches of water orless,
,

Ney
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the lights go on and switchover to fan No. 2 is required. The ECS caution light goes off when No. 2 fan is (
selected and the SUIT/FAN warning light goes on. The SUIT FAN componentcaution light goes off when
fan No. 2 comes up to speed and builds up normaldifferential pressure. The SUIT/FAN warning and SUIT
FAN componentcaution lights go off when fan No. 2 differential pressure reaches 9.0 inches of water.
The fan check valve permits air to pass from the operating fan without backflow through the inoperative fan.

From the check valve, the conditioned oxygen passes through a sublimatorto the cooling

heat exchanger. The sublimator cools the oxygen under emergency conditions. Normally, the sub-

limator is inoperative; it is placed in operation when the secondary evaporator flow (SEC EVAP FLOW)
valve of the water control module is opened because a failure in the primary heat transport loop renders
the cooling heat exchanger inoperative. Heat transfer to the coolant in the heat exchanger reduces gas
temperature and causes some condensation of water vapor. .

  
The conditioned oxygen is next routed to two, parallel- redundant water separators through

the water separator selector (WATER SEP SEL) valve. One separator, selected by pushing (SEP 1) or
pulling (SEP 2) the WATER SEP SEL valve handle, is operated at a time. The separator is driven by the
gas flowing through it. Moisture removed from the oxygen is discharged under a dynamic head of pres-
sure sufficient to ensure positive flow from the separator to the WMS. A water drain carries some water
from the separators to a surge (collection) tank outside the recirculation system.

The conditioned oxygen from the water separator is mixed with makeup oxygen from the
OSCPCS to maintain system pressure. The mixture flows through the regenerative (heating) heat ex-
changer, where the temperature may be increased, to the SUIT ISOL valves. The SUIT TEMPvalve on
the water control module controls the flow of coolant through the regenerative heat exchanger. Setting the
valve to INCR HOT increases oxygen temperature; setting it to DECR COLD reduces the temperature.

 

If a PGA tears while the SUIT ISOL valves are set to SUIT FLOW, the valves are automatic-

ally repositioned to SUIT DISC whensuit circuit pressure drops to 2.9 psia minimum (they can close be-
tween 2.9 and 3.4 psia), actuated by the suit circuit pressure switch. This action isolates the PGA's :

from the ARS. At the same time, the CABIN REPRESSvalve automatically opens, repressurizing the
i cabin, if the CABIN REPRESScircuit breaker is closed.

2.6.3.1.1 Suit Liquid Cooling Assembly. (See figure 2. 6-6A.) °

The suit liquid cooling assembly assists in removing metabolic heat by circulating cool water

through the liquid-cooled garment (LCG). A pump maintains the flow of warm water returning from the

LCGthrough the water umbilical hoses. An accumulator in the assembly compensates for system

volumetric changes and leakage. A mixing bypass valve controls the quantity of water that flows through

the water-glycol heat exchanger for removal of heat; the remaining water is bypassed around the heat

exchanger. This bypassed (warm) water, mixed with the cool water downstream of the heat exchanger,

flows through the water umbilical hoses back to the LCG. A fan circulates cabin air through the lunar

dust filter.

 

2.6.3.2 Oxygen Supply and Cabin Pressure Control Section. (See figure 2.6-7.)

The ECS descent stage oxygen supply hardware consists of the following: two descent

oxygen tanks, two high-pressurefill couplings, high-pressure oxygen control assembly, interstage

flex line, and descent stage disconnect. The descent tanks pressure transducers, part of the IS, generate

an output proportionate to tank pressure. The second descent stage oxygen tank connects to the common
oxygen feed line and branchesoff into a high pressure PLSSfill line that has its own pressure regulator,

overboard relief valve, interstage flex line, and descent stage disconnect. Two check valves prevent

oxygen flow from one tank to the other.

The ascent stage oxygen supply hardware consists of the following: ascent stage disconnects,

interstage flex line, oxygen module, two ascent oxygen tanks, low pressure PLSS oxygen disconnect

(GFE), and the cabin pressure switch. In addition, the high pressure PLSSfill has its own interstage

flex line, ascent disconnect, oxygen shutoff valve, high pressure PLSS oxygen disconnect, and a PLSS
hose. Two automatic pressure relief and dump valves, one in each hatch, protect the cabin from over-

pressurization. Two ascent stage tank pressure transducers and a selected oxygen supply transducer,
part of the IS, operate in conjunction with OSCPCS.

 NieENVIRONMENTAL CONTROL SUBSYSTEM WL
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The OSCPCS stores gaseous oxygen, replenishes the ARS oxygen, and providesrefills for

the PLSS oxygen storage tank. Before staging, oxygen is supplied from the descent stage oxygen supply. |

After staging, or if the descent supply is depleted, the ascent stage oxygen tanks supply oxygen to the oxy-

gen control module. The high-pressure assembly in the descent stage, and the oxygen control module in

the ascent stage, contain the valves and regulators necessary to control oxygen in the OSCPCS. Two

cabin relief and dump valves vent excess cabin pressure.

Descent tank pressure, approximateiy 2690 psia, is reduced to a level that is compatible i

with the components of the oxygen control module, approximately 900 psig, by a high-pressure regulator.

A series-redundant bypass relief valve protects the descent oxygen tanks against overpressurization. In

addition, a series-redundant overboard relief valve protects the oxygen control module against excessive

pressure caused by a defective regulator or by flow through the bypassrelief valve. If the pressure on

the outlet side of the regulator rises to a dangerous level, the burst diaphragm assembly vents the high-

pressure assembly to ambient. A poppet in the burst diaphragm assembly reseats when pressurein the

high-pressure assembly is reduced to approximately 1,000 psig. Descent oxygen flows through the inter-

stage disconnect to the oxygen control module and is controlled with the descent oxygen shutoff (DES Og)

valve. The interstage disconnect acts as a redundant seal to prevent loss of oxygen overboard after ~

staging.

  

        

  

 

     

   

 

 MUTIPLE H20 WATER HOSE
CONNECTOR

|

SUIT LIQUID COOLING UMBILICAL
ASSEMBLY

CABIN FAN
AND FILTER

COOLED WATER TO SUIT

   

   

 

ORIFICE ORIFICE
fa}, .

LettiieS" 

 

 

 

WATER

ACCUMULATOR

 

     

 

A W0uIe GaNWENT COD. me

ane  
   

   
   

  

 

  

. WATER/ GLYCOL
q HEAT EXCHANGER ff 

 

VOLTAGE
REGULATOR    

  

   
ro WATER TRANSPORT
_— SECTION

        
SSEEQTGiycot —

COMMANDER
LM PILOT

A-300LM5-31

\.

Figure 2.6-6A. Suit Liquid Cooling Assembly - Schematic Flow Diagram
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When ascent stage oxygen is required, the ascent oxygen shutoff (#1 and #2 ASC Og) valves

are used to select their respective tank. A mechanical interlock prevents the valves from being opened

unless the descent oxygen shutoff valve is closed. The tuechanical interlock may be overridden(if the

descent oxygen shutoff valve cannot be closed and the ascent oxygen shutoff valves must be opened) by

pressing the INTLK OVRD pushbutton on the oxygen control module.

From the oxygen shutoff valves, oxygen is routed to oxygen demand regulators (PRESS REG

i A and PRESS REG B valves), alow pressure PLSS FILL valve, and a cabin repressurization and

emergency oxygen (CABIN REPRESS) valve. The oxygen demand regulators maintain the pressureof the

suit circuit at a level consistent with normal requirements. Both regulators are manually controlled

with a four-position handle; both are ordinarily set to the same position. The CABIN position is selected

during normal pressurized-cabin operations, to provide oxygen at 4. 8140.2 psia. Setting the regulators

to EGRESS maintains suit circuit pressure at 3.80.2 psia. The DIRECT Og position provides an un-

regulated flow of oxygen into the suit circuit. The CLOSEposition shuts off all flow through the regulator.

In the CABIN and EGRESSpositions, the regulator is internally modulated by a reference pressure from

the suit circuit. The demand regulators are redundant; either one can fulfill the ARS oxygen requirements.

Descent tank No. 2 pressure, approximately 2690 psia, is reduced to approximately 1400

psia by a high pressure PLSS regulator. The oxygen is then routed to a high pressure PLSS FILL valve,

which connects to the PLSS oxygen tank through a flex hose. A check valvein the PLSS disconnect is

opened when the hose is connected. The valve automatically closes when the hose is disconnected.

If cabin pressure drops to 3.7 to 4.45 psia, the cabin pressure switch energizes the CABIN

REPRESS valve, and oxygen flows through the valve into the cabin. If cabin pressure builds up to 4.40 to

5.0 psia, the cabin pressure switch deenergizes the valve solenoid, shutting off the oxygen flow. The

valve can maintain cabin pressure at 3.5 psia for at least 2 minutes following a 0.5-inch-diameter punc-

ture of the cabin. It responds to signals from the cabin pressure switch during pressurized-cabin opera-

tion. Manual override capabilities are provided.

The two cabin relief and dump valves are manually and pneumatically operated. They pre- .

vent excessive cabin pressure and permit deliberate cabin decompression. The valves automatically

relieve cabin pressure when the cabin-to-ambient differential reaches 5.4 to 5.8 psid. When set to AUTO,

the valves can be opened manually with their external handle. Each valve can dump cabin pressure from

5.0 to 0.08 psia in 180 seconds without cabin inflow. In addition to relieving positive pressure, the valves

relieve a negative cabin pressure condition.

To egress from the LM, the PRESS REG A and PRESS REG

B

valvesare set to EGRESS,

turning off the cabin fan and closing the SUIT GAS DIVERTER valve; the CABIN GAS RETURNvalveis set

to EGRESS, the CABIN REPRESScircuit breaker is opened; and cabin pressure is dumpedbysetting the

cabin relief and dump valve to OPEN. When repressurizing, the CABIN REPRESScircuit breakeris

closed, the cabin relief and dumpvalve is set to AUTO, the PRESS REG A and PRESS REG B valves

are set to CABIN, and the CABIN GAS RETURNvalve is set to AUTO. The CABIN warning light goes

on when the regulators are set to CABIN, it goes off when the cabin reaches the actuation pressure of

the cabin pressure switch.

B 2.6.3.3 Water Management Section. (See figure 2. 6-8.)

The WMS stores water for metabolic consumption, evaporative cooling, fire extinguishing,

and PLSS watertank refill. It controls the distribution of this stored water and the water reclaimed

from the ARS by the water separators. Reclaimed water is used only for evaporative cooling, in the EUS

i sublimators. Water is stored in two tanks in the descent stage and two identical smaller tanks in the

upper midsection of the ascent stage. All water tanks are bladder-type vessels, which are pressurized

with nitrogen before launch. The controls for the WMSare grouped together on the water control module

located to the right rear of the LM Pilot's station.
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Water from the descent stage water supply is fed through a manually operated shutoff (DES

H90) valve, and a check valve, to the PLSS HyO DISCONNECT. Water quantity is determined by a

pressure transducer with a range of 0- to 60-psia. The output is displayed on the HyO QUANTITYin-
dicator (panel 2) after the Oo/H90 QTY MONselector switch is set to DES 1 or DES 2. A nomographis
supplied to convert the readings on the HgO QUANTITYindicator into actual percentage of water in-

dications. FULL and 16% FULL marksare affixed to the indicator. When the DES H90valveis set to
OPEN, high-pressure water is available for drinking, food preparation, PLSS fill, and fire extinguishing.

  
Whenthe vehicle is staged, the descent interstage water feed line is severed by the inter-

stage umbilical guillotine and water is supplied from the ascent stage water tanks. Water quantity in
each ascent stage tank is measured and displayed in the same manneras descent water quantity, the

I Oo/H20 QTY MON switch is set to ASC 1 or ASC2, as required. The water quantity measuring system

for ascent stage water is similar to the one for descent stage water. The H9O QUANTITYindicator
BE. marksareaffixed for FULL and 95% FULLindications. Water from ascent stage water tank No. 1 is

fed to the PLSS HgO DISCONNECTthrough the ascent water (ASC H90) valve for drinking, food pre-
paration, PLSS fill, and fire extinguishing.

Water from the ascent and descent water tanks enters the WATER TANK SELECTvalve

which consists of two water diverting spools. Setting the valve to DES or ASC determines which supply

is on-line.

 

Whenusing the descent supply, water is routed to the primary pressure regulators by

setting the WATER TANK SELECT valve to DES. The water flows through the series primary pressure

regulators, which control water discharge pressure in response to suit circuit gas reference pressure,

at 0.5 to 1.0 psi above this gas pressure. With the PRI EVAP FLOW#1 valve set to OPEN, the water

is routed through a flow limiter to the primary sublimator. The flow limiter limits the water flow rate (
during the sublimator startup period. Discharge water from the water separator is routed through the

secondary spool of the selector valve and joins the water from the primary pressure regulators. Setting

the WATER TANK SELECT valve to ASC routes water from the ascent tanks through the primary pres- .

sure regulators and, with PRI EVAP FLOW #1 valve set to OPEN, to the primary sublimator. Water

flow from the water separators is not changed by selection of the ASC position. If the primary pressure
regulators fail an alternative path to the primary sublimator is provided by setting the PRI EVAP FLOW

#2 valve to OPEN. Water then flows directly from the ascent water tanks through the secondary pres-

sure regulator, and the PRI EVAP FLOW #2 valve throughthe flow limiter to the primary sublimator.

 

Under emergency conditions (failure of the primary HTS loop), water from the ascent tanks

is routed through the secondary manifold (secondary pressure regulator) by setting the SEC EVAP FLOW

valve to OPEN. This allows for flow of water to the second in series pressure regulator through flow

limiters, to the secondary sublimatorand the suit circuit sublimator. Discharge water from the water

separators is also diverted to these sublimators. To divert water, the WATER TANK SELECTvalveis

set to SEC.

 

2.6.3.4 Heat Transport Section. (See figure 2. 6-9.)

The HTS consists of two closed loops (primary and secondary) through which a water-glycol

solution is circultated to cool the suit circuits, cabin atmosphere, and electronic equipment. Coolant is

continuously circulated through cold plates and cold rails to remove heat from electronic equipment and

batteries. For the purposeof clarity, the primary and secondary coolant loops, and the primary and
secondary coolant loop cold plates and rails are discussed separately in the following paragraphs. When

i necessary, the primary loop is also a heat source for suit loop oxygen and a cooling sourcefor the
liquid-cooled garment. Heat is removed by absorption and is rejected to space by sublimation.
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2.6.3.4,1 Primary Coolant Loop. (

The primary coolant loop is charg~:1 with coolant at GSE fill points and is then sealed. The

glycol pumps force the coolant through the loop. The glycol accumulator maintains a constant head of
pressure (5.25 to 9 psia, depending on coolant level) at the inlets of the primary loop glycol pumps.

Coolant temperature at the inlets is approximately +40°F. A switch in a low-level sensor trips when

only 1045% of coolant volume remains in the accumulator. When tripped, the switch provides a telemetry

signal and causes the GLYCOLcaution light (panel 2) to go on.  
The coolant is routed to the pumps through a filter, which has a bypass to maintain flow if

the element becomes clogged. Each pump can provide a minimum of 3.7 pounds per minute of coolant

flow at 40° F with a pressure rise of 30 psid when subjected to a voltage of 28 volts dc. They are started

by closing the ECS: GLYCOL PUMP1 and 2 circuit breakers and setting the GLYCOLselector switch to

PUMP 1 or PUMP 2. If the operating pump does not generate a minimum differential pressure (4 P) of

7+2 psi (or if the pump AP drops below 3 psid after primary pump operation has been initiated), the aP

switch generates a signal to energize the ECS caution light and the glycol pump (GLYCOL) component

caution light. Manually selecting the other pump deenergizes the lights when the onstream pump develops

in minimum 4P of 5.0 to 9.0 psid. If both pumpsfail, the secondary loop is activated by setting the
WATER TANK SELECTvalve to SEC, setting the GLYCOL switch to INST (SEC), and closing the ECS:
GLYCOL PUMPSECcircuit breaker. Automatic transfer from primary pump No. 1 to primary pump

No. 2 is initiated by closing the ECS: GLYCOL PUMP AUTO TRNFRcircuit breaker and setting the

selector switch to PUMP 1. When transfer is necessary, the ECS caution light and the GLYCOL compo-

nent caution lights go on, the transfer is accomplished, and the ECS caution light goes off. The GLYCOL

component caution light remains on.

 

: If primary loop sP exceeds 33 psia, the appropriate pump bypassrelief valve opens and

routes the coolant back to the pumpinlet, relieving the pressure. These relief valves start to open at (

33 psia, are fully open at a maximum of 39 psia, and reseat at a minimum of 32 psia. Check valves pre- (

vent coolant from feeding back through an inoperative primary pump.

Part of the coolant leaving the recirculation assembly flows to the suit circuit heat ex-

changer to cool the suit circuit gas of the ARS. The remainder of the coolant flows to electronic

equipment mounted on cold piates. The flow paths then converge andthe coolantis directed to the liguid-

cooled garment water-glycol heat exchanger to cool suit water as required. The coolant then flows

through the aft equipment bay cold rails. A portionofthe warmer coolant flow returing from the aft

equipment bay cold rails can be diverted to the suit circuit regenerative heat exchanger through the SUIT

TEMPvalve to increase suit inlet gas temperature. The diverted flow returning from the heat exchanger,

combined with the bypassed coolant, is routed to the primary sublimator.

 

The sublimator decreases the temperature of the coolant by rejecting heat to space

through the sublimation of water, followed by the venting of the generated steam through an overboard

duct. A thrust deflector located above the duct exit port diffuses the axhaust steam, thereby decreasing

the thrust effect on the vehicle. Pressure regulators in the subimator water feed line maintain water

outlet pressure at 0.4 to 1.0 psid above the referenced suit circuit pressure. This regulated water outlet

pressure will be above 4.0 psia and will normally be below 7.0 psia. During the suit pressure integrity

check, the regulated water outlet pressure can be as high as 10 psia for a short time. The sublimator

inlet and outlet temperatures are sensed by temperature transducers, which provide telemetry signals.

Coolant from the sublimator flows through the ascent and descent battery cold rails, then returns to the

recirculation assembly.
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Self-sealing disconnects upstream and downstream of the glycol pumps permit servicing and

operation of the HTS by GSE. Interstage disconnects areinstalled in coolant lines that connect to the

descent stage. Before staging, coolant flows through the ascent and descent stage battery cold rails.

After staging, the interstage disconnects separate, the lines are sealed by the interstage disconnects and

the full coolant flow enters the ascent stage battery cold rails.

2.6.3.4.2 Secondary Coolant Loop.

 

The secondary (emergency) coolant loop provides thermal control for those electronic as-

semblies and batteries whose performance is necessary to effect a safe return to the CSM. Cooling is

provided by the secondary sublimator. The procedure for starting up the secondary loop is discussed in

paragraph 2.6.3.4.1.

The secondary loop is also charged with coolant at GSE fill points and is sealed. A second-

ary accumulator identical with the primary accumulator maintains a positive secondary pump inlet pres-

sure. As with the primary pump, the secondary pumpis protected by a filter which has a bypass to

’ maintain flow if the element becomesclogged. A pump bypass relief valve relieves excessive pressure

by routing coolant back to the pumpinlet. A check valve at the discharge side of the glycol pump prevents

coolant flow from bypassing the HTS during GSE operation. The coolant from the pump passes through

the check valve, to the secondary passage of the cold plates and cold rails of the electronics and batteries

section. Waste heat is absorbed by the coolant. The warm coolant then flows to the secondary sub-

limator.

 

The secondary sublimator operates in the same manner as the primary sublimator in the

; primary coolant loop. Water for the sublimator is provided when the SEC EVAP FLOWvalveis set to

( OPEN. The coolant returns to the pump for recirculation.

2.6.3.4.3 Cold Plates and Rails. (See figure 2.6-9.)

 

Equipment essential for mission abort is mounted on cold plates and rails that have two

independent coolant passages, one for the primary loop and one for the secondary loop.

Primary Coolant Loop Cold Plates and Rails. The cold plates and rails in the primary coolant loop are

arranged in three groups: upstream electronics, aft equipment bay, and batteries.

Coolant from the recirculation assembly flows into parallel paths that serve the upstream electronics

group. In this group, the data storage equipment assembly (DSEA) is cooled by cold rails; the remainder

of the group, by cold plates. The cold plates are located in the pressurized and unpressurized areas of

the LM. The flowrates through the parallel paths are controlled by flow restrictors, installed down-

stream of each cold plate group. The first upstream electronics flow path cools the suit circuit heat

exchanger. The second flow path cools five cold plates mounted on the pressurized side of the equipment

tunnel back wall. The third path serves the integrally cooled inertial measurement unit (IMU) and the

’ rate gyro assembly (RGA) cold plate, both located in the unpressurized area (on the navigation base).

All the plates for the fourth path are in the unpressurized area above the cabin; the ASA is on the naviga-

N. tion base. The fifth path serves the tracking light electronics (TLE), gimbal angle sequencing transforma-

tion assembly (GASTA), lighting control assembly (LCA), and data storage electronics assembly (DSEA)

plates: one in the unpressurized area in front of the cabin, a second one in the control and display panel

area, a third one below the cabin floor, and another one on the left wall of the cabin.

 

o
—

The aft equipment bay is cooled by eight cold rails; the flow is in parallel. The batteries are cooled by

cold rails. The ascent batteries are in the center section of the aft equipment bay. The descent batteries ff

are on the -Z- bulkhead. During the descent phase, the coolant flow is split between the descent batteries

f and the ascent batteries; the ascent batteries are not used during this time. When the stages are separated,
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quick-disconnect break the coolant lines and seal the ends; all coolant then flows through the ascent
battery cold rails.

Secondary Coolant Loop Cold Plates and Rails. The secondary coolant loop is for emergency use. Only

cold plates and cold rails that have two independent passages (one for the primary loop and one for the

secondary loop) are served by this loop.

 

PyIL
t/

 

In the upstream electronics area, the secondary coolant flow is split between three cold plates (RGA,
ASA, and TLE) in parallel. The flow rate is controlled by flow restrictors downstream of the TLE and
RGA. After these three plates, the secondary loop cools the ascent battery cold rails and the aft equip-
ment bay cold rails in a series-parallel arangement. The coolant first flows through three ascent battery

cold rails in parallel, then through eight aft equipment bay cold rails in parallel.

2.6.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

2.6.4.1 Atmosphere Revitalization Section.
 

2.6.4.1.1 Suit Circuit Assembly.

Suit Circuit Relief Valve. The SUIT CIRCUIT RELIEF valve is an aneroid-operated, poppet-~type valve

that protects the suit circuit against overpressurization. The valve has AUTO, OPEN, and CLOSE
positions. Two externally mounted microswitches provide telemetry signals when the OPEN or CLOSE

position is selected.

 

In the AUTO position, the valve responds to pressure sensed by the aneroid, and cracks open at ap-

proximately 4.3 psia to prevent overpressurization of the suit loop by allowing oxygen flowto the cabin.

At 4.7 psia, the valve is fully open and flows approximately 7.8 pounds per hour at +90° F. The valve :

reseats at approximately 4.3 psia. In the OPENposition, the valve handle displaces the poppet from the (

seat to open the valve, regardless of pressure. In the CLOSE position, if the valve fails to reseat, the S

automatic poppet is left open, but an auxiliary poppet is closed, maintaining pressure. *

Suit Gas Diverter Valve. (See figure 2. 6-10.) The SUIT GAS DIVERTERvalve is a manuually operated,

two-way valve (one inlet and two outlets) with a solenoid override in one direction. The valve is on the

ECS package above the oxygen control module. When the valve handle is pushed into CABINposition,

oxygen is directed into the cabin. The valve is maintained in this position, against main spring

 

HANDLE (SHOWN IN

CABIN POSITION)
SOLENOID

TO CABIN
“a7 SOLENOID

(OUT) ~—_|

POSITION INDICATOR
| SWITCH (TELEMETRY)

L

  

 

 

 

SOLENOID ~«t—— FROM SUIT (IN)

SWITCH bh

s . |

ihe , :

TO SUIT LOOP (OUT) “99

Figure 2.6-10. Suit Gas Diverter Valve - Functional Schematic
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pressure, by a deenergized solenoid. Pulling the valve handle to EGRESS position overrides the solenoid

and permits the valve to reposition to its upper seat, blocking fiow to the cabin.

An automatic closed-to-cabin feature is provided. If cabin pressure falls to below normallevel while the

valve is set to CABIN, the solenoid is energized by the cabin pressure switch, and the main spring re-

turns the valve to the EGRESS position. Electrical power is also supplied to the diverter valve when the

PRESS REG A and PRESS REG B valves are set to EGRESS. The diverter valve has a valve-position-

indicating switch that provides a telemetry signal when the valve is in the EGRESS position.

Cabin Gas Return Valve. The CABIN GAS RETURNvalveis a spring -loaded, flapper-type valve. The

valve has AUTO, OPEN, and EGRESS(closed) positions. In the AUTO position, the valve automatically

permits cabin gas to return to the suit circuit. When the cabin is depressurized, the suit circuit pres-

sure closes the valve, preventing backflow into the cabin. The OPEN and EGRESSpositions provide

manual override of the AUTO position. Valve -position-indicating switches provide telemetry signals

when the valve is set to OPEN or EGRESS.

CO, Canister Selector Valve, and COg and Odor Removal Canisters. The COg CANISTER SEL vaive is a

ual -flapper-type valve that routes flow through the COg and odor removal canisters. The valve has

PRIM and SEC positions. One flapper is at the inlet to the canisters; the other, at the outlet.

Each canister contains a cartridge filled with lithium hydroxide (LiOH) and activated charcoal. The pri-

mary canister cover has a debris trap, which may be replaced before, but not during, flight. A relief CO9

valve in the canister permits flow to bypass the debris trap if it becomes clogged. The CANISTER SEL

valve is sufficiently leakproof to permit replacement of cartridges, with the cabin unpressurized.

The PRIM position permits suit circuit gas to flow through the primary canister. When replacing a satu-

rated primary cartridge, the COg CANISTER SEL valve handle is set to SEC. This unlocks the PRIMARY

CQ CANISTER cover. A relief valve (VENT PUSH) equalizes the pressure of the cabin and the interior

of the canister before canister cover removal. A finger latch, part of the canister cover, is released

before the cover is rotated to OPEN.
+

Suit Circuit Fans. Each suit circuit fan is operated by a 28-volt d-c brushless motor. A full radial-type

rotor with a vaneless diffuser is used; it moves approximately 24 cfm at 25,000 +500 rpm. Fan operation

is controlled by the SUIT FAN selector switch. The fans permit operation at sea level for checkout

purposes. A 15-volt d-c input is provided for this purpose.

Suit Circuit Sublimator. The suit circuit sublimator has a waterinlet and a steamoutlet that is vented

overboard. Water and suit circuit gas both make a single pass through the unit, which comprises a stack

of modules of several layers of porous plates, and water, steam, and suit circuit gas passages. The

sublimator rejects suit circuit heat to space if the suit circuit heat exchanger is inoperative.

Suit Circuit Heat Exchanger. The suit circuit heat exchanger is a duct-shaped unit of aluminum plate-

and-fin construction. It has a single pass for both the coolant and the suit circuit gas and is used to re-

move excess heat in the ARS. Heat is transferred to the HTS coolant supplied to the heat exchanger.

Water Separator Selector Valve. The WATER SEP SEL valve is a manually operated, flapper-type valve

that enables selection of either of two water separators. The valve handle is pushed in for separator

No. 1 and pulled for separator No. 2.

 

Water Separators. (See figure 2.6-11.) Two water separators are connected in parallel, but only one is

used at atime. Saturated gas and free moisture fed into the separator come in contact with the inlet

stator blades, which direct the flow onto a rotor at the proper angle. Most of the entrained moisture

collects on the rotating perforated plate, which centrifuges the water into a rotating water trough. A

stationary pitot tvbe, placed tangentially to the rotating trough, picks up the removed water and discharges
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PITOT TUBE DRUM    

  
WATER OUT (0

 

  

  

q} SATURATED GAS
: be SUIT CIRCUIT 

 AND REGENERATIVE
SATURATED GAS >

FREE MOISTURE

 

: 7HEAT
| EXCHANGER

 

   
 

  
INLET WATER TROUGH PERFORATED PLATE ROTOR

STATOR BLADES BO0LM4-94

Figure 2.6-11. Water Separator - Functional Schematic

 

it to the WMS. The pitot pumping action creates a dynamic head of pressure sufficient to ensure positive

flow from the water separator to the WMS. Water passing through the perforated plate collects on a

rotating conical drum and is fed into the watér trough. The oxygen flow drives the rotating parts of the

separator,

Each water separator mounts an angular velocity transducer, which is a self-generating magnetic pickup ;

that senses the rotation of the separator shaft. The pickup develops a signal whose frequency is con- "

verted to a voltage level with respect to separator rpm, in a signal conditioner unit. A water drain boss (

on each separator drains the cavity between the rotating drum and the outer shell of the unit. Plumbing

attached to each drain boss carries water away fromthis area and dumpsit into a surge (collection) tank

outside the suit circuit.

+

2S trie
te Suit Circuit Regenerative Heat Exchanger. The suit circuit regenerative heat exchangeris of the alumi-

numplate-and-fin type. Heat from the circulating warm coolant is transferred to the oxygen which makes

a single pass through the unit while the coolant makes two passes.

 

Suit Temperature Control Valve. The SUIT TEMP valve is a manually operated diverter valve that con-

trols coolant flow through the suit circuit regenerative heat exchanger. Setting the valve to INCR HOT

increases the temperature; setting it to DECR COLD reduces the temperature.

 

Suit Isolation Valves. (See figure 2. 6-12.) The SUIT ISOL valves are manually operated, two-position,

dual-ball valves. In the SUIT FLOW position, suit circuit gas is directed through the valve into the PGA,

and from the PGA back into the suit circuit. In the SUIT DISC position, the valves keep the gas in the

suit circuit, bypassing the PGA's and preventing flowin either direction between the suit circuit and

PGA's.

 

Setting the valve handle to SUIT FLOW loads a solenoid-operated spring -return mechanism. A signal

from the suit circuit pressure switch energizes the solenoid to release the return mechanism, which

turns the valve to SUIT DISC. The ACTUATOR OVRDlever enables manual release of the return mecha-

nism to the SUIT DISC position. A valve position indicator switch provides a telemetry signal when the

valve is in the SUIT DISC position.

Carbon Dioxide Partial Pressure Sensor. (See figure 2.6-13.) The carbon dioxide partial pressure

sensor, in the suit circuit assembly, is a single-beam, dual-wavelength, filter photometer, with ratio

readout. The sensor operates on the infrared-absorption principle. It measures the amountof infrared

energy absorbed by the carbon dioxide in a gas sample that passes through the sensor, by comparing

transmitted energy of two different wavelengths in the infrared spectrum. (One wavelength is absorbed
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Figure 2.6-12. Suit Isolation Valve - Functional Schematic

(
by carbon dioxide; the other is a reference.) This establishes an amplified ratio signal that is indicated

as a d-c voltage proportional to the partial pressure of carbon dioxide in the gas sample. .

The sensor has two sections: optics and electronics. The optics section has the infrared energy source

(a small tungsten lamp), a collimating lens, a lens that reimages the source on the dual filter, an aper-

ture to fix the source image on the dual filter, and a lens that reimages the chopped and filtered source

image onto the detector target. The electronics section detects and decodesthe signal, computes the

ratio and, then, reads out a continuous d-c voltage proportional to the partial pressure of carbon dioxide

in the gas sample. The sensor provides an electrical signal to the PART PRESS COg indicator and the

CWEA, anda telemetry signal to indicate the carbon dioxide level in the gas supplied to the astronauts.

 

2.6.4.1.2 Suit Liquid Cooling Assembly.

Water-Glycol Heat Exchanger. The water-glycol heat exchanger transfers heat from the warm water

returning from the LCG to the coolant of the HTS. This heat exchangeris of the cross-counterflow,

single-pass water and multipass coolant type.

Liquid Garment Cooling Valve. The LIQUID GARMENT COOLINGvalve is a manually operated diverter

valve that controls water flow to the water-gylcol heat exchanger. Part or all of the water may be manu-

ally diverted around the heat exchangerto provide varying degrees of cooling, depending upon astronaut needs.

 

 

 

Water Accumulator. The water accumulator consists of an aluminum housing, diaphragm, spring,

\ diaphragm piston guide, and diaphragm piston. The system water pressure opposes the spring action in

the accumulator to maintain the correct pressure level in the water loop. The accumulator serves as a

reservoir to make up for system leakage and volumetric changes due to temperature fluctuations.

Water Pump. The water pumpis of the diaphragm type; it circulates water through the suit liquid cool-

ing assembly. A voltage regulator steps down the 28 volts dc to 1612 volts dc for pump operation.
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Figure 2.6-13. Carbon Dioxide Partial Pressure Sensor - Functional Schematic

Suit Water Umbilical Hoses. The water umbilical hoses circulate water between the LCG andthe suit

liquid cooling assembly. The hosesareflexible silicon rubber, covered with Beta cloth.

Multiple Water Connectors. The multiple water connectors are quick-disconnects that connect the water

umbilical hoses to the LCG receptacle on the astronout outer suit. The connectors provide dual flowinto,

and out of, the LCG. Poppet valves minimize leakage during connecting and disconnecting.

Cabin Fan. The cabin fan recirculates cabin atmosphere for ventilation. The fan motor is of the brush-

less, d-c type; it operates on 28 volts de with an input powerof 35 watts average, 110 watts peak. The

fan moves approximately 5 pounds of air per minute at 13,000 rpm. filter, mounted on the ascent en- .

gine cover, removes lunar dust from the cabin atmosphere during ascent from the lunar surface. Oxygen

passes through thefilter, then through a duct to the cabin fan whereit is discharged to the cabin. The fan

permits operation at sea level for checkout purposes. 15-volt d-c input is provided for this purpose.

2.6.4.2 Oxygen Supply and Cabin Pressure Control Section.

2.6.4.2.1 Descent Oxygen Tanks.

Two descent oxygen tanks are located in the descent stage; one each in quads 3 and 4. Each

tank holds 48.01 pounds of oxygen, stored at a pressure of 2,690 psia. Tank No. 2 provides four PLSS re-

fills at 1.60 pounds each, and both tanks provide four cabin prepressurizations at 5.5 pounds each. Fach

tank is filled through a high-pressure fill port, which is capped and lockwired before launch.

2.6.4.2.2 High-Pressure Oxygen Control Assembly. (See figure 2. 6-14.)

The major components of the high-pressure oxygen control assembly are a high-pressure

oxygen regulator, a bypass-oxygen pressure relief valve, an overboard relief valve, and a burst dia-
phragm assembly.

High-Pressure Oxygen Regulator. (See figure 2.6-15.) The internally series redundant high-pressure

oxygen regulator receives high-pressure oxygen from the descent oxygen tank(s) and regulates the pres-

sure to 875 to 960 psia. If the upstream (primary) regulator sensorfails, the valve fails open, permitting ,
the downstream (secondary) regulator to control outlet pressure. Descent oxygen that enters the regulator C

is sensed by the primary sensor. As the pressure builds up inside the sensor, it expands and allows the

primary valve poppet to move towards its seat, regulating the outlet pressure to the secondary regulator.

The secondary regulator operates in the same manner as the primary regulator.

 

Bypass Oxygen Pressure Relief Valve. (See figure 2.6-16.) The bypass oxygen pressure relief valve

protects the descent oxygen tank(s) against overpressurization by bypassing the high-pressure oxygen reg-~-

ulator. The valve fails open if it malfunctions. Pressure acting on the plunger-and-bellows assembly

displaces a belleville spring, causing its inside diameter to increase. This removesthe force exerted by

the belleville spring against the thin-walled tube around the plunger and allows inlet oxygen to vent to the \

ig
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‘ Figure 2. 6-14. High-Pressure Oxygen Control Assembly - Functional Schematic

' ; outlet port. If the relief valve malfunctions (bellows ruptures), oxygen is diverted to the guide chamber,

( causing the guide to close a seal. This places the valve in the failed-open condition and bypassesthe

( oxygen to a secondary(identical) relief valve.

Overboard Relief Valve. (See figure 2.6-17.) The series-redundant overboard relief valve vents oxygen

to ambient when the pressure downstreamof the high-pressure oxygen regulator reaches 1,025 psig. The

valve is fully open at 1,090 psig and reseats at 985psig, at+75°F. System pressure at the first stage re-

. lief valve is not relieved overboard, due to the force of the poppet load spring. System pressure is also

fed to both capsule sensing elements. When system pressure reaches 1,025 psig, the capsule sensing

 

ENVIRONMENTAL CONTROL SUBSYSTEM

Mission LM Basic Date 1 February 1970 Change Date 1 April 1971 Page 2, 6-27

  



LMA7%90- 3- LM

APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

AMBIENT PRESSURE

BELLEVILLE SPRING     

  

 

AMBIENT SEAL

 

OUTLET PRESSURE

 

BELLOWS

SENSING PORT

REGULATED
Dp oiscHarce

me” PRESSURE

FILTER   VALVE POPPET

INLET FROM

DESCENT TANK

Figure 2. 6-15.

A.300LM 4-233

High-Pressure Oxygen Regulator - Functional Schematic
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Figure 2.6-16. Bypass Oxygen Pressure Relief Valve - Functional Schematic
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: : Figure 2.6-17. Overboard Relief Valve - Functional Schematic

elements expand, displacing the fail-safe pistons and exerting a force on the belleville lever springs.

Belleville-lever-spring motion about the fulcrums opens the poppet valves.

 

The relief valve has a fail-open feature. If a capsule sensing element leaks, the oxygen is dumped into

the leakage chamber. This leakage bleeds overboard; however, its flow rate is restricted by a bleed

orifice in the piston. This allows leakage chamber pressure to build up to force the poppet valve open.

As the piston is displaced to its full travel, proof-pressure stops and seals make contact, preventing

further loss of oxygen overboard. The valve can flow from 0 to 50 pounds per hourat an inlet pressure

of 1, 100 psig.

Burst Diaphragm Assembly. (See figure 2. 6-18.) The burst diaphragm assembly opens when the flow

from the descent oxygen tanks(s) exceeds the relieving capability of the overboard relief valve. An aluminum

disk in the inlet port of the burst diaphragm assembly ruptures at a system pressure between 1, 300 and

1,400 psig. System pressure causes the diaphragm support to move away fromthe disk, causing it to

rupture. The disk support poppet opens and vents the descent oxygen tank(s). The diaphragm assembly

permits a minimum flow of approximately 10 pounds per minute. When descent oxygen pressure is reduced

¢ to 1,000 psia, the disk support poppet reseats to maintain sufficient oxygen for one cabin repressurization

( up to 1 hour after disk rupture.

 

2.6.4.2.3 Ascent Oxygen Tanks.

Two identical tanks supply all the oxygen required for metabolic consumption and to compen-

sate for cabin and/or suit circuit leakage, oxygen component leakage, and loss due to cabin puncture,

subsequent to switchover to ascent consumables. Both tanks are in the aft equipment bay. Oxygen flow

from either tank is controlled by individual oxygen shutoff valves on the oxygen control module.
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Figure 2.6-18. Burst Diaphram Assembly - Functional Schematic

2.6.4.2.4 Oxygen Filters.

Filters at the inlets to the oxygen control module and the PLSS disconnect remove particu-

late matter from the oxygen. Filtering capability is 18 microns nominal and 40 microns absolute.

2.6.4.2.5 Oxygen Control Module. (See figure 2. 6-2.) (

The oxygen control module is mounted on the suit circuit package located to the right rear

of the LM Pilot's station. It consists of a cast housing that contains filters, a PLSS oxygen shutoff (PLSS *

FILL) valve, descent and ascent oxygen shutoff (DES O9, #1 ASC Og, #2 ASC Og) valves, oxygen demand

regulators (PRESS REG A and PRESS REGB)valves, anda cabin repressurization and emergency oxygen
(CABIN REPRESS) valve. An interlock prevents opening the ascent oxygen shutoff valves until the descent

oxygen shutoff valve is closed.

PLSS and Oxygen Tank Shutoff Valves. Four positive-action, manually operated shutoff valves control

oxygen flow into the oxygen control module. Rotating the valve handle to OPEN displaces a spring-loaded

seal. The valves have detents in the OPEN and CLOSE positions; mechanical stops on the handle prevent

 

E overtravel. (An additional PLSS FILL valve, installed in the cabin, is used for the high pressure PLSS

fill line from the second descent stage oxygen tank. It is not part of the oxygen control module.

Oxygen Demand Regulators. (See figure 2.6-19.) The PRESS REG A and PRESS REG valves, in paral-

lel, regulate oxygen from the tanksto the suit circuit. Both regulators are manually controlled by individ-
ual four-position selector handles. Suit circuit pressure is fed back to an aneroid bellowsthat actuates

a poppet. Rotating the valve handle to CABIN or EGRESS changesthe spring force acting on the poppet and

establishes two outlet pressure levels.

Selecting the DIRECT O2 position, fully opens the valve. With an upstream pressure of 900 psia and a

temperature of +70°F, one regulator can flow approximately 7.0 pounds per hour into the suit circuit. In ‘

the CLOSE position, an auxiliary poppet stops all flow through the regulator. Each regulator has a valve (
position indicator (VPI) switch, and a functional switch which controls electrical circuits in the ECS.

Cabin Repressurization and Emergency Oxygen Valve. (See figure 2.6-20.) The CABIN REPRESSvalveis

a solenoid-operated valve with manual override (MANUAL and CLOSEpositions). It is used to repres-

surize the cabin after a deliberate decompression and provides an emergency flow of oxygen if the cabin is

punctured. If the cabin is punctured and the diameter of the hole does not exceed 0.5 inch, the valve can
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maintain cabin pressure at 3.5 psia for at least 2 minutes, allowing the astronauts to return to a closed-
suit environment. The valve is controlled by a three-position handle on the oxygen control module.

When the AUTO position is selected, valve operation is controlled by the solenoid, which is actuated by
the cabin pressure switch. If cabin pressure drops below normal, the cabin pressure switch energizes
the solenoid. This moves the valve yoke to open the inlet valve and permits oxygen in the manifold to flow
through the valve into the cabin. If cabin pressure increases to normal, the cabin pressure switch de-
energizes the solenoid and spring action closes the valve. When supplied by the descent oxygen tank(s),
flow is 4 pounds per minute maximum; when supplied by the ascent tanks, 8 pounds per minute at 700 psia.
When the MANUALposition is selected, the handle shaft actuates a cam that moves the yoke to open the
inlet valve and establish flow to the cabin. In the CLOSE position, an auxiliary poppet is forced onto its
seat, shutting off the flow.

2.6.4.2.6 Cabin Relief and Dump Valves. (See figure 2. 6-21.)

A cabin relief and dump valve is installed in each hatch. The valve has a differential -pres-
sure, servo-actuated poppet valve that prevents cabin overpressurization and permits deliberate (manual)
dumping of cabin pressure. Each valve is controlled with either of two handles: one, inside the cabin;
the other, outside. The inside handles can be usedto select three positions (DUMP, AUTO, or CLOSE).
The outside handles have only a DUMPposition. A bacteria filter mounts on the forward cabin relief and
dump valve. Pressure transducers associated with each valve provide a telemetry signal to indicate when
the valves are relieving cabin pressure.

Normally, the cabin relief and dump valves are set to AUTO. In this position, the valves
are operated by the servo valve. One side of the servo valve diaphragm is exposed to cabin pressure; the
other side is vented overboard. When the cabin-to-ambient pressure differential reaches approximately
5.4 psi, the servo valve diaphragm overcomes the servo spring pressure and unseats the servo valve.
This vents the spring side of the main poppet to ambient and causes a lower pressure. Cabin pressure on’
the main poppet overcomesthe force of the main poppet spring and opensthe valve. Oxygen is vented
overboard and cabin pressure is reduced to an acceptable value. When the pressure differential is 5.8
psi, one fully open dump valve can dump 11.1 pounds of oxygen per minute overboard. Whenthe valve
handle inside the cabin is set to AUTO, the valve can be opened manually from outside.

Setting the internal handle to DUMP unseats the poppet. Each valve can dump the cabin
pressure from 5.0 to 0.08 psia in 180 seconds without cabin oxygen inflow. Setting the handle to CLOSE
prevents the valve from opening at normal pressures, if the servo valvefails.

2.6.4.2.7 Cabin Pressure Switch.

The cabin pressure switch monitors cabin pressure and enables electrical signals to con-
trol related ECS functions. The switch is an absolute-pressure device that consists of three separate
hermetically sealed microswitch capsules. The capsules are set to provide switch closure when cabin
pressure decays to 3.7 to 4.45 psia during pressurized-cabin operation. If this occurs, the SUIT GAS
DIVERTERvalve closes, the CABIN REPRESSvalve opens, and the CABIN warning light goes on.
ireasing cabin pressure to 4.40 to 5.0 psia opens the cabin pressure switch circuits, closes the CABIN
KEPRESS valve, and deenergizes the CABIN warninglight.
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( Figure 2,6-21. Cabin Relief and Dump Valve - Functional Schematic

2.6.4.3 Water Management Section.

 

2.6.4.3.1 Descent Stage Water Tanks.

Each descent stage water tank is aluminum with an internally mounted standpipe and bladder. Jj

The bladder contains the water; the space between the tank and bladder is charged with nitrogen according
to a schedule dependent on the load (48.2 psia maximum at +80° F), The nitrogen squeezes the water out
of the bladder through the standpipe and into the system. The tank outlet is connected to the water control

module. Water from the descent water tank is routed through the WATER TANK SELECTvalveby setting
it to DES. The two tanks areinterconnected upstream of the interstage umbilical guillotine. Check valves

at each tank outlet prevent backflow of water from one tank into the other.

Descent Water Valve. The descent water (DES H20) valve is a manually operated, poppet-type shutoff

valve. The valve has OPEN and CLOSEpositions. In the OPEN position, the valve provides high-

pressure water flow from the descent tank(s) to the water dispenser.

2.6.4.3.2 Ascent Stage Water Tanks.

‘ The ascent stage water tanks are in the overhead unpressurized portion of the cabin. They

are similar to the descent stage water tank(s) but are smaller. An initial nitrogen charge of 48.2 psia

at +80° F is used in each ascent and descent tank. The tank outlets are connected to the water control

module. Water from the ascent water tanks is routed through the WATER TANK SELECTvalve by setting

it to ASC.

Ascent Water Valve, The ascent water (ASC H90) valve, at the top of the water control module, is a

manually operated, poppet-type shutoff valve. The valve has OPEN and CLOSE positions. In the OPEN
position, the valve provides high-pressure water flow from the ascent tank No. 1 to the water dispenser.

Nae
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M@ 2.6.4.3.3 Water Control Module. (See figure 2.6-2.)

The manual controls of the WMS are grouped together on the water control module. The

module consists ofacast aluminum manifold in which check valves, shutoff valves, a water tank selector

valve, and water pressure regulators are mounted. All the interconnecting passages, and brackets to

mount and support the foregoing components as well as to mount the assembly itself, are an integral part

of the cast housing of the module. Each water tank outlet is connected to the module, which diverts the

water to selected flow paths.

 

Check Valves. There are five check valves in the water control module: one in each tank feed line, and

one in each discharge line from the ARS water separators. The check valves prevent water flow from the

module to the water tanks and water separators. One other check valve is in the descent HO line, exter-

nal to the water module. (For LM 10 and subsequent, two additional check valves are provided, one at

each descent stage water tank outlet.)

Water Tank Selector Valve. (See figure 2.6-22.) The WATER TANK SELECTvalve is a manually oper-

ated, three-position, two-spool valve. The two spools (primary and secondary), linked to the valve

handle, rearrange the internal ports to establish proper flow paths. The valve has DES, ASC, and SEC

positions.

 

In the DESposition, the primary spool establishes a flow path between the descent water tank(s) and the

primary water manifold. In the ASC position, the primary spool establishes a flow path between the

ascent tanks and the primary water manifold. When the valve handle is moved to the SEC position, the

secondary spool is moved diverting flow from the ARS water separators to the secondary manifold and

routing water from the ascent water tanks to the secondary manifold.

 

Water Pressure Regulators. (See figure 2.6-23.) Four water pressure regulators are in the WMS. Two

are in series in the primary manifold, one is in the secondary manifold and oneis in the water pressure

regulator module, external to the water module. The regulators contain a spring-loaded diaphragmthat

senses the differential between ARS reference pressure and the downstream water pressure. The dia-

phragm movesa balanced lever attached to a metering poppet. The water discharge pressure is main-

tained to 0.5 to 1.0 psi above the reference pressure.

(

Primary Evaproator Flow Valve No. 1. The PRI EVAP FLOW #1 valve is a manually operated, poppet-

type Shutoff valve. It has OPEN and CLOSEpositions. In the OPEN position, the valve allows flow from

the ascent or descent water tanks, through the primary regulators, to the primary sublimator.

 

 

Primary Evaporator Flow Valve No. 2. The PRI EVAP FLOW #2 valve is a manually operated, poppet-

type shutoff valve. It has OPEN and CLOSEpositions. In the OPEN position, the valve acts as backup to

the PRI EVAP FLOW #1 valve to provide ascent tank water from the secondary water manifold to the

primary sublimator.

 

Secondary Evaporator Flow Valve. The SEC EVAP FLOW valve is a manually operated, poppet-type

shutoff valve. It has OPEN and CLOSEpositions. The valve controls water flow from the secondary

water manifold to the secondary sublimator and to the suit circuit sublimator.

 

 

Water Pressure Regulator Module. The water pressure regulator module consists of a pressure reculator

and a manifold. The module is in the secondary watercircuit, downstream and in series with the sec-

ondary water pressure regulator in the water control module.

 

2.6.4.4 Heat Transport Section.

2.6.4.4.1 Coolant Accumulator. \

The coolant accumulator consists of a two-piece aluminum cylinder that contains a movable

spring-loaded piston bonded to a diaphragm. The fluid-side contains approximately 46 cubic inches (maxi-

mum)of fluid under pressure. The pressure varies, directly with fluid level, from 5.6 psia at 5%level to

8.0 psia at 80% level. The accumulator maintains a head ot pressure on the glycol pump inlets to prevent

cavitation and replaces coolant lost through subsystem leakage. The piston moves in response to volu-

metric changes caused by temperature variations in the primary loop or by leakage. The accumulator

spring side is vented to space. There is one accumulatorin the primary loop and anidentical one in the .

secondaryloop. L
sh
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Figure 2.6-22. Water Tank Selector Valve - Functional Schematic
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Figure 2.6-23, Water Pressure Regulator - Functional Schematic

The accumulators have a low-level sensor with a switch that trips when only 10+5% of the .

coolant volume remains. The switch is mounted on top of the accumulator. A tube extending fromthe

top of the accumulator, houses a rod attached to the piston. The switch provides a telemetry signal.

2.6.4.4.2 Coolant Filters.

The primary coolant filter has a filtering capability of 35 microns absolute. It has a pres-

sure relief bypass that opens at 0.27 to 0.4 psid to maintain coolantflowto the pumpsif the filter becomes

clogged. The secondary coolantfilter has a filtering capability of 45 microns absolute. It also has an

integral pressure relief valve, which opens at 0.8 to 1.0 psid to maintain coolant flow to the secondary

pumpif the filter becomes clogged.

2.6.4.4.3 Coolant Pumps.

The three coolant pumps are identical. Two pumps are connected in the primary loop; the

third pump in the secondary loop. The pumps areof the sliding-vane, positive-displacement type; they

are driven by 28-volt d-c brushless motors. The motors are of wet or submerged design and are cooled

by the recirculating coolant.

With a fixed system configuration, pump speeds vary with changes in coolant temperature ‘

and pumpinput voltages. Asa result, system coolant flow rates may vary from 4.4 to 5.4 pounds per (

hour, causing a primary pump pressure rise of 12 to 25 psi and secondary pumppressurerise of 8 to 18

psi. Pump inlet pressure varies from 5 to 8 psia, depending on accumulator level.
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2.6.4.4,4 Suit Temperature Control Valve.

The SUIT TEMP valve is a manually operated diverter valve. The amount of warm coolant

flowing through the suit circuit regenerative heat exchanger is regulated by the handle, which can be

turned from HOT to COLD.

2.6.4.4.5 Sublimators.

The porous-plate-type sublimators (one in the primary loop and another in the secondary

loop) are identical, except that the primary sublimator has a larger capacity. Each sublimator has a

coolant inlet and outlet, a water inlet, and a steam outlet. Water makes one pass through the

unit; coolant makes six passes through the primary sublimator and four passes through the sec-

ondary sublimator. For proper sublimator operation, water pressure must exceed 4.0 psia but must be

less than 6.5 psia. However, the primary sublimator can withstand a transient fluctuation to 10. 6 psia

during the suit pressure integrity test, for a period of 5 minutes. The water pressure must also be less

than the suit circuit static pressure plus the head pressure from the water separatorsto the sublimator.

The unit rejects heat to space by sublimation of ice. Water from the WMS flows through

the water passages, into the porous plates, and is exposed to space environment. The vacuum pressure

is below the triple point of water; this causes an ice layer to develop within the pores and on the inner

surface of the plates. As the hot coolant flows through the sublimator passages, heat transfers from the

 

ENVIRONMENTAL CONTROL SUBSYSTEM
Mission LM Basic Date 1 February 1970 Change Date 1 April 1970 Page 2.6-37 #



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

coolant to the water and to the ice layer. The ice sublimates from the solid state to steam without pass- (

ing through a liquid state, rejecting its heat load overboard through a duct. The thickness of the ice ,

layer varies with the heat load imposed on the sublimator, res: !ting in a regulated output temperature

over a range of input temperatures.

If the heat load entering the sublimator drops below its low limit, the ice layer expands and

may completely fill the water passages. The expanding ice layer may rupture the sublimator. If the

heat load is too high, the ice layer melts. If the water pressure is too high, a breakthrough of the ice

layer may occur, forcing water through the porousplates. In these cases, heat rejection by the sub-

limator is greatly reduced because ice is not sublimated. Water consumption is excessive because there

is no restraining ice layer.
  

2.6.4.4.6 Flat Cold Plates and Cold Rails.

Electronic equipment that requires active temperature control is cooled by cold plates and

cold rails. Most cold plates are installed between electronic equipment and the LM structure in a manner

that minimizes heat transfer from the structure to the coolant, to avoid a reduction of the coolant cooling

capacity. The surrounding structure and equipment may have a temperature range of 0° to +160° F.° The

remaining flat cold plates are installed directly on the electronic equipment without making contact with

the LM structure. Cold rails are used in the aft equipment bay, in the descent stage and in the DSEA.

The IMU has an integral cooling circuit. Cold plates and cold rails for equipment essential for mission

abort have two independent coolant passages, one for the primary loop and one for the secondary loop.

 

The flat cold plates are brazed assemblies with inlet and outlet fittings. The coolant flows

between two parallel sheets, which are connected by fins for increased heat transfer and structural

strength. The internal fin arrangement of the cold plates ensures sufficient flow distribution.

The cold rails are channel-and-tube type extrusions; the tubular part forms the inside

center of the channel. The tube has fins and, at the ends, coolantinlet and outlet fittings. The cold

rails are installed in a parallel arrangement, with equal space between the rails to accommodate equip- ~

ment designed for mounting on cold rails. Each cold rail (except the first and the last one) cools two (

adjacent rows of equipment.

To increase heat transfer in a space environment, an interface material is used between the

electronic equipment (except the DSEA) and the cold plates or cold rails. The interface material (sili-

cone rubber with an aluminum oxide additive) is applied in liquid form to the equipment surface before

installation and is vulcanized at room temperature after the equipment is mounted. Electronic replace-

able assemblies can be installed on, and removed from, their cold plates or cold rails without disturbing

the coolant circuit. Repeated removal and installation requires removal of old, and application of new,

interface material. The IMU has flexible line connections and quick-disconnects to facilitate IMU re-

placement, if required.

 

2.6.5 PERFORMANCE AND DESIGN DATA.

The performance and design data for the ARS, OSCPS, WMS, and HTS are given in

table 2. 6-1.

Table 2.6-1. Environmental Control Subsystem - Performance and Design Data

 

Atmosphere revitalization section

Oxygen partial pressure in atmosphere 160 mm Hga (minimum)

breathed by astronauts

Carbon dioxide partial pressurein 6.75 mm Hga (maximum)

atmosphere delivered to astronauts

Cabin pressure 4,810.2 psia (normal, steady-state)

i   
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Table 2.6-1. Environmental Control Subsystem - Performance and Design Data (cont)

 

Atmosphere revitalization section (cont)

Suit circuit pressure

Cabin mode

Egress mode

Minimum

Maximum

During EMU checkout (measured
downstream of PGA's)

LiOH dust concentration in atmosphere

delivered to astronauts

Leakage

ARSexternal leakage (with CO9 and
odor removal canister closed, ex-

clusive of PGA's)

Suit (one man)

Suit inlet temperature range

Gas cooled mode

Liquid cooled mode

Cabin temperature

Relative humidity

Suit circuit fan flow

LCG flow

Oxygen supply and cabin pressure control section

 
Suit pressure increase

Cabin repressurization and emergency

oxygen valve delivery rate

Descent mode

Ascent mode

PLSS refill

4.8+0.2 psia (may exceed 5.0 psia during
powered flight)

3,840.2 psia (4.7 psia maximum during
poweredflight)

3.5 psia

9.6 psia and 5.0 psia (with one oxygen
demand regulator failed open)

8.7 psia (3.7 psig) for 5 minutes

0,02 mg per cubic meter (maximum)

0,01 pound per hour (maximum) at
3.7-psia suit pressure with cabin
unpressurized

0.035 pound per hour (maximum) with
cabin unpressurized

With SUIT TEMP valve in full COLD
position, temperature ranges from +38°

to +65° F; in full HOT position, from
442° to +100°F, Under certain maximum

operating conditions suit inlet temperature

may exceed +100°F. :

Within 7° F of HTS glycol temperature at
liquid circuit cooling packageinlet.

+55° to +90°F,

40% to 80%

At 4,8 psia - 36.0 pounds per hour (minimum)

At 3.8 psia - 28.4 pounds per hour (minimum)

At 5.65 psid - 4.0 pounds per minute (nom)

(1.9 pounds per minute minimum

each suit)

First 1-psi increase may occurin less

than 1 second. Each succeeding 1-psi

increase occurs in not less than 8 seconds.

4 pounds per minute (maximum)

8 pounds per minute at 700 psia

1.60 pound/refill at 1430 psia
Can onlybe partially filled at lower

pressures  
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Table 2.6-1. Environmental Control Subsystem - Performance and Design Data (cont)

 

Oxygen supply and cabin pressure control section (cont)

Oxygen regulator flow capability Oxygen regulators are capable of sufficient

flow to maintain minimum suit circuit pres-

sure of 3.5 psia with SUIT CIRCUIT RELIEF
valve failed open and with 550 psia and +130° F

at oxygen control moduleinlet.  

 

a Cabin volume 195 cubic feet

Oxygenfilter efficiency 40 microns absolute

Cabin-to-ambient pressure differential 5.8 psi (maximum) steadystate

Manual cabin pressure dump rate One dumpvalve from 5.0 psia down to 0.08

(without oxygen inflow) psia in 180 seconds. Both valves in 90 sec~

onds.

a Number of cabin repressurizatic: 4 at 5.5 pounds each

Cabin repressurization time = 2 minutes

Cabin pressure switch settings When cabin pressure drops to 3.7 to 4.45

psia, contacts close

When cabin pressure increases 4.40 to 5,0

psia, contacts open

a Descent oxygen tanks (

i Capacity 48.01 pounds (each tank) at 2690 psia and .

+709 F (residual oxygen: 0.84 pound, each

tank at 50 psia and +70° F)

Burst pressure 4,500 psi

 

Ascent oxygen tanks

 

I Capacity 2.43 pounds (each tank) at 840 psia and
70°F (residual oxygen: 0.14 pounds, each
tank, at 50 psia and +70° F)

Burst pressure 1,500 psia

~ Gaseous oxygen pressures and
temperatures

+60 :
Normal pressure (regulated) 900 _o5 PSia

Normal pressure (unregulated) 50 to 960 psia

Maximumpressure 1,100 psia

Normal temperature 0° to +160° F (

Leakage

Oxygen supply components Total external leakage of ali oxygen supply

components, under maximum operating

pressures, does not exceed 0.010 pound

per hour of oxygen.   
 

 

 

ENVIRONMENTAL CONTROL SUBSYSTEM

@ Page 2.6-40 Mission LM Basic Date 1 February 1970 Change Date 1 April 1971



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

oe SUBSYSTEMS DATA

 

Table 2.6-1. Environmental Control Subsystem - Performance and Design Data (cont)

 

Oxygen supply and cabin pressure control section (cont)

Leakage (cont)

0.005 pound per hour (maximum) for each
valve, up to 5.25 psid

Cabin relief and dump valve

 

Cabin 0.2 pound per hour (maximum)at 5.0 psia
and +75° F

Bypass relief valve

Full flow pressure 3,030 psig (minimum) at +75° F

Cracking pressure 2,875 psig (maximum) at +75° F

Reseat pressure 2,850 psig (minimum) at +75° F

Overboard relief valve

Full flow pressure 1,090 psig (maximum) at 75° F

Cracking pressure 1,025 psig (minimum) at +75° F

Reseat pressure 985 psig (minimum) at 415° F

High-pressure regulator

Outlet pressure with primary and

‘ secondary regulators operating
( normally

Normal downstream regulated pressure (psig)

wan Temp Minimum
wees (°F) Pressure

75 875

Temp Minimum

(°F) Pressure

75 875

At inlet pressure of 1,100 to 3,000 psig

and flow of 0.1 to 4.0 pounds per hour, and
inlet pressure of 975 to 1,100 psig and flow

of 0.1 pound per hour will regulate to:

Maximum

Pressure

960

Downstream regulated pressure with failed-open primary regulator (psig)

Maximum

Pressure

960

os Downstream regulated pressure with failed open secondaryregulator(psig)

   Temp Minimum Maximum
(° F) Pressure Pressure

73 875 960

( Water management section

. Descent water tanks

Capacity 333 pounds (each tank) at 0.75 fill ratio

Initial fill pressure 48.2 psia (maximum)at +80° F

Residual 6.66 pounds (each tank)

, Pressure upon expulsion of all 11.0 psia (minimum) at +35° F
\ expellable water
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Table 2.6-1. Environmental Control Subsystem - Performance and Design Data (cont)

 

   

Water management section (cont)

Ascent water tanks

Capacity

Initial fill pressure

Residual

Pressure upon expulsion of all

expellable water

External leakage

Normal mode (exclusive of

sublimator in HTS primaryloop)

Redundant mode (exclusive of

sublimator in HTS secondary

loop)

Sublimator in HTS primaryloop

Sublimutor in HTS secondary

loop

External-to-internal leakage ground

service disconnects

Pressure regulator discharge

pressure

PLSS refill (each)

Heat transport section

Coolant

Coolant slush point

External leakage

Primary coolant loop

Secondary coolant loop

Coolant pumprated flow

42.5 pounds (each tank) at 0.75 fill ratio

48.2 psia (maximum) at +80° F

0.85 pounds (each tank)

11.0 psia (minimum) at +35° F

0,700 ce/hr of water (maximum) at
50 psid and +70° F

0.350 cce/hr of water (maximum) at
50 psid and +70° F

0.090 cchr of water (maximum

combined) at 6.5 psid and +70° F

0,090 ce/hr of water at 6.35 psid and

+70° F
2

1x 10~ see/hrof helium (maximum

each) at internal pressure of 500 microns

and in helium ambient of 14.7 psia and

+70° F

0.5 to 1,0 psi above ARS gas pressure

9,15 pounds of water

Solution of ethylene glycol and water

(35% and 65%, respectively, by weight)

with inhibitors (triethanolamino

phosphate, to prevent decomposition;

sodium merecaptobenzothiozol, to prevent

electrolytic corrosion)

Approximately 35 pounds of coolant is

used in HTS.

-3° F

-2
1.12 x 10 ~ ce/sec of helium (maximum)

at 45 psid and +70° F

1.0.x 10° ce/sec of helium (maximum)
at 45 psid and +70° F

222 pounds per hour minimum at +40° F

and 30 psid and 28-vde input
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( Table 2.6-1. Environmental Control Subsystem - Performance and Design Data (cont)

 

Heat transport section (cont)

Coolant pump bypass relief valve

 

Cracking pressure 35 psi (minimum)

Full open pressure 40 psi (maximum) |

Reseat pressure 1 psiless than cracking pressure

Coolant temperatures +29° to +120° F

Vacuumfill requirements HTS withstands internal pressure of

500 microns in sea-level ambient

pressure environment.

Primary and secondarycoolant

 

filters

Efficiency 35 microns absolute for primary

45 microns absolute for secondary

Bypass valve maximum cracking pressure 0.4 psid for primary

1.0 psid for secondary

Coolant flow

Primary coolant loop 222 pounds per hour (minimum)

Secondary coolant loop 222 pounds per hour (minimum)

( Cold plates/cold rails

Coolant inlet operating +32° to +100° F .

temperature

aes Coolant inlet operating pressure 5 to 45 psia

Coolant inlet operating flow 12 to 85 pounds per hour, depending on cold
rail/cold plate size and heat transfer
requirements   
 

2.6.6 OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the ECS are as follows:

e The suit fans and cabin fan must be operated at a reduced voltage of 12 to 15 volts de

in earth ambient pressure, to prevent damage to the motors.

e The glycol pumps must be operating before water from the WMS or water separators

is permitted to flow to the sublimators. Sublimators require minimum heatload to

prevent freeze -up.

\ e The HTS mustbe stabilized at operating temperatures before IMU or LM guidance

, computer operation, to prevent erroneous and changing operation during temperature

cycling resulting in invalid outputs.

e One suit fan must be on when the astronauts are on LM ECS; otherwise, atmosphere

will not be reconditioned, leading to possible loss of consciousness.
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e The LiOH cartridge of the primary canister must be replaced with a new cartridge (
when carbon dioxide ».:rtial pressure, as indicated on the PART PRESS COindicator,

z reaches 7.6 mm Hg.

e The cabin fan must be turned off manually when cabin pressure drops below 3.0 psia

{in cabin mode); otherwise, it may be damaged.

e A minimum total heat load of 800 Btu/hr must be maintained when the primary water

feed is on; otherwise, the sublimator may freeze and rupture, rendering the primary
coolant loop inoperative. The heat loads result from crew activity, LiOH reaction,
structural load, and equipment andbattery heat loads.

  
e The temperature of the coolant flow to temperature-critical electronics must not

exceed +50° F. Overheating may result and lead to degraded performanceof critical
equipment.

i e Nominally, minimum total heat load of 755 Btu/hr must be maintained when the

secondary water feed is on; otherwise, the sublimator may freeze and rupture,

rendering the HTS inoperative. During off-nominal or contingency situations,

the minimum heat load is 140 Btu/hr for continuous operation.
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2.7 COMMUNICATIONS SUBSYSTEM.
 

2.7.1 INTRODUCTION

The Communications Subsystem (CS) provides inflight and lunar surface communications

links between the LM, CSM, and the Manned Space Flight Network (MSFN), and between the LM and

extravehicular astronaut (EVA). When the LM is on the lunar surface and both astronauts are outside the

LM, the LM relays communications between the astronauts and MSFN. Whenthe astronauts are in the

lunar roving vehicle (LRV), the Lunar Communications Relay Unit (LCRU) mounted on the LRVis the i

communications relay. The following types of information can be handled by the Cs.

e

 

S-band tracking and ranging

e Transponding of VHF ranging signals

e@ Voice (LM-EVA, LM-CSM, or LM-MSFN)

e PCM telemetry (LM status)

e Astronaut biomedical data

e LGC update (up data)

e Emergency key (Morse code)

e Television E

e EVA-LM Extravehicular Communications System (EVCS) data I

e LM-CSM telemetry data (for retransmission to MSFN)

In flight, when the LMis separated from the CSM and both vehicles are on the earth side of @

the moon, the CS provides S-band communications with MSFN, and VHF communications with the CSM.

When the LM and CSMare on the far side of the moon and communication with MSFN is impossible, the

CS provides VHF communications with the CSM.

 

In-flight S-band communications between the LM and MSFN while the LM is on the earth side

of the moon, include voice, digital uplink signals, and ranging code signals from MSFN. The LM S-band

equipment transmits voice, acts as transponder to the ranging code signals, transmits biomedical and

systems telemetry data, and provides a voice backup capability and an emergency key capability.

In-flight VHF communications between the LM and CSM while they are on the earth side of

the moon include voice, backup voice, and tracking and ranging signals. Normal LM-CSMvoice com-

munications use VHF channel A simplex. Backup voice communication is accomplished with VHF channel

B simplex. VHF ranging, initiated by the CSM, uses VHF channels A and B duplex.

When the LM and CSM are behind the moon and communication with MSFN is impossible,

VHF channel A is used for simplex LM-CSMvoice communications. VHF channel B is used as a one-way

data link to transmit system telemetry signals from the LM, to be recorded and stored by the CSM.

When the CSMestablishes S-band contact with MSFN, the stored data are transmitted by the CSM at 32

times the recording speed.

When the LM is on the lunar surface, the CS provides S-band communications with MSFNand

VHF communications with the EVA. The LMrelays VHF signals to MSFN, using the S-band. Communi-

cations with the CSM may be accomplished by using MSFN asa relay. LM-MSFNS-band capabilities are

the same as in-flight capabilities, except that, in addition, TV may be transmitted from the lunar surface

in an FM mode.
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Figure 2.7-1. Communications Subsystem - Interface Diagram

2.7.2 SUBSYSTEM INTERFACES. (See figure 2. 7-1.)

The CS interfaces with the Electrical Power Subsystem (EPS) for primary a-c and d-c

power. D-C operating power (28 volts) is supplied to the CS from the Commander's and LM Pilot's d-c

buses; a-c power (115 volts, 400 cps), from a-c bus B. Redundant CS operating equipment is connected

to separate d-c buses, thereby assuring an operational status if either primary d-c bus becomesin-

operative.

Telemetry data are routed to the CS from the Instrumentation Subsystem(IS) in nonreturn-

to-zero (NRZ) form at a high or low bit rate. These data are fed through the S-band network for trans-

mission to MSFN. Whenline of sight with MSFN is lost, these data are fed through VHF transmitter B

  

 

COMMUNICATIONS SUBSYSTEM

Page 2.72 Mission LM Basic Date 1 February 1970 Change Date
 



  

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA
 

to the CSM, but VHF B uses only low-bit, split-phase data format. The IS supplies two 512-kc signals

to the premodulation processor (PMP), a part of the signal-processor assembly (SPA). One signal is
the 512-ke sync signal from the timing electronics equipment (TE), a part of the pulse-code-modulation

and timing electronics assembly (PCMTEA). This signal is used for subsequent generation of the 1.25-

mc subcarrier. The other signal is the 512-ke subcarrier timing reference signal from the PCMTEA,

which is used to generate the 1.024-mc subcarrier. The data storage electronics assembly (DSEA)of

the IS provides a voice-recording capability, receiving its input from either audio center's intercom-

munications system (ICS) bus.

The Commander's and LM Pilot's attitude controller assemblies (ACA's) of the Guidance,

Navigation, and Control Subsystem (GN&CS) each have a push-to-talk (PTT) switch for enabling the SPA

audio centers, permitting voice communications. A PTT pushbutton on each astronaut's electri-
cal umbilical also enables the SPA audio centers, permitting voice communications. These PTT push-

buttons also provide an enabling signal for the PMP in the SPA if emergency key mode is selected.

Voice signals are generated and received in the astronaut's communications carrier (head-
set) and are wired to the SPA for appropriate routing. Biomedical sensors in the astronaut's pressure

garment assembly (PGA) continuously generate electrical analogs pertinent to heart beat. This signal

is fed directly to the PMP for processing and subsequent transmission to MSFN.

2.7.3 FUNCTIONAL DESCRIPTION. (See figure 2. 7-2.)

2.7.3.1 General.

The CS includes all S-band, VHF, and signal-processing equipment necessary to

transmit and receive voice, and tracking and ranging data, and to transmit telemetry and emer-

gency keying. Voice communications between the LM and MSFN are provided by the S-band

transmitter-receiver assemblies, and between the LM and CSM by VHF transmitter-receiver

assemblies. Telemetry data are transmitted to MSFN via S-band, which also provides MSFN-+LM

ranging and tracking functions. VHF provides ranging and tracking functions between the CSM

and the LM. The communications links provided by the CS, and their functions, are listed in

table 2. 7-1.

A digital uplink assembly (DUA) updates the LM guidance computer (LGC). It receives

data from the S-band transmitter-receiver in a serial digital format, decodes the data, and transfers

the decoded data to the LGC. The DUA also provides S-bank uplink voice backup capability if the S-band

demodulatorcircuits in the PMPfail.

The ranging tone transfer assembly (RTTA) acts as a transponder to allow CSM- LM

ranging. The RTTA is used with the VHF transceivers.

2.7.3.2 Power Distribution.

The CS receives primary electrical power from the EPS: d-c power from the Com-

mander's and LM Pilot's d-c buses; a-c power, from a-c bus B. The normal d-c voltage

requirement for all major CS assemblies is 28 volts, two-wire, negative ground. The required

steady-state d-c range is 25 to 31.5 volts; the off-nominal range, 20 to 32 volts for periods not

exceeding 5 seconds. The CS requires 115-volt, 400-cps a-c power for the S-band steerable

antenna electronics package. All operating power is supplied to the CS through circuit breakers.

Figure 2.7-3 shows all EPS circuit breakers relevant to the CS, major CS assemblies, and

related power switches (panel 12).
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Table 2.7-1. Communications Links

 

 

 

Link Mode Band Purpose

MSFN-LM-~MSFN Pseudorandom noise S-band Rangin, and tracking by
MSFN

LM-MSFN Voice S-band In-flight communications

LM-CSM Voice VHF simplex In-flight communications

CSM-LM-MSFN Voice VHF and S-band Conference (with LM as

LM-CSM

C-M-LM-CS5M

MSFN-LM

MSFN-LM

LM-MSFN

LM-MSFN-CSM

EVA-LM-EVA

EVA-LM-MSFN  

Low-bit-rate telemetry

Ranging

Voice

Uplink data or uplink voice backup

Biomed-PCMtelemetry

Voice

Voice and data; voice

Voice and data  

VHF (one way)

VHF duplex

S-band

S-band

S-band

S-band

VHF duplex

VHF, S-band  

relay)

CSMrecord and retrans-
mit to earth

Ranging by CSM

In-flight communications

Update LGC or voice

backup for in-flight

communications

Trans mission of biomed

and vehicle status data

Conference (with earth

as relay)

EVA direct communica-
tion

Conference (with LM as

relay)

 

 

 

 

CSM-MSFN- Voice and data S-band, VHF Conference (via MSFN-

LM-EVA LMrelay)

2.7.3.3 Voice Operation,

All voice communications are accomplished through the astronaut's microphone and headset

equipment. Voice communication is used between the LM and the CSM; between the LM and MSFN;

between the LM, CSM, and MSFN (conference); and between the astronauts. (See figure 2.7-4.) Each
astronaut has an audio center subassembly (part of the SPA), which serves as the common acquisition .

and distribution center for his voice communications. Each astronaut controls audio volume to his head- rf

set with his VOLUME thumbwheels (panel 8 or 12). Depending on the selected mode of operation, voice .

is transmitted to MSFN or the CSM, or stored on tape in the DSEA. Voice transmission is initiated with

the PTT switches or the voice-operated relay (VOX) circuit. In addition, a hot-microphone capability

exists for intercomonly.
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Figure 2.7-4. In-Flight Communications >

 

2.7.3.4 Data Operations.

Transducers sense physical data from all subsystems and convert the data into electrical

outputs acceptable to the IS. The data are transmitted to MSFN, in pulse-code-modulation (PCM) form.
Biomedical (biomed) analog data from sensors wornby the astronauts are also transmitted to MSFN.

The IS processes signals supplied by the transducers, converts them to digital form, and
routes them serially to the CS for transmission to MSFN or the CSM. These data, in PCM form, are

transmitted at one of two data rates: 51.2 kilobits per second (high bit rate) or 1.6 kilobits per second

(low bit rate). Transmission to MSFN is accomplished via the S-band FM or PM transmitters at either

data rate. (See figure 2.7-4.) The PCM data are also transmitted, at the low bit rate only, to the CSM

via the 259. 7-mc transmitter in the CS during loss of LOS between the LM and MSFN. The CSM records
these data for subsequent retransmission to MSFN.

 

2.7.3.5 Ranging and Tracking.
‘
\ LM S-band ranging and tracking equipment enables MSFN to determine accurately, by tri-

angulation, the angular position and range of the LM with respect to earth. In addition, VHF ranging

equipment enables the CSM to determine accurately the range and range rate of the LM with respect to
the CSM.

The S-band transponder receives coded PRN signals from MSFN. These signals are routed

to the selected PM transmitter for in-phase-coherence transmission back to MSFN. S-band transmission

is at 2282.5 mc; reception at 2101.8 mc.
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Figure 2.7-4A. Lunar Surface Communications
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The S-band tracking and ranging function uses the Doppler frequency shift caused by LM high

velocity rates, to track the LM. The coded PRN signal transmitted by MSFNis received by a receiver

with a phase-locked loop, and retransmitted to MSFN. The retransmitted signal received by MSFN is

compared with the originally transmitted signal. Range is determined by the timeit takes for the signals
to travel from MSFN to the LM and back to MSFN. Once the range has been established accurately by

the PRN code, the code is discontinued and range is updated continuously by the Doppler technique. The
phase-locked loop in the LM receiver ensures accuracyof the tracking signals (Doppler) by comparing

the phase of the received signal with the phase of a local-oscillator output in the detector stage. (See

en figure 2,7-7.) The output voltage of the detector, which is proportional to the phase difference between

    

the two signals, is applied to the local oscillator. This signal is applied as a control voltage to alter the
local-oscillator frequency to bring it in phase with the received MSFNsignal.

The VHF tracking and ranging function uses the round trip time delay of tones transmitted by

the CSM to the LM and transponded by the LM back to the CSM.

2.7.3.6 Subsystem Operation.

The normal switch and circuit breaker positions for the communications modes are listed

in table 2.7-2. If a switch or circuit breaker is not listed for a particular mode, that mode is not
influenced by that switch or circuit breaker. The switch positions listed are for prime positions. In

some cases, more than one position functions as a prime position; all such positions are indicated.

2.7.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

The CS is divided into three groups: RF electronic equipment, signal processing equipment,

and antenna equipment.

2.7.4.1 RF Electronic Equipment.

The RF electronic equipment includes all subsystem equipment required for transmission

and reception of audio, video, ranging, and telemetry data. The antennas mentioned in the discussion of

the RF electronic equipment are covered in paragraph 2.7.4.3.

2.7.4.1.1  S-Band Transmitter-Receiver Assembly. (See figure 2.7-5.)

The S-band transmitter-receiver assembly provides deep-space communications between

the LM and MSFN. S-band communications consist of voice and PRN transmission from MSFNto the

LM, and voice, PRN turnaround, biomed, and subsystem data transmission from the LM to MSFN. The

S-band communications capabilities are listed in table 2.7-3.

The S-band transmitter-receiver assembly consists of two identical phase-locked receivers,

two phase modulators with driver and multiplier chains, and a frequency modulator. The receivers and

phase modulators provide the ranging, voice, emergency-keying, and telemetry transmit-receive func-

tions. The frequency modulator is provided primarily for video transmission, but accommodates PCM

telemetry (subsystem data), biomed, and voice transmission. The frequency modulator provides limited

backup for both phase modulators. The operating frequencies of the S-band equipment are 2282.5 mc
(transmit) and 2101.8 mc (receive).

The frequency modulator (figure 2. 7-6) uses a voltage-controlled oscillator (VCO), oper-

ating at 76 mc, as the basis of its RF circuit. The FM transmitter is modulated by an input within a

10-cps to 1.5-me range. A portion of the VCO output is routed through a series of frequency divider

networks that reduce the frequency to 9.2 kc. This frequency is compared to the output (also reduced to

9.2 kc) of a 4. 7-me crystal oscillator, in a phase detector. The two inputs to the phase detector are

normally 90° out of phase. The phase difference is represented as a voltage at the phase detector output

and is used to control VCO frequency stability. The frequency modulator output is then supplied to the

selected driver and multiplier chain for transmission through the S-band power amplifier, diplexer, and
selected S-band antenna to MSFN,
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n
k
)

F
E
m
e
r
-

g
e
n
c
y

K
e
y

T
V

V
H
F

A

S
i
m
-

p
l
e
x

V
H
F
B

S
i
m
-

p
l
e
x

V
H
F
B

T
e
l
e
m
-

e
t
r
y

V
H
F
A
/
B

D
u
p
l
e
x

(
L
M
/
C
S
M
)

  Pa
ne

l
8
(A
UD
IO
)

S
-
B
A
N
D
T
/
R

s
w
i
t
c
h

I
C
S
T
/
R

s
w
i
t
c
h

V
H
F

A
s
w
i
t
c
h

V
H
F
s
w
i
t
c
h

R
E
L
A
Y
O
N

s
w
i
t
c
h

(
S
e
e
n
o
t
e

1
.
)

M
O
D
E
s
w
i
t
c
h

(
S
e
e
n
o
t
e

2
.
)

A
U
D
I
O
C
O
N
T

s
w
i
t
c
h

P
a
n
e
l

1
2
(
A
U
D
I
O
)

S
-
B
A
N
D
T
/
R

s
w
i
t
c
h

I
C
S
T
/
R

s
w
i
t
c
h

V
H
F

A
s
w
i
t
c
h

V
H
F
B

s
w
i
t
c
h

R
E
L
A
Y

ON
s
w
i
t
c
h

(
S
e
e
n
o
t
e

1
.
)

M
O
D
E

s
w
i
t
c
h

A
U
D
I
O
C
O
N
T

s
w
i
t
c
h

 ma

A
N
D

=

wh I
C
S
T
/
R

o
r
O
F
F

O
F
F

O
F
F

R
E
L
A
Y

O
F
F

V
O
X

N
O
R
M

S
-
B
A
N
D

T
/
R

I
C
S
T
/
R

o
r
O
F
F

O
F
F

O
F
F

R
E
L
A
Y

O
F
F

V
O
X

N
O
R
M

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

N
O
R
M

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

N
O
R
M   O

F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

(
S
e
e
n
o
t
e

1,

S
~
B
A
N
D

T
/
R

I
C
S
T
/
R

o
r
O
F
F

O
F
F

O
F
F

s
e
t

to
R
E
L
A
Y
O
N

a
t

a
t
i
m
e
.
)

O
F
F

O
F
F

N
O
R
M

N
O
R
M

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

(
S
e
e
n
o
t
e

1,

O
F
F

N
O
R
M

S
-
B
A
N
D

T
/
R

I
C
S
T
/
R

o
r
O
F
F

O
F
F

O
F
F

s
e
t

to
R
E
L
A
Y
O
N

a
t

a
t
i
m
e
.

)

O
F
F

O
r
r

N
O
R
M

N
O
R
M   V

O
X

o
r

P
T
T

N
O
R
M

 O
F
F

O
F
F

O
F
F

O
r
r

O
F
F

O
F
F

O
F
F

O
F
F

O
n
l
y
o
n
e
R
E
L
A
Y
O
N

s
w
i
t
c
h
c
a
n
b
e

O
F
F

O
F
F

N
O
R
M

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
n
l
y
o
n
e
R
E
L
A
Y
O
N

s
w
i
t
c
h
c
a
n
b
e

O
F
F

O
F
F

N
O
R
M

 N
O
R
M

N
O
R
M

 O
F
F

I
C
S
/
T
R

o
r
O
F
F

T
/
R

O
F
F

O
F
F

V
O
X

N
O
R
M

I
C
S
T
/
R

o
r
O
F
F

T
/
R

O
F
F

O
r
F

V
O
X

N
O
R
M

 O
F
F

I
C
S
T
/
R

o
r
O
F
F

O
F
F

T
/
R

O
F
F

V
O
X

N
O
R
M

I
C
S
T
/
R

o
r
O
F
F

O
F
F

T
/
R

O
F
F

V
O
X

N
O
R
M

 O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

N
O
R
M

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

N
O
R
M

 O
F
F

I
C
S
T
/
R

o
r
O
F
F

T
/
R

O
F
F

O
F
F

V
O
X

N
O
R
M

I
C
S
T
/
R

o
r
O
F
F

O
F
F

R
C
V

O
F
F

V
O
X

N
O
R
M
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T
a
b
l
e

2

 
 

7
-
2
,

C
o
m
m
u
n
i
c
a
t
i
o
n
s
S
u
b
s
y
s
t
e
m

-
G
e
n
e
r
a
l

S
w
i
t
c
h
a
n
d

C
i
r
c
u
i
t
B
r
e
a
k
e
r

C
o
n
f
i
g
u
r
a
t
i
o
n

(
c
o
n
t
)

 

S
w
i
t
c
h
e
s

a
n
d

C
i
r
c
u
i
t
B
r
e
a
k
e
r
s

S
-
B
a
n
d

V
o
i
c
e

P
R
N

R
a
n
g
i
n
g

S
-
B
a
n
d

T
e
l
e
m
-

e
t
r
y

H
a
r
d
-

l
i
n
e

B
i
o
m
e
d

S
-
B
a
n
d

V
o
i
c
e

B
U

(
D
o
w
n
l
i
n
k
)

E
m
e
r
-

g
e
n
c
y

K
e
y

T
V

V
H
F

A

S
i
m
-

p
l
e
x

V
H
F
B

S
i
m
-

p
l
e
x

V
H
F
B

T
e
l
e
m
-

e
t
r
y

V
H
F
A
/
B

D
u
p
l
e
x

(
L
M
/
C
S
M
)
  U

P
D
A
T
A

L
I
N
K

s
w
i
t
c
h

P
a
n
e
l

1
2
(
C
O
M
M
U
N
I
C
A
T
I
O
N
S
)

M
O
D
U
L
A
T
E

s
w
i
t
c
h

X
M
T
R
/
R
C
V
R

s
w
i
t
c
h

P
W
R
A
M
P
L
s
w
i
t
c
h

V
O
I
C
E
F
U
N
C
T
I
O
N
S

s
w
i
t
c
h

P
C
M

F
U
N
C
T
I
O
N
S
s
w
i
t
c
h

R
A
N
G
E

F
U
N
C
T
I
O
N
S
s
w
i
t
c
h

V
H
F
A
X
M
T
R

s
w
i
t
c
h

V
H
F
A
R
C
V
R

s
w
i
t
c
h

V
H
F
B
X
M
T
R

s
w
i
t
c
h

V
H
F
B
R
C
V
R

s
w
i
t
c
h

B
I
O
M
E
D
T
E
L
E
M
E
T
R
Y

s
w
i
t
c
h

P
C
M
T
E
L
E
M
E
T
R
Y
s
w
i
t
c
h

R
E
C
O
R
D
E
R
s
w
i
t
c
h

(
S
e
e
n
o
t
e

3
.
)

 O
F
F

P
M

o
r

F
M

P
R
I
M

O
F
F

V
O
I
C
E

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

H
I
o
r

L
O O
F
F

 O
F
F

P
M

P
R
I
M

O
F
F

O
F
F

R
A
N
G
E

O
F
F

O
F
F

O
F
F

O
r
r

O
F
F

H
l
c
r

L
O O
F
F

 O
F
F

P
M

o
r

F
M

P
R
I
M

O
F
F

O
F
F

P
C
M

O
r
r

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

HI
]
o
r

L
O O
F
F

 O
F
F

P
M
o
r

F
M

P
R
I
M

O
F
F

V
O
I
C
E

O
F
F

O
F
F

O
F
F

O
r
r

O
F
F

O
r
r

L
E
F
T
o
r

R
I
G
H
T

O
F
F

O
F
F

 V
O
I
C
E
B
U

(
u
p
l
i
n
k

o
n
l
y
) P
M

P
R
I
M

O
F
F

D
N

V
O
I
C
E

B
U

O
F
F

O
F
F
/

R
E
S
E
T

O
F
F

O
r
r

O
F
F

O
r
F

O
F
F

O
F
F

O
F
F

 O
F
F

P
M

P
R
I
M

O
F
F

O
F
F

K
E
Y

O
F
F
/

R
E
S
E
T

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

 O
F
F

P
M

P
R
I
M

P
R
I
M

O
F
F

O
F
F

T
V
/

C
W
E
A

FE
N-

A
B
L
E

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

 O
F
F

P
M
o
r

F
M O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

V
O
I
C
E

O
N

O
F
F

O
F
F

O
F
F

H
I
o
r

L
O

 O
F
F

P
M
o
r

F
M O
F
F

O
F
F

O
F
F

O
F
F

O
r
r

O
F
F

O
F
F

V
O
I
C
E

O
N

O
F
F

O
F
F

 O
F
F

P
M
o
r

F
M O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

D
A
T
A

O
F
F

O
F
F

L
O

 O
F
F

P
M
o
r

F
M O
F
F

O
F
F

O
F
F

O
F
F

O
F
F

V
O
I
C
E

(
S
e
e
n
o
t
e

3
)

O
F
F

O
F
F

O
N

O
F
F

H
I
o
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COMMUNICATIONS SUBSYSTEM

T
a
b
l
e

2,
7
-
2
.

  

ee
we

;
oe
penne

i

C
o
m
m
u
n
i
c
a
t
i
o
n
s

S
u
b
s
y
s
t
e
m

-
G
e
n
e
r
a
l

S
w
i
t
c
h
a
n
d

C
i
r
c
u
i
t
B
r
e
a
k
e
r

C
o
n
f
i
g
u
r
a
t
i
o
n

(
c
o
n
t
)

 
 
 

 

S
w
i
t
c
h
e
s

a
n
d

C
i
r
c
u
i
t
B
r
e
a
k
e
r
s

S
-
B
a
n
d

V
o
i
c
e

P
R
N

R
a
n
g
i
n
g

S
-
B
a
n
d

T
e
l
e
m
-

e
t
r
y

H
a
r
d
-

li
ne

B
i
o
m
e
d

S
-
B
a
n
d

V
o
i
c
e

B
U

(
D
o
w
n
l
i
n
k
)

E
m
e
r
-

g
e
n
c
y

K
e
y

T
V

V
H
F
A

S
i
m
-

p
l
e
x

V
H
F

B

S
i
m
-

p
l
e
x

V
H
E

B
V
H
F
A
/
B

T
e
l
e
m
-

D
u
p
l
e
x

et
ry

(
L
M
/
C
S
M
)

  P
a
n
e
l

12
(
C
O
M
M
U
N
I
C
A
T
I
O
N
S

A
N
T
E
N
N
A
S
)

V
H
F

s
e
l
e
c
t
o
r

s
w
i
t
c
h

S
-
B
A
N
D
s
e
l
e
c
t
o
r

s
w
i
t
c
h

T
R
A
C
K

M
O
D
E
s
w
i
t
c
h

P
I
T
C
H
c
o
n
t
r
o
l

Y
A
W
c
o
n
t
r
o
l

P
a
n
e
l

1
2
(
C
O
M
M
)

U
P
L
I
N
K
S
Q
U
E
L
C
H
s
w
i
t
c
h

C
i
r
c
u
i
t
B
r
e
a
k
e
r

P
a
n
e
l

1
1

A
C
B
U
S

B:
S
-
B
D
A
N
T

C
O
M
M
:

C
O
M
M
:

R
C
V
R

C
O
M
M
:

A
M
P
L

C
O
M
M
:

C
O
M
M
:

C
O
M
M
:

U
P
D
A
T
A

L
I
N
K

S
E
C
S
B
D
X
M
T
R
/

S
E
C
S
B
D
P
W
R

V
H
F
A
R
C
V
R

V
H
F
B
X
M
T
R

C
D
R
A
U
D
I
O

 F
W
D

o
r

A
F
T

O
F
F

E
N
A
B
L
E

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

C
l
o
s
e
d

 F
W
D

o
r

A
F
T

O
r
r

O
F
F

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

 F
W
D

o
r

A
F
T

O
F
F

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

 F
W
D

o
r

A
F
T O
F
F

O
F
F

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

C
l
o
s
e
d

 F
W
D
o
r

A
F
T

O
F
F

O
F
F

O
p
e
n

C
l
o
s
e
d

(
U
p
l
i
n
k

o
n
l
y
)

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

C
l
o
s
e
d

 F
W
D

o
r

A
F
T

O
F
F

O
r
r

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

 L
U
N
A
R

S
T
A
Y

O
F
F

O
F
F

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

 A
F
T

o
r
F
W
D

O
F
F

O
F
F

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

C
l
o
s
e
d

 A
F
T

o
r
F
W
D

O
F
F

O
F
F

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

C
l
o
s
e
d

C
l
o
s
e
d

A
F
T

A
F
T

o
r
F
W
D

o
r
F
W
D

O
F
F

O
F
F

O
F
F

O
F
F

O
p
e
n

O
p
e
n

O
p
e
n

C
t
y

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

C
l
o
s
e
d

O
p
e
n

O
p
e
r

C
l
o
s
e
d
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T
a
b
l
e

2
.
7
-
2
.

C
o
m
m
u
n
i
c
a
t
i
o
n
s

S
u
b
s
y
s
t
e
m

-
G
e
n
e
r
a
l

S
w
i
t
c
h
a
n
d

Ci
rc
ui
t
B
r
e
a
k
e
r

C
o
n
f
i
g
u
r
a
t
i
o
n

(c
on
t)

 

Mission

S
-
B
a
n
d

S
-
B
a
n
d

H
a
r
d
-

V
o
i
c
e

E
m
e
r
-

V
H
F
A

V
H
F
B

V
H
F
B

V
H
F
A
/
B

S
-
B
a
n
d

P
R
N

T
e
l
e
m
-

l
i
n
e

B
U

g
e
n
c
y

S
i
m
-

S
i
m
-

T
e
l
e
m
-

D
u
p
l
e
x

S
w
i
t
c
h
e
s
a
n
d

C
i
r
c
u
i
t
B
r
e
a
k
e
r
s

V
o
i
c
e

R
a
n
g
i
n
g

e
t
r
y

B
i
o
m
e
d

(
D
o
w
n
l
i
n
k
)

K
e
y

T
V

p
l
e
x

p
l
e
x

e
t
r
y

(
L
M
/
C
S
M
)

 

C
i
r
c
u
i
t
B
r
e
a
k
e
r

P
a
n
e
l

16

C
O
M
M
:

S
E
A
U
D
I
O

C
l
o
s
e
d

O
p
e
n

O
p
e
n

C
l
o
s
e
d

C
l
o
s
e
d

O
p
e
n

O
p
e
n

C
l
o
s
e
d

C
l
o
s
e
d

O
p
e
n

C
l
o
s
e
d

C
O
M
M
:

V
H
F
A
X
M
T
R

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

C
l
o
s
e
d

O
p
e
n

O
p
e
n

C
l
o
s
e
d

C
O
M
M
:

V
H
F

B
R
C
V
R

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

C
l
o
s
e
d

O
p
e
n

C
l
o
s
e
d

C
O
M
M
:

P
R
I
M
S
-
B
D
P
W
R

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

O
p
e
n

C
l
o
s
e
d

O
p
e
n

O
p
e
n

O
p
e
n

A
M
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Table 2.7-2: Communications Subsystem - General Switch and Circuit Breaker Configuration (cont)

 

NOTES:

1. The normal positions for switches on the AUDIO portion of panels 8 and 12 for relay modes,
are as follows:

e CSM-LM VHFA simplex, relayed to MSFN via S-band

  
Panel 8:

RELAY ON switch - RELAY ON
VHF A switch - T/R
VHF B switch - OFF

S-BAND T/R switch - OFF or S-BAND RCV
MODEswitch - VOX

Panel 12:

RELAY ON switch - RELAY OFF
VHF A switch - OFF or RCV
VHF B switch - OFF
S-BAND T/R switch - S-BAND T/R
MODEswitch - VOX

 

-or -

Panel 8:

RELAYON switch - RELAY OFF (
VHF A switch - OFF or RCV
VHF B switch - OFF *

S-BAND T/R switch - S-BAND T/R
MODEswitch - VOX

 

Panel 12:

RELAYON switch - RELAY ON
VHF A switch - T/R

VHF B switch - OFF

S-BAND T/R switch - OFF or S-BAND RCV
MODEswitch - VOX

-or-

e LM, CSM, MSFN voice conference

with LM relaying CSM voice to MSFN

NORMAL

Panel 8:

AUDIO CONT switch - NORM
RELAY ON switch - RELAY OFF
VHF A switch - T/R
VHF B switch - RCV

S-BAND T/R switch - S-BAND T/R
MODEswitch - VOX   
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Table 2.7-2: Communications Subsystem - General Switch and Circuit Breaker Configuration (cont)

 

    

 

NOTES:(cont) Panel 12:

AUDIO CONT switch - NORM
RELAY ON switch - RELAY ON
VHF A switch - OFF

VHF B switch - OFF
S-BAND switch - OFF
MODEswitch - VOX

Panel 14:

COMM: UPLINK SQUELCHswitch - OFF

BACKUP

Panel 8:

AUDIO CONT switch - BU
RELAY ON switch - RELAY ON

VHF A switch - OFF
VHF B switch - OFF
S-BAND T/R switch - OFF
MODEswitch - VOX

Panel 12:

AUDIO CONT switch - NORM
RELAY ON switch - RELAY OFF
VHF A switch - T/R
VHF B switch - RCV
S-BAND T/R switch - S-BAND TR
MODEswitch - VOX

Panel 14:

COMM: UPLINK SQUELCHswitch - ENABLE

The Commander's and LMPilot's MODE switches must be set to VOX when combined
VHF and S-band equipments are used (relay operation). The ICS/PTT position provides
hot-microphone capabilities on intercom.

The setting of the RECORDER switch does not affect any operational mode setting. The
switch may be set to ON whenaudio transmission to MSFN cannot be accomplished. To
preclude continuous recorder operation in hot mike mode, the RECORDER switch must

be set to OFF.

PTT override exists for VOX mode. Inthe emergengy-keying mode, only one astronaut

may key at a time.

For VHF ranging this switch is set to VOICE/RNG.  
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Table 2,7-3. S-Band Communications Capabilities

 

Subcarrier Subcarrier

Information Frequency or Rate Modulation Frequency RF Carrier Modulation

 

UPLINK: 2101.8 me

   Voice 300 to 3, 000 cps FM 30 ke PM

Voice backup 300 to 3, 000 cps FM 70 ke PM

PRN ranging code 990.6 kilobits/sec PM

Digital data 1,0 kilobits/sec FM 70 ke PM

 

DOWNLINK: 2282.5 me

 

  

Voice 300 to 3, 000 cps FM 1.25 me PM or FM

Biomed 14,5 ke FM 1.25 me PM or FM

LvCcSs 3.9-, 5.4-, 7.35-and FM 1,25 me PM or FM

10.5~ke subcarriers

Voice backu: 800 to 3,000 eps None None Direct PM baseband modulation

Biomed backup 14,5 ke None | None Direct PM baseband modulation (
| ‘

EVCS backup 3.9-. 5.4-, 7,.35-and None | None Direct PM baseband modulation .

10.a-ke subcarriers  

 

Voice backup 300 to 3, 000 eps None | None Direct PM baseband modulation

| |
PRN ranging code 990.6 kilobits/sec | PM

(turnaround) | '

|
| Emergency keying | Morse code AM | 512 ke PM

i I

PCM NRZ Data High bit rate: 51, 2 Phase Shift 1,024 me PM or FM

kilobits/sec Keying (PSK) |
Lowbit rate: 1.6 |
kilobits/sec :

TV 10 cps to 500 ke FMbaseband modulation

 

     
 

The prime purpose of the phase modulator (figure 2, 7-6) during deep- space missions is to

provide all in-flight and lunar-stay communications, except TV, with MSFN,

The phase modulator uses the output of the 19-me VCO inthe S-band receiver as the basis

of its RF circuit, The VCO output is multiplied to appr: ..imately 76 mc in the receiver and routed to the

phase modulator, where it is modulate: by wide- or narrow-band information supplied from the SPA or by

the PRN signal received from MSFN. The 76-mc carrier is then routed through a series of multipliers

and drivers, where it is multiplied to the transmit carrier frequency (2282.5 mc).
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The S-band receivers (figure 2. 7-7) receive voice uplink data and coded PRN signals from

MSFN. One receiver serves as backup for the normally used unit. The S-band receivers receive a

2101. 8-mec carrier which is phase-modulated by the 30- and 70-kc subcarriers and the PRN ranging code.

The output of the 19-mc VCO is routed through a chain of multiplier stages, where it is multiplied to

2054-3 mc, and heterodyned with the input carrier to obtain an output frequency of 47.5 mc from the first
mixer. The first mixer output is mixed with 38 mc, provided by the VCO through a multiplier stage,

yielding a second intermediate frequency of 9.5 mc. The second IF provides several narrow-band out-
puts, including automatic gain control (AGC) to the first IF, tracking AGC (used to position the steerable
antenna), a signal-strength signal to the SIGNAL STRENGTHindicator (panel 12), and AGC- monitoring
and static phase error signals that are supplied to the IS, where they are processed for telemetering.
The wide-band signal outputs include the 30-kce voice subcarrier (routed to the PMP), the 70-kc data car-

rier (routed to the DUA) and the PRN ranging signal (routed to the S-band phase modulator).

Another function of the S-band receivers is to provide an output for use as the exciter fre-
quency for the phase modulators. The 19-mc VCO output is routed through a chain of multiplier stages,

where it is multiplied to 76 mc for use by the phase modulators as the base of the phase-coherent down-

link carrier.

2.7.4.1.2 S-Band Power Amplifier. (See figure 2.7-8.)

The S-band power amplifier amplifies the S-band transmitter output when additional trans-
mitted power is required. This assembly consists of two amplitrons, an input and an output isolator

(ferrite circulators), and two power supplies, all mounted on a common chassis. The RF circuit is a

series interconnection of the isolators and amplitrons. The amplitrons (which are characteristic of

saturated, rather than linear, amplifiers) have broad bandwidth, high efficiency, high peak and average

power output, but low gain. The isolators protect both amplitrons and both S-band transmitter driver and

multiplier chains. The isolators exhibit a minimumisolation of 20 db and a maximuminsertion loss of

0.6 db.

Each amplitron is supplied by its own power supply. One amplitron is designated primary;

the other, secondary. Only one amplitron can be activated ata time. Selection is made with the PWR

AMPL switch (panel 12). When neither amplitron is selected, a feedthrough path through the power

amplifier is provided, with an insertion loss of 3.2 db, maximum(feedthrough mode).

When an amplitron is selected, 28 volts dc is supplied to its associated power supply. When
0.72 watt RF power is supplied to the power amplifier input from an S-band transmitter driver stage, the
minimum output RF poweris 18.6 watts through the primary stage or 14,8 watts through the secondary

siage at the 2282, 5-mec transmit frequency into a 50 chmresistive load with a VSWRof 1.1 to 1 or betier.
The slightly degraded power output through the secondary stage is caused by the added attenuation of the

primary stage in series with the secondary stage.

2.7.4.1.3 VHF Equipnient. (See figure 2. 7-9.)

The primary functions of the VHF equipment are to provide voice communications between
the LM and the CSM, to provide CSM-LM-CSMranging when used with the RTTA, and, during the black-

oui of transmission to MSFN, to provide lowbit telemetry transmission from the LM to the CSM. When

the LM mission profile includes extra vehicular activity, this equipment also provides EVA-LM voice

communications, and reception cf EVA biomed andsuit data for transmission to MSFN over the S-band.

The VHF transmitter-receiver assembly consists of two solid-state superheterodyne re-
ceivers, two transmitters, a VHF diplexer, RF antennz selector switch, two in-flight antennas, and an

EVA antenna (for lunar missions). One transmitter-receiver combination provides a 296.8-mec channel
{channel A); the other, a 259. 7-mc channel (channel B), for simplex cr duplex voice communications.

Channel B may also be used to transmit PCMdata from the IS at the low bit rate and to receive biomed

and suit data from the EVA during EVA-programmed missions.

The VHFtransmitters (figures 2. 7-10 and 2, 7-11) derive voice modulation and transmitter

turn on/receiver disable control signals from the audio centers in the SPA thatis initiated by the VOX

circuit or by operation of the PTT switches. One audio center is connected to the Commander's micro-

phone circuit and to the modulation inputs of the VHF transmitters; the other audio center is similarly
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Figure 2.7-8. S-Band Power Amplifier - Block Diagram

 

NK connected for the LM Pilot. The input to the channel B transmitter can be switched from voice to PCM

transmission by setting the VHF B XMTRswitch (panel 12) to DATA. The PCM signals are generated in

the PCMTEA. Transmitter outputs are routed to the VHF selector switch (panel 12) and to the antenna

via a diplexer that permits simultaneous operation of VHF transmitters and receivers on a single antenna.

The transmitter uses on-off keyed, carrier amplitude modulation and delivers 5 watts RF

powerto the diplexer. Audio input is clipped and amplified by the chain of limiters and amplifiers in the

modulator circuit. After clipping, the input signals appear as square-waves which key the power

O-300LM4.41 _
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Figure 2,7-9. VHF Equipment - Block Diagram

amplifier on and off. The resultant transmitter output is a pulse-shaped RF signai, The 30-kc oscillator

in the modulator continuously modulates the transmitter. This continuous modulation sustains the re-

ceiver AGC level causingit to remain quiet during speech-pause periods. A 98. 93-me crystal oscillator

is used as the basis of the RF circuit in transmitter A: a 86.°°-me crystal oscillator is used in tran-

mitter B. The oscillator output frequencyis tripled to the «: vier frequency and is modulated by the

output of the keyed aniplifier.

  

Channel A provides the return signal to the CSM for CSM-LM VHFtracking and ranging.

The transmitter receives its keying signal from the RTTA.

Channel B provides PCM data transmission. Data inputs are clipped and amplified in the

modulator the same as audio signals, This transmitter has a voice-data mute circuit, which is con-

trolled with the VHF B XMTRswitch.
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The VHFreceiver (figure 2. 7-12) is an amplitude- modulation, fixed-tuned, single-conver-
sion superheterodyne receiver that uses carrier-controlled squelch. There are two VHF receivers in the

CS. The receivers can receive voice signals at 296.8 and 259.7 mc (channels A and B, respectively) and
during EVA-programmed missions, biomed and suit data from the EVA via channel B. The frequency of
a crystal-controlled-oscillator output is multiplied, and mixed with the received VHF signal in the mixer.
The heterodyned output is a 30-mc IF signal, which is fed through a 30-mc crystal filter. The filter

output is supplied to the AGC-controlled IF amplifiers, amplified, and routed to the PMP in the SPA.

Squelch is carrier controlled, and adjusted by the SQUELCH thumbwheels (panel 12). The VHF B
receiver is also used for CSM-LM ranging.

2.7.4.2 Signal- Processing Equipment.

The signal-processing equipment consists of the SPA, DUA and RTTA.

2.7.4.2.1  Signal-Processor Assembly. (See figure 2.7-13.)

The SPA is the common acquisition and distribution point for most CS received and trans-
mitted data, except that low-bit-rate, split-phase data are coupled directly to VHF transmitter B, and

TV signals are coupled directly to the S-band transmitter. The SPA processes voice and biomed signals

and provides the interface between the RF electronics, DSEA, and PCMTEA. The SPA consists of an

audio center for each astronaut anda PMP. The SPA does not handle ranging signals and 70-kc uplink

digital data signals.

Premodulation Processor. (See figure 2.7-14.) The PMP provides signal modulation, mixing, and
switching in accordance with the selected mode of operation. The PMP also permits the LMto be used as

a relay station between the CSM and MSFN and, for EVA-programmed missions, between the EVA and

MSFN,

The PMP accepts PCM NRZ data from the PCMTEA at 51.2 kilobits per second (high bit

rate) or 1.6 kilobits per second (low bit rate). The data are routed to a biphase modulator, where the
phase of a telemetry subcarrier frequency is controlled. Each logic-level change of the PCM data .

changes the biphase- modulator output by 180°. The biphase-modulator output is supplied to the PM or
FM mixing network, depending on the selected mode, where it is combined with other signals processed

in the PMP.

Two 512-ke clock signals are provided by the IS to the CS. A 1,.024-mec telemetry sub-

carrier is generated from a 512-kc square wave (reference signal) from the pulse-code-modulation

equipment of the PCMTEA. This 512-kc square wave is routed to a frequency doubler whose output is a
1.024-mc sine wave, phase-referenced tu the PCM NRZ data. A 512-ke square wave (sync signal)

received by the PMP, from the TE of the PCMTEA,is supplied to a tuned amplifier that supplies a 512-

ke sine wave. This 512-kc signal is added to a 113-kc signal and the result is doubled to provide the

1.25-mc subcarrier. The biphase modulator accepts PCM NRZ data fromthe IS at the high or low bit

rate. The input level of the data is 640.5 volts for logic 1; 010.5 volts for logic 0. The data modulates

the 1.024-mc subcarrier. The modulated subcarrier is routed through a 1.024-mc band-pass filter to

the FM or PM mixing network.

Emergency keying is provided in the PMP by gating the 512-kc sync signal generated from

the 512-kce square-wave sync input from the TE directly on the input line of the S-band phase modulator.

The PTT switch on each electrical umbilical serves as the manually operated keyer to gate the output of

the key gate circuit on andoff.

Voice for S-band transmission is accepted by the PMP via a low-pass filter, which passes

300- to 3,000-cps signals. These voice signals are passed within +1 db referenced to 1,000 cps; signals

above 4,000 cps are attenuated at least 20 db. The low-pass filter output modulates the 1.25-mc sub-

carrier or is routed directly to the S-band phase modulator for direct baseband modulation. The modu-

lated 1.25-me subcarrier is routed through tuned, isolation, and AGC amplifiers and supplied to the PM

mixer or FM mixer.

Backup voice transmission is accommodated via S-band by routing the low-pass-filter output

directly to a speech-processing network. This network provides 24 db of speech clipping referenced to
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Fieure 2. 7-13. Signal Processor Assembly - Block Diagram
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3,000 cps, and voice preamphasis of 6 db per octave between 300 and 3,000 cps. The speech-processing

network output is supplied directly to the narrow-band PM input of the S-band equipment. This modeis

attained by setting the BIOMED TELEMETRYswitch (panel 12) to OFF and setting the VOICE FUNCTIONS

switch to DN VOICE BU.

The PMP accepts hardline EKG data from each astronaut and, by external control, selects

one of these data for S-band transmission. The input is a 0- to 5-volt signal, at 0 to 30 cps. It frequency-

modulates a 14.5-kc subcarrier oscillator, with a maximum deviation of 1 kc. The oscillator input is

mixed with voice, The composite signal modulates the 1.25-mc subcarrier in the same manner as voice

for S-band transmission, or is routed directly to the PM or FM mixerfor direct baseband modulation.

Received S-band voice signals are routed through the PMP to the microphone and headset

volume control circuits in the audio centers. A squelch control gate in the received S-band audio circuits

establishes the threshold level of the incoming audio at a preset level. During normal voice communica-

tions the squelch control gate is turned on by setting the COMM: UPLINK SQUELCH switch (panel 14) to

ENABLE. This allows incoming audio signals with an amplitude in excess of 0.7 volts peak-to-peak to be

amplified and monitored bythe astronauts. Setting the COMM: UPLINK SQUELCH switchto OFF disables

the squelch circuit. The PMP has a discriminator to demodulate the S-band subcarrier. The discriminator

output, which has abandwidth of 300 to 3,000 cps +3 db referenced to1,000cps, is routed to the audio cen-

ters via alow-passfilter and mixer network andrelay amplifiers. The VHF channel B input has high- and

low-pass filters to separate voice and extravehicular mobility unit (EMU) data.

The PM mixing network can process the outputs of the 1,25- and 1,024-mc channels (a

composite of voice, biomed data, telemetry data, and EMU data). These outputs are then supplied to the

selected S-band phase modulator for transmissionto MSFN. The FM mixing network can processthe outputs

of the 1.024-mc data channel anda composite of voice, biomed data, PCM data, and EMUdata,all on the

1.25-me subcarrier. These outputs are then supplied to the S-band frequency modulator for transmission

to MSFN. FM video, PM ranging, backup voice, and emergency key signals are not processed through

the mixing networks; they are supplied directly to the selected modulator for baseband modulation. -

Audio Centers. (See figure 2.7-15.) Two identical audio centers (one for each astronaut) in the SPA

provide individual selection, isolation, and amplification of audio signals received by the CS receivers

and which are to be transmitted by the CS transmitters. The audio centers are controlled from the AUDIO

portion of panels 8 and 12. Each audio center contains a microphone amplifier, headset amplifier, VOX

circuit, diode switches, volume control circuits, and isolation pads. The VOX circuit controls the

microphone amplifier by activating it only when required for voice transmission.

Audio signals are routed to and from the VHF A, VHF B, and S-band equipments and the

intercom bus via the audio centers. The intercom bus, commonto both audio centers, provides hardline

communications between the astronauts. Voice signals to be recorded by the DSEA are taken fromthe

intercom bus.

Inputs and outputs are controlled by the VHF A, VHF B, S-BAND T/R, and ICS T/R (inter-

com) switches on panels 8 and 12. An associated thumbwheel (volume control) for each switch provides

continuous adjustment of the received audio signal. Panels 8 and 12 also have VOX SENS and MASTER

VOL thumbwheels. The VOX SENS thumbwheel permits continuous adjustment of the VOX control circuit

threshold; the MASTER VOL thumbwheel, continuous adjustmentof all audio outputs from the headset

amplifier. Received audio signals are isolated and routed through the volume control circuits, which

provide a 30-db control range at the output of the headset amplifier. The four inputs (S-band, VHF A,

VHF B,and intercom) routed through the headset circuit have minimum isolation of 40 db between any

two inputs.

If one audio center fails, the astronaut affected by the malfunction can switch to the other

audio center, using the AUDIO CONT switch (panels 8 and 12). (See figure 2. 7-16.) With the switch set to
NORM,the astronaut is using his own audio center; the BU position switches him to the other audiocenter.

2.7.4.2.2 Digital Uplink Assembly. (See figure 2. 7-17.)

The DUA decodes S-band 70-ke digital uplink commands from MSFN and routes the data to
the LGC. The LGC processes the data and routes a verification signal to the PCMTEA for transmission
to MSFN to indicate that the uplink commands have been processed by the LGC. The DUAalso routes a
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verification signal to the PCMTEA for transmission to MSFN, to indicate that the uplink commands are

properly decoded and have been routed to selected LM equipment. The digital uplink commands ad-

dressed to the LGC parallel those inputs available to the LGC via the display and keyboard (DSKY). The

DUA also provides a voice backup capability if the received S-band audio circuits in the PMP fail.

The DUA consists of a 70-kc discriminator, two audio amplifiers, a phase- shift- keyed

(PSK) demodulator, two redundant decoders, and a power supply. The power supply converts the

Commander's 28-volt d-c bus voltage to the regulated voltages required by the DUA. The power supply }@

contains a dc-to-dce converter with regulators that provide 4.5 and 24 volts dc. The DUA provides two

modes of operation for uplink communications: data or voice backup. Either mode is selected by the UP

DATA LINK switch (panel 12).

Data Mode. Processing of digital uplink commandsis initiated by closing the COMM: UP DATA LINK

circuit breaker (panel 11) and setting the UP DATA LINK switch to DATA. The 70-ke discriminator then

receives the 70-ke subcarrier digital uplink commands from the S-band receiver. Each uplink command

is composed of a 22-bit, serially coded message comprising three vehicle address bits, three system

address bits (message identification), and 16 information bits.

The discriminator consists of two amplifier stages tuned to approximately 62 to 78 kc. These frequencies

are the extremes of the FM deviation of the 70-ke digital uplink subcarrier. The demodulated output of

the discriminator is a two-tone composite modulating signal consisting of a 2-kc subcarrier tone anda

1-ke coherent synchronization tone. The demodulated output is amplified by the data audio amplifier and

applied to the PSK demodulator.

The PSK demodulator converts the signals from the 70-ke discriminator into a series of digital I's and

0's for application to the two redundant decoders. The 2-kc subcarrier (which contains the uplink data)

is phase-shift-keyed at a 1-kc binary rate. A subcarrier phase shift of 180° denotes a change in logic

level. The synchronization tone is the same frequency as the binary bit command rate; zero crossings

are coincident within +6 microseconds. The demodulator separates the two-tone composite signal. It

detects the phase of the 2-ke subcarrier and provides data pulses, corresponding to 1 and 0 data bits, to S}

the decoders. The two tones are used to time sequential clock pulses, which are used to strobe informa-

tion into the decoders.

The decoders process the uplink data and at the direction of the uplink data, route information via an

interface unit to the LGC. The decoders also generate an eight-bit verification word and route it via an

interface unit to the PCMTEA, for telemetry, when command or data words are processed in the DUA and

routed to the LGC. If the three vehicle address bits (of the 22-bit message) are not 011 or the system

address bits are not recognizable, the DUA neither processes the uplink data nor generates the verifica-

tion word.

Voice Backup Mode. The voice backup capability of the DUA is used if the PMP circuits that process the

received S-band 30-kc audio subcarrier malfunction, If such failure occurs, MSFN can transmit audio on

the 70-ke uplink subcarrier. The DUA operates in the voice backup mode when the UP DATA LINK

switch is set to VOICE BU. This supplies power to the voice backup circuits, enabling the 10-ke dis-

criminator to demodulate the audio on the 70-kc subcarrier and to route the audio to the Commander's

audio center microphone input. When the DUAis in the data mode, an audio inhibit circuit supplies an

inhibit signal to the voice amplifier. This prevents extraneous noise that may appear on the uplink sub-

carrier from entering the audio centers.

2.7.4.2.3 Ranging Tone Transfer Assembly. (See figure 2. 7-18.) 5

The RTTA operates with VHF receiver B and VHF transmitter A to provide a transponder

function for CSM-LM VHF ranging. The RTTA receives VHF ranging tone inputs from VHF receiver B

and routes these signals, properly processed, to VHF transmitter A.

The VHF ranging tone inputs consist of two acquisition tone signals and one track signal.

No accurate ranging is accomplished until the track signal is received and retransmitted. The first ac-

quisition signal is the 3.95-kc medium tone transmitted for 4 seconds from the CSM. If the LM responds
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correctly with a 3.95-kce tone, the second acquisition signal (3.95 kc combined with a 247-cps medium-

coarse tone) is transmitted for 4 seconds from the CSM. If proper retransmission of this signal occurs,

the track signal, a 31.6 ke fine tone, is transmitted by the CSM. When the LM retransmits this tone,

the VHF ranging system operates ina closed loop and ranging may be accomplished.

The three RTTA outputs are the transmitter range gate that is used to key VHF transmitter

A, the noise suppression oscillator disable signal that is used to inhibit the 30-ke oscillator output in the

modulator portion of VHF transmitter A, and, during fine tone ranging only, the receiver range gate that

is used in VHF receiver B to gate the fine tone ranging signal from the CSM.

The RTTA (figures 2.7-19 and 2.7-20) consists of four subassemblies; a power supply, an

oscillator and counter, a product detector, and a signal sensor and interface. When the VHF A XMTR

switch (panel 12) is set to VOICE/RNG, 28 volts dc is applied to the RTTA. The RTTA power supply has

current-limiting features so that an RTTA malfunction will not affect the power for the VHF A trans-

mitter.

When VHF ranging is initiated in the CSM, the CSM VHFtransmitter B transmits the first

of two VHF ranging acquisition signals. This 3. 95-kc medium tone signal is received by LM VHF re-

ceiver B and sent to the RTTA. The input amplifier amplifies the tone signal and applies the amplified

signal to the 5.267-kc bandpassfilter, the clipper, the 3.95 ke filter and the rectifier. The 5.267-kc

bandpassfilter rejects the 3.95-ke tone, but the clipper, 3.95-kc filter, and rectifier accept the tone

signal. The output of the 3.95-kc filter and the rectifier are compared in the comparator. (These three

circuits comprise the signal sensor.}

If the comparison is good, the VCXO control inhibit line (midpoint ground) is held at a low

level so that there is no signal to the low-passfilter to control the variable controlled crystal oscillator.

This condition does not affect the oscillator output frequency, consequently, the output is at the oscil-

lator normal frequency. The VCXO control inhibit line (at a low level) and the output of the clipper

enable the 3.95-kc gate, which enables the transmitter gate. The transmitter gate output is applied to

the transmitter range gate transformer. This is a pulse transformer. The secondary output is the trans-

mitter range gate applied to the keyer of VHF transmitter A. This causes VHF transmitter A to be

keyed at a 3.95-kc rate. The VCXO control inhibit line (at a low level) also inhibits the early/late gate

so that no receiver range gate is generated. .

The second VHF ranging acquisition signal from the CSMis the 3. 95-kc tone signal com-

bined with a 247-cps tone signal. This combined signal is the medium-coarse tone signal and the RTTA

circuits respond to this signal in the same manner as for the 3.95-kc mediumtone signal. VHF trans-

mitter A is keyed at the combined rate.

When the track signal is received at the RTTA: it is a 5,267-ke gate signal, which contains

six cycles of 31.6 kc. The 5.267-ke gating of 31.6 ke is accomplished in the VHF receiver B range

gate circuit. The signal is amplified by the input amplifier and applied to the four circuits to which the

acquisition signals were applied. The clipper and rectifier accept the 5. 267-ke signal, but the 3. 95-kc

filter rejects the signal. As a result, the comparatordoes not function and the VCXO controlinhibit line

is raised to a high level. The clipper tries to enable the 3.95-ke gate, but the gate is inhibited by the

high level of the VCXO control inhibit line.

The 3.267-ke signal is accepted by the 5. 267-kc bandpass filter and applied to the product

detector. The output of the 5.267-kc delay referenceis the othez input to the product detector. The

output of the product detector is dc, which is applied to the low-pass filter since the VCXO control inhibit

line is at a high level. The d-c output of the low-pass filter is applied to the variable controlled crystal

oscillator to control the output frequency. The output of the oscillator is dependent on the d-c control

voltage. This control voltage varies with range so that, as the oscillator output varies, it causes the

31,6-kc transmitter range gate to vary.

The oscillator output is counted down in the 252- and 126-kc down counter. The 252 kc is

applied toa rectifier. The rectifier output is the noise-suppression oscillator disable signal, which is

applied to the modulator of VHF transmitter A to disable the 30-kc noise suppression oscillator. The

126-ke output is applied to the 31.6-kc down counter so that 31.6 kc is generated. The 31.6 kc is applied

to the 31.6-ke delay, which is enabled by 126 kc. A 31.6-kc input is also applied to the early gate.
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Figure 2.7-20. Ranging Tone Transfer Assembly - Timing Diagram

The 31. 6-kc delay output is delayed 4.0 microseconds and applied to the 31.6 ke gate, the 5. 267-kc down

counter, and the late gate. The 31.6-kc gate enables the transmitter gate whose output is applied to the

transmitter range gate transformer. This is a pulse transformer. The secondary output is the trans-

mitter range gate (31.6 kc). This output is applied to the keyer of VHF transmitter A.

Two of the outputs of the 5.267-ke down counter are used to enable the early and late gates

which have, respectively, 31.6 ke and 31.6 ke delayed already applied to them. The combination of early

and late gate outputs and the VCXO control inhibit line (at a high level) enables the early/late gate. The

early/late gate output is applied to the receiver range gate transformer. The transformeris a pulse

transformer, The secondary output is 31.6 kc gated at 5.267 kc, which is the receiver range gate. This

output is sent to the range gate circuit in VHF receiver B, The other output of the 5.267-ke down counter

is applied to the 5.267-kc delay reference.

 

The output of the 5.267-kc delay reference is delayed 28 microseconds and applied to the

f product detector. The product detector compares the 5.267-kc output delayed 28 microseconds with the

{ 5,267-ke input signal from the 5.267-kc bandpassfilter. The result of this comparison is the d-c output

, voltage that controls the frequency of the variable controlled crystal oscillator so that 31.6 kc phase

locked to the input signal can be generated to key VHF transmitter A.

2.7.4.3 Antenna Equipment. (See figure 2. 7-21.)

The CSin-flightantenna equipment consists of two S-band in-flight antennas, an S-band

steerable antenna, two VHF in-flight antennas, an S-band diplexer and RF selector switch, and a VHF

diplexer and RF selector switch. The CS lunar surface antenna equipment consists of an EVA antenna a

for EVA-LM VHF communications.
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8 300LM5.16

Figure 2.7-21. Communications Subsystem - Antenna Locations

2.7.4.3.1 S-Band In-Flight Antennas.

The S-band in-flight antennas are omnidirectional: one is forward and one is aft of the LM.

The antennas are right-hand circularly polarized radiators that collectively cover 90% of the sphereat

-3 db or better. They operate at 2282.545 mc (transmit) and 2101.8 mc (receive).

2.7.4.3.2 S-Band Steerable Antenna. (See figures 2. 7-22 and 2. 7-23.)

The S-band steerable antenna is a 26-inch-diameter parabolic reflector with a point source

feed that consists of a pair of cross-sleeved dipoles over a ground plane. The prime purpose of this an-

tenna is to provide deep-space voice and telemetry communications and deep-space tracking and ranging.
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Figure 2,7-23. S-Band Steerable Antenna - Antenna Gimbaling (

The S-band steerable antenna provides 174° azimuth (yaw) coverage and 330° elevation

(pitch) coverage. The antenna can be operated manually or automatically. The manual mode is used for

initial positioning of the antenna to orient it within +12.5° (capture angle) of the LOS signal received from

the MSFNstation. Once the antenna is positioned within the capture angle, it can operate in the automatic

mode. Switches and indicators on the COMMUNICATIONS ANTENNASportion of panel 12 are used to

operate the antenna.

Whenthe S-BAND selector switch (panel 12) is set to SLEW (S-band steerable antenna se-

lected) and the TRACK MODEswitch (panel 12) is set to AUTO, the antenna tracks automatically, providing

it was initially positioned within 12.5” of MSFN LOS. Whenin the automatic mode, signals received from

a MSENstation cause the steerable antenna electronics to generate error information relative to the

angular displacement and direction of MSFN LOS with respect to the existing antenna radiation axis. This

information is processed and used to operate two servomotors that drive the antennu. One servomotoris

mounted on the antenna X-axis: another, on the antenna Y-axis. Angular displacement data are generated

by shifting the received signal pattern off the radiation axis in the X-direction and Y-direction, causing a

change in strencth of the received signal. If signal strength is increased when the antenna pattern is
shifted, the MSFN LOSis displaced in the shifted direction: if signal strength is decreased, the MSFN LOS

is displaced in the opposite direction. This periodic shifting of the antenna pattern permits generation of

servo error signals by sampling the S-band receiver AGC level. The sampled AGCsignal is supplied to \

the steerable antenna electronics subassembly and, through X- and Y-axis logic circuits, drives d-c

servomotors to position the antenna to obtain the maximumreceived-signal level.

S- Band Steerable Antenna Heaters. Eight heater assemblies, each consisting of a heater and two

(redundant) thermostats, are used to maintain the S-band steerable antenna temperature between ~40°
and 0° F, Four heater assemblies are installed in the electronics packages, and one eachin the

microwave network, X- and Y-axis gimbal. housings, and X-axis gimbal spindle. The S-band steerable
antenna heaters receive their power through the HEATERS: S-BD ANT circuit breaker (panel 16).
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( The temperature sensor in the S-band steerable antenna assembly routes the temperature signals to

: ERA-2 in the SCEA. The ERA-2 output is routed to the PCMTEA, CWEA,and the TEMPindicator

(panel 3). The S-band steerable antenna temperature is monitored by setting the TEMP MONITORse-

lector switch to S-BAND and observing the TEMPindicator.

2.7.4.3.3 Deleted. a

2-7.4.3.4 S-Band Diplexer and RF Selector Switch.

The S-band diplexer, connected directly to the output of the S-band power amplifier, permits

simultaneous transmission and reception, using one antenna. Insertion lossis 0. 9 db (transmit) and 1.3

db (receive).
  

The S-BAND selector switch on the COMMUNICATIONS ANTENNASportion of panel 12

enables selection of either S-band in-flight antenna (omnidirectional), the steerable antenna, or the

erectable antenna (during lunar stay only), The insertion loss of the switch, in the transmit mode of

operation (2282.5 mc); is less than 0.2 db.

2.7.4.3.5 VHF In-Flight Antennas.

Two VHF in-flight antennas are used for VHF/AM communications. These are right-hand

circularly polarized antennas that operate in the 259. 7- to 296. 8-mc range. One of these antennas is on

each side of the LM, near the top of the structure. cE

 

2.7.4.3.6 VHF EVA Antenna,

. The VHF EVA antenna is an omnidirectional conical antenna carried stowed on the exterior

( of the LM. When the LM is on the lunar surface, the antenna is unstowed by an astronautin the LM.

This antenna is used for LM-EVA communications.

2.7.4.3.7 VHF Diplexer and RF Selector Switch.

 

The VHF diplexer permits simultaneous transmission and reception, using one antenna at

two frequencies. During in-flight phases of the mission, the diplexer permits voice transmission over

one channel while reception is accommodated over the other channel. The normal LM-CSM communica-

tions mode is simplex over channel A; channel B is used for data transmission and voice backup.

The VHF selector switch on the COMMUNICATIONS ANTENNASportion of panel 12 enables

selection of either VHF in-flight antenna (omnidirectional) or the EVA antenna (during lunar stay). The

insertion loss of the switch, in the transmit mode of operation (296.8 and 259.7 mc), is less than 0.2 db.

  

2.7.5 PERFORMANCE AND DESIGN DATA,

The performance and design data for the CS are givenin table 2. 7-4.

( 2.7.6 OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the CS are covered in paragraph 2.7.6.1

and 2.7.6.2.
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§2.7.6.1 Antennas,

The S-band steerable antenna is mounted: a two-degree-of-freedom gimbal. Elevation
(pitch) and aximuth (yaw! are zero when the antenna LC: parallel to the LM Z-axis in a positive
direction. The antenna i- tilted 45° in the LM X-axis Y-axis, (See figure 2.7-23.) Slewing the
antenna toward the antenna +X-axis is positive elevatic lewing the antenna toward the antenna +Y-axis

is positive azimuth. The angles of elevation and azimuu. coverage are shown in figure 2.7-23. The
restrictions in elevation and azimuth are shownin figure 2. 7-24.

The S-band omnidirectional in-flight antennas cover equivalent overlapping regions. The

forward in-flight antenna covers a 170° cone about a line in the X-Z plane 20° above the + Z-axis. The

rear antenna covers a 170° cone about a line in the X-Z plane 20° above the -Z-axis.

 

 

 

 

a Table 2.7-4. Communications Subsystem - Performance and Design Data

Power Requirements neesacra

Equipment Mode (Status) D-C Watts A-C Watts (mc)

S-band transmitter-receiver Primary or 36.0 0

secondary

Receiver 2101.8

Transmitter 2282.5

S-band power amplifier and Primaryor 72.0 0

diplexer secondary

S-band steerable antenna

Electronics Slew 7.6 27.9

Auto 0.7 4.0

Heaters On 51.7 0

VHFA transmitter Voice 30.0 0 296.8

Not transmitting 3.5 0

VHF A receiver On 1.2 0 296.8

VHF B transmitter Voice 28.9 0 259.7

Data 31.7 0

Not transmitting 3.5 0

VHF B receiver On 1.2 0 259.7

Ranging tone transfer assem- On 5.0 0

bly

Signal-processor assembly

Premodulation processor On 4.3 0

Audio center (one) On 4.8 0        
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Table 2.7-4. Communications Subsystem - Performance and Design Data (cont) i

Power Requirements Precuene.

Equipment Mode (Status) D-C Watts A-C Watts (mc)

Digital uplink assembly Uplink data 12.5 0

Voice backup 2.5 0

Biomedical sensors On 3.0 0

CS displays On 3.0 0

TV camera On 6.0 0

a
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Figure 2.7-24. S-Band Steerable Antenna - Vehicle Blockage Diagram
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@ 2.7.6.2 General.

The limitations and restrictions imposed on the CS during the mission are as follows:

e The maximum range of telemetry transmission between the LM and the CSM is
320 nautical miles. Greater ranges will cause loss of telemetry transmission.

e The LOS range of the VHF transmitter is limited to 740 nautical miles. Greater
ranges will cause loss of VHF communications.  

e If electromagnetic interference (EMI) in system is identified as caused by the

tracking iight (regular pulses on audio channel or pulses at approximately 1 pps

on SIGNAL STRENGTH meter), the tracking light may be turned off until acquisition

of data is complete.

e Once the S-band steerable antenna is unstowed, it cannot be stowed for the re-

mainder of the flight. If the steerable antenna is locked on the uplink signal, RCS

thruster impingement will have no effect on antenna orientation. In the absence

of the uplink signal, the effect of the LM or CSM plume can causethe steerable

antenna to be reoriented.

e The S-band steerable antenna provides automatic tracking when its RF axis is

aligned to within +12.5° (capture angle) of MSFN LOS. Exceeding +12.5° results
in inability to acquire the MSFN signal.

« The maximum S-band steerable antenna tracking velocity is 20° /second.

e The maximum S-band steerable antenna tracking acceleration is 60°/second/
second.

e The activation time for the S-band transmitter- receiver is 30 seconds from

application of power; 5 seconds, after a change of modulation mode (FM to

PM, or PM to FM). No S-band communication will result until warmup is

completed,

 

e The warmup time for the S-band power amplifier is 60 seconds maximum.

The recycle time after RF interruption is 20 seconds. If this restriction is

not observed only low-power S-band transmission is available.

© The warmup time for the S-band steerable antenna electronics is 60 seconds

maximum. No S-band communications will result before warmup is completed,

unless one of the S-band in-flight antennas can be used.

e S-band steerable antenna operating temperature must be maintained at -60°

to 4+155° F, If these temperature limits are exceeded, S-band communications

are unreliable.
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( 2.8 EXPLOSIVE DEVICES SUBSYSTEM.

2.8.1 INTRODUCTION.

The Explosive Devices Subsystem (EDS) permits the astronauts to operate or enable various
LM equipment, using explosive devices. The EDS controls deployment of the landing gear; pressuriza-

tion of the descent, ascent, and reaction control propellant tanks; venting of descent propellant tanks; and

separation of the ascent and descent stages.

 

The general location of all components of the EDS is shown in figure 2.8-1. Electrical

power to activate the components in both systems is supplied through circuit breakers on the Commander's

circuit breaker panel (11) and the LM Pilot's circuit breaker panel (16). Switches on the EXPLOSIVE

ASCENT PROPULSIONED CONTROL RCS HELIUM

PANEL ISOLATION VALVES COMPATIBILITY VALVES

  
ED BATTERY

(DESCENT AND ASCENT STAGE)
   INTERSTAGE

UMBILICAL CUTTER

 

  
TWO DEADFACE INTERSTAGE STRUCTURAL
CONNECTORS \ CONNECTION (4 PLACES)

(CIRCUIT INTERRUPTER)

 

   
DESCENT PROPULSION LANDING GEAR ED RELAY BOX

HELIUM ISOLATION VALVE UPLOCK (DESCENT AND ASCENT STAGE)
(4 PLACES) 8.300UM4.18

Figure 2.8-1. Explosive Devices - Component Location
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DEVICESportion of panel 8 route this power to relays in the ED relay boxes. The relay contacts route
ED battery current to explosive cartridges located in LM subsystems. The explosive devices actuated

by the cartridges perform the EDS functions.

Ascent propellant tank pressurization and staging (separation of nuts and bolts, electrical

circuit interruption, interstage umbilical cable severance) are performed automatically if the ABORT

STAGE pushbutton (panel 1) is pressed.

There are two separate systems (A and B) inthe EDS. (See figure 2.8-2.) The systems
operate in parallel and provide complete redundant circuitry; each system has its own 37. 1-volt d-c

battery, relays, time-delay circuits, fuse-resistors, buses, and explosive cartridges. Two separate

cartridges are provided for each EDS function. Each cartridge uses power from a separate ED bus and

can perform its task without the other cartridge.
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Figure 2.8-2. Explosive Devices Subsystem - Overall Block Diagram \
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( 2.8.2 SUBSYSTEM INTERFACES.

EDS relays are actuated by 28 volts dc received through the Commander's and LM Pilot's

buses of the Electrical Power Subsystem (EPS). Contacts of these relays route ED battery current to

associated explosive devices in the Main Propulsion Subsystem (MPS) and the Reaction Control Sub-

system (RCS) and to explosive devices that enable landing gear deployment, interstage structural con-

nection separation, electrical circuit interruption, and interstage umbilical severance. In the MPS,

explosive devices enable descent propellant tank pressurization and venting, and ascent propellant tank

pressurization. In the RCS, explosive devices enable RCS propellant tank pressurization.

 

The EDS receives two commands from the control electronics section (CES) of the Guidance,

Navigation, and Control Subsystem (GN&CS). After the descent engine is fired, a delayed descent engine-
on command is received from the CES. This command actuates the ED relay associated with the ex-

plosive device that enables descent propellant tank pressurization (with supercritical helium). An auto-

matic stage command is received from the CES when the ascent engine is fired. This command

actuates the ED staging sequence relays.

ED relay status and malfunction signals are routed to the Instrumentation Subsystem (Is),

which processes them for telemetering to MSFN. If the master arm relay or the staging sequence relays

malfunction, a signal is routed to the failure-detection circuits in the caution and warning electronics

assembly (CWEA) of the IS, which causes the ED RELAYScaution light (panel 2) and the appropriate
STAGE SEQ RELAYSSYS A or SYS B componentcaution light (panel 8) to go on. Landing gear deploy-

ment is monitored by sensors in the landing gear assemblies. A composite signal from these sensorsis

sent to the IS, where it is processed for telemetering to MSFN. The signal causes a gray LDG GEAR

DEPLOYtalkback display (panel 8).

2.8.3 FUNCTIONAL DESCRIPTION. (See figure 2. 8-3.)

, The redundant circuits and components of the EDS operate simultaneously, as two indepen-

f dent systems (A and B). Either system can perform the EDS functions. Each function is completed before

initiation of the next function. The EDS functions are performed in the following sequence:

e Landing gear deployment . |

Agee e Reaction Control Subsystem (RCS) propellant tank pressurization

e Descent propellant tank prepressurization (ambient helium)

e Descent propellant tank pressurization (supercritical helium)

e Descent propellant tank venting

e Ascent propellant tank pressurization

e Interstage nut-and-bolt separation and ascent stage deadfacing (occur simultaneously)

e Interstage umbilical severance

EDS systems A and B are operated from the EXPLOSIVE DEVICESportion of panel 8.

Power (28 volts dc) from the EPS, to actuate the relays in the system A and system B relay boxes,

: is routed through the ED: LOGIC PWR circuit breaker (panel 11) and the ED: LOGIC PWR B

\ circuit breaker (panel 16), respectively. Power for the cartridges is supplied by the ED batteries.
‘. When the MASTER ARMsvitch is set to ON, each battery supplies power to an identical redundant

bus in the ED relay boxes, armingthe firing circuits and enabling all explosive devices of the LM.

Firing of any explosive device is controlled by its respective switch on panel 8, except that the descent

propellant supercritical helium valves are fired on command from the CES (refer to paragraph 2.8.3.4).

Automatic initiation of the staging sequence can be generated by the CES, and EDS arming and ascent

propellant tank pressurization can be initiated by pressing the ABORT STAGE pushbutton (panel 1).
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Figure 2.8-3. Explosive Devices Subsystem - Overall Functional Diagram
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( The status of the master arm relay K1, and the stage sequence relays K2, K3, K4, K5,

K5A, and K6, is monitored. Inadvertent operation of any of these relays is indicated by a master
alarm, an ED RELAYScaution light, and the appropriate STAGE SEQ RELAYS component caution light.

When the MASTER ARM switch is set to ON, both component caution lights, SYS A and SYS B, go on

to indicate that both ED buses are armed. MSFN is provided with a telemetry signal for monitoring

| the status of the master arm and stage sequence relays.

Contacts of the remaining ED relays (K7 through K15) form a series output that provides
MSFN with telemetry signals for constant monitoring of the status of these relays. If any one, or

combination, of these relays operates inadvertently, their telemetry signal does not distinguish which

relay or relays are at fault.
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S Figure 2.8-4. Stage Sequence Monitoring (Relays K1 through K6) - Simplified Schematic Diagram
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2.8.3.1 Circuitry.

The ED logic circuits are protected by circuit breakers; the firing circuits, by current-

limiting fuses. Circuit breakers route the power needed to energize the ED relays. Additionally, they

protect wiring against deterioration caused by faults or overloads.

ED circuits are the only electrical load connected to the ED power bus; they do not receive

power from the EPS bus. The EPS bus energizes the ED relay coils. The explosive devices switch

(panel 8) used determines which relay coil is energized. Relay contacts then route ED battery power

(battery A and battery B) from the redundant ED busesto the devices (or cartridges) to perform a
specific function.

  
The time delays preclude the possibility of initiating a function out of sequence. All ED

firing circuits and the EPS circuits are shielded. Both systems are electrically and physically isolated

from one another and the wiring is routed separately wherever possible. The circuits are not grounded;

EPS and instrumentation ground returns are separated and in no way cause the ED circuits to become

grounded.

EDS design is fail-safe in all respects. There are no mechanical or electrical cross-

overs, except for the mechanical actuation in the ED switches. Failure to arm or operate one EDS

system (A or B) does not prevent performance of a function. Redundant wiring is used whereloss of a

Single lead could preventinitiation or control of a function.

All initiators are protected against static electricity by means of a shorting circuit. The

cartridge assemblies are connected to the ED negative bus at all times. When the control relay is energiz-

ed, ED bus voltage is routed to the initiators in the cartridge assemblies. A fuse-resistor, in series with

the circuit (between the pyro bus and control relay), protects the initiator bridgewire circuit and ED

batteries against overloads. The fuse-resistors are rated at 20 amperes for 100 milliseconds with 1-

ohm resistance. (

Bi 2.8.3.2 ED Bus-Arming. (See figure 2.8-5.}

The MASTER ARMswitch is a triple-pole double-throw switch, with a common two-

position, lever-locking toggle mechanism for the OFF and ON positions. Before performing any EDS

functions, this switch must be set to ON to arm the ED bus. If the ED RELAYScaution light and the

SYS A or SYS B component caution light go on due to the MASTER ARM switch failing in the ON position

or its relay K1 for one system(A or B) closing inadvertently, the affected EDS system should be

deactivated by opening the ED: LOGIC PWR A or ED: LOGIC PWR circuit breaker. A subsequent
EDS failure may jeopardize crew safety.

 

Setting the MASTER ARM switch to ON applies 28 volts dc from EPS systems A and B
to the set coils of latching control relays K1 (in EDS systems A and B). Contacts of K1 connect the ED

batteries (A and B) to both ED buses, arming the EDS and enabling performance of all functions. The

buses are also armed by pressing the ABORT STAGEpushbutton, when staging is to be performed with

automatic ascent engine firing. The ABORT STAGE switch bypasses the MASTER ARMswitchand sets

the K1 relays.

Setting the MASTER ARM switch to OFF, deenergizes the ED buses. This position

applies 28 volts dc from EPS systemsA and B to the reset coils of relays K1 and breaks the circuit

between the ED batteries and ED buses.
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Figure 2.8-5. Bus-Arming Control - Simplified Schematic Diagram

2.8.3.2.1 STAGE SEQ RELAYS SYS A and SYS B Component Caution Lights.

The STAGE SEQ RELAYSSYS A and SYS B componentcaution lights are yellow advisory

lights. When the MASTER ARM switch is ON, and the master arm relay (K1) of both system A and B

is set, the STAGE SEQ RELAYSSYS A and SYS lights go on to indicate that both ED systems are

armed and ready to perform an EDS function. A telemetry signal advises MSFN that both systems

are armed. If any of the relays used in the staging function (K1 through K6) inadvertently operate, the

corresponding SYS A or SYS B STAGE SEQ RELAYS componentcaution light and the ED RELAYScaution

light (panel 2) go on. (When a caution light is activated, the MASTER ALARM pushbutton/lights (panels

1 and 2) also go on and a tone is generated. Pressing either MASTER ALARM pushbutton/light turns

off the lights and the tone.) When the MASTER ARM switch is ON or the ABORT STAGE switch is

pressed, an inhibit signal is sent to the caution and warning electronics assembly (CSEA) which inhibits

the ED RELAYScaution light, and the MASTER ALARM light and tone. MSFN is provided with telemetry

signals for monitoring the status of the master arm relays and the stage sequence relays.

If there is a master alarm, and the ED RELAYScaution light, and associated STAGE SEQ

RELAYS component caution light go on, indicating the inadvertent transfer of the master arm or staging

sequence relays, the STAGE RELAY RESET switch should be set momentarily to the RESET position to

reset stage relay K2. If the ED RELAYScaution light and the STAGE SEQ RELAYS component caution

light go off, K2 had failed temporarily. If the lights remain on, the failure is due to relays K1, or K3

through K6.

2.8.3.3 Landing Gear Deployment. (See figure 2.8-6.)

The landing gear, stowed in the retracted position at launch, remains retracted until just

prior to LM-CSM separation. The LDG GEAR DEPLOYswitch is used to deploy the landing gear

assemblies.

An uplock device, with two end detonator cartridges (EDC's), restrains each of the

four landing gear assemblies (legs). Each EDC is controlled and fired by two separate control and fire

circuits in parallel. Firing either EDC in the landing gear uplock results in landing gear deployment.

Setting the MASTER ARM switch to ON arms the ED buses. Momentarily holding the LDG GEAR DEPLOY

switch to FIRE routes power from EPS systems A and to the coils of relays K8 and K8A in both ED

systems. Contacts of these relays route ED battery power to the eight landing gear uplock EDC's. When

all four landing gear assemblies have been deployed, EPS power (28 volts dc) is routed through closed

contacts of eight switches (one on each side of each landing gear assembly) to provide a gray LDG GEAR

DEPLOYtalkback display. (See figure 2.8-7.) The eight switch closures provide MSFN with a combined

telemetry signal for monitoring landing gear deployment.
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Figure 2.8-6. Landing Gear Deployment - Simplified Schematic Diagram

2.8.3.4 Descent Propellant Tank Prepressurization. (See figure 2. 8-8.)
 

An ambient helium isolation valve is used in conjunction with two compatibility valves

(each downstream of its respective quad check valve in the descent stage) when prepressurizing the

descent propellant tanks. The valves are normally closed. Setting the MASTER ARM switch to ON

arms the ED buses: momentarily holding the DES START He PRESSswitch to FIRE routes power

from EPSto the coil of relays K14 in both EDS systems. Contacts of K14 simultaneously route

ED battery power to the cartridges in the ambient helium isolation valve, opening the valve and
allowing ambient helium to flow to the descent propellant tank compatibility valves. Momentarily
holding the DES PRPLNT ISOL VLVswitch to FIRE routes EPS power to the coil of relays K15 in both

EDS systems. Contacts of K15 route ED battery power to open the compatibility valves. Ambient
helium then flows freely to the descent engine fuel and oxidizer tanks, pressurizing them. The increase
in propellant tank pressure is observed on the FUEL and OXID PRESSindicators (panel 1); the drop in

ambient helium tank pressure. on the HELIUM indicator (panel 1). Ambient helium prepressurization :

permits fuel to flow through the fuel/helium heat exchanger before cyrogenic helium flow through the \

helium/helium heat exchangeris initiated.

With the MASTER ARM switch set to ON and the descent engine fired, relay K9 in

both ED relay boxes receives a signal from the CES after a 1.3-second delay. Contacts of K9
route ED battery power to the supercritical helium isolation valve, opening the valve. Helium

from the cryogenic helium storage vessel pressurizes the descent propellant tanks in place of

the expended ambient helium. Descent helium pressure malfunctions light the DES REG warning

light (panel 1). (Refer to table 2.9-3.)

 Lew
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Figure 2.8-7. Landing Gear Switches - Schematic Diagram

2.8.3.5 Staging. (See figure 2. 8-9.)

Stage separation involves simultaneous operation of the circuit interrupters (dead-

facing) and separation of the interstage structural connections (nuts and bolts), then umbilical

severance (cable cutting). This is accomplished by cartridges fired by operation of the STAGE switch

or a signal from the CES when the ascent engineis fired. The signal from the CES bypasses the

STAGEswitch, which is not normally used.

Setting the MASTER ARM switch to ON armsthe ED buses; setting the STAGE switch

io FIRE, or the signal from the CES when the ascent engineis fired, applies 28 volts de from

EPS systems A and

B

to the set coils of latching relays K2. Contacts of K2 connect the ED stage-

sequencing circuits (RC time-delay circuits) to the ED buses, passing current through closed

contacts of relay K3. This energizes relays K5 and K5A (separation of nuts and bolts) and relays

K6 (deadfacing). Relays K3 and K4 do not operate immediately, due to the time-delay circuitry.

A time delay is necessary to ensure removalof all power from the interstage umbilical before it

is cut. After approximately a 15- to 20-millisecond delay (during which the nuts and bolts separate),

transistor Q2 applies ED bus voltage to energize K3. Contacts of K3 close and the bus voltageis

applied to another time-delay circuit (transistors Q3 and Q4). This circuit has the same RC time

constant; Q4 applies bus voltage to the coil of K4 (guillotine relay), completing stage separation. The
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Figure 2.8-8. Descent Propellant Tank Prepressurization - Simplified Schematic Diagram

staging sequence can also be initiated by pressing the ABORT STAGE pushbutton. This arms the ED

buses (bypassing the MASTER ARM switch) and initiates an automatic ascent engine fire sequencein

the CES. The CESfire signal initiates the ED staging sequence. Contacts of K3 ensure that the

deadface relay has removed electrical power from the umbilical before the guillotine detonators arefired.

2.8.3.6 Ascent Propellant Tank Pressurization. (See figure 2. 8-10.)
 

Two helium isolation valves, each with two cartridges and two sets of parallel redundant

fuel and oxidizer compatibility valves are used when pressurizing the ascent propellant tanks. One fuel

compatibility valve and one oxidizer compatibility valve uses two cartridges; the other two compatibility .

valves. a single cartridge each. The ASC He SEL switch provides the astronauts with the option of

using either one or both helium tanks to pressurize the system.

The valves are normally closed; they open when the cartridges are fired, depending on

the setting of the ASC He SEL switch. In addition, the control relays for the helium isolation valves

and the compatibility valves can be energized with a direct signal from the ABORT STAGEpushbutton,

which bypasses the ASCENT He PRESS switch. The ASCENT He PRESS switch is a double-pole

double-throw switch module. with a lever-locking toggle mechanism for the SAFE position. No:mally, :
the ASC He SEL switch is set to BOTH so that both helium tanks are used for ascent propellant tank o

iy
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pressurization. Setting the MASTER ARM switch to ON, arms the ED buses. Momentarily holding the

ASCENT He PRESS switch to FIRE, routes 28 volts dc from the EPSto the coils of control relays K12

and K12A of both ED systems. The contacts of Ki2A (ED system A), and K12, K12A (ED system B)
route ED battery power to the fuel and oxidizer compatibility valves cartridges. Depending on the

position of the ASC He SEL switch, the coils of relays K10 and/or K11 of both ED systemsare also

energized from the EPS, when the ASCENT He PRESS switch is activated. With the ASC He SEL
switch in TANK 1 position, relay K10 of both ED systems are energized routing ED battery powerto

the helium tank No. 1 isolation valves. With the switch in the TANK 2 position, relays K11 of both

ED systems are energized, routing ED battery powerto the isolation valves of helium tank No. 2.

In the BOTH position, relays Ki0 and K11 of both ED systems are energized, firing the valves in

both tanks. The astronauts are alerted to ascent helium pressure malfunctions by the ASC PRESS
warning light (panel 1). (Refer to table 2. 9-3.)

2.8.3.7 RCS Propellant Tank Pressurization. (See figure 2.8-11.)
 

The RCS has twohelium fuel, and oxidizer tanks. Each helium tank pressurizes one

fuel tank and one oxidizer tank. Two parallel helium isolation valves are used in conjunction with

each helium tank when pressurizing the RCS propellant tanks. Each valve has one cartridge, which

is fired by one of the EDS systems.

  MASTER ARM

ED
, BATTERY A

®) 4HED 28-VDC
BUS

4h

 

        

 

 

MASTER

 

 

I

\ tf ARM

! 18 TO £D rey
28 VDC FROM zis o we RELAY
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Figure 2.8-11. RCS Propellant Tank Pressurization
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The valves are normally closed; their firing circuits are controlled by relays actuated

by the RCS He PRESS switch. Setting the MASTER ARM switch to ON armsthe ED buses.

Momentarily holding the RCX He PRESS switch to FIRE routes 28 volts dc from EPS systems Aand B

to the coils of relays K7?. Contacts of K7 complete the circuit between the cartridges in the helium

isolation valves and the ED buses. The contacts of K7 in relay box A route ED bus voltage to helium

isolation valves in RCS systems A and B. The other helium isolation valve in RCS systems A and B

receives its ED bus voltage through contacts of K7 in relay box B. Opening either valve in system A

and B permits helium to pressurize the RCS fuel and oxidizer tanks. The RCS A REG and RCS B

REG warning lights and the RCS caution light alert the astronauts to malfunctions of RCS helium line

pressure and tank pressure. (Refer to table 2. 9-3.)

 

2.8.3.8 Descent Propellant Tank Venting.
 

The descent fuel and oxidizer helium pressurization venting systems each contain an ED-

controlled valve in series with a normally open latching valve. The latching valves are normally open;

actuating the ED valves vents the systems. Setting the MASTER ARM switch to ON arms the ED buses.

Momentarily setting the DES VENT switch to FIRE routes EPS powerto the coils of relay K18 in

both ED systems. The contacts of K13 route ED powerto the cartridges of the vent valves, opening

them. The helium vents through the normally open fuel and oxidizer vent valves. Setting the FUEL

VENT and OXID vent switches (panel 8) to CLOSE, closes the vent valves and causes the talkbacks to

change from gray to barber-pole displays.

 

2.8.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

2.8.4.1 Explosive Devices. (See figure 2. 8-12.)

 

Two types of explosive cartridges are incorporated in the LM; detonator cartridges.

containing high explosive changes, and pressure cartridges, containing relatively low yield propellant

charges. Each cartridge contains a specially indexed single bridgewire apollo standard initiator

(SBASI). All explosive devices and components, except the circuit interrupters, can be installed at the

launch site late in the LM assembly and prelaunchactivity. To prevent erroneousinstallation, cartridges

with different outputs have different connector threads. Twisted. shielded pairs of firing lines provide

protection against RF energy. All cartridge assemblies are hermetically sealed to protect the explosive

materials against ground and mission environments.

The following explosive devices and components separately, or in various combinations,

perform the EDS functions:

 

« Single Bridgewire Apollo Standard Initiators. The SBASI's are fired by ED battery

power; they initiate all explosive cartridges and devices required during this

mission.

\ e End Detonator Cartridges. The EDC's are used to detonate explosive charges in

. the interstage umbilical cutter assembly(cable cutter) and to actuate the landing

uplock device.

e Pressure Cartridges.
Electrical circuit interrupter (ECI) cartridges

RCS valve cartridges

Propulsion valve cartridges

. Nut cartridges
} Bolt cartridges
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e Helium Isolation Valves and Compatibility Valves. These valves are similar and

operate in the same manner, they are used singly or in pairs, depending on the

function (RCS, ascent, or descent propellant tank pressurization). Each RCS

explosive valve is actuated by a single cartridge. (Redundant vaives are used. )

Each ascent helium isolation valve and the descent helium and compatibility

valves are actuated by two cartridges. One of the two ascent fuel compatibility

valves and two ascent oxidizer compatibility valves. contains two cartridges; the

other, a single cartridge.

e Circuit Interrupters. Circuit interrupters terminate all signal and power leads

between the ascent and descent stages. These devices are actuated within

25 milliseconds after receipt of the stage command. They are actuated by either

of two cartridges.

© Explosive Nuts and Bolts. The ascent and descent stage structures are joined by

four explosive nuts and four explosive bolts, each with a single cartridge. The

four structural tie points are released within 20 milliseconds after receipt of the

stage command.

e Guillotine (cable cutter assembly). The guillotine consists of two explosively actuated

blades, interconnected through common manifolds. Either blade can sever an umbilical

35% greater than the actual umbilical within 100 milliseconds after receipt of the stage

command. Shielded mild detonating cord ensure that both blades operate evenif one

initiator fails to receive the fire signal.

e Landing Gear Uplock and Cutter Assemblies. Two independent EDC's are used in

each of the four uplocks, to deploy the landing gear assemblies.

2.8.4.1.1 Cartridges.

The SBASI's (figure 2. 8-12) in the EDS cartridges provide a high power-to-weight ratio,

require low energy to initiate, are compact, and have a high degree of reliability. Most EDS functions,

use two cartridges; one is redundant. The ascent propulsion compatibility valves use single cartridges

and dual cartridges. (Refer to paragraph 2.8.3.6.) When 3.5 amperes (minimum)is applied to the

initiator bridgewire for a few milliseconds, heat is generated. The heat fires the initiator. Each

initiator is controlled by separate, independent contacts of the firing relays. Powerto fire the initiators

is supplied by the ED batteries.

2.8.4.1.2 Interstage Structural Connections. (See figure 2. 8-12.)

The LM uses four nuts and bolts as interstage structural connections. These nuts and

bolts are separated explosively for stage separation. Each nut and bolt has its own cartridge; firing

either cartridge separates the stages. The nut cartridges are fired by EDS system B; the bolt

cartridges by EDS system A. When one or both cartridges are fired, gases that drive a piston within

the nut and/or bolt assemblies are generated. This results in bolt fracture and nut separation. If

the nut does not separate from the bolt, bolt fracture, alone, results in stage separation. Reaction

time for complete nut andbolt separation is approximately 15 milliseconds. Power for the firing

control circuit is controlled by the stage-sequencing circuitry (ED time-delay circuit) in the ascent

and descent stages. This circuitry provides proper sequencing of the LM staging operations.

2.8.4.1.3  Interstage Umbilical Cutters (Guillotine). (See figure 2. 8- 12.)

The guillotine consists of two cutter assemblies that sever the interstage electrical

umbilical during stage separation. Each cutter assembly consists of an EDC, a transfer booster, a

blade charge. and a blade. The transfer booster is connected by two manifold crossovers (shielded

mild detonating cord). one on each side of the guillotine housing. The manifold crossovers provide

for sympathetic ignition needed to operate both blades if one EDC does notfire.

The cutter assembly blades are held safe with shear pins that ensure that the inter-

stage umbilical will not be cut without a positive fire signal to the control circuit. Firing the detonator
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and explosive blade charge generates a shock wavethat drives the cutting blades through the interstage
umbilical. The blades sever the umbilical, cutting all electrical wires, the descent water tank supply

j hardline, and the waste management hardline between the ascent and descent stages. Loss of the

ascent water tank supply is prevented by check valves in the ascent stage plumbing. Reaction time

for cutter assembly operation is approximately 5 milliseconds, after 3.5 amperes (minimum)of

direct current is applic i to the initiator bridgewire.

2.8.4.1,4 Landing Gear Uplock and Cutter Assemblies. (See figure 2. 8-12.)  
Each landing gear assemblyhas a landing gear uplock and cutter assembly, which

contains two EDC's. Firing an EDC generates a shock wave that acts on the base end of the uplock

cutting blade. The blades (driven from opposite directions) sever a strap that connects the landing

gear strut with the LM descent stage, permitting the landing gear assembly to deploy. Either blade can

sever a strap 35% greater in cross section than the strap used. The operation response time of the

uplock is approximately 20 milliseconds, after 3.5 amperes (minimum) of direct current is applied to
Bf the EDC. In operation, the EDC's are stagger-fired.

2.8.4.1.5 Helium Isolation Valves and Compatibility Valves. (See figure 2. 8-12.)

The helium isolation valves and compatibility valves operate in the same manner. They

use either a single cartridge or two cartridges, depending on the function being performed. (Refer to

paragraph 2.8.3.1.) Firing a cartridge in a valve generates gases in the valve explosion chamberat

extremely high rates. The gases drive a piston to shear a closure disk in the pressure line. This

opens the valves. At the end of its stroke, the piston is forced into the valve housing and the piston

port in each valve is permanently aligned with the pressure line plumbing.

2.8.4.1.6 Circuit Interrupters (Deadface Connectors). (See figure 2. 8-12.)

Two circuit interrupters are in the ascent stage. (See figure 2.8-1.) They are in front (
of the ascent stage tank thermal shielding, immediately above quadrant 4 of the descent stage. Each
circuit interrupter has two cartridges. Each cartridge can operate the circuit interrupter. Using

two cartridges for each circuit interrupter provides redundancyto ensure that the electrical power be- -

tween the ascent and descent stages is terminated before umbilical severance.

 

The circuit interrupter cartridges are energized during the staging operation. When

energized, the cartridges cause a pressure buildup in the circuit interrupter combustion chamber.

As pressure builds up in the chamber, twoinitial lock detents move to their open positions. freeing the

piston assembly and permitting its movement whenits actuation pressure is reached. Whenthe pres-

sure in the combustion chamber is sufficient to overcome pin and O-ringfriction, the piston assembly

moves to the open-circuit position. disconnecting the pins of the electrical connectors. Spring~loaded

final lock detent pins automatically drop into slots in the piston and retain the piston in the open-circuit

position. Circuit interruption removesall electrical power from the interstage umbilicai lines before

the umbilical is severed. (See figure 2. 8-13 for a functional block diagram of circuit interruption. )

The stage-sequencing circuits (paragraph 2.8.3.5) control circuit-interrupter
operation. If one cartridge fired by the control circuit malfunctions, the other cartridge. fired by the

redundant contro! circuit performs the function; normally, both cartridges fire. Approximately 240

electrical conductors are routed through each circuit interrupter. The interrupter pin connections
are normally closed; they are opened by firing the cartridge. Operation response time of the circuit

interrupters is approxirnately 20 milliseconds.

2.8.4.2 ED Batteries.

Two 20-cell silver oxide-zine batteries provide power to both EDS systems to fire the

initiators. One battery is in the ascent stage; the other one, in the descent stage. (See figure 2. 8-1.}

Normal operation of either battery provides adequate electrical power for EDS operation. Each

battery is rated at 37.1 volts dc (open-circuit voltage), 0.75 ampere-hour: it can produce 75 umperes

for 36 seconds. The output voltage of each battery can be monitored periodically on panei 14. Setting

the POWER/TEMP MONselector switch to ED’OFF. and the ED VOLTS switch to BAT A, provides

an indication of the output voltage of ED battery A on the VOLTSindicator. Setting the FD VOLTS e
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{ Figure 2,8-13. Electrical Circuit Interrupter - Functional Block Diagram

switch to BAT B provides an indication of the output voltage of ED battery B. The battery electrolyte .
is potassium hydroxide one-half saturated. The battery case is constructed of plastic. Excess pres-

Ae sure in the batteries is vented into the descent and ascent stages at 3045 psig.

2.8.4.3 Explosive Devices Relay Boxes.
 

One ED relay box is in the ascent stage; another one, in the descent stage. (See

figure 2.8-1.) Latching and nonlatching relays are used in the EDS. The latching relays, used to

control the bus-arming and staging sequence, consist of two coils (set and reset) with associated con-

tacts. The set coil, when energized, initiates circuit operation; the reset coil, when energized, stops

circuit operation. The contacts are latched set or reset, depending on the coil pulsed. The nonlatching

relays, used in control and fire circuits, consist of one coil with associated nonlatching contacts.

These contacts maintain their normally open or closed position and do not change state until the coil

is energized. The contacts remain in the changed state only while the coil is energized.

 

Fuse-resistors in the ED relay boxes limit the current applied to the initiator bridge-

wire and provide overcurrent protection for the ED batteries. Each firing circuit uses one fuse-

resistor in series with the initiator bridgewire. Each relay box also contains an RC time-delaycircuit

that is used during the staging sequence. Refer to paragraph 2.8.3.5.
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2.8.5 PERFORMANCE AND DESIGN DATA.

The performance and design data for the EDS are given in table 2. 8-1.

Table 2.8-1. Explosive Devices Subystem - Performance and Design Data

Battery

Height 3.03 inches

Width 2.75 inches

Length 6.78 inches

Weight (each, filled) 3.50 pounds

Electrical requirements

Inputs

From EPS (Commander's and LM 28 volts de

Pilot's buses)

From AELD of control electronics 28 volts de
section

From ED batteries (systems A 37.1 volts de (open-circuit

and B) voltage)

35.0 volts dc (minimum)

From DECA 28 volts de

Outputs

To initiators (in cartridge assemblies) 3.5 amperes for 10 milliseconds

(minimum)

ED relay boxes 7.5 to 15.0 amperes de (for
at least 10 milliseconds)

Resistance

Initiators 1.05 +0.10 ohms

Electrical circuit interrupter Approximately 0.2 ohm with 30-

millivolt open-circuit voltage and

maximum 10-microampere short-

circuit current

Fuse-resistors 1.0 ohm with 20.0 amperes(for

100 milliseconds)
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2.8.6 OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the EDS are as follows:

e The landing gear legs must be deployed before the descent engine is fired. In the

stowed position, the legs are in the path of the descent engine plume; descent

engine firing would damage them.

e The ASCENT He PRESS switch should not be actuated longer than 24 hours before

termination of ascent engine operation. The ascent pressurization valves are

designed to operate for only 24 hours after exposure to propellant vapors. Ex-~

ceeding this limit may cause ascent valve failure.

e The DES START He PRESS and DES PRPLNT ISOL VLV switches should not be
actuated longer than 3.5 days before termination of descent engine operation.

The descent pressurization valves are designed to operate for only 3.5 days

after exposure to propellant vapors. Exceeding this limit may cause descent

valve failure.

 

EXPLOSIVE DEVICES SUBSYSTEM

Mission_LM_ Basic Date__1 February 1970 Change Date L April 1971 Page 2.8-21/2. 8-22



 
   



 

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

2.9 INSTRUMENTATION SUBSYSTEM.

2.9.1 INTRODUCTION.

The Instrumentation Subsystem (IS) monitors the LM subsystems, performs in-flight check-
out, prepares LM status data for transmission to MSFN, provides timing frequencies and correlated

data for LM subsystems, stores voice and time-correlation data, and performs lunar surface checkout.

The IS consists of subsystem sensors, a signal-conditioning electronics assembly (SCEA),

pulse-code-modulation and timing electronics assembly (PCMTEA), caution and warning electronics

assembly (CWEA), and a data storage electronics assembly (DSEA). The SCEA receives mostof the LM
subsystem status signals from sensors located in the subsystems. The signals are conditioned, then routed

to the CWEA for monitoring, to displays, and to the PCMTEAfor telemetry.

Each IS assembly receives operating power from the Electrical Power Subsystem (EPS)

through associated circuit breakers. (See figure 2.9-1.) The subsystem sensors receive their operating
power through the INST: SIG SENSORcircuit breaker (panel 16). The electronic replaceable assemblies
(ERA's) in the SCEA receive their operating power through the INST: SIG CONDR 1 and SIG CONDR 2
circuit breakers (panel 11 and 16, respectively). The CWEA power supply receives its operating power
through the INST: CWEAcircuit breaker (panel 16). If the CWEA powersupply faiJs, a failure-detection

circuits lights the C/W PWR caution light (panel 2). When failures are detected, the MASTER ALARM

pushbutton/lights (panels 1 and 2) go on. These lights receive their operating power through the LTG:

MASTER ALARMcircuit breaker (panel 16). The PCMTEA dc-to-dc converter receives its operating

power through the INST: PCM/TEcircuit breaker (panel 16). The dc-to-dc converter supplies voltages

to operate the PCM analog and digital blocks, which prepare subsystem data for telemetering. The con-

verter also supplies the timing electronics (TE) section of the PCMTEA. The TE section routes LM

subsystem synchronization signals. The DSEA powersupply receivesits operating power through the

AC BUS A: TAPE RCDRcircuit breaker (panel 11) and routes voltages to operate DSEA circuits.

2.9.2 SUBSYSTEM INTERFACES. (See figure 2.9-1.) .

The IS draws operating power from the EPS. Data from sensors in all LM subsystems are

routed to ERA's in the SCEAfor voltage level conditioning acceptable to the PCMTEA. The PCMTEA

routes the data from the SCEA to the Communications Subsystem (CS) in nonreturn-to-zero (NRZ) form

(51.2 or 1.6 kilobits per second) or split-phase form (1.6 kilobits per second) for transmission to MSFN.
The PCMTEAalso supplies the CS with a 512-kpps sync signal and a 512-kpps reference signal. The Cs

uses the reference signal to generate a 1, 024-kc subcarrier, which is phase referenced to the PCMTEA

NRZ input and modulated by the NRZ input for transmission to MSFN. The CS uses the sync signal to

generate a 1.25-mc subcarrier, obtained by doubling the output from mixing the 512-ke sync signal with

a 113-ke voltage control oscillator output. This subcarrier is modulated by voice and biomedical data

for S-band transmission. The split-phase data modulates a VHF Bcarrier. Besides these outputs to the

CS (in serial digital form), the PCMTEAroutes serial digital data received from the LM guidance com-

puter (LGC) and abort guidance section (AGS) of the Guidance, Navigation, and Control Subsystem

(GN&CS) and supplies the LGC and AGS with synchronizing pulses necessary for LM operations.

The DSEA records voice and provides an interface with the CS and the TE section of the

PCMTEA. A voice-operated relay (VOX) keying signal, supplied by the CS, is routed to the DSEA through

the intercommunication bus to turn on the DSEA. The TE section continuously supplies synchronizing sig-

nals to LM subsystems and crewdisplays once the TE's quartz crystal oscillator is pulsed with a I, 024-

kpps signal from the LGC.

The SCEA outputs are also routed to the CWEA and to crew displays. The CWEA provides

the function needed to trip the warning or caution lights (panels 1 and 2, respectively) and the two MAS-

TER ALARMpushbutton/lights and to enable a 3-ke tone generator in S&C control assembly No. 2 of the

GN&CS when a subsystem malfunctions. The tone is heard in the astronaut headsets. The CWEAfailure-

detection circuits also provide the voltage needed to trip appropriate component caution lights.
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2.9.3 FUNCTIONAL DESCRIPTION. (See figure 2. 9-2.)

The IS accepts data, such as temperature, frequency, valve position, pressure, switch

position, voltage, and current, from other subsystems through subsystem sensors. The sensors convert

physical data to analog and digital (discrete event functions) signals that are routed to the SCEAfor volt-

age level conditioning. If conditioning is not required, the signals are routed directly to the PCMTEA and

CWEA. The SCEA conditions the sensor outputs and feeds signals of high-level analog (0 to 5 volts dc) or

digital (4 to 6 volts dc for logic 1; 0 to 0.5 volt de for logic 0) data to the PCMTEA, CWEA, and displays.

To activate the IS, the circuit breakers for each IS assembly must be closed. To enable the MASTER

ALARMpushbutton/lights, component caution lights, and the caution and warning lights, which operate

in conjunction with the IS, the LTG: MASTER ALARM circuit breaker (panel 16) and the LTG: ANUN/

DOCK/COMPNTcircuit breakers (panels 11 and 16) must be closed.

The conditioned signals supplied by the SCEA to the PCMTEAand the signals routed directly

from the sensors to the PCMTEAare changed to serial digital form for transmission to MSFN at one of

two bit rates: 1,600 bits per second (low rate) or 51,200 bits per second (high rate). Subcarrier fre-

quencies, time reference signals, and sync pulses are generated in the PCMTEAand supplied to other

subsystems that require them for proper operation.

The PCMTEAreceives a 1,024-kpps synchronizing signal and three types of data: high level

analog, parallel digital, and serial digital. Some parallel digital and high-level analog inputs are supplied

directly to the PCMTEA from the sensors; others are routed through the SCEA. The SCEA conditions the

inputs to voltage levels required by the PCM equipment. The 1024-kpps sync signal from the LGC pro-

vides synchronization for the PCMTEAand those subsystems that use outputs from the TE equipment of

the PCMTEA.

Primary control of all units in the PCM equipment is established by the programmer.

Using submultiples of the internal or external 1,024-kpps signals, the programmer provides the basic

timing for data sampling and processing. It generates signals for bit, word, prime frame, and subframe

timing intervals. (See figures 2.9-3 and 2.9-4.) External format select signals cause the programmer

to generate commandsfor a fixed, predetermined program of analog and digital data sampling and to

sequentially control the sampling operation. The programmer generates synchronization and format

identification word patterns and inserts this information into the output serial data stream. Tt also

generates the command and timing signals for synchronizing other LM equipment with the PCMTEA.

The analog multiplexer drivers receive the timing and command signals from the program-

mer and route the signals to appropriate circuits in the high-level analog multiplexer gates. The analog

voltage inputs to these gates are selected at the programmed sampling rate and applied to the high-speed

gates. The high-level pulse-amplitude-modulated (PAM) outputs from the high-speed gates are routed

to the analog-to-digital converter (coder). The coder produces digitized words that represent the input

analog data and supplies the wordsto the digital multiplexer.

The digital multiplexer gates receive digitized-data signals from the coder and pure digital

information from other LM equipment. Gating command signals from the programmer control sequential

operation of the digital multiplexer gates according to a fixed program, producing multiplexed data that

consist of parallel binary words. The parallel binary words are gated to the output register and data

transfer buffers (output buffers). The output register converts the parallel data to a serial RZ and

NRZ-C output. It also receives, from the LGC and the AGS, serial digital data, which are inserted into

the serial output of the PCMTEA.

The PCMTEAsupplies timing commandsand synchronization signals. These signals are

provided, by the TE and the programmer, to the data transfer buffers located in the TE and PCM sections.

These buffers supply the signals to other LM equipment. The TE consists of a phase-locked oscillator

and doublers, a decision network, a timing generator. time accumulator, serial time code generator, and

three oscillator failure-detection circuits. The TE is redundant in critical areas. A 1,024-kpps

input from the LGC forces the phase-locked oscillator in synchronism. If the input from the LGCfails,

the phase-locked oscillator continues to furnish the necessary timing signals without loss of data. The

TE divides the 1024-kpps signal into a number of selected subharmonic frequencies, which are routed to

the PCM equipment and other LM devices.
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Figure 2.9-4. Data Format No. 2 (Reduced Mode)
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Analog and digital signals supplied from the SCEA to the CWEAare constantly compared

with internally generated limits and monitored on display panels. On detecting a malfunction (out-of-

limit condition), the CWEA provides output signals to energize the associated warning or caution light,

both MASTER ALARMpushbutton/lights, and a tone generator. The warning lights indicate malfunctions

that jeopardize astronaut safety and require immediate action. The caution lights indicate malfunctions

that do not require immediate action,

The DSEA provides voice-recording capability. The audio signal is supplied from the

astronaut's bus in the CS to the DSEA, whereit is recorded along with time reference signals (mission

elapsed time) from the PCMTEA. Ten hours of recording time is provided in the DSEA. The tape cannot

be played back by the DSEA; this must be performed with ground equipment.

2.9.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

The IS consists of the following:

e Sensors - sense physical data in other subsystems (temperature, valve and switch

positions, pressure, voltage, current, water and propellant quantity).

e® Signal-conditioning electronics assembly - conditions subsystem transducer

(sensor) signals and events to proper voltage levels.

e Pulse-code-modulation and timing electronics assembly - prepares subsystem-

status signals for transmission and provides timing frequencies and mission-

elapsed-time data to subsystems.

e Caution and warning electronics assembly - monitors operational levels and gen-

erates signals that cause appropriate caution and warning lights and component

caution lights to go on and activate the two MASTER ALARM pushbutton/lights

and a tone generator.

e Data storage electronics assembly - stores audio and time-correlation data

(mission elapsed time) on tape.

2.9.4.1 Sensing Equipment.

The IS sensors continuously check the status of other subsystems by sensing temperature,

valve and switch positions, pressure, voltage, current, and water and propellant quantity. These

sensed data are changedto electrical signals (digital or analog) compatible with the requirements of

the SCEA or PCMTEA.

2.9.4.2 Signal-Conditioning Electronics Assembly.
 

The SCEA converts all unconditioned subsystem transducer (sensor) signals and events to

proper voltage levels required by the PCMTEA, CWEA, and displays. The unconditioned signals are fed

through amplifiers, attenuators, ac-to-de converters, analog and discrete isolating buffers, frequency-to-

de converters, resistance-to-de converters, and phase-sensitive demodulators to provide the proper out-

put voltages. These seven basic SCEA subassemblies are in each electronic replaceable assembly

(ERA-1 and ERA-2) that makes up the SCEA. Each ERA has capacity for 22 plug-in subassemblies (con-

ditioning units) and provides the interface connections between other LM subsystems and the IS. (Refer

to tables 2. 9-1 and 2. 9-2 for conditioned and preconditioned interfacing signals.) These subassemblies

provide conditioned digital and analog data. Digital data (discrete event functions) outputs appear as a 4-

to 6-volt d-c level for logic 1 or "on"; as a 0- to 0. 5-volt d-c level, for logic 0 or "'off.'' Discrete signals

to be monitored by displays are in the form of solid-state switch closures. Analog data varies from 0 to

5 volts dc. Each ERA contains circuits that route signals to IS assemblies. In tables 2. 9-1 and 2. 9-2,

the numberin parentheses, following the conditioning unit number, designates the unit location in ERA-1

or ERA-2. The displays in parentheses are located on the corresponding subsystem panel, except where

otherwise noted. See figure 2.9-15 for signals routed to the CWEAfailure-detection circuits.
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Table 2.9-1. ERA-1 ~ Conditioned and Preconditioned Interfacing Signals

 

 

 

Signal Nomenclature To To

From and Telemetry (Conditioning (iS Assembly

(Subsystem) Code No. Unit) Output and Display)

ECS 504-1 (5)

Suit outlet pressure - Circuit No. 1 0 to 5 vde PCMTEA

 

GF1301

COs Partial pressure -

GF1521

Water separator No.1}

and 2 - GF9999

Ascent oxygen tank

No. 1 pressure -

GF3582

Ascent oxygen tank

No. 2 pressure -

GF3583  

Preconditioned

Circuit No, 2

Preconditioned

Circuit No. 3

Preconditioned

504-1 (7)

Circuit No. 1

Preconditioned

Circuit No. 1

Circuit No. 2

Preconditioned

Circuit No, 2  

(0 to 10 psia)

1.56 to 5.0 vde
(8. 2 to 10 psia)

0 to 5 vde
(0 to 30 mm Hg)

2,27 to 5.0 vde

0 to 5 vde (500

to 3,600 rpm)

More than 1530
rpm

0 to 5 vde

(0 to 1,000 psia)

95 to 684 psia

0 to 854 psia

0 to 5 vde

(0 to 1,000 psia)

95 to 684 psia

0 to 854 psia  

Display (SUIT PRESS
indicator)

CWEA (SUIT/FAN warn-
ing light)

PCMTEA

CWEA (ECS caution

light) Display (CO

component caution Tight)

PCMTEA

CWEA(ECScaution
light) Display (HgO SEP
component caution

light)

PCMTEA

CWEA (O5 QTY caution

light)

Display (Og QUANTITY
indicator)

PCMTEA

CWEA (Og QTY caution
light)

Display (Og QUANTITY
indicator)  
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Table 2.9-1. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

 

 

  

Signal Nomenclature To To

From and Telemetry (Conditioning dS Assembly

(Subsystem) Code No. Unit) Output and Display)

ECS (cont) 504-1 (7) (cont)

Descent tank water Circuit No. 3 0 to 5 vde PCMTEA

| quantity - GF4500 (0% to 100%)

* Circuit No. 3 0% to 100% Display (HoO QUANTITY

indicator)

504-1 (8)

Ascent tank No. 1 Circuit No. 1 0 to 5 vde PCMTEA

water quantity - (0% to 100%)
GF4582 (LM8)

Ascent tank No. 1

water quantity -

GF4501 (LM 9
and subq)

i * Circuit No. | 0% to 100% Display (H2O QUANTITY
indicator)

Ascent tank No. 2 Circuit No. 2 0 to 5 vde PCMTEA

water quantity - (0% to 100%)

GF4583 (LM8)

Ascent tank No. 2

water quantity -

GF4502 (LM 9
and subq)

i * Circuit No. 2 0% to 100% Display (HgO QUANTITY .
indicator)

eas 506-3 (10)

Water sublimator Circuit No. 1 0 to 5 vde PCMTEA CWEA

coolant outlet tem- (+20 to +120 F) (GLYCOLcaution light)

perature - GF9998 More than +50 F Display (GLYCOL

0 to +80 F temperature indicator)

RCS 504-1 (6)

Helium pressure, Circuit No. 1 0 to 5 vde PCMTEA

tank A - GR1101 {0 to 3,500 psia)

Preconditioned More than 3,700 CWEA(RCS caution

psia light)

Circuit No. 1 0 to 3,500 psia Display (A PRESS

indicator)

Helium pressure, Circuit No. 2 0 to 5 vde PCMTEA

tank B - GR1102 (0 to 3,500 psia)

s
o
o

|} *A nomograph is required for quantity determination. The H2O QUANTITYmeter reading is indicative of pressure

change only.        
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Table 2.9-1. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To

From and Telemetry (Conditioning ds Assembly

(Subsystem) Code No. Unit) Output and Display)

RCS 504-1 (6)

(cont) (cont)

Preconditioned More than 1, 700 CWEA(RCS caution
psia light)

Circuit No. 2 0 to 3,500 psia Display (B PRESS

  

Helium regulator

pressure system A -

GR1201

Helium regulator
pressure system B-

GR1202

Main shutoff valves
closed, system A -

GR9609

Main shutoff valves

closed, system B -

GR9610

System A oxidizer

interconnect valves
open - GR9641

System B oxidizer

interconnect valves

GR9642

Spare - Z6018  

Circuit No. 3

Preconditioned

Circuit No. 3

Circuit No. 4

Preconditioned

Circuit No. 4

504-4 (12)

Circuit No. 1

t
oCircuit No.

Circuit No. 3

Circuit No. 4

a
yCircuit No.  

0 to 5 vde

(0 to 350 psia)

165 to 219 psia

0 to 350 psia

0 to 5 vde
(0 to 350 psia)

165 to 219 psia

0 to 350 psia

4 to 6 vde (on)

0 to 0.5 vde (off)

4 to 6 vde (on)

0 to 0.5 vde (off)

4 to 6 vde (on)

0 to 0.5 vde (off)
0 to 0.5 vde (on)

28 vde (off)

4 to 6 vde (on)

0 to 0.5 vde (off)

0 to 0.5 vde (on)
28 vde (off)

4 to 6 vde (on)

0 to 0.5 vde (off)

0 to 0.5 vde (on)

28 vde (off)  

indicator)

PCMTEA

CWEA(RCS A REG warn-
ing light)

Display (A PRESS
indicator)

PCMTEA

CWEA (RCS B REG

warning light)

Display (B PRESS

indicator)

CWEA(RCS A REG
warning light inhibit sig-
nal) (For PCM and
display, refer to circuit
No. 8.)

CWEA (RCS B REG
warning light inhibit sig-

nal) (For PCMand
display, refer to circuit

No. 10.)

PCMTEA

Display (ASC OXID talk-
back)

PCMTEA

Display (ASC FUEL
talkback)

CWEA

Display  
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Table 2.9-1. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

RCS 504-4 (13)

(cont)

Thrust chamber Circuit No. 1 4 to 6 vde (on) PCMTEA (For CWEA, re-

assembly solenoid 0 to 0.5 vde (off) fer to 504-5, location 14. )
valve A4 closed - 0 to 0.3 vde (on) Display (SYSTEM A

GR9661 28 vde (off) QUAD 4 talkback)

Thrust chamber Circuit No. 2 4 to 6 vde (on) PCMTEA (For CWEA, re-

assembly solenoid 0 to 0.5 vde (off fer to 504-5, location 14.)
valve B4 closed - 0 to 0.5 vde (on) Display (SYSTEM B
GR9662 28 vde (off) QUAD 4 talkback)

Thrust chamber Circuit No. 3 4 to 6 vde (on) PCMTEA (For CWEA,re-

assemblysolenoid 0 to 0.5 vde (off) fer to 504-5, location 14. )
valve A3 closed - 0 to 0.5 vde (on) Display (SYSTEM A
GR9663 28 vde (off) QUAD 3 talkback)

Thrust chamber Circuit No. 4 4 to 6 vie (on) PCMTEA (For CWEA,re-

assembly solenoid 0 to 0.5 vde (off) fer to 504-5, location 14. }

valve B3 closed - 0 to 0.5 vde (on) Display (SYSTEM RB

GR9664 28 vde (off) QUAD 3 talkback)

Thrust chamber Circuit No. 5 4 to 6 vde (on) PCMTEA (For CWEA,re-

assembly solenoid 0 to 0.5 vde (off) fer to 504-5, location 14. )
vaive A2 closed - 0 to 0.5 vde (on) Display (SYSTEM A
GR9665 28 vde (off) QUAD 2 talkback)

Thrust chamber Circuit No. 6 4 to 6 vde (on) PCMTEA (For CWEA, re-
assembly solenoid 0 to 0.5 vde (off) fer to 504-5, location 14.)
valve B2 closed ~ 0 to 0.5 vde (on) Display (SYSTEM B

GR9666 28 vde (off) QUAD 2 talkback)

Thrust chamber Circuit No. 7 4 to 6 vde (on) PCMTEA (For CWEA, re-

assembly solenoid 0 to 0.5 vde (off) fer to 504-5, location 14. )

valve Al closed - Display (SYSTEM A

GR9667 QUAD1 talkback)

Thrust chamber Circuit No. 8 4 to 6 vde (on) PCMTEA (For CWEA, re-

assembly solenoid 0 to 0.5 vde (off) fer to 504-5, location 14. )
valve Bl closed - 0 to 0.5 vde (on) Display (SYSTEM B
GR9IG68 28 vde (off) QUAD1 talkback)

RCS/ASC intercon- Circuit No. 10 4 to 6 vde (on) PCMTEA

nect A not closed - 0 to 0.5 vde (off)
GR9IG31L 0 to 0.5 vde (on) Display (SYSTEM A ASC

28 vde (off) FUEL talkback)

RCS/ASC intercon- Circuit No. 11 4 to 6 vde (on) PCMTEA
nect B not closed - 0 to 0.5 vde (off)

GR9632 0 to 0.5 vde (on) Display (SYSTEM B ASC
28 vde (off) FUEL talkback)

INSTRUMENTATION SUBSYSTEM
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Table 2.9-1. EBRA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

 

Signal Nomenclature To To

From

(Subsystem)

and Telemetry
Code No.

(Conditioning

Unit) Output

(IS Assembly

and Display)

 

RCS

{cont}

   

  

Manifold crossfeed

valves not closed -

GR9I613

Thrust chamber as-

sembly solenoid
valves A4, B4, A3,

B38, A2, B2, Al and

Bl closed - GR9661
through GR9668

Quad cluster No. 3 -

GR6002

Quad cluster No. 2
GR6003

Quad cluster No.1 -

GR6004

Quad cluster No.4 -

GR6001

Suit inlet tempera-

ture - GF1281

504-4 (13)
(cont)

Circuit No. 12

504-5 (14)

Circuits No. 1
through 8
respectively

506-4 (20)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

506-3 (21)

Circuit No. 1  

4 to 6 vde (on)

0 to 0.5 vde (off)

0 to 0.5 vde (on)

28 vde (off)

4 to 6 vde (on)
0 to 0.5 vde (off)

0 to 5 vde

(-60° to ~260° F)

-60° to #260 F

0 to 5 vde

(-60° to +260 F)

-60° to +260° F

0 to 5 vde

(-60° to +260° F)

-60° to +260° F

0 to 5 vde

(-60° to +260° F)

-60 to 260° F

0 to 5 vde

(420° to +120° F)
+40° to +100° F  

PCMTEA

Display (CRSFD talkback)

CWEA (RCS TCA warn-

ing light inhibit signals)

PCMTEA

Display (TEAIP indi-

cator, panel 3)

PCMTEA

Display (TEMP inc! -
cator, panel 3)

PCMTEA

Display (TEMP indi-
cator, panel 3)

PCMTEA

Display (TEMPindi-

cator, panel 3)

PCMTEAand display

(SUIT TEMPindicator)
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Table 2.9-1. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

 

 

  

 

Signal Nomenclature To To

From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

RCS 506-3 (21)

(cont) (cont)

Cabin temperature -— Circuit No. 2 0 to 5 vde PCMTEA and display

GF1651 (+20° to +120° F) (CABIN TEMP

+40° to +100° F indicator)

EPS Commander's bus 502-2 (15)
voltage - GC0301

Circuit No. 3 26.5 to 40 vde CWEA (DC BUS

warning light)

504-1 (18)

Commander's bus Circuit No. 3 0 to 5 vde PCMTEAand display
voltage - GC0301 (0 to 40 vde) (VOLTSindicator)

503-2 (17)

Inverter bus Circuit No. 1 4.48 to 5.0 vde CWEA (INVERTER

voltage - GCO0T71 (112 to 125 caution light) (For
vrms) PCMTEA and display,

refer to 504-1 (18) -
circuit No. 2.) (

504-1 (7)

Selected ED battery Circuit No. 4 0 to 5 vde EPS display (VOLTS

voltage - GYO0703U indicator)

Proconditioned 0 to 5 vde

504-1 (18)

Inverter bus Circuit No. 1 0 to 5 vde PCMTEA (For CWEA,

frequency - GC0155 (380 to 420 cps) refer to 505-1 (16)

circuit No. 1.)

- Inverter bus Circuit No. 2 0 to 5 vde PCMTEA, display

wageben voltage - GCOO71 (105 to 125 (VOLTSindicator) (For

‘ vrms) CWEA,refer to

503-2 (17) circuit No.1.)

Main water regu- Circuit No. 4 0 to 5 vde PCMTEA

lator AP - GF4101 (0 to 2 psia)

505-1 (16)

Frequencyinverter Circuit No. 1 2.25 to 2.75 vde CWEA (INVERTER

bus - GC0155 (398 to 402 cps) caution light) (For
PCMTEA, refer to

504-1 (18) circuit No.1.)       
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Table 2.9-1. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To

From and Telemetry (Conditioning (dS Assembly

(Subsystem) Code No. Unit) Output and Display)

MPS 504-1 (8)

(ascent Regulator outlet Circuit No. 3 0 to 5 vde PCMTEA

propulsion manifold pressure - (0 to 300 psia)
section) GP0025

Preconditioned Less than 220 CWEA (ASC HI REG

  

Helium tank No. 1

pressure - GP0001

Helium primaryline

solenoid valve

closed - GP0318

Helium secondary
line solenoid valve
closed - GP0320

Main propulsion

valve A closed -
GR9609

Spare - 26013

Main propulsion

valves B closed -

GR9610

Helium tank No. 2

pressure - GP0002

Circuit No. 4

Preconditioned

Circuit No. 4

504-4 (12)

Circuit No. 6

Circuit No. 7

Circuit No. 8

Circuit No. 9

Circuit No. 10

504-1 (19)

Circuit No. 1

Preconditioned   

psia

0 to 5 vde

(0 to 4,000 psia)

More than 2, 773
psia

0 to 4,000 psia

4 to 6 vdc (on)

0 to 0.5 vde (off)

0 to 0.5 vde (on)

28 vde (off)

4 to 6 vde (on)

0 to 0.5 vde (off)

0 to 0.5 vde (on)
28 vde (off)

4 to 6 vde (on)
0 to 0.5 vde (off)
0 to 0.5 vde (on)
28 vde (off)

4 to 6 vde (on)

0 to 0.5 vde (off)

0 to 0.5 vde (on)

28 vde (off)

4 to 6 vde (on)

0 to 0.5 vde (off)

0 to 0.5 vde (on)

28 vde (off)

0 to 5 vde

(0 to 4,000 psia)

3.74 to 5.0 vde

(2, 773 psia)  

caution light)

PCMTEA

CWEA (ASC PRESS
warning light)

Display (HELIUM
indicator)

PCMTEA

Display (ASCENT He

REG1 talkback)

PCMTEA .

Display (ASCENT He
REG 2 talkback)

PCMTEA(For CWEA, re-

fer to circuit No.1.)
Display SYS A MAIN SOV
talkback)

CWEA

Display

PCMTEA(For CWEA,re-

fer to circuit No.2.)
Display (SYS B MAIN SOV
talkback)

PCMTEAand display

(HELIUMindicator)

CWEA (ASC PRESS

warning light)
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Table 2.9-i. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display}

MPS 504-1 (19)
(cont) (cont)

(descent Helium regulator Circuit No. 2 0 to 5 vde PCMTEA

propulsion output manifoid (0 to 300 psia)

section) pressure - GQ3018

Preconditioned 3.65 to 4.32 vde CWEA (DES REG warn-

(220 to 260 psia) ing light)

(ascent Fuel bipropellant Circuit No. 3 0 to 5 vde PCMTEA
propulsion valve inlet (0 to 250 psia)

section) pressure - GP1501

Preconditioned 2.4 to 5.0 vde CWEA (ASC PRESS
(120 to 250 psia) warning light)

Oxidizer bipro- Circuit No. 4 0 to 5 vde PCMTEA

pellant valve inlet (0 to 250 psia)

pressure - GP1503

Preconditioned 2.4 to 5.0 vde CWEA (ASC PRESS
(120 to 250 psia) warning light)

506-3 (9)

(descent Fuel tank No. 1 fuel Circuit No. 1 0 to 5 vde PCMTEA

propulsion bulk temperature - (+20° to +120°F)
section) GQ3718 +40° to +100°F Display (FUEL TEMP

indicator)

Fuel tank No. 2 fuel Circuit No. 2 0 to 5 vde PCMTEA
bulk temperature - (+ 20° to +120°F)
3Q3719 +40° to +100°F Display (FUEL TEMP

indicator)

(ascent Fuel tank, fuel bulk Circuit No. 3 0 to 5 vde PCMTEA

propulsion temperature - (+20° to +120°F)
section) GP0718 +40° to +100°F Display (FUEL TEMP

indicator)

Oxidizer tank, Circuit No. 4 0 to 5 vde PCMTEA

oxidizer bulk (+20° to +120°F)
temperature - +40° to +100°F Display (OXID TEMP
GP1218 indicator)

506-3 (10)

(descent Oxidizer tank No. 1, Circuit No. 3 0 to 5 vde PCMTEA

propulsion oxidizer bulk tem- (+20° to +120°F)
section) perature - GQ4218 +40° to +100°F Display (OXID TEMP

indicator)
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Table 2.9-1. ERA~1 - Conditioned and Preconditioned Interfacing Signals (cont)

 

 

Signal Nomenclature To To

From and Telemetry (Conditioning dS Assembly

(Subsystem) Code No, Unit) Output and Display)

MPS 506-3 (10)
(cont) (cont)

Oxidizer tank No. 2, Circuit No. 4 0 to 5 vde PCMTEA

oxidizer bulk tem- (+20° to +120°F)
perature - GQ4219 +40° to +100°F Display (OXID TEMP

indicator)

GN&CS 502-2 (15)

(control Automatic thrust Circuit No. 1 0 to 5.0 vde PCMTEA

electronics command voltage - (0 to 12.0 vde}

section) GH1331 0 to 4.583 vde Display (CMD THRUST

 

Manual thrust

command voltage -

GH1311

Abort sensor as-
sembly voltage -
GH3215

Rate gyro assembly
pickoff excitation

(0.8 ke) voltage —

GH1405

Jet No. B2U driver

output - GH1426

Jet No. B2U driver

output - GH1427

Jet No. A2A driver
output - GH1428

Jet No, B2L driver

output - GH1429

Jet No. AlU driver

output - GH1430

Jet No. B1D driver

output - GH1431

Jet No. B1L driver

output - GH1433

Circuit No. 2

Circuit No. 4

503-2 (17)

Circuit No. 3

504-2 (2)

Circuit No. 1

t
oCircuit No.

Circuit No. 3

Circuit No. 4

o
nCircuit No.

Circuit No. 6

Circuit No.  

(10% to 100%)

0 to 5.0 vde

(0 to 14.6 vdc)
0.89 to 4.658 vde

(10% to 100%)

3.857 to 4.714

vde

4.19 to 4.84vde
(26.0 to 30 vrms)

4 to 6 vde (on)

0 to 0.5 vde (off)

4 to 6 vde (on)
0 to 0.5 vde (off)

4 to 6 vde (on)
0 to 0.5 vde (off)

4 to 6 vde (on)

0 to 0.5 vde (off)

4 to 6 vde (on)

0 to 0.5 vde (off)

4 to 6 vde (on)

0 to 0.5 vde (off)

4 to 6 vde (on)
0 to 0.5 vde (off)  

indicator)

PCMTEA

Display (CMD THRUST

indicator)

CWEA (AGS warning
light)

CWEA (CES AC warning)

CWEA (RCS TCA warning

light) and PCMTEA

CWEA (RCS TCA warning
light) and PCMTEA

CWEA(RCS TCA warning
light) and PCMTEA

CWEA (RCS TCA warning

light) and PCMTEA

CWEA (RCS TCA warning

light) and PCMTEA

CWEA (RCS TCA warning

light) and PCMTEA

CWEA (RCS TCA warning
light) and PCMTEA
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Table 2.9-1. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

 

   

  

      

Signal Nomenclature To To

From and Telemetry (Conditioning ds Assembly

(Subsystem) Code No. Unit) Output and Display)

GN&CS 504-2 (2)
(cont) (cont)

(Control Jet No, AIF driver Circuit No. 8 4 to 6 vde (on) CWEA(RCS TCA warning
electronics output - GH1432 0 to 0.5 vde (off) light) and PCMTEA

section)

504-2 (3)

Deadband select Circuit No. 1 4 to 6 vde (on) PCMTEA

(wide) - GH1603 0 to 0.5 vde (off)

Ascent engine arm Circuit No. 2 4 to 6 vde (on) PCMTEA

(from panel 2) - 0 to 0.5 vde (off)

GH1230

Thrust chamber Circuits No. 3 4 to 6 vde (on) PCMTEA CWEA(RCS
pressures - GR5041 through 8 0 to 0.5 vde (off) TCA warning light)

through GR5046

Descent engine arm - Circuit No. 9 4 to 6 vde (on) PCMTEA “
GH1348 0 to 0.5 vde (off)

X-translation over- Circuit No. 10 4 to 6 vde (on) PCMTEA
ride - GH1893 0 to 0.5 vde (off) .

504+2 (4)

(abort AEA test mode fail - Circuit No. 1 4 to 6 vde (on) CWEA(AGS warning

guidance GI3232 0 to 0.5 vde (off) light)
section)

(control Jet No. B4U driver Circuit No. 3 4 to 6 vde (on) CWEA (RCS TCA warning
electronics output - GH1418 0 to 0.5 vde (off) light) and PCMTEA

section)

Jet No. B4F driver Circuit No. 4 4 to 6 vde (on) CWEA (RCS TCA warning

output - GH1420 0 to 0.5 vde (off) light) and PCMTEA

Jet No. A4D driver Circuit No. 5 4 to 6 vde (on) CWEA(RCS TCA warning

output - GH1419 0 to 0.5 vde (off) light) and PCMTEA

Jet No. A4R driver Circuit No. 6 4 to 6 vde (on) CWEA (RCS TCA warning

output - GH1421 0 to 0.5 vde (off) light) and PCMTEA {

Jet No. A3U driver Circuit No. 7 4 to 6 vde (on) CWEA (RCS TCA warning
output - GH1422 0 to 0.5 vde (off) light) and PCMTEA

Jet No. B3D driver Circuit No. 8 4 to 6 vde (on) CWEA(RCS TCA warning
output - GH1423 0 to 0.5 vde (off) light) and PCMTEA

Jet No. B3A driver Circuit No. 9 4 to 6 vde (on) CWEA(RCS TCA warning

output - GH1424 0 to 0.5 vde (off) light) and PCMTEA
i

   
 

INSTRUMENTATION SUBSYSTEM

Page 9.9+-16 Mission LM Basic Date 1 February 1970 Change Date

 

 



   

a
o
e

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

Table 2.9-1. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

 

 

 L transfer - GY0201   0 to 0.5 vde (off)
0 to 0.5 vde (on)

28 vde (off)  

Signal Nomenclature To To

From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

GN&CS 504-2 (30)
(cont) (cont)

(Control Jet No. A3R driver Circuit No. 10 4 to 6 vde (on) CWEA (RCS TCA warning

electronics output - GH1425 0 to 0.5 vde (off) light) and PCMTEA

section)

504-2 (11)

Thrust chamber Circuit No. 1 4 to 6 vde (on) PCMTEA and CWEA

pressures - GH5031 through 10 0 to 0.5 vde (off) (RCS TCA warning light)

through GR5040

505-1 (16)

(abort Frequency abort Circuit No. 2 0.63 to 4.38 vde CWEA (AGSwarning

guidance sensor assembly - (385 to 415 cps) light)

section) GI3233

Spare - Z6015 Circuit No. 3 0 to 5 vde PCMTEA

(380 to 420 cps)

506-3 (10) .

Abort sensor Circuit No. 2 0 to 5 vde PCMTEA

assembly temper- +20° to +200°F

ature - GI3301

506-3 (21)

(radar Rendezvous radar Circuit No. 3 0 to 5 vde PCMTEA

section) temperature - (-200° to +200° F)

GNT7723 -54.07° to CWEA (HEATERcaution

+147.69° light)
1.25 to 5.0 vde Display (TEMPindicator

(-100° to +200°F) panel 3)

Landing radar Circuit No. 4 0 to 5 vde PCMTEA

antenna tempera- (-200° to +200°F)
ture - GN7563 -15° to +150°F

-100° to +200°F

EDS 504-1 (12)

ED SYS

A

relay Circuit No. 11 4 to 6 vde (on) PCMTEA

Display (SYS A compo-

nent caution light) CWEA
(ED RELAYScaution

light)
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Table 2.9-1. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To
From and Telemetry (Conditioning (ds Assembly

(Subsystem) Code No. Unit) Output and Display)

EDS 504-1 (12)

(cont) (cont)

ED SYS relay Circuit No. 12 4 to 6 vde (on) PCMTEA

transfer - GY0202 0 to 0.5 vde (off)
0 to 0.5 vde (on) Display SYS B component

28 vde (off) caution light) CWEA (ED
RELAYScaution light)

504-2 (2)

Abort commanded - Circuit No. 9 4 to 6 vde (on) CWEA(inhibit signal)
GY0050 0 to 0.5 vde (off) and PCM

Spare - 26002 Circuit No. 10 4 to 6 vde (on) CWEA and PCMTLA

0 to 0.5 vde (off)

504-4 (13)

Landing gear legs Circuit No. 9 4 to 6 vde (on) PCMTEA

deployed - GM5000 0 to 0.5 vde (off)

0 to 0.5 vde (on) Display (LDG GEAR

28 vde (off) DEPLOYtalkback)

504-. (14)

System A relavs K7 Circuit No. 9 4 to 6 vde (on) PCMTEA

through K15 closed - 0 to 0.5 vde (off)
GY0231

System B relays K7 Circuit No. 10 4 to 6 vde (on) PCMTEA

through K15 closed - 0 to 0.5 vde (off)

GY0232

EDS system A stage Circuit No. 11 4 to 6 vde (on) PCMTEAand display

sequence relays 0 to 0.5 vde (off) (SYS A component caution

(Ki through K6) - light) CWEA (ED
GY0201 RELAYScaution light)

EDS system B stage Circuit No. 12 4 to 6 vde (on) PCMTEAand display
sequence relays 0 to 0.5 vde (off) (SYS B component caution

(K1 through K6) - light) CWEA (ED
GY0202 RELAYScautionlight)

cs 504-1 (5)

S-band receiver Circuit No. 4 0 to 5 vde PCMTEA

AGC - GT0994

Preconditioned CWEA (S-BD RCVR

caution light)

503-2 (17)

Spare - Z6016 Circuit No. 2 0 to 5 vde PCMTEA
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- Table 2.9-2, ERA~2 - Conditioned and Preconditioned Interfacing Signals

—

Signal Nomenclature To To
From and Telemetry (Conditioning (iS Assembly

(Subsystem) Code No. Unit) Output and Display)

ECS 301-1 (8)

Circuit No. 1 2,22 vde (135 CWEA (O9 QTY caution

psia) light)

Circuit No. 2 0 to 5 vde PCMTEA
: (0 to 3,000 psia)

i ' 0 to 2,730 psia Display (Oo QUANTITY
(0% to 100%) indicator) (For CWEA,
0.5 vde refer to 501-1 (8)

: , Circuit No. 1.)

- |
104-3 (3) i

! | |
| Suit fan Ne. 1 : Cireuit No. 2 4 to 6 vde (on) ' PCMTEA and CWEA

‘ ; failure - GF 1G55 : 0 to 0.5 vde (off) ; (ECS caution light)

Cooinn. 2. id Circuit No. 3 4 to 6 vde (on) A and CWEA
: © lever - 2 0 to 0.5 vde (off) OL caution light)

(/ t ’ '

\ i no, . Circuit No. 6 4 to 6 vde (on) | PCMTLA and CWEA
| failure ~ GPi0S4 , 0 to 0.5 vde (off) | SUIT/FAN warning

: | light -
i

EPS bentgry ' Cireuit No. 7 4 to 6 vde (on) | PCMTSA
caution - GLAO47 i 0 to 0.5 vde (off)

Emergency oxygen Circuit No. 8 4 to 6 vde (on) PCAMTEA and CWEA

valve electrically ! 0 to 0.5 vde (off) ; (CABIN warning light)
open - GF3572 ‘ '

504-4 (12)

Cooling pump No. 1 Circuit No. 2 4 to 6 vde (on) PCMTEA

failure - GF2936 0 to 0.5 vde (off)

0 to 0.5 vde (on) Display (GLYCOL com-
28 vde (off) ponent caution light)

( 504-5 (13)

. Coolant pump No. 2 Circuit No. 3 Sameas circuit CWEA (ECScaution

failure ~ GF2935 No. 1 light)

Spare - Z6570 Circuit No. 4 Same as circuit PCMTEA

No. 1

\. oan
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

 

 

  

   

Signal Nomenclature To To

From and Telemetry (Conditioning (IS Assembly
(Subsystem) Code No. Unit) Output and Display

ECS 504-5 (5)
(cont)

CO2 secondary Circuit No. 1 4 to 6 vde (on) PCMTEA

cartridge - GF1241 0 to 0.5 vde (off)

Suit diverter valve Circuit No. 2 Same as circuit PCMTEA
position indicator No. 1

closed - GF1221

Suit pressurerelief Circuit No. 3 Same as circuit PCMTEA
valve position indi- No. 1

cator closed -
GF1211

Suit pressure relief Circuit No. 4 Same as circuit PCMTEA

valve position No. 1

indicator open -

GF1212

Oxygen regulator Circuit No. 5 Same as circuit PCMTEA
valve 306A locked No. 1

closed - GF3071 (

Oxygen regulator Circuit No. 6 Same as circuit PCMTEA .

valve 306A open - No. 1
G¥3070

Oxygen regulator Circuit No. 7 Same as circuit PCMTEA

valve 306B locked No. 1

closed - GF3073

Oxygen regulator Cireuit No. § Same as circuit PCMTEA

valve 306B open - No. 1

a GF3075

Cabin gas return Circuit No. 9 Sameas circuit PCMTEA

valve position No. 1

indicator closed -
GF1231

Cabin gas return Circuit No. 10 Same as circuit PCMTEA

valve position No. 1

indicator open -
GF1232

Suit inlet valve Circuit No. 11 Sameas circuit PCMTEA (

position indicator No. 1

No. 1 closed -
GF1201        
 

 

INSTRUMENTATION SUBSYSTEM
Page 2. 9-20 Mission LM Basic Date 1 February 1970 Change Date

 

 



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

Table 2.9-2, ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

 

 

  

   

Signal Nomenclature To To

From and Telemetry (Conditioning (IS Assembly

Subsystem Code No. Unit Output and Display(Subs ) 3

ubiye
aa ECS 904-5 (5) (cont)

(cont)

Suit inlet valve Circuit No. 12 Same as cireuit PCMTEA
position indicator No. 1
No. 2 closed -
GF 1202

506-3 (6)

Spare - Z6574 Circuit No, 2 0 to 5 vde PCMTEA

(420° to +120° F)

Main sublimator Circuit No. 4 0 to 5 vde PCMTEA
inlet water (420° to +160° F)
temperature ~ +70° F normal
GF4511

( 506-3 (20)

ECS Main sublimator Circuit No. 1 0 to 5 vde PCMTEAand display (A
coolant inlet tem- (+20° to +120° F) TEMPindicator)
perature - GF2531 +70 F normal

RCS Fuel tank A tem- Circuit No. 2 0 to 5 vde PCMTEAand display (A¥
perature - GR2121 (+20 to +120° F) TEMPindicator)

+70 F normal

Fuel tank B tem- Circuit No. 3 0 to 5 vde PCMTEAanddisplay (B
perature - GR2122 (420° to +160° F) TEMPindicator)

+70 F normal

EPS 501-1 (8)

4.3 vde supply - Circuit No. 3 4.3 to 5.0 vde CWEA (CES DC warning
GH1408 light)

LM Pilot's bus Circuit No. 4 0 to 5 vde PCMTEAand display
voltage ~ GC0302 (VOLTSindicator) (For

:
CWEA,refer to 502-2

( (15) circuit No. 4.)

502-2 (15)

Primary -4.7 volts Circuit No. 1 3.50 to 4.33 vde CWEA (PRE AMPS
de - GH1488 caution light)       
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

EPS 502-2 (15) (cont)
(cont)

 

  

Backup -4.7 volts

de - GH1489

Abort sensor

assembly +28 vde -

GI3214

LMPilot's bus

voltage - GC0302

Battery No. 1
voltage ~ GC0201

Battery No. 2

voltage - GC0202

Battery No. 3

voltage - GC0203

Battery No. 4

voltage - GC0204

Battery No. 5
voltage - GC0205

Battery No. 6

voltage - GC0206  

Circuit No. 2

Circuit No. 3

Circuit No. 4

502-2 (16)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

502-2 (17)

Circuit No. 1

502-2 (18)

Circuit No. 1

504-4 (4)

3.50 to 4. 33 vde

3.94 to 4.81 vde

3.31 to 5.0 vde

0 to 5 vde

0 to 5 vde

0 to 5 vde

0 to 5 vde

0 to 5 vde

0 to 5 vde  

CWEA (PRE AMPS
caution light)

CWEA (AGS warning

light)

CWEA (DC BUS warning

light) (For PCMTEAand
display, refer to 501-1
(8) circuit No. 4.)

PCMTEAanddisplay
(VOLTSindicator)

PCMTEAand display

(VOLTSindicator)

PCMTEA and display

(VOLTSindicator)

PCMTEAand display
(VOLTSindicator)

PCMTEAand display
(VOLTSindicator)

PCMTEAand display

(VOLTSindicator)

 
 

 

Battery No. 1 high- Circuit No. 1 4 to 6 vde (on) PCMTEA
voltage tap - 0 to 0.5 vde (off)

GC4361 0 to 0.5 vde (on) Display (SE BAT 1

28 vde (off) talkback)

Battery No, 1 low- Circui. No. 2 4 to 6 vde (on) PCMTEA
voltage tap - 0 to 0.5 vde (off)
GC4362 0 to 0.5 vde (on) Display (SE BAT 1

28 vde (off) talkback)
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‘Table 2. 9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

  

  

   

 

  

  

 

       

Signal Nomenclature To To

From and Telemetry (Conditioning dS Assembly

Kobi. (Subsystem) Code No. Unit) Output and Display)

BEGES: se

oe
” EPS 504-4 (4) (cont)

(cont)

Battery No. 2 high- Circuit No. 3 4 to 6 vde (on) PCMTEA

voltage tap - 0 to 0.5 vde (off)

GC4363 0 to 0.5 vde (on) Display (SE BAT 2

28 vde (off) talkback)

Battery No. 2 low- Circuit No. 4 4 to 6 vde (on) PCMTEA

voltage tap - 0 to 0.5 vde (off)

GC4364 0 to 0.5 vde (on) Display (SE BAT 2

28 vde (off) talkback)

Battery No. 3 high- Circuit No. 5 4 to 6 vde (on) PCMTEA

voltage tap - 0 to 0.5 vde (off)

GC4365 0 to 0.5 vde (on) Display (CDR BAT 3
28 vde (off) talkback)

Battery No. 3 low- Circuit No. 6 4 to 6 vde (on) PCMTEA

voltage tap - 0 to 0.5 vde (off)

GC4366 0 to 0.5 vde (on) Display (CDR BAT 3

vo 28 vde (off) talkback)

. Battery No. 4 high- Circuit No. 7 4 to 6 vde (on) PCMTEA
voltage tap - 0 to 0.5 vde (off)

GC4367 0 to 0.5 vde (on) Display (CDR BAT 4 .

28 vde (off) talkback)

Battery No. 4 low- Circuit No. 8 4 to 6 vde (on) PCMTEA

voltage tap - 0 to 0.5 vde (off)

GC4368 0 to 0.5 vde (on) Display (CDR BAT 4

28 vde (off) talkback)

Battery No. 5 on Circuit No. 9 4 to 6 vde (on) PCMTEA

(Commander's bus) - 0 to 0.5 vde (off)

GC4369 0 to 0.5 vde (on) Display (BAT 5 BACKUP
28 vde (off) CDR FEEDtalkback)

Battery No. 6 on Circuit No. 10 4 to 6 vde (on) PCMTEA

(Commander's bus) ~ 0 to 0.5 vde (off)

GC4370 0 to 0.5 vde (on) Display (BAT 6 NORMAL

28 vde (off) CDR FEEDtalkback)

Battery No. 5 on Circuit No. 11 4 to 6 vde (on) PCMTEA

(LM Pilot's bus) - 0 to 0.5 vde (off)

\ GC4371 0 to 0.5 vde (on) Display (BAT 5 NORMAL

» 28 vde (off) SE FEEDtalkback)

Battery No. 6 on Circuit No. 12 4 to 6 vde (on) PCMTEA

(LMPilot's bus) - 0 to 0.5 vde (off)

GC4372 0 to 0.5 vde (on) Display (BAT 6 BACK UP

28 vde (off) SE FEED talkback)
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To

From and Telemetry (Conditioning (Is Assembly

(Subsystem) Code No. Unit) Output and Display)

EPS 504-4 (12)
(cont)

CWEA power Circuit No. 1 4 to 6 vde (on) PCMTEA

supply failure - 0 to 0.5 vde (off)
GL4054 0 to 0.5 vde (on)

28 vde (off)

MPS

(descent Descent propellant Circuit No. 3 4 to 6 vde (on) PCMTEA and CWEA

propulsion tanks (liquid level 0 to 0.5 vde (off) (DES QTY warning light)
section) low) - GQ4455

Spare - Z6556 Circuit No. 4 Same as circuit Same as circuit No. 2

No. 2

AGS AGS modecontrol Circuit No. 5 4 to 6 vde (on) PCMTEA

(attitude hold) - GH1642 0 to 0.5 vde (off)

AGS mode control Circuit No. 6 4 to 6 vde (on) PCMTEA

(automatic) - GH1641 0 to 0.5 vde (off)

EPS *Battery No. 1 mal- Circuit No. 7 4 to 6 vde (on) PCMTEA
function (plus battery 0 to 0.5 vde (off)
fault signal from IS 0 to 0.5 vde (on) Display (BAT FAULT
for BAT FAULT com- 5. 0 vde (off) componentcaution light)
ponent caution light) - (For CWEA, refer to
GC9961 504-5 (13) Circuit No. 7.)

Battery No. 2 mal- Circuit No. 8 4 to 6 vde (on) PCMTEA

function (Same as 0 to 0.5 vde (off)
circuit No. 7) - 0 to 0. 5 vde (on) Same as circuit No. 7
GC9962 5. 0 vde (off) (For CWEA, refer to

504~5 (13) circuit No. 8.)

Battery No. 3 mal- Circuit No. 9 4 to 6 vde (on) PCMTEA
function (same as 0 to 0.5 vde (off)
circuit No. 7) - 0 to 0.5 vde (on) Same as circuit No. 7
GC9963 5.0 vde (off) (For CWEA,refer to

504-5 (13) circuit No. 9.)

Battery No. 4 mal- Circuit No. 10 4 to 6 vde (on) PCMTEA

function (same as 0 to 0.5 vde (off)
circuit No. 7) - 0 to 0.5 vde (on) Same as circuit No. 7
GC9964 5.0 vde (off) {For CWEA, refer to

504-5 (13) circuit No.
10.)

Battery No. 5 mal- Circuit No. ll 4 to 6 vde (on) PCMTEA

function (same as 0 to 0.5 vde (off}

circuit No. 7) - 0 to 0.5 vde (on) Same as circuit No. 7

Gr9965 5.0 vde (off) (For CWEA, refer to

504-5 (13) circuit No.

11.)
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

EPS 504-4 (12) (cont)
(cont)

Battery No. 6 mal- Circuit No. 12 4 to 6 vde (on) PCMTEA

function (same as 0 to 0.5 vde (off)

circuit No. 7) - 0 to 0.5 vde (on) Same as circuit No. 7

GC9966 5.0 vde (off) for CWEA, refer to

504-5 (13) circuit No.

i2.)

504-5 (13)

**Battery No. 1 mal- Circuit No. 7 Same as circuit CWEA (BATTERY
function (plus EPS No. 1 caution light) (For
battery caution PCMTEAanddisplay,
signal from IS) - refer to 504-4 (12)

GC9961 circuit No. 7.)

Battery No. 2 mal- Circuit No. 8 Same as circuit CWEA (BATTERY

function (same as No. 1 caution light) (For

circuit No. 7) - PCMTEAanddisplay,

GC9962 refer to 504-4 (12)

circuit No. 8.)

Battery No. 3 mal- Circuit No. 9 Same as circuit CWEA (BATTERY

function (same as No. 1 caution light) (For
circuit No. 7) - PCMTEAand display, ~
GC9963 refer to 504-4 (12)

circuit No. 9.)

Battery No. 4 mal- Circuit No. 10 Same as circuit CWEA(BATTERY

function (same as No. 1 caution light) (For

circuit No. 7) - PCMTEAanddisplay,

GC9964 refer to 504-4 (12)
circuit No. 10.)

Battery No. 5 mal- Circuit No. 11 Same as circuit CWEA (BATTERY

function (same as No. 1 caution light) (For

circuit No. 7) - PCMTEAanddisplay,

GC9965 refer to 504-4 (12)

circuit No. 11.)

Battery No. 6 mal- Circuit No. 12 Same as circuit CWEA (BATTERY cau-

function (same as No. 1 tion light) (For PCMTEA

circuit No. 7) - and display, refer to
GC9966 504-4 (12) circuit No. 12.)

MPS 504-3 (2)

{ascent pro- Fuel tank low Circuit No. 6 4 to 6 vde (on) PCMTEA and CWEA

pulsion level - GP0908 0 to 0.5 vde (off) (ASC QTYcaution light)

section)

Oxidizer tank Circuit No. 7 4 to 6 vde (on) PCMTEA and CWEA

low level ~ GP1408 0 to 0.5 vde (off) (ASC QTYcaution light)

MASTER ALARM Circuit No. 8 4 to 6 vde (on) PCMTEA
identification - 0 to 0.5 vde (off)
G1L4069
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Table 2.9-2, ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

 

   

   

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly)

(Subsystem) Code No. Unit) Output and Display)

MPS

(cont)

504-5 (14)

a Shutoff valves A/B Circuit No. 9 Sameas circuit PCMTEA
in midposition - No. 1
GQ7498

Shutoff valves G/D Circuit No. 10 Sameas circuit PCMTEA
in midposition - No. 1
GQ7499

(ascent Solenoid/bipropellant Circuit No. 11 Sameas circuit PCMTEA
propulsion valves A mismatch - No. 1
section) GQ2997

Solenoid/bipropellant Circuit No. 12 Same as circuit PCMTEA
valves B mismatch - No. 1
GQ2998

506-3 (21)

ECS Ascent water line Circuit No. 3 0 to 5 vde PCMTEA
No. 1 temperature - (-200° to +200° F)
GF4585T

Ascent waterline Circuit No. 4 0 to 5 vde PCMTEA
No. 2 temperature- (-200° to +200° F)
G¥4586T +70° F normal

GNE&CS 502-2 (17)

(control X-translation Circuit No. 2 0 to 5 vde PCMTEA
electronics command voltage -

section) GH1240

Y-translation Circuit No. 3 0 to 5 vde PCMTEA
command voltage -
GH1241

2-translation Circuit No. 4 0 to 5 vde PCMTEA
command voltage -
GH1242

502-2 (18)
Roll logic input error ‘ Circuit No, 2 0 to 5 vde PCMTEA
voltage - GH1249       
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

 

 

    

Signal Nomenclature To To

From and Telemetry (Conditioning dS Assembly
(Subsystem) Code No. Unit) Output and Display)

GN&CS 502-2 (18) (cont)
(cont)

(control Yawlogic input Circuit No. 3 0 to 5 vde PCMTEA

electronics error voltage -

section) GH1247

Pitch logic input Circuit No. 4 0 to 5 vde PCMTEA

error voltage -
GH1248

502-2 (19)

+15-vde supply - Circuit No. 1 4.12 to 4.71 vde CWEA (CES DC warning
GH1406 light)

-15-vde supply- Circuit No. 2 4.12 to 4.71 vde CWEA(CES DC warning
GH1407 light)

+6. 0-vde supply - Circuit No. 3 3. 86 to 4.71 vde CWEA(CES DC warning

GH1493 Hight)

( -6. 0-vde supply - Circuit No. 4 3.86 to 4.71 vde CWEA(CES DC warning

GH1494 light)

503-2 (7)

Rate gyro assembly Circuit No. 1 3. 83 to 4.83 vde CWEA (CES AC warning
spin motor line A-B light)

voltage - GH1401

Rate gyro assembly Circuit No. 2 3.83 to 4. 83 vde CWEA(CES AC warning

spin motor line B-C light)

voltage ~ GH1402

Rate gyro assembly Circuit No. 3 3. 83 to 4. 83 vde CWEA (CES AC warning

spin motor line C-A light)

voltage - GH1403

GN&CS 504-3 (2)

(radar CES A-C power Circuit No. 1 4 to 6 vde (on) PCMTEA

section) supply failure - 0 to 0.5 vde (off)

/ G14026

\ AGS power supply Circuit No. 2 4 to 6 vde (on) PCMTEA

failure - GL4028 0 to 0.5 vde (off)

Landing radar range Circuit No. 3 4 to 6 vde (on) PCMTEA

data not good - 0 to 0.5 vde (off)

GN7521      
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

 

 

  

    

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

GN&CS (cont) 504-3 (2) (cont)

(radar Landing radar Circuit No. 4 4 to 6 vde (on) PCMTEA and CWEA
section) velocity data - 0 to 0.5 vde (off)

GN7557

Rendezvous radar, Circuit No. 5 4 to 6 vde (on) PCMTEA and CWEA

no track indication - 0 to 0.5 vde (off) (RNDZ RDR caution light)
GN7621

(control Ascent engine on/ Circuit No. 10 4 to 6 vde (on) PCMTEA and CWEA

electronics off to propulsion - 0 to 0.5 vde (off)
section) GH1260

(abort Abort guidance Circuit No. 11 4 to 6 vde (on) PCMTEA and CWEA
guidance section warmup - 0 to 0.5 vde (off)

section) GI3305

CES d~c power sup- Circuit No. 12 4 to 6 vde (on) PCMTEA

ply failure ~ GL4027 0 to 0.5 vde (off)

GN&CS 504-3 (3)

Primary guidance Circuit No. 1 4 to 6 vde (on) PCMTEA (

and navigation 0 to 0.5 vde (off)
section - GG9003 -

(control Descent engine Circuit No. 4 4 to 6 vde (on) PCMTEA and CWEA
electronics on - GH1301 0 to 0.5 vde (off)
section)

Guidance select Circuit No. 5 4 to 6 vde (on) PCMTEA and CWEA
switch (AGS) - 0 to 0.5 vde (off)
GH1621

. Pitch trim failure - Circuit No. 9 4 to 6 vde (on) PCMTEA and CWEA

GH1323 0 to 0.5 vde(off) (ENG GMBLcautionlight)

Roll trim failure - Circuit No. 10 4 to 6 vd« (on) PCMTEA and CWEA

GH1330 0 to 0.5 vde (off) (ENG GMBLcautionlight)

(primary LM guidance com- Circuit No. 11 4 to 6 vde(on) PCMTEA and CWEA
guidance puter warning - 0 to 0.5 vde (off) (LGC warning light)
and GG39001
navigation

section) -

Inertial subsystem Circuit No. 12 4 to 6 vde (on) PCMTEA and CWEA \
warning - GG9002 0 to 0.5 vde (off) (ISS warning light)

504-5 (13)

(control Roll attitude control Circuit No. 1 4 to 6 vde (on) PCMTEA

electronics selector - GH1628 0 to 0.5 vde (off)
section)       
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

 

 

     

Signal Nomenclature To To

From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

GN&CS(cont) 504-5 (13) (cont)

(control Pitch attitude Circuit No. 2 Same as circuit PCMTEA

electronics control selector - No. 1

section) GH1629

(abort Abort guidance Circuit No. 5 Same as circuit PCMTEA

guidance section standby No. 1
section) condition - GI3306

(control Yawattitude con- Circuit No. 6 Same as circuit PCMTEA

electronics trol selector - No. 1
section) GH1630

504-5 (14)

(control Abort stage com- Circuit No. 1 4 to 6 vde (on) PCMTEA

electronics mand - GH1285 0 to 0.5 vde (off)

section)

Engine fire Circuit No. 2 Same as circuit PCMTEA

/ override - GH1286 No. 1

\ PGNS mode select - Circuit No. 3 Same as circuit PCMTEA

(automatic) GH1643 No. 1

PGNS mode select - Circuit No. 4 Same as circuit PCMTEA

(attitude hold) - No. 1
GH1644

Attitude controller Circuit No. 5 Same as circuit PCMTEA

assemblyout of No. 1

detent - GH1204

Automatic engine-on Circuit No. 6 Same as circuit PCMTEA

command - GH1214 No. 1

‘ Automatic engine-off Circuit No. 7 Same as circuit PCMTEA

command - GH1217 No, 1

Unbalanced Circuit No. 8 Sameas circuit PCMTEA

couples - GH1896 No, 1

\ 307-1 (9)

Pitch gimbal drive Circuit No. 1 0 to 5 vde PCMTEA

actuator position -

GH13138, GH1314       
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

 

 

    

     
 

 

Signal Noménclature To ToFrom and Telemetry (Conditioning (IS Assembly(Subsystem) Code No. Unit) Output and Display)

GN&CS 507-1 (9) (cont)
(cont)

(control Circuit No, 2 Same as circuit PCMTEA
electronics No. 1
section)

Yawattenuator Circuit No. 3 Same as circuit PCMTEA
error - GH1455 No. 1

Pitch attenuator Circuit No. 4 Same as circuit PCMTEA
error - GH1456 No. 1

507-1 (10)

Roll attenuator Circuit No. 1 0 to 5 vde PCMTEA
error ~ GH1457 (-3.5 to +3.5

vrms)

Yawrate gyro Circuit No. 2 0 to 5 vde PCMTEA
signal - GH1461 (-3.5 to +3.5

vrms)

Pitch rate gyro Circuit No. 3 0 to 5 vde PCMTEA
signal - GH1462 (-38.5 to +3.5

.
vrms)

= Roll rate gyro Circuit No. 4 0 to 5 vde PCMTEA
signal - GH1463 (-3.5 to +3.5

vrms)

CS 506-3 (21)

S-band steerable Circuit No. 2 0 to 5 vde Display (TEMPindi-
antenna electronic (200° Lo +200° F) cator, panel 3) CWEA
assembly temper- 1.7 to 4.4 vde (HEATER caution
ature - GT0454 light)

PCMTEA

506-3 (20)

ECS Main sublimator Circuit No. 4 0 to 5 vde PCMTEAand displaycoolant outlet tem- (420° to +120° F)
perature - GF2581 +70° F normal
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2.9.4.2.1  D-C Amplifiers.

The d-c amplifier subassembly (501-1) contains four d-c amplifier channels which receive

unipolar or bipolar analog voltage inputs and provides four single-channel linear outputs. The unipolar

input range is adjustable from 0 to 40.2 volts de and 0 to +5 volts dc. A maximum input of +0.2 to +5

volts de provides a +5-volt output. The bipolar input range is adjustable from -0.1 to +0.1 volts de and

-2.5 to +2.5 volts dc. A maximum negative input of -0.1 to ~2.5 volts dc provides zero volts output. A

maximumpositive input of +0. 1 to +2.5 volts de provides a +5-volt output. When operating in a unipolar

mode, the output is directly proportional to the input. In the bipolar mode, zero input produces a +2.5-

volt output.

The inputs to the d-c amplifier subassembly are amplified by a variable-gain d-c amplifier

and fed to a 1. 8-kc modulator. The modulated signal is routed through a transformer, for impedance

matching and ground isolation. The signal is then demodulated and fed to a two-stagefilter circuit that

attenuates the ripple and provides the required bandpass. The d-c signal is then fed to an output ampli-

fier to provide a low output impedance. A zener diode across the amplifier limits the output to ensure

that maximum and minimum voltage output limits are not exceeded. A zero offset and gain controlis

provided so that zero input voltage results in zero output voltage and the proper gain is realized.

2.9.4.2.2 Attenuators.

The attenuator subassembly (502-2) contains four separate attenuation channels, which pro-

vide signal conditioning and input, output, and ground isolation. Each channel accepts either unipolar or

bipolar analog d-c voltage inputs and provides four single-channel outputs (0 to 5 volts dc), When operat-

ing in the bipolar mode, the attenuators receive input signals with a range. which is adjustable from -2.5

to +2.3 volts dc and -20 to +20 voits dc. The maximum negative input (adjustable from -2.5 to -20 volts

dc) corresponds to a zero output; the maximumpositive input (adjustable from +2.5 to +20 volts dc), to

a +5-volt d-c output. Zero input provides a +2.5-volt output. When operating in the unipolar mode, the

output is directly proportional to the input. In this mode. analog inputs are zero and 5 volts de (mini-

mum attenuation) to 40 volts dc (attenuation of 8, or a gain of 1/8). The maximum input corresponds

to a +5-volt output.

The input signal is applied to an attenuator, which has a gain control for setting full-scale

output for maximum input. The attenuator output is conditioned by a d-c amplifier and fed to a transistor

chopper. The chopper output is routed through a transformerfor input, output, and ground isolation.

This signal is then rectified and fed to a two-stage filter that attenuates the ripple and provides the re-

quired bandpass. The d-c signal is then fed to an output amplifier to provide a low output impedance. A

zener diode across the amplifier limits the output to ensure that the maximum and minimum voltage out-

put limits are not exceeded.

2.9.4.2.3 AC-to-DC Converters.

Each ac-to-de converter subassembly (503-2) contains three separate ac-to-de converter

nels, which condition sinusoidal a-c input signals within a frequency range of 400+20 cps to 800220 cps.

Each channel also provides inpui, output, and ground isolation. The three single-channel analog out-

puts are within a range of 0 to 5 volts dc. The outputs are proportional to the average a-c voltage

input. Converter gain is adjustable to provide full-scale output (+5 volts dc}, corresponding to full-

scale inputs of 21 to 31 and 100 to 150 volts rms.

The input signal is applied to an attenuator, which has a gain control for setting full-scale

output for maximum input. The attenuator output is fed through an a-c amplifier to a transformer for

input. output, and ground isolation, After demodulation by a precision rectifier. the signal is fed to an

active filter that attenuates the ripple and provides proper bandpass and low output impedance. A zener

diode across the amplifier limits the output to ensure that the maximum and minimum voltage output

limits are not exceeded.

2.9.4.2.4 Analog Signal Isolating Buffers.

The analog signal isolating buffer assembly (504-1) contains four buffer channels which

receive 0- to 5-volt d-c input signals and provide input, output, and ground isolation and unity gain at its

four single-output channels. Operation of the buffer channels is similar to that of d-c amplifier

subassembly 501-1, except that they all are unipolar and have a fixed unitygain.
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The input signals are conditioned by a unity gain d-c amplifier and fed to a transistor
chopper. The chopper output is routed through a transformerfor input, output, and ground isolation.
The signal is then rectified and passed througha filter that attenuates ripple and provides proper band-
pass. The filter output is fed to an output buffer amplifier to provide a low output impedance. A zener
diode across the amplifier output ensures that the maximum and minimum voltage output limits are not
exceeded.

 

2.9.4.2.5 Discrete Signal Isolating Buffers. :

 

The discrete signal isolating buffer assemblies (504-2, -3, -4, and 5) receive remote
switch (solid-state or mechanical) closures and provide either 10 dual-channel, 12 single-channel, or
12 dual-channel output step voltages, and solid-state closures.

Buffer 504-2 has a floating input to provide isolation. The buffer has 10 dual buffer
channels with discrete output step voltages (0.0 to 5.0 volts de). Each channel is fully isolated from
input, output, and ground. Upon receiving a mechanical or solid-state switch closure at the input,
the selected channel provides two step voltage output Signals. An inpu: of 14 to 28 volts de or an open
circuit produces zero volts at the output. A discrete closure input actuates an electronic switch that
connects a reference square-wave oscillator to a transformer for input-to-output and groundisolation.
The signals are then rectified and fed to

a

filter that attenuates the ripple. A zener diode across the
filter limits the output to ensure that maximum and minimum voltage output limits are not exceeded.

 

Buffers 504-3, -4, and -5 receive signals from floating sources; the negative input ter-
minals are grounded to the LM 28-volt power supply. Buffers 504-3 and -4 have 12 dual-channel outputs:
buffer 504-5 has 12 single-channel outputs. The dual channels of buffer 504-3 provide 24 discrete output
step voltages that are isolated. These output voltages range from 3.4 to 6 volts de when the buffer is
turned on; from 0.0 to 0.5 volt de when it is turned off. The dual channels of buffer 504-4 provide 12
discrete output step voltages that are isolated. They range from 3.4 to 6 volts de when the buffer is
turned on; from 0.0 to 0.5 volts dc whenit is turned off. These dual channels also provide 12 solid-state
switch closure outputs that are used for talkback or lamp displays. The single-channel outputs of buffer
504-5 provide 12 discrete output step voltages that are isolated. These voltages have the same range as ~
those of buffers 504-3 and -4,

A discrete closure for these buffers actuates an electronic switch, which connects the
+28-volt d-c power supply to a square-waveoscillator. The oscillator is coupled to the output through
a transformerfor input, output and groundisolation. The signal is then rectified and fed to a filter
that attenuates the ripple. A zener diode acrossthefilter limits the output to ensure that maximum and
minimum voltage output limits are not exceeded.

 

2.9.4.2.6 Frequency-to-DC Converters.

The frequency-to-de converter subassembly (505-1) contains three frequency-to-dc con-
verter channels that receive sinusoidal inputs with frequency variations between 380 and 420 cps anda
carrier amplitude of 20 to 130 volts rms. Zero volts dc correspondsto the low limit of the input
frequency range; 5 volts dc, to the high limit of the input frequency range.

 

The input sine wave is limited and changed to peaked pulses in a differentiator circuit.
Each positive spike of the differentiator output triggers a one-shot multivibrator at a rate dependent upon
the input frequency. The multivibrator has an accurate timing circuit, which maintains the on state for
a definite period. Eachstate of the multivibrator actuates the switching of a precision d-c reference. “
At the low-frequency limit, the differentiator and multivibrator outputs are equal in time periods, pro- (
viding a zero-volt output. At the high-frequencylimit, the outputs are unequal in time periods, pro-
viding a voltage that is amplified, transformer coupled for isolation, rectified, and filtered to a 5-volt
d-c level. A zener diode across the amplifier output ensures that maximum and minimum voltage out-
put limits are not exceeded.

2.9.4.2.7 Resistance-to-DC Converters.

The resistance-to-dce converter subassemblies (506-3 and -4) contain four dual resistance-
to-de converter channels. Each subassembly provides two 0- to 5-volt d-c outputs, corresponding to re-
sistance values of the associated subsystem temperature sensors, at each channel.
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Each resistance-to-de converter includes a dc energized Wheatstone bridge and an amplifier. Bridge

excitation is obtained from a precision regulator circuit. The bridge output is linear with tempera-

ture changes as follows:

Subassembly Temperature(°F) Resistance (ohms)

506-3 +20 to +120 1, 364 to 1, 671

+20 to +160 1, 364 to 1, 793

+20 to +200 1, 364 to 1,914

-~200 to +200 665 to 1,914

-200 to +500 665 to 2, 795

506-4 -60 to +260 1, 113 to 2, 092

Each 506-3 bridge circuit can be shunted to change the bridge sensitivity in accordance with the

required sensor resistance ranges. The 506-4 is a single-range unit. The bridge output signal is

amplified and provides a d-c outputvoltage, which is an analog of the input resistance. The d-c voltage

output is then processed through circuits that ensure that each channel provides two fully isolated

voltage outputs. A zener diode across the amplifier output ensures that maximum and minimum voltage

output limits are not exceeded.

2.9.4.2.8 Phase-Sensitive Demodulators.

The phase-sensitive demodulator subassembly (507-1) receives a-c signals from LM sub-

systems, compares them to a reference signal of the same frequency, and provides 0- to 5-volts d-c

outputs. The subassembly contains four phase-sensitive demodulator channels. Each channel includes

an input amplifier, a demodulator, and an active filter. The sinusoidal input voltage to be conditioned

is of the same frequency as the phase reference signal and is either in phase or 180 out of phase with

it (input signal is either positive or negative respectively). For negative signals, the output varies.

linearly from 2.5 to 0 volts: for positive signals, the output varies linearly from 2.5 to 5 volts. The

relationship between the input signal and the phase d the reference signal, and the resultant d-c output

is as follows:

 

Input Voltage D-C Output

(vrms) Phase Angle (Volts)

Maximum 180° 0

0.5 maximum 180° 1,25

0.0 180°/0° 2.50

0.5 maximum 0° 3.75

Maximum 0° 5.0

The input signal is fed to an attenuator and gain control circuit that permits adjusting

the full-scale output to 5 volts dc for an a-c input of 2.8, 3.5, 15, and 26 volts. The signal then passes through

an a-c amplifier to a demodulator, where it is compared to the reference signal. The resultant

demodulated signal passes through a filter circuit that provides the required bandpass. A zener diode

across the amplifier output ensures that maximum and minimum voltage output limits are not exceeded.

2.9.4.3 Pulse-Code-Modulation and Timing Electronics Assembly.
 

The PCMTEAconverts all data inputs generated by the subsystem sensors into serial digital

output signals. These signals are routed to the CS for transmission to MSFN or the CSM. The PCMTEA

consists of pulse-code-modulation equipment that processes subsystem data and timing electronics

equipment that provides timing and synchronizing signals to other LM subsystems. The PCMTEA

(figure 2.9-2) consists of the following:
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e Pulse-code-modulation equipment

Analog multiplexer gate drivers

High-level analog multiplexer and high-speed gates
Analog-to-digital converter (coder)
Calibrator
Programmer

Digital multiplexer

Output register and data transfer buffers

Power supply  
e Timing electronics equipment

Phase-locked oscillator and doublers

Oscillator failure-detection circuits

Decision network

Timing generator

Time accumulator and serial time code generator

2.9.4.3.1 Analog Multiplexer Gate Drivers. (See figure 2.9-5.)

Upon command from the programmer, the analog multiplexer gate drivers perform the

switching required by the high-level analog gates for sampling the analog inputs. Two basic types of
drivers are used: row and column. A row driveris used to activate 6 to 24 gates; a columndriver.

7 to 14 gates. A row driver is a compound NPNtransistor stage. used in the common-emitter configura-

tion. The row driver is switched on by a positive-going row command from the programmer. Each

column driver is a two-stage, direct-coupled amplifier that uses NPN and PNPtransistors connected in

the common-emitter configuration. Each column driver is switched on by a positive-going column

command from the programmer.

 

2.9.4.3.2 High-Level Analog Multiplexer and High-Speed Gates. (See figures 2.9-6 and 2.9-7.) (

The high-level analog gates sample 277 high-level (0 to 5 volts) analog input channels from

LM equipment and generate PAM outputs for each channel input. The pulses occur at the sampling rate

of the channel; the amplitude of each pulse represents the analog input at sampling time. The high-level

analog gates comprise matrix combinations in an OR-gate arrangement to provide as many as 24 channel
inputs per row, with multiple rows forming the desired matrices. Five primary gates in each row use
a common sequencer gate. The sequencer gate prevents a shorted primary gate from causing loss of

data from more than four primary gates. The shorted gate is not affected and remains on, allowing

data to flow continuously. The matrices process the high-level analog inputs and supply four PAM

outputs to the high-speed gates. The high-speed gates contain four electronic switches and four

associated drivers; they sharply time each pulse in the PAM train. The primary and secondary gates

do not turn off sharply; therefore. the trailing edge of each PAM pulseat the input to the sequencer gates

gradually trails off to zero. The high-speed gates cut off each pulse sharply before combiningall pulses

into one serial PAM train. Commands from the programmerto the high-speed gates connect the output

of the high-level analog multiplexer to the input of the coder sample-and-hold circuitry.

   

2.9.4.3.3 Analog-to-Digital Converter. (See figure 2.9-8.)

Controlled by the programmer, the analog-io-digital converter (coder) receives analog
high-level PAM inputs from the high-speed gates. The coder converts analog input data to digital

form. Based upon commands from the programmer, the coder provides a digital output of eight-bit

words to the digital multiplexer. (Refer to paragraph 2.9.4.3.6.) The coder converts the input

voltages to an eight-bit binary code: zero volts is coded as binary 00000001 (110): 5 volts, as binary

11111110 (25410). For each additional 19. 7-millivolt input, the binary code is increased by binary
1. until the 5-volt level is obtained. Underscale voltages (less than zero) are represented as binary

00000000 (0); overscale voltages (more than 5 volts), as binary 11111111 (25510). The sample-and-
hold circuitry of the coder comprises an input buffer amplifier, a charging capacitor with gates,
and an output buffer. The output buffer provides the voltage for driving the current-summing

junction.

 

 

a INSTRUMENTATION SUBSYSTEM
Page 2.9-34 Mission LM Basic Date 1 February 1970 | Change Date __
 



     

a
r

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA
 

 

 

 

 

PROGRAMMED ANALOG MULTIPLEXER
INPUTS GATE DRIVER CARD A14A3

ROW 12 ROW 13

ROW DRIVER OUTPUT

TO HIGH-LEVEL ANALOG

ROW 14 row 14 __

|

MULTIPLEXER CARD A14A2

ROW 17 ROW 17

TO CARD Al5

ROW 18 ROW 18
 

COLUMN DRIVER OUTPUT
COLUMN (SPARE) COLUMN TO._- HIGH-LEVEL ANALOG
 

 

 

 

 V
y
y
y
y

 

 

(SPARE) MULTIPLEXER CARD AI4A2

COLUMN 42 COLUMN
42

COLUMN 41 COLUMN
71 * COLUMN DRIVER OUTPUT

TO CARD Al4A2,
AI7, A23, A24, A25

COLUMN 40 COLUMN
40

COLUMN 39 COLUMN
39

~ 3.3 VOLTS * . am

COMMON +. TYPICAL FOR Alt CARDS
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A. 300LM4-61

Figure 2.9-5. Typical Analog Multiplexer Driver Card - Simplified Logic Diagram

During a 39-microsecond sampling period, the capacitor is charged to the PAM analog

input voltage from the high-speed gates. At the end of 39 microseconds, the sampling gate is disabled

and the capacitor voltage appears at the output of the sample-and-hold output buffer. Sample-and-hold

commands from the programmer, coincident with the buffer output, initiate successive approximation

cycles. The timing generator is a counter that is matrix driven by an astable multivibrator that oper-

ates at approximately 100 kc. The generator provides eight sequential timing pulses to the coder. The

pulses have separate inputs to the coder to provide timing for the weighted-current (WC) decisions
sensed by the differential amplifier. At the beginning of each timing pulse, a differential query pulse is

generated and routed to the differential amplifier gate.

Commands from the programmerresetall WC flip-flops, except the 128-bit flip-flop, to

0 state. The 128-bit flip-flop is set to a 1 state, providing a path through the 128-bit weighted-

current gate (WCG) for the precision half-scale current input generated by the calibrated reference

voltage. The PAM sample-and-hold output and the 128-bit WCG output are summed through their

precision resistors and fed to the summing junction. If the resultant current at the junction is positive,

the WC was less than the current produced by the PAM voltage. The differential amplifier senses the

resultant positive current and applies an input to the differential amplifier gates. Query pulses are

coincident with this input. For differential amplifier outputs that represent a resultant positive summing

junction current, the query pulses set the differential amplifier flip-flop and provide a 1 output. This
1 output is coincident with timing pulse No. 1 at the input to the 128-bit AND gate. The 1 output from the

AND gate is fed to the 128-bit flip-flop, which initially was set toa 1 state. The flip-flop is not reset:

the 1 output (128-bit) is stored.
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TO CARD Al15A4

PASSIVE RESET

7 SEQUENCER B

40
JOOLM4-62

 

Figure 2.9-6. High-Level Analog Multiplexer Card - Simplified Logic Diagram

The timing pulse input fed to the 128-bit AND gate is also fed to the 64-bit WC flip-flop,

setting the 64-bit WCG. Remaining 128-bit current (if any), the 64-bit current, and the PAM analog
current are now summed at the summing junction. The differential amplifier again senses the resultant

current and accepts or discards the 64-bit WCG output. Discarding occurs when the query pulse

prevents the differential amplifier output from gating through to the differential amplifier flip-flop. This
provides a zero input at the AND gates; there is no output to the digital multiplexer.

a

This process continues through timing pulse No. 8, at which time the least significant bit is

stored and the WCflip-flops contain a parallel digital representation of a code word. The flip-flop

outputs are strobed through digital multiplexer gates to the output register, to be converted to serial

NRZ data.
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Figure 2.9-7. High-Speed Gates - Logic Diagram

2.9.4.3.4 Calibrator.

The calibrator produces two precision (0. 18%) voltage outputs for system calibration. The

desired outputs are 85% and 15% of 5 volts (4.25 and 0.750 volts, respectively). The precision voltages

are obtained by tapping the desired potentials from a precision resistor network. The calibrator outputs

may be supplied to the analog gates by external jumpers. The calibrator precision voltages are used in

functional loop checks, to determine the operational status of the high-speed gates and the coder.

2.9.4.3.5 Programmer. (See figure 2. 9-9.)

The programmerestablishes the basic timing required for operation of the PCMTEAin the

normal (51.2 kilobits per second) or reduced (1.6 kilobits per second) mode and controls sampling by the

PCMTEA. To operate in the normal mode, the PCM TELEMETRY switch (panel 12) is set to HI. To

operate in the reduced mode, the switch is set to LO. The LO position is used when the LM is not in

line of sight with MSFN. In this case data are transmitted to the CSM and then relayed to MSFN.

Additionally, the LO position is used when the LM is on the lunar surface. The programmerfunctions

are as follows:

e Establishes the basic intervals for timing periods, bits, words, prime frames, and

subframes

e Generates commandsfor analog and digital sampling in conformance with a fixed

program

e Generates commands for coder operation and data transfer operations

e Generates patterns for syne and format identification (ID) words, and the commands

for inserting these words into the output of the PCMTEA

e Generates commands and timing signals used to synchronize other LM equipment

with the PCMTEA.
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Figure 2.9-9. Programmer- Block Diagram

The programmer counter matrix is a flexible counter that provides submultiples of the

basic 512-kpps clock input. The outputs are subsequently decoded to produce specific timing outputs.

The counter logic consists of 17 bistable stages: seven stages are allotted for a word counter; six, for

a 50-to-1 prime frame ID counter; and four, for a 10-to-1 prime frame counter. Each stage of the

counter is designated by an F number. The prime frame ID counter producesthe six binary numbers

that identify the prime frames. The counter is cleared at the end of each subframebythe differ-

entiated 1-cps input; it is then stepped through 50 binary states (000001 through 110010). The binary

numbers are furnished to the digital multiplexer gates, for insertion into the PCMTEAdata. Dur-

ing normal bit-rate operation, the binary numbersare inserted into word No. 4 of the data input.

During reduced bit-rate operation, binary 000001 is inserted into word No. 4 of every frame.

Normal and reduced bit-rate ID control logic implements the switchover from normal to

reduced bit-rate mode within the programmer. It also produces a command toa digital multiplexer gate,

which causes the bit-rate format code to be inserted into the PCMTEA Serial train during word No. 5 of

prime frame No. 1, This is accomplished by sampling the output of the remotely located bit-rate

selector switch and storing this information in two bistables controlled by AND gates. When the normal

bit-rate mode is selected to replace the reduced bit-rate mode, the mode information is stored at

reduced word No. 4. (See figures 2.9-3 and 2.94.) The normal bit-rate ID commandis then generated

during reduced word No. 1 and the format ID wordis inserted into the PCMTEAdata at the digital

multiplexer gates. Likewise, when the reduced bit-rate mode is selected to replace the normal mode,

the mode information is stored at prime frame No. 1, word No. 3. The reduced bit-rate ID commandis
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generated at normal bit-rate word No. 2, prime frame No. 1. Switchover from normal to reducedbit-

rate mode can be accomplished only at the start of a subframe. Thus, if a change is made after prime

frame No. 1, word No. 3, the remainder of the subframe operates at the normal rate. In the next

subframe, the reduced bit-rate ID is inserted in the format and the subframe operates at the normal

rate. Switchover occurs at the start of the next subframe.

2.9.4.3.6 Digital Multiplexer. (See figure 2. 9-10.)

The first number in channel identification is the sampling rate of the channel. The follow-

ing letter (A or D) signifies analog or digital data. Letter P, PE, S, or H signifies parallel, parallel
event, serial, or high level data, respectively. The last number, letter, or combination thereof

identifies the individual channel.

Based upon commands from the programmer, the digital multiplexer gates perform gating

functions for digital inputs from the coder, programmer, time accumulator, and other LM equipment.

Eight-bit binary words, resulting from the coding of the analog channel inputs, are received by the

digital multiplexer gates from the coder. From the programmer, the digital multiplexer gates receive

a 32-bit word (channel 50DP1) consisting of a 26-bit sync code and six bits of frame ID (frame number),

and an eight-bit format (high-bit rate or low-bit rate) ID word (channel 1DP1). From the time accumu-

lator, the digital multiplexer gates receive a 32-bit word for mission elapsed time (channel 10DP1).

The digital multiplexer gates also receive multiple digital inputs from other LM equipment: sixty-two

eight-bit words (channels IDPE1 through IDPE45, 1DP2 through 1DP10, 50DPE1 through 50DPE4,

and 100DPE1 through 100DPE4) and one 16-bit word (channel 200DPE1). Each of these inputs is gated
along with analog inputs, to the output register on a time-shared basis in the form of eight-bit words.

Specific multiplexing of these inputs provides word outputs in a definite format. Measurement sampling

rates and their recurrence are as follows:

Samples Per Second Recurrence

1 Every 50th prime frame

10 Every fifth prime frame

50 Every prime frame
100 Twice every prime frame

200 Four times every prime frame

Measurements assigned one sample per second will appear every 50th prime frame 6, 400

words apart or once per subframe. (See figure 2.9-3.) Measurements assigned 10 samples per second

will appear every fifth prime frame, 640 words apart, or 10 times per subframe. If the measurement

first appears in the first prime frame it will next appear in the sixth prime frame and eachfifth prime

frame thereafter. If the measurement first appears in the second prime frame, it will next appear in

the seventh prime frame and eachfifth prime frame thereafter. For 10-sample-per-second measure~
ments, this repetition appears as follows:

 

 

 

 

Prime Frame in Which

Measurement First Appears 1 2 3 4 5

6 7 8 9 10
11 12 13 14 15

Repeated frames 16 17 18 19 20

21 2 23 24 25
26 27 28 29 30
31 32 33 34 35
36 37 38 39 40
41 42 43 44 45
46 47 48 49 50

Total Samples Per Second 10 10 10 10 10       
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Figure 2.9-10. Digital Multiplexer - Logic Diagram

Measurements assigned 50 samples per second will appear once each prime frame, 128
words apart, or 50 times per subframe (1 second). Measurements assigned 100 samples per second
will appear twice per prime frame, 64 words apart, or 100 times per subframe. Measurements

assigned 200 samples per second will appear four times per prime frame, 32 words apart, or 200 times

per subframe. When digital input consists of more than eight bits, the eight most significant bits of

the input word are gated to the output register first, then the eight next most significant bits.

Each digital multiplexer gating structure consists of nine eight-bit word gates. The binary-

weighted outputs of these nine gates are OR-gated to eight output lines. Each word gate consists of eight
AND structures (one for each bit of input), followed by an isolation diode that is yunction OR-gated to the

weighted output lines. Multiplexing of the word inputs is controlled by inputs from the programmer.

Whena word is to be gated to the output register, the eight-bit AND structure is strobed by a word

command from the programmer. The input word configuration is transferred to the output register
through the junction OR gates.
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The gating structure used for each word gate consists of eight input diodes connected with

the collector of a two-stage complementary gate driver and eight isolation diodes. Each junction is OR-

gated with the same binary-weighied output of eight other word gates. The AND function is controlled
by the gate driver output. During nonsampling time, each input dioue is reverse biased by a negative

voltage on the collector of the final stage of the driver. When data are to be gated to the output register,
the gate driver is pulsed by a word command from the programmer. This saturates the gate driver,

providing drive to set a 1 into each stage of the output register, corresponding to the digits of the digital

word that are 1 (in excess of +3.5 volts) at the input. If a digit is 0 (less than +1.5 volts), the input
diode is forward biased and the set current is inhibited.

2.9.4.3.7 Output Register and Data Transfer Buffers. (See figure 2. 9-11.)

The output register receives eight-bit (parallel-by-bit) PCM words fromthe digital multi-

plexer gates and converts these data into serial PCM outputs. It also receives 40- and 24-bit serial

binary inputs (channels 50DS1 and 50DS2) from other LM equipment and converts these data to PCM

outputs. The data transfer buffers accept data from the output register, and inputs from the programmer

and TE, to provide the following PCM output signals:

NRZ data

RZ data
Split-phase data
Data rate timing

Subframe sync

Two subcarrier reference signals

One 40-bit serial start

Two 40-bit serial stop

Two 40-bit serial sync

One 24-bit serial stop

One 24-bit serial sync.

The output register consists of an eight-stage shift register, a shift pulse driver, and

serial data transfer gates. Eight-bit words (bits 1, 2, ... 8) are parallel loaded into the shift register

from the digital multiplexer gates, on word commandto the gates from the programmer. The word
command is active during bit 8 of 8 of each word time that an analog or parallel digital input is sampled.

Each binary 1 sets a stage of the shift register. Each stage of the shift register is a conventional,

saturating bistable that uses an input driver and negative steering diodes. During the next word time,

the word is shifted out at the bit rate, with the most significant bit (bit 8) shifted out first. This is

accomplished by shift pulses developed by the shift pulse driver from a bit rate input furnished by the

programmer. The final stage of the shift register drives the NRZ, RZ, and split-phase bistables.

The 40- and 24-bit serial words are also processed by the shift register. These serial

words are transferred synchronously from other LM equipment by start. stop, and bit sync pulses

furnished by the PCM equipment. Each bit of the words is AND-gated with the word command from the

programmer, at the serial data transfer gates and furnished as an input to the eighth stage of the shift

register. Each bit is subsequently entered into this stage and shifted out by the shift pulse as serial
PCM data. The 50DSi and 50DS2 inputs are inserted in words No. 121 through 128 of each prime frame

during operation in the normal bit-rate mode. When operating in the reduced bit-rate mode, channels

50DS1 and 50DS2 are not sampled.

The data transfer buffers supply a start pulse one bit time before the beginning of the serial

digital readout, 40-bit sync pulses (one each read time), and a stop pulse one bit time after readout of the

40thbit.

2.9.4.3.8 Power Supply.

The PCMTEApower supply (double-thickness card) is a dc-to-de converter. It converts a
+28-volt input to highly regulated outputs for the PCM analog blocks (+20, -20, +10, -10, and +6.3 volts)
and the PCM digital blocks (+10, +6, +3.3, and -3.3 volts). The power supply also fulfills the power

requirements of the TE.
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Figure 2.9-11. Output Register

2.9.4.3.9 Phase-Locked Oscillator and Doublers. (See figure 2. 9-12.)

A 1,024-kpps signal from the LGC is routed to the TE doubler circuits through two parallel

paths (primary and secondary). In the secondary path, a 2,048-kpps signal (doubler circuit output)
controls the phase-locked oscillator. This temperature-compensated quartz crystal oscillator continues

to operate and drive the timing generator if the 1, 024-kpps input from the LGC fails. Additionally, if the

Schmitt trigger D output in the primary path fails to drive the timing generator, the phase-locked

oscillator provides the redundancy needed for the timing generator to produce synchronizing signals for

PCM outputs and other LM subsystems.

2.9.4.3.10 Oscillator Failure-Detection Circuits No. 1, 2, and 3.

Three failure-detection circuits in the TE monitor the status of the phase-locked oscillator

in the secondary path. Failure-detection circuit No. 1 monitors the output of the phase-locked oscillator's

buffer and provides a digital status signal to the digital multiplexer in the PCMTEA. Failure-detection

circuits No. 2 and 3 monitor the 1024-kpps signal from the LGC and the output of the phase-locked

oscillator in the secondary path, and provide an analog status signal to the high-level multiplexer in the

PCMTEA. If either signal fails, MSFN is cautioned that the TE synchronization output signals to the

PCM and other LM subsystemsare only being supplied through the primary path to the timing generator

or by an unsynchronized phase-locked oscillator in the secondary path.
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2.9.4.3.11 Decision Network. (See figure 2. 9-12.)

The decision network is triredundant; it receives inputs from the parallel primary and

secondary paths in the TE. The primary input from Schmitt trigger D reaches the decision network
before the input from the phase-locked oscillator. The triredundant circuit allows the phase-locked

oscillator to continue driving the timing generator if the primary input from Schmitt trigger D does not

appear at the decision network input. Schmitt triggers A, B, and C simultaneously route outputs from
the network to drive the timing generator ripple counters. For the timing generator to continuously

provide synchronizing pulses, two of the three Schmitt trigger outputs (A. B, and C) are necessary.  
2.9.4.3.12 Timing Generator. (See figure 2.9-12.)

The timing generator consists of triredundant majority voting logic that divides the 2,048

kpps inputs from the decision network into 512-kpps signal for the CS. The timing generator also divides
the 512-kpps signal down to 1 pps. The redundant counters provide outputs at 512, 6.4, and 1.6 kpps;
10 pps; and 1 pps through the PCM and TE transfer buffers for other LM subsystems and displays. All

division is done by integrated circuit bistables. The redundant outputs from each counter are fed to AND

gates. If one of the three outputs from the counters to the AND gates fails, the AND-gate arrangement

provides a continuous output from the two other counters.

2.9.4,3.13 Time Accumulator and Serial Time Code Generator. (See figure 2. 9-12.)

The time accumulator is a nonredundant device that comprises integrated circuitry that

accepts the l-pps signal from the redundant counters in the timing generator and divides it into binary-

coded-decimal (BCD) outputs (seconds, minutes, hours, and days). Total recycling occurs at 39 days.

An automatic reset circuit resets the time accumulator when poweris initially applied to the PCMTEA.

The BCD outputs are fed, in parallel, to the serial time code generator as a 26-bit time code signal,
The 26 bits represent mission elapsed time. The generator output (100 bits per second in NRZ-C

format) is routed, with the most significant bit first, to the DSEA for time correlation of recorded

voice. The first 24 bits are a synchronization code; the following 26 bits represent mission elapsed ,
time.

2.9.4.4 Caution and Warning Electronics Assembly. (See figure 2.9-13.) . 

sage: The CWEAprovides the astronauts and MSFN with a continuous rapid check of LM status

es during manned missions. By continuously monitoring the data supplied by the SCEA, malfunctions are

immediately detected. When a malfunction is detected, the CWEA provides signals that light caution

lights (panel 2). warning lights (panel 1), component caution lights. and MASTER ALARM pushbutton/

lights (one each on panel 1 and 2). A malfunction also activates a 3-kc signal that provides a tone in

the astronaut headsets, and supplies the PCMTEA with a telemetry signal. The warning lights (red)

indicate malfunctions that jeopardize astronaut safety and require immediate action. The caution lights

(vellow) indicate malfunctions that do not necessarily require immediate action.

The CWEA compares analog signals (between 0 and 5 volts dc) from the SCEA with pre-

vot selected internally generated limits supplied by the caution and warning power supply as reference

rete voltage. In addition to the analog inputs, the CWEAreceives discrete on-off and contact closure signals.

All inputs are applied to detectors (analog and discrete) in the CWEA. The detected signal is routed

through logic circuitry. enabling the necessary relay contacts for the caution or warning lights.

Simultaneously, the signal is routed to a master flip-flop that energizes a master relay driver, enabling
relay contacts. These relay contacts route the signal to light the MASTER ALARM pushbutton/lights

and provide the 3-ke tone to the astronaut headsets. Pressing either MASTER ALARM pushbutton/light

extinguishes both lights and terminates the tone, but has no effect on the caution or warning lights. (

The MASTER ALARM pushbutton/lights are not resettable when the C/W PWR caution light goes on.

The CWEAchannel detector logic also receives automatic reset signals from the power

supply assembly, and manual caution and manual warning reset signals from LM subsystems. Thethrust

chamber assembly (TCA) logic accepts command input signals that correspond to TCA operation. Auto-

matic reset signals from the power supply assembly and reset signals from LM subsystems are accepted

by the TCA logic. TCA outputs are routed simultaneously to a warning relay driver and a talkback relay

driver. which operate the RCS TCA warning light and a particular QUAD talkback, depending on the quad-

rant in which the TCA (system A or B) failed. The master flip-flop monitors the output of all caution and \
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Figure 2.9-13. CWEA - Functional Block Diagram

warning relay drivers. When one of these relay drivers is energized, the master flip-flop energizes

master relay drivers. These drivers operate relays whose contacts provide a path to actuate an

electronic switch and a telemetry channel. When the electronic switch contacts close, a signal is

routed to light both MASTER ALARMlights. Resetting the MASTER ALARM pushbutton/lights does not

affect a caution, warning, telemetry, component caution lights. or talkbacks. These malfunction

indications remain until the cause is eliminated or until the appropriate reset or inhibit signal is applied.

The telemetry channel provides MSFN with the malfunction indication. The power supply assembly not

only provides operating voltages for the CWEA; it has automatic reset and failure-detection circuits.

The automatic reset circuits operate when poweris turned on; they reset the master flip-flop and all

resettable CWEAlogic circuits. Power supply failure is sensed by the failure-detection circuit, which

operates relays that cause the MASTER ALARM pushbutton/lights and the C/W PWRcaution light to go
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on and close a telemetry channel. The 16.3-volt d-c output of the power supply assemblyprovides a

regulated voltage to a precision voltage reference supply. This supply provides a precise zener voltage

reference for comparing input signal voltages in the CWEA channel detector logic circuits.

Individual caution and warning light logic circuit: ‘figure 2. 9-15) are discussed in the follow-
ing paragraphs. Figure 2.9-15 shows input functions, SCEA. -.d CWEA logic elements, and output data
involved in routing a malfunction signal to a caution or warning iight. SCEA interfacing of signals is

discussed in detail in paragraph 2.9.4.2. In all cases the output of the CWEA enables a relay driver

which energizes a relay, and the closed contacts of this relay cause the caution or warning light to go on.

To avoid repetition this operaiion is not described for each light. Failure modes detected by the CWEA,

malfunction limits, and inhibit. enable, and reset signals discussed in the following paragraphs are

summarized in table 2.9-3. In the "Light (Telemetry Code No.)' columnof the table, the letter "C"

denotes a caution light, the letter ""W" a warning light.

2.9.4.4.1 MASTER ALARMPushbutton/ Lights and C/W PWR Caution Light. (See figure 2. 9-14.)

The C/W PWR caution light goes on if any one or a combination of the regulated voltages
(+23, +9, +4, -3 volts de) or the 10 ke chopper driver voltage generated by the CWEA powersupply fails.

The CWEA power supply receives 28 volts dc from the LM Pilot's bus through the INST: CWEA circuit

breaker (panel 16) and provides regulated voltages for the CWEA logic circuits and the precision voltage-
regulated supply (PVRS). The PVRS supplies a highly regulated reference voltage to the CWEA com-

parators, where inputs from various subsystems are compared for the correct operating voltage. Power

supply outputs are sent to level detectors; the output of these detectors is applied to a NANDgate.

Normally, when all voltages are present the NAND gate is enabled and the output of the gate is at ground,

energizing the coil of relays K5, K6, and K7. The relay contacts open the ground path for the C/W PWR

caution light and the MASTER ALARMlight causing them to go off. If a low-voltage condition occurs on

any power supply output or an overvoltage condition on the +9-volt output, the NAND gateis disabled.

deenergizing K5, K6, and K7. Deenergizing these relays causes their contacts to close. Contacts

of KT provide a ground to light the C/W PWRcaution light; contacts of K5, K6, and K7 provide a ground

to light the MASTER ALARM pushbutton/lights.

Ground for the MASTER ALARMpushbutton/lights is also supplied if a LM subsystem mal-

function is sensed by the CWEA masterflip-flops. These flip-flops route the signal to master relays K1,

K2, and K3. Contacts of these relays, connected tothe samecircuit as those of relays K5, K6, and K7, pro-

vide a primary ground path to light the MASTER ALARM pushbutton/lights. The LM Pilot's bus voltage

used for the pushbutton/lights and the ground provided when a malfunction signal is generated are also

routed to the tone generator in the S&C control assembly. The tone generator routes a 3-kc tone to

the astronaut headsets. Except if the C/W PWR caution light is on, the MASTER ALARM pushbutton/

lights are resettable. Pressing either pushbutton/light resets the master flip-flops and deenergizes

the master relays. This interrupts the ground path, extinguishes both pushbutton, lights, and terminate

the 3-ke tone, but has no effect on the caution or warning light. If the C/W PWRcaution light is on, its

relays provide a redundant ground path for the pushbutton/lights. Pressing either pushbutton/light resets

the master relays and interrupts its ground. The redundant ground provided by the C/W PWR caution

light relays maintain the MASTER ALARM pushbutton/lights on.

2.9.4.4.2 CABIN Warning Light. (See A, figure 2. 9-15.)

The CABIN warning light goes onto indicate a loss of cabin oxygen pressure due to a mal-

function. If cabin pressure drops below 4.15 psia, a solenoid in the ECS opens the emergency oxygen

valve, sending a signal to a discrete voltage detector in the CWEA. The detector output enables an AND

gate causing the CABIN warning light to go on. When cabin pressure exceeds 4.45 psia, the emergency

oxygen valve closes, removing the signal to the CWEA and causingthe light to go off.

During the egress mode, setting the CABIN REPRESS valve on the ECS module to MANUAL

causes the emergency oxygen open valve-position-indicator switch to send an inhibit signal to the CWEA.

This signal is inverted, disabling the AND gate, and thereby inhibiting the light.
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2,9.4.4.3 ECS Caution Light. (See B, figure 2.9-15.)

The ECS caution light goes on to indicate a glycol pump No. 2 failure, suit fan No. 1 failure,

excessive CO? partial pressure, or a water separator No. lor 2 failure.

If glycol pump No. 1 fails, the GLYCOL componentcaution light (panel 2) goes on and pump

No. 2 is selected. If pump No. 2 malfunctions a low-pressure sensor in the coolant recirculation assem-

bly sends a signal to a discrete voltage detector in the CWEA. The output of this detector enables an OR

gate which causes the ECS caution light to go on. The ECS caution light goes off when normal coolant

pressure is restored.
  

If suit fan No. 1 malfunctions, a low-pressure sensor in the ECS suit fan assembly sends a

signal to a discrete voltage detector in the CWEA, enabling the OR gate and causing the ECS caution

light to go on. The SUIT FAN component caution light (panel 2) also goes on at this time. Setting the

SUIT FAN selector switch (panel 2) to 2 selects suit fan No. 2 (backup mode) and causes the ECS

caution light and SUIT FAN componentcaution light to go off.

If COg partial pressure exceeds approximately 7.6 mm Hg (refer to calibration curve in B,

figure 2.9-15 for specific value) a sensor signal greater than 2.274 volts dc is detected by a CWEA

comparator. The comparator output enables the OR gate, causing the ECS caution light to go on. The

comparator output is also routed to the COg component caution light (panel 2) causing it to goon. The

increase in CO9 partial pressure is monitored en the PART PRESS COg indicator (panel 2). The ECS

caution light and CO2 component caution light go off when nominal CO» partial pressure is restored.

Setting the COg CANISTER SEL valve on the ECS module to SEC selects the backup mode. The primary

CQ» cartridge can nowbe replaced and the COg CANISTER SEL valve returned to the PRIM position.

Monitoring the PART PRESS COgindicator ensures that COpartial pressureis restored.

If the operating water separator malfunctions, a low rpm signal, indicating less than

792.5 rpm (refer to calibration chart in B, figure 2. 9-15 for specific value) is detected by a comparator :

in the CWEA. The comparator output enables the OR gate causing the ECS caution light to go on. The (

comparator output is also routed to the HgO SEP componentcaution light (panel 2) causing it to go on.

The lights go off when nominal water separator speed is restored. If separator No. 1 fails, separator .

No. 2 can be selected by pulling the WATER SEP SEL valve handle on the ECS module.

ae H2.9.4.4.4 Deleted
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2.9.4.4.5 GLYCOL Caution Light. (See D, figure 2. 9-15.)

The GLYCOL caution light goes on to indicate low coolant quantity in the primary coolant

loop or high coolant temperature, sensed at the heat transport section sublimator outlet, in the primary

coolant loop. If only 10% of coolant remains in the coolant accumulator a low-level sensor sends a
signal to a discrete voltage detector in the CWEA, which enables the OR gate. If coolant temperature

exceeds +49.98° F, a comparator in the CWEAalso enables the OR gate. The OR-gate output is applied
to an AND gate enabled by an inverted output from the GLYCOL switch (panel 2), causing the GLYCOL

caution light to go on. Coolant temperature may be monitored on the GLYCOL temperature indicator

(panel 2). Setting the GLYCOL switch to INST (SEC) inhibits the AND gate and causes the light to
go off.

2.9.4.4.6  O» QTY Caution Light. (See E, figure 2.9-15.)

The O2 QTY caution light goes on, before staging, to indicate a low-quantity condition
(less than approximately 5%) in the descent oxygen tank or a less-than-full condition (less than approx-

imately 80%) in either ascent oxygen tank. After staging, the O79 QTY caution light goes onto indicate a
low-quantity condition (less than approximately 10%) in ascent oxygen tank No. 1. To determine which

tank is low, the O2/H2O0 QTY MONselector switch (panel 2) is cycled through all positions and the
corresponding quantity is monitored on the O29 QUANTITYindicator (panel2).

If descent oxygen tank pressure drops below 135.0 psia, a CWEA comparatorsets a flip-

flop. In the same manner, ascent oxygen tank No. 1 pressure less than 681.6 psia or ascent oxygen

tank No. 2 pressure less than 682.4 psia sets a flip-flop through an OR gate. Either flip-flop in a set

condition enables an OR gate whose output is applied to an AND gate, which is enabled by the normally

closed contacts of the staging deadface relay. When enabled, the output of this AND gate is applied

through an output OR gate to the O2 QTY caution light. causing it to go on. Separation of the ascent and

descent stages opens the staging deadface relay contacts. disabling the AND gate and causing the light

to go off. If, after staging, the ascent oxygen tank No. 1 pressure drops below99.60 psia, a CWEA

comparator sets a flip-flop. The output of the flip-flop is applied to the O2 QTY caution light through

the output OR gate, causing the light to go on.

In all cases, the light can be turned off by setting the O2/H20 QTY MONselector switch

to C/W RESET. This applies a signal to the reset side of each flip-flop, resetting it. If the descent

tank malfunctions, the #1 ASC O92 (ascent tank No. 1) valve on the ECS module must be opened. The *

02 QUANTITYindicator is monitored for this tank by setting the Og/HgO QTY MON selector switch to
ASC 1. If ascent tank No. 1 indicates a low quantity, the #2 ASC Og (ascent oxygen tank No. 2) valve

on the ECS module must be opened. :

2.9.4.4.7 SUIT/FAN Warning Light. (See F, figure 2.9-15.)

The SUIT/FAN warning light goes on to indicate a lack of suit pressure or a suit fan mal-

function. Suit pressure is circulated by one of two fans. If fan No. 1 malfunctions, the astronaut

switches to fan No. 2. If fan No. 2 also malfunctions a signal is sent to a discrete voltage detector in
the CWEA. The detector output enables an OR gate, causing the SUIT/FAN warning light to go on. The

SUIT/FAN warning light also goes onif suit pressure drops below 3.11 psia. This condition, detected by

a CWEA comparator, enables the OR gate and causes the SUIT/FAN warning light to go on. In addition,

a signal from the comparator energizes a CWEArelay, which energizes a relay of the torn suit protection

circuit. These contacts close the suit isolation valves, isolating the individual oxygen loops. Micro-

switches on the valves close, routing ground signals through the CABIN PRESSswitch to energize the

cabin repressurization valve. Suit pressure may be read on the SUIT PRESSindicator (panel 2).

Restoring suit pressure to 3.11 psia or more causesthelight to go off if the suit fans

are operative. If the light is on due to a faulty suit fan, opening the ECS: SUIT FAN 4Pcircuit breaker

(panel 16) causes it to go off.

2.9.4.4.8 RCS AREG and RCS B REG Warning Lights. (See G, figure 2. 9-15.)

The RCS A REG warning light goes on to indicate a high- or low-pressure condition in the

helium line of the RCS. If helium pressure exceeds 218.8 psia or drops below 164.4 psia, the
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malfuncti: is detected by a high- or low-level comparator in the CWEA. The comparator output is

applied to an AND gate through an OR gate, enabling the AND gate and causing the RCS A REG warning

light to go on. Helium r culator pressure for system A may be monitored on the A PRESSindicator

(panel 2).

In the event of a malfunction, the defective system can be shut down by setting the MAIN SOV

SYS A switch (panel 2) to CLOSE. This closes the main shutoff solenoid valves of system A, sending

an inhibit signal to the AND gate in the CWEAand causing the light to go off. The closed-valve condition

is indicated by the MAIN SOV SYSA talkback (panel 2).  
The logic and operation of the RCS B REG warning light (for system B) are identical with

that for the RCS A REG warning light (for system A).

2.9.4.4.9 RCS Caution Light. (See H, figure 2. 9-15.)

The RCS caution light goes on when RCS heliumtank pressure (system A or B) drops below

1696 psia. Low-pressure signals are routed from pressure transducers at the helium tank of each system

to low-level comparators in the CWEA. Detection of a low-pressure condition by a comparator sets a

flip-flop. The output of the flip-flop enables an OR gate, causing the RCS caution light to go on. Setting

the TEMP/PRESS MONselector switch (panel 2) to He resets both flip-flops, disabling the OR gate and
causing the light to go off. Helium tank pressure may be monitored on the A PRESS or B PRESSindi-

cators (panel 2). In the event of a malfunction, the remedial action is either to use the ascent interconnect

(during ascent burn) or the crossfeed (before ascent pressurization).

2.9.4.4.10 ENG GMBL Caution Light. (See I, figure 2. 9-15.)

The ENG GMBLcaution light goes on during descent engine operation if a difference between
the gimbal drive signal and the gimbal response signal from the Y- or Z-axis gimbal drive actuators, is

sensed. The pitch (Y) and roll (Z) trim malfunction signals are detected by discrete voltage detectors in :

the CWEA. The output of either detector enables an OR gate, causing the ENG GMBL caution light to go (

on. The RCS duty cycle (propellant quantity depietion rate) may be monitored on the A and B QUANTITY

indicators (panel 2) to determine the extent that the center of gravity and trim are off. -

2.9.4.4.11 HEATER Caution Light. (See J, figure 2. 9-15.)

The HEATERcaution light goes on to indicate an out-of-tolerance temperature condition in
the S-band steerable antenna assembly or the rendezvous radar antenna assembly. Detection of an out-

of-tolerance condition signal by a high- or low-level comparator in the CWEA enables an OR gate, the

output of which sets a flip-flop. When set, the flip-flop enables the output OR gate, causing the HEATER

caution light to go on. The out-of-tolerance temperatures that cause the HEATERlight to go on are as

follows:

S-band steerable antenna assembly - less than -64.1° F or greater than +153.7° F

Rendezvous radar antenna assembly - less than -50.48° F or greater than +148.9° F

To determine which heater malfunctioned, the TEMP MONITORselector switch (panel 3) is
cycled to RNDZ and S-BAND, and the corresponding temperature is monitored on the TEMPindicator

(panel 3). When the TEMP MONITORselector switch is set to the affected heater position, the flip-flop

in the CWEA is reset, causing the light to go off. High-temperature conditions are eliminated when the :

affected heater assembly circuit breaker (HEATERS: S-BD ANT onpanel 16, HEATERS: RNDZ RDR /

on panel 11) is opened.

2.9.4.4,12 RCS TCA Warning Light. (See K, figure 2.9-15.)

The RCS TCA warning light goes on if there are repeated short commands or an extended

commandto fire a specific thruster, but no chamber pressure responseat that thruster, or if opposing

collinear jets are commanded on simultaneously. The logic show in figure 2.9-15 illustrates failure

detection for the A4D and A4R jet driver pair and is typical for the other seven jet driver pairs.
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( Jet driver commands are routed to a discrete voltage detector in the CWEA. The detector
output enables an AND gate if the SYSTEM A QUAD4 switch is set to OPEN. The AND gate output is
routed to a three-input AND gate for detecting on failures, a counter for detecting off failures resulting
irom repeated short commands with no response, and an AND gate associated with a pulse width

discriminator (PWD) used to detect off failures resulting from an extended command with no response.

If either of the three logic elements (AND gate, counter. or PWD) is enabled, the output enables an OR

gate that sets a flip-flop. The output of the set flip-flop enables an OR gate, causing the RCS TCA

warning light fo goon. The flip-flop output is also routed to a QUAD talkback (SYSTEM A QUAD talk-
back, in the case of A4D and A4R failures). Setting the SYSTEM A QUAD 4 switch to CLOSE resets the

flip-flops and counters, inhibits the command input AND gate. and causes the RCS TCA warninglight to
go off.

 

An on failure is a thrusting condition without the presence of an on command from the LGC.
This condition is caused by a malfunction of the command signai sources upstream of the TCA's or by a

short circuit within the TCA valves. Uncorrected, this condition results in excessive propellant consump-

tion. Opposing collinear TCA's are not fired simultaneouslyunlessit is necessary to compensate for the

effect of a failed-on TCA. The AND gate senses this failure and causes the RCS TCA warninglight to go
on.

TCA's maynot respond to all individual command signals if they are of short duration (less

than 8048 milliseconds). Pulse skipping is not critical until six consecutive short pulses do not produce
a thrust response signal (off failure), After six pulses without a response, the next command pulse

(even if accompanied by a response) enables the counter and causes the RCS TCA warning light to go on.

If one long pulse (in excess of 8048 milliseconds) is skipped and a thrust response Signal is not produced.

the input to the PWD is not inhibited: the PWDis enabled, causing the RCS TCA warning light to go on.

2.9.4.4.13 DC BUS Warning Light. (See L, figure 2.9-15.)

The DC BUS warning light goes on to indicate a low-voltage condition (less than 26.5 volis)
on the Commander's or LM Pilot's d-c bus. Conditioned signals representing d-c bus voltages are

routed to low-level comparators in the CWEA. Detection of an out-of-tolerance voltage condition by a

comparator enables an OR gate, causing the DC BUS warning light to go on. Bus voltages may be

monitored on the VOLTSindicator (panel 14) by setting the POWER/TEMP MONselector switch (panel 14)
to the CDR BUS or SE BUS (LMPilot's bus). The light goes off when nominal voltage conditions are

restored.

 

2.9.4.4.14 INVERTER Caution Light. (See M, figure 2.9-15.)

The INVERTER caution light goes on if the a-c bus voltage is less than 112.0 volts orif

the a-c bus frequency is less than 398.0 cps or more than 402.0 cps. Conditioned signals representing

a-c bus voltage and frequency are routed to CWEA comparators. Detection of an out-of-tolerance condi-

tion by a comparator enables an OR gate. The OR gate output enables an AND gate, causing the INVERTER

caution light to go on. Setting the INVERTER switch (panel 14) to OFF thereby inhibiting the AND gate

in the CWEA, orrestoration of a within-tolerance condition causes the light to go off. Setting the

INVERTERswitch to 1 selects inverter No. 1 (backup mode). Voltage on the a-c bus may be monitored
SEATS on the VOLTSindicator (panel 14) by setting the POWER/TEMP MONselector switch (panel 14) to AC

* BUS.

2.9.4.4.15 BATTERY Caution Light. (See N, figure 2.9-15.)

The BATTERYcaution light goes on to indicate an overcurrent, reverse-current, or over-

temperature condition in any of the two ascent or five descent batteries. If a malfunction occurs, a u

failure signal is sent to a discrete voltage detector in the CWEA. The output of any detector enables an

OR gate. causing the BATTERY caution ight to go on. To determine which battery malfunctioned the BAT

FAULT component caution light must be monitored as the POWER/TEMP MONselector switch (panel 14)

is cycled from BAT 1 through BAT 6. The component caution light goes on when the POWER/TEMP MON
switch is set to the affected battery position. The BATTERY caution light goes off when nominal
conditions are restored or if the affected battery is turned off.
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2.9.4.4.16 ASC HI REG Caution Light. (See O, figure 2.9-1:.) (

The ASC HI REG cautionlight goes on if the helium pressure downstream of the regulator:

in the ascent helium lines exceeds 219.5 psia. A CWEA comparator detects a malfunction signal and

causes the ASC HI REG caution light to go on. The light goes off when nominal pressure is restored.

The remedial action, in the event of a malfunction, is to set the ASCENT He REG 1 and

REG 2 switches to CLOSE. This closes ascent regulator solenoid valves No. 1 and 2 and causesthe light

to go off. If, upon opening valve No. 1, the light goes on, this valve malfunctioned; valve No. 1 must be

AEE closed and valve No. 2 opened.

 

2.9.4.4.17 ASC PRESS Warning Light. (See P, figure 2. 9-15.)

The ASC PRESS warning light goes on if the pressure in either ascent helium tank drops

@ below 2,773 psia before staging. The CWEA receives signals indicating hilium pressure from the

MPS, These inputs are routed to low-level comparators. If the compared inputis less than 2,773 psia

® (helium tank), low-pressure signals are fed through an OR gate to an AND gate. An input signal from

the staging deadface relay and the low-pressure input enable the AND gate and cause the ASC PRESS

warning light to go on. If the pressure in a helium tank is low, the other tank is used, The light goes

off upon separation of the descent and ascent stages. Stage separation disables the AND gate, and

@ the light is inhibited.

2.9.4.4.18 ASC QTY Caution Light. (See Q, figure 2. 9-15.)

The ASC QTY caution light goes on when the quantity of fuel or oxidizer remaining in the

ascent tanks is sufficient for only approximately 10 seconds of burning time. Low-level signals are

detected by a discrete voltage detector in the CWEA. The detector output enables an OR gate, the output

of which enables an AND gate if an ascent engine-on signal is present. The AND-gate output causes the

ASC QTY caution light to go on. Manually shutting down the ascent engine prevents possible explosion due (

to depletion of either propellant before the other. Additionally, this malfunction indication advises that

ascent engine thrusting is not available for midcourse correction or rendezvous braking. If feasible, the .

astronaut will prepare to use the RCS for thrusting.

 

2.9.4.4.19 DES QTY Warning Light. (See R, figure 2. 9-15.)

The DES QTY warning light goes on if, before staging, the quantity of fuel or oxidizer in the

descent tanks is sufficient for approximately 2 minutes of burn time. A discrete voltage is routed toa

discrete buffer signal conditioner. This provides a solid-state closure directly to the relay driver,

causing the light to goon. The CWEA is bypassed; therefore, the MASTER ALARMlights and tone do

not go on.

2.9.4.4.20 DES REG Warning Light. (See S. figure 2. 9-15.)

The DES REG warning light goes on if, before staging, pressure in the descent helium lines

downstream of the regulators exceeds 259.1 psia or drops below 219.2 psia. Out-of-tolerance signals are

detected by high- or low-level comparators in the CWEA. The output of the comparators is applied

through an OR gate. which is enabled by the normally closed contacts of the staging deadface relay. The

AND-gate output is applied to the output AND gate. which is enabled by the output of a flip-flop. The flip-

flop is set by the descent engine arm command. Whenthe output AND gate is enabled, the DES REG

warning light goes on. Restoration of nominal pressure. or staging (which opensthe contacts of the stag- ‘

ing deadface relay. thereby inhibiting the AND gate), causes the light to go off. (

9.9.4.4.21 CES AC Warning Light. (See T. figure 2.9-15.)

The CES AC warning light goes on to indicate an excessive increase or decrease in voltage

from the GN&CS 28-volt, 800-cps. single-phase and 26-volt. 800-cps, three-phase a-c power supplies.

Conditioned signals. representing a-c power supply output voltages are routed to the high- and low-level

comparators in the CWEA. Out-of-tolerance voltage signais are detected in the comparators, the output
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of any comparator enables an OR gate which sets a flip-flop. When the flip-flop is set, the CES AC

warning light goes on. Momentarily setting the GYRO TEST switch (panel 3) to POS RT or POS LEFT

resets the flip-flop and causes the light to go off. The light will not go on again until the out-of-tolerance

voltage condition is corrected and another failure is detected.

2.9.4.4.22 PRE AMPS Caution Light. (See U, figure 2.9-15.)

The PRE AMPScaution light goes on to indicate an out-of-tolerance condition (less than

-4.2 volts dc or more than -5.2 volts dc) in either of the two parallel redundant -4.7-volt d-c power

supplies in the CES, which power the TCA preamplifiers. Conditioned signals, representing voltage out-

puts from the primary and backup -4. 7-volt d-c power supplies are sent to high- and low-level compara-

tors inthe CWEA, Out-of-tolerance signals, detected by the comparators, enable an OR gate. The OR-

gate output, along with the signal from the normally closed contacts of the staging deadface relay, enables

an AND gate causing the PRE AMPSlight to go on. Pressing the ABORT pushbutton (panel 2) inhibits the

AND gate and causesthe light to go off. The ABORT pushbutton is used when aborting a mission, using

the descent engine. After staging, the staging deadface relay contacts open, disabling the AND gate and

causing the light to go off.

2.9.4.4.23 CES DC Warning Light. (See V, figure 2.9-15.)

The CES DC warning light goes on to indicate an excessive decrease or increase in voltage

from the GN&CS +4, 3-, +6-, -6-, +15-, and -15-volt d-c power supplies. Conditioned signals repre-

senting d-c power supply output voltages, are routed to high-level comparators in the CWEA. Out-of-

tolerance voltage signals are detected by the comparators. The output of any comparator enables one of

five two-input OR gates, setting a flip-flop through a five-input OR gate. When the flip-flop is set, the

CES DC warning light goes on. Momentarily setting the GYRO TEST switch (panel 3) to POS RT or POS

LEFTresets the flip-flop and causes the light to go off. The light will not go on again until the out-of-

tolerance voltage condition is corrected and another failure is detected.

2.9.4.4.24 LGC Warning Light. (See W, figure 2.9-15.)

During LM guidance computer (LGC) operate periods, the LGC warning light goes on in the

event of the following LGC failures: power failure, certain scaler failures, and restart or counter fail-

ures. The light also goes on in response to an alarm test program. If an LGC failure occurs

a

failure

signal is sent to a discrete voltage detector in the CWEA. The detector output enables an AND gate (if the

GUID CONT switch on panel 1 is not set to AGS) causing the LGC warning light to go on. The light goes

off when the failure is corrected or if the GUID CONT switch is set to AGS. In the AGSposition, the

signal from the GUID CONT switch disables the AND gate, causing the light to go off.

2.9.4.4.25 ISS Warning Light. (See X, figure 2.9-15.)

The ISS warning light goes onto indicate a failure in the inertial subsystem section (ISS) of

the 3.2-ke power supply, the pulsed integrating pendulous accelerometer (PIPA) during main engine

thrusting, the gimbal servo, or the coupling data unit (CDU). A failure signal from the ISS or an inhibit

signal from the GUID CONT switch (panel 1) is routed through logic circuitry similar to that for the LGC

warning light. The ISS warning light goes off whenthe failure is corrected or if the GUID CONT switch

is set to AGS.
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2.9.4.4.26 RNDZ RDR Caution Light. (See Y, figure 2. 9-15.)

The RNDZ RDR caution light goes on if no tracking indication or if velocity data «2 not good.

Either condition causes a failure signal to be sent to a discrete voltage detector in the CWEA. ‘Vhen the

RENDEZVOUS RADARSelector switch is set to AUTO TRACK, a signal is applied to a flip-flop, resetting

it. The reset flip-flop inhibits the output AND gate, and the RNDZ RDRcaution light remains off even

though a data-no-good condition may exist. When both no tracking indication and velocity data-good-

signals are sent to the CWEA, an ORgate is inhibited and the low-level output of this gate is inverted,

enabling an AND gate and thereby setting the flip-flop. If a data-no-good condition occurs now, the RNDZ

RDRcaution light goes on because the output AND gate is enabled by the OR-gate output, the set flip-flop

output, and the no tracking indication input. The light goes off when the data-good condition or tracking

indication is restored.

2.9.4.4.27 AGS Warning Light. (See Z, figure 2. 9-15.)

The AGS warning light goes on to indicate an incorrect output from the abort guidance section

(AGS) +28- and +12-volt d-c and 28-volt, 400-cps power supplies or an abort electronics assembly (AEA)

malfunction. Conditioned signals, representing voltage outputs of the d-c supplies or the frequency of the

output of the a-c supply, are routed to high- and low-level comparators in the CWEA. Out-of-tolerance

signals are detected by the comparators. The output of any comparator enables an ORgate, which

enables a central OR gate, which in turn enables an AND gate if the AGS STATUS switch (panel 6) is not

set to OFF. When the AND gate is enabled, it enables an OR gate which causes the AGS warning light to

goon. If the memory and logic self-test results indicate an AEA malfunction. a failure signal is sent to

a discrete voltage detector. The detector output enables the AND gate which enables an OR gate causing

the AGS warninglight to go on. Setting the AGS STATUS switch to OFF inhibits the AND gate and causes

the light to go off.

2.9.4.4.28 ED RELAYSCaution Light. (See AA, figure 2. 9-15.)

The ED RELAYScaution light goes on when a failure occurs in the master arm relay (K1) or

in any one or combination of the stage sequence relays (K2 through K6) located in both ED relay boxes

(EDS system A and B). A malfunction signal from the EDSis detected by a discrete voltage detector in

the CWEA. The detector output enables an OR gate, which enables an AND gate (if the MASTER ARM

switch (panel 8) is not set to ON), causing the ED RELAYScaution light to go on. The SYS A and/or SYS

B component caution lights on the EXPLOSIVE DEVICESportion of panel 8 also go on. If any one or

combination of relays K3 through K6 caused the ED RELAYSlight and the SYS A and/or SYS B component

caution lights to go on, there is no way of isolating the faulty relay or relays. However, K2 can be reset

by momentarily holding the STAGE RELAYswitch (panel 8) to RESET. If the lights go off K2 was at

fault. If the lights do not go off, the ED: LOGIC PWR A and/or LOGIC PWRB circuit breakers (depend-

ing on which component caution light is on) on panels 11 and 16. respectively, must be opened.

The MASTER ARMswitch (panel 8) must not be touched. If this switch is set to ON while a

failure exists in the stage sequence relays, a complete staging operation, or part of the staging operation

(depending on which relay or relays failed) would result. Deactivating one EDS system (A or B) will not

prevent performance of EDS functions. Either system can perform EDSfunctions.

2.9.4.4.29 S-BD RCVR Caution Light. (See AB, figure 2. 9-15.)

The S-BD RCVR caution light goes on if the S-band receiver automatic gain control fails

(loss of S-band uplink voice). Loss of MSFN reception can be monitored on the SIGNAL STRENGTH

indicator on panel 12. It will indicate less than 1. Communications can be obtained by setting the

XMTR/RCVR switch (panel 12) to SEC. The S-BD RCVR caution light circuitry is enabled only if the

RANGE FUNCTIONSswitch (panel 12) is set to TV/CWEA ENABLE. Thelight goes off when this switch

is set to OFF/RESET.
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2.9.4.5 Data Storage Electronics Assembly. (See figure 2. 9-16.)
 

The DSEA is a single-speed, four-track, magnetic-tape recorder that stores voice and time-

correlation data (TCD) (mission elapsed time). A maximum of 10 hours of recording time is provided

(2.5 hours on each track) by driving the tape in one direction over the record head and, on completion of a

pass, switching to the next track and reversing tape direction. The tape is supplied in a magazine, con-

sisting of a supply reel and takeup reel. Once the magazine is properly placed in the DSEA and the control

logic is placed in track No. 1 forward condition (reset), the DSEA is operated with the RECORDER switch

on the COMMUNICATIONSportion of panel 12 in conjunction with the VOX trigger signal supplied by the

signal-processing assembly (SPA) of the CS.

The DSEA operates in either a manual or semiautomatic mode. In the manual mode, the

ICS T/R switch on the AUDIO portion of panel 8 or 12 is set to ICS T/R and the MODE switch on either

panel is set to PTT. The PTT position bypasses the automatic voice sense circuits. The Commander

or LM Pilot can close a push-to-talk switch (on the attitude controller assemblies or the umbilicais) and

speak into a microphone. The push-to-talk switch energizes the VOX key relay, providing a ground for

activation of the power control logic in the DSEA. In the energized state, this relay routes an enabling

signal through the RECORDER switch and is applied to the recorder electronics. The audio signal gener-

ated by the astronaut is conditioned by the SPA and fed to the recorder for transfer to tape. For operation

in the semiautomatic mode, the MODE switch is set to VOX. With the switch set to this position, the VOX

trigger circuit is enabled. The VOX sense circuit senses voice input from within the cabin or from the

communications receivers and feeds this signal to the VOX trigger circuit. When the two inputs are co-

incident, the trigger is activated. Setting the MOD switch to ICS/PTT results in a continuous key for

the recorder. When operating in this mode, recorder operation is manually controlled with the

RECORDERswitch (panel 12). With the MODE switch in the ICS/PTT position, the RECORDER switch

must be in the OFF position until voice is to be taped. The RECORDER TAPE talkback (panel 12)

indicates tape motion during recording.

The DSEA consists of signal-conditioning electronics, a power supply, control logic, anda

tape-motion amplifier. The signal-conditioning electronics accepts audio and TCD signals and conditions

them before they are fed to the record head. Audio signals routed through the astronaut's intercommun-

ications bus are applied to a voice amplifier that provides the band-passfiltering, impedance matching,

and signal amplification required to drive the record head. Simultaneously with the voice input, TCD is

supplied (as binary inputs) from the serial time code generator in the PCMTEA. A DSEA time-correlation .

data modulator accepts and converts serial binary-coded decimal data to frequency-coded data for

recording. The binary input signals modulate a voltage-controlled oscillator to produce an output fre-

quency of 4,175 cps, with a binary 1 input; 4,625 cps, with a binary 0 input. These voice and timing

signals are mixed with the outputs of a reference oscillator that supplies a constant 5.2-ke signal for

subsequent use in the DSEAtest station, servoamplifiers, and a bias oscillator, which provides a 33-ke

signal that eliminates nonlinear response in playback of voice and data. This permits recording multi-

plexed data on each of the four tracks. The control logic provides transport control, automatic track

switching for the four tape passes, and starting and stopping of the DSEA. The tape transport uses a

closed-loop capstan drive system with controlled tension in the record/reproduce head area. Dual

capstans with a high angle of tape wrap provide sufficient driving friction without the use of pinch rollers.

The drive motor in the tape transport is of the single-phase, 400-cycle, hysteresis, synchronous type

with constant speed (+0. 1% of input power). During recording, the reproduce head reads the recorded

track and, through the tape-motion amplifier, supplies the signal that operates the TAPE talkback

2.9.4.5.1 Power Supply.

The DSEA power supply consists of a power converter and voltage regulator, which provide

regulated d-c power for all DSEA electronics. The power converter conditions 115-volt, 400-cps, power

supplied fromcontrol logic circuits, to voltage levels of +17 and -8 volts dc. The +17 volts operates

relays in control logic and tape-motion monitor circuits. It is also applied to the voltage regulator, along

with the -8 volts. A-C power for the capstan drive motor is supplied from a tap on the primary winding

of a transformer (T1). The voltage regulator regulates the +17 and -8 volts de from the power converter

to +11.5 and -4.5 volts, respectively. These voltage levels are required for DSEAelectronic circuitry.
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2.9.5 PERFORMANCE AND DESIGN DATA.

The performance and design data for the IS are given in table 2.9-4.

Table 2,9-4. Instrumentation Subsystem - Performance and Design Data

 

Pulse-code-modulation and

timing electronics assembly

 

Height

Width

Length

Weight

Power requirements

Excitation

 

Consumption

Operating temperature (ambient)

Reliability

Component calibration

Calibration levels

Accuracy

High-level analog signals

 

Numberof channels

Normal hit rate (51.2 kilobits per

second)

Reduced bit rate (1.6 kilobits per
second)

Signal levels

 

Analog error

Sampling rate

Bits formed per channel input

Parallel digital signals

Number of channels

Normal bit rate

Reduced bit rate 

6.72 inches

5.12 inches

19.75 inches

23.0 pounds (approximate)

20 to 32 volts de

11 watts

+30° to +130° F

Amplifiers, analog-to-digital converter, and all analog circuitry

with functions common to 10 or more measurements

4.250 volts, 0.750 volts

+9 millivolts on high level

277

200 channels externally programmed, 77 channels internally
redundant

113 channels externally programmed, 41 channels internally
redundant

0 to 5 volts

0.5% (maximum)

1, 10, 50, 100, or 200 samples per second

8

75

1, 10, 50, 100, or 200 samples per second

1 sample per second

 

 

 

\ a INSTRUMENTATION SUBSYSTEM

Mission LM_ Basic Date_1 February 1970 Change Date_ 15 June 1970 Page__2.9-75

 



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

LesaygsensSSeS
nee

 

Table 2.9-4. Instrumentation Subsystem - Performance and Design Data (cont)

 

Pulse-code-modulation and

timing electronics assembly (cont)

Parallel digital signals (cont)

Signal levels

Binary 1

Binary 0

Bits per output word

Sampling sequence for 8-, 16-, and
32-bit input words

Serial digital signals

Numberof channels

Signal levels

Binary1

Binary 0

Wordlength

Normal bit rate

Reducedbit rate

1,024-kpps input signals

Type

Amplitude

NRZ output

Bit rate

Signal levels

Binary 1

Binary 0

RZ output

Bit rate

Signal levels 

+3.5 to +10 volts

-0.5 to +1.5 volts

8, 16, or 32

Sequential, with eight most significant bits first

2 channels, serial by bit

+3.5 to +10 volts

-0.5 to +1.5 volts

, One 24-bit channel

One 40-bit channel

50 samples per second

None

Square wave

7+38 volts, peak to peak

51.2 or 1.6 kilobits per second

+640.5 volts

0.0 to +0.5 volt

51.2 or 1.6 kilobits per second

4.5+2 volts, peak to peak
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Table 2,9-4. Instrumentation Subsystem - Performance and Design Data (cont)

 

Pulse-code-modulation and

timing electronics assembly (cont)

Data rate timing output

Frequency 51.2 or 1.6 kpps (selected by remote switching)

 

Signal levels 4,542 volts, peak to peak

Subcarrier reference output

Frequency 51.2 pps

Signal levels

10-kilohm output load 0.0 to +0.5 volt and +620.5 volts

100-ohm output load 4,542 volts, peak to peak

Subframe sync pulse output

Frequency 1 pps

Signal levels 4.542 volts, peak to peak

512-kpps timing output signals

Frequency 512 kpps

( Signal levels 0.0 to 0.5 volt and +3.0 40.5 volts

6. 4-kpps timing output signals

Frequency 6, 400 pps

sae Signal levels 0.0 to 0.5 volt and +3. 0 40.5 volts

1. 6-kpps timing output signals

Frequency 1, 600 pps

Signal levels 0.0 to 0.5 volt and +3.0 40.5 volts

10-pps timing output signal

Frequency 10 pps

Signal levels 0.0 to 0.5 volt and +3.0 40.5 volts

1024-kpps timing output signal

Frequency 1024 kpps

Signal levels 0.0 to 0.5 volt and +3.0 0.5 volts

Time-correlation data

40-bit serial start  
 

 

Frequency 1 pps

Signal level 4.541 volts, peak to peak
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Table 2.9-4. Instrumentation Subsystem - Performance and Design Data (cont)

 

     

Pulse-code-modulation and
timing electronics assembly (cont)

Time-correlation data (cont)

40-bit serial stop

Frequency

Signal level

40-bit serial syne

Frequency

Signal level

24-bit serial sync

Frequency

Signal level

24-bit serial stop

Frequency

Signal level

Low-bit-rate split-phase data outputs

Bit rate

Signal levels

Analog-to-digital conversion

Each analog sample

Full-scale input to ADC

Zero input

Greater than full scale

Less than zero

Signal-conditioning electronics assembly

Height

Width

Length

Weight

ERA-1

ERA-2 

1 pps

4.511 volts, peak to peak

2 kpps

4.51 volts, peak to peak

1.2 kpps

4.511 volts, peak to peak

1 pps

4,511 volts, peak to peak

1.6 kilobits per second

+6.0 10.5 volts (up level)
+0.0 to 0.5 volt (down level)

8-bit binary word output

11111110

00000001

11111111

00000000

8.0 inches

5.25 inches

23.90 inches

35.44 pounds

35.25 pounds
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Table 2.9-4. Instrumentation Subsystem - Performance and Design Data (cont)

 

   

 \

 

Signal~conditioning electronics

assembly (cont)

Power requirements

Excitation

Consumption

ERA-1

ERA-2

Thermal characteristics

Environmental limits

Vibration

Acceleration

Shock

Temperature

Operating

Nonoperating

D-C amplifiers

Inputs

Unipolar mode

Bipolar mode

Output

Attenuators

Inputs

Unipolar mode

Bipolar mode

Output

AC-to-de converters

Input frequency

Output

Analog signal isolating buffer

Input

Output

28 volts de

16.04 watts

14, 23 watts

An efficient thermal path exists between heat-producing sources
within subassemblies and an external heat sink.

8.1g rms from20 to 2, 000 cps

8g

15g sawtooth

+30 to +130° F

-65° to +160° F

0 to 200 millivoltsde and 0 to 5 volts de

~100 millivolts to -2.5 volts de and +100 millivolts to +2.5
volts de

0 to 5 volts de (four single channels)

0 to 5 volts de (minimum attenuation)

0 to 40 volts de (attenuation of 8)

-2.5 to +2.5 volts de and -20 to +20 volts de

0 to & volts de (four single channels)

380 to 840 cps

0 to 5 volts de (three single channels)

0 to 5 volts de

0 to 5 volts de (four single channels)
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Table 2.9-4. Instrumentation Subsystem - Performance and Design Data (cont)

 

Signal-conditioning electronics
assembly (cont)

Discrete signal isolating buffers

  504-2

Turn-on voltage 0.5 to 2.5 volts de

Output voltage Q.to 5 volts de (10 dual channels)

504-3-4

Output voltage 0 to 5 volts de (12 dual channels)

504-5

Output voltage 0 to 5 volts de (12 single channels)

Frequency-to-de converter

Input frequency 380 to 420 cps

Output 0 to 5 volts de

Resistance-to-de converters

Resistance changes 665 to 2, 795 ohms (-200 to +500° F) (

Output 0 to 5 volts de (four dual channels)

Phase-sensitive demodulators

Output 0 to 5 volts de

ee . Caution and warning electronics assembly

Height 7.0 inches

Width 6.750 inches

Length 11. 750 inches

Weight 19.75 pounds (approximate)

Power requirements

 

Excitation 28 volts de

Consumption 13 watts

Internally generated +4, +23, +12, +9, -3, +7, and 16.3 volts de, rectified

Three 34-volt, zero-to-peak, 10-kc, center-tapped square waves

One 15, 5-volt, zero-to-peak, 10-ke, center-tapped square wave

Two 10-ke reference signals   
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Table 2.9-4. Instrumentation Subsystem - Performance and Design Data (cont)

 

Caution and warning electronics
assembly(cont)

Environmental limits

 

Temperature

Operating +35° to +135° F

Nonoperating -65° to +160° F

Vibration 8. 1g rms from 20 to 2, 000 cps

Shock 15g sawtooth

Acceleration 8g

Input signals

  

Caution

Discrete 26

Analog 23

Inhibit 3

Enable 4

( Warning

Discrete 10

Analog 22

Inhibit 7

Enable 2

Indicator reset

Caution 10

Warning 1

Thrust chamber assembly (TCA) logic

 

Command (discrete or analog) 16

Response (discrete) 16

Output signals

\ Caution light 17

Warning light 14

t
oComponent caution light

Talkback 8

MASTER ALARMpushbutton/light 2  
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Table 2.9-4. Instrumentation Subsystem - Performance and Design Data (cont)

 

   

 

Caution and warning electronics

assembly (cont)

Inputs

Analog signals

Discrete, malfunction

Discrete, no malfunction

Out-of-limit inputs

Telemetryoutput

Malfunction

No malfunction

Voltage limits

Upper

Lower

Data storage electronics assembly

Height

Width

Length

Weight

Power requirements

Power supply input

Reset command

VOX command input

Output

Magnetic heads

Voice record amplifier

Input level

Frequency response

Bias oscillator

Output frequency

Output level

0.5 to 5.0 volts de

3.4 to G.0 volts de

0 to 0.5 volt de

Delay time (input to output):

Relay contacts open

Relay contacts closed

0.5 second maximum

Output signal generated whenpreset voltage is exceeded

Output signal generated when preset voltage is exceeded

2.05 inches

4,0 inches

6.22 inches

38 ounces

115+2.5 volts rms, 400 cps,

2844 volts de

2844-8 volts de

single phase

+17 volts de unregulated, +11.5 volts de regulated 26.0

volts rms

Two record/reproduce heads to provide four tracks

-3 to +7 dbm

300 cps to 3,000 cps 13 db

33 ke £10 a
a

541 milliamperes  
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Table 2.9-4, Instrumentation Subsystem - Performance and Design Data (cont)

 

Data storage electronics assembly(cont)

 

Tape

Speed 0.6 inch per second

Total recording time 10 hours (maximum)

Length of tape between sensor 450 feet (minimum)

strips

Power Source

AC 1154£2.5 volts rms

DC 28 volts de

DSEA transport

Speed error 0.05 of input power deviation

Start time 100 milliseconds after receipt of VOX trigger

Stop time 300 milliseconds after cessation of VOX trigger

Record time Total of 10 hours

End of tape Automatically sensed

Time-correlation data

Input Serial NRZ-C (100 bits per second)

Input levels

 

  
 

Binary 1 6+1 volts

Binary 0 -0.5 to 1.5 volts

2.9.6 OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the IS are as follows:

 

e The PCMTEA, SCEA,and signal sensors (for preconditioned transducers) must be

warmed up for 5 minutes after coolant-loop stabilization, before use. If the 95-

minute warmup period is not allowed, the accuracy of data will be uncertain.

e Total recording time (voice keyed) for the DSEA voice tape recorder is 10

\ hours. The DSEA will not record voice after 10-hour use.
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2.10 LIGHTING.

2.10.1 INTRODUCTION.

Exterior and interior lighting aids in the performance of crewvisual tasks and lessens

astronaut fatigue and interior-exterior glare effects. Exterior lighting is used for LM and CSM tracking

and docking maneuvers. Interior lighting illuminates the cabin and the controls and displays on the Com-
mander's and LM Pilot's panels. Power for exterior and interior lighting is routed through the 28-volt

d-c LTG circuit breakers on panels 11 and 16 and the 115-volt AC BUS A and AC BUSB lighting circuit
breakers on panel 11.

 

2.10.2 FUNCTIONAL DESCRIPTION.

LM lighting is provided by exterior and interior lights and lighting control equipment. (See

figure 2.10-1.) The exterior lighting enables the astronauts to visually guide and orient the LM and CSM

to achieve successful tracking or docking. Interior lighting provides general cabin illumination, integral

electroluminescent (EL) lighting of displays and controls, and radioluminescent (RL) and photoluminescent

lighting of switch tips and windowreticles.

2.10.2.1 Exterior Lighting. (See figure 2. 10-2.)

 

Exterior lighting includes a radioluminescent docking target, radioluminescent EVA hand-

rail markers, five docking lights, and a high-intensity tracking light. The color, brightness, and

lighting method of the exterior lights are listed in table 2.10-1. The EXTERIOR LTG switch on the

LIGHTING portion of panel 3 controls the five docking lights and the high-intensity tracking light on the

exterior of the ascent stage.

2.10.2.1.1 Docking Lights. (See figure 2. 10-3.)

o
o
o

Five running lights mounted on the exterior of the LM provide visual orientation and permit

gross attitude determination relative to a line of sight through the CM windows during rendezvous and
docking. The lights are controlled with the EXTERIOR LTG switch. Before earth launch, this switch is
set to DOCKto provide for future automatic turn-on of the docking lights. For transposition and docking,

the docking lights are turned on by the normally open SLA/LM antenna transfer switch (located at SLA
attachment points). This switch is automatically released to the closed position upon deploymentof the

spacecraft- Lunar Module adapter (SLA) panels. Upon transfer of power from the CM to the LM, the

docking lights go off. Setting the EXTERIOR LTG switch to OFF interrupts the input powerto the

docking lights. The lights are visible, and their color recognizable, at a maximum distance of 1,000 feet.

  

2.10.2.1.2 Tracking Light.

The tracking light permits visual tracking of the LM from the CM. It is turned on by setting

the EXTERIOR LTG switch to TRACK. A flash tube in the tracking light electronics assembly causes the

light, which has a 60° beam spread, to flash at a rate of 60 flashes per minute.

 

2.10.2.1.3 Docking Target.

The docking target is a three-dimensional, self-illuminated standoff cross that is separated

by a shaft from a circular base. Illumination is provided by radioluminescent disks, which outline the

cross and circular-base markings. The docking target provides for visual alignment of the CSM to the LM

during final docking maneuvers. (Refer to paragraph 2.11.6.2.)

2.10.2.2 Interior Lighting. (See figure 2. 10-2.)

Interior lighting consists of integral EL panel and display lighting, backup floodlighting,

RL lighting, and general ambient lighting. The color, brightness, and lighting method of the interior

lights are listed in table 2.10-2. Interior lighting controls are located on the LIGHTINGportion of

panels 3 and 5.
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2.10.2.2.1 Integrally Lighted Components.

There are three types of integrally lighted components: panel areas, displays, and caution sian

and warning annunciators. The integrally lighted components use EL or incandescent devices that are Ge

controlled by on-off switches and potentiometer-type dimming controls. All panel placards are integrally ee

lighted by white EL lamps with overlays. The displays have EL lamps within their enclosures. The nu-

meric displays show green illuminated digits on a nonilluminated background. Displays with pointers
show a nonilluminated pointer travelling over an illuminated background. The brightness of the EL dis-

plays can be controlled manually with potentiometer-type dimming controls. Each EL dimmingcontrol

can be bypassed by a related override switch, so that full brightness is maintained should a dimming con-
control fail.

With the ANUN OVERRIDEswitch (panel 5) set at OFF, the ANUN potentiometerof the

triple-potentiometer ANUN/NUM dimmingcontrol adjusts the light intensity of the caution and warning

annunciators (except the C/W PWRcaution light), the component caution lights (except the DC FEEDER

FAULT, and STAGE SEQ RELAYSYS A and SYS B lights), the incandescent pushbuttons, and the power

failure indicator lights at the top of indicators on panels 1 and 2, The C/W PWRcaution light goes on

if a CWEA power supply failure is detected. For this reason, it is not affected by the ANUN/NUM dim-
ming control, The DC FEEDER FAULT component caution light goes on if an EPS bus voltagefailure is

detected. For this reason, it, too, is not controlled by the ANUN/NUM dimming control. The STAGE
SEQ RELAYSSYS A and SYS B component caution lights are connected directly to 5 volts dc and are not

controlled by the ANUN/NUM dimming control. If the ANUN potentiometer of the dimmingcontrolfails,

setting the ANUN OVERRIDEswitch to ON routes 5-volt d-c power directly to the lights.

When the NUM OVERRIDEswitch (panel 5) is set to OFF, power is provided to the NUM (
potentiometer of the ANUN/NUM dimming control. This potentiometer adjusts the light intensity of the
EL numeric displays (except the DSKY). If the NUM potentiometer fails, setting the NUM OVERRIDE

switch to ON bypasses the potentiometer and routes 115-volt a-c bus voltage directly to the numeric
displays. The third potentiometer of the ANUN/NUM dimming control receives a voltage from the DSKY

and routes a reduced voltage back to the DSKY to control the brightness of its numeric displays. There

is no override capability to bypass this potentiometer.

The SIDE PANELSswitches (panels 3 and 5) turn the EL lighting for the Commander's and

LM Pilot's side panels on and off. With these switches set to ON, the integral side panel lights are con-

nected to the INTEGRAL dimming control (panel 5) and the INTEGRAL OVERRIDE switch (panel 5). The
INTEGRAL dimming control adjusts the light intensity of all EL panels when the INTEGRAL OVERRIDE
switch is set to OFF. If the INTEGRAL dimming controlfails, setting the INTEGRAL OVERRIDEswitch to
ON, bypasses the INTEGRALdimmingcontrol and routes 115-volt a-cbus voltage directly to the EL panel

lamps.

Two MASTER ALARM pushbutton/lights (panels 1 and 2) go on to alert the astronauts when

a failure or out-of-tolerance condition is sensed by the CWEA. Thesignal that causes the MASTER

ALARMpushbutton/lights to go on also activates an audio tone (3 kc) generator. Except when the c/w

PWRcaution light is on, pressing either MASTER ALARM pushbutton/light extinguishes the MASTER

ALARMlights and deactivates the tone generator.

2.10.2.2.2 Lunar Contact Lights. (See figure 2.10-1A) (

Both LUNAR CONTACTlights (panels 1 and 3) go on when one or moreof the three lunar-

surface sensing probes contacts the lunar surface. When on, the lights advise the crew to shutoff the

descent engine.

Each probe contains a pair of mechanically actuated switches that open when the probe con-

tacts the lunar surface. Opening the +Y pair of switches removes the ground from, and applies

forward bias voltage to, the bases of transistors 1Q1 and 1Q2, energizing relays 1K2 and 1K3. Contacts .

of 1K2 and 1K3 close to complete the ground circuit for both LUNAR CONTACTlights. Similarly, opening (

es

 

LIGHTING

Page 2,10-2 Mission LM Basic Date 1 February 1970 Change Date



     

LMA790-3- LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

 

the -Z or -Y pair of switches removes the ground from the bases of transistors 2Q1 and 2Q2, energizing

relays 2K2 and 2K3. Contacts of 2K2 and 2K3 close to provide an additional ground for both LUNAR

CONTACTlights.

The STAB/CONT: ATCA circuit breaker (panel 16) and the STAB/CONT: ENG CONT cir-

cuit breaker (panel 11) provide the 28-volt d-c power sources to the LUNAR CONTACTlights circuitry,

through interlocking relays.

The interlocking relays ensure that the required voltages are available only when the descent

engine is in operation. When descent engine-on relay contacts K16B are open, descent engine override

relays 1K5 and 2K5 are energized; this energizes lunar probe relays 1K1 and 2K1, respectively.

Thus, the required voltages are routed through relay contacts 1K1A and 2K1A instead of relay contacts

3K7A and 3K7B. When the descent engine is shut down, the interlocking relays become deenergized and

the LUNAR CONTACTlights gooff.

2.10.2.2.3 Floodlighting. (See figure 2.10-4.)

Floodlighting is used for general cabin illumination and as a secondary source of illumination

for the control and display panels. Floodlighting is provided by the Commander's overhead and forward

floodlights, the LM Pilot's overhead and forward floodlights, and recessed floodlights in the bottom of

extending side panels and on the circuit breaker panels. These floodlight fixtures provide an even distri-

bution of light with minimum reflection. For redundancy every panel area is illuminated more than one

lamp.
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Table 2,10-1, Exterior Lights - Color, Brightness, and Lighting Method
 

 

  

 

     
 

 

 

 

 

 

 

 

 

 

  

 

       
 

 

 

Brightness at Brightness

Component Lighting Method Color Rated Capacity Adjustment

Docking target Radioluminescent Green 0,3 foot-lambert Fixed
minimum (at

time of launch)

EVA handrail Radioluminescent Green 0.3 foot-lambert Fixed

disks minimum (at
time of launch)

Landing gear down- Phosphorescent Red - Fixed

lock mechanism

Docking lights

Port Incandescent Aviation red 0.15 candlepower Fixed
minimum

Starboard Incandescent Aviation green 0,15 candlepower Fixed
minimum

Forward Incandescent Aviation white (+Y) 0.23 candlepower Fixed

(2 lights) Yellow (-Y) minimum

Aft Incandescent Aviation white 0,23 candlepower Fixed
minimum

Tracing light Gaseous White 9,000 effective beam Fixed

discharge candlepower

Table 2.10--2, Interior Lights - Color, Brightness, and Lighting Method

Primary Color Under (

Lighting Brightness Incident

Component Method Color Adjustment Tlumination

Control panels and Integral White Continuous from zero Control panels: gray

pushbuttons (illumi- (EL) foot-lamberts Pushbuttons

nated-character (primary) Background: black

type) Characters: white

Floodlights Flood White Continuous from less

(incandescent) (unfiltered) than 0.1 foot-candle

Circuit breakers Flood (EL) White Continuous from zero Background: gray

foot-lamberts Characters: white

Numeric displays Integral (EL) Green Continuous from zero Background: gray

foot-lamberts

LUNAR CONTACT Integral Blue Fixed Background: nonspecular

lights (incandescent) gray

MASTER ALARM Integral Aviation red Fixed (press to reset) Background: translucent

pushbutton/lights (incandescent) gray/white
Legend: black

Caution lights Integral Aviation yellow Continuous from less Background: translucent

(incandescent) than 1.5 foot-lamberts gray/white
Legend: black

Warning lights Aviation red

Powerfailure Integral Aviation red Continuous from less Translucent gray/white
indicator lights (incandescent) than 0.5 foot-lambert

Component caution Integral Aviation yellow Continuous from less Background: translucent

lights (incandescent) than 0.5 foot-lambert gray/white
Legend: black

LIGHTING
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Table 2,10-2, Interior Lights - Color, Brightness, and Lighting Method (cont)

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

emergency action

controls    foot-lamberts  

Primary Color Under

Lighting Brightness Incident
Component Method Color Adjustment Tlumination

Engine START Integral Aviation red Continuous from less Background: translucent
pushbutton/light (incandescent) than 0.5 foot-lambert gray/white

Legend: black with
white letters

Engine stop Background: translucent
pushbutton/lights gray/white

Computer status Integral Aviation white Continuous from zero Background: translucent
condition indicator (incandescent) foot-lamberts gray/white

(DSKY and DEDA)

Computer caution Aviation yellow Legends: black

condition indicator

(DSKY)

Self-luminous Radio- Green Fixed Pale green
devices (toggle luminescent
switch tips)

Landing-point Photo- Green Fixed Outer window: pale green

designator and, luminescent and
docking window Red
reticles Inner window: pale red

Talkbacks
Two-position integral (EL) 1, - Continuous from zero 1. Gray

2. Black and foot-lamberts 2. Black and white
white stripes stripes

Three-position Integral (EL) lL - Continuous from zero 1. Gray

2. Black and foot-lamberts 2. Black and white
white stripes stripes

3. Red 3. Red

Interior pointers Silhouette of Black-yellow "Switzer" -
EL flood rocket red or fire orange

Indicia (arrows, Integral (EL) White Continuous from zero Black ~ white
symbols, etc) foot-lamberts

Characters (numbers Integral (EL) White Continuous from zero Black ~ white

and letters on foot-lamberts
displays)

Time-shared labels Integral (EL) Green Continuous from zero None

and multipliers foot-lamberts
(X10 indicator)

Range marking Integral (EL) Green Continuous from zero Green
(color bands, foot-lamberts
normal mode)

Immediate or Integral (EL) Yellow Continuous from zero Alternate yellow and
black striping, at 45°

(Yellow is three times
thickness of black.)
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DOCKING

TARGET

     

WHITE DOCKING
LIGHT

TRACKING LIGHT
(FLASH HEAD) \

YELLOW DOCKING
LIGHT iM —_—

“AXIS
rat ,

 

     

FORWARD FORWARD EVA RED DOCKING

HATCH HANDRAIL LIGHT
DISKS

+

LM
DOCKING X-AXIS
TARGET

FORWARD

WHITE DOCKING | GREEN DOCKING

UGHT
tIGHT

 

B-J00LM4- $0

Figure 2.10-3. Exterior Lighting

When the SIDE PANELSswitches are set to OFF, the Commander's and LM Pilot's side

panel integral lighting is interrupted. Setting the FLOOD toggle switch (panel 3) to ALL routes 28 volts

dc to the Commander's and LM Pilot's overhead and forward floodlights and to their side panel flood-

lights. The OVHD/FWD FLOOD dimming controls (panels 3 and 5) adjust the intensity of the LM Pilot's

and Commander's respective overhead and forwardfloodlights. There is no intensity control for the side

panels. Setting the FLOOD toggle switch to OVHD/FWD routes 28 volts de to the Commander's and LM

Pilot's overhead and forward floodlights only. With the FLOOD toggle switch set to OFF, all floodlights

are off, unless the overhead hatch is open. The overhead hatch actuates a microswitch that overrides

the FLOOD toggle switch and routes the 28-volt d-c bus voltage throughthe dimming controls to light the

overhead and forward floodlights.
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Figure 2.10-4. Floodlighting and Utility Lights - Simplified Diagram

2.10.2.2.4 Portable Utility Lights. (See figure 2. 10-4.)

 

Two portable utility lights are used, when necessary, to supplement the cabin interior

lighting. The lights, when removed from the interim stowage assembly, must be connected to the over-

head utility lights panel. Power is applied to the connector from the CDR's 28-volt de bus through the

LTG: UTIL circuit breaker (panel 11) and the CDR and LMP UTILITY LIGHTswitches on the overhead
panel. The switches provide one-step dimming for the light-intensity control.

with the LMP switch.

2.10.2.2.5 Optical Sight Reticle Light.

f The intensity of the
\ brightness obtained with the CDR switch in the BRIGHT and DIM positions is greater than that obtained

The crewman's optical alignment sight (COAS), used to sight the docking target on the CM,
has a reticle that is illuminated by a 28-volt d-c lamp. Power to the lamp, supplied by the CDR's 28-
volt d-c bus, is routed through the FLIGHT DISPLAYS: COAScircuit breaker (panel 11) and the COAS
switch (panel 8). (Refer to paragraph 2.11.6. 1 for details. )

Lo
Naw LIGHTING
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2.10.2.2.6 Alignment Optical Telescope Lights. (

A thumbwheel on the computer control and reticle dimmer assembly controls the brightness

of the AOT reticle. The lamp voltage is adjustable from 0.240. 1 to 4. 020.5 volts rms. The lamps edge-

light the reticle with incandescent red light.

2.10.2.2.7 Lamp and Tone Test. (See figure 2.10-5.)

The LAMP/TONE TESTselector switch (panel 3) is used to perform a functional testof

lights and the master alarm tone. The ALARM TONEposition tests the MASTER ALARMpushbutton/

lights and related tone. The C/W 1, C/W 3, and C/W 4 positions test the lamps of someof the caution

and warning annunciators (panels 1 and 2). The ENG PB-C/W 2 position tests the lamps in the engine

stop and START pushbutton/lights (panels 3 and 5) and the remainderof the caution and warning annunci-

ators. The COMPNTposition tests the component caution lights and the LUNAR CONTACTlights

(panels 1 and 3).
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(PANELS 1 AND 3) SUIT FAN (PANEL 2}
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PANEL 1 —
WARNINGLIGHTS O OFF

RCS TC .
eee A ac -0 COMPNT

2 TO RCS B REG OC/W4
5 woe DC BUS

CABIN —oO C/W 3

UIT/FAN
s © ENG PB-C/W 2

Lnc/w
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STOP (PANEL 5)
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Figure 2.10-5. Lamp and Tone Test Circuits a
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( 2.10.3 PERFORMANCE AND DESIGN DATA.

The performance and design data for LM lighting are given in tables 2. 10-3 and 2. 10-4.

Table 2.10-3. Exterior Lights - Performance and Design Data

 

Tracking Light

 

Type

Intensity

Visibility

Docking lights

Type

Intensity

Visibility

 

Docking target

Type

Intensity

c EVA handrail disks
( Type

Intensity 

High intensity, flashing

9,000 beam candlepower (minimum)

Cone centered on LM +Z-axis, with semivertex angle of 30°

Visual: 10 to 140 nautical miles

CSMsextant: 30 to 400 nautical miles

Incandescent

Fixed

1,000 feet (gross attitude)

200 feet (orientation)

Self-luminous

Fixed

Self-luminous

Fixed

 

 

Table 2.10~4. Interior Lights - Performance and Design Data

 

Control panels and pushbuttons

Primary

Backup

Circuit breakers

 

EL numeric readout

LUNAR CONTACTlights

Caution and warning annunciators

 

Intensity Power

 

 

0.540.383 foot-lambert

0.2 foot-candle (minimum)

0.530.3 foot-lambert

7 foot-lamberts (minimum)

50410 foot-lamberts

30 to 60 foot-lamberts

(one light operating)

12 foot-lamberts

(5 lamps operating)  

75 volts, 400 cps

24 volts de

75 volts, 400 cps

115 volts, 400 cps (DSKY: 250
volts, 800 cps)

5 volts de

5 volts de
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ry Table 2.10-4. Interior Lights - Performance and Design Data (cont)

Intensity Power

MASTER ALARMpushbutton/lights 150430 foot-lamberts 28 voltvic

DC BUS FAULT component 8 to 18 foot-lamberts 28 volts de

caution light 3.1 foot-lamberts at thresh- 18 volts de threshold voltage

old voltage

All other component caution lights 8 to 18 foot-lamberts 5 volts de

Engine START and stop

pushbutton/lights

Incandescent 8 to 18 foot-lamberts 5 volts de

EL 0.540. 3 foot-lambert 75 volts, 400 cps

Computer status condition indi- 15+13-7 foot-lamberts 5 volts de

cators (DSKY and DEDA)

Self-luminous devices 0. 05+0. 03-0. 04 foot-lambert -

Talkbacks (two- and three-position) 0.540.3 foot-lambert 75 volts, 400 cps

Displays

. Characters and indicia 0,540.3 foot-lambert 75 volts, 400 cps

Labels and multipliers 7 foot-lamberts (minimum) 115 volts, 400 cps

Range markings 7 foot-lamberts (minimum) 75 volts, 400 cps

Immediate or emergency controls 0.1 foot-lambert (minimum) 75 volts, 400 cps

Indicator power failure lights 2045 foot-lamberts 5 volts de

me B 2.10.4 OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for LM lighting are as follows:

e The tracking light should be turnedoff when the docking lights are visible. When

docking, the tracking light is not visible; therefore, unnecessary power is used if

it is left on.

LIGHTING
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2.11 CREW PERSONAL EQUIPMENT.

2.11.1 INTRODUCTION.

This subsection covers crew personal equipment, which includes equipment required for life

support and astronaut safety, and accessories related to successful completion of the mission. The

portable life support system (PLSS) oxygen and water recharge connectors interface with the Environ-

mental Control Subsystem (ECS)for refills of oxygen and water. The pressure garment assembly (PGA)
interfaces with the ECS for conditioned oxygen, through oxygen umbilicals; with the Communications Sub-

system (CS) and Instrumentation Subsystem (IS) for communications and bioinstrumentation, through an

electrical umbilical; and with the ECS for water supplied to the LCG, through a water umbilical. For

stowage locations of crew personal equipment, refer to paragraph 2.11.8.

2.11.2 EXTRAVEHICULAR MOBILITY UNIT. (See figures 2.11-1, 2.11-2, and 2. 11-3.)

The extravehicular mobility unit (EMU) provides life support in a pressurized or unpres-

surized cabin, and up to 7 hours of extravehicular activity (depending on the astronaut's metabolic rate).

In its extravehicular configuration, the EMUis a closed-circuit pressure vessel that envelops
the astronaut. The environment inside the pressure vessel consists of 100% oxygen at a nominal pres-

sure of 3.75 psia. The oxygen is provided at a flow rate of 6 cfm. The extravehicular life support equip-

ment configuration includes the following:

e Liquid cooling garment

e Pressure garment assembly

e Integrated thermal micrometeoroid garment

e Portable life support system

e Oxygen purge system

@ Communications carrier

e EMU waste management system

e EMU maintenance kit

@ PLSS remote control unit

e Lunar extravehicular visor assembly CPE

e Biomedical belt

e Extravehicular EV gloves

During intravehicular phases of the mission, several configurations are possible. The basic

configuration provides intravehicular life support independent of the ECS. It includes the following:

e@ Pressure garment assembly (with PLSS)

e Integrated thermal micrometeoroid garment

e Communications carrier

e Constant-wear garment (not used in LM)

e Liquid cooling garment
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LIQUID COOLED GARMENT
A. 300LM4.205

{

Figure 2.11-1. Extravehicular Mobility Unit \.
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PRESSURE HELMET ASSEMBLY HELMET ATTACHING RING

PLSS ATTACHMENT(UPPER)DIVERTER VALVE

POCKET POCKET

GAS CONNECTOR (OUT) ELECTRICAL CONNECTOR

 
PURGE VALVE GAS CONNECTORS(IN)

IV PRESSURE GLOVE WATER CONNECTOR

CHECKLIST POCKET PRESSURE GAGE

SCISSORS POCKET DATA LIST POCKET 
B.3001M4-230

Figure 2.11-2. Pressure Garment Assembly
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PLSS POCKET

COMMUNICATIONS
POCKET UMBILICAL

OPS O2 IN

OPS ACTUATOR
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PLSS O2 OUT

PLSS LIQUID COOLING
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CUFF CHECKLUST
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UTILITY POCKET

EV GLOVE

PENLIGHT POCKET
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BIOMEDICALINJECTON DISK
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DATA LIST POCKET

SCISSORS POCKET 'V USE ONLY LUNAR BOOTS

8-300LM 4-229
CHECKLIST POCKET

Figure 2.11-3. Integrated Micrometeoroid Garment, PLSS, OPS, and PLSS Control Unit
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e Urine collection and transfer assembly

e Auxiliary equipment.

2.11.2.1 Liquid Cooling Garment. (See figure 2.11-1.)

The LCG is worn by the astronauts while in the LM and during all extravehicular

activity. It cools the astronaut's body during extravehicular and intravehicular activity by absorb-
ing body heat and transferring excessive heat to the sublimator in the PLSS or the ECS. The LCGisa
one-piece, long-sleeved, integrated-stocking undergarment of netting material. It consists of an inner

liner of nylon chiffon, to facilitate donning, and an outer layer of nylon Spandex into which a network of

Tygon tubing is woven. The tubing does not pass through the stocking area. A double connector for in-

coming and outgoing water is located on the front of the garment. Cooled water, supplied from the PLSS

or from the ECS, is pumped through the tubing. Pockets for bioinstrumentation signal conditioners are

located around the waist. A zipper that runs up the front is used for donning and doffing the LCG; an

opening at the crotch is used for urinating. Dosimeter pockets and snaps for attaching a biomedicalbelt
are part of the LCG.

2.11.2,2 Pressure Garment Assembly. (See figures 2. 11-2 and 2. 11-3.)

The PGA is the basic pressure vessel of the EMU. It provides a mobile life-support

chamber if cabin pressure is lost due to leaks or puncture of the vehicle. The PGA consists of a
helmet, torso and limb suit, intravehicular gloves, and various controls and instrumentation to provide

the crewman with a controlled environment. In an emergency, the PGA is designed to be worn for

115 hours at a regulated pressure of 3. 7510.25 psig, in conjunction with the LCG.

2.11.2.2.1 Torso and Limb Suit.

The torso and limb suit is a flexible pressure garment that encompassesthe entire body,

except the head and hands. It has four gas connectors, a PGA multiple water receptacle, a PGA elec-

trical connector, and a PGA urine transfer connector for the PLSS/PGA and ECS/PGA interface. The

PGA connectors have positive locking devices; they canbe connected and disconnected without assistance.

The gas connectors comprise an oxygen inlet and outlet connector, on each side of the suit front torso.

Each oxygen inlet connector has an integral ventilation diverter valve. The PGA multiple water receptacle,

mounted on the suit torso, serves as the interface between the LCG multiple water connector, PLSS

multiple water connector, and the ECS water supply. A protective external cover provides PGA pressure

integrity when the LCG multiple water connector is removed from the PGA water receptacle. The PGA

electrical connector, mated with the vehicle or PLSS electrical umbilical, provides a communications,
instrumentation, and power interface to the PGA. The PGA urine transfer connector is used to transfer
urine from the urine collection transfer assembly (UCTA) to the waste management system.

The PGA urine transfer connector, on the suit right leg, permits dumping the urine collection

bag without depressurizing the PGA. A PGA pressurerelief valve on the right-leg thigh vents the suit in

the event of overpressurization, The pressure relief valve relieves pressure in excess of 5.4 psid. If

the valve does not open, it can be manually overridden. A pressure gage on the left-arm wrist cone indi-

cates suit pressure. A low-pressure warning-tone switch and pressure transducer are part of the PLSS

equipment.

2.11.2.2.2 Helmet.

The helmet is a Lexan (polycarbonate) shell with a bubble-type visor, a vent-pad assembly,

and a helmet-attaching ring. The vent-pad assembly permits a constant flow of oxygen over the inner

front surface of the helmet. The astronaut can turn his head within the helmet neck-ring area. The helmet

does not turn independently of the torso and limb suit. The helmet has provisions on each side for

mounting a lunar extravehicular visor assembly (LEVA), When the LM is unoccupied, the helmet protective

bags are stowed on the cabin floor at the crew flight stations. Each bag has a hollow-shell plastic base

with a circular channel for the helmet and the LEVA, two recessed holes for glove connector rings, and

a slot for the EMU maintenance kit. The bag, made of Beta cloth, folds towards the plastic base when

empty.
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2.11.2.2.3 Intravehicular Gloves.

The intraveh' cular gloves are worn during operations in the LM cabin. The gloves are

secured to the wrist ring. of the torso and limb suit with a slide lock; they rotate by means of a ball-

bearing race. Freedom oi rotation, along with convoluted bladdersat the wrists and adjustable antibal-

looning restraints on the knuckle areas, permits manual operations while wearing the gloves.

2.11.2.2.4 Controls.

All PGA controls are accessible to the crewman during intravehicular and extravehicular

operations. The PGA controls comprise two ventilation diverter valves, a pressurerelief valve with

manual override, and a manual purge valve. For intravehicular operations, the ventilation diverter

valves are open, dividing the PGA inlet oxygen flow equally between the torso and helmet of the PGA.

During extravehicular operation, the ventilation diverter valves are closed and the entire 6.0-cfm oxygen

flow enters the helmet. The pressure relief valve accommodates flow from a failed-open primary oxygen

pressure regulator. If the pressure relief valve fails open, it may be manually closed. The purge valve

interfaces with the PGA through the PGA oxygen outlet connector. Manual operation of this valve initiates

an 8-pound-per-hour purge flow, providing carbon dioxide (CQ) washout and minimum cooling during

contingency or emergency operations.

2.11.2.2.5 Instrumentation.

A pressure transducer on the right cuff indicates pressure within the PGA. Biomedical

instrumentation comprises an EKG (heart) sensor, ZPN (respiration rate) sensor, dc-to-dce converter,

and wiring harness. The ZPN sensoris only operational with the spacecraft telemetry system. A personal

radiation dosimeter (active) is attached to the integrated thermal micrometeoroid garment ITMG for

continuous cumulative radiation readout. A chronograph wristwatch (elapsed-time indicator) is readily

accessible to the crewman for monitoring.

2.11.2.3 Communications Carrier.

The communications carrier (cap) is a polyurethane-foam headpiece with two independent

earphones and microphones, which are connected to the suit 21-pin communications electrical connector.

The communications carrier is worn with or without the helmet during intravehicular operations. It is

worn with the helmet during extravehicular operations.

2.11.2.4 Integrated Thermal Micrometeoroid Garment.
 

The ITMG is worn over the PGA. It protects the astronaut from harmful radiation, heat

transfer, and micrometeoroid activity.

The ITMGis a one-piece, form-fitting multilayered garmentthat is laced over the PGA and

remains with it. The LEVA, gloves, and boots are donned separately. From the outer layer in, the

ITMG is made of a protective cover, a micrometeoroid-shielding layer, a thermal-barrier blanket

(multiple layers of aluminized mylar), and a protective liner. A zipper on the ITMG permits connecting

or disconnecting umbilical hoses.

2.11.2.4.1 Extravehicular Gloves.

For extravehicular activity, the PGA gloves are replaced with the extravehicular gloves.

The extravehicular gloves are made of the same material as the ITMG to permit handling intensely hot

or cold objerts outside the cabin and for protection against lunar temperatures.

2.11.2.4.2 Extravehicular Boots.

For extravehicular activity, the extravehicular boots are worn over the PGA boots. They

are made of the same material as the ITMG. The soles have additional insulation for protection against

intense temperatures.
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2.11.2.4.3 Lunar Extravehicular Visor Assembly. (See figure 2.11-4.)

The LEVA, which fits over the clamps around the base of the helmet, provides added pro-

tection against solar heat, space particles, solar glare, ultra-violet rays, and accidental damage to the
' helmet. The LEVA is comprised of a plastic shell, cover, hinge assemblies, three eyeshades(left,

center and right), and two visors (protective and sun visors). The protective visor provides impact,

infrared, and ultra-violet ray protection. This visor can be positioned anywhere between full up to full

down. The sun visor has a gold coating which provides protection against light and reduced heat gain

within the helmet. The sun visor can be positioned anywhere betweenfull up and full down providing that

the protective visor is lowered. The eyeshades, two located on each side and one in the center, reduce
low-angle solar glare by preventing light penetration at the sides and overhead viewing areas. The LEVA

can be attached or detached from the helmet without the aid of tools. A latching mechanism allows the

lower rim of the LEVAto be tightened and secured around the neck area of the helmet. A LEVAfor each
astronaut is stowed in the LEVA helmet stowage bags and secured onthefloor at his station during

launch. When the LM is occupied, the LEVA'S are stowed in helmet stowage bags and secured on the

t ascent engine cover.

2.11.2.5 Portable Life Support System. (See figures 2.11-5 and 2.11-6.)

The PLSSis self-contained, self-powered, rechargeable environmental controlsystem. In

the extravehicular configuration of the EMU, the PLSS is worn onthe astornaut's back. The PLSS supplies

pressurized oxygentothe PGA, cleans andcools the expired gas, circulates cool liquid inthe LCGthroughthe

liquidtransport loop, transmits astronaut biomedical data, andfunctions as a dual VHF transceiverfor

communication.

 

 

The PLSS has a contouredfiberglassshell tofit the back, andathermal micrometeoroid protec-

tivecover. Ithasthree control valves, and, ona separate control unit, twocontrol switches, avolume control,

and a five-position switch for the dual VHF transceiver. The remote control unit is set onthe chest, below the

neck ring.

Fully charged, the equipment canassimilate an average astronaut output of 1, 600 Btu per hour with

peak rates of 2,000 Btu per hour. The PLSS can operate for 7hours, depending upon the astronaut's metabolic

rate, before the oxygen and feedwater must be replenished, the battery and lithium hydroxide (LiOH) cartridge

must be replaced, and condensate discharged. The basic systems and loops of the PLSSare: primary oxygen

subsystem, oxygenventilationloop, feedwater loop, liquidtransport loop, and electrical system.

a The PLSSattaches to the astronaut’s back, over the ITMG; it is connected by a shoulder i

es harness assembly. Whennot in use, it is stowed on the floor or in the left-hand midsection. To don the

PLSS, the astronaut backs against the pack, makes PGA and harness connections, and unhooks the PLSS

straps from the overhead attachment.

2,11.2.5.1 Primary Oxygen Subsystem. (See figure 2. 11-6.)

The primary oxygen subsystem is rechargeable. It provides regulated oxygen for the oxygen

ventilation loop. The subsystem consists of a primary oxygen bottle, recharge connector, primary oxygen ;

regulator assembly, and associated instrumentation. ,

SIDE EYESHADE CENTER EYESHADE

VIEWPORT DOOR

SUN VISOR

PROTECTIVE VISOR
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Primary Oxygen Bottle. The oxygen bottle contains 1.0 pound of usable oxygen, at 900 psia and +65°F.

This supply provides adequate makeup oxygen for a 1, 200-Btu/hr metabolic load and to compensate for

EMU leakage for 4 hours of extravehicular activity. Recharge time from a 900 + 50-psig source, at 0°

to +60°F, is 1 hour.

Primary Oxygen Regulator Assembly. The primary oxygen regulator assembly is a single-stage unit that

regulates the oxygen ventilation loop at 3.75 + 0.15 psig. It is used with the oxygen purge subsystem

(OPS) during purge operation. A flow-limiting orifice upstream of the regulator valve restricts flowto

3.6 lb/hr to protect the PGA against overpressurization if the regulator fails open. All oxygen flow from

the primary oxygen subsystem is controlled manually with the primary oxygen shutoff valve.

 

Instrumentation. A high-oxygen-flow-rate sensor activates an audible 3-kc warning tone when the flow

rate exceeds 0.62 lb/hr. The primary oxygen bottle contains two independent pressure transducersthat

provide separate signals for telemetry and crew visual readout. In addition, two independent pressure

transducers monitor PGA pressure: one provides telemetry data; the other, activates an audible 1.5-ke

warning tone when PGA pressure drops below 3.15 4 0.05 psia.

2.11.2.5.2 Oxygen Ventilation Loop. (See figure 2.11-6.)

The oxygen ventilation loop is a closed-loop system that reconditions and recirculates

oxygen through the PGA. The loop consists of a contaminant control assembly, a section of a porous

plate sublimator, a water separator, a fan/motor assembly, two PLSS oxygen connectors, and instru-

mentation.

Contaminant Control Assembly. This assembly contains an expendable LiOH and charcoal cartridge that

filters foreign particles and removes carbon dioxide and odors from the oxygen ventilation loop. The

cartridge is rated at 1,200 Btu/hr for a 4-hour operational lifetime.

 

Sublimator and Water Separator. A section of the porous plate sublimator dissipates heat and condenses

excess water from the oxygen ventilation loop. The water separator removes the entrained water and

directs it to the drain water section of the feedwater reservoir. The maximum water separation rate is

0.54 lb/hr at 2,000 Btu/hr.

 

Fan/Motor Assembly. A centrifugal-type fan, operating at 18,000 + 600 rpm, circulates oxygen at 6.0

cim between the PLSS and PGA. Thefan is powered by a 16.0 + 0.8-volt brushless d-c motor. The heat

generated by the motor is transferred to the liquid transport loop by the fan cooling jacket heat exchanger.

PLSS Oxygen Connectors. The PLSS oxygen connectors provide an interface between the oxygen ventila-

tion loop and the PGA inlet and outlet gas connectors.

Instrumentation. A low-ventilation-flow-rate sensor activates an audible 1.5-kc warning tone when the

oxygen flow rate drops below 5 + 0.3 cfm.

2,11.2.5.3 Feedwater Loop. (See figure 2.11-6.)

The feedwater loop is rechargeable. It supplies expendable water to the sublimator and

stores condensation removed by the water separator. The loop consists of a reservoir; water fill, vent,

and drain connectors; a water shutoff and relief valve; sublimator, and instrumentation.

Feedwater Reservoir and Vent Connector. The reservoir is a bladder-type tank that provides 8.40 + 0.25

pounds of expendable feedwater for sublimation. Drainwater from the water separator is stored in the

volume between the reservoir housing and bladder. The combination of stored drainwater and oxygen

ventilation loop pressure provides the necessary differential pressure to expel feedwater from the bladder.

The bladder contains a vent line for removal of entrapped gas to assure a full charge.

 

Water Shutoff and Relief Valve. When open, this manually operated valve allows feedwaterto flow to the
 

sublimator. When closed, the valve acts as a pressure relief device to prevent feedwater reservoir over-

pressurization. The valve relieves at 58.5 + 6.5 psig and resets at 40. 0 psig.
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Water Fill and Drain Connectors. These connectors allow access to both sides of the reservoir bladder
to facilitate recharging and draining. Because the reservoir contains a bladder, filling and draining
are performed simultaneously. Recharge time from a 40-psig source is 15 minutes.

 

Sublimator. The sublimator transfers heat, by conduction, from the liquid transport loop and the oxygen

ventilation loop cooling passages to the feedwater loop passages. The heat in the feedwater is then

dissipated by sublimation of ice.

Instrumentation. A pressure transducer provides systems telemetry monitoring to identify sublimator

breakthrough and feedwater reservoir low level.

2.11.2.5.4 Liquid Transport Loop. (See figure 2. 11-6.)

The liquid transport loop is a recirculating loop that provides thermal control of the EMU

by dissipating heat through sublimation. The loop consists of a water accumulator, water fill connector,

pump/motor assembly, water diverter valve, a section of the porous plate sublimator, a multiple water

connector, and instrumentation.

Water Accumulator and Fill Connector. The accumulator maintains makeup transport water at an outlet

pressure between 11.9 and 20.0 psig. The waterfill connector permits initial charging of the loop and

topping-off the accumulator charge between extravehicular excursions. A recharge key required for

recharging the accumulator is stowed in the EMU maintenance kit.

 

Pump/Motor Assembly. A vibrating-diaphragm-type pump imparts a coolant flow rate of 4.04 0.2

lb/min through the liquid transport loop. A 16.8 + 0.8-volt brushless d-c motor operating at 9,000 + 300
rpm powers the pump, creating a pressure rise of 5.65 + 0.30 psig.

Water Diverter Valve. The water diverter valve is a manually operated, three-way, three-position valve.

It regulates the coolant flow rate through the sublimator to provide thermal control for the liquid transport

loop. In the minimum and intermediate positions, the valve diverts the flow so that mostof the water

bypasses the sublimator. In the maximum position, the entire flow passes through the sublimator before

returning to the LCG. The sublimator and bypass flow rates are as follows:

Diverter Sublimator Flow Bypass Flow

Valve Position Rate (!b/min) Rate (lb/min)

Maximum 4.0+0.1 0

Intermediate 0.54 0.05 3.5 + 0.05

Minimum 0.25 + 0.05 3.75 + 0.05

Sublimator. The porous plate sublimator contains liquid transport loop passages and provides thermal

control through sublimationof ice.

PLSS Multiple Water Connector. This connector interfaces with the PGA multiple water receptacle,

providing a single PGA penetration with dual passages to the LCG.
 

Instrumentation. The water accumulator contains a dip-stick-type indicator that shows the water level.
The liquid transport loop has three individual temperature transducers that monitor LCG waterinlet

temperature and LCG water differential temperature to provide telemetry data.

2.11.2.5.5 Electrical Power Subsystem. (See figure 2.11-6.)

The PLSS electrical power subsystem provides d-c powerto the fan/motor and pump/motor

assemblies, communications, and instrumentation. The power is supplied by a 16.8 + 0.8-volt, 11-cell,

silver-zinc alkaline battery rated at 14.3 ampere-hours. This provides 4 hours of nominal operation at
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3.75 amperes and 60 watts. Current limiters protect the electrical circuits against overcurrent. The
power consumption is as follows:

Space suit communicator (including all
transducers, indicators, and microphones) 11.55 watts

Pump 10.0 watts

Fan 30.0 watts

 

EMU Electrical Connectors. (See figure 2.11-7.) During EMU checkout and recharge, the crewman is

required to make and break the following electrical connectors:

PLSS PGA
J-3 PLSS battery connector J-7 communication connector

J-4 PLSS electrical umbilical J-8 biomedical connector

connector

J-5 PLSS antenna connector J-9 PGA electrical connector

The following two connectors provide an interface between the space suit communicator and the two
terminal boxes. They do not require crewaction.

J-1 terminal box A-1 J-2 terminal box A-2

Current Limiters. For PLSS/EVCS current limiter values, refer to the EMU AOH, Volume I (System i

Description), CSD-A-789-(1).

seine Instrumentation, The battery current and voltage transducers share the same telemetry frequency.

_ Manual actuation of the mode selector switch on the PLSS remote control unit determines which trans-

ducer output is being telemetered.

2.11.2.5.6 Extravehicular Communications System. (See figures 2.11-5 and 2.11-6.)

The extravehicular communication system (EVCS) has the following basic capabilities:

 

e Simultaneous and continuous telemetry from two extravehicular astronauts

e Duplex voice communications between earth and one or both extravehicular

astronauts

e Uninterruptable voice communications between the astronauts

e Provides 30 telemetry channels, 30 x 1 1/2 PAM for each extravehicular

communicator (EVC); 26 channels are for status information

e Provides separate subcarrier frequencies for continuously monitoring

each EKG during EVA

e Generates an audible alarm for 10+2 seconds if an unsafe condition occurs.

(If the EVC mode selector switch position is changed, this warning tone

comes on again for 10:2 seconds if the condition still exists. )
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The EVCS consists of a pair of extravehicular communicators (EVC-1 and EVC-2), which

are an integral part of the PLSS. The EVC-1 consists of two AM transmitters, two AM receivers, one
FM receiver, signal-conditioning circuits, a telemetry system, a warning system, and other compon-

ents required for system operation. The EVC-2 is similar to the EVC-1, except that it has an FM
transmitter instead of an FM receiver.

Each EVCis controlled with a four-position switch, (See figure 2.11-5.) The O position
is the off position; AR, for dual-mode operation; and A and B, for primary- and secondary~mode

operation, respectively.

 

The dual mode is the normal operating mode, In this mode, the EVC-2 transmits a 0.3- to

2.3-ke voice signal and two interrange instrument group subcarriers (3.9 and 7.35 ke) via a 279-mc

FM transmitter. The transmitter has an unmodulated output in excess of 500 mw. The composite

signal from the EVC-2 is received at EVC-1, mixed with a 0,3- to 2.3-ke voice signal and two interrange

instrument group subcarriers (5.4 and 10.5 kc}, and transmitted to the LM on a 259. 7-mc AMlink.
This composite signal of voice and four subcarriers is then relayed from the LM to earth via S-band.

The EVC-2 also receives EVC-1 output (which includes the original EVC-2 transmission) via a 259. 7-mc
receiver; thus, a duplex link between the two extravehicular astronauts is established. Communications

signals are transmitted from earth to the LM via S-band and are then relayed to both astronauts on the
296-mc AM link.

The outputs of the FM and AM receivers are summed with an attenuated input voice signal

and applied to the earphones. The audio output levels of both receivers are individually controlled by

separated volume controls on the RCU affixed to the chest of the PGA. The input voice signal is

attenuated 10 db to provide a sidetone for voice-level regulation.

The dual mode provides uninterruptable duplex voice communications between the astro~

nauts and the LM-earth linkup, plus simultaneous telemetry from each astronaut via relay through
the EVC-1. Ifa malfunction occurs in the dual mode, the system has backup in the primary and

secondary modes. Both EVC's should never be in the primary or secondary modes simultaneously.
Severe distortion and interference will occur, and communications will be temporarily lost.

f
\

In the primary and secondary modes, duplex voice communication is maintained between
the two astronauts and the LM. The secondary mode has no telemetry capability. Also, the secondary~
mode transmitter is inoperative unless activated by the voice-operated switch or the manual switch.

The dual- and primary-mode transmitter is continually operative.

 

In all modes of operation, the telemetry systems provide a warbling 1.5-kc tone to warn

of high oxygen flow, low vent flow, low PGA pressure, and low feedwater pressure. The tone alerts

the astronaut to check his remcte control unit for a visual indication of the problem area. Each

telemetry system can accommodate as many as 26 commutated channels at 1-1/2 samples per second,

and one EKG channel. Data accuracy is 2% rms.

The LM communication relay unit (LCRU) enables the communication relay to MSFN via a
S-band.

2.11.2.5.7 PLSS Remote Control Unit.

The PLSS remote control unit is a chest-mounted instrumentation and controls unit. It has

a fan switch, pump switch, SSC mode selector switch, volume control, PLSS oxygen quantity indicator,

five status indicators, and an interface for the OPS actuator.

2.11.2.6 Oxygen Purge System.

The OPSis a self-contained, independently powered, high-pressure, nonrechargeable

emergency oxygen system that provides 30 minutes of regulated purge flow. The OPS consists of two

interconnected spherical high-pressure oxygen bottles, an automatic temperature control module, an

oxygen pressure regulator assembly, a battery, an oxygen connector, and checkout instrumentation. In

the normal extravehicular configuration, the OPS is mounted on top of the PLSS and is used with PLSS
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systems during emergency operations. In the contingency extravehicular configuration, the OPS is

attached to the PGA front lower torso and functions independently of the PLSS. The OPS has no com-
munications capability, but provides a hard mount for the SSC VHF antenna. Two OPS'‘s are stowed

in the LM.

2.11.2.6.1 OPS Oxygen Bottles.

The OPS oxygen bottles contain a total of 4 pounds of usable oxygen at 7,500=750 psig.

This supply provides a 30-minute operational lifetime at a purge flow rate of 8 pounds perhour.

2.11.2.6.2 OPS Oxygen Pressure Regulator Assembly.

This assembly is a single-stage, variable-orifice regulator that regulates PGAinlet oxygen

pressure to 3. 450,25 psig. The regulator has an inline heater and automatic temperature control

module to offset the adiabatic expansion cooling of the oxygen and to maintain PGA inlet oxygen tempera-

ture between +50° and +80° F. The manually operated OPS oxygen shutoff valve is mechanically coupled
to the heater switch.

2.11.2.6.3 OPS Battery.

The battery supplies 27 volts de to the 116-watt heater and automatic temperature control

module. The battery is rated at 2.5 ampere-hours.

2,11.2.6.4 OPS Oxygen Connectors.

The OPS connector interfaces with the PGA inlet gas connector. The GSE fill connectoris
used only for initial ground charge.

2.11.2.6.5 OPS Instrumentation.

The regulator and heater have preoperational checkout systems. The OPS pressure gage

monitors the OPS oxygen bottles and is used for ground fill and preoperational checkout. The gage

verifies regulated flow (8 pounds per hour) through an orifice mounted on the stowage plate. The heater

circuitry is checked before egress, with a momentary-contact switch which, when actuated, causes a
yellow light to go on to indicate circuit continuity.

2.11.2.6.6 PLSS Condensate Transfer. (See figure 2.11-8.)

PLSS condensate transfer and PLSS feedwater recharge occur simultaneously. When the

PLSS is recharged with water, it forces condensate waste out through the PLSS drain port and the

transfer hose into the PLSS condensate transfer assembly. The condensate waste comesin contact

with the air-water separator and germicide. The separator prevents the waste liquid from entering

the cabin. The germicide prevents biological contamination of the lunar surface. The transfer hose

can be connected to the vent connector to bleed off the nitrogen bubble, thus enabling topping off the

PLSSto full capacity. The PLSS condensate transfer assembly can be quickly disconnected andjet-

tisoned to the lunar surface.

2,11.2.7 EMUMaintenance Kit,

The EMU maintenance kit consists of an accumulator key for the PLSS, lubricant, spare

O-rings, and patching tape for repair of the EMU. The kit is stowed in the helmet stowage bag until

needed for extravehicular activity.
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Figure 2.11-8. PLSS Condensate Transfer - Schematic Diagram

2.11.3 UMBILICAL ASSEMBLY.

The umbilical assembly consists of hoses and connectors for securing the PGA to the ECS,

CS, and IS. Separate oxygen, electrical, and water umbilicals connect to each astronaut. A buddy i

umbilical system is provided for extravehicular-activity emergency.

( 2.11.3.1 Oxygen Umbilical.

The oxygen umbilical consists of silicone rubber hoses (1. 25-inch inside diameter) with wire
reinforcement. The connectors are of the quick-disconnect type, with a 1.25-inch, 70° elbow at the

PGA end. Each assembly is made up of two hoses and a dual-passage connector at the ECS end and two

separate hoses (supply and exhaust) at the PGA end. When not connected to the PGA, the ECS connector

end remains attached and the hoses stowed.

e
e B
e
a

2.11.3.2 Electrical Umbilical.

The electrical umbilical carries voice communications and biomedical data, and electrical E
power for warning tone impulses.

2.11.3.3 Buddy System Umbilical. (See figure 2. 11-9.)

 

The buddy system umbilical is used by the EVA's if oxygen or water flow fails in either

PLSS. If PLSS oxygen flow fails the OPS is turned on to provide approximately 50% flow and the buddy

umbilical is used to circulate water coolant to the other PGA (a function formerly performed by OPS

flow), This enables conservation of oxygen. If water flow fails in one PLSS, the buddy umbilical is
also used to restore the water cooling function.

Use of the buddy umbilical to provide alternative functions if these failures occur,

increases the EVA walkback limit to 2 kilometers.

The buddy umbilical, approximately 9 feet long, permits an effective distance of 5 feet

between the EVA's. When use of the buddy umbilical is required, the extravehicular activity is aborted

and the astronauts must return to the LM.
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2.11.4 CREW LIFE SUPPORT.

The crew life support equipment includes food and water, a waste management system,

personal hygiene items, and medical equipment for in-flight emergencies. A potable-water unit and

food packages contain sufficient life-sustaining supply for completion of the LM mission.

2.11.4.1 Crew Water System.

The water dispenser assembly consists of a Trevarno mounting bracket, a coiled hose, and

a trigger-actuated water dispenser. The hose and dispenser extend approximately 72 inches to dispense

water from the ECS water feed control assembly. The ECS water feed control valve is opened to permit

water flow. The dispenser assembly supplies water at +50° to +90° F for drinking, food preparation, and

fire extinguishing. The water dispenser is inserted directly into the mouth for drinking. Pressing the

trigger-type control supplies water.

2.11.4.2 Food Preparation and Consumption
 

The astronaut's food supply (approximately 2,500 calories per man per day) includes liquids

and solids with adequate nutritional value and low waste content. Food packages are stowed in the LM

midsection, and in the left-hand side stowage compartment (LHSSC) of LM 8.

The food is vacuum-~packed in plastic bags that have one-way poppet valves into which the

water dispenser can be inserted. Another valve allows food passage for eating. The food bags are

packaged in aluminum-foil-backed plastic bags for stowage and are color coded: red (breakfast), white

(lunch), and blue (snacks).

Food preparation involves reconstituting the food with water. The food bag poppet-valve

cover is cut with scissors and pushed over the water dispenser nozzle after its protective cover is

removed. Pressing the water dispenser trigger releases water. The desired consistency of the food

determines the quantity of water added. After withdrawing the water dispenser nozzle, the protective

cover is replaced and the dispenser returned to its stowage position. The food bag is kneaded for approx-

imately 3 minutes, after which the food is considered reconstituted. After cutting off the neck of the food

bag, food can be squeezed into the mouth through the food-passage valve. A germicide tablet, attached

to the outside of the food bag, is inserted into the bag after food consumption, to prevent fermentation and

gas formation. The bag is rolled to its smallest size, banded, and placed in the waste disposal compart-

ment.

2.11.4.3 EMU Waste Management System.
 

a fecal containment system and a urine collection and transfer assembly, and for neutralizing odors.
The EMU waste management system provides for the disposal of body waste through use of

Personal hygiene items are stowed in the left-hand stowage compartment. i E

2.11.4.3.1 Waste Fluid Transfer.

Waste fluids are transferred to small waste fluid collector assemblies by a controlled a

difference in pressures between the PGA and cabin (ambient).

A waste storage container in the descent stage provides urine stowage, PLSS con-

densate stowage, and gas separation. The size and skin thickness (and therefore the weight) of

the container are minimized because the pressure caused by accumulated gases are vented to

the lunar environment. Biological contamination of the lunar surface is avoided by incorpora-

tion of a germicide in the container and a bacteria filter at the vent port. An electrical heater anda

pressure control valve prevent ice accumulation at the inlet and vent ports. A urine receptacle (stowed)

in the cabin) collects urine by direct interface with the crew.

The quick-disconnect on the urine receptacle and the overboard dumpline contains a self-

sealing valve. This feature enables cabin pressure to be retained when the quick-disconnect is broken.

In addition, a safety pressure cap on the hose quick-disconnect provides a redundant method of
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preventing loss of cabin atmosphere. The hose assembly also mates with the vent and drain ports of the (

PLSS for water recharge. PLSS condensate is transferred to the descent stage container, using the pres-
sure available at the PLSS to effect the transfer.

2.11.4.3.2 Fecal Device.

a The fecal containment system consists of an outer fecal/emesis bag (one layer of Aclar) and
a smaller inner bag. The inner bag has waxed tissue on its inner surface. Polyethylene -backedtoilet

tissue and a disinfectant package are stored in the inner bag.  
To defecate, the astronaut removes the inner bag from the outer bag. After unfastening the

PGA and removing undergarments, the wax ' tissue is peeled off the bag's inner surface and the bag is

placed securely over the analarea. After. ecating, the used toilet tissue is deposited in the used bag

and the disinfectant package is pinched and vbroken inside the bag. The used bag is then closed, kneaded,

and ‘inserted in the outer bag. The wax paper is removed from the adhesive on the fecal/emesis bag, it is

sealed, then placed in the waste disposal compartment.

2,11.4.4 Personal Hygiene Items.

Personalhygiene items consist of wet anddry cleansing cloths, chemically treated and sealed
in plastic covers, and packs of teeth-cleansing, ingestable chewing gum. The cloths measure 4 by 4
inches and are folded into 2-inch squares. They are stored in the food package container along with the

chewing gum.

2.11.4.5 Medical Equipment.

The medical equipment consists of biomedical sensors, personal radiation dosimeters, and (

emergency medical equipment.

2.11.4,5.1 Bioinstrumentation.

 

Biomedical sensors gather physiological data for telemetry. Government-furnished imped-

ance pneumographscontinuously record heart beat (EKG) and respiration rate. Each assembly (one for

each astronaut) has four electrodes which contain electrolyte paste; they are attached with tape to the

astronaut's body.

2.11.4.5,.2 Personal Radiation Dosimeters.

Six dosimeters are provided ii -ach astronaut. They contain thermoluminescent powder,

nuclear emulsions, and film that is sensitive to beta, gamma, and neutron radiation. They are placed on

the forehead or right temple, chest, wrist, thigh, and ankle to detect radiation to eyes, bone marrow,

and skin. Serious, perhaps critical, damage results if radiation dosage exceeds a predetermined level.

For quick, easy reference each astronaut has a dosimeter mounted on his EMU. Dosimeters are govern-

ment-furnished equipment.

 

2,11.4.5.3 Emergency Medical Equipment. (

The emergency medical equipment consists of a kit of six capsules: four pain killers

(Darvon) and two pep pills (Dexedrine). For LM 8 and LM 9, the kit is attached to the forward exterior

side of the flight data file; for LM 10 and subsequent, at the left-hand midsection, readily accessible to
both astronauts. The emergency medical equipment is government furnished.
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2.11.5 CREW SUPPORT AND RESTRAINT EQUIPMENT. (See figure 2. 11-10.) B

The crew support and restraint equipment includes armrests, handholds (grips), Velcro

on the floor to interface with the boots, and a restraint assembly operated by a tensioned rope-and-

pully arrangement that secures the astronauts in an upright position under zero~g conditions.

2.11.5.1 Armrests.

 

The armrests, at each astronaut station, provide stability for operation of the thrust,

translation controller assembly and the attitude controller assembly, and restrain the astronaut laterally.

The armrests are adjustable (four positions) to accommodate the astronaut; they also have stowed (fully

up) and docking (fully down) positions. The armrests, held in position by spring-loaded detents, can be

moved from the stowed position by grasping them and applying downward force. Other positions are

selected by pressing latch buttons on the armrest forward area. Shock attenuators are built into the

armrests for protection against positive-g forces (lunar landing). The maximum energy absorption of

the armrest assembly is a 300-pound force, which will cause a 4-inch armrest deflection.

2.11.5.2 Handholds.

The handholds, at each astronaut station and at various locations around the cabin, provide

support for the upper torso whenactivity involves turning, reaching, or bending; they attenuate movement

in any direction. The forward panel handholds are single upright, peg-type, metal grips. They are fitted

into the forward bulkhead, directly ahead of the astronauts, and can be grasped with the left or right hand.

2.11.5.3 Restraint Assembly.

The restraint assembly consists of cables, restraint rings, and a constant-force reel system,

The cables attach to D-rings on the PGA sides, waist high. The constant-force reel control provides a

( downward force of approximately 30 pounds; it is locked during landing and docking operations, When the

constant-force reel is locked, the cables are free to reel in. A ratchet stop prevents paying out of the
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cables and thus provides lunar-landing restraint. Docking pins on the Commander's restraint cables

may be used during docking maneuvers. Inserted into panel 5, they enable the Commanderto maintain

his equilibrium while leaning backwards to use the crewman optical alignment sight (COAS) at the over-

head (docking) window.

2.11.6 DOCKING AIDS AND TUNNEL HARDWARE.

Docking operations require special equipment and tunnel hardwareto effect linkup of the LM

with the CSM. Docking equipment includes the COAS and a docking target. A drogue assembly, probe

assembly, the CM forward hatch, and hardware inside the LM tunnel enable completion of the docking

maneuver.

  
B 2.11.6.1 Crewman Optical Alignment Sight. (See figure 2.11.11.)
 

The COAS provides the Commander with gross range cues and closing rate cues during the

docking maneuver. The closing operation, from 150 feet to contact, is an ocular, kinesthetic coordina-

tion that requires control with minimal use of fuel and time. The COAS provides the Commanderwith a

fixed line-of-sight attitude reference image, which appears to be the same distance away as the target.

The COAS is a collimating instrument. It weighs approximately 1.5 pounds, is 8 inches

long, and operates from a 28-volt d-c power source. The COAS consists of a lamp with an intensity con-

Pope trol, a reticle, a barrel-shaped housing and mounting track, and a combiner and power receptacle. The

7 reticle has vertical and horizontal 10° gradations in a 10° segment of the circular combiner glass, on an

elevation scale (right side) of -10° to+31.5°. The COAS is capped and secured to its mount above the

left window (position No. 1).

To use the COAS, it is moved from position No. 1 to its mount on the overhead docking

window frame(position No. 2) and the COASswitch (panel 8) is set from OFF to OVHD. The intensity

control is turned clockwise until the reticle appears on the combiner glass; it is adjusted for required "

brightness.
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2.11.6.2 Docking Target. (See figure 2.11-12.) t

The docking target permits docking to be accomplished on a three-dimensional alignment

basis. The target is located at the intersection of +Y¥46.3 and +2203; it does not protrude beyond the LM

launch configuration envelope or the maximum contact envelope. The target consists of an inner circle

and a standoff cross of black with self-illuminating disks within an outer circumference of white. The a

target-base diameter is 17.68 inches. The standoff cross is centered 15 inches higher than the base and,
as seen at the intercept, is parallel to the X-axis and perpendicular to the Y-axis and the Z-axis.

 

2.11.6.3 Drogue Assembly.

The drogue assembly consists of a conical structure mounted within the LM docking tunnel.
It is secured at three points on the periphery of the tunnel, below the LM docking ring. The LM docking

ring is part of the LM midsection outer structure, concentric with the X-axis. The drogue assembly can

be removed from the CM end or LM end of the tunnel. i

Basically, the assembly is a three-section aluminum cone that is secured with mounting lugs
to the LM tunnel ring structure. A lock and release mechanism, on the probe, controls capture of the

CM probe at CM-LM contact. Handles are provided to release the drogue from its tunnel mounts. g

2.11.6.4 Tunnel Hardware.

 

The tunnel contains hardware essential to final docking operations. This includes connectors
for the electrical umbilicals, docking latches, probe-mounting lugs, tunnel lights, and deadfacing switches.

2.11.6.5 Probe Assembly.

The probe assembly provides initial CM-LM coupling and attenuates impact energy imposed a

( by vehicle contact. The probe assembly may be folded for removal and for stowage within either end of

the CM transfer tunnel. rj
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2.11.6.6 CM Forward Hatch,

The CM tunnel has two forward hatches: an inner (forward pressure) hatch and an outer

(forward thermal) hatch. The forward pressure hatch can be removed into the CM crew compartment.

The hatch is retained at the aft end of the CM tunnel by a latching mechanism whose linkage is driven

from the crew compartment by a handle. A socket opposite the handle, on the tunnel side of the pressure

hatch, permits hatch removal from the LM side.

 

The CM forward thermal hatch can be removed fromthe tunnel, into the CM crew com-

partment or into the LM. The hatch is retained at the forward end of the CM tunnel by an expanding

peripheral latching mechanism, which also serves as a water barrier. The linkage that operates the

mechanism is driven by an off-center handle, from the CM crew compartment side, and by a socket,

using emergency tool B, on the LM side. The thermal hatch is reinstalled from the CM side only;

three of the 12 docking latches have expendable stops, which position the thermal hatch axially for proper

engagement of the latching mechanism. The CM thermal hatch is stowed in the CM right equipment

bay, within a thermal stowage bag.

 

2.11.7 CREW MISCELLANEOUS EQUIPMENT.

Miscellaneous equipment required for completion of crew operations consists of in-flight

data with checklists, emergency tool B, and windowshades.

2.11. 7.1 In-flight Data.

The in-flight data are provided in three polyethylene-coated packages. The Commander's

checklist and the in-flight data kit are stowed in the flight data file compartment. The packagesinclude the

flight plan, experiments data and checklist, mission log and data book, systems data book, and star charts.

2.11.7.2 Tool B. (See figure 2.11-13.) (

Tool B (emergency wrench) is a modified Allen-head L-wrench. It is 6.25 inches long and

has a 4. 250-inch drive shaft with a 7; 16-inch drive. The wrench can applya torque of 1, 475 inch-

pounds; it has a ball-lock device to lock the head of the drive shaft. The wrench is stowed on the right

W@ side stowage area inside the cabin. It is a contingency tool for use with the probe and drogue, and the

CM hatch from outside. Tool B is also used for CM forward hatch operations from the LMside only.

 

6.25 INCHES>|

    

 

7/16-INCH HEX 4.250 INCHES
{-

TOOL B (EMERGENCY WRENCH) 200LM4-126

Figure 2.11-13. Tool B a
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( 2.11.73 Window Shades.

“ Window shades are used for the overhead docking window and forward windows. The window

shade material is Aclar with a deposit of inconel; light transmissibility is approximately 0. 1%, with high

reflectivity on the surface facing outside the cabin. The shade is secured at the bottom (rolled position).

To cover the window, the shade is unrolled, flattened against the frame area and secured with Velcro.

2.11.8 MODULARIZED EQUIPMENT STOWAGE ASSEMBLY. (See figures 2. 11-14 through 2. 11-17.)

The modularized equipment stowage assembly (MESA)is located on quad 4 of the descent a

stage. It is deployed by the extravehicular astronaut when the LM is on the lunar surface. The MESA

contains fresh PLSS batteries and LiOHcartridges, a TV camera, tripod, cable, tools for obtaining lunar

geological samples, containers in which to store the samples, and other scientific devices. It contains a

folding work table that also serves as a bracket on which the equipment transfer bag, used to transfer the

PLSS batteries and LiOH cartridges to the cabin, is hung.

 

In addition, four portable pallets are provided upon which items such asbatteries, LiOH a

cartridges, a LM communication relay unit (LCRU), food, a stereo cassette container, an azimuth~

elevation unit, and a cosmic-ray plate experiment bag are fastened. These pallets facilitate access,

transfer, and handling of stowed items.

- The PLSS LiOH cartridges and batteries are temperature-sensitive. To prevent exceeding

a the minimumallowable temperature, there are heaters on these items (see figure 2. 11-17.) Low- i

emissivity coatings on exposed MESA surfaces, and a segmented insulation blanket, are also provided.

2.11.9 STOWAGE. a

Figures 2.11-  and2.11- show forward and aft views of the LM cabin. A

( EVA PALLET EVA PALLET TV CAMERA
LUNAR RAKE NO. 1 NO. 2 CABLE 70MM CAMERA    

   

ECS LiOH CANISTER

 

 ECS LiOH CANISTER

SAMPLE RETURN

CONTAINER NO.1

LCRU ANCILLARY 16MM CAMERA

ITEMS STOWAGE

CONTAINER

 

SAMPLE RETURN

STEREO CONTAINER NO. 2

MAGAZINE SPARE

TELEVISION

CONTROL
UNIT

TY CAMERA

 

HEAT FLOW

DRILL

SAMPLE RETURN TV TRIPOD LCRU PALLET LUNAR

CONTAINER TABLE COMMUNICATIONS
RELAY UNIT A-3OOLMI0-4

Figure 2.11-14. Modularized Equipment Stowage Assembly
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ASTRONAUT PLACING ASTRONAUT STOWING ASTRONAUT PLACING
EQUIPMENT TRANSFER LIOH CARTRIDGE IN LUNAR SAMPLE IN
BAG ON MESA TABLE EQUIPMENT TRANSFER BAG SAMPLE RETURN CONTAINER

3O0LM6-21

Figure 2.11-16. Modularized Equipment Stowage Assembly Application

  

  

 
 

 
 

 

  

   

 

  

         
  

TEMPERATURE PALLET NO.3
CONTROL HEATERS

cHTR CONT
MESA

7 HEATERS S Hi
LMP’S mesa
28-VDC ( 4a)
BUS cS To

Ay ott! TEMPERATURE PALLET NO. 2

6 oO oo, CONTROL HEATERS
15 AMP lo

(PLSS BATTERIES)

TEMPERATURE PALLET NO. 1

CONTROL HEATERS

(LiOH & ECS CARTRIDGES)

JOOLM 10-20

Figure 2.11-17. Modularized Equipment Stowage Assembly Heater Circuits a
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WINDOW
DOCKING WINDOW AND SHADEPANEL 11 AND SHADE PANEL } PANEL 2 PANEL 3 (BOTH SIDES}

MAIN CAMERA
CREW OPTICAL ALIGNMENT PANEL/ CABIN

CEILING ALIGNMENT SIGHT OPTICAL FLOODLIGHT ‘GLARESHIELD CRASH BAR
PANEL 8 COVER {POSITION NO. 1) TELESCOPE (BOTH SIDES) (BOTH SIDES) (BOTH SIDES)
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PANEL RESTRAINT PILE STRIPS HATCH (POSITION NO. 1} (BOTH SIDES)
(BOTH SIDES) (BOTH SIDES)
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Figure 2.11-18. LM Cabin Interior, Forward View a
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( Figure 2.11-19. LM Cabin Interior, Aft View a
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( 2.11.10 APOLLO LUNAR SURFACE EXPERIMENT PACKAGE. (See figure 2. 11-20.)

The Apollo lunar surface experiment package (ALSEP)is a self-contained package of scien-

tific instruments and supporting subsystems capable of transmitting scientific data toearth for 1 year.

These data will be used to derive information regarding the composition and structure of the lunar body, its mag-

netic field, atmosphere, andsolar wind. Two containers are stowed in the descent stage. The con-

tainers are deployed by the extravehicular astronaut when the LMis on the lunar surface. (See figure 2. 11-21.)

The laser ranging retroreflector (figure 2. 11-22), is a passive experiment: a target

for earth-based laser beams. It will reflect a beam back to earth to enable precise measurement of earth-

moon distances, of fluctuations in the earth's rotation rate, and of gravity influence on the moon.

 

ALSEP poweris supplied by a radioisotope thermoelectric generator (RTG). Electrical
energy is developed through thermoelectric action. THE RTG provides a minimum of16 volts at

56.2 watts to 2 power-conditioning unit. The radioisotope fuel capsule emits nuclear radiation and

approximately 1,500 thermal! watts continuously. The surface temperature of the fuel capsule is ap-

proximately 1,400° F. The capsule is stowed in a graphite cask, which is externally mounted on the

descent stage. The capsule is removed from the cask on the lunar surface and installed in the RTG,

(See figure 2. 11-23.)

2.41.11 LM COMMUNICATION RELAY UNIT. (See figure 2. 11-14.)

 

The LCRU, on pallet No, 1 in the MESA for LM 10 and subsequent, is a complete portable

communication relay unit. It provides a direct communication link between the EVA's and MSFN. The

unit can transmit with its own antenna or, when near the LM, using the LM S-band antenna.

 

RADIOISOTOPE
THERMOELECTRIC
GENERATOR

SUPRATHERMAL

{ON DETECTOR
EXPERIMENT

MAGNETOMETER
EXPERIMENT

APOLLO LUNAR

HANDTOOL
SUBSYSTEM

 

ANTENNA

 

SOLAR WIND PASSIVE SEISMIC

EXPERIMENT ES EXPERIMENT

3O0LM6-23

Figure 2.11-20. Apollo Lunar Surface Experiment Package
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Figure 2.11-22. Laser Ranging Retroreflector
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SECTION3

CONTROLS AND DISPLAYS

 

INTRODUCTION

This section contains detailed descriptions of the LM controls and displays. A

cross-reference system, which permits quick and easy reference to any control or

display, is provided in table 3-1. This table lists each item alphabetically, the item
reference designation, the panel that contains the item, and the page number on which
the item is to be found,

Figures 3-1 and 3-2, at the end of this section, show the controls and dis-

plays, panel areas, and panel numbers.

 

Column headings for the tabular presentation, and the description of the entries
made under each, are as follows:

e Location/Ref Des, Notes the location, by panel number, of a particular
control or display in the LM, andlists the reference designation.

( @ Name and Position. Gives the placarded nomenclature of the control or
display and the control positions exactly as placarded on the panel. In

the absence of placards, a functional name is assigned, and control posi-
tions are described.

e Function, Gives a brief description of the function of the control or display.

 

e Circuit Breaker, Gives the nomenclature and location of the circuit

breaker(s) that controls the electrical power to the control or display.

e Power Source. Gives the rating and nomenclature of the immediate bus or

source that supplies power to the control or display.

e Remarks, Contains additional data and explanatory remarks.
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Table 3-1. Controls and Displays - Alphabetical Index

 

 

  

   

     

NAME AND REFERENCE DESIGNATION
PANEL PAGE

NO, NO.

#1 ASC O»5 valve control (7H21) 2 6 6 ee ee eeee ECS ~142

#2 ASC O5 valve control (7H5) 2 6 6 6 ee eeee ee ECS 3-148

+X TRANSL pushbutton (1512) o 5 3-81

-A-

ABORT STAGE pushbutton (1514). 6 6 6 6 eeee 1 3-29

ABORT pushbutton (1513) . . . ee ee ee ee i 3-25

AC BUS A: AC BUS VOLT circuit preaker (4cB22) Se ee ee ee 11 8-95

AC BUS A: AOT LAMPcircuit breaker (4CB212) 2... 1 1 1 ee ee eee il 3-98

AC BUS A: BUS TIE INV 1] circuit breaker (4CB23) . . 2 1 6 6 ee ee ee ee 11 3-98

AC BUS A: BUS TIE INV 2 circuit breaker (4CB24) 2 6 6 6 6 ee ee ee ee 11 3-98

AC BUS A: CDR FDAIcircuit breaker (4CB209) . reer il 3-99

AC BUS A: CDR WIND HTRcircuit breaker (4CB144) 2. 1 1. 1 ww we ee es Lk 3-98

AC BUS A: DECA GMBL circuit breaker ({CB207). 2 6 6 6 ee ee ee i 3-98

AC BUS A: GASTAcircuit breaker (¢CB201) 2... 2 1 2 ee ee ee ee es lt 3-99

AC BUS A: INTGL LTGcircuit breaker (4CB211) 2. 6 6 6 ee ee ee ee es 11 3-98

AC BUS A: RNDZ RDRcircuit breaker (4CB206) .. Coe ee il 3-98

AC BUS A: RNG/RNG RT; ALT/ALT RT circuit breaker (acne 04), a ee ee he il 3-99

AC BUS A: TAPE RCDRcircuit breaker (4CB202).... won ee ee ee ee 11 3-95

AC BUS B: AGS circuit breaker (4CB208). . . Se he ee ee ee 1i 3-97

AC BUS B: AOT LAMPcircuit breaker (4CB:214) Se eeee 11 3-97

AC BUS B: BUS TIE INV 1 circuit breaker (4CB185). 0. 2. 6 6 6 ee ee ee ees 11 3-98

AC BUS B: BUS TIE INV 2 circuit breaker (4CB186). . . Coe ee ee ee 11 3-97

AC BUS B: He/PQGS PROPULDISP circuit breaker (4CB169). rs 11 3-97

AC BUS B: NUM LTG circuit breaker (4CB200) 2. 0 6 6 6 ee ee ee ee ee ii 3-97

AC BUS B: ORDEAL circuit breaker (4CB226), 2 2 6 6 6 6 ee ee ee eet ll 3-97

AC BUS B: S-BD ANT circuit breaker (4CB34) 2. 2. 6 1 1 we ee ee ee il 3-97

AC BUS B: SE FDAI circuit breaker (4CB210). 2 6 1 6 ee ee ee es il 3-97 .

AC BUS B: SE WIND HTR circuit breaker (4CB152) 2 2 6 6 1 ee ee ee ee LL 3-97

ACA/4 JET switches (CDR & LMP) (1821) (1825). Lo 4 3-75

ACA PROPswitch (1525) wee : i 3-13

ACA PROP switch (1526) 2 3-52

Addressindicator (12M1) .. 6 3-87

AGS MODE CONTROL switch (11825) . 3 3-66

AGS STATUSswitch (12817) . . 6 3-87

AGSwarning light (6D5§) 1 3-14

ALTlight (3DS209) Ceee 12 3-77

ALT SET control (QR1) 2.ee ORDEAL 3-152

Altitude/range indicator (9M9) 206 6 6 eeeee 1 3-21

AMPSindicator (4M8).0. 0. 6 6 ee eeee id 3-119

ANUN OVERRIDE switch (1654) 2 6 2 6 ee ee eeee 5 3-83

ANUN/NUMcontrol (16R2) 6 6 2 weee a 3-85

AOT indicator (3M7) 6 6 6 6 ee eeee AOT 3-150

ASC He SEL switch (283) 2 6 6 ee ee ee ee ts 8 3-91

ASC HI REG cautionlight (epseiya 2 3-33

ASC H9O valve (7H13). we ECS 3-144

ASC PRESS warninglight (6DS2) . 1 3-13

ASC QTY caution light (6DS22) . 2 3-33

ASCENT He REG 1 switch (1083) . 1 3-26

ASCENT He REG 1 talkback (10FL1) ] 3-26 Q

ASCENT He REG 2 switch (1054) . t 3-26 (

ASCENT He REG 2talkback (10F L2) 1 3-27 .

ATT/TRANSL switch (186) . . 1 3-25

ATTITUDE CONTROL: PITCH switch (1183) 3 3-64

ATTITUDE CONTROL: ROLLswitch (1154). 3 3-64

ATTITUDE CONTROL: YAWswitch (1185) 3 3-64

Attitude control assembly (CDR) (1A1) ACA 3-150

Attitude control assembly (LMP) (1A2) ACA 3-150

ATTITUDE MON switch (CDR) (953) 1 3-20

ATTITUDE MON switch (LMP) (9510) 2 3-56 :

AUDIO CONT switch (15AS5) . 8 3-95 LL.
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Table 3-1. Controls and Displays - Aiphabetical Index (cont)
 

 

   
 

 

PANEL PAGE

NAME AND REFERENCE DESIGNATION NO. NO.

AUDIO CONT switch (15BS3) . 12 3-110
Azimuth contral (8H2) . AOT 3-149

-B-

BAL CPL switch (189) . 1 3-25
BAT FAULT component caution light (4D81) 14 3-49

BAT 5 BACK UP CDR FEED switch (4512) 14 3-127
BAT 5 BACK UP CDRFEEDtaikback (4FL7). 14 3-127
BAT 5 NORMAL LMP FEED switch (4510). . 14 3-126

BAT 5 NORMAL LMP FEEDtalkback (4FL5). . . 1... | 14 3-127
BAT 6 BACK UP LMP FEED switch (4813)... ...... 14 3-128
BAT 6 BACK UP LMP FEEDtalkback (4FL8) 14 3-129
BAT 6 NORMAL CDR FEED switch (4811) . 14 3-128

BAT 6 NORMAL CDR FEEDtalkback (4FL6} . 14 3-128

BATTERY caution light (6DS27) woe 2 3-34

-C-

C/W PWRcaution light (6DS34) . 2 3-35
CABIN GAS RETURNvalve (7H17) ECS 3-145
CABIN PRESS indicator (7M2A). rn 2 3-53
Cabin relief and dump valve (7H11) (7H20) . ECS 3-147

CABIN REPRESSvalve (7H3) . oe ECS 3-141
CABIN TEMPindicator (7M3A) 2 3-53

CABIN warning light (6DS16) . . 1 3-15
CAMR:SEQ circuit breaker (4CB33) 16 3-139

CDR BAT 3 switch (453) . : 14 3-123

CDR BAT 8 talkback (4FL3) 14 3-124

CDR BAT 3 talkback (4FL3) 14 3-124

CDR BAT 4 HI-V switch (454) 14 3-124

CDR BAT 4 LO-Vswitch (458) 14 3-125
CDR BAT 4 talkback (4FL4) . . 14 3-125

CDR UTILITY LIGHT switch (16819) UTIL 3-153

CES AC warning light (4D86) . . 1 3-13

CES DC warning light (6DS7) . 1 3-13

CLR pushbutton (CDR) (385) 4 3-78

CLR pushbutton (LMP) (12513) . . 6 3-88

CO CANISTERSEL valve (7H19) . ECS 3-145
CO, component caution light (7DS6) . 2 3-58

COASswitch (16514) . . 8 3-96

COMM: CDR AUDIOcircuit breaker (4CB86) . 11 3-106

COMM:DISPcircuit breaker (4CB153) 16 3-135

COMM: PMP circuit breaker (4CB102) . 16 3-136

COMM: PRIM S-BD PWR AMPLcircuit breaker (4CB30) : 16 3-136

COMM: PRIM S-BD XMTR/RCVRcircuit breaker (408211) 16 3-136

COMM:S-BD ANT circuit breaker (4CB10) . . 16 3-136

COMM: SE AUDIO circuit breaker (4CB85)_ 16 3-136
COMM:SEC S-BD PWR AMPLcircuit breaker (4CB136) 11 3-105

COMM: SEC S-BD XMTR/RCVRcircuit breaker (408197) . 11 3-105
COMM:TVcircuit breaker (4CB104) an 16 3-137

COMM: UPDATA LINKcircuit breaker (4CB228) . il 3-105

COMM: UPLINK SQUELCH switch (13517) . . 14 3-129
COMM: VHF A RCVRcircuit breaker (4CB87) . 11 3-106

COMM: VHF A XMTRcircuit breaker (4CB115) 16 3-136
COMM: VHF B RCVRcircuit breaker (4CB114). 16 3-136

COMM: VHF B XMTRcircuit breaker (4CB162) 11 3-105

COMPTR ACTYcondition indicator (8DS15) 4 3-78
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Table 3-1. Controls and Displays - Alphabetical In ex (cont) C

PANEL PAGE

NAME AND REFERENCE DESIGNATION NO. NO,

CRSFD switch (8S20) . 1. 1 keee eeee 2 3-50

CRSFD talkback (8BFLI7) 6. 6 6 6 ee eeeeee 2 3-50

-D-

Data display registers (CDR) (3M4) (3M5) (3M6) 4 3-78

Data indicator (LMP) (12M2)
6 3-87

DC FEEDER FAULT component caution ‘light (ADS2) 14 3-119

DC BUS warning light (6DS14) . woe 1 3-15

DEAD BANDswitch (1182) 3 3-63

DES BATS switch (459). . 14 3-125

DES BATS talkback (4FL9) . . . 14 3-126

DES ENG CMD OVRDswitch (1si9) 3 3-59

DES H90valve (7H26) ECS 3-144

DES 05 valve (7H15) . . Loe ECS 3-142

DES PROPULSION FUEL VENT switch (1089) oe 8 3-89

DES PROPULSION FUEL VENTtalkback (10FL5) . 8 3-89

DES PROPULSION OXID VENT switch (10510) 8 3-89

DES PROPULSION OXID VENTtalkback (10LG) 8 3-90

DES PRPLNT ISOL VLVswitch (289) : 8 3-90

DES QTYwarning light (6DS4) 1 3-13

DES RATEswitch (185)... 5 3-81

DES REG warning light (6DS3)_ 1 3-13

DES VENT switch (286) ..... 8 3-90

DESCENT He REG 1 switch (1085) . L 3-27

DESCENTHe REG

1

talkback (10FL3) 1 3-27

DESCENT He REG 2 switch (1087) 1 3-28

DESCENTHe REG 2 talkback (10FL4) 1 3-28

 

    
EARTH-LUNARswitch (9825) 266 ORDEAL 3-152

ECS caution light (6DS36). . Ce eeee 2 3-36

sieaieinsa ECS: CABIN FANcircuit breaker (4CB107)_ . aer) il 3-105

ae ECS: CABIN FAN CONTcircuit breaker (4CB109) 1. 1) ee 16 3-137

ECS: CABIN REPRESScircuit breaker (4CB113) 2. 6 2 1 6 eee ee ee eee 16 3-137

ECS: CO, SENSORcircuit breaker (4CB84) 2 6 6 6 1 ee ee es 16 3-138

ECS: DISP circuit breaker (4CB140) 2. 1 6 1 weet 16 3-137

ECS: DIVERT VLVcircuit breaker (4CB112). 2... 6 6 1 ee ee eee es 16 3-138

ECS: GLYCOL PUMP1 circuit breaker (4CB117). 1. 2 6 1 6 ee ew ee ee il 3-105

ECS: GLYCOL PUMP2 circuit breaker (4CB141).. . a ll 3-105

ECS: GLYCOL PUMP AUTO TRNEFRcircuit breaker (4CB217) Le ee ee ee il 3-105

ECS: GLYCOL PUMPSEC circuit breaker (4CB96) . 2 1 6. ee ee ee ee 16 3-137

ECS: LCG PUMP (4CB108). . . So ee ee ee 16 3-137

ECS: SUIT FAN AP circuit breaker (4CB120)a 16 3-137

ECS: SUIT FAN 1 circuit breaker (4CB138) ©. 6 6 6 ee et ee ee 11 3-104

ECS: SUIT FAN 2 circuit breaker (4CB119) 2. 2. 2 6 1 6 ee ee ee ee 16 3-137

ECS: SUIT FLOWCONTcircuit breaker (4CB234) 2... 6 6 ee ee ee es 16 3-135

ED RELAYScaution light (6DS31) . . . So ee ee ee ee ne ee ee 2 3-35

ED: LDG GEAR FLAG circuit breaker (4CB149)a ll 3-103

ED: LOGIC PWR Acircuit breaker (4CB76) 2 2. 6. 2 6 ee ee ee ee Ll 3-104

ED: LOGIC PWRB circuit breaker (4C B75) 2 6 6 ee ee eee ee ee 16 3-133

ED VOLTS switch (4817) 00k 1d 3-119

ENG ARMswitch (IS1) .. . Ce I 3-25 (

ENG GMBL cautionlight (6DS23) Ce 2 3-33

ENG GMBLswitch (188) 2 6 wkee 3 3-59

Engine START pushbutton (182) . . 5 3-81

Engine stop pushbutton (CDR) (153) a 5 3-81

Engine stop switch (LMP) (184) 2 6 6 6 ewee 6 3-87

ENTR pushbutton (DEDA) (12514) 2 0.0 G 3-88

ENTR pushbutton (DSKY) (888) 6 6ce 4 3-79

EPS: ASC ECAcircuit breaker ({CB15) 2... 2. we eeee LL 3-108

EPS: ASC ECA circuit breaker ({CB14) 2. 2 2 2 ee ee ee ee ee 16 3-139| ;
i
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NAME AND REFERENCE DESIGNATION a eee

-~E-

EPS: ASC ECA CONTcircuit breaker (4CB6) 11 3-108

EPS: ASC ECA CONTcircuit breaker (4CB7) . 16 3-139
EPS: BAT FEED TIE(2) circuit breakers (40B18) (4CB26) 11 3-107

EPS: BAT FEED TIE (2) circuit breakers (4CB17) (4C B25) 16 3-140

EPS: -CROSS TIE - BAL LOADScircuit breaker (4CB184)., 11 3-107

EPS: -CROSS TIE - BAL LOADS circuit breaker (4CB183). 16 3-140

EPS: -CROSS TIE - BUS circuit breaker (4CB20) . . 11 3-107
EPS; -CROSS TIE - BUS circuit breaker (4CB19) . 16 3-140
EPS: DC BUS VOLTcircuit breaker (4CB22) . 11 3-108

EPS; DC BUS VOLT circuit breaker (4CB21) . 16 3-139
EPS: DES ECAcircuit breaker (4CB10) il 3-108

EPS: DES ECA circuit breaker (4CB11) . 16 3-139

EPS: DES ECA CONTcircuit breaker (4CB8) . il 3-107

EPS: DES ECA CONTcircuit breaker (4CB9) . 16 3-140

EPS: DISP circuit breaker (4CB16) 16 3-139

EPS: INV 1 circuit breaker (4CB12) . 1k 3-108

EPs: INV 2 circuit breaker (4CB13) . 16 3-139
EPS: XLUNAR BUS TIEcircuit breaker (4CB4). Ii 3-107
EPS: XLUNAR BUS TIE circuit breaker (4CB5), 16 3-140
EVENT TIMERindicator (9M11) . . oe 1 3-16
EVENT TIMER RESET/CONTswitch (9811), 3 3-69
EVENT TIMER SLEWCONT MIN switch (9813) . 3 3-69
EVENT TIMER SLEWCONT SEC switch (9814) 3 3-70
EVENT TIMER TIMER CONTswitch (9512) 3 3-69

EXTERIOR LTG switch (16517) oe 3 3-72

Eyepiece adjust lever (3H3) . AOT 3-149

-F-

FDAI L switch (9823) . ORDEAL 3-151
FDAI 2 switch (9524) ORDEAL 3-152

Flight director attitude indicator ‘(PDAD) (9M1) 1 3-20

Flight director attitude indicator (FDAI)(9M6) ... 2 3-55
FLIGHT DISPLAYS: CDR FDAI circuit breaker (4CB97) . il 3-101

FLIGHT DISPLAYS: COAScircuit breaker (4CB188) il 3-101

FLIGHT DISPLAYS: GASTA circuit breaker (4CB88) .... . ll 3-101
FLIGHT DISPLAYS: MISSION TIMER circuit breaker (4CB159) . il 3-100

FLIGHT DISPLAYS: ORDEALcircuit breaker (4CB227) . . 11 3-101

FLIGHT DISPLAYS: RNG/RNG RT; ALT/ALT RTcircuit breaker (CB128) il 3-100

FLIGHT DISPLAYS: THRUSTcircuit breaker (4CB168) . . . soe il 3-100

FLIGHT DISPLAYS: CDR X-PNTRcircuit breakerGERI) ll 3-100

FLOOD OVHD/FWDcontrol (16R4) . . 3 3-71

FLOOD OVHD/FWDcontrol (16R1) 5 3-84

FLOOD OVHD/FWDswitch (1686) . . . . 3 3-71
FLT DISP: EVENT TIMER/SE FDAI circuit breaker. (4CB126) . 16 3-131

FLT DISP: SE X-PNTRcircuit breaker (408134). toe 16 3-131
FUEL QUANTITYindicator (1OM5B) . . 1 3-18

FUNCTION PCMswitch (1354) .. 12 3-113

FUNCTIONS RANGE switch (1381) . 12 3-114
FUNCTIONS VOICE switch (1386) 12 3-113

-G-

GIMBAL LOCK condition indicator (3DS9) 4 3-76

GLYCOL caution light (6DS38) . . 2 3-36

GLYCOLindicator panel failure indicator (16895) 2 3-54

GLYCOL component caution light (7DS3) oe 2 3-57
GLYCOL PRESSindicator (7M5A) . 2 3-54
GLYCOLselector switch (783) 2 3-57
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Table 3-1. mtrols and Displays - Alphabetical Index (cont)

NAME AND REFERENCE DESIGNATION PANEL PAGE
NO, NO

-G-

GLYCOL TEMP indicator (7M5B) 2 3-53 y

GUID CONTswitch (956) . . . 1 3-21 !

; GYRO TEST POS RT switch (1iSi) 3 3-63

| GYRO TEST ROLL switch (1187) 3 3-63

-H-

HeO QUANTITYindicator (748) . . 2 3-54

Hg0 SEP component caution light (7DS7) 2. 1 6 6 ee ee es 2 3-58

He PRESS ASCENT switch (254), 0. 6. 6 6 ee we ee ee ee ee ee 8 3-92

He PRESS DES START switch (251) 8 3-92

fle PRESS RCS switch (282) 2 6 6 6 ee eeee ee ee 8 -91

HEATER caution light (6D533) . . cr 2 3-35

HEATERS RCSSYS A/B-1i: QUAD 1 cireuit ‘breaker (4CB218) we ee ee he ee 11 3-104

HEATERS RCS SYS A/B-1: QUAD 2 circuit breaker (4CB219) 2... 1 ee eee il 3-104

HEATERS RCS SYS A/B-1: QUAD 3 circuit breaker (4CB220) .. 1... 1. 2 ee 11 3-104

HEATERS RCS SYS A/B-1: QUAD 4 circuit breaker (epee) wee ee he ee ll 3-104

HEATERS: AOT circuit breaker ({CB213) .... Se ee ew ee ee li 3-102

HEATERS: DISP circuit breaker (4CB68) . . a 16 3-138

HEATERS: DOCK WINDOWcircuit breaker (4CB129)a ll 3-102

HEATERS: LDG RDRcircuit breaker (4CB157) 2. 1 1 6 ee ee ee ee ee 11 3-102

a HEATERS: MESA circuit breaker (4CB242) 6 6. ee ee ee ee ee ee 16 3-138

CRATERS: RNDZ OPRcircuit breaker 4CB155) 2. 6 6 0 eee ee ee ee eee 11 3-101

iiCATERS: RNDZ RDR STBYcircuit breaker (44CB156) . 2. 2 1 6 ee ee ee ee 11 3-101

HEATERS: S-BD ANT circuit breaker (4CB31) ... rrr 16 3-139

HEATERS: RCS SYS A/B-2: QUAD 1 circuit breaker (4C B222)rr 16 3-138 )

HEATERS: RCS SYS A/B-2: QUAD 2 circuit breaker ({CB223). . 2.0.0... ..- 16 3-138

HEATERS: RCS SYS A/B-2: QUAD 2 circuit breaker (4CB224). .. 2... -.248.5-- 16 3-138

HEATERS: RCSSYS A/B-2: QUAD 4 circuit breaker (4CB225). 2... 2 ee wee 16 3-138

a HEATERS: URINE LINEcircuit breaker 4CB241) 2 2... 1 6 ee ee et 11 3-101

HELIUM indicator (10M1). . . Seee 1 3-18

HELIUM MONselector switch (1086) . Ce ee ee ee ee ee 1 3-30

Hi PLSS Oo fill valve (7H29) 2 1 |. WDee ECS 3-148

HOLD pushbutton (12516)... ee 6 3-88

HTR CONT MESAswitch (13822) Con ee ek ee ee ee ee ee ee 8 3-89

HTR CONT URINE LINE switch (16521) 2... kk ee ee ee ee 8 3-89

-J-

ICS T/R switch (CDR) (1SAS3) 0.ke 8 3-94
ICS T/R switch (LMP) (15BS3) 2.ee 12 3-109

ICS VOLUME thumbwheel (CDR) (ISART) 2. 6 6 6 6 6 ee ee ee ee ee ee 8 3-9-4

ICS VOLUMEthumbwheel (LMP) (15BR7). 0 6 6 6 we ee ee ee ee 12 3-109

IMU CAGEswitch (851). . Loe ke ee he ee te 3 3-68

INST: CWEAcircuit breaker (ACB99) Ce ke ee ee ee ee 16 3-135

INST: PCM/TE circuit breaker (4{CB125) 2. 1 1 1 ee ee ee et 16 3-135

INST: SIG CONDR1 circuit breaker (!CB131) 2. 1. 1 1 ww ee ee ee eee ll 3-102

INST: SIG CONDR 2 circuit breaker (4CB1) 2... 1 1 we ee ee ee ee ee 16 3-135

INST: SIG SENSORcircuit breaker (OBIS) Se ee ee ee 16 3-135

INTEGRAL control (16R3) . . ooa 5 3-85

INTEGRAL OVERRIDEswitch (1683). Ce ee ee ee ee 5 3-84

INVERTER caution light (6D526) 2. 6 6 6 we ee ee eeee 2 3-33

INVERTER switch (4814) 2 6 6 we 6ee 14 3-120

ISS warning light (6DS10) 2... 6 6 ekeees 1 3-14

-K-

KEYREL condition indicator (3DS7) . 4 3-76

KEY REL pushbutton (387). : 4 3-79
Keyboard pushbutton (DEDA) (1281 thru “es12) 6 3-88

Keyboard pushbuttons (DSKY)(3810 thru 3821) 4 3-79
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NAME AND REFERENCE DESIGNATION PANEL PAGE
NO. NO,

-L-

AMP/TONE TEST selector switch (18820).Co 3 3-71
ibe ANTswitch (1785). . . ee ee ee ee ! 3 3-59

LDG GEAR DEPLOY switch (2810) . Coeeeee 8 3-91
LDG GEAR DEPLOYtalkback (PL). a 8 3-91

LGC warning light (6DS9). . . . -a 1 3-14

LIGHTING switch (9826) .. .-a ORDEAL 3-152

LIQUID GARMENT COOLING valve ee ee we ee ee ECS 3-148

LMP BAT 1 HI-V switch (481) . we eeee 14 3-121

LMP BAT 1 LO-Vswitch (485), Ceee ee 14 3-121
LMP BAT i talkback @FLI) |)| 14 3-122
LMP BAT 2 switch (482) Dcee 14 3-122
LMP BAT 2 talkback (FL2)" eeee 14 3-123
LMPa LIGHTSswitch (16820) aoe a UTIL 3-153

LTG: ANUN/DOCK/COMPNY?circuit breaker | (4CB146) we ee ee ee ee 11 3-104

LTG: ANUN/DOCK/COMPNT circuit breaker (4CB148) , 2... 2. ee ee ee 16 3-133
LTG: FLOOD circuit breaker (4CBi28) 2... 1 we ee ee 16 3-133

LTG: MASTER ALARMcircuit breaker (4CB147)... 0.0.0.0... 0.008 0 wee 16 3-133

LTG: TRACKcircuit breaker 4CB160) 2... 6 6. ee ee ee ee ee 16 3-133

LTG: UTIL circuit breaker (4CB236) . 1... 1 1 we ee ee ee ee li 3-104 vege

LUNAR BAT CDR switch 487) 2 0 | | DD Dfee 14 3-125 ie
LUNAR BAT LMP switch 486) . 0) 0) 1) fe eeee 14 3-126 ae
LUNAR BAT talkback 4@FL10) , Dnee 14 3-126
LUNAR CONTACTlight (CDR) (DSI) 1 okle 1 3-16
LUNAR CONTACTlight (LMP) (1DS2) 2 0 2 ww ee ee 3 3-72

-M-

MARK X pushbutton (8523) 2... AOT 3-149
MARK Y pushbutton (3525) 2... AOT 3-149

MAN THROTswitch (1510) . Ll 3-24

MASTER ALARMpushbutton/light (CDR) (652) 1 3-19

MASTER ALARM pushbutton/light (LMP) (O89) 2 3-53

MASTER ARMswitch (287) . . . 8 3-90

MASTER VOL thumbwheel (CDR) (15AR13) . 8 3-96

MASTER VOL thumbwheel (LMP) (15BR15) . 12 2-112

MISSION TIMER indicator (9M12) . . 1 3-16

MISSION TIMER: SLEW CONT HOURS switch (9822). 5 3-82

MISSION TIMER: SLEW CONTMIN switch (9821) . 5 3-82

MISSION TIMER: SLEW CONTSECswitch (9820) .a oe ee 5 3-83

MISSION TIMER: TIMER CONTswitch (9819) 5 3-81

MODE SEL switch (959) Be 1 3-22

MODE switch (9527) 2 2 2 2kk ORDEAL 3-153

MODEswitch (1I5SA86) 2... 2 8 3-94

MODEswitch (15B86) ee 12 3-110
MODULATEswitch (1385) 2 2. 2.ee 12 3-112

-N-

NO ATTcondition indicator (3DS5). 0. 2 6. 2ke 4 3-76
NO TRACK light (I7DS1) 2. 2. wwee 3 3-60

NOUN display indicator (8M3).0. 0.00 2 2 2 ekee 4 3-78
NOUN pushbutton (854) 2.0. 2 2.. 4 3-78

NUM OVERRIDE switch (1685) 2 w1 5 3-83

-O-

O2 QTYcaution light (6DS37) . 2 3-36

Og QUANTITYindicator (7M-+A) . . 2 3-52

O2/Ho QTY MONselector switch (782) . Lae 2 3-58
OPR ERR condition indicator (DSKY) (3DS14) . . . 4 3-77

OPR ERRcondition indicator (DEDA) (12DS1) . 6 3-87

ONIDIZER QUANTITYindicator (10MSA). .. . 1 3-18     
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Table 3-1. Controls and Displays ~ Alphabetical Index (cont)

NAME AND REFERENCE DESIGNATION PANEL PAGE
NO, NO,

-p-

PART PRESS COindicator (IMU 6ce
2 3-53

PGNS MODE CONTROLswitch (11824). 6 6 6 ee eee ee tt 3 3-65 )

PGNS: IMU OPR circuit breaker (4{CB124) 2 2 ee ee eett il 3-107 J

PGNS: IMU STBY circuit breaker (4CB161) 2. we 1 ee ee ee te et 11 3-106

PGNS: LDG RDR circuit breaker (4CB105) . 6 6 6 6 ee ee ee ee ee es lL 3-106

PGNS: LGC/DSKY circuit breaker (4CB122) 2. 1 6 1 ee ee ee et es il 3-106

PGNS: RNDZ RDRRDRcircuit breaker (4CB29) 2. 1 1 we ee ee ee ts 11 3-106

PGNS: SIG STR DISP circuit breaker (GCBIS4) ee ee ee en ee ee ee il 3-106

PITCH control (14B2), . 2... . 21 eee Soe ee ee ee ee 12 3-117

PITCHindicator (14M3) 2 6 6 wkee 12 3-117

PLSS FILL valve (7H4).. . Se ee ee ee ee ee ECS 3-141

POWER/TEMP MONselector switch (4815) .Se ee ee ee ee 14 3-119

PRE AMPScaution light (6DS30). 2 6 1 6 6 ee eeee 2 3-34

PRESS indicator (10M3) . : 1 3-19

PRESS indicator power failure ‘indicator (26590) . 1 3-19

PRESSindicator (System A) (8MLA)
2 3-37

PRESSindicator (System B) (8M1B) : . 2 3-37

PRESS indicator power failure indicator (16896) Co ee ee ee 2 3-37

PRESS indicator power failure indicator (16DS93) 2 6 6 6 6 6 ee ee et ts 2 3-53

PRESS REG A valve (7H1'a ECS 3-142 /

PRESS REG Bvalve (7H2; 2. 6 eeee ECS 3-142 ay

PRI EVAP FLOW 41 valve (7H25) © 6 ee ee ee eeee ECS 3-148 a“

PRI EVAP FLOW #2 valve (7H16) 66 6 6 ee eeet ECS 3-143

PRIMARY COg CANISTER 2 0 6 6we ECS 3-146

PRO pushbutton (386). . . ee 4 3-78

PROG condition indicator (3DS10) ne ee kn ke nn ee ee ee eee eet 4 3-76 \

PROG display indicator (3M1). . Le eee 4 3-77 )

PROPUL: ACS He REG circuit breaker (4CB53). Ce ee ee 16 3-133 :

PROPUL: DES He REG/VENT circuit breaker (ACB74) 2 6 6 ee ee ee es 11 3-101

PROPUL: PQGScircuit breaker (4C B32), Co ee ne ee 16 3-133

PROPUL: DISP/ENG OVRD LOGIC circuit breaker (3CBL05) _ Coe ee ee ee 16 3-132

PRPLNT QTY MON switch (1088) . . woe ee ee 1 3-29

PRPLNT TEMP/PRESS MONswitch (ost). wee ee ee eee ee ee 1 3-30

PWR AMPLswitch (1352)... . . . De ke eee ee ee eee ee 12 3-112

-Q-

QUANTITYindicator (8M4) . . . Co ee ee ee ee 2 3-37

QUANTITYindicator power failure “indicator (16DS98) . Son nk ee ee ee ee 2 3-37

QUANTITYindicator power failure indicator (16DS94) 2. 6 6. ee ee ee es 2 3-54

-R- ;

RADARTESTswitch (1756)... 3 3-60

RATE/ERR MONswitch (CDR) (982) . 1 3-19

RATE/ERR MONswitch (LMP) (987). 2 3-56

RATE SCALEswitch (9529)... . 1 3-23

RCS A REG warninglight (6DS12) 1 3-15

RCS B REG warning light (6DS13) 1 3-15

RCS caution light (6DS382)... 2 3-35

RCS QUAD1 heater switch (1184) 3 3-70

RCS QUAD2 heater switch (1185) 3 3-70

RCS QUAD3 heater switch (1156) 3 3-70

RCS QUAD 4 heater switch (1187) Sek ee ee ee ee ee 3 3-70

RCS SYS A: ASC FEED 1 circuit breaker (4CB51).a li 3-100

RCS SYS A: ASC FEED 2 circuit breaker (4CB231) 2... 1 6 ee ee ee es 11 3-100

RCS SYS A: ISOL VLV circuit breaker (4{CB67) 2. 6 2 eeee 11 3-100

RCS SYS A: MAIN SOV circuit breaker (4CB72). 2. 6. 1 6 ee ee eee te es 11 3-99

RCS SYS A: QUAD 1 TCA circuit breaker (4CB63) ©. 2 6 ee ee ee ee es 1l 3-99

RCS SYS A: QUAD 2 TCScircuit breaker (4CB62)) 2 6 6 ee ee ee ee 11 3-99

RCS SYS A: QUAD 3 TCA circuit breaker (4CB61) ©. 2. 1 2 ee ee ee ee es 11 3-99

RCS SYS A: QUAD 4 TCA circuit breaker (4CB60) . . . - ee + ee ete te il 3-99 )

Page 3-8 Mission LM Basic Date 1 February 1970 Change Date_ 15 June 1970



LMA790-3-LM

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

 

Table 3~1. Controls and Displays - Alphabetical Index (cont)

 

 

 

     
 

NAME AND REFERENCE DESIGNATION PANEL PAGE
NO, NO.

-R-

RCS SYS B: ASC FEED 1 circuit breaker (4CB52). 16 3-131

RCS SYS B: ASC FEED 2 circuit breaker (4CB232) 16 3-131
RCS SYS B: CRSFD circuit breaker (4CB54) . . 16 3-132

RCS SYS B: ISOL VLV circuit breaker (4CB49) . 16 3-131
RCS SYS B: MAIN SOV circuit breaker (4CB73) . 16 3-132
RCS SYS B: PQGS/DISP circuit breaker (4CB121). 16 3-132
RCS SYS B: QUAD 1 TCA circuit breaker (4CB45) 16 3-131

RCS SYS B: QUAD 2 TCA circuit breaker (4C B44) 16 3-132

RCS SYS B: QUAD 3 TCA circuit breaker (4C B43) 16 3-132

RCS SYS B: QUAD 4 TCAcircuit breaker (4CB42). 16 3-132
RCS SYS B; TEMP/PRESS DISP-FLAGScircuit breaker (40850) « 16 3-132

RCS TCA warninglight (6DS11) oo toe . 1 3-14
READOUTpushbutton (12515) . 6 3-88
RECORDERswitch (13511) . . : 12 3-116

RECORDER TAPE talkback (13FL1) - 12 3-116

REJECT pushbutton (3824) . . . AOT 3-149
RELAYON switch (CDR)((15AS4) 8 3-94

RELAY ON switch (LMP) (15BS4) . . . 12 3-110
RENDEZVOUS RADAR mode selector switch (1783) 3 3-62

RESTART condition indicator (3DS11) an 4 3-76
Reticle control (3H1) wee AOT 3-149
Reticle iNumination control. . . AOT 3-149
RNDZ RDRcaution light (6DS28) . 2 3-34
RNG/ALT MON switch (954) 1 3-22

RR GYRO SEL switch (1789) 3-153
RSET pushbutton (359) 4 3-79

-S-

S-BANDselector switch (1485) . 12 3-118

S-BAND T/Rswitch (CDR) (15AS1) 8 3-93
S-BAND T/R switch (LMP) (15BS1) . .. 12 3-109
S-band VOLUMEthumbwheel (CDR) (I5AR14) . 8 3-93

S-band VOLUME thumbwheel (LMP) (15BRI14) . 12 3-109

S-~BAND XMTR/RCVRswitch (1388) , 12 3-112
S-BD RCVRcaution light (6DS40) 2 3-37

SEC EVAP FLOW valve (7H18) ECS 3-143

SECONDARY COp CANISTER . ECS 3-146

SHFT/TRUN < switch (988)... .. 1 3-23
SIDE PANELS switch (CDR) (1681) . 5 3-84

SIDE PANELS switch (LMP) (1689) 3 3-71

SIGNAL STRENGTHindicator (14M1) 12 3-117

SIGNAL STRENGTHindicator (17M1) 3 3-60
SLEW RATEswitch (1782) . 3 3-61

SLEWswitch (1781) 3 3-62
SLEW switch (9828) . . cone ORDEAL 3-153
SQUELCH VHF A thumbwheel (13R10) 12 3-114

SQUELCH VHF B thumbwheel (13R15) . . 12 3-115
STAB/CONT: ABORT STAGEcircuit breaker (4CB3) 11 3-102

STAB/CONT: ABORT STAGEcircuit breaker (4CB2) 16 3-134

STAB/CONT: AEA circuit breaker (4C B28) il 3-102

STAB/CONT: AEA circuit breaker (4CB28) 16 3-134

STAB/CONT: AELDcircuit breaker (4C B40) . 11 3-102

STAB/CONT: AELDcircuit breaker (4CB41) . 16 3-134
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PANEL PAGE

NAME AND REFERENCE DESIGNATION NO. NO,

-S-

STAB/CONT: ASAcircuit breaker (4CB79) . . . 16 3-134
STAB/CONT: ATCA (AGS) circuit breaker (4CB230). 16 3-134

STAB/CONT: ATCA (PGNS)circuit breaker (4CB81). 11 3-102

STAB/CONT: ATCA circuit breaker (4CB82) . . . 16 3-134

STAB/CONT: TCA DIR CONTcircuit breaker (4CB59} . il 3-108

STAB/CONT: DECA PWRcircuit breaker (4CB69). il 3-103

STAB/CONT: DES ENG OVRDcircuit breaker (4CB233) 16 3-134
STAB/CONT: ENG ARMcircuit breaker (4CB37) 16 3-134
STAB/CONT: ENG CONT circuit breaker (4CB80).. . 11 3-103

STAB/CONT: ENG START OVRDcircuit breaker (4CB100) il 3-103

STAGE switch (285). . coe ee ee . 8 3-92

STAGE RELAYswitch (288) Loe . 8 3-93
STAGE SEQ RELAYS SYS A component caution light (2D81) . 8 3-92
STAGE SEQ RELAYSSYS B component caution Hight (282) . 8 3-93
STBYcondition indicator (3DS6) aoe 4 3-76
SUIT CIRCUIT RELIEF valve (7H9). . . ECS 3-146

SUIT FAN component caution light (7DS1) 2 3-57

SUIT FAN selector switch (781) 2 3-57

SUIT GAS DIVERTERvalve (7H8) ECS 3-141

SUIT ISOL valves (7H6) (7H7) ECS 3-143

SUIT PRESS indicator (7M2B) 2 3-53

SUIT TEMPindicator (7M3B) 2 3-53
SUIT TEMP valve (7H22) .... ECS 3-143
SUIT/FAN warning light (6DS17) . 1 3-15

SYSTEM A ASC FEED } switch (888) . 2 3-38

SYSTEM A ASC FEED 2 switch (8522) 2 3-39

SYSTEM A ASC FUELtalkback (8F LG) 2 3-38

SYSTEM A ASCOXID talkback (8FL18). . rn 2 3-39

SYSTEM A LGC THRUSTER PAIR CMDS QUAD d switch (851]) 2 3-40

Bi SYSTEM A LGC THRUSTER PAIR CMDS QUAD | talkback (8FL9) . 2 3-41

#iSYSTEM A LGC THRUSTER PAIR CMDS QUAD 2 switch (8512) 2 3-42
| SYSTEM A LGC THRUSTER PAIR CMDS QUAD2 talkback (8FL10) 2 3-42
HiSYSTEM A LGC THRUSTER PAIR CMDS QUAD 3 switch (8515) 2 3-424
SYSTEM A LGC THRUSTER PAIR CMDS QUAD talkback (8FL13) 2 3-42B
SYSTEM A LGC THRUSTER PAIR CMDS QUAD 4 switch (8816) . 2 3-42
SYSTEM A LGC THRUSTER PAIR CMDS QUAD 4 talkback (8FL14) 2 3-43

SYSTEM A MAINSOVswitch(8S7) . toe ee 2 3-51

|SYSTEM A MAINSOV talkback (8FL5) 2 3-51

‘SYSTEM B ASC FEED 1 switch (8510) Z 3abet

SYSTEM B ASC FEED 2 switch (8523) 2 3-45

SYSTEM B ASC FUELtalkback (8F Ls) 2 3-44

SYSTEM B ASC OXIDtalkback (8FL19) . . toe ee ee 2 3-45

SYSTEM B LGC THRUSTER PAIR CMDS QUAD 1 switch (8813) . 2 3-46

SYSTEM B LGC THRUSTER PAIR CMDS QUAD talkback (8FL11) 2 3-46A

SYSTEM B LGC THRUSTER PAIR CMDS QUAD 2 switch (8514) 2 3-46B

SYSTEM B LGC THRUSTER PAIR CMDS QUAD2 talkback (8FL12) 2 3-46C
SYSTEM B LGC THRUSTER PAIR CMDS QUAD 3 switch (8817) 2 3-47
SYSTEM B LGC THRUSTER PAIR CMDS QUAD talkback (8FL15) 2 3-48

SYSTEM B LGC THRUSTER PAIR CMDS QUAD 3 switch (8518) . 2 3-48

SYSTEM B LGC THRUSTER PAIR CMDS QUAD4 talkback (8FL16) 2 3-49
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Table %-1. Controls and Displays - Alphabetical Index (cont)
 

 

     
 

PANEL PAGE
NAME AND REFERENCE DESIGNATION NO. NO,

SYSTEM B MAIN SOVswitch (8859)... 2 3-52
SYSTEM B MAIN SOVtalkback (8FL7) 2 3-52

-T-

T/Windicator (9M4) .. . Ce ee ee ee ee 1 3-21

TELEMETRY BIOMED sw itch (1383) . Foee 12 3-115
TELEMETRY PCM switch (13513) . 12 3-116

TEMPcondition indicator (3D58). 4 8-75

TEMPindicator (10M4) . 1 3-19

TEMP indicator (18M1). oo 3 3-68

TEMP indicator (System A) (@M2A) . 2 3-37
TEMPindicator (System B) (8M2B) . 2 3-37
TEMP MONITORselector switch (18510) . 3 3-68

TEMP/PRESS MONselector switch (8519) 2 3-50
TEST/MONITORselector switch (1788) . 3 3-60
THR CONT switch (1811) ....2.2.. 1 3-24

Throttle/jets select lever (CDR) (1H1) TTCA 3-151

Throttle/jets select lever (LMP) (1H2) TTCA 3-151
THRUSTindicator (9M7) . coe 1 3-17

THRUSTindicator power faiiure indicator. (16DS92) 1 3-18

Thrust/translation controller (CDR) (1X1) . TTCA 3-150

Thrust/translation controller (LMP) 1X2) TTCA 3-150
TRACK MODEswitch (1483) oo 12 3-116

TRACKERcondition indicator (3DS1:2) : 4 3-77

TTCA/TRANSL switches (CDR & LMP) (1820) (822 4 3-75

-U-

UP DATALINK switch (13516) oe 12 3-109
UPLINK ACTYcondition indicator (3D81) . 4 3-75

-V-

VEL light (3D8204) 4 3-77
VERB pushbutton (3583) 4 3-78

VERBdisplay indicator (3M2) . 4 3-78

VHF A switch (CDR) (15AS82) 8 3-95

VHF A switch (LMP) (15BS2) 12 3-111
VHF A RCVRswitch (13510) ee ee 12 3-114

VHF A VOLUME thumbwheel (CDR) (15AR12) . 8 3-95
VHF A VOLUMEthumbwheel (LMP) (15BR12) . 12 3-111
VHF A XMTRswitch (1357) soe eee 2 3-114
VHFselector switch (1486) 12 3-117

VHF B RCVR switch (13815) 12 3-115
VHF B switch (CDR) (15AS9), Se 8 3-95
VHF B switch (LMP) (15BSY) 2. 2 ee ee 12 3-111
VHF B VOLUMEthumbwheel (CDR) (15AR13) . 8 3-96
VHF B VOLUMEthumbwheel (LMP) (1)SBR13). 12 3-112

VHF B XMTRswitch (18512)... 12 3-115

VOLTSindicator (4M2) . . 14 3-119

VOX SENS thumbwheel (CDR) (5D2ARS) 8 3-95
VOX SENSthumbwheel (LMP) (15BR8) 12 3-lll
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Table 3-1. Controls and Displays - Alphabetical Index (cont)

 

 

 

NAME AND REFERENCE DESIGNATION PANEL PAGE
NO, NO.

-W-

WATER SEP SEL valve (7H10) .. .
ECS 3-147

WATER TANK SELECTvalve (7H14).
ECS 3-143

-X-

X-Pointer indicator (CDR) (9M2)
1 3-16

X-Pointer indicator (LMP) (9M3) : 2 3-55

X-Pointer indicator power failure indicator (6D891)
1 3-15

X-Pointer indicator power failure indicator (16DS97)
2 3-55

X-POINTER SCALEswitch (CDR) (9517) .
1 3-17

X-POINTER SCALE switch (LMP) (9828).
3 3-73

XMTR/RCVR switch (1358) . -
12 3-112

-Y-

YAW control (14B1) .
12 3-117

YAWindicator (14M4)
12 3-117
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o
e
s

o
n

if
G
N
&
C
S
i
s
s
u
e
s

f
i
r
i
n
g

c
o
m
m
a
n
d

to
p
r
i
m
a
r
y
c
o
i
l
s

of

s
p
e
c
i
f
i
c

t
h
r
u
s
t
e
r
,

b
u
t

t
h
e
r
e

is
n
o

G
o
e
s

o
n

if
o
p
p
o
s
i
n
g

c
o
l
l
i
n
e
a
r

j
e
t
s

a
r
e
o
n

s
i
m
u
l
t
a
n
e
o
u
s
l
y
.

c
h
a
m
b
e
r
p
r
e
s
s
u
r
e

at
t
h
a
t
t
h
r
u
s
t
e
r
.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

11

a
n
d
/
o
r

p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

s
h
e
d
w
h
e
n

t
h
r
u
s
t
e
r

p
a
i
r

i
s
o
l
a
t
i
o
n
v
a
l
v
e

a
s
s
o
c
i
a
t
e
d

w
i
t
h

f
a
i
l
e
d
T
C
A

is
c
l
o
s
e
d
.
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M
N

 

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

1

(
c
o
n
t
)

6
D
S
1
2

6D
Ss
13

6
D
8
1
4

6
D
S
1
6

6
D
S
1
7

 RC
S
A
R
E
G

(R
CS

)

R
C
S
B

R
E
G
(
R
C
S
)

D
C
BU

S
(E

PS
)

C
A
B
I
N

(
E
C
S
)

S
U
I
T
/
F
A
N

(
E
C
S
)

G
o
e
s

o
n
w
h
e
n

p
r
e
s
s
u
r
e
s
e
n
s
e
d

b
y

p
r
e
s
s
u
r
e
t
r
a
n
s
d
u
c
e
r
d
o
w
n
s
t
r
e
a
m

of
s
y
s
t
e
m
A
p
r
e
s
s
u
r
e

r
e
g
u
l
a
t
o
r
s

e
x
c
e
e
d
s
2
1
8

p
s
i
a
o
r
d
r
o
p
s
b
e
l
o
w

1
6
5

p
s
i
a
.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

1
1

a
n
d
/
o
r
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t

is
i
n
h
i
b
i
t
e
d
w
h
e
n
S
Y
S
T
E
M

A
M
A
I
N

S
O
V
s
w
i
t
c
h

is
s
e
t

to

C
L
O
S
E
,

 

G
o
e
s

o
n
w
h
e
n
p
r
e
s
s
u
r
e
s
e
n
s
e
d

by
p
r
e
s
s
u
r
e
t
r
a
n
s
d
u
c
e
r
d
o
w
n
s
t
r
e
a
m

of
s
y
s
t
e
m
B
p
r
e
s
s
u
r
e

r
e
g
u
l
a
t
o
r
s

e
x
c
e
e
d
s
2
1
8

p
s
i
a
o
r
d
r
o
p
s
b
e
l
o
w

1
6
5

p
s
i
a
.

L
Y
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

11

a
n
d
/
o
r
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t

is
i
n
h
i
b
i
t
e
d
w
h
e
n
S
Y
S
T
E
M

B
M
A
I
N
S
O
V

s
w
i
t
c
h

is
s
e
t

to

C
L
O
S
E
.

 

G
o
e
s

o
n

if
d
-
c
v
o
l
t
a
g
e
d
r
o
p
s
b
e
l
o
w

2
6
.
5

v
o
l
t
s
o
n

e
i
t
h
e
r
C
o
m
m
a
n
d
e
r
'
s

o
r
L
M
P
i
l
o
t
'
s

d
-
c

b
u
s
.

L
Y
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

1
1

a
n
d
/
o
r
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

Li
gh

t
g
o
e
s

of
f
w
h
e
n
n
o
m
i
n
a
l

vo
lt
-

a
g
e

is
r
e
s
t
o
r
e
d
.

 

G
o
e
s
o
n

if
c
a
b
i
n
p
r
e
s
s
u
r
e
d
r
o
p
s

b
e
l
o
w
4
,
1
5
4
0
.
1
5

p
s
i
a
.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

1
1

a
n
d
/
o
r
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
~
-
v
d
e

b
u
s

L
i
g
h
t
g
o
e
s

o
n
w
h
e
n

c
a
b
i
n
p
r
e
s
s
u
r
e

is
r
e
s
t
o
r
e
d

to
4
.
8

p
s
i
a
.

It
d
o
e
s

n
o
t

l
i
g
h
t
d
u
r
i
n
g

i
n
t
e
n
t
i
o
n
a
l
c
a
b
i
n

d
e
p
r
e
s
s
u
r
i
z
a
t
i
o
n
.

 

G
o
e
s

o
n

if
p
r
e
s
s
u
r
e

w
i
t
h
i
n

su
it

d
r
o
p
s
b
e
l
o
w
3
.
1
2

p
s
i
a
o
r

if
su

it
c
i
r
c
u
l
a
t
i
n
g

f
a
n
N
o
.

2
fa
il
s.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

11

a
n
d
/
o
r
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t
g
o
e
s

o
n
w
h
e
n
n
o
m
i
n
a
l

s
u
i
t

p
r
e
s
s
u
r
e

is
r
e
s
t
o
r
e
d
.
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PANEL 1

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1

{
c
o
n
t
)

9
M
1
2

9
.
1
1

9
M
2

1
6
D
s
9
1

1
D
S
1

M
I
S
S
I
O
N

T
I
M
E
R
i
n
d
i
c
a
t
o
r

D
i
s
p
l
a
y
s

d
i
g
i
t
a
l

r
e
a
d
o
u
t

o
f
e
l
a
p
s
e
d

t
i
m
e

in
h
o
u
r
s
,

m
i
n
u
t
e
s
,

a
n
d

s
e
c
o
n
d
s
.

I
n
d
i
c
a
t
o
r

is
c
o
n
t
r
o
l
l
e
d

w
i
t
h
T
I
M
E
R
C
O
N
T

a
n
d
S
L
E
W

C
O
N
T
s
w
i
t
c
h
e
s

o
n
p
a
n
e
l

5.

M
a
x
i
m
u
m

t
i
m
e

d
i
s
p
l
a
y
e
d

is
9
9
9

h
o
u
r
s

5
9
m
i
n
u
t
e
s

5
9

s
e
c
o
n
d
s
.

F
L
I
G
H
T

D
I
S
P
L
A
Y
S
:

M
I
S
S
I
O
N

T
I
M
E
R

(
p
a
n
e
l

1
1
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

M
I
S
S
I
O
N
T
I
M
E
R

i
n
d
i
c
a
t
o
r

c
a
n

on
ly

c
o
u
n
t

up
.

If
P
C
M
T
E
t
i
m
i
n
g

p
u
l
s
e
s

fa
il
,

a
n

i
n
t
e
r
n
a
l

t
u
n
i
n
g

t
o
r
k
s
u
p
p
l
i
e
s

t
h
e

1
0
p
p
s

c
l
o
c
k
f
r
e
q
u
e
n
c
y
,

a
n
d

a

d
i
s
p
l
a
y
a
p
p
e
a
r
s
b
e
f
o
r
e

t
h
e

f
i
r
s
t

i
n
d
i
c
a
t
o
r

di
gi
t.

 

E
V
E
N
T

T
I
M
E
R
i
n
d
i
c
a
t
o
r

D
i
s
p
l
a
y
s

d
i
g
i
t
a
l

r
e
a
d
o
u
t

of
t
i
m
e

(0
m
i
n
u
t
e
s

0
s
e
c
o
n
d
s

to
5
9

m
i
n
u
t
e
s

5
9

s
e
c
o
n
d
s
)
.

E
V
E
N
T

T
I
M
E
R
i
s

c
o
n
t
r
o
l
l
e
d
w
i
t
h
R
E
S
H
T
/

C
O
U
N
T
,
T
I
M
E
R
C
O
N
T
,
S
L
E
W

C
O
N
T

M
I
N
,

a
n
d
S
L
E
W
C
O
N
T

S
E
C

s
w
i
t
c
h
e
s

o
n

p
a
n
e
l

3.

L
M
P
'
s

2
8
-
v
d
e

b
u
s

F
L
T

D
I
S
P
:

E
V
E
N
T

T
I
M
E
R
/
S
E

F
D
A
I

(
p
a
n
e
l

1
6
)

E
V
E
N
T

‘
T
I
M
E
R

i
n
d
i
c
a
t
o
r
c
a
n

c
o
u
n
t

u
p
o
r
d
o
w
n
,

If
it

fa
il

s,
M
I
S
S
I
O
N

T
I
M
E
R
i
n
d
i
c
a
t
o
r
c
a
n
b
e

u
s
e
d
.

 

X
-
P
o
i
n
t
e
r

i
n
d
i
c
a
t
o
r

D
i
s
p
l
a
y
s
f
o
r
w
a
r
d

a
n
d
l
a
t
e
r
a
l

v
e
l
o
c
i
t
i
e
s
,

l
a
t
e
r
a
l
v
e
l
o
c
i
t
i
e
s

o
n
l
y
,

o
r

r
e
n
d
e
z
v
o
u
s
r
a
d
a
r
L
O
S

e
l
e
v
a
t
i
o
n

a
n
d
a
z
i
m
u
t
h
a
n
g
u
l
a
r

r
a
t
e
s
,

d
e
p
e
n
d
i
n
g
u
p
o
n

se
tt
in
g

of
R
A
T
E
/

E
R
R
M
O
N

s
w
i
t
c
h
a
n
d
M
O
D
E
S
E
L

sw
it
ch
,

F
L
I
G
H
T

D
I
S
P
L
A
Y
S
:

C
D
R
X
-
P
N
T
R

(
p
a
n
e
l

1
1
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

F
o
r
w
a
r
d

a
n
d
l
a
t
e
r
a
l

v
e
l
o
c
i
t
i
e
s
a
r
e

c
o
i
n
c
i
d
e
n
t
w
i
t
h
L
M

Z
a
n
d
Y

b
o
d
y

a
x
i
s

v
e
l
o
c
i
t
i
e
s
w
h
e
n
P
G
N
S

d
r
i
v
e
s

d
i
s
p
l
a
y
.

W
h
e
n
L
R

d
r
i
v
e
s

d
i
s
p
l
a
y
,

f
o
r
w
a
r
d

a
n
d
l
a
t
e
r
a
l

v
e
l
o
c
i
t
i
e
s
a
r
e

c
o
i
n
c
i
d
e
n
t
w
i
t
h
L
M

Z%
a
n
d
Y

a
x
i
s

(
f
r
o
m

h
i
-
g
a
t
e
p
o
i
n
t

to
t
o
u
c
h
d
o
w
n
)
.

W
h
e
n
A
G
S
d
r
i
v
e
s

di
sp

la
y,

la
te
ra
l

Y
-
a
x
i
s

v
e
l
o
c
i
t
y

o
n
l
y

is
d
i
s
p
l
a
y
e
d
.

W
h
e
n
R
R

is
s
e
l
e
c
t
e
d
,

L
O
S

r
a
t
e
s

a
r
e

d
i
s
p
l
a
y
e
d
,

 

 

-
P
o
i
n
t
e
r

i
n
d
i
c
a
t
o
r
p
o
w
e
r
f
a
i
l
u
r
e

in
di

ca
to

r

R
e
d

l
i
g
h
t
g
o
e
s

o
n
w
h
e
n
p
o
w
e
r
t
o

i
n
d
i
c
a
t
o
r

is
i
n
t
e
r
r
u
p
t
e
d
.

N
/
A

N
/
A

 

L
U
N
A
R
C
O
N
T
A
C
T
l
i
g
h
t

L
i
g
h
t
g
o
e
s

o
n
w
h
e
n

l
a
n
d
i
n
g
g
e
a
r

p
r
o
b
e

t
o
u
c
h
e
s

s
u
r
f
a
c
e
,

to
i
n
d
i
c
a
t
e

t
h
a
t
e
n
g
i
n
e

s
h
o
u
l
d
b
e

t
u
r
n
e
d
o
f
f
.

N
/
A

L
i
g
h
t
g
o
e
s

of
f
w
h
e
n

c
i
t
h
e
r
e
n
g
i
n
e

s
t
o
p
s
w
i
t
c
h

is
p
r
e
s
s
e
d
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

1
(
c
o
n
t
)

9
8
1
7

PANEL 1

o
M

X
-
P
O
I
N
T
E
R

S
C
A
L
E
s
w
i
t
c
h

H
I
M
U
L
T

L
O
M
U
L
T

C
o
n
t
r
o
l
s

s
c
a
l
e

r
a
n
g
e

o
f
X
-
p
o
i
n
t
e
r

in
di

ca
to

r,

W
h
e
n
L
O
S

a
z
i
m
u
t
h

a
n
d

e
l
e
v
a
t
i
o
n

r
a
t
e
s
a
r
e
d
i
s
p
l
a
y
e
d
,

th
is

p
o
s
i
t
i
o
n

p
r
o
v
i
d
e
s

a
s
c
a
l
e

o
f
+
2
0
m
r
a
d
/
s
e
c
.

W
h
e
n

h
o
r
i
z
o
n
t
a
l

v
e
l
o
c
i
t
i
e
s
a
r
e

d
i
s
p
l
a
y
e
d
,

th
is

p
o
s
i
t
i
o
n
i
l
l
u
m
i
n
a
t
e
s

t
h
e
X
1
0

m
u
l
t
i
p
l
i
e
r

to
p
r
o
v
i
d
e
r
a
n
g
e

o
f
1
2
0
0

fp
s.

W
h
e
n
L
O
S

a
z
i
m
u
t
h
a
n
d

cl
ev
at
io
n

r
a
t
e
s
a
r
e

d
i
s
p
l
a
y
e
d
,

th
is

p
o
s
i
t
i
o
n

i
l
l
u
m
i
n
a
t
e
s

t
h
e
X
.
1

m
u
l
t
i
p
l
i
e
r

to

p
r
o
v
i
d
e

a
r
a
n
g
e

of
+
2
m
r
a
d
,
’
s
e
c
.

W
h
e
n

ho
ri
zo
nt
al

ve
lo

ci
ti

es
a
r
e

d
i
s
p
l
a
y
e
d
,

th
is

po
si

ti
on

p
r
o
v
i
d
e
s

r
a
n
g
e

o
f
+
2
0

fp
s.

N
/
A

  T
H
R
U
S
T

i
n
d
i
c
a
t
o
r

 D
i
s
p
l
a
y
s
d
e
s
c
e
n
t
e
n
g
i
n
e
c
h
a
m
b
e
r

p
r
e
s
s
u
r
e
,

w
h
i
c
h
c
o
r
r
e
s
p
o
n
d
s

to

t
h
r
u
s
t
o
n
E
N
G

s
c
a
l
e

(l
ef
t
p
o
i
n
t
e
r
)

a
n
d
m
a
n
u
a
l

o
r
L
G
C

t
h
r
u
s
t
c
o
m
-

m
a
n
d
s
t
o

th
e
e
n
g
i
n
e
o
n
C
M
D

s
c
a
l
e

(
v
i
g
h
t
p
o
i
n
t
e
r
)
,

B
o
t
h

s
c
a
l
e
s

r
e
a
d

f
r
o
m

0
%

to
1
0
0

A
u
t
o
m
a
t
i
c

o
r

m
a
n
u
a
l

th
ro
tt
le

c
o
m
m
a
n
d
s

c
a
n
b
e

d
i
s
p
l
a
y
e
d
,

d
e
p
e
n
d
i
n
g
o
n

se
tt
in
g

of
T
H
R
C
O
N
T

s
w
i
t
c
h
.

T
h
e
C
M
D

(r
ig
ht
)
s
c
a
l
e

in
di

ca
te

s
1
0
%

t
h
r
u
s
t

c
o
m
m
a
n
d
,

e
v
e
n
w
h
e
n

e
n
g
i
n
e

is
n
o
t

f
i
r
i
n
g
b
e
c
a
u
s
e

i
n
d
i
c
a
t
o
r

i
n
p
u
t

is

n
o
t

t
h
e

a
c
t
u
a
l
t
h
r
u
s
t
c
o
m
m
a
n
d

i
n
-

p
u
t

to
e
n
g
i
n
e
u
n
l
e
s
s

th
e
e
n
g
i
n
e

is
o
n
,

a
n
d
T
T
C
A

is
at

m
i
n
i
m
u
m

p
o
s
i
t
i
o
n
.

 

T
h
r
u
s
t
c
o
m
m
a
n
d

to
e
n
g
i
n
e
,

in

A
U
T
O

m
o
d
e
,

(
G
U
I
D
C
O
N
T

s
w
i
t
c
h

is
s
e
t

to
P
G
N
S
)

is
s
u
m

of
t
h
r
u
s
t

c
o
m
m
a
n
d
s
f
r
o
m
L
G
C

a
n
d
T
T
C
A
.

T
T
C
A

p
r
o
v
i
d
e
s

a
m
i
n
i
m
u
m

t
h
r
u
s
t

 F
L
I
G
H
T

D
I
S
P
L
A
Y
S
:

T
H
R
U
S
T

(
p
a
n
e
l

1
1
)

 C
D
R
'
s

2
8
-
v
d
e

b
u
s

 N
o
r
m
a
l
l
y
,

d
u
r
i
n
g
L
G
C
c
o
m
m
a
n
d

a
u
t
h
o
r
i
t
y
,

b
o
t
h
p
o
i
n
t
e
r
s

w
i
l
l
b
e

a
l
i
g
n
e
d
.

If
n
o
t
,

a
m
a
l
f
u
n
c
t
i
o
n

e
x
i
s
t
s
o
r
m
a
n
u
a
l
t
h
r
o
t
t
l
e

a
u
t
h
o
r
i
t
y

is
b
e
i
n
g

i
n
t
r
o
d
u
c
e
d

to
e
n
a
b
l
e
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Page 3-18 Mission LM Basic Date 1 February 1970 Change Date

PANEL 1

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1

(
c
o
n
t
)

1
6
D
8
9
2

1
O
M
B
A

1
0
M
5
B

1
0
M
1

c
o
m
m
a
n
d

o
f

10
%,

at
al
l
t
i
m
e
s
;

it

c
a
n
n
o
t
b
e

s
e
t

to
z
e
r
o
,

W
h
e
n
T
H
R

C
O
N
T
s
w
i
t
c
h

is
s
e
t

to
A
U
T
O

p
o
s
i
t
i
o
n
a
n
d
T
T
C
A

is
at

m
i
n
i
m
u
m

po
si

ti
on

,
L
G
C
c
o
m
m
a
n
d
s

1
0
%

le
ss

t
h
a
n

r
e
q
u
i
r
e
d
a
n
d

is
s
u
m
m
e
d

w
i
t
h

10
%)

c
o
m
m
a
n
d
f
r
o
m
T
T
C
A

to
p
r
o
v
i
d
e

r
e
q
u
i
r
e
d

t
h
r
u
s
t

l
e
v
e
l
.

W
h
e
n
T
H
R
C
O
N
T
s
w
i
t
c
h

is
s
e
t

to

M
A
N
,

L
G
C

c
o
n
m
n
a
n
d
s

a
r
e

r
e
-

m
o
v
e
d

a
n
d

al
l
th

ru
st

c
o
m
m
a
n
d
s

o
r
i
g
i
n
a
t
e
f
r
o
m
T
T
C
A
.

s
m
o
o
t
h

t
r
a
n
s
i
t
i
o
n

to
fu

ll
.
m
a
n
u
a
l

c
o
n
t
r
o
l
.

IF
m
a
n
u
a
l

c
o
n
t
r
o
l

is

d
e
s
i
r
e
d
,

T
I
L
K
C
O
N
T
s
w
i
t
c
h

is

s
e
l

to
M
A
N

w
h
e
n
C
M
D

p
o
i
n
t
e
r

r
e
a
c
h
e
s

1
0
%
;

p
o
i
n
t
e
r
s

w
i
l
l
t
h
e
n

r
e
a
l
i
g
n
.

 

If
T
T
C
A

c
o
n
t
r
o
l

is
m
o
v
e
d
b
e
y
o
n
d

m
i
n
i
m
u
m
t
h
r
u
s
t

po
si

ti
on

,
L
G
C

c
o
m
m
a
n
d
s

c
o
r
r
e
s
p
o
n
d
i
n
g
l
y

l
e
s
s

t
h
r
u
s
t
.

It
is

,
t
h
e
r
e
f
o
r
e
,
p
o
s
s
i

in
A
U
T
O

m
o
d
e

to
c
o
m
m
a
n
d
m
o
r
e

t
h
r
u
s
t
t
h
a
n
L
G
C

r
e
q
u
i
r
e
s
,

b
u
t

n
o
t

p
o
s
s
i
b
l
e

to
c
o
m
m
a
n
d
l
e
s
s
,

 

T
H
R
U
S
T

i
n
d
i
c
a
t
o
r

p
o
w
e
r
f
a
i
l
u
r
e

i
n
d
i
c
a
t
o
r

R
e
d

l
i
g
h
t
g
o
e
s

o
n
w
h
e
n
p
o
w
e
r

to

i
n
d
i
c
a
t
o
r

is
i
n
t
e
r
r
u
p
t
e
d
.

N
/
A

 

M
A
I
N
P
R
O
P
U
L
S
I
O
N
Q
U
A
N
T
I
T
Y

O
N
I
D
I
Z
E
R

F
U
E
L

I
n
d
i
c
a
t
e

q
u
a
n
t
i
t
y

of
p
r
o
p
e
l
l
a
n
t

r
e
m
a
i
n
i
n
g

in
d
e
s
c
e
n
t

t
a
n
k
s
.

A
C
B
U
S

B:
H
e
/
P
Q
G
S

P
R
O
P
U
L

D
I
S
P

(
p
a
n
e
l

1
1
)

C
D
R
'
s

1
i
S
-
v
a
c

b
u
s
B

Q
u
a
n
t
i
t
y

i
n
d
i
c
a
t
o
r

is
o
p
e
r
a
t
i
v
e

f
r
o
m

0%
to

9
5
°

 

 

D
i
s
p
l
a
y
s

d
i
g
i
t
a
l

r
e
a
d
o
u
t

o
f
p
e
r
c
e
n
t
-

a
g
e

(0
%

to
95
°¢
)
of

u
s
a
b
l
e
o
x
i
d
i
z
e
r

r
e
m
a
i
n
i
n
g

in
d
e
s
c
e
n
t

t
a
n
k
s
e
l
e
c
t
e
d

w
i
t
h
P
R
P
L
N
T
Q
T
Y
M
O
N

sw
it

ch
.

 

D
i
s
p
l
a
y
s

d
i
g
i
t
a
l

r
e
a
d
o
u
t

of
p
e
r
c
e
n
t
-

a
g
e

(
0
%

ot
95
'¢
)

of
u
s
a
b
l
e

fu
el

r
e
m
a
i
n
i
n
g

in
d
e
s
c
e
n
t

t
a
n
k
s
e
l
e
c
t
e
d

w
i
t
h
P
R
P
L
N
T
Q
T
Y
M
O
N

s
w
i
t
c
h
.

  M
A
I
N
P
R
O
P
U
L
S
I
O
N
H
E
L
I
U
M

i
n
d
i
c
a
t
o
r

 D
i
s
p
l
a
y
s

d
i
g
i
t
a
l

r
e
a
d
o
u
t

o
f
s
u
p
e
r
-

c
r
i
t
i
c
a
l
h
e
l
i
u
m
p
r
e
s
s
u
r
e

in
d
e
s
c
e
n
t

e
r
v
o
g
e
n
i
c

s
t
o
r
a
g
e
ve
ss
el
,

p
r
e
s
-

s
u
r
e

in
d
e
s
c
e
n
t
a
m
b
i
e
n
t
h
e
l
i
u
m

 
b
o
t
t
l
e
,
a
n
d
t
e
m
p
e
r
a
t
u
r
e
o
r
p
r
e
s
s
u
r
e

A
C
B
U
S

B:
H
e
/
P
Q
G
S

P
R
O
P
U
L

D
I
S
P

(
p
a
n
e
l

1
1
)

 C
D
R
'
s

1
1
5
-
v
a
c

b
u
s
B
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N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

R
e
m
a
r
k
s

 

in
a
s
c
e
n
t
h
e
l
i
u
m
t
u
n
k
s
,

a
s

s
e
l
e
c
-

t
e
d
w
i
t
h
H
E
L
I
U
M
M
O
N

s
w
i
t
c
h
.

 

T
E
M
P
i
n
d
i
c
a
t
o
r

I
n
d
i
c
a
t
e
s

f
u
e
l
a
n
d

o
x
i
d
i
z
e
r
b
u
l
k

t
e
m
p
e
r
a
t
u
r
e

(
+
1
0
°

to
#
1
0
0
°
F
)

in

a
s
c
e
n
t
o
r
d
e
s
c
e
n
t

p
r
o
p
e
l
l
a
n
t

t
a
n
k
s
,

a
s
s
e
l
e
c
t
e
d
w
i
t
h
P
R
P
L
N
T

T
E
M
B
P
/

P
R
E
S
S
M
O
N

s
w
i
t
c
h
.

O
V
R
D
L
O
G
I
C

 

P
R
E
S
S
i
n
d
i
c
a
t
o
r

I
n
d
i
c
a
t
e
s

f
u
e
l
a
n
d

o
x
i
d
i
z
e
r
p
r
e
s
-

s
u
r
e
s

(0
t
o
3
0
0

p
s
i
a
)
f
o
r
a
s
c
e
n
t

o
r
d
e
s
c
e
n
t
p
r
o
p
e
l
l
a
n
t

s
e
c
t
i
o
n
s
,

as
s
e
l
e
c
t
e
d

w
i
t
h
P
R
P
L
N
T
T
E
M
P
/

P
R
E
S
S
M
O
N

s
w
i
t
c
h
.

u

O
V
R
D
L
O
G
I
C

 

PANEL 1

Mission _LM_ Basic Date_1 February 1970 Change Date

P
R
E
S
S
i
n
d
i
c
a
t
o
r
p
o
w
e
r
f
a
i
l
u
r
e

i
n
d
i
c
a
t
o
r

R
e
d

l
i
g
h
t
g
o
e
s
o
n
w
h
e
n

p
o
w
e
r
t
o

i
n
d
i
c
a
t
o
r

is
i
n
t
e
r
r
u
p
t
e
d
.

 

15 June 1970

M
A
S
T
E
R
A
L
A
R
M
p
u
s
h
b
u
t
t
o
n
/
l
i
g
h
t

A
u
d
i
b
l
e

t
o
n
e

L
i
g
h
t
f
l
a
s
h
e
s
w
h
e
n

a
n
y

c
a
u
t
i
o
n
o
r

w
a
r
n
i
n
g
l
i
g
h
t
g
o
e
s

o
n
,
e
x
c
e
p
t
C
/
W

P
W
R
c
a
u
t
i
o
n
a
n
d
D
E
S
Q
T
Y
w
a
r
n
i
n
g

l
i
g
h
t
s
.

I
n
i
t
i
a
t
e
d

in
c
o
n
j
u
n
c
t
i
o
n
w
i
t
h
M
A
S
-
~

T
E
R
A
L
A
R
M
p
u
s
h
b
u
t
t
o
n
-
l
i
g
h
t
a
n
d

c
a
u
t
i
o
n
/
w
a
r
n
i
n
g
a
r
r
a
y

li
gh

t(
s)

.

   

f
e
r
m
i
n
a
t
e
s

a
u
d
i
b
l
e

t
o
n
e
,

n
o

e
f
f
e
c
t
o
n

c
a
u
t
i
o
n
o
r
w
a
r
n
i
n
g

li
gh

t(
s)

.

 

al

a

Page 3-19

   R
A
T
E
/
E
R
R
M
O
N

s
w
i
t
c
h

R
N
D
Z
R
A
D
A
R

 S
e
l
e
c
t
s

i
n
p
u
t
s

f
o
r
F
D
A
I

a
n
d
X
-

p
o
i
n
t
e
r

i
n
d
i
c
a
t
o
r
.

S
h
a
f
t
a
n
d
t
r
u
n
n
i
o
n

a
n
g
l
e
s
f
r
o
m

t
h
e

R
R

a
r
e
d
i
s
p
l
a
y
e
d
b
y

p
i
t
c
h
a
n
d
y
a
w

e
r
r
o
r
n
e
e
d
l
e
s

o
f
F
D
A
I
;
L
O
S

a
z
i
m
u
t
h
a
n
d

e
l
e
v
a
t
i
o
n
r
a
t
e
s

a
r
e

d
i
s
p
l
a
y
e
d
o
n
X
-
P
o
i
n
t
e
r

in
di

ca
to

r
(
i
l
l
u
m
i
n
a
t
i
n
g
L
O
S
A
Z

a
n
d
L
O
S

E
L
E
V
)
.

   
W
h
e
n
s
w
i
t
c
h

is
s
e
t

to
L
D
G
R
D
R
/

C
M
P
T
R
,

r
i
n
p
u
t

is
d
e
p
e
n
d
e
n
t

u
p
o
n

s
e
t
t
i
n
g
s

o
f
M
O
D
E

S
E
L

a
n
d

A
T
T
T
I
T
U
D
E
M
O
N

s
w
i
t
c
h
e
s
.

  

  

 

    
 

LMA790-3-LM

APOLLO OPERATIONS HANDBOOK
CONTROLS AND DISPLAYS  



Page 3-20 Mission LM Basic Date 1 February 1970 Change Date

 

L
o
c
a
t
i
o
n
,

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

1
(
c
o
n
t
)

9
8
3

PANEL1

9
M  L

D
G
R
D
R
/
C
M
P
T
R

V
e
h
i
c
l
e

a
t
t
i
t
u
d
e
e
r
r
o
r
s
(
P
G
N
S

o
r

A
G
S

as
s
e
l
e
c
t
e
d

w
i
t
h
A
T
T
I
T
U
D
E

M
O
N

s
w
i
t
c
h
)
a
r
e
d
i
s
p
l
a
v
e
d

b
y

F
D
A
L
e
r
r
o
r
n
e
e
d
l
e
s
.

F
o
r
w
a
r
d

a
n
d

l
a
t
e
r
a
l
v
e
l
o
c
i
t
i
e
s
f
r
o
m

t
h
e

L
R
(
P
G
N
S

o
r
A
G
S

u
s

s
e
l
e
c
t
e
d
w
i
t
h

M
O
D
E
S
E
L

s
w
i
t
c
h
)
a
v
e
d
i
s
p
l
a
y
e
d

o
n

th
e
X
-
p
o
i
n
t
e
r

in
di
ca
to
r

(
i
l
l
u
m
i
n
a
t
i
n
g
L
A
T
V
E
L

a
n
d
F
W
D

VE
L)

,

A
G
S
p
r
o
v
i
d
e
s

o
n
l
y

l
a
t
e
r
a
l
v
e
l
o
c
i
t
y

d
a
t
a
.

 

A
T
T
I
T
U
D
E
M
O
N

s
w
i
t
c
h

P
G
N
S

S
e
l
e
c
t
s

i
n
p
u
t

f
o
r
F
D
A
I

t
o
t
a
l

a
t
t
i
t
u
d
e
d
i
s
p
l
a
y
a
n
d

i
p
p
u
t
f
o
r

a
t
t
i
t
u
d
e
e
r
r
o
r
n
e
e
d
l
e
s
d
u
r
i
n
g

l
a
n
d
i
n
g
.

L
M

to
ta

l
a
t
t
i
t
u
d
e

s
i
g
n
a
l
s
,

a
f
t
e
r

c
o
n
d
i
t
i
o
n
i
n
g
b
y
G
A
S
T
A
,

a
r
e

f
e
d

to

F
D
A
L
T

b
a
l
l
:
L
O
C

a
t
t
i
t
u
d
e
e
r
r
o
r

s
i
g
n
a
l
s
a
r
e

t
e
d

to
F
D
A
I

p
i
t
c
h
,

ro
ll

,

a
n
d
y
a
w

e
r
r
o
r
n
e
e
d
l
e
s
,

A
G
S

L
M
t
o
t
a
l

a
t
t
i
t
u
d
e

s
i
g
n
a
l
s
a
r
e

fe
d

to
F
D
A
T

ba
ll
:
A
G
S

at
ti
tu
de

e
r
r
o
r

s
i
g
n
a
l
s

ar
e
f
e
d

to
F
D
A
T

p
i
t
c
h
,

ro
ll
,
a
n
d
y
a
w

e
r
r
o
r

n
e
e
d
l
e
s
.

 

N
/
A

N
/
A

  F
l
i
g
h
t
d
i
r
e
c
t
o
r

a
t
t
i
t
u
d
e
i
n
d
i
c
a
t
o
r

(
F
D
A
I
)

 D
i
s
p
l
a
y
s

t
o
t
a
l
v
e
h
i
c
l
e

a
t
t
i
t
u
d
e
s
,

a
t
t
i
t
u
d
e

r
a
t
e
s
a
n
d

a
t
t
i
t
u
d
e
e
r
r
o
r
s
,

o
r
v
e
h
i
c
l
e

a
t
t
i
t
u
d
e
,

a
t
t
i
t
u
d
e

r
a
t
e
s
,

a
n
d
R
R

s
h
a
f
t
a
n
d

t
r
u
n
n
i
o
n
a
n
g
l
e
s
,

d
e
p
e
n
d
i
n
g
o
n

se
tt

li
ng

of
R
A
T
E
/

E
R
R
M
O
N

s
w
i
t
c
h
.

Se
tt
in
g
A
T
T
I
T
U
D
E
M
O
N

s
w
i
t
c
h
s
e
-

s
e
l
e
c
t
s
P
G
N
S

o
r
A
G
S

a
s
s
o
u
r
c
e

of

v
e
h
i
c
l
e
t
o
t
a
l
a
t
t
i
t
u
d
e
a
n
d
a
t
t
i
t
u
d
e
e
r
-

r
o
r
s
d
i
s
p
l
a
y
e
d
o
n
F
D
A
I
.

S
h
a
f
t
a
n
d

t
r
u
n
n
i
o
n
a
n
g
l
e
s
a
r
e

d
i
s
p
l
a
y
e
d
b
y

p
i
t
c
h
a
n
d
y
a
w

e
r
r
o
r

n
e
e
d
l
e
s
,

r
e
s
p
e
c
-
|

t
i
v
e
l
y
,
w
h
e
n
R
A
T
E
/
E
R
R
M
O
N

s
w
i
t
c
h

is
s
e
t

to
R
N
D
Z

R
A
D
A
R
.

 A
C
B
U
S

A:
C
D
R
F
D
A
I

a
n
d
F
L
I
G
H
T

D
I
S
P
L
A
Y
S
:

C
D
R

F
D
A
I
L

(
p
a
n
e
l

1
1
)

 C
D
R
'
s

1
1
5
-
v
a
c

b
u
s
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 A
t
t
i
t
u
d
e

r
a
t
e
s
d
i
s
p
l
a
y
e
d

a
r
e

a
l
w
a
y
s

o
b
t
a
i
n
e
d
f
r
o
m
C
E
S

ra
te

g
y
r
o
a
s
s
e
m
b
l
y
.

 
 

    

APOLLO OPERATIONS HANDBOOK
CONTROLS AND DISPLAYS

LMA790-3- LM



Mission LM_ Basic Date_1 February 1970 Change Date Page 3-21  

 

PANEL 1

 

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

1

{
c
o
n
t
)

9
M
9

9
M
4

9
8
6

Al
ti

tu
de

/
r
a
n
g
e

in
di
ca
to
r

D
i
s
p
l
a
y
s

r
a
n
g
e
/
r
a
n
g
e

r
a
t
e
d
a
t
a
o
r

al
ti
tu
de
/a
lt
it
ud
e

ra
te

da
ta

a
s

s
e
l
e
c
t
e
d

wi
th

R
N
G
/
A
L
T
M
O
N

s
w
i
t
c
h
,

R
a
n
g
e
/
r
a
n
g
e

r
a
t
e
d
a
t
a
a
r
e
f
r
o
m

R
R
.

A
l
t
i
t
u
d
e
s
a
l
t
i
t
u
d
e

ra
te

d
a
t
a

a
r
e

f
r
o
m

L
R
,

P
G
N
S
,

o
r
A
G
S
,

a
s

s
e
l
e
c
t
e
d
w
i
t
h
M
O
D
E
S
E
L

s
w
i
t
c
h
.

W
h
e
n

L
R
d
a
t
a

is
s
e
l
e
c
t
e
d
,

t
r
u
e

a
l
t
i
t
u
d
e
a
n
d

a
l
t
i
t
u
d
e

r
a
t
e
d
a
t
a
a
r
e

a
v
a
i
l
a
b
l
e
f
r
o
m

l
o
w
-
g
a
t
e

p
o
i
n
t

to

t
o
u
c
h
d
o
w
n

if
L
M

X
-
a
x
i
s

is
v
e
r
t
i
c
a
l
.

B
e
f
o
r
e

r
e
a
c
h
i
n
g
l
o
w
-
g
a
t
e

p
o
i
n
t
,

on
ly
t
r
u
e

al
ti

tu
de

da
ta

a
r
e

a
v
a
i
l
a
b
l
e

f
r
o
m

L
R
.

W
h
e
n
P
G
N
S

o
r

A
G
S
i
s

s
e
l
e
c
t
e
d
,

i
n
e
r
t
i
a
l
l
y
d
e
r
i
v
e
d

a
l
t
i
-

t
u
d
e
a
n
d

a
l
t
i
t
u
d
e

r
a
t
e
d
a
t
a
a
r
e

a
v
a
i
l
a
b
l
e

f
o
r
d
i
s
p
l
a
y
.

F
L
I
G
H
T

D
I
S
P
L
A
Y
S
:

R
N
G
/
R
N
G
R
T

A
L
T
/
A
L
T
R
P

a
n
d
A
C
B
U
S
A
;

R
N
G
/
R
N
G
R
T

A
L
T
/
A
L
T
R
T

(
p
a
n
e
l

1
1
)

 

C
D
R
'
s

2
8
-
v
d
e

b
u
s
A

 

T
/
W
i
n
d
i
c
a
t
o
r

D
i
s
p
l
a
y
s

i
n
s
t
a
n
t
a
n
c
o
u
s

X
-
a
x
i
s

a
c
c
e
l
e
r
a
t
i
o
n

in
l
u
n
a
r

g
u
n
i
t
s

(1
.

9

l
u
n
a
r

g
=
5
.
2
3

ft
/s
ec
®

).

N
/
A

I
n
d
i
c
a
t
o
r
,

a
s
e
l
f
-
c
o
n
t
a
i
n
e
d

a
c
c
e
l
e
r
o
m
e
t
e
r
,
m
a
y

b
e
u
s
e
d

to

p
r
o
v
i
d
e

a
g
r
o
s
s
c
h
e
c
k

o
f
e
n
g
i
n
e

p
e
r
f
o
r
m
a
n
c
e
,

b
e
c
a
u
s
e

a
n
y
g
i
v
e
n

t
h
r
o
t
t
l
e

s
e
t
t
i
n
g
p
r
o
v
i
d
e
s

s
p
e
c
i
f
i
c

a
c
c
e
l
e
r
a
t
i
o
n
w
h
e
n

t
h
e
v
e
h
i
c
l
e
h
a
s

g
i
v
e
n
m
a
s
s
.

  G
U
I
D

C
O
N
T
s
w
i
t
c
h

P
G
N
S

 S
e
l
e
c
t
s
P
G
N
S

o
r
A
G
S

f
o
r
g
u
i
d
a
n
c
e

c
o
n
t
r
o
l
m
o
d
e

of
L
M
.

P
r
o
v
i
d
e
s
8
0
0
-
c
p
s
p
o
w
e
r

to

a
c
t
i
v
a
t
e
A
C
A

a
n
d
T
T
C
A
,

p
r
o
p
o
r
-

t
i
o
n
a
l

r
a
t
e
c
o
m
m
a
n
d

i
n
p
u
t
s

to

L
G
C

f
r
o
m
A
C
A
,
L
G
C

e
n
g
i
n
e
o
n
-
o
f
f

s
i
g
n
a
l
s
,

d
e
s
c
e
n
t
c
n
g
i
n
e
g
i
m
b
a
l
t
r
i
m

c
o
m
m
a
n
d

o
u
t
p
u
t
s
f
r
o
m
L
G
C
,

t
r
a
n
s
-

j
a
t
i
o
n
o
n
-
o
f
f
c
o
m
m
a
n
d
s
f
r
o
m

T
T
C
A
,

e
n
a
b
l
i
n
g

s
i
g
n
a
l
s
f
o
r
p
r
i
-

m
a
r
y

p
r
e
a
m
p
l
i
f
i
e
r
s

o
f
A
T
C
A
,

a
n
d

a
p
p
l
i
e
s

f
o
l
l
o
w
-
u
p

s
i
g
n
a
l

to
A
E
A
,

 N
/
A

 N
/
A

 S
w
i
t
c
h

is
s
p
r
i
n
g
l
o
a
d
e
d

to
c
e
n
t
e
r

(l
oc
k)

po
si
ti
on
.

W
h
e
n
A
G
S

m
o
d
e
i
s

s
e
l
e
c
t
e
d
,

P
G
N
S

r
e
m
a
i
n
s

o
p
e
r
a
t
i
o
n
a
l
,

P
G
N
S

d
a
t
a
m
a
y
b
e

d
i
s
p
l
a
y
e
d

if
d
e
s
i
r
e
d
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1
(c
on
t) 9
8
9

9
S
4

A
G
S

P
r
o
v
i
d
e
s

8
0
0
-
c
p
s
p
o
w
e
r
t
o

a
c
t
i
v
a
t
e
A
C
A

a
n
d
T
T
C
A
,

p
r
o
p
o
r
-

t
i
o
n
a
l

r
a
t
e
c
o
m
m
a
n
d
s

to
A
T
C
A

f
r
o
m
A
C
A
,

A
G
S
m
o
d
e

t
r
i
m
c
o
m
-

m
a
n
d
,

a
n
d
e
n
a
b
l
i
n
g
s
i
g
n
a
l
s

to
t
h
e

a
b
o
r
t
p
r
e
a
m
p
l
i
f
i
e
r
s

o
f
A
T
C
A
.

 

M
O
D
E

SE
L
s
w
i
t
c
h

L
D
G
R
A
D
A
R

P
G
N
S

A
G
S

S
e
l
e
c
t
s

r
a
d
a
r
o
r
c
o
m
p
u
t
e
r

d
a
t
a

f
o
r

d
i
s
p
l
a
y
o
n
N
-
P
o
i
n
t
e
r

a
n
d

a
l
t
i
t
u
d
e
/

r
a
n
g
e

i
n
d
i
c
a
t
o
r
s
.

R
a
d
a
r
a
l
t
i
t
u
d
e
,

a
l
t
i
t
u
d
e

r
a
t
e
,

a
n
d

f
o
r
w
a
r
d
a
n
d

la
te

ra
l

ve
lo
ci
ty

a
r
e

d
i
s
p
l
a
y
e
d
.

L
G
C
-
c
o
m
p
u
t
e
d

a
l
t
i
t
u
d
e
,

a
l
t
i
t
u
d
e

r
a
t
e
,

a
n
d
f
o
r
w
a
r
d

a
n
d

l
a
t
e
r
a
l

v
e
l
o
c
i
t
y

a
r
e

d
i
s
p
l
a
y
e
d
.

A
G
S
-
c
o
m
p
u
t
e
d

a
l
t
i
t
u
d
e
,

a
l
t
i
t
u
d
e

r
a
t
e
a
n
d

l
a
t
e
r
a
l

v
e
l
o
c
i
t
y

a
r
e
d
i
s
-

p
l
a
y
e
d
.

N
/
A

N
/
A

D
a
t
a
f
r
o
m

s
e
l
e
c
t
e
d
s
o
u
r
c
e

a
r
e

d
i
s
p
l
a
y
e
d
o
n

ap
pr
op
ri
at
e
h
o
r
i
z
o
n
t
a
l

v
e
l
o
c
i
t
y

i
n
d
i
c
a
t
o
r

o
n
l
y
w
h
e
n
R
A
T
E
/

E
R
R
M
O
N

s
w
i
t
c
h
e
s
a
r
e

se
t

to
L
D
G

R
D
R
/
C
O
M
P
T
R
,

D
a
t
a
f
r
o
m

s
e
l
e
c
t
e
d
s
o
u
r
c
e

a
r
e
d
i
s
p
l
a
y
e
d

al
ti
tu
de
/r
an
ge
i
n
d
i
c
a
t
o
r
s

on
l

R
N
G
/
A
L
T

M
O
N
s
w
i
t
c
h

is
s
e
t

to
A
L
T
/
A
L
T
R
T
.
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  R
N
G
/
A
L
T
M
O
N

sw
it
ch

R
N
G
/
R
N
G
R
T

 S
e
l
e
c
t
s
di

sp
la

y
l
e
g
e
n
d
o
n

al
ti
tu
de
/

r
a
n
g
e

i
n
d
i
c
a
t
o
r

a
n
d
d
i
s
p
l
a
y
s
R
R

r
a
n
g
e
/
r
a
n
g
e

ra
te

da
ta

o
r
L
R

o
r

c
o
m
p
u
t
e
r
a
l
t
i
t
u
d
e
/
a
l
t
i
t
u
d
e

r
a
t
e

da
ta
.

R
R

r
a
n
g
e

a
n
d
r
a
n
g
e

r
a
t
e
d
a
t
a
a
r
e

d
i
s
p
l
a
y
e
d
o
n

a
l
t
i
t
u
d
e
/
r
a
n
g
e

i
n
d
i
c
a
t
o
r
.

 N
/
A

 N
/
A
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NS

 

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1
(
c
o
n
t
)

9
8
8 1
8
2
5

A
L
T
/
A
L
T
R
T

D
a
t
a
f
r
o
m
s
o
u
r
c
e

s
e
l
e
c
t
e
d
w
i
t
h

M
O
D
E

S
E
L
s
w
i
t
c
h

a
r
e

d
i
s
p
l
a
y
e
d

o
n
a
l
t
i
t
u
d
e
/
r
a
n
g
e

i
n
d
i
c
a
t
o
r
.

 

S
H
F
T
/
T
R
U
N
£

sw
it

ch
S
e
l
e
c
t
s

r
a
n
g
e

o
f
R
R

s
h
a
f
t
a
n
d

t
r
u
n
n
i
o
n
a
n
g
l
e
s

to
b
e
d
i
s
p
l
a
v
e
d

b
y

F
D
A
I
p
i
t
c
h

a
n
d
v
a
w

e
r
r
o
r

n
e
e
d
l
e
s
w
h
e
n

c
i
t
h
e
r
R
A
T
E
/
E
R
R

M
O
N

s
w
i
t
c
h

is
se
t

to
R
N
D
Z

R
A
D
A
R
,

F
u
l
l

d
e
f
l
e
c
t
i
o
n

o
f
F
D
A
T
I

p
i
t
c
h
a
n
d

y
a
w
e
r
r
o
r

n
e
e
d
l
e
s

i
n
d
i
c
a
t
e
s

s
h
a
f
t

a
n
d

t
r
u
n
n
i
o
n
a
n
g
l
e
s

o
f
+
5
0
°

o
r
-
5
0
°

o
r
g
r
e
a
t
e
r
.

F
u
l
l
d
e
f
l
e
c
t
i
o
n

o
f
F
D
A
I

p
i
t
c
h

a
n
d

y
a
w
e
r
r
o
r

n
e
e
d
l
e
s

i
n
d
i
c
a
t
e
s

sh
af
t

a
n
d
t
r
u
n
n
i
o
n
a
n
g
l
e
s

of
+
5
°

o
r

-
5
°

o
r
g
r
e
a
t
e
r
.

F
L
I
G
H
T

D
I
S
P
L
A
Y
S
:

C
D
R

F
D
A
I

(
p
a
n
e
l

1
1
)

C
D
R
'
s

e
s
-
v
d
c

b
u
s

L
e
s
s
-
t
h
a
n
-
f
u
l
l
-
d
e
f
l
e
c
t
i
o
n
p
o
s
i
t
i
o
n
s

of
n
e
e
d
l
e
s
a
r
e

l
i
n
e
a
r
l
y
p
r
o
p
o
r
t
i
o
n
a
l

to
t
h
e

s
i
n
e

of
t
h
e

s
h
a
f
t
a
n
d

t
r
u
n
n
i
o
n

a
n
g
l
e
s

l
e
s
s

t
h
a
n
+
5
0
°

o
r

-
5
0
°
.

L
e
s
s
-
t
h
a
n
-
f
u
l
l
-
d
e
f
l
e
c
t
i
o
n
p
o
s
i
t
i
o
n
s

of
n
e
c
d
l
e
s

a
r
e
l
i
n
e
a
r
l
y
p
r
o
p
o
r
t
i
o
n
a
l

to
s
h
a
f
t
a
n
d

t
r
u
n
n
i
o
n

a
n
g
l
e
s

l
e
s
s

th
an

+5
°

or
-5
°.

 

R
A
T
E
S
C
A
L
E

s
w
i
t
c
h

2
5
°
/
s
e
c

5
°
/
s
e
c

S
e
l
e
c
t
s

s
e
a
l
e
f
a
c
t
o
r
s

o
f

r
o
l
l
,

p
i
t
c
h
,

a
n
d
y
a
w

r
a
t
e
s
c
a
l
e
s

of

F
D
A
L

S
e
l
e
c
t
s

2
5
°
p
e
r

s
e
c
o
n
d
f
u
l
l

s
c
a
l
e

fo
r

ra
te

sc
al
es
.

Se
le
ct
s

5°
p
e
r

s
e
c
o
n
d
f
u
l
l

s
c
a
l
e

f
o
r

r
a
t
e

s
c
a
l
e
s
.

N
/
A

N
/
A

APOLLO OPERATIONS HANDBOOK
CONTROLS AND DISPLAYS

  A
C
A

P
R
O
P
s
w
i
t
c
h

E
N
A
B
L
E

D
I
S
A
B
L
E

 E
n
a
b
l
e
s

i
s
o
l
a
t
i
o
n

o
f

2
8

v
o
l
t
s
,

8
0
0

c
p
s

to
A
C
A

t
r
a
n
s
d
u
c
e
r
p
r
i
m
a
r
y

co
il

.

E
n
a
b
l
e
s
n
o
r
m
a
l

o
p
e
r
a
t
i
o
n

of
A
C
A

in
p
r
o
p
o
r
t
i
o
n
a
l

r
a
t
e
m
o
d
e
.

D
i
s
a
b
l
e
s
A
C
A

p
r
o
p
o
r
t
i
o
n
a
l

r
a
t
e

c
o
m
m
a
n
d
c
a
p
a
b
i
l
i
t
y
.

 N
/
A

 N
/
A

 If
A
C
A

is
d
i
s
a
b
l
e
d
,

o
n
l
y

t
h
e

l
a
n
d
i
n
g
m
i
s
s
i
o
n
p
h
a
s
e

is
a
f
f
e
c
t
e
d
.
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Lo
ca
ti
on
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

1
(
c
o
n
t
)

1
8
1
1

PANEL 1

  E
N
G
T
H
R
U
S
T

C
O
N
T
s
w
i
t
c
h
e
s

T
H
R
C
O
N
T
s
w
i
t
c
h

A
U
T
O

M
A
N

M
A
N
T
H
R
O
T
s
w
i
t
c
h

C
D
R

S
E

P
e
r
m
i
t
s

s
w
i
t
c
h
i
n
g
f
r
o
m

a
u
t
o
m
a
t
i
c

(
L
G
C
)
t
h
r
o
t
t
l
e

c
o
n
t
r
o
l

to
m
a
n
u
a
l

t
h
r
o
t
t
l
e

c
o
n
t
r
o
l
.

L
G
C
c
o
m
m
a
n
d

s
i
g
n
a
l
s
a
r
e
s
u
m
m
e
d

w
i
t
h
m
a
n
u
a
l
c
o
m
m
a
n
d
s
i
g
n
a
l
s

f
r
o
m
T
T
C
A

s
e
l
e
c
t
e
d
w
i
t
h
M
A
N

T
H
R
O
T

s
w
i
t
c
h
f
o
r
d
e
s
c
e
n
t
e
n
g
i
n
e

t
h
r
o
t
t
l
e
c
o
n
t
r
o
l
.

I
I
'
C
A
a
l
w
a
y
s

p
r
o
v
i
d
e
s
m
i
n
i
m
u
m

1
0
%
c
o
m
m
a
n
d
;

it
c
a
n
n
o
t
b
e

se
t
b
e
l
o
w
t
h
i
s

le
ve
l.

I
n
t
e
r
r
u
p
t
s
L
G
C

t
h
r
o
t
t
l
e
c
o
m
m
a
n
d
s

i
n
s
u
r
i
n
g

t
h
a
t
d
e
s
c
e
n
t
e
n
g
i
n
e

th
ro

tt
le

is
fe

d
o
n
l
y
b
y
m
a
n
u
a
l

t
h
r
o
t
t
l
e
c
o
m
m
a
n
d
s
i
g
n
a
l
s
.

S
T
A
B
/
C
O
N
T
,

E
N
G
C
O
N
T

(
p
a
n
e
l

1
1
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

W
h
e
n

s
w
i
t
c
h

is
s
e
t

to
A
U
T
O
,

T
H
R
U
S
T
i
n
d
i
c
a
t
o
r

d
i
s
p
l
a
y
s
L
G
C

c
o
m
m
a
n
d
p
l
u
s

1
0
%

fi
xe

d
bi
as
.

M
a
n
u
a
l

t
h
r
o
t
t
l
e
c
o
m
m
a
n
d
s
m
a
y

b
e

i
n
t
r
o
d
u
c
e
d
b
y

d
i
s
p
l
a
c
i
n
g

a
c
t
i
v
e

T
Y
C
A
.

T
h
i
s
c
a
u
s
e
s

d
i
s
p
l
a
y
e
d
%

T
H
R
U
S
T

C
M
D
t
o

d
e
c
r
e
a
s
e
b
e
c
a
u
s
e

on
ly

L
G
C

c
o
m
m
a
n
d
s
p
l
u
s

fi
xe
d

b
i
a
s

a
r
e
d
i
s
p
l
a
y
e
d
.

C
M
D

'
T
H
R
U
S
Y
T
i
n
d
i
c
a
t
o
r

d
i
s
p
l
a
y
s

m
a
n
u
a
l

t
h
r
o
t
t
l
e
c
o
m
m
a
n
d
s
.

 

Se
le
ct
s

t
h
r
u
s
t
/
t
r
a
n
s
l
a
t
i
o
n
c
o
n
-

t
r
o
l
l
e
r
f
o
r
m
a
n
u
a
l

a
d
j
u
s
t
m
e
n
t

o
f

d
e
s
c
e
n
t
e
n
g
i
n
e

t
h
r
u
s
t

le
ve
l,

if
c
o
r
r
e
s
p
o
n
d
i
n
g
T
H
R
O
T
T
L
E
-
J
E
T
S

c
o
n
t
r
o
l

s
e
l
e
c
t
l
e
v
e
l

is
s
e
t

to

T
H
R
O
T
T
L
E
.

T
h
i
s

s
w
i
t
c
h

a
l
s
o

r
o
u
t
e
s
m
a
n
u
a
l

t
h
r
o
t
t
l
e
c
o
m
m
a
n
d
s

f
r
o
m

c
o
n
t
r
o
l
l
e
r

to
D
E
C
A
.

E
n
a
b
l
e
s
C
o
m
m
a
n
d
e
r
'
s

th
ru

st
/

t
r
a
n
s
l
a
t
i
o
n
c
o
n
t
r
o
l
l
e
r

to
a
d
j
u
s
t

d
e
s
c
e
n
t
e
n
g
i
n
e

th
ru
st
l
e
v
e
l
.

E
n
a
b
l
e
s
L
M
P
i
l
o
t
'
s

t
h
r
u
s
t
/
t
r
a
n
s
-

l
a
t
i
o
n
c
o
n
t
r
o
l
l
e
r

to
a
d
j
u
s
t
d
e
s
c
e
n
t

e
n
g
i
n
e

t
h
r
u
s
t

l
e
v
e
l
.

N
/
A

N
/
A

APOLLO OPERATIONS HANDBOOK
CONTROLS AND DISPLAYS
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

P
o
w
e
r

S
o
u
r
c
e

C
i
r
c
u
i
t

B
r
e
a
k
e
r

R
e
m
a
r
k
s

 

P
a
n
e
l

1

(
c
o
n
t
)

1
S
1

1
8
6

PANEL i

1
8
9   E

N
G
A
R
M
s
w
i
t
c
h

A
S
C

O
F
F

D
E
S

A
T
T
/
T
R
A
N
S
L

s
w
i
t
c
h

4
J
E
T
S

2
J
E
T
S

B
A
L
C
P
L

s
w
i
t
c
h

O
N

P
r
o
v
i
d
e
s
a
r
m
i
n
g

s
i
g
n
a
l
s

to

e
n
g
i
n
e
s
.

P
r
o
v
i
d
e
s
a
r
m
i
n
g

s
i
g
n
a
l

to
e
n
a
b
l
e

f
i
r
i
n
g

o
f
a
s
c
e
n
t
e
n
g
i
n
e
a
n
d
s
i
m
u
l
-

t
a
n
e
o
u
s
l
y

s
i
g
n
a
l
s
L
G
C

t
h
a
t
e
n
g
i
n
e

is
a
r
m
e
d
.

R
e
m
o
v
e
s

a
r
m
i
n
g

si
gn

al
f
r
o
m

e
n
g
i
n
e
v
a
l
v
e
s
a
n
d
L
G
C
.

P
r
o
v
i
d
e
s
a
r
m
i
n
g

s
i
g
n
a
l

to
e
n
a
b
l
e

f
i
r
i
n
g
d
e
s
c
e
n
t
e
n
g
i
n
e
a
n
d
s
i
m
u
l
-

t
a
n
e
o
u
s
l
y

s
i
g
n
a
l
s
L
G
C

t
h
a
t
e
n
g
i
n
e

is
a
r
m
e
d
.

S
T
A
B
/
C
O
N
T
Y

L
M
P
'
s

E
N
G
A
R
M

2
8
-
v
d
e

(
p
a
n
e
l

1
6
)

b
u
s

S
T
A
B
/
C
O
N
T
;

C
D
R
'
s

E
N
G
C
O
N
T

2
8
-
v
d
e

a
n
d

b
u
s

S
T
A
B
/
C
O
N
T
:

E
N
G
S
T
A
R
T

O
V
R
D

(
p
a
n
e
l

1
1
)

S
w
i
t
c
h

is
s
p
r
i
n
g
l
o
a
d
e
d

to
c
e
n
t
e
r

d
o
c
k
)

p
o
s
i
t
i
o
n
.

R
e
g
a
r
d
l
e
s
s

o
f

s
w
i
t
c
h

s
e
t
t
i
n
g
,

a
p
p
r
o
p
r
i
a
t
e

e
n
g
i
n
e

is
a
r
m
e
c
t

if
A
B
O
R
T
o
r

A
B
O
R
T
S
T
A
G
E
s
w
i
t
c
h
e
s

a
r
e

a
c
t
u
a
t
e
d
.

 

S
e
l
e
c
t
s
n
u
m
b
e
r
o
f

j
e
t
s
f
o
r
X
-
a
x
i
s

t
r
a
n
s
l
a
t
i
o
n
m
a
n
e
u
v
e
r
s
.

P
r
o
v
i
d
e
s

f
o
u
r

j
e
t
s

f
o
r
X
-
a
x
i
s

t
r
a
n
s
l
a
t
i
o
n
m
a
n
e
u
v
e
r
s
.

P
r
o
v
i
d
e
s

t
w
o

j
e
t
s
f
o
r
X
-
a
x
i
s

t
r
a
n
s
l
a
t
i
o
n
m
a
n
e
u
v
e
r
s
.

S
T
A
B
/
C
O
N
T
]

C
D
R
'
s

A
T
T

D
I
R

2
8
-
v
d
e

C
O
N
T

b
u
s

(
p
a
n
e
l

1
1
)

T
h
i
s
c
o
n
t
r
o
l

c
a
n

o
n
l
y
b
e
u
s
e
d
w
i
t
h

A
G
S
.

  S
e
l
e
c
t
s

e
i
t
h
e
r
b
a
l
a
n
c
e
d
p
a
i
r
s

o
f

R
C
S

j
e
t
s

in
a
c
o
u
p
l
e
o
r
u
n
b
a
l
a
n
c
e
d

X
-
a
x
i
s
R
C
S

je
ts

to
m
a
i
n
t
a
i
n

pi
tc

h
a
n
d

ro
ll

a
t
t
i
t
u
d
e
d
u
r
i
n
g
a
s
c
e
n
t

e
n
g
i
n
e

t
h
r
u
s
t
p
h
a
s
e
w
h
e
n

A
G
S
i
s

i
n
g
u
i
d
a
n
c
e

c
o
n
t
r
o
l

l
o
o
p
.

A
p
p
l
i
e
s
2
8
-
v
d
e

e
n
a
b
l
e
v
o
l
t
a
g
e

to

a
b
o
r
t
p
r
e
a
m
p
l
i
f
i
e
r
s

1,
5,

9,
1
3
.

 N
/
A

N
/
A   U

s
e
d

o
n
l
y

in
c
o
n
j
u
n
c
t
i
o
n
w
i
t
h

A
G
S
.

N
o
r
m
a
l
l
y
i
n

t
h
i
s
p
o
s
i
t
i
o
n

(
b
a
l
a
n
c
e
d

c
o
u
p
l
e
s
)
d
u
r
i
n
g

in
it

ia
l

p
h
a
s
e
s

o
f
a
s
c
e
n
t
,

f
o
r
m
a
x
i
m
u
m

st
ab
il
iz
at
io
n
a
n
d

co
nt

ro
l

of
a
n
y

c
e
n
t
e
r
-
o
f
-
g
r
a
v
i
t
y

t
h
r
u
s
t
v
e
c
t
o
r

m
i
s
a
l
i
g
n
m
e
n
t
.
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PANEL 1

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1

(
c
o
n
t
)

1
0
8
3

1
O
F
L
1

1
0
S
4

O
F
F

R
e
m
o
v
e
s

e
n
a
b
l
e

v
o
l
t
a
g
e
f
r
o
m

a
b
o
r
t
p
r
e
a
m
p
l
i
f
i
e
r
s

1,
5,

9,
1
8
.

A
f
t
e
r
s
o
m
e
m
i
n
i
m
u
m

b
u
r
n
t
i
m
e

w
h
e
n

b
a
l
a
n
c
e
d
-
c
o
u
p
l
e
o
p
e
r
a
t
i
o
n

is

n
o
t
r
e
q
u
i
r
e
d
,

s
w
i
t
c
h

ca
n
b
e

s
e
t

to
O
F
F

te
c
o
n
s
e
r
v
e

f
u
e
l
.

 

A
S
C
E
N
T
H
e

R
E
G
1

s
w
i
t
c
h

O
P
E
N

C
e
n
t
e
r

C
L
O
S
E

S
e
l
e
c
t
s

i
n
p
u
t
s

to
n
o
r
m
a
l
l
y

o
p
e
n
,

l
a
t
c
h
i
n
g
s
o
l
e
n
o
i
d
~
o
p
e
r
a
t
e
d
h
e
l
i
u
m

v
a
l
v
e
u
p
s
t
r
e
a
m

of
p
r
i
m
a
r
y

p
r
e
s
-

s
u
r
e

r
e
g
u
l
a
t
o
r
.

E
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d

t
h
a
t
d
r
i
v
e
s

h
e
l
i
u
m

v
a
l
v
e

to
o
p
e
n

p
o
s
i
t
i
o
n
.

R
e
m
o
v
e
s

s
o
l
e
n
o
i
d

e
x
c
i
t
a
t
i
o
n
;

v
a
l
v
e
r
e
m
a
i
n
s

in
l
a
s
t
c
o
m
m
a
n
d
e
d

p
o
s
i
t
i
o
n
.

E
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d

t
h
a
t
d
r
i
v
e
s

h
e
l
i
u
m

v
a
l
v
e

to
c
l
o
s
e
d

p
o
s
i
t
i
o
n
.

P
R
O
P
U
L
:

A
S
C

H
e
R
E
G

(p
an

el
16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
s
p
r
i
n
g
l
o
a
d
e
d

to
c
e
n
t
e
r

p
o
s
i
t
i
o
n
.

G
r
a
y

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
w
h
e
n

v
a
l
v
e

is
o
p
e
n
.

B
a
r
b
e
r
-
p
o
l
e

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
v
e
d

w
h
e
n

v
a
l
v
e

is
c
l
o
s
e
d
.

 

A
S
C
E
N
T

H
e
R
E
G

1
t
a
l
k
b
a
c
k

G
r
a
y

d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

I
n
d
i
c
a
t
e
s
h
e
l
i
u
m
p
r
i
m
a
r
y

l
i
n
e

s
o
l
e
n
o
i
d
v
a
l
v
e
c
o
n
t
r
o
l
l
e
d
b
y

A
S
C
E
N
T
H
e

R
E
G

1
s
w
i
t
c
h

is
o
p
e
n
.

I
n
d
i
c
a
t
e
s
h
e
l
i
u
m
p
r
i
m
a
r
y
l
i
n
e

s
o
l
e
n
o
i
d
v
a
l
v
e
c
o
n
t
r
o
l
l
e
d
b
y

A
S
C
E
N
T

H
e
R
E
G

1
s
w
i
t
c
h

is

c
l
o
s
e
d
.

P
R
O
P
U
L
:

D
I
S
P
/
E
N
G

O
V
R
D

L
O
G
I
C

(
p
a
n
e
l

16
)

I
L
M
P
t
s

2
8
-
v
d
e

b
u
s

  A
S
C
E
N
T

H
e
R
E
G

2
s
w
i
t
c
h

O
P
E
N

 S
e
l
e
c
t
s

i
n
p
u
t
s

to
n
o
r
m
a
l
l
y

o
p
e
n

l
a
t
c
h
i
n
g
s
o
l
e
n
o
i
d
-
o
p
e
r
a
t
e
d
h
e
l
i
u
m

v
a
l
v
e
u
p
s
t
r
e
a
m

of
s
e
c
o
n
d
a
r
y
p
r
e
s
-

s
u
r
e

r
e
g
u
l
a
t
o
r
.

E
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d

t
h
a
t
d
r
i
v
e
s

h
e
l
i
u
m

v
a
l
v
e

to
o
p
e
n

p
o
s
i
t
i
o
n
,

 P
R
O
P
U
L
:

A
S
C

H
e
R
E
G

(
p
a
n
e
l

1
6
)

 L
M
P
'
s

2
8
-
v
d
e

 S
w
i
t
c
h

is
s
p
r
i
n
g
l
o
a
d
e
d

to
c
e
n
t
e
r

p
o
s
i
t
i
o
n
.

G
r
a
y

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
w
h
e
n

r
a
l
v
e

is
o
p
e
n
,
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

P
o
w
e
r

S
o
u
r
c
e

C
i
r
c
u
i
t

B
r
e
a
k
e
r

R
e
m
a
r
k
s

 

P
a
n
e
l

1

(
c
o
n
t
)

1
0
F
L
2

PANEL 1

1
0
S
5

1
0
F
L
3  C

e
n
t
e
r

C
L
O
S
E

R
e
m
o
v
e
s

s
o
l
e
n
o
i
d

e
x
c
i
t
a
t
i
o
n
;

v
a
l
v
e
r
e
m
a
i
n
s

in
l
a
s
t
c
o
m
m
a
n
d
e
d

p
o
s
i
t
i
o
n
.

E
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d

t
h
a
t
d
r
i
v
e
s

h
e
l
i
u
m
v
a
l
v
e

to
c
l
o
s
e
d

p
o
s
i
t
i
o
n
.

B
a
r
b
e
r
-
p
o
l
e

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d

w
h
e
n
v
a
l
v
e

is
c
l
o
s
e
d
,

 

A
S
C
E
N
T

H
e
R
E
G

2
t
a
l
k
b
a
c
k

G
r
a
y
d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

I
n
d
i
c
a
t
e
s
h
e
l
i
u
m

s
e
c
o
n
d
a
r
y

l
i
n
e

s
o
l
e
n
o
i
d
v
a
l
v
e
c
o
n
t
r
o
l
l
e
d
b
y

A
S
C
E
N
T

H
e
R
E
G

2
s
w
i
t
c
h

is
o
p
e
n
.

In
di
ca
te
s
h
e
l
i
u
m

s
e
c
o
n
d
a
r
y

li
ne

s
o
l
e
n
o
i
d
v
a
l
v
e
c
o
n
t
r
o
l
l
e
d
b
y

A
S
C
E
N
T

H
e
R
E
G

2
s
w
i
t
c
h

is
cl
os
ed
,

P
R
O
P
U
L
:

L
M
P
'
s

D
I
S
P
/
E
N
G

2
8
-
v
d
e

O
V
R
D

L
O
G
I
C
]

b
u
s

(
p
a
n
e
l

16
)

 

D
E
S
C
E
N
T

H
e
R
E
G

1
s
w
i
t
c
h

O
P
E
N

C
e
n
t
e
r

C
L
O
S
E

S
e
l
e
c
t
s

i
n
p
u
t
s

to
n
o
r
m
a
l
l
y

o
p
e
n
,

l
a
t
c
h
i
n
g
s
o
l
e
n
o
i
d
-
o
p
e
r
a
t
e
d
h
e
l
i
u
m

v
a
l
v
e
u
p
s
t
r
e
a
m

o
f
p
r
i
m
a
r
y
p
r
e
s
-

s
u
r
e

r
e
g
u
l
a
t
o
r
,

E
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d

t
h
a
t
d
r
i
v
e
s

h
e
l
i
u
m
v
a
l
v
e

to
o
p
e
n

p
o
s
i
t
i
o
n
.

R
e
m
o
v
e
s

s
o
l
e
n
o
i
d

e
x
c
i
t
a
t
i
o
n
;

v
a
l
v
e

r
e
m
a
i
n
s

i
n

l
a
s
t
c
o
m
m
a
n
d
e
d

p
o
s
i
t
i
o
n
.

E
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d

t
h
a
t
d
r
i
v
e
s

h
e
l
i
u
m
v
a
l
v
e

to
c
l
o
s
e
d

p
o
s
i
t
i
o
n
.

P
R
O
P
U
L
:

C
D
R
'
s

D
E
S
H
e

2
8
-
v
d
e

R
E
G
-
V
E
N
T

b
u
s

{
p
a
n
e
l

1
1
)

S
w
i
t
c
h

is
s
p
r
i
n
g
l
o
a
d
e
d

to
c
e
n
t
e
r

p
o
s
i
t
i
o
n
.

G
r
a
y
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
w
h
e
n

v
a
l
v
e

is
o
p
e
n
.

B
a
r
b
e
r
-
p
o
l
e

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d

w
h
e
n

v
a
l
v
e
i
s

c
l
o
s
e
d
.

  D
E
S
C
E
N
T

H
e
R
E
G

1
t
a
l
k
b
a
c
k

G
r
a
y
d
i
s
p
l
a
y

 In
di

ca
te

s
h
e
l
i
u
m
p
r
i
m
a
r
y

li
ne

s
o
l
e
n
o
i
d
v
a
l
v
e
c
o
n
t
r
o
l
l
e
d
b
y

D
E
S
C
E
N
T

H
e
R
E
G

1
s
w
i
t
c
h

is
op
en
.

P
R
O
P
U
L
:

L
M
P
'
s

D
I
S
P
/
E
N
G

2
8
-
v
d
e

O
V
R
D

L
O
G
I
C
]

b
u
s

(
p
a
n
e
l

1
6
)   
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1

(
c
o
n
t
)

1
0
S
1

1
0
8
6

D
E
S

2

O
F
F

E
n
a
b
l
e
s

d
i
s
c
r
e
t
e

o
u
t
p
u
t
s
f
r
o
m

q
u
a
n
t
i
t
y
g
a
g
i
n
g
s
e
n
s
o
r
p
r
o
b
e
s

o
f

o
x
i
d
i
z
e
r

t
a
n
k
N
o
.
2

a
n
d

f
u
e
l
t
a
n
k

N
o
.

2
to
Q
U
A
N
T
I
T
Y

i
n
d
i
c
a
t
o
r
s
.

R
e
m
o
v
e
s

d
-
e
p
o
w
e
r

f
r
o
m

g
a
g
i
n
g

s
y
s
t
e
m
;

q
u
a
n
t
i
t
i
c

n
o
t

d
i
s
p
l
a
y
e
d

o
n
Q
U
A
N
T
I
T
Y
i
n
d
i
c
a
t
o
r
s
.

   
 

 

P
R
P
L
N
T
T
E
M
P
/
P
R
E
S
S
M
O
N

s
w
i
t
c
h

A
S
C

D
E
S

1

D
E
S

2

S
e
l
e
e
t
s

i
n
p
u
t
s

to
p
r
o
p
e
l
l
a
n
t

t
e
m
p
e
r
a
t
u
r
e
-

a
n
d
p
r
e
s
s
u
r
e
~
i
n
d
i
c
a
-

t
i
n
g
d
e
v
i
c
e
s
f
r
o
m

a
s
c
e
n
t
o
r
d
e
s
c
e
n
t

p
r
o
p
e
l
l
a
n
t

t
a
n
k
s
.

C
o
n
n
e
c
t
s

o
u
t
p
u
t

o
f
t
e
m
p
e
r
a
t
u
r
e

a
n
d

p
r
e
s
s
u
r
e

s
e
n
s
o
r
s

in
a
s
c
e
n
t
p
r
o
p
e
l
-

l
a
n
t
t
a
n
k
s

to
T
E
M
P

a
n
d
P
R
E
S
S

in
di
ca
to
rs
.

C
o
n
n
e
c
t
s

o
u
t
p
u
t

of
t
e
m
p
e
r
a
t
u
r
e

a
n
d

p
r
e
s
s
u
r
e

s
e
n
s
o
r
s

in
d
e
s
c
e
n
t

f
u
e
l

a
n
d

o
x
i
d
i
z
e
r

t
a
n
k
s

No
.

1
to
T
E
M
P

a
n
d

P
R
E
S
S
i
n
d
i
c
a
t
o
r
s
.

C
o
n
n
e
c
t
s

o
u
t
p
u
t

of
t
e
m
p
e
r
a
t
u
r
e

a
n
d
p
r
e
s
s
u
r
e

s
e
n
s
o
r
s

in
d
e
s
c
e
n
t

fu
el

a
n
d
o
x
i
d
i
z
e
r

ta
nk
s

N
o
.

2
to

T
E
M
P

a
n
d

P
R
E
S
S
i
n
d
i
c
a
t
o
r
s
.

P
R
O
P
U
L
:

D
I
S
P
/
E
N
G

O
V
R
D

L
O
G
I
C

(p
an
el

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
e
h
p
e
r
m
i
t
s

m
o
n
i
t
o
r
i
n
g
p
r
o
p
e
l
-

l
a
n
t
t
a
n
k
t
e
m
p
e
r
a
t
u
r
e
s

a
n
d
p
r
e
s
-

s
u
r
e
s
.

  H
E
L
I
U
M
M
O
N

s
e
l
e
c
t
o
r
s
w
i
t
c
h

O
F
F

 S
e
l
e
c
t
s

in
pu
ts

to
h
e
l
i
u
m

in
di

ca
ti

ng

d
e
v
i
c
e
f
r
o
m

d
e
s
c
e
n
t
c
r
y
o
g
e
n
i
c

s
t
o
r
a
g
e

v
e
s
s
e
l
,

f
r
o
m
p
r
e
s
s
u
r
e

t
r
a
n
s
d
u
c
e
r
d
e
v
i
c
e
s

in
a
s
c
e
n
t

h
e
l
i
u
m

t
a
n
k
s
,

a
n
d
f
r
o
m
p
r
e
s
s
u
r
e

t
r
a
n
s
d
u
c
e
r

in
a
m
b
i
e
n
t
h
e
l
i
u
m

b
o
t
t
l
e
.

R
e
m
o
v
e
s
p
o
w
e
r
f
r
o
m
H
E
L
I
U
M

i
n
d
i
c
a
t
o
r
;

z
e
r
o
s
a
r
e
d
i
s
p
l
a
y
e
d
.

 N
/
A

 1
1
5
-
v
a
e

b
u
s

 S
w
i
t
c
h
p
e
r
m
i
t
s

m
o
n
i
t
o
r
i
n
g
s
u
p
e
r
-

c
r
i
t
i
c
a
l
h
e
l
i
u
m
p
r
e
s
s
u
r
e

o
f
d
e
s
c
e
n
t

c
r
y
o
g
e
n
i
c

s
t
o
r
a
g
e

v
e
s
s
e
l
,
p
r
e
s
s
u
r
e

o
f
a
s
c
e
n
t
h
e
l
i
u
m

t
a
n
k
s
,

a
n
d
a
m
b
i
e
n
t

p
r
e
s
s
u
r
e

o
f
d
e
s
c
e
n
t
a
m
b
i
e
n
t
h
e
l
i
u
m

bo
tt
le
.
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Q
O
 

L
o
c
a
t
i
o
n
/

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

       

F
u
n
c
t
i
o
n

 

P
a
n
e
l

1

(
c
o
n
t
)

D
E
S
A
M
B

P
R
E
S
S

D
E
S
S
U
P
C
R
I
T

P
R
E
S
S

A
S
C
P
R
E
S
S

1

A
S
C
P
R
E
S
S

2

C
o
n
n
e
c
t
s

o
u
t
p
u
t

of
p
r
e
s
s
u
r
e
s
e
n
s
o
r

i
n
d
e
s
c
e
n
t
a
m
b
i
e
n
t
h
e
l
i
u
m
b
o
t
t
l
e

to
H
E
L
I
U
M

i
n
d
i
c
a
t
o
r
.

C
o
n
n
e
c
t
s

o
u
t
p
u
t

o
f
p
r
e
s
s
u
r
e
s
e
n
s
o
r

in
d
e
s
c
e
n
t

c
r
y
o
g
e
n
i
c

s
t
o
r
a
g
e
v
e
s
s
e
l

to
H
E
L
I
U
M

i
n
d
i
c
a
t
o
r
.

C
o
n
n
e
c
t
s

o
u
t
p
u
t

of
p
r
e
s
s
u
r
e

s
e
n
s
o
r

in
m
a
n
i
f
o
l
d
d
o
w
n
s
t
r
e
a
m
o
f

a
s
c
e
n
t

h
e
l
i
u
m

t
a
n
k
N
o
.

1
a
n
d
u
p
s
t
r
e
a
m

o
f

e
x
p
l
o
s
i
v
e
v
a
l
v
e

to
H
E
L
I
U
M

i
n
d
i
-

c
a
t
o
r
.

C
o
n
n
e
c
t
s

o
u
t
p
u
t

of
p
r
e
s
s
u
r
e

s
e
n
s
o
r

in
m
a
n
i
f
o
l
d
d
o
w
n
s
t
r
e
a
m

of
a
s
c
e
n
t

h
e
l
i
u
m
t
a
n
k

N
o
.

2
a
n
d
u
p
s
t
r
e
a
m

o
f

e
x
p
l
o
s
i
v
e
v
a
l
v
e

to
H
E
L
I
U
M

i
n
d
i
-

e
a
t
o
r
.

 

     

R
e
m
a
r
k
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

2

6D
S8
21

6D
S8
22

PANEL 2

6
D
S
2
3

6D
S8
26   C

A
U
T
I
O
N
L
I
G
H
T
S

A
S
C

HI
R
E
G

(
M
P
S
)

A
S
C
Q
T
Y

(
M
P
S
)

E
N
G
G
M
B
L

(
M
P
S
)

I
N
V
E
R
T
E
R

(E
PS
)

G
o
e
s

o
n

if
h
e
l
i
u
m
p
r
e
s
s
u
r
e
d
o
w
n
-

s
t
r
e
a
m

of
r
e
g
u
l
a
t
o
r
s

in
a
s
c
e
n
t

h
e
l
i
u
m

l
i
n
e
s
e
x
c
c
e
d
s

2
2
0

p
s
i
a
,

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
'
T

(p
an
el

11
a
n
d
/
o
r

p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

G
o
e
s

of
f
w
h
e
n
p
r
e
s
s
u
r
e

is

r
e
d
u
c
e
d

to
n
o
m
i
n
a
l

v
a
l
u
e
s
,

 

G
o
e
s

o
n

if
f
u
e
l
o
r
o
x
i
d
i
z
e
r

in
a
s
c
e
n
t

t
a
n
k

is
s
u
f
f
i
c
i
e
n
t
f
o
r
o
n
l
y
1
0
-
s
e
c
o
n
d

b
u
r
n
.

LT
G:

A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(p
an
el

11
a
n
d
/
o
r
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
c

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

Si
gn

al
p
e
r
m
i
t
s
m
a
n
u
a
l

s
h
u
t
d
o
w
n

of
a
s
c
e
n
t
e
n
g
i
n
e

to
a
v
o
i
d
e
x
p
l
o
s
i
v
e

p
o
t
e
n
t
i
a
l
,

r
e
s
u
l
t
i
n
g
f
r
o
m

d
e
p
l
e
t
i
o
n

of
fu
el

b
e
f
o
r
e
o
x
i
d
i
z
e
r

o
r
v
i
c
e

v
e
r
s
a
.

If
li
gh
t
g
o
e
s

on
,

a
s
c
e
n
t

e
n
g
i
n
e
th
ru
st
in
g

is
no
t
a
v
a
i
l
a
b
l
e

f
o
r
m
i
d
c
o
u
r
s
e
c
o
r
r
e
c
t
i
o
n

o
r

r
e
n
d
e
z
v
o
u
s

b
r
a
k
i
n
g
.
 

L
i
g
h
t
s

if
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
g
i
m
b
a
l

d
r
i
v
e

s
i
g
n
a
l
a
n
d
g
i
m
b
a
l

r
e
s
p
o
n
s
e

f
r
o
m
Y
-

o
r
Z
-

ax
is

t
r
i
m

fu
nc

ti
on

is
s
e
n
s
e
d
,

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

1
1

a
n
d
/
o
r

p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

G
D
A

s
i
g
n
a
l

is
e
n
a
b
l
e
d

o
n
l
y
w
h
e
n

d
e
s
c
e
n
t
e
n
g
i
n
e

is
a
r
m
e
d

a
n
d

is
d
i
s
a
b
l
e
d

a
f
t
e
r
s
e
p
a
r
a
t
i
o
n

o
f

a
s
c
e
n
t
a
n
d
d
e
s
c
e
n
t

s
t
a
g
e
s
.

 

G
o
e
s

o
n

if
a
-
c

b
u
s

v
o
l
t
a
g
e

is
le
ss

th
an

11
2

vo
lt
s,

or
if

a
-
c

b
u
s

f
r
e
-

q
u
e
n
c
y
i
s

l
e
s
s
t
h
a
n
3
9
8
c
p
s
o
r
e
x
-

c
e
e
d
s
4
0
2

c
p
s
.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(p
an
el

11
a
n
d
/
o
r
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t
g
o
e
s

of
f
w
h
e
n

w
i
t
h
i
n
-

t
o
l
e
r
a
n
c
e

c
o
n
d
i
t
i
o
n
s
a
r
e
r
e
s
t
o
r
e
d

o
r
w
h
e
n
I
N
V
E
R
T
E
R
s
w
i
t
c
h

is
s
e
t

to
O
F
F
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

2

(c
on
t) 6D
S8

27

6D
S8
28

6
D
S
3
0   B

A
T
T
E
R
Y

(E
PS

)

R
N
D
Z
R
D
R

(G
N&

CS
)

P
R
E
A
M
P
S

(
R
C
S
)

G
o
e
s

o
n

if
o
v
e
r
c
u
r
r
e
n
t
,

r
e
v
e
r
s
e

c
u
r
r
e
n
t
,

o
r
o
v
e
r
t
e
m
p
e
r
a
t
u
r
e

o
c
e
u
r
s

in
a
n
y
d
e
s
c
e
n
t

o
r
a
s
c
e
n
t

b
a
t
t
e
r
y
.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

11

a
n
d
/
o
r

p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t
g
o
e
s

of
f
w
h
e
n
n
o
m
i
n
a
l

c
o
n
-

d
i
t
i
o
n
s
a
r
e

r
e
s
t
o
r
e
d
,

o
r

if

a
f
f
e
c
t
e
d

b
a
t
t
e
r
y

is
t
u
r
n
e
d
o
f
f
.

 

G
o
e
s

o
n

if
R
R

d
a
t
a
-
n
o
t
-
g
o
o
d
c
o
n
-

di
ti

on
o
c
c
u
r
s
.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(p
an

el
11

a
n
d
/
o
r

pa
ne
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
i
g
n
a
l

is
e
n
a
b
l
e
d

o
n
l
y
w
h
e
n

r
e
n
d
e
z
v
o
u
s

r
a
d
a
r

s
e
l
e
c
t
o
r
s
w
i
t
c
h

is
s
e
t
'
t
o
A
U
T
O
T
R
A
C
K
.

L
i
g
h
t

g
o
e
s

of
f
w
h
e
n
d
a
t
a
-
g
o
o
d

c
o
n
d
i
t
i
o
n

is
r
e
s
t
o
r
e
d

o
r
R
R

is
t
u
r
n
e
d
o
f
f
.

 

 

G
o
e
s

o
n

if
ei

th
er

of
t
w
o

pa
ra

ll
el

r
e
d
u
n
d
a
n
t

-4
.
7
-
v
o
l
t
d
-
c

r
e
g
u
l
a
t
e
d

p
o
w
e
r

s
u
p
p
l
i
e
s

t
h
a
t
p
r
o
v
i
d
e
p
o
w
e
r

to
R
C
S

je
t
p
r
e
a
m
p
l
i
f
i
e
r
s
a
r
e

o
u
t

of

t
o
l
e
r
a
n
c
e
.

L
G
:

A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
Y

(
p
a
n
e
l

11

a
n
d
/
o
r

pa
ne

l
16

)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t
g
o
e
s

of
f
w
h
e
n
D
E
S
B
A
T
S

s
w
i
t
c
h

is
se
t

to
D
E
A
D
F
A
C
E
o
r

A
B
O
R
T
p
u
s
h
b
u
t
t
o
n

is
p
r
e
s
s
e
d
,
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

R
rk
s

S
o
u
r
c
e

e
m
a
r
k
s

 

P
a
n
e
l

2

(c
on

t) 6
D
S
3
1

6
D
S
3
2

6
D
S
3
3

PANEL 2

6
D
S
3
4

E
D
R
E
L
A
Y
S

(E
D)

R
C
S

H
E
A
T
E
R

C
,
"
W
P
W
R

(
C
W
E
A
)

G
o
e
s

o
n
w
h
e
n

m
a
s
t
e
r
a
r
m

r
e
l
a
y
o
r

o
n
e

o
f
s
y
s
t
e
m
A

o
r
s
y
s
t
e
m
B

s
t
a
g
e

s
e
q
u
e
n
c
e

re
la
ys
f
a
i
l
s
.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

11

a
n
d
/
o
r

p
a
n
c
l

1
6
)

C
D
R
'
s

L
i
g
h
t
g
o
e
s

of
f
w
h
e
n

E
D
:
L
O
G
I
C

2
8
-
v
d
e

P
W
R
A

o
r
B

c
i
r
c
u
i
l
b
r
e
a
k
e
r
s

is
b
u
s

o
p
e
n
e
d
,

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

G
o
e
s

o
n

if
p
r
e
s
s
u
r
e

of
h
e
l
i
u
m

t
a
n
k

in
s
y
s
t
e
m
A

o
r

B
d
r
o
p
s

b
e
l
o
w
1
,

7
0
0

p
s
i
a
.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

11

a
n
d
/
o
r

p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t
g
o
e
s

of
f
w
h
e
n
T
E
M
P
/
P
R
E
S
S

M
O
N

s
w
i
t
c
h

is
s
e
t

to
H
e
.

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

G
o
e
s

o
n

if
o
u
t
-
o
f
-
t
o
l
e
r
a
n
c
e
t
e
m
p
e
r
-

a
t
u
r
e

e
x
i
s
t
s

in
R
C
S

t
h
r
u
s
t
e
r
q
u
a
d
,

R
R

a
s
s
e
m
b
l
y
,
L
R

a
n
t
e
n
n
a
a
s
s
e
m
b
l
y
,

o
r
S
-
b
a
n
d

s
t
e
e
r
a
b
l
e

a
n
t
e
n
n
a
.

L
t
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

1
1

a
n
d
/
o
r

p
a
n
e
l

16
)

C
D
R
'
s

L
i
g
h
t
g
o
e
s

o
f
f
w
h
e
n
T
E
M
P
M
O
N
I
-

2
8
-
v
d
e

T
O
R

s
w
i
t
c
h

is
s
e
t

to
a
f
f
e
c
t
e
d

b
u
s

h
e
a
t
e
r

p
o
s
i
t
i
o
n
.

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

G
o
e
s

o
n

if
a
n
y

r
e
g
u
l
a
t
e
d
p
o
w
e
r

s
u
p
p
l
y
f
a
i
l
s
.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

1
1

a
n
d
/
o
r

p
a
n
e
l

16
)

 
C
D
R
'
s

L
i
g
h
t
g
o
e
s

of
f
w
h
e
n
n
o
r
m
a
l
p
o
w
e
r

2
8
-
v
d
e

is
r
e
s
t
o
r
e
d

to
C
W
E
A
.

R
e
g
u
l
a
t
e
d

b
u
s

p
o
w
e
r
:

+
2
3
,

+9
.

14
.

a
n
d

-
3

v
o
l
l
s
.

L
M
P
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

2
(c
on
t) 6
D
S
3
6

5
D
S
3
7

6
D
S
3
8

 E
C
S

O
5
Q
T
Y

(
E
C
S
)

G
L
Y
C
O
L

(E
CS
)

G
o
e
s

o
n

if
g
l
y
c
o
l
p
u
m
p
1

or
2

fa
il
s,

C
O
g

p
a
r
t
i
a
l
p
r
e
s
s
u
r
e

e
x
c
e
e
d
s

7
.
6
m
m

H
g
,

w
a
t
e
r

s
e
p
a
r
a
t
o
r
f
a
i
l
s
,

o
r

su
it

fa
n

N
o
.

1
fa
il
s.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(p
an
el

11
a
n
d
/
o
r

p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t
g
o
e
s

of
f
w
h
e
n

gl
yc
ol

p
u
m
p

p
r
e
s
s
u
r
e

is
r
e
s
t
o
r
e
d
,

f
o
l
l
o
w
e
d
b
y

m
o
m
e
n
t
a
r
i
l
y

se
tt
in
g
G
L
Y
C
O
L

s
w
i
t
c
h

to
a
p
p
r
o
p
r
i
a
t
e
p
u
m
p

p
o
s
i
-

ti
on
;
n
o
m
i
n
a
l

w
a
t
e
r

s
e
p
a
r
a
t
o
r

s
p
e
e
d
i
s

r
e
s
t
o
r
e
d
,

o
r

su
it

f
a
n

N
o
.

2
is

se
le
ct
ed
.

 

G
o
e
s

o
n

if
p
r
e
s
s
u
r
e

in
d
e
s
c
e
n
t

o
x
y
g
e
n

t
a
n
k
d
r
o
p
s
b
e
l
o
w

1
3
5

p
s
i
a
,

if
l
e
s
s
-
t
h
a
n
-
f
u
l
l
p
r
e
s
s
u
r
e

(
l
e
s
s
t
h
a
n

6
8
4

ps
ia
)
o
c
c
u
r
s

in
ei
th
er

a
s
c
e
n
t

o
x
y
g
e
n

t
a
n
k
,

o
r

if
p
r
e
s
s
u
r
e

in

a
s
c
e
n
t

t
a
n
k
N
o
.

1
is

le
ss

th
an

1
0
0

p
s
i
a
,

LT
G:

A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(p
an
el

11
a
n
d
/
o
r

p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t
g
o
e
s

of
f
w
h
e
n
O
9
/
H
2
0
Q
T
Y

MO
N
s
w
i
t
c
h

is
se
t

to
C
/
W
R
E
S
E
T

m
o
m
e
n
t
a
r
i
l
y
.

D
e
s
c
e
n
t

t
a
n
k
l
o
w
-

p
r
e
s
s
u
r
e

si
gn

al
a
n
d
a
s
c
e
n
t

t
a
n
k
s

l
e
s
s
-
t
h
a
n
-
f
u
l
l

s
i
g
n
a
l
s
a
r
e

i
n
h
i
b
i
t
e
d

a
f
t
e
r

s
t
a
g
i
n
g
.

 

G
o
e
s

o
n

if
q
u
a
n
t
i
t
y

of
g
l
y
c
o
l

in

p
r
i
m
a
r
y
c
o
o
l
a
n
t

l
o
o
p

is
l
o
w
o
r
i
f

p
r
i
m
a
r
y
-
l
o
o
p

g
l
y
c
o
l

t
e
m
p
e
r
a
t
u
r
e
,

s
e
n
s
e
d

a
t
g
l
y
c
o
l

w
a
t
e
r
e
v
a
p
o
r
a
t
o
r

o
u
t
l
e
t
,

e
x
c
e
e
d
s

+
5
0

F
.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

1
1

a
n
d
/
o
r

p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

B
o
t
h

s
i
g
n
a
l
s
a
r
e

i
n
h
i
b
i
t
e
d

a
f
t
e
r

G
L
Y
C
O
L
s
w
i
t
c
h

is
se
t

to
I
N
S
T

(
S
E
C
)

a
n
d
G
L
Y
C
O
L
P
U
M
P
S
E
C

c
i
r
c
u
i
t
b
r
e
a
k
e
r

(
p
a
n
e
l

16
)

is

p
r
e
s
s
e
d
.

If
li
t
d
u
e

to
hi
gh
-

t
e
m
p
e
r
a
t
u
r
e

co
nd
it
io
n,

g
o
e
s

of
f

w
h
e
n
n
o
m
i
n
a
l

t
e
m
p
e
r
a
t
u
r
e

l
e
v
e
l

is
r
e
s
t
o
r
e
d
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

2

(
c
o
n
t
)

6
D
S
4
0

8
M
2

8
M
1

1
6
D
S
9
6

8
M
4

1
6
D
S
9
8

S
-
B
D
R
C
V
R

G
o
e
s

o
n

if
S
-
b
a
n
d

r
e
c
e
i
v
e
r

a
u
t
o
-

m
a
t
i
c

ga
in

co
nt
ro
l
f
a
i
l
s
.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(p
an
el

11
a
n
d
/
o
r
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t

is
e
n
a
b
l
e
d
w
h
e
n
R
A
N
G
E

F
U
N
C
T
I
O
N
S
s
w
i
t
c
h

is
s
e
t

to

T
V
/
C
W
E
A
E
N
A
B
L
E
.

Li
gh

t
go

es
of

f
w
h
e
n

s
w
i
t
c
h

is
se
t

to
O
F
F
/

R
E
S
E
T
.

 

T
E
M
P
i
n
d
i
c
a
t
o
r

(
R
C
S
)

I
n
d
i
c
a
t
e
s
p
r
o
p
e
l
l
a
n
t
t
e
m
p
e
r
a
t
u
r
e

(
2
0
°

to
+
1
2
0
°

F)
of

s
y
s
t
e
m
s
A

a
n
d

B,
b
y
m
e
a
s
u
r
i
n
g

fu
el

t
a
n
k
t
e
m
p
e
r
-

a
t
u
r
e

(w
it

h
T
E
M
P
/
P
R
E
S
S
M
O
N

s
e
l
e
c
t
o
r

s
w
i
t
c
h

s
e
t

t
o
P
R
P
L
N
T
)
.

RC
S:

T
E
M
P
/

P
R
E
S
S

D
I
S
P
~
F
L
A
G
S

(
p
a
n
e
l

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

I
n
d
i
c
a
t
o
r
c
o
n
s
i
s
t
s

o
f
t
w
o

f
i
x
e
d

di
al
s
a
n
d

ve
rt

ic
al

m
o
v
a
b
l
e

p
o
i
n
t
e
r
s
.

 

P
R
E
S
S

i
n
d
i
c
a
t
o
r
(
R
C
S
)

In
di

ca
te

s
p
r
e
s
s
u
r
e

(0
to

4,
0
0
0

ps
ia
)

o
f
h
e
l
i
u
m

t
a
n
k
,

h
e
l
i
u
m

r
e
g
u
l
a
t
o
r

ou
tl
et
,

a
n
d

fu
el

o
r
o
x
i
d
i
z
e
r
m
a
n
i
-

f
o
l
d
s

of
s
y
s
t
e
m
s
A

a
n
d

B
,

a
s

se
le

ct
ed

wi
th

T
E
M
P
/
P
R
E
S
S
M
O
N

s
e
l
e
c
t
o
r

sw
it

ch
.

RC
S:

T
E
M
P
/

P
R
E
S
S

D
I
S
P
-
F
L
A
G
S

(
p
a
n
e
l

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

H
e
l
i
u
m

ta
nk

p
r
e
s
s
u
r
e

is
o
b
t
a
i
n
e
d

b
y

m
u
l
t
i
p
l
y
i
n
g
r
e
a
d
i
n
g
b
y

10
,

 

P
R
E
S
S

i
n
d
i
c
a
t
o
r
p
o
w
e
r

f
a
i
l
u
r
e

i
n
d
i
c
a
t
o
r

R
e
d

l
i
g
h
t
g
o
e
s

o
n
w
h
e
n

p
o
w
e
r
t
o

i
n
d
i
c
a
t
o
r

is
i
n
t
e
r
r
u
p
t
e
d
.

N
/
A

N
/
A

 

Q
U
A
N
T
I
T
Y

in
di
ca
to
r

(R
CS
)

C
o
n
t
i
n
u
o
u
s
l
y

i
n
d
i
c
a
t
e
s
q
u
a
n
t
i
t
y

(
p
e
r
c
e
n
t
a
g
e
)

of
p
r
o
p
e
l
l
a
n
t
r
e
m
a
i
n
-

i
n
g
f
o
r
R
C
S

s
y
s
t
e
m
s
A

a
n
d

B
.

R
C
S
S
Y
S

B
:

P
Q
G
S
/
D
I
S
P

(
p
a
n
e
l

1
6
)

L
M
P
'
s
—

2
8
-
v
d
e

b
u
s

 

Q
U
A
N
T
I
T
Y
i
n
d
i
c
a
t
o
r
p
o
w
e
r

f
a
i
l
u
r
e

i
n
d
i
c
a
t
o
r

R
e
d

li
gh

t
g
o
e
s

o
n
w
h
e
n

po
we

r
t
o

in
di

ca
to

r
is

in
te

rr
up

te
d.

N
/
A

N
/
A
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c
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3-38

P
a
n
e
l

2
(
c
o
n
t
)

8
S
8

Mission  PANEL 2

LM Basic Date 1 February 1970

8
¥
L
6

Change Date

 S
Y
S
T
E
M

A
A
S
C
F
E
E
D

1
s
w
i
t
c
h

A
S
C
F
E
E
D

1

C
e
n
t
e
r

C
L
O
S
E

S
e
l
e
c
t
s

i
n
p
u
t
s

to
t
w
o

t
i
t
c
h
i
n
g

s
o
l
e
-

n
o
i
d
-
o
p
e
r
a
t
e
d

i
n
t
e
r
c
o
n
n
c
e
t

v
a
l
v
e
s

in
a
s
c
e
n
t
p
r
o
p
e
l
l
a
n
t

li
ne
,

w
h
i
c
h

co
nt
ro
l

fl
ow

of
p
r
o
p
e
l
l
a
n
t
f
r
o
m

a
s
c
e
n
t

p
r
o
p
e
l
l
a
n
t

t
a
n
k
s

to
R
C
S

t
h
r
u
s
t
e
r
.

E
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d
s

t
h
a
t
d
r
i
v
e

a
s
c
e
n
t

p
r
o
p
e
l
l
a
n
t

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s

to
o
p
e
n

p
o
s
i
t
i
o
n
.

R
e
m
o
v
e
s

s
o
l
e
n
o
i
d
e

e
x
c
i
t
a
t
i
o
n
.

E
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d
s

t
h
a
t
d
r
i
v
e

a
s
c
e
n
t
p
r
o
p
e
l
l
a
n
t

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s

to
c
l
o
s
e
d

p
o
s
i
t
i
o
n
.

R
C
S
S
Y
S

A:
A
S
C
F
E
E
D

1
(p
an
el

11
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

S
w
i
t
c
h

is
s
p
r
i
n
g

lo
ad
ed

to
c
e
n
t
e
r

(
l
o
c
k
)
p
o
s
i
t
i
o
n
,

I
n
e
v
e
n
t
o
f
R
C
S

m
a
l
f
u
n
c
t
i
o
n
,

a
s
c
e
n
t
p
r
o
p
u
l
s
i
o
n

s
e
c
t
i
o
n

c
a
n

s
u
p
p
l
y

p
r
o
p
e
l
l
a
n
t

t
o

8
o
r

16
T
C
A
'
s

Gi
f
L
M
i
s

e
x
p
e
r
i
e
n
c
i
n
g

a
f
o
r
c
e

in
r
X
~

d
i
r
e
c
t
i
o
n
)
,

T
h
i
s
c
a
n
b
e
a
c
c
o
m
-

p
l
i
s
h
e
d

b
y

s
e
t
t
i
n
g
A
S
C
F
E
E
D
|

s
w
i
t
c
h

f
o
r
s
y
s
t
e
m
A

o
r

B
y

a
r

b
o
t
h
,

to
C
F
R
E
D

1
a
n
d
M
A
I
N

S
O
V

s
w
i
t
c
h

f
o
r
s
y
s
t
e
m

A
o
r

B,
o
r

b
o
t
h
,

to
C
L
O
S
E
.

(
A
S
C
F
E
E
D

2

s
w
i
t
c
h
m
u
s
t
b
e

se
t

to
A
S
C
F
E
E
D

 
 

G
r
a
y

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
v
e
d
w
h
e
n

i
n
t
e
r
c
o
n
n
e
e
t

v
a
l
v
e
s
a
r
e

o
p
e
n
.

I
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e
s
r
e
m
a
i
n

in

l
a
s
t
c
o
m
m
a
n
d
e
d

p
o
s
i
t
i
o
n
.

B
a
r
b
e
r
-
p
o
l
e
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d

w
h
e
n

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s
a
r
e

c
l
o
s
e
d
.

 

S
Y
S
T
E
M
A
A
S
C

F
U
E
L
t
a
l
k
b
a
c
k

G
r
a
y

d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e
d
i
s
p
l
a
y

I
n
d
i
c
a
t
e
s
a
s
c
e
n
t

f
u
e
l

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s
a
r
e

o
p
e
n
.

I
n
d
i
c
a
t
e
s

i
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e
s
a
r
e

c
l
o
s
e
d
.

R
C
S
S
Y
S

B:
T
E
M
P
/

P
R
E
S
S

D
I
S
P
-
F
L
A
G
S

(
p
a
n
e
l

16
)

L
M
P
'
t
s

2
8
-
v
d
e

b
u
s

B
o
t
h
a
s
c
e
n
t

f
u
e
l

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s
m
u
s
t
b
e
o
p
e
n

to
o
b
t
a
i
n

a

g
r
a
y

di
sp

la
y,

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y
c
a
n
b
e

o
b
t
a
i
n
e
d
w
i
t
h
o
n
l
y
o
n
e
a
s
c
e
n
t

fu
el

i
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e

c
l
o
s
e
d
.
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NS

 

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

2
(c
on
t) 8
8
2
2

8
F
L
1
8

S
Y
S
T
E
M
A
A
S
C

F
E
E
D
2

s
w
i
t
c
h

A
S
C
F
E
E
D

2

C
e
n
t
e
r

C
L
O
S
E

S
e
l
e
c
t
s

in
pu

ts
to

t
w
o

la
tc

hi
ng

s
o
l
e
n
o
i
d
-
o
p
e
r
a
t
e
d

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s

in
a
s
c
e
n
t

pr
op

el
la

nt
li
ne
,

w
h
i
c
h

c
o
n
t
r
o
l

f
l
o
w

o
f
p
r
o
p
e
l
l
a
n
t

f
r
o
m

a
s
c
e
n
t

p
r
o
p
e
l
l
a
n
t
t
a
n
k
s

to
R
C
S

t
h
r
u
s
t
e
r
s
.

.

E
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d
s

t
h
a
t
d
r
i
v
e

a
s
c
e
n
t
p
r
o
p
e
l
l
a
n
t

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s

to
o
p
e
n

p
o
s
i
t
i
o
n
.

R
e
m
o
v
e
s

s
o
l
e
n
o
i
d

e
x
c
i
t
a
t
i
o
n
,

E
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d
s

t
h
a
t
d
r
i
v
e

a
s
c
e
n
t
p
r
o
p
e
l
l
a
n
t

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s

to
c
l
o
s
e
d

p
o
s
i
t
i
o
n
,

R
C
S
S
Y
S

A:
A
S
C
F
E
E
D

2

(
p
a
n
e
l

1
1
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
s
p
r
i
n
g

l
o
a
d
e
d

to
c
e
n
t
e
r

(
l
o
c
k
)
p
o
s
i
t
i
o
n
,

in
e
v
e
n
t
of
R
C
S
m
a
l
-

f
u
n
c
t
i
o
n
,

a
s
c
e
n
t

p
r
o
p
u
l
s
i
o
n

s
e
c
t
i
o
n

c
a
n
s
u
p
p
l
y

p
r
o
p
e
l
l
a
n
t

to
8
o
r

1
6

T
C
A
'
s
,

(i
f

LL
.M
i
s

e
x
p
e
r
i
e
n
c
i
n
g

a
f
o
r
c
e

in
+
X
-
d
i
r
e
c
t
i
o
n
)
.

T
h
i
s

c
a
n

b
e
a
c
c
o
m
p
l
i
s

b
y

s
e
t
t
i
n
g
A
S
C

F
L
E
D

2
s
w
i
t
c
h

f
o
r
s
y
s
t
e
m
A

B
,

o
r

b
o
t
h
,

to
A
S
C
F
E
E
D

2
a
n
d

M
A
I
N

S
O
V
s
w
i
t
c
h

f
o
r
s
y
s
t
e
m
A

o
r

B
,

o
r

b
o
t
h
,

to
C
L
O
S
E
.

(
A
S
C

F
E
E
D

1
s
w
i
t
c
h
m
u
s
t
b
e

s
e
t

to
A
S
C

F
E
E
D

1.
)

 

d

 

G
r
a
y

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
w
h
e
n

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s
a
r
e

o
p
e
n
.

I
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e
s
r
e
m
a
i
n

in
l
a
s
t

c
o
m
m
a
n
d
e
d

p
o
s
i
t
i
o
n
.

B
a
r
b
e
r
-
p
o
l
e

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d

w
h
e
n

i
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e
s
a
r
e

c
l
o
s
e
d
.

 

S
Y
S
T
E
M
A
A
S
C
O
X
I
D

ta
lk

ba
ck

G
r
a
y
d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

I
n
d
i
c
a
t
e
s
a
s
c
e
n
t
o
x
i
d
i
z
e
r

i
n
t
e
r
c
o
n
-

n
e
c
t
v
a
l
v
e
s
a
r
e

op
en

.

I
n
d
i
c
a
t
e
s

i
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e
s
a
r
e

c
l
o
s
e
d
.

R
C
S
S
Y
S

B
:

T
E
M
P
/

P
R
E
S
S

D
I
S
P
-
F
L
A
G
S

(p
an

el
16

)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

B
o
t
h

a
s
c
e
n
t
o
x
i
d
i
z
e
r

i
n
t
e
r
c
o
n
n
e
c
t

v
l
a
v
e
s
m
u
s
t
b
e
o
p
e
n

to
o
b
t
a
i
n

a

g
r
a
y

d
i
s
p
l
a
y
.

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

c
a
n

b
e

o
b
t
a
i
n
e
d

w
i
t
h
o
n
l
y
o
n
e
a
s
c
e
n
i

o
x
i
d
i
z
e
r

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e

c
l
o
s
e
d
.
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PANEL2

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n
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a
y

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

I
n
d
i
c
a
t
e
s
a
s
c
e
n
t

fu
el

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s
a
r
e

o
p
e
n
,

I
n
d
i
c
a
t
e
s

i
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e
s
a
r
e

c
l
o
s
e
d
.

R
C
S
S
Y
S

B
:

T
E
M
P
/

P
R
E
S
S

D
I
S
P
-
F
L
A
G
S

(
p
a
n
e
l

16
)

L
M
F
'
s

2
8
-
v
d
e

b
u
s

B
o
t
h
a
s
c
e
n
t

fu
el

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s
m
u
s
t

b
e
o
p
e
n

to
o
b
t
a
i
n

a
g
y
r
o

d
i
s
p
l
a
y
.

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y
c
a
n
b
e

o
b
t
a
i
n
e
d

w
i
t
h

o
n
l
y
o
n
e
a
s
c
e
n
t

f
u
e
l

i
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e

c
l
o
s
e
d
,
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

2

(c
on
t) 8
8
2
3

8
F
L
1
9

S
Y
S
T
E
M

B
A
S
C
F
E
E
D

2
s
w
i
t
c
h

A
S
C
F
E
E
D
2

C
e
n
t
e
r

C
L
O
S
E

S
e
l
e
c
t
s

in
pu
ts

to
t
w
o

l
a
t
e
h
-
t
y
p
e

s
o
l
e
n
o
i
d
-
o
p
e
r
a
t
e
d

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s

in
a
s
c
e
n
t
p
r
o
p
e
l
l
a
n
t

li
ne

,

w
h
i
c
h

co
nt

ro
l

fl
ow

of
p
r
o
p
e
l
l
a
n
t

f
r
o
m

a
s
c
e
n
t
p
r
o
p
e
l
l
a
n
t
t
a
n
k
s

t
o
R
C
S

th
ru
st
er
s.

E
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d
s

t
h
a
t
d
r
i
v
e

a
s
c
e
n
t
p
r
o
p
e
l
l
a
n
t

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s

to
o
p
e
n

p
o
s
i
t
i
o
n
.

R
e
m
o
v
e
s

s
o
l
e
n
o
i
d

e
x
c
i
t
a
t
i
o
n
.

E
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d
s

t
h
a
t
d
r
i
v
e

a
s
c
e
n
t

p
r
o
p
e
l
l
a
n
t

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s

to
c
l
o
s
e
d
p
o
s
i
t
i
o
n
.

R
C
S
S
Y
S

B:
A
S
C
F
E
E
D

2
(p
an
el

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
s
p
r
i
n
g
l
o
a
d
e
d

to
c
e
n
t
e
r

(
l
o
c
k
)
p
o
s
i
t
i
o
n
.

In
e
v
e
n
t
o
f
R
C
S
m
a
l
-

f
u
n
c
t
i
o
n
,

a
s
c
e
n
t
p
r
o
p
u
l
s
i
o
n

s
e
c
t
i
o
n

c
a
n

s
u
p
p
l
y

p
r
o
p
e
l
l
a
n
t

to
8
o
r

16

T
C
A
'
s
,

(i
f
L
M

is
e
x
p
e
r
i
e
n
c
i
n
g

a

f
o
r
c
e

in
+
X
-
d
i
r
e
c
t
i
o
n
)
.

T
h
i
s

c
a
n

b
e
a
c
c
o
m
p
l
i
s
h
e
d

b
y

s
e
t
t
i
n
g
A
S
C

F
E
E
D

2
s
w
i
t
c
h

f
o
r
s
y
s
t
e
m
A

o
r

B
,

o
r

b
o
t
h
,

to
A
S
C
F
E
E
D
2

a
n
d

M
A
I
N

S
O
V
s
w
i
t
c
h

f
o
r
s
y
s
t
e
m
A

o
r

B,
o
r

bo
th

,
to

C
L
O
S
E
.

(
A
S
C

F
E
E
D

1
s
w
i
t
c
h
m
u
s
t
b
e

s
e
t

to
A
S
C

F
E
E
D

2.
)

G
r
a
y
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
w
h
e
n

i
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e
s

a
r
e

o
p
e
n
.

I
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e
s
r
e
m
a
i
n

in
l
a
s
t

c
o
m
m
a
n
d
e
d

p
o
s
i
t
i
o
n
,

B
a
r
b
e
r
-
p
o
l
e

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d

w
h
e
n

i
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e
s
a
r
e

c
l
o
s
e
d
.

 

S
Y
S
T
E
M
B

A
S
C
O
X
I
D

t
a
l
k
b
a
c
k

G
r
a
y
d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

I
n
d
i
c
a
t
e
s
a
s
c
e
n
t
o
x
i
d
i
z
e
r

i
n
t
e
r
c
o
n
-

n
e
c
t

v
a
l
v
e
s
a
r
e

o
p
e
n
.

I
n
d
i
c
a
t
e
s

i
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e
s
a
r
e

cl
os
ed
,

R
C
S
S
Y
S

B
:

T
E
M
P
/

P
R
E
S
S

D
I
S
P
-
F
L
A
G
S

(
p
a
n
e
l

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

B
o
t
h

a
s
c
e
n
t
o
x
i
d
i
z
e
r

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s
m
u
s
t
b
e
o
p
e
n

to
o
b
t
a
i
n
a

g
r
a
y

d
i
s
p
l
a
y
.

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y
c
a
n

b
e
o
b
-

t
a
i
n
e
d

w
i
t
h

o
n
l
y
o
n
e
a
s
c
e
n
t

o
x
i
d
i
z
e
r

i
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e

c
l
o
s
e
d
.

 

 
   

 
   

    

APOLLO OPERATIONS HANDBOOK
CONTROLS AND DISPLAYS

LMA790-3-LM



Page 3-46 Mission LM Basic Date 1 February 1970 Change Date 1 April 1971

 

Lo
ca

ti
on

/
R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

2
(
c
o
n
t
) 8
8
1
3

8
F
L
1
1

PANEL 2

 S
Y
S
T
E
M
B
L
G
C
T
H
R
U
S
T
E
R

P
A
I
R

C
M
D
S
Q
U
A
D

1
s
w
i
t
c
h

E
N
A
B
L
E

D
I
S
A
B
L
E

P
e
r
m
i
t
s
n
o
r
m
a
l
L
G
C
c
o
m
m
a
n
d

o
f
s
y
s
t
e
m
B

q
u
a
d
r
a
n
t

1
j
e
t
f
i
r
i
n
g
.

P
r
o
v
i
d
e
s

s
i
g
n
a
l

to
L
G
C

to
i
n
h
i
b
i
t

fi
ri
ng

c
o
m
m
a
n
d
s

to
s
y
s
t
e
m
B

q
u
a
d
r
a
n
t

1
je
ts
.

In
hi
bi
ts
C
W
E
A

a
n
d
r
e
m
o
v
e
s
T
C
A
-
f
a
i
l
u
r
e

i
n
d
i
-

c
a
t
i
o
n
.

N
/
A

N
/
A

G
r
a
y

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

B
a
r
b
e
r
-
p
o
l
e

t
a
l
k
b
a
c
k

is
d
i
s
-

pl
ay
ed
.

 

S
Y
S
T
E
M
B
L
G
C
T
H
R
U
S
T
E
R

P
A
I
R

C
M
D
S

Q
U
A
D
1

t
a
l
k
b
a
c
k

G
r
a
y
d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

R
e
d

d
i
s
p
l
a
y

In
di
ca
te
s

e
n
a
b
l
e
o
r
d
i
s
a
b
l
e

st
at

us
of

s
y
s
t
e
m
B
q
u
a
d
r
a
n
t

1
L
G
C
c
o
m
-

m
a
n
d
s
.

In
di
ca
te
s
n
o
r
m
a
l
L
G
C
c
o
m
m
a
n
d

of
s
y
s
t
e
m
B

q
u
a
d
r
a
n
t

1
je
t
fi
ri
ng
.

In
di

ca
te

s
L
G
C
c
o
m
m
a
n
d
o
f

s
y
s
t
e
m

B
q
u
a
d
r
a
n
t

1
je
t

f
i
r
i
n
g

is
i
n
h
i
b
i
t
e
d
.

In
di
ca
te
s
s
y
s
t
e
m
B
q
u
a
d
r
a
n
t

1
T
C
A

fa
il
ed

to
fi

re
o
n
L
G
C
c
o
m
m
a
n
d
.

R
C
S
S
Y
S
B
:

T
E
M
P
/

P
R
E
S
S

D
I
S
P
-

F
L
A
G
S

(
p
a
n
e
l

1
6
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

2

(
c
o
n
t
) 8
8
1
4

8
F
L
1
2  S

Y
S
T
E
M
B
L
G
C
T
H
R
U
S
T
E
R

P
A
I
R

C
M
D
S

Q
U
A
D
2

s
w
i
t
c
h

E
N
A
B
L
E

D
I
S
A
B
L
E

P
e
r
m
i
t
s
n
o
r
m
a
l
L
G
C
c
o
m
m
a
n
d

o
f

s
y
s
t
e
m
B

q
u
a
d
r
a
n
t

2
j
e
t
f
i
r
i
n
g
.

P
r
o
v
i
d
e
s

s
i
g
n
a
l

to
L
G
C

to
i
n
h
i
b
i
t

f
i
r
i
n
g
c
o
m
m
a
n
d
s

to
s
y
s
t
e
m
B

q
u
a
d
r
a
n
t

2
j
e
t
s
.

I
n
h
i
b
i
t
s
C
W
E
A

a
n
d
r
e
m
o
v
e
s

T
C
A
-
f
a
i
l
u
r
e

in
di
-

c
a
t
i
o
n
.

N
/
A

N
/
A

G
r
a
y
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

B
a
r
b
e
r
-
p
o
l
e
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

 

S
Y
S
T
E
M
B
L
G
C
T
H
R
U
S
T
E
R

P
A
I
R

C
M
D
S

Q
U
A
D
2

t
a
l
k
b
a
c
k

G
r
a
y
d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

R
e
d

di
sp

la
y

In
di
ca
te
s
e
n
a
b
l
e
o
r
d
i
s
a
b
l
e

st
at
us

o
f
s
y
s
t
e
m
B
q
u
a
d
r
a
n
t

2
L
G
C
c
o
m
-

m
a
n
d
s
.

I
n
d
i
c
a
t
e
s
n
o
r
m
a
l
L
G
C
c
o
m
m
a
n
d

o
f
s
y
s
t
e
m
B

q
u
a
d
r
a
n
t

2
j
e
t

f
i
r
i
n
g
.

In
di
ca
te
s
L
G
C
c
o
m
m
a
n
d

of
s
y
s
t
e
m

B
q
u
a
d
r
a
n
t

2
je

t
fi
ri
ng

is
in

hi
bi

te
d.

I
n
d
i
c
a
t
e
s
s
y
s
t
e
m
B

q
u
a
d
r
a
n
t

2
T
C
A

fa
il
ed

to
fi
re

o
n
L
G
C
c
o
m
m
a
n
d
.

T
E
M
P
/

P
R
E
S
S

D
I
S
P
-

F
L
A
G
S

(
p
a
n
e
l

1
6
)

R
C
S
S
Y
S
B
:

L
M
P
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

2
(
c
o
n
t
) 8
8
1
7

8
F
L
1
5

S
Y
S
T
E
M
B
L
G
C
T
H
R
U
S
T
E
R

P
A
I
R

C
M
D
S
Q
U
A
D

38
s
w
i
t
c
h
(
L
M

1
0
a
n
d

s
u
b
q
)

E
N
A
B
L
E

D
I
S
A
B
L
E

P
e
r
m
i
t
s
n
o
r
m
a
l
L
G
C
c
o
m
m
a
n
d

of
s
y
s
t
e
m
B
q
u
a
d
r
a
n
t

3
je

t
fi
ri
ng
.

P
r
o
v
i
d
e
s

s
i
g
n
a
l

t
o
L
G
C

to
i
n
h
i
b
i
t

fi
ri
ng

c
o
m
m
a
n
d
s

to
s
y
s
t
e
m
B

q
u
a
d
r
a
n
t

3
je
ts
.

In
hi
bi
ts
C
W
E
A

a
n
d
r
e
m
o
v
e
s
T
C
A
-
f
a
i
l
u
r
e

in
di
-

c
a
t
i
o
n
.

N
/
A

N
/
A

G
r
a
y

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

B
a
r
b
e
r
-
p
o
l
e
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

 

S
Y
S
T
E
M
B
L
G
C
T
H
R
U
S
T
E
R

P
A
I
R

C
M
D
S

Q
U
A
D
3

t
a
l
k
b
a
c
k

G
r
a
y

d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

R
e
d

di
sp

la
y

In
di
ca
te
s

e
n
a
b
l
e
o
r
d
i
s
a
b
l
e

s
t
a
t
u
s

of
s
y
s
t
e
m
B
q
u
a
d
r
a
n
t

3
L
G
C

c
o
m
m
a
n
d
s
.

In
di
ca
te
s
n
o
r
m
a
l
L
G
C
c
o
m
m
a
n
d

of
s
y
s
t
e
m
B

q
u
a
d
r
a
n
t

3
je

t
fi
ri
ng
.

In
di
ca
te
s
L
G
C
c
o
m
m
a
n
d

of
s
y
s
t
e
m

B
q
u
a
d
r
a
n
t

3
je

t
fi
ri
ng

is
in

hi
bi

te
d.

I
n
d
i
c
a
t
e
s
s
y
s
t
e
m
B

q
u
a
d
r
a
n
t

3

T
C
A

fa
il
ed

to
fi

re
o
n
L
G
C
c
o
m
-

m
a
n
d
.

R
C
S
S
Y
S

B
:

T
E
M
P
/

P
R
E
S
S

D
I
S
P
-

F
L
A
G
S

(p
an
el

16
)

L
M
P
'
s

2
8
-
v
d
c

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

2
(
c
o
n
t
) 8
5
1
8

8
F
L
1
6  S

Y
S
T
E
M
B
L
G
C
T
H
R
U
S
T
E
R

P
A
I
R

C
M
D
S
Q
U
A
D

4
s
w
i
t
c
h
(
L
M

1
0

a
n
d

s
u
b
q
) E
N
A
B
L
E

D
I
S
A
B
L
E

P
e
r
m
i
t
s
n
o
r
m
a
l
L
G
C

c
o
m
m
a
n
d
o
f

s
y
s
t
e
m
B

q
u
a
d
r
a
n
t

4
je
t
f
i
r
i
n
g
.

P
r
o
v
i
d
e
s

si
gn
al

to
L
G
C

to
in
hi
bi
t

f
i
r
i
n
g
c
o
m
m
a
n
d
s

to
s
y
s
t
e
m
B

q
u
a
d
r
a
n
t

4
j
e
t
s
.

I
n
h
i
b
i
t
s
C
W
E
A

a
n
d
r
e
m
o
v
e
s

T
C
A
-
f
a
i
l
u
r
e

in
di
-

c
a
t
i
o
n
.

N
/
A

N
/
A

G
r
a
y
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

B
a
r
b
e
r
~
p
o
l
e
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

 

S
Y
S
T
E
M
B
L
G
C
T
H
R
U
S
T
E
R

P
A
I
R

C
M
D
S
Q
U
A
D
4

t
a
l
k
b
a
c
k

G
r
a
y

d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

R
e
d

d
i
s
p
l
a
y

In
di
ca
te
s

e
n
a
b
l
e

o
r
di

sa
bl

e
st
at
us

o
f
s
y
s
t
e
m
B

q
u
a
d
r
a
n
t

4
L
G
C
c
o
m
-

m
a
n
d
s
.

In
di
ca
te
s
n
o
r
m
a
l
L
G
C
c
o
m
m
a
n
d

of
s
y
s
t
e
m
B

qu
ad

ra
nt
4

je
t

fi
ri
ng
.

In
di
ca
te
s
L
G
C

c
o
m
m
a
n
d
o
f

s
y
s
t
e
m

B
q
u
a
d
r
a
n
t
4

je
t
fi
ri
ng

is
in

hi
bi

te
d.

In
di
ca
te
s
s
y
s
t
e
m
B

q
u
a
d
r
a
n
t
4

T
C
A

fa
il

ed
to

fi
re

o
n
L
G
C
c
o
m
-

m
a
n
d
.

R
C
S
S
Y
S
B
:

T
E
M
P
/

P
R
E
S
S

D
I
S
P
-

F
L
A
G
S

(p
an
el

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

2

(c
on
t) 8
8
9

8
F
L
7

1
8
2
6

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

I
n
d
i
c
a
t
e
s

p
r
o
p
e
l
l
a
n
t
m
a
i
n

s
h
u
t
o
f
f

v
a
l
v
e
s
a
r
e

cl
os
ed
.

B
o
t
h
m
a
i
n

s
h
u
t
o
f
f
v
a
l
v
e
s
m
u
s
t

b
e

c
l
o
s
e
d

to
o
b
t
a
i
n
b
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y
.

 

 

M
A
I
N
S
O
V

S
Y
S
B

s
w
i
t
c
h

O
P
E
N

C
e
n
t
e
r

C
L
O
S
E

S
e
l
e
c
t
s

i
n
p
u
t
s

to
tw

o
l
a
t
c
h
i
n
g
,

s
o
l
e
n
o
i
d
-
o
p
e
r
a
t
e
d
,

m
a
i
n

s
h
u
t
o
f
f

v
a
l
v
e
s

in
p
r
o
p
e
l
l
a
n
t

l
i
n
e
s
d
o
w
n
-

s
t
r
e
a
m

of
p
r
o
p
e
l
l
a
n
t

ta
nk
s,

E
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d
s

t
h
a
t
d
r
i
v
e

p
r
o
p
e
l
l
a
n
t
m
a
i
n

s
h
u
t
o
f
f
v
a
l
v
e
s

to

o
p
e
n

p
o
s
i
t
i
o
n
.

R
e
m
o
v
e
s

s
o
l
e
n
o
i
d

e
x
c
i
t
a
t
i
o
n
.

F
n
e
r
g
i
z
e
s

s
o
l
e
n
o
i
d
s

t
h
a
t
d
r
i
v
e

p
r
o
p
e
H
a
n
t
m
a
i
n

s
h
u
t
o
f
f

v
a
l
v
e
s

to
a

c
l
o
s
e
d

p
o
s
i
t
i
o
n
.

R
C
S
S
Y
S

B:
M
A
I
N
S
O
V

(p
an
el

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
s
p
r
i
n
g
l
o
a
d
e
d

to
c
e
n
t
e
r

(
l
o
c
k
)

@

p
o
s
i
t
i
o
n
.

e
s
e

v
a
l
v
e
s
a
r
e
n
o
r
m
a
l
l
y

o
p
e
n
:

if
s
y
s
t
e
m
A

o
r

B
m
a
l
f
u
n
c
t
i
o
n
s
,

p
r
o
p
e
l
l
a
n
t

f
l
o
w

to
m
a
l
f
u
n
c
t
i
o
n
i
n
g

s
y
s
t
e
m

is
i
n
t
e
r
r
u
p
t
e
d
b
y

s
e
t
t
i
n
g

c
o
r
r
e
s
p
o
n
d
i
n
g

s
w
i
t
c
h

to
C
L
O
S
E
.

G
r
a
y
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
w
h
e
n

m
a
i
n

s
h
u
t
o
f
f
v
a
l
v
e
s
a
r
e

o
p
e
n
,

M
a
i
n

s
h
u
t
o
f
f
v
a
l
v
e
s
r
e
m
a
i
n
i
n

l
a
s
t

c
o
m
m
a
n
d
e
d

p
o
s
i
t
i
o
n
,

B
a
r
b
e
r
-
p
o
l
e

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d

w
h
e
n
m
a
i
n

s
h
u
t
o
f
f
v
a
l
v
e
s
a
r
e

c
l
o
s
e
d
.

 

M
A
I
N

S
O
V
S
Y
S
B
t
a
l
k
b
a
c
k

G
r
a
y
d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

I
n
d
i
c
a
t
e
s

p
r
o
p
e
l
l
a
n
t
m
a
i
n

s
h
u
t
o
f
f

v
a
l
v
e
s

c
o
n
t
r
o
l
l
e
d

b
y
S
Y
S
T
E
M
B

M
A
I
N
S
O
V
s
w
i
t
c
h

a
r
e

o
p
e
n
.

I
n
d
i
c
a
t
e
s
m
a
i
n

p
r
o
p
e
l
l
a
n
t

s
h
u
t
o
f
f

v
a
l
v
e
s
a
r
e

cl
os
ed
.

R
C
S
S
Y
S

B:
T
E
M
P
/

P
R
E
S
S

D
I
S
P
-
F
L
A
G
S

(
p
a
n
e
l

16
)

L
M
P
'
s

2
8
~
v
d
e

b
u
s
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A
g
r
a
y

d
i
s
p
l
a
y
c
a
n
b
e
o
b
t
a
i
n
e
d

w
i
t
h

o
n
l
y
o
n
e
m
a
i
n

s
h
u
t
o
f
f
v
a
l
v
e

o
p
e
n
.

B
o
t
h
m
a
i
n

s
h
u
t
o
f
f
v
a
l
v
e
s
m
u
s
t
b
e

c
l
o
s
e
d

to
ob
ta
in

a
b
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y
.

  A
C
A
P
R
O
P

s
w
i
t
c
h

E
N
A
B
L
E

 E
n
a
b
l
e
s

is
ol
at
io
n

of
28

vo
lt
s,

8
0
0
c
p
s

to
A
C
A

t
r
a
n
s
d
u
c
e
r
p
r
i
m
a
r
y

co
il

.

E
n
a
b
l
e
s
n
o
r
m
a
l

o
p
e
r
a
t
i
o
n

o
f
A
C
A

in

p
r
o
p
o
r
t
i
o
n
a
l

r
a
t
e
m
o
d
e
,

 N
/
A

 N
/
A

 If
A
C
A

is
di

sa
bl

ed
,

o
n
l
y

th
e
l
a
n
d
i
n
g

m
i
s
s
i
o
n
p
h
a
s
e

is
a
f
f
e
c
t
e
d
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

C
i
r
c
u
i
t

F
u
n
c
t
i
o
n

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

2

(c
on
t) 7
M
3
B

T
M
B
A

7
M
2
B

T
M
2
A

1
6
D
8
9
3

7
M
1

7
M
5
B

D
I
S
A
B
L
E

D
i
s
a
b
l
e
s
A
C
A

p
r
o
p
o
r
t
i
o
n
a
l

r
a
t
e
c
o
m

m
a
n
d

ca
pa

bi
li

ty
.

  E
N
V
I
R
O
N
M
E
N
T
A
L
C
O
N
T
R
O
L

T
E
M
P
i
n
d
i
c
a
t
o
r

S
U
I
T
°
F

s
c
a
l
e

C
A
B
I
N
°
F

s
c
a
l
e

P
R
E
S
S

i
n
d
i
c
a
t
o
r

S
U
I
T

P
S
I
A

s
c
a
l
e

C
A
B
I
N

P
S
I
A

s
c
a
l
e

P
r
e
s
s

i
n
d
i
c
a
t
o
r
p
o
w
e
r

f
a
i
l
u
r
e

i
n
d
i
c
a
t
o
r

P
A
R
T
P
R
E
S
S

C
O
g

in
di
ca
to
r

G
L
Y
C
O
L
i
n
d
i
c
a
t
o
r

T
E
M
P
s
c
a
l
e

D
i
s
p
l
a
y
s

s
u
i
t
c
i
r
c
u
i
t
t
e
m
p
e
r
a
t
u
r
e

E
C
S
:
D
I
S
P

(
d
e
g
r
e
e
s

F
a
h
r
e
n
h
e
i
t
)
s
e
n
s
e
d

at
su

it
(p

an
el

16
)

ou
tl

et
.

D
i
s
p
l
a
y
s

c
a
b
i
n

i
n
t
e
r
i
o
r
t
e
m
p
e
r
a
t
u
r
e

(
d
e
g
r
e
e
s

F
a
h
r
e
n
h
e
i
t
)
s
e
n
s
e
d

a
t

c
a
b
i
n

f
a
n

in
le

t.

L
M
F
'
s

2
8
-
v
d
e

b
u
s

 

D
i
s
p
l
a
y
s

s
u
i
t
c
i
r
c
u
i
t
p
r
e
s
s
u
r
e

E
C
S
:
D
I
S
P

(p
si
a)

s
e
n
s
e
d
d
o
w
n
s
t
r
e
a
m
o
f

s
u
i
t

(
p
a
n
e
l

16
)

g
a
s

s
u
p
p
l
y
c
o
n
n
e
c
t
o
r
s
.

D
i
s
p
l
a
y
s

c
a
b
i
n

i
n
t
e
r
i
o
r
p
r
e
s
s
u
r
e

(
p
s
i
a
)
s
e
n
s
e
d
b
y
a
n
e
r
o
i
d
s
e
n
s
o
r

o
n

c
a
b
i
n
p
r
e
s
s
u
r
e
s
e
n
s
o
r

s
w
i
t
c
h
.

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

R
e
d

li
gh
t
g
o
e
s

o
n
w
h
e
n
p
o
w
e
r

to
N
/
A

in
di
ca
to
r

is
in

te
rr

up
te

d.
N
/
A

 

D
i
s
p
l
a
y
s

p
a
r
t
i
a
l
p
r
e
s
s
u
r
e

o
f
c
a
r
b
o
n

E
C
S
:
D
I
S
P

di
ox
id
e

co
nt

en
t

of
g
a
s

in
A
R
S
.

(p
an
el

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

  D
i
s
p
l
a
y
s

g
l
y
c
o
l
t
e
m
p
e
r
a
t
u
r
e

E
C
S
:
D
I
S
P

(
d
e
g
r
e
e
s
F
a
h
r
e
n
h
e
i
t
)

in
p
r
i
m
a
r
y

(
p
a
n
e
l

16
)

co
ol

an
t

lo
op
.

H
o
w
e
v
e
r
,

f
o
l
l
o
w
i
n
g

f
a
i
l
u
r
e

of
p
r
i
m
a
r
y

l
o
o
p
a
n
d

s
e
l
e
c
-

t
i
o
n

of
s
e
c
o
n
d
a
r
y
c
o
o
l
a
n
t
p
u
m
p
,

  L
M
P
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

2
(
c
o
n
t
)

7
T
M
5
A

1
6
D
8
9
5

PANEL 2

T
M
A
A

7
M
4
B

16
DS
89
4  

P
R
E
S
S

s
c
a
l
e

G
L
Y
C
O
L
i
n
d
i
c
a
t
o
r
p
o
w
e
r

f
a
i
l
u
r
e

i
n
d
i
c
a
t
o
r

Q
U
A
N
T
I
T
Y
i
n
d
i
c
a
t
o
r

O
,

s
c
a
l
e

H
,
O

s
c
a
l
e

Q
U
A
N
T
I
T
Y
i
n
d
i
c
a
t
o
r
p
o
w
e
r

f
a
i
l
u
r
e

i
n
d
i
c
a
t
o
r

wi
th
G
L
Y
C
O
L

s
e
l
e
c
t
o
r
s
w
i
t
c
h

a
n
d

G
L
Y
C
O
L
P
U
M
P
S
E
C

ci
rc
ui
t

b
r
e
a
k
e
r
,

i
n
d
i
c
a
t
o
r

a
y
s

s
e
c
o
n
d
a
r
y

c
o
o
l
a
n
t

l
o
o
p
t
e
m
p
e
r
a
t
u
r
e
,

a

 

 D
i
s
p
l
a
y
s

g
l
y
c
o
l
p
u
m
p

d
i
s
c
h
a
r
g
e

p
r
e
s
s
u
r
e

(
p
s
i
a
)

in
p
r
i
m
a
r
y

c
o
o
l
a
n
t

l
o
o
p
.

H
o
w
e
v
e
r
,

f
o
l
l
o
w
i
n
g

f
a
i
l
u
r
e

o
f

p
r
i
m
a
r
y

l
o
o
p
a
n
d

s
e
l
e
c
t
i
o
n

o
f

s
e
c
o
n
d
a
r
y

c
o
o
l
a
n
t
p
u
m
p

w
i
t
h
G
L
Y
-

C
O
L

s
e
l
e
c
t
o
r
s
w
i
t
c
h
a
n
d
G
L
Y
C
O
L

P
U
M
P
S
E
C

ci
rc
ui
t
b
r
e
a
k
e
r
,

in
di

-
c
a
t
o
r
d
i
s
p
l
a
y
s
s
e
c
o
n
d
a
r
y
g
l
y
c
o
l

p
u
m
p
d
i
s
c
h
a
r
g
e
p
r
e
s
s
u
r
e
,

 

R
e
d

li
gh

t
g
o
e
s

o
n
w
h
e
n
p
o
w
e
r

to

i
n
d
i
c
a
t
o
r

is
i
n
t
e
r
r
u
p
t
e
d
.

N
/
A

N
/
A

 

D
i
s
p
l
a
y
s

q
u
a
n
t
i
t
y

o
f
o
x
y
g
e
n

(
p
e
r
c
e
n
t
)

r
e
m
a
i
n
i
n
g

in
d
e
s
c
e
n
t
o
x
y
g
e
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r
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c
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p
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c
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s
u
r
e

is
r
e
s
t
o
r
e
d
.

 

S
U
I
T
F
A
N

s
e
l
e
c
t
o
r

s
w
i
t
c
h

O
F
F

1

S
e
l
e
c
t
s

s
u
i
t
f
a
n

to
c
i
r
c
u
l
a
t
e

b
r
e
a
t
h
i
n
g
o
x
y
g
e
n

in
s
u
i
t

c
i
r
c
u
i
t
.

S
h
u
t
s

of
f

al
l
p
o
w
e
r

to
su
it

fa
ns
.

S
e
l
e
c
t
s

fa
n
No

.
1
fo

r
o
p
e
r
a
t
i
o
n
.

S
e
l
e
c
t
s

fa
n
N
o
,

2
fo
r
o
p
e
r
a
t
i
o
n
.

E
C
S
:
S
U
I
T

F
A
N

1
(
p
a
n
e
l

11
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

F
a
i
l
u
r
e

of
su
it

fa
n

No
.

1
c
a
u
s
e
s

S
U
I
T
F
A
N

c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t
a
n
d
E
C
S

c
a
u
t
i
o
n

l
i
g
h
t

to
g
o

o
n
.

S
e
l
e
c
t
i
o
n

of
fa
n
N
o
.

2
a
n
d

r
e
t
u
r
n

of
n
o
r
m
a
l

A
P
a
c
r
o
s
s
t
h
e

fa
ns

,
e
x
t
i
n
-

g
u
i
s
h
e
s

bo
th
l
i
g
h
t
s
.

 

S
U
I
T
F
A
N

c
o
m
p
o
n
e
n
t

ca
ut
io
n

li
gh
t

L
i
g
h
t
s

to
i
n
d
i
c
a
t
e
l
o
w
A
P

a
c
r
o
s
s

su
it

fa
n
a
s
s
e
m
b
l
y
,

d
u
e

to
m
a
l
-

fu
nc

ti
on

of
o
p
e
r
a
t
i
n
g

su
it

fa
n.

E
C
S
:
S
U
I
T

F
A
N
4
P

(p
an

el
16

)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t
g
o
e
s

of
f
w
h
e
n
S
U
I
T
F
A
N

s
w
i
t
c
h

is
s
e
t

to
o
t
h
e
r

f
a
n
.

H
o
w
e
v
e
r
,

li
gh
t
g
o
e
s

o
n

if
n
e
w
l
y
s
e
l
e
c
t
e
d
f
a
n

d
o
e
s

n
o
t
d
e
v
e
l
o
p
p
r
o
p
e
r
A
P

w
i
t
h
i
n

a
p
p
r
o
x
i
m
a
t
e
l
y

2
5

s
e
c
o
n
d
s
,

o
r
w
h
e
n

f
a
i
l
u
r
e
o
c
c
u
r
s

in
s
e
l
e
c
t
e
d

f
a
n
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

2

(c
on
t) 7
D
S
6

7
D
S
7

C
O
,

c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t

G
o
e
s

on
t
o

i
n
d
i
c
a
t
e

t
h
a
t
C
O
g

p
a
r
t
i
a
l

p
r
e
s
s
u
r
e

in
s
u
i
t

c
i
r
c
u
i
t
e
x
c
e
e
d
s

7
.
6

m
m

H
g

o
r

if
C
O
.
C
A
N
I
S
T
E
R
S
E
L

v
a
l
v
e

is
s
e
t

to
S
E
C
.

E
C
S
:
C
O
,

S
E
N
S
O
R
”

(
p
a
n
e
l

16
)

 

H
,
O
S
E
P

c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t

3
0
e
s

o
n

to
i
n
d
i
c
a
t
e
l
o
w
~
s
p
e
e
d

c
o
n
-

d
i
t
i
o
n
o
r

f
a
i
l
u
r
e

(
s
t
o
p
p
a
g
e
)

in

s
c
l
e
c
t
e
d
w
a
t
e
r

s
e
p
:

  

E
C
S
:
D
I
S
P

(
p
a
n
e
l

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t
g
o
e
s

of
f
w
h
e
n
p
r
i
m
a
r
y

c
a
n
i
s
—

t
e
r

is
r
e
p
l
a
c
e
d

w
i
t
h
u
n
s
a
t
u
r
a
t
e
d

c
a
n
i
s
t
e
r
,

C
O
,
C
A
N
I
S
T
E
R
S
E
L

v
a
l
v
e

is
s
e
t

to
P
R
I
M
,

a
n
d
C
O
g

p
a
r
t
i
a
l

p
r
e
s
s
u
r
e

is
r
e
s
t
o
r
e
d

to
w
i
t
h
i
n
-

t
o
l
e
r
a
n
c
e

c
o
n
d
i
t
i
o
n
,

 

L
i
g
h
t
g
o
e
s

of
f
w
h
e
n

o
t
h
e
r
w
a
t
e
r

s
e
p
a
r
a
t
o
r

is
s
e
l
e
c
t
e
d

w
i
t
h
H
,
O

S
E
P
S
E
L

v
a
l
v
e
a
n
d
w
a
t
e
r

s
e
p
a
r
a
t
o
r

c
o
m
e
s

u
p

to
d
e
s
i
r
e
d

s
p
e
c
d
.

  0
,
/
1
,
°
Q
T
Y
M
O
N

s
e
l
e
c
t
o
r
s
w
i
t
c
h

C
/
W
R
E
S
E
T

D
E
S

1

 Se
le

ct
s,

fo
r
m
o
n
i
t
o
r
i
n
g

on
Q
U
A
N
-

T
I
T
Y

i
n
d
i
c
a
t
o
r
,

q
u
a
n
t
i
t
i
e
s
r
e
m
a
i
n
-

i
n
g

in
d
e
s
c
e
n
t

o
r
a
s
c
e
n
t
o
x
y
g
e
n

a
n
d

w
a
t
e
r
s
t
o
r
a
g
e

t
a
n
k
s
,

R
o
u
t
e
s
si
gn
al

to
C
W
E
A
t
o
e
x
t
i
n
g
u
i
s
h

O
o
Q
T
Y
c
a
u
t
i
o
n

li
gh
t,
W
A
T
E
R
Q
T
Y

c
a
u
t
i
o
n
l
i
g
h
t
o
r
A
G
S
w
a
r
n
i
n
g
l
i
g
h
t

if
on

.

D
e
s
c
e
n
t
o
x
y
g
e
n

t
a
n
k

N
o
.

1
p
r
e
s
s
u
r
e

is
d
i
s
p
l
a
y
e
d

o
n
O
g
Q
U
A
N
T
I
T
Y

i
n
d
i
-

e
a
t
o
r
a
n
d
q
u
a
n
t
i
t
y
r
e
m
a
i
n
i
n
g

in

d
e
s
c
e
n
t
w
a
t
e
r

t
a
n
k
N
o
.

1
is

d
i
s
-

p
l
a
y
e
d

o
n
H
)
O
Q
U
A
N
T
I
T
Y
i
n
d
i
c
a
t
o
r
.

 

 N
/
A

 N
/
A
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

2

(
c
o
n
t
)

PANEL 2

 D
E
S

2

A
S
C

1

A
S
C

2

D
e
s
c
e
n
t
o
x
y
g
e
n

t
a
n
k

N
o
.

2
p
r
e
s
s
u
r
e

is
d
i
s
p
l
a
y
e
d
o
n

O2
9
Q
U
A
N
T
I
T
Y
i
n
d
i
-

c
a
t
o
r
a
n
d

q
u
a
n
t
i
t
y
r
e
m
a
i
n
i
n
g

in
d
e
s
c
e
n
t
w
a
t
e
r

t
a
n
k
N
o
.

2
is

di
s-

p
l
a
y
e
d

o
n
H
g
O
Q
U
A
N
T
I
T
Y
i
n
d
i
c
a
t
o
r
.

A
s
c
e
n
t
o
x
y
g
e
n

t
a
n
k

N
o
,

1
p
r
e
s
s
u
r
e

is
d
i
s
p
l
a
y
e
d
o
n
O
2
Q
U
A
N
T
I
T
Y
i
n
d
i
-

c
a
t
o
r
a
n
d

q
u
a
n
t
i
t
y
r
e
m
a
i
n
i
n
g

in
a
s
c
e
n
t
w
a
t
e
r
t
a
n
k

N
o
.

1
is

d
i
s
p
l
a
y
e
d

o
n
H
9
O
Q
U
A
N
T
I
T
Y
i
n
d
i
c
a
t
o
r
.

A
s
c
e
n
t
o
x
y
g
e
n

t
a
n
k

N
o
,

2
p
r
e
s
s
u
r
e

is
d
i
s
p
l
a
y
e
d
o
n
O
2
Q
U
A
N
T
I
T
Y
i
n
d
i
-

c
a
t
o
r
a
n
d

q
u
a
n
t
i
t
v
r
e
m
a
i
n
i
n
g

in
a
s
c
e
n
t
w
a
t
e
r

t
a
n
k

N
o
.

2
d
i
s
p
l
a
v
e
d

o
n
H
g
O
Q
U
A
N
T
I
T
Y
i
n
d
i
c
a
t
o
r
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

P
o
w
e
r

S
o
u
r
c
e

C
i
r
c
u
i
t

B
r
e
a
k
e
r

R
e
m
a
r
k
s

 

P
a
n
e
l

3

1
8
8

1
8
1
9

PANEL 3

1
7
5
5  E

N
G

G
M
B
L
s
w
i
t
c
h

E
N
A
B
L
E

O
F
F

E
n
a
b
l
e
s

or
d
i
s
a
b
l
e
s
e
n
g
i
n
e
g
i
m
b
a
l

d
r
i
v
e

c
a
p
a
b
i
l
i
t
y
.

G
i
m
b
a
l

t
r
i
m

s
i
g
n
a
l
s
a
r
e
e
n
a
b
l
e
d

t
o

d
i
s
p
l
a
c
e
d
e
s
c
e
n
t
e
n
g
i
n
e
a
l
o
n
g
Y

a
n
d

Z
a
x
e
s
.

P
o
w
e
r
t
o

t
h
e
G
D
A
'
s

is
r
e
m
o
v
e
d
,

d
i
s
a
b
l
i
n
g
th
e
g
i
m
b
a
l

d
r
i
v
e
c
a
p
a
-

bi
li
ty
.

A
C
B
U
S

A:
D
E
C
A

G
M
B
L

(
p
a
n
e
l

11
)

C
D
R
'
s

1
1
5
-
v
a
c

b
u
s
A

N
o
r
m
a
l
l
y

s
e
t

t
o
E
N
A
B
L
E
.

If
E
N
G

G
M
B
L
c
a
u
t
i
o
n

li
gh
t
g
o
e
s

on
,

a
s
t
r
o
n
a
u
t
m
u
s
t

s
e
t
s
w
i
t
c
h

to
O
F
F

 

D
E
S
E
N
G
C
M
D

O
V
R
D
s
w
i
t
c
h

O
N

O
F
F

S
u
p
p
l
i
e
s

a
l
t
e
r
n
a
t
e
s
o
u
r
c
e

o
f
2
8
-
v
d
e

to
d
e
s
c
e
n
t
e
n
g
i
n
e

sh
ut

-o
ff

v
a
l
v
e
s
.

A
p
p
l
i
e
s

2
8

vd
ce

to
d
e
s
c
e
n
t
e
n
g
i
n
e

s
h
u
t
-
o
f
f
v
a
l
v
e
s
.

R
e
m
o
v
e
s

2
8
v
d
e

f
r
o
m

v
a
l
v
e
s
.

S
T
A
B
/
C
O
N
T
:
|

C
D
R
'
s

A
B
O
R
T

2
8
-
v
d
e

S
T
A
G
E

b
u
s

(
p
a
n
e
l

1
1
)

S
T
A
B
/
C
O
N
T
:
|

L
M
P
'
s

A
B
O
R
T

2
8
-
v
d
e

S
T
A
G
E

b
u
s

(
p
a
n
e
l

1
6
)

S
w
i
t
c
h

is
u
t
i
l
i
z
e
d

to
k
e
e
p
v
a
l
v
e
s

o
p
e
n

if
D
E
C
A

p
o
w
e
r
f
a
i
l
s
.

C
i
r
c
u
i
t

is
c
o
m
p
l
e
t
e
d
t
h
r
o
u
g
h
n
o
r
-

m
a
l
l
y

c
l
o
s
e
d

c
o
n
t
a
c
t
s

o
f
A
B
O
R
T

S
T
A
G
E
s
w
i
t
c
h
.

 

L
D
G
A
N
T

s
w
i
t
c
h

A
U
T
O

D
E
S

H
O
V
E
R

E
n
a
b
l
e
s
L
G
C

to
p
o
s
i
t
i
o
n
L
R

a
n
t
e
n
n
a

a
s

f
u
n
c
t
i
o
n

of
m
i
s
s
i
o
n
p
h
a
s
e
.

D
r
i
v
e
s

a
n
t
e
n
n
a
t
o

f
i
r
s
t
p
o
s
i
t
i
o
n
u
s
e
d

b
e
f
o
r
e

h
o
v
e
r
p
o
i
n
t
,

D
r
i
v
e
s

a
n
t
e
n
n
a

to
it
s
s
e
c
o
n
d

p
o
s
i
t
i
o
n

fo
r

fi
na
l
la

nd
in

g
p
h
a
s
e
.

N
/
A

N
/
A

B
e
c
a
u
s
e

a
n
t
e
n
n
a
c
a
n
n
o
t
b
e
d
r
i
v
e
n

to
it

s
fi
rs
t
po
si
ti
on

b
y
L
G
C

a
n
d

it
is

n
e
c
e
s
s
a
r
y

t
o
c
h
e
c
k

o
u
t
c
o
m
-

p
l
e
t
e
l
y
t
w
o
-
p
o
s
i
t
i
o
n
c
a
p
a
b
i
l
i
t
y
a
n
d

p
r
o
v
i
d
e

o
v
e
r
r
i
d
e

o
f
p
o
s
i
t
i
o
n
d
r
i
v
e

s
i
g
n
a
l

if
L
R

a
n
t
e
n
n
a

i
n
t
e
r
f
a
c
e

f
a
i
l
s
,
D
E
S

a
n
d
H
O
V
E
R
p
o
s
i
t
i
o
n
s

a
r
e

u
s
e
d
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

P
o
w
e
r

S
o
u
r
c
e

C
i
r
c
u
i
t

B
r
e
a
k
e
r

R
e
m
a
r
k
s

 

P
a
n
e
l

3
(
c
o
n
t
)

1
7
M
1

1
7
D
S
8
1

1
7
8
6

PANEL 3

1
7
8
8  S

I
G
N
A
L
S
T
R
E
N
G
T
H
i
n
d
i
c
a
t
o
r

D
i
s
p
l
a
y
s
L
R

a
n
d
R
R

da
ta
f
o
r

t
e
s
t

a
n
d
f
l
i
g
h
t
o
p
e
r
a
t
i
o
n
s
,

r
e
s
p
e
c
t
i
v
e
l
y
,

as
s
e
l
e
c
t
e
d

wi
th

T
E
S
T
,
M
O
N
I
T
O
R

sw
it
ch
.

P
G
N
S
:
S
I
G

S
T
R

D
I
S
P

(
p
a
n
e
l

11
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

R
E
N
D
E
Z
V
O
U
S
R
A
D
A
R
N
O
T
R
A
C
K

li
gh
t

L
i
g
h
t

g
o
e
s

o
n

to
i
n
d
i
c
a
t
e

t
h
a
t
R
R

h
a
s

b
r
o
k
e
n
t
r
a
c
k

(
d
a
t
a
n
o
t
g
o
o
d
)

i
n
a
n
y

o
n
e

of
t
h
r
e
e
t
r
a
c
k
i
n
g
m
o
d
e
s
.

N
/
A

 

 

R
A
D
A
R
T
E
S
T

s
w
i
t
c
h

R
N
D
Z

O
F
F

P
r
o
v
i
d
e
s

te
st

in
g
ca

pa
bi

li
ty

of
b
o
t
h

r
a
d
a
r
s
.

In
it
ia
te
s

te
st

c
i
r
c
u
i
t
r
y
.

R
R

p
e
r
-

f
o
r
m
a
n
c
e

is
c
h
e
c
k
e
d
b
y
m
o
n
i
t
o
r
i
n
g

S
I
G
N
A
L
S
T
R
E
N
G
T
H
i
n
d
i
c
a
t
o
r

af
te
r

a
p
p
r
o
p
r
i
a
t
e

se
tt

in
g

of
T
E
S
T
/

M
O
N
I
T
O
R
s
w
i
t
c
h
.

D
i
s
a
b
l
e
s

t
e
s
t
i
n
g
c
a
p
a
b
i
l
i
t
y
.

In
it
ia
te
s

te
st

c
i
r
c
u
i
t
r
y
.

L
R

p
e
r
-

f
o
r
m
a
n
c
e

is
c
h
e
c
k
e
d
b
y
m
o
n
i
t
o
r
i
n
g

S
I
G
N
A
L
S
T
R
E
N
G
T
H
i
n
d
i
c
a
t
o
r

a
f
t
e
r

a
p
p
r
o
p
r
i
a
t
e

s
e
t
t
i
n
g

o
f
T
E
S
T
/

M
O
N
I
T
O
R
s
w
i
t
c
h
.

N
/
A

In
th

is
te
st

m
o
d
e
,

a
l
t
i
t
u
d
e
/
r
a
n
g
e

m
e
t
e
r
d
i
s
p
l
a
y
s
a
p
p
r
o
p
r
i
a
t
e

t
e
s
t

va
lu

e.

APOLLO OPERATIONS HANDBOOK
CONTROLS AND DISPLAYS

  T
E
S
T
/
M
O
N
I
T
O
R

s
e
l
e
c
t
o
r
s
w
i
t
c
h

A
L
T
X
M
T
R

V
E
L
X
M
T
R

 Se
le

ct
s
L
R

o
r
R
R

te
st

d
a
t
a
o
r

fl
ig

ht
p
e
r
f
o
r
m
a
n
c
e
d
a
t
a
f
o
r
m
o
n
i
t
o
r
i
n
g
o
n

S
I
G
N
A
L
S
T
R
E
N
G
T
H
i
n
d
i
c
a
t
o
r
.

P
r
o
v
i
d
e
s

a
l
t
i
t
u
d
e
r
a
n
g
e
t
r
a
n
s
m
i
t
t
e
r

p
o
w
e
r

o
u
t
p
u
t
fo

r
d
i
s
p
l
a
y
o
n
S
I
G
N
A
L

S
T
R
E
N
G
T
H
i
n
d
i
c
a
t
o
r

d
u
r
i
n
g

te
st

a
n
d

fl
ig
ht

o
p
e
r
a
t
i
o
n
s
.

P
r
o
v
i
d
e
s

v
e
l
o
c
i
t
y
t
r
a
n
s
m
i
t
t
e
r
p
o
w
e
r

ou
tp

ut
fo
r
d
i
s
p
l
a
y
o
n
S
I
G
N
A
L

S
T
R
E
N
G
T
H
i
n
d
i
c
a
t
o
r
d
u
r
i
n
g

te
st

a
n
d

fl
ig

ht
o
p
e
r
a
t
i
o
n
s
.

 N
/
A

N
/
A   

 
 

    

LMA790- 3- LM



Mission LM_ Basic Date 1 February 1970 Change Date Page 3-61  we

 

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

PANEL 3

P
a
n
e
l

3
(
c
o
n
t
)

A
G
C

X
M
T
R
P
W
R

S
H
A
F
T
E
R
R

T
R
U
N
E
R
R

P
r
o
v
i
d
e
s
A
G
C

d
u
r
i
n
g
R
R
t
e
s
t
i
n
g
.

S
p
e
c
i
f
i
c
v
a
l
u
e

o
f
r
e
c
e
i
v
e
r

s
i
g
n
a
l

s
t
r
e
n
g
t
h
s
h
o
u
l
d

b
e
d
i
s
p
l
a
y
e
d
o
n

S
I
G
N
A
L
S
T
R
E
N
G
T
H
i
n
d
i
c
a
t
o
r
;
h
o
w
-

e
v
e
r
,
d
u
r
i
n
g

fl
ig
ht

o
p
e
r
a
t
i
o
n
s

si
gn
al

va
ri
es
.

P
r
o
v
i
d
e
s

s
p
e
c
i
f
i
c
v
a
l
u
e

o
f
t
r
a
n
s
-

m
i
t
t
e
r
p
o
w
e
r

o
u
t
p
u
t

f
o
r
d
i
s
p
l
a
y
o
n

S
I
G
N
A
L
S
T
R
E
N
G
T
H
i
n
d
i
c
a
t
o
r
d
u
r
i
n
g

f
l
i
g
h
t
o
p
e
r
a
t
i
o
n
s
.

D
u
r
i
n
g

te
st

,
sh
af
t
a
n
g
l
e
e
r
r
o
r

si
gn
al
s
a
r
e
d
i
s
p
l
a
y
e
d

a
s
n
e
e
d
l
e

f
l
u
c
t
u
a
t
i
o
n
s
w
i
t
h
e
q
u
a
l
a
m
p
l
i
t
u
d
e

o
n
S
I
G
N
A
L
S
T
R
E
N
G
T
H
i
n
d
i
c
a
t
o
r
.

D
u
r
i
n
g

fl
ig
ht

o
p
e
r
a
t
i
o
n
s
,

t
h
e
s
e

e
r
r
o
r

si
gn

al
s

a
r
e
d
i
s
p
l
a
y
e
d
a
s

n
e
e
d
l
e

fl
uc
tu
at
io
ns
,

u
s
u
a
l
l
y

of
u
n
e
q
u
a
l
a
m
p
l
i
t
u
d
e
,

t
h
a
t
r
e
p
r
e
s
e
n
t

s
m
o
o
t
h
n
e
s
s

of
s
e
r
v
o

t
r
a
c
k
i
n
g
.

S
a
m
e

a
s
f
o
r
S
H
A
F
T

E
R
R
p
o
s
i
t
i
o
n
,

e
x
c
e
p
t
t
r
u
n
n
i
o
n
a
n
g
l
e
e
r
r
o
r
s

a
r
e

d
i
s
p
l
a
y
e
d
.

 

1
7
8
2

S
L
E
W
R
A
T
E
s
w
i
t
c
h

L
O

P
r
o
v
i
d
e
s
t
w
o

r
a
t
e
s

f
o
r
m
a
n
u
a
l
l
y

s
l
e
w
i
n
g
r
a
d
a
r
a
n
t
e
n
n
a
w
i
t
h
S
L
E
W

sw
it
ch
.

Se
le

ct
s
h
i
g
h
s
l
e
w

r
a
t
e

fo
r
q
u
i
c
k

c
o
a
r
s
e
a
d
j
u
s
t
m
e
n
t
s

to
g
u
i
d
e

a
n
t
e
n
n
a

i
n
d
i
r
e
c
t
i
o
n

o
f
t
a
r
g
e
t
.

Se
le
ct
s
l
o
w
s
l
e
w

ra
te

fo
r
a
c
c
u
r
a
t
e
l
y

p
e
a
k
i
n
g
S
I
G
N
A
L
S
T
R
E
N
G
T
H
i
n
d
i
-

c
a
t
o
r
,
e
n
a
b
l
i
n
g
s
u
b
s
e
q
u
e
n
t
i
n
i
t
i
a
t
i
o
n

of
au
to

t
r
a
c
k
t
h
r
o
u
g
h
r
e
n
d
e
z
v
o
u
s

r
a
d
a
r
m
o
d
e

s
e
l
e
c
t
o
r
s
w
i
t
c
h
w
i
t
h

a
s
s
u
r
a
n
c
e

th
at

m
a
i
n

l
o
b
e

l
o
c
k

wi
ll

b
e
a
c
h
i
e
v
e
d
.

N
/
A

N
/
A

Hi
gh

sl
ew

ra
te

is
7°
/s
ec
.

L
o
w

s
l
e
w

ra
te

is
1
.
3
3
°
/
s
e
c
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

3

(c
on
t) 17
81

PANEL 3

1
7
8
3  S

L
E
W

s
w
i
t
c
h

U
P

R
I
G
H
T

D
O
W
N

L
E
F
T

S
l
e
w
s

t
r
u
n
n
i
o
n
o
r

s
h
a
f
t
s
e
r
v
o
s
,

o
r

b
o
t
h
,

p
o
s
i
t
i
o
n
i
n
g
R
R

a
n
t
e
n
n
a
f
o
r

m
a
n
u
a
l

a
c
q
u
i
s
i
t
i
o
n

o
f
t
a
r
g
e
t
a
n
d

s
u
b
s
e
q
u
e
n
t
a
u
t
o
m
a
t
i
c

tr
ac
ki
ng
.

S
l
e
w
s

s
h
a
f
t
s
e
r
v
o
s

to
u
p

p
o
s
i
t
i
o
n
,

p
o
s
i
t
i
o
n
i
n
g
R
R

a
n
t
e
n
n
a

f
o
r
m
a
n
u
a
l

a
c
q
u
i
s
i
t
i
o
n

of
t
a
r
g
e
t
a
n
d
s
u
b
s
e
q
u
e
n
t

a
u
t
o
m
a
t
i
c

t
r
a
c
k
i
n
g
.

S
a
m
e

a
s

f
o
r
U
P

p
o
s
i
t
i
o
n
,

e
x
c
e
p
t

t
h
a
t
s
l
e
w
i
n
g

is
to

r
i
g
h
t

p
o
s
i
t
i
o
n
.

S
a
m
e

a
s

f
o
r
U
P

p
o
s
i
t
i
o
n
,

e
x
c
e
p
t

th
at

s
l
e
w
i
n
g

is
to

d
o
w
n

po
si
ti
on
.

S
a
m
e

a
s
f
o
r
U
P

p
o
s
i
t
i
o
n
,

e
x
c
e
p
t

th
at

sl
ew

in
g
i
s

to
le

ft
po
si
ti
on
.

N
/
A

N
/
A

T
w
o

a
n
t
e
n
n
a
s
l
e
w

r
a
t
e
s
a
r
e

a
v
a
i
l
a
b
l
e
u
s
i
n
g
S
L
E
W
R
A
T
E

s
w
i
t
c
h
.

T
a
r
g
e
t

a
c
q
u
i
s
i
t
i
o
n

is
d
e
t
e
r
m
i
n
e
d

f
r
o
m
S
I
G
N
A
L
S
T
R
E
N
G
T
H
i
n
d
i
c
a
-

t
o
r
a
n
d

a
u
t
o
t
r
a
c
k
m
o
d
e

is
e
n
a
b
l
e
d

w
i
t
h
r
e
n
d
e
z
v
o
u
s

r
a
d
a
r
m
o
d
e

s
e
l
e
c
t
o
r

s
w
i
t
c
h
.

R
R
a
n
t
e
n
n
a

a
l
i
g
n
m
e
n
t

a
l
o
n
g
L
M

a
x
i
s
c
a
n
b
e
d
e
t
e
r
m
i
n
e
d
f
r
o
m

F
D
A
I

p
i
t
c
h
a
n
d
y
a
w
e
r
r
o
r

n
e
e
d
l
e
s

w
h
e
n
R
A
T
E
/
E
R
R

M
O
N
s
w
i
t
c
h

is

s
e
t

to
R
N
D
Z
R
A
D
A
R
.

 

R
E
N
D
E
Z
V
O
U
S
R
A
D
A
R
m
o
d
e

s
e
l
e
c
t
o
r
s
w
i
t
c
h

A
U
T
O
T
R
A
C
K

S
L
E
W

L
G
C

E
n
a
b
l
e
s

co
nt
ro
l

of
R
R

a
n
t
e
n
n
a

d
r
i
v
e
.

M
a
i
n
t
a
i
n
s
t
r
a
c
k
b
y
c
o
m
p
a
r
i
n
g

r
e
-

c
e
i
v
e
d
r
a
d
a
r

si
gn

al
s
f
r
o
m
t
h
r
e
e

c
h
a
n
n
e
l
s
;
e
r
r
o
r
s

a
r
e
u
s
e
d

t
o
d
r
i
v
e

r
a
d
a
r
s
e
r
v
o
s
.

E
n
a
b
l
e
s
m
a
n
u
a
l

co
nt

ro
l

of
R
R

a
n
t
e
n
n
a
d
r
i
v
e
w
i
t
h
S
L
E
W

sw
it
ch
.

L
G
C

a
u
t
o
m
a
t
i
c
a
l
l
y
d
r
i
v
e
s
a
n
t
e
n
n
a

t
o
w
a
r
d
s

ta
rg
et
.

N
/
A

N
/
A

O
n
c
e

t
a
r
g
e
t

is
a
c
q
u
i
r
e
d
,

r
a
d
a
r

a
u
t
o
m
a
t
i
c
a
l
l
y
m
a
i
n
t
a
i
n
s
t
r
a
c
k
a
n
d

N
O
T
R
A
C
K
l
i
g
h
t

go
es
o
f
f
.
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XN

 

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

3
(c
on
t) 1
1
8
2

11
87

11
81

D
E
A
D

B
A
N
D
s
w
i
t
c
h

M
A
X

M
I
N

P
r
o
v
i
d
e
s

l
a
r
g
e
-
a
m
p
l
i
t
u
d
e

li
mi
t

c
y
c
l
e
f
o
r

a
t
t
i
t
u
d
e
c
o
n
t
r
o
l
s
y
s
t
e
m
,

t
o

c
o
n
s
e
r
v
e

R
C
S
f
u
e
l

d
u
r
i
n
g
c
o
a
s
t
i
n
g

fl
ig
ht
.

P
r
o
v
i
d
e
s
n
a
r
r
o
w
d
e
a
d
b
a
n
d

f
o
r

p
e
r
i
o
d
s
d
u
r
i
n
g
w
h
i
c
h
a
c
c
u
r
a
t
e

m
a
n
u
a
l

c
o
n
t
r
o
l

is
r
e
q
u
i
r
e
d
.

N
/
A

N
/
A

S
w
i
t
c
h

is
no
t
fu

nc
ti

on
al

w
h
e
n

P
G
N
S
i
s

i
n
u
s
e
.

F
o
r
m
a
x
i
m
u
m
d
e
a
d
b
a
n
d
,

w
h
i
c
h

is

5°
,
F
D
A
l
e
r
r
o
r

n
e
e
d
l
e

s
c
a
l
i
n
g

is
4+

14
.4

°.

D
u
r
i
n
g
m
a
i
n

e
n
g
i
n
e

t
h
r
u
s
t
i
n
g
,

m
i
n
i
m
u
m

d
e
a
d
b
a
n
d
i
s

a
l
w
a
y
s

o
p
e
r
a
t
i
n
g
.

F
o
r
m
i
n
i
m
u
m

d
e
a
d
b
a
n
d
,

w
h
i
c
h

is
3°
,
F
D
A
I

e
r
r
o
r
n
e
e
d
l
e

s
c
a
l
i
n
g

is
+1
.7
°,

 

G
Y
R
O
T
E
S
T
R
O
L
L

s
w
i
t
c
h

R
O
L
L

P
I
T
C
H

Y
A
W

S
e
l
e
c
t
s
F
D
A
I

r
a
t
e
g
y
r
o

to
b
e
t
e
s
t
e
d

in
ro

ll
ax
is
.

S
e
l
e
c
t
s
F
D
A
I

ra
te

g
y
r
o

to
be

te
st

ed
in

pi
tc
h

ax
is
.

S
e
l
e
c
t
s
F
D
A
I

ra
te

g
y
r
o

to
be

te
st

ed
in

y
a
w

ax
is

.

N
/
A

N
/
A

S
w
i
t
c
h

is
a
s
s
o
c
i
a
t
e
d

wi
th

G
Y
R
O

T
E
S
T
P
O
S
R
T

s
w
i
t
c
h
.

 

G
Y
R
O
T
E
S
T

PO
S
R
T

sw
it
ch

P
O
S
R
T

O
F
F

N
E
G
R
T

E
n
a
b
l
e
s

te
st

si
gn
al

to
b
e

ap
pl

ie
d

to
r
a
t
e
g
y
r
o

s
e
l
e
c
t
e
d
wi
th
G
Y
R
O
T
E
S
T

R
O
L
L

s
w
i
t
c
h
.

S
e
l
e
c
t
e
d

r
a
t
e
g
y
r
o

o
u
t
p
u
t
d
i
s
p
l
a
c
e
s

F
D
A
I

r
a
t
e
n
e
e
d
l
e
s
a
n
d

in
di
ca
te
s

5°
/

s
e
c
o
n
d

v
e
h
i
c
l
e

at
ti

tu
de

ra
te
.

N
o

te
st

si
gn
al

is
p
r
o
d
u
c
e
d
.

P
r
o
d
u
c
e
s

ef
fe

ct
s
o
p
p
o
s
i
t
e

to
t
h
o
s
e

o
f
P
O
S
R
T

p
o
s
i
t
i
o
n
.

N
/
A

N
/
A
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PANEL3

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

3

(
c
o
n
t
)

1
1
8
4

1
1
8
3

1
1
8
5

 A
T
T
I
T
U
D
E
C
O
N
T
R
O
L
R
O
L
L
,

P
I
T
C
H
,

a
n
d
Y
A
W

s
w
i
t
c
h
e
s

M
O
D
E
C
O
N
T

P
U
L
S
E

D
I
R

 U
s
e
d

in
c
o
n
j
u
n
c
t
i
o
n

w
i
t
h
M
O
D
E

O
N
T
R
O
L

s
w
i
t
c
h
e
s

to
e
s
t
a
b
l
i
s
h

at
-

t
i
t
u
d
e
c
o
n
t
r
o
l

in
r
o
l
l
,

p
i
t
c
h
,

a
n
d

y
a
w
.

N
o
r
m
a
l
l
y
t
h
e
s
e
s
w
i
t
c
h
e
s
a
r
e

s
e
t
t
o
M
O
D
E
C
O
N
T

w
h
i
l
e
P
G
N
S

is

in
c
o
n
t
r
o
l
.

E
n
a
b
l
e
s

u
s
e

o
f
p
r
o
p
o
r
t
i
o
n
a
l
m
o
d
e

o
f

A
C
A

w
h
e
n
M
O
D
E
c
o
n
t
r
o
l

s
e
l
e
c
t
o
r

s
w
i
t
c
h

is
s
e
t

to
A
T
T
H
O
L
D

a
n
d

P
G
N
S
i
s

c
o
n
t
r
o
l
l
i
n
g
.

W
h
e
n
M
O
D
E

C
O
N
T
R
O
L
s
e
l
e
c
t
o
r

s
w
i
t
c
h

is
s
e
t

to

A
U
T
O
,

L
G
C

s
u
p
p
l
i
e
s

a
t
t
i
t
u
d
e
c
o
m
-

m
a
n
d
s

to
m
a
n
e
u
v
e
r
L
M
.

U
n
d
e
r

A
G
S

c
o
n
t
r
o
l
,

f
u
n
c
t
i
o
n

o
f
M
O
D
E

C
O
N
T
p
o
s
i
t
i
o
n
s

a
r
e

t
h
e
s
a
m
e

m
a
n
n
e
r

a
s
w
h
e
n
P
G
N
S

is
c
o
n
t
r
o
l
l
i
n
g
.

U
n
d
e
r
P
G
N
S
c
o
n
t
r
o
!

t
h
i
s
p
o
s
i
t
i
o
n

is

i
n
o
p
e
r
a
t
i
v
e
.

U
n
d
e
r
A
G
S

c
o
n
t
r
o
l
,

t
h
e

P
U
L
S
E
a
n
d

D
I
R

po
si
ti
on
s

di
ff

er
o
n
l
y

in
h
o
w
R
C
S

t
h
r
u
s
t
e
r
s

f
i
r
e
.

W
h
e
n

P
U
L
S
E
i
s

s
e
l
e
c
t
e
d
,

t
w
o

j
e
t
s

in

s
e
l
e
c
t
e
d

a
x
i
s

f
i
r
e

a
t
c
o
n
s
t
a
n
t
p
u
l
s
e
d

r
a
t
e

a
s

l
o
n
g
a
s
A
C
A
i
s

d
i
s
p
l
a
c
e
d

m
o
r
e

t
h
a
n
o
n
e
-
f
o
u
r
t
h

o
f

fu
ll

t
h
r
o
w
.

P
U
L
S
E
a
n
d

D
I
R

p
o
s
i
t
i
o
n
s
p
r
o
v
i
d
e

o
p
e
n

l
o
o
p
a
c
c
e
l
e
r
a
t
i
o
n
.

R
a
t
e
s
p
r
o
-

d
u
c
e
d
m
u
s
t

b
e
nu
ll
ed

to
z
e
r
o
b
y

i
n
d
u
c
i
n
g
o
p
p
o
s
i
t
e
a
c
c
e
l
e
r
a
t
i
o
n
c
o
m
-

m
a
n
d
.

A
t
t
i
t
u
d
e

is
n
o
t
m
a
i
n
t
a
i
n
e
d

a
u
t
o
m
a
t
i
c
a
l
l
y

un
ti

l
s
w
i
t
c
h

is
r
e
-

t
u
r
n
e
d

t
o
M
O
D
E
C
O
N
T
,

U
n
d
e
r
P
G
N
S

c
o
n
t
r
o
l
,
w
h
e
n
M
O
D
E

C
O
N
T
R
O
L

s
e
l
e
c
t
o
r
s
w
i
t
c
h

is
se

t
to

A
T
T
H
O
L
D

o
r
A
U
T
O
,

D
I
R
m
o
d
e

c
a
n

b
e
u
s
e
d

in
a
n
y

ax
is
.

E
a
c
h
s
w
i
t
c
h

m
u
s
t

be
se
t

to
D
I
R

i
n
d
e
p
e
n
d
e
n
t
l
y
.

D
i
s
p
l
a
c
i
n
g
A
C
A

o
n
e
-
f
o
u
r
t
h

of
fu

ll

 N
/
A

 N
/
A
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

3
(c
on
t)

t
h
r
o
w
c
a
u
s
e
s

c
o
n
t
i
n
u
o
u
s

t
w
o
-
j
e
t

f
i
r
i
n
g
f
o
r
s
e
l
e
c
t
e
d
a
x
e
s
.

A
s

in

P
U
L
S
E

p
o
s
i
t
i
o
n
,

o
p
e
n

l
o
o
p
a
c
c
e
l
e
r
-

a
t
i
o
n

is
p
r
o
v
i
d
e
d
;

it
m
u
s
t

b
e

n
u
l
l
e
d

in
a
s
d
u
r
i
n
g
p
u
l
s
e
o
p
e
r
a
t
i
o
n
.

 

1
1
8
2
4

P
G
N
S
M
O
D
E
C
O
N
T
R
O
L
s
w
i
t
c
h

O
F
F

PANEL 3

A
T
T
H
O
L
D   

 A
f
f
e
c
t
s

o
u
t
p
u
t
s

o
f
A
C
A
'
s
,

T
T
C
A
'
s

a
n
d
L
G
C
.

E
s
t
a
b
l
i
s
h
e
s

th
e
f
o
l
l
o
w
i
n
g

co
nd
it
io
ns
:

(a
)
L
i
m
i
t
s
o
p
e
r
a
t
i
o
n

of
th
e

A
C
A
'
s

to
t
h
e
h
a
r
d
o
v
e
r

p
o
s
i
t
i
o
n
.

(b
)
E
n
a
b
l
e
s
t
w
o
-
g
e
t
d
i
r
e
c
t

a
t
t
i
-

t
u
d
e

c
o
n
t
r
o
l

i
n
a
x
i
s
,

s
e
l
e
c
t
e
d

wi
th

A
T
T
I
T
U
D
E
C
O
N
T
R
O
L

s
w
i
t
c
h
e
s
.

(c
)
D
i
s
a
b
l
e
s

t
r
a
n
s
l
a
t
i
o
n
o
u
t
p
u
t
s

of
T
T
C
A
'
s

a
n
d
L
G
C

at
ti

tu
de

c
o
m
m
a
n
d
s
.

In
t
h
i
s
m
o
d
e
,

a
s
t
r
o
n
a
u
t
s

c
a
n
c
o
m
-

m
a
n
d

a
n
g
u
l
a
r

r
a
t
e
s
p
r
o
p
o
r
t
i
o
n
a
l

t
o

d
i
s
p
l
a
c
e
m
e
n
t

o
f
A
C
A
'
s
.

M
o
d
e

is

f
u
n
c
t
i
o
n
a
l
w
i
t
h
e
i
t
h
e
r
P
G
N
S

o
r
A
G
S

co
nt

ro
ll

in
g
o
p
e
r
a
t
i
o
n
,
W
h
e
n

AC
A
i
s

o
u
t
o
f
d
e
t
e
n
t
,
A
T
T
I
T
U
D
E
C
O
N
T
R
O
L

s
w
i
t
c
h
e
s

s
e
t

to
M
O
D
E
C
O
N
T
,

a
n
d

L
G
C

n
o
t

i
n
c
o
n
t
r
o
l
,

a
t
t
i
t
u
d
e
l
o
o
p
s

a
r
e
o
p
e
n
e
d

a
n
d

ax
is

t
r
a
n
s
d
u
c
e
r
s
a
r
e

c
o
m
p
a
r
e
d

t
o
r
a
t
e
g
y
r
o

o
u
t
p
u
t
s

to

p
r
o
v
i
d
e
p
r
o
p
o
r
t
i
o
n
a
l
c
o
m
m
a
n
d
s
.

W
h
i
l
e
m
a
n
e
u
v
e
r
i
n
g
,

a
t
t
i
t
u
d
e
s
y
n
c
h
r
o
-

n
i
z
e
r
s
f
o
l
l
o
w
as

at
ti
tu
de

c
h
a
n
g
e
s
.

If
P
G
N
S

c
o
n
t
r
o
l

is
s
e
l
e
c
t
e
d
,

a
s
t
r
o
-

n
a
u
t
s
c
a
n
c
o
m
m
a
n
d
a
t
t
i
t
u
d
e

r
a
t
e
s

p
r
o
p
o
r
t
i
o
n
a
l

t
o
A
C
A

d
i
s
p
l
a
c
e
m
e
n
t
,

a
n
d

at
ti

tu
de

is
h
e
l
d
w
h
e
n

AC
A
i
s

 N
/
A

 N
/
A

 S
w
i
t
c
h

is
a
s
s
o
c
i
a
t
e
d
w
i
t
h
A
T
T
I
-

T
U
D
E
C
O
N
T
R
O
L

s
w
i
t
c
h
e
s
a
n
d

G
U
I
D
C
O
N
T

s
w
i
t
c
h
.

T
T
C
A

th
ro

tt
le

c
o
m
m
a
n
d
s

a
r
e

no
t

af
fe
ct
ed
.
L
G
C

e
n
g
i
n
e
-
o
f
f
si

gn
al

s
a
r
e

n
o
t
e
n
a
b
l
e
d
;
e
n
g
i
n
e
m
u
s
t

b
e

m
a
n
u
a
l
l
y
t
u
r
n
e
d

of
f.

W
h
e
n
A
T
T
I
T
U
D
E
C
O
N
T
R
O
L

s
w
i
t
c
h
e
s

a
r
e

s
e
t

to
P
U
L
S
E
o
r

D
I
R
,

f
o
l
l
o
w
i
n
g

a
t
t
i
t
u
d
e
c
o
m
m
a
n
d

ca
pa

bi
li

ti
es

re
su
lt
:

W
i
t
h
G
U
I
D

C
O
N
T

s
w
i
t
c
h

se
t

to
P
G
N
S

a
n
d
o
n
e

o
r
m
o
r
e
A
T
T
I
T
U
D
E
C
O
N
T
R
O
L

s
w
i
t
c
h
e
s

s
e
t

to
P
U
L
S
E
,

a
t
t
i
t
u
d
e

ho
ld

m
o
d
e

is
no
t

af
fe
ct
ed
.

W
i
t
h

G
U
I
D
C
O
N
T

s
w
i
t
c
h

s
e
t

to
P
G
N
S

a
n
d
o
n
e

or
m
o
r
e
A
T
T
I
T
U
D
E
C
O
N
-

T
R
O
L

s
w
i
t
c
h
e
s

s
e
t

t
o
D
I
R
,
A
C
A

d
i
s
p
l
a
c
e
m
e
n
t

of
o
n
e
-
f
o
u
r
t
h

of
fu

ll
t
h
r
o
w
c
a
u
s
e
s

c
o
n
t
i
n
u
o
u
s

t
w
o
-
j
e
t

fi
ri
ng

fo
r
s
e
l
e
c
t
e
d
a
x
e
s
,

w
i
t
h
o
u
t

ra
te

f
e
e
d
b
a
c
k
i
n
t
e
r
f
e
r
i
n
g
w
i
t
h

L
G
C

c
o
m
m
a
n
d
s
i
g
n
a
l
s
.

 
 

 

LMA790-3- MM
APOLLO OPERATIONS HANDBOOK

CONTROLS AND DISPLAYS



Page 3-66  Mission LM Basic Date 1 February 1970 Change Date
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

P
o
w
e
r

S
o
u
r
c
e

C
i
r
c
u
i
t

B
r
e
a
k
e
r

R
e
m
a
r
k
s

  P
a
n
e
l

3
{c
on
t) 1
1
8
2
5

A
U
T
O

r
e
t
u
r
n
e
d

t
o
d
e
t
e
n
t
,

W
h
e
n

a
p
r
o
-

g
r
a
m
m
e
d
m
i
n
i
m
u
m

i
m
p
u
l
s
e
m
o
d
e

c
o
m
m
a
n
d

(
e
n
t
e
r
e
d
vi
a
D
S
K
Y
)

is
in

ef
fe
ct
,
m
o
v
i
n
g
A
C
A

ou
t
of

de
te
nt

in

a
n
y

a
x
i
s
c
o
m
m
a
n
d
s
a

p
u
l
s
e

t
o

ap
-~

p
l
i
c
a
b
l
e
R
C
S

j
e
t
s
.

N
o

a
t
t
i
t
u
d
e
o
r

a
t
t
i
t
u
d
e
r
a
t
e

s
t
a
b
i
l
i
z
a
t
i
o
n

is
p
r
o
-

v
i
d
e
d

i
n
t
h
i
s
m
o
d
e
.

W
h
e
n
G
U
I
D

C
O
N
T
s
w
i
t
c
h

is
se
t

to

P
G
N
S
,

r
a
t
e
-
c
o
m
p
e
n
s
a
t
e
d

s
t
e
e
r
i
n
g

e
r
r
o
r
s

a
r
e
g
e
n
e
r
a
t
e
d
b
y
L
G
C

a
n
d

o
n
-
o
f
f
c
o
m
m
a
n
d
s
a
r
e

fe
d

to
je
t

d
r
i
v
e
r
s
.

R
C
S

t
r
a
n
s
l
a
t
i
o
n
o
u
t
p
u
t
s

of
T
T
C
A
'
s

a
r
e
e
n
a
b
l
e
d
.

T
T
C
A

a
n
d
A
C
A

h
a
r
d
o
v
e
r

ou
tp
ut
s

a
r
e

no
t

af
fe
ct
ed
.

W
h
e
n

o
n
e
o
r
m
o
r
e
A
T
T
I
T
U
D
E

C
O
N
T
R
O
L

s
w
i
t
c
h
e
s

a
r
e

s
e
t

to

P
U
L
S
E
o
r

D
I
R
,

th
e
fo
ll
ow
in
g

a
t
t
i
t
u
d
e
c
o
m
m
a
n
d

c
a
p
a
b
i
l
i
t
i
e
s
a
n
d

l
i
m
i
t
a
t
i
o
n
s

r
e
s
u
l
t
.

W
i
t
h
G
U
I
D

C
O
N
T

s
w
i
t
c
h

se
t

to
P
G
N
S

a
n
d
o
n
e

o
r
m
o
r
e
A
T
T
I
T
U
D
E
C
O
N
T
R
O
L

s
w
i
t
c
h
e
s

s
e
t

t
o
P
U
L
S
E
,

a
t
t
i
t
u
d
e

h
o
l
d
m
o
d
e

is
no
t

af
fe
ct
ed
.

W
i
t
h

G
U
I
D
C
O
N
T

s
w
i
t
c
h

se
t

to
P
G
N
S

a
n
d
o
n
e
o
r
m
o
r
e
A
T
T
I
T
U
D
E
C
O
N
-

T
R
O
L

s
w
i
t
c
h
e
s

s
e
t

t
o
D
I
R
,

c
o
n
-

f
l
i
c
t
i
n
g
c
o
m
m
a
n
d
s
f
r
o
m
L
G
C

r
e
s
u
l
t
w
h
e
n
A
C
A
'
s

a
r
e
d
i
s
p
l
a
c
e
d

o
n
e
-
f
o
u
r
t
h
o
f

fu
ll

t
h
r
o
w
.

  A
G
S
M
O
D
E

C
O
N
T
R
O
L
s
w
i
t
c
h

O
F
F

 A
f
f
e
c
t
s

o
u
t
p
u
t
s

o
f
A
C
A
'
s
,
T
T
C
A
'
s

a
n
d
L
G
C
,

E
s
t
a
b
l
i
s
h
e
s

th
e

fo
ll
ow
in
g
co
nd
it
io
ns
:

(a
)

L
i
m
i
t
s

o
p
e
r
a
t
i
o
n

of
th
e

A
C
A
'
s

t
o
t
h
e
h
a
r
d
o
v
e
r

p
o
s
i
t
i
o
n
.

(b
)

E
n
a
b
l
e
s

tw
o-
je
t
di
re
ct

at
ti
-

t
u
d
e

c
o
n
t
r
o
l

i
n

a
x
i
s
,

s
e
l
e
c
t
e
d

w
i
t
h
A
T
T
I
T
U
D
E
C
O
N
T
R
O
L

s
w
i
t
c
h
e
s
.

 N
/
A

N
/
A   S

w
i
t
c
h

is
a
s
s
o
c
i
a
t
e
d
w
i
t
h
A
T
T
I
-

T
U
D
E
C
O
N
T
R
O
L
s
w
i
t
c
h
e
s

a
n
d

G
U
I
D

C
O
N
T
s
w
i
t
c
h
.

T
T
C
A

t
h
r
o
t
t
l
e
c
o
m
m
a
n
d
s

a
r
e

n
o
t

af
fe
ct
ed
.

A
G
S

e
n
g
i
n
e
-
o
f
f
si
gn
al
s

a
r
e

n
o
t
e
n
a
b
l
e
d
;
e
n
g
i
n
e
m
u
s
t
b
e

m
a
n
u
a
l
l
y

t
u
r
n
e
d
o
f
f
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

R
e
m
a
r
k
s

  P
a
n
e
l

3

(c
on
t)

A
T
T
H
O
L
D

A
U
T
O

(c
)

D
i
s
a
b
l
e
s

t
r
a
n
s
l
a
t
i
o
n
o
u
t
p
u
t
s

of
T
T
C
A
'
s

a
n
d

LG
C
a
t
t
i
t
u
d
e

c
o
m
m
a
n
d
s
.

I
n
t
h
i
s
m
o
d
e
,

a
s
t
r
o
n
a
u
t
s
c
a
n
c
o
m
-

m
a
n
d

a
n
g
u
l
a
r

ra
te
s
p
r
o
p
o
r
t
i
o
n
a
l

to
d
i
s
p
l
a
c
e
m
e
n
t

of
A
C
A
'
s
.

M
o
d
e

is
fu
nc
ti
on
al

w
i
t
h

ei
th

er
P
G
N
S

o
r
A
G
S

c
o
n
t
r
o
l
l
i
n
g
o
p
e
r
a
t
i
o
n
.

W
h
e
n
A
C
A

is
o
u
t

o
f
d
e
t
e
n
t
,
A
T
T
I
T
U
D
E
C
O
N
T
R
O
L

s
w
i
t
c
h
e
s

s
e
t

to
M
O
D
E

C
O
N
T
,

a
n
d

A
G
S

i
n
c
o
n
t
r
o
l
,

a
t
t
i
t
u
d
e
l
o
o
p
s
a
r
e

o
p
e
n
e
d
a
n
d

a
x
i
s
t
r
a
n
s
d
u
c
e
r
s

a
r
e

c
o
m
p
a
r
e
d

t
o
r
a
t
e
g
y
r
o

o
u
t
p
u
t
s

to
p
r
o
v
i
d
e

p
o
r
p
o
r
t
i
o
n
a
l
c
o
m
m
a
n
d
s
.

W
h
i
l
e
m
a
n
e
u
v
e
r
i
n
g
,

at
ti

tu
de

s
y
n
-

c
h
r
o
n
i
z
e
r
s

f
o
l
l
o
w
as

at
ti

tu
de

c
h
a
n
g
e
s
.

W
i
t
h
G
U
I
D

C
O
N
T
s
w
i
t
c
h

s
e
t

t
o
A
G
S
,

a
t
t
i
t
u
d
e
e
r
r
o
r

s
i
g
n
a
l
s
a
r
e

s
e
n
t

to
C
E
S
f
r
o
m
A
G
S
.

In
C
E
S
,

t
h
e
s
e

at
-

t
i
t
u
d
e
e
r
r
o
r

s
i
g
n
a
l
s

a
r
e
p
a
s
s
e
d

t
h
r
o
u
g
h

li
mi
te
r,

w
h
i
c
h

li
mi

ts
a
n
g
u
l
a
r

ra
te

a
n
d
c
o
m
b
i
n
e
s
e
r
r
o
r

s
i
g
n
a
l
s

w
i
t
h
ra

te
g
y
r
o
d
a
m
p
i
n
g

s
i
g
n
a
l
.

R
e
s
u
l
t
a
n
t

s
i
g
n
a
l
s

c
o
n
t
r
o
l

fi
ri
ng

of
R
C
S

je
ts

t
h
r
o
u
g
h
s
e
l
e
c
t
a
b
l
e

d
e
a
d
b
a
n
d
,

l
o
g
i
c
,

p
u
l
s
e
m
o
d
u
l
a
t
o
r
s
,

a
n
d

je
t
d
r
i
v
e
r

a
m
p
l
i
f
i
e
r
s
.

R
a
t
e

c
o
m
m
a
n
d
s

f
r
o
m
A
C
A

r
e
m
a
i
n

ac
ti

ve
i
n
t
h
i
s
m
o
d
e
;

a
t
t
i
t
u
d
e
d
i
s
t
u
r
b
a
n
c
e
s

o
c
c
u
r

if
A
C
A

is
d
i
s
p
l
a
c
e
d

i
n
a
d
-

v
e
r
t
e
n
t
l
y
.

W
h
e
n
A
T
T
I
T
U
D
E
C
O
N
T
R
O
L

s
w
i
t
c
h
e
s

a
r
e

s
e
t

to
P
U
L
S
E

o
r
D
I
R
,

f
o
l
l
o
w
i
n
g

at
ti
tu
de

c
o
m
m
a
n
d

c
a
p
-

ab
il
it
ie
s

re
su

lt
:

W
i
t
h
G
U
I
D
C
O
N
T

s
w
i
t
c
h

s
e
t

to
A
G
S
,

p
r
o
p
o
r
t
i
o
n
a
l

r
a
t
e
c
o
m
m
a
n
d
s

a
r
e
d
i
s
a
b
l
e
d

fo
r

t
h
o
s
e
a
x
e
s

fo
r
w
h
i
c
h
P
U
L
S
E

o
r

D
I
R
w
a
s

s
e
l
e
c
t
e
d
.

W
i
t
h
G
U
I
D

C
O
N
T

s
w
i
t
c
h

s
e
t

to
P
G
N
S

a
n
d
o
n
e

o
r
m
o
r
e
A
T
T
I
T
U
D
E
C
O
N
T
R
O
L

s
w
i
t
c
h
e
s

s
e
t
t
o
P
U
L
S
E
,

a
t
t
i
t
u
d
e

h
o
l
d
m
o
d
e

is
no
t

af
fe
ct
ed
.

W
i
t
h

G
U
I
D
C
O
N
T

s
w
i
t
c
h

s
e
t

to
P
G
N
S

a
n
d
o
n
e
o
r
m
o
r
e
A
T
T
I
T
U
D
E
C
O
N
-

T
R
O
L

s
w
i
t
c
h
e
s

s
e
t

to
D
I
R
,
A
C
A

d
i
s
p
l
a
c
e
m
e
n
t

of
o
n
e
-
f
o
u
r
t
h

of
fu
ll

t
h
r
o
w
c
a
u
s
e
s

c
o
n
t
i
n
u
o
u
s

t
w
o
-
j
e
t

f
i
r
i
n
g
f
o
r
s
e
l
e
c
t
e
d
a
x
e
s
,

w
i
t
h
o
u
t

r
a
t
e
f
e
e
d
b
a
c
k

i
n
t
e
r
f
e
r
i
n
g
w
i
t
h

L
G
C
c
o
m
m
a
n
d

s
i
g
n
a
l
s
,

T
T
C
A

a
n
d
A
C
A

h
a
r
d
o
v
e
r
o
u
t
p
u
t
s

a
r
e

n
o
t

a
f
f
e
c
t
e
d
.

W
h
e
n

o
n
e
o
r
m
o
r
e
A
T
T
I
T
U
D
E

C
O
N
T
R
O
L
s
w
i
t
c
h
e
s

a
r
e

s
e
t

to
P
U
L
S
E
o
r

D
I
R
,

t
h
e

f
o
l
l
o
w
i
n
g

a
t
t
i
t
u
d
e
c
o
m
m
a
n
d

c
a
p
a
b
i
l
i
t
i
e
s
a
n
d

l
i
m
i
t
a
t
i
o
n
s

r
e
s
u
l
t
.

W
i
t
h
G
U
I
D

C
O
N
T

s
w
i
t
c
h

s
e
t

to
A
G
S
,

p
r
o
p
o
r
-

t
i
o
n
a
l

r
a
t
e
c
o
m
m
a
n
d
s

a
r
e
d
i
s
a
b
l
e
d

f
o
r
t
h
o
s
e
a
x
e
s

fo
r
w
h
i
c
h
P
U
L
S
E

o
r
D
I
R
w
a
s

s
e
l
e
c
t
e
d
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

3

(c
on
t) 9
8
1
4

1
1
8
4

1
1
5
5

1
1
8
6

1
1
8
7

T
E
N
S

C
e
n
t
e
r

U
N
I
T
S

S
l
e
w
s

t
e
n
s
-
c
o
l
u
m
n
d
i
g
i
t

of
M
I
N

c
o
l
-

u
m
n
s

a
t
r
a
t
e

o
f
t
w
o

d
i
g
i
t
s
p
e
r
s
e
c
—

o
n
d

as
l
o
n
g
as

s
w
i
t
c
h

is
h
e
l
d

in
th
is

p
o
s
i
t
i
o
n
.

D
i
s
a
b
l
e
s
s
l
e
w
i
n
g

f
u
n
c
t
i
o
n
.

S
l
e
w
s
u
n
i
t
s
-
c
o
l
u
m
n

di
gi
t

of
M
I
N

c
o
l
u
m
n
s

a
t
r
a
t
e

o
f
t
w
o

d
i
g
i
t
s
p
e
r

s
e
c
o
n
d

as
lo
ng

as
s
w
i
t
c
h

is
h
e
l
d

in

t
h
i
s
p
o
s
i
t
i
o
n
.

 

E
V
E
N
T
T
I
M
E
R
S
L
E
W
C
O
N
T
S
E
C

s
w
i
t
c
h

T
E
N
S

C
e
n
t
e
r

U
N
I
T
S

P
r
o
v
i
d
e
s

s
l
e
w
i
n
g
f
u
n
c
t
i
o
n
fo
r

E
V
E
N
T

T
I
M
E
R
i
n
d
i
c
a
t
o
r
.

S
l
e
w
s
t
e
n
s
-
c
o
l
u
m
n

di
gi
t
of

S
E
C

c
o
l
-

u
m
n
s

a
t
r
a
t
e

o
f
t
w
o

d
i
g
i
t
s
p
e
r
s
e
c
-

o
n
d

as
l
o
n
g

as
s
w
i
t
c
h

is
h
e
l
d

in
th
is

p
o
s
i
t
i
o
n
.

D
i
s
a
b
l
e
s
s
l
e
w
i
n
g

f
u
n
c
t
i
o
n
.

S
l
e
w
s
u
n
i
t
s
-
c
o
l
u
m
n

d
i
g
i
t
o
f
S
E
C

c
o
l
u
m
n
s

a
t
r
a
t
e

o
f
t
w
o

d
i
g
i
t
s
p
e
r

s
e
c
o
n
d

as
l
o
n
g
as

s
w
i
t
c
h

is
h
e
l
d

in

t
h
i
s

p
o
s
i
t
i
o
n
.

F
L
T

DI
SP
:

E
V
E
N
T

T
I
M
E
R
/
S
E

F
D
A
I

(
p
a
n
e
l

1
6
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
s
p
r
i
n
g
l
o
a
d
e
d

to
c
e
n
t
e
r
.

 

R
C
S
S
Y
S
A
/
B
-
2
Q
U
A
D

1,
Q
U
A
D

2,

Q
U
A
D
8
,

a
n
d
Q
U
A
D
4

h
e
a
t
e
r

s
w
i
t
c
h
e
s A
U
T
O

O
F
F

M
A
N

C
o
n
t
r
o
l

th
e
s
y
s
t
e
m

2
h
e
a
t
e
r
s

(
r
e
d
u
n
d
a
n
t
h
e
a
t
i
n
g
s
y
s
t
e
m
)

w
i
t
h
i
n

a
p
p
l
i
c
a
b
l
e
q
u
a
d

o
f
R
C
S
T
C
A
'
s
.

E
n
a
b
l
e
s

a
u
t
o
m
a
t
i
c
t
e
m
p
e
r
a
t
u
r
e
c
o
n
-

t
r
o
l

of
e
a
c
h
e
n
g
i
n
e

i
n
a
q
u
a
d
.

In
te
rr
up
ts

2
8
-
v
d
c

to
th
e
h
e
a
t
e
r
s
.

B
y
p
a
s
s
e
s

a
u
t
o
m
a
t
i
c
t
e
m
p
e
r
a
t
u
r
e

c
o
n
t
r
o
l
a
n
d
c
o
n
t
i
n
u
o
u
s
l
y
m
a
i
n
t
a
i
n
s

2
8
-
v
d
c
o
n
e
a
c
h
s
y
s
t
e
m

2
h
e
a
t
e
r

i
n

a
q
u
a
d
.

H
E
A
T
E
R
S
:

R
C
S
S
Y
S

A/
B-
2:

Q
U
A
D

1
Q
U
A
D

2
Q
U
A
D

3

Q
U
A
D

4

(
p
a
n
e
l

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

H
e
a
t
i
n
g
s
y
s
t
e
m

1
p
r
o
v
i
d
e
s
c
o
n
-

t
i
n
u
o
u
s

a
u
t
o
m
a
t
i
c
c
o
n
t
r
o
l

o
f
R
C
S

e
n
g
i
n
e
t
e
m
p
e
r
a
t
u
r
e
s
.

T
h
i
s
s
y
s
-

t
e
m

h
a
s

n
o
o
v
e
r
r
i
d
e

c
a
p
a
b
i
l
i
t
y
.

W
h
e
n

Q
U
A
D
s
w
i
t
c
h
e
s

a
r
e

s
e
t

t
o

A
U
T
O
,

e
n
g
i
n
e
i
n
j
e
c
t
o
r
t
e
m
p
e
r
a
-

t
u
r
e
s

a
r
e
m
a
i
n
t
a
i
n
e
d

at
a
p
p
r
o
x
i
-

m
a
t
e
l
y

1
4
0
°
F
.

If
t
e
m
p
e
r
a
t
u
r
e

of

a
n
y
q
u
a
d
e
x
c
e
e
d
s
+
1
9
0
°
F

or
f
a
l
l
s

b
e
l
o
w
+
1
1
9
°
F
,
H
E
A
T
E
R
c
a
u
t
i
o
n

l
i
g
h
t
g
o
e
s

o
n
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

3
(
c
o
n
t
)

1
6
8
9

1
6
8
6

PANEL 3

1
6
R
4

1
6
5
1
0  S

I
D
E
P
A
N
E
L
S
s
w
i
t
c
h

O
N

O
F
F

P
e
r
m
i
t
s

co
nt
ro
l

of
li

gh
ti

ng
o
n
L
M

Pi
lo
t'
s
si

de
pa
ne
ls
,

i
n
d
e
p
e
n
d
e
n
t
l
y

o
f
l
i
g
h
t
i
n
g

of
f
o
r
w
a
r
d
p
a
n
e
l
.

E
n
a
b
l
e
s

on
/o
ff

co
nt

ro
l

of
L
M

Pi
lo
t'
s

s
i
d
e

p
a
n
e
l

i
n
t
e
g
r
a
l

l
i
g
h
t
s
.

C
o
n
n
e
c
t
s

s
i
d
e
p
a
n
e
l

i
n
t
e
g
r
a
l

l
i
g
h
t
s

to
I
N
T
E
G
R
A
L
O
V
E
R
R
I
D
E

s
w
i
t
c
h

a
n
d
I
N
T
E
G
R
A
L
c
o
n
t
r
o
l

o
n
p
a
n
e
l

5.

D
i
s
c
o
n
n
e
c
t
s

si
de

p
a
n
e
l

in
te

gr
al

l
i
g
h
t
s
f
r
o
m
I
N
T
E
G
R
A
L

c
o
n
t
r
o
l
a
n
d

I
N
T
E
G
R
A
L
O
V
E
R
R
I
D
E

s
w
i
t
c
h
o
n

p
a
n
e
l

5,

A
C
B
U
S

A:
I
N
T
G
L
L
T
G

(
p
a
n
e
l

11
)

C
D
R
'
s

1
1
5
-
v
a
c

b
u
s
A

 

F
L
O
O
D
O
V
H
D
/
F
W
D

sw
it
ch

A
L
L

O
F
F

O
V
H
D
/
F
W
D

E
n
e
r
g
i
z
e
s
c
r
e
w
c
o
m
p
a
r
t
m
e
n
t

f
l
o
o
d
l
i
g
h
t
s
.

E
n
e
r
g
i
z
e
s

al
l
f
l
o
o
d
l
i
g
h
t
s
.

D
e
e
n
e
r
g
i
z
e
s
a
l
l

fl
oo

dl
ig

ht
s.

E
n
e
r
g
i
z
e
s
t
w
o
o
v
e
r
h
e
a
d
a
n
d
t
w
o

f
o
r
w
a
r
d

fl
oo

dl
ig

ht
s.

L
T
G
:
F
L
O
O
D

(
p
a
n
e
l

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

F
l
o
o
d
l
i
g
h
t
p
o
w
e
r
s
o
u
r
c
e

is

in
de

pe
nd

en
t
o
f

th
at

u
s
e
d

fo
r

i
n
t
e
g
r
a
l

l
i
g
h
t
i
n
g
.

O
v
e
r
h
e
a
d

f
l
o
o
d
l
i
g
h
t
s
a
r
e

f
i
t
t
e
d

w
i
t
h

ro
ta

ta
bl

e
re

fl
ec

to
rs

.

 

F
L
O
O
D
O
V
H
D
/
F
W
D

co
nt
ro
l

D
I
M

to
B
R
I
G
H
T

C
o
n
t
r
o
l
s

th
e
b
r
i
g
h
t
n
e
s
s

of
th

e
L
M

Pi
lo

t'
s
o
v
e
r
h
e
a
d

a
n
d
f
o
r
w
a
r
d

f
l
o
o
d
-

li
gh

ts
.

C
o
n
t
r
o
l
s

in
te
ns
it
y
le

ve
l

of
f
l
o
o
d
-

li
gh
ts

c
o
n
t
i
n
u
o
u
s
l
y
f
r
o
m
d
i
m

to
br

ig
ht

.

L
T
G
:

F
L
O
O
D

(
p
a
n
e
l

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

C
o
n
t
r
o
l

o
p
e
r
a
t
e
s

o
n
l
y
w
h
e
n

F
L
O
O
D
O
V
H
D
/
F
W
D

s
w
i
t
c
h
i
s

s
e
t

to
O
V
H
D
/
F
W
D

o
r
A
L
L
,

a
n
d

th
e

o
v
e
r
h
e
a
d
h
a
t
c
h

is
c
l
o
s
e
d
.

If
o
v
e
r
h
e
a
d

h
a
t
c
h

is
o
p
e
n
,
F
L
O
O
D

O
V
H
D
/
F
W
D

s
w
i
t
c
h

is
b
y
p
a
s
s
e
d

a
n
d
F
L
O
O
D
O
V
H
D
/
F
W
D
c
o
n
t
r
o
l

e
n
a
b
l
e
d
.

  L
A
M
P
/
T
O
N
E
T
E
S
T

se
le

ct
or

s
w
i
t
c
h

O
F
F

 P
e
r
f
o
r
m
s

te
st

as
i
n
d
i
c
a
t
e
d
b
e
l
o
w
.

A
l
l

t
e
s
t
f
u
n
c
t
i
o
n
s
a
r
e

i
n
a
c
t
i
v
e
.

   
O
F
F
p
o
s
i
t
i
o
n

is
a
t
e
a
c
h
e
n
d

o
f

s
w
i
t
c
h
i
n
g
s
e
q
u
e
n
c
e

to
p
e
r
m
i
t

se
tt

in
g
s
w
i
t
c
h

to
O
F
F

w
i
t
h
o
u
t
r
e
-

c
y
c
l
i
n
g
t
h
r
o
u
g
h

al
l
te
st

p
o
s
i
t
i
o
n
s
.
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P
o
w
e
r

S
o
u
r
c
e

C
i
r
c
u
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B
r
e
a
k
e
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

R
e
m
a
r
k
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n
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P
a
n
e
l

3
(c
on
t)

 Mission LM Basic Date 1 February 1970 Change Date

PANEL 3

 A
L
A
R
M
/
T
O
N
E

c
/
W
i
l

E
N
G
P
B
-
C
/
W

2

C
c
/
W

3

C
/
w

4

C
O
M
P
N
T

T
e
s
t
s
l
a
m
p
s

i
n
M
A
S
T
E
R
A
L
A
R
M

p
u
s
h
b
u
t
t
o
n
s
,

a
n
d

t
e
s
t
s

a
u
d
i
b
l
e

w
a
r
n
i
n
g

t
o
n
e
.

T
e
s
t
s
l
a
m
p
s

in
f
i
r
s
t
b
a
n
k

of
w
a
r
n
i
n
g

l
i
g
h
t
s
o
n

p
a
n
e
l

1.

T
e
s
t
s
l
a
m
p
s

in
e
n
g
i
n
e
S
T
A
R
T

a
n
d

S
T
O
P
l
i
g
h
t
s

a
n
d

in
s
e
c
o
n
d

b
a
n
k
o
f

w
a
r
n
i
n
g

l
i
g
h
t
s
o
n

p
a
n
e
l

1.

T
e
s
t
s

la
mp

s
i
n

fi
rs
t
b
a
n
k

of
ca
ut
io
n

l
i
g
h
t
s
o
n
p
a
n
e
l

2.

T
e
s
t
s
l
a
m
p
s

i
n
s
e
c
o
n
d
b
a
n
k

of

c
a
u
t
i
o
n

li
gh
ts

o
n

p
a
n
e
l

2.

T
e
s
t
s
l
a
m
p
s

i
n
c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

a
n
d
l
u
n
a
r

c
o
n
t
a
c
t
l
i
g
h
t
s
.

L
T
G
:

M
A
S
T
E
R

A
L
A
R
M

(
p
a
n
e
l

1
6
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

1
6
5
1
7

E
X
T
E
R
I
O
R
L
T
G

s
w
i
t
c
h

D
O
C
K

O
F
F

T
R
A
C
K

C
o
n
t
r
o
l
s
d
o
c
k
i
n
g

a
n
d
t
r
a
c
k
i
n
g

l
i
g
h
t
s
.

E
n
g
e
r
i
z
e
s
d
o
c
k
i
n
g

l
i
g
h
t
s
.

D
e
e
n
e
r
g
i
z
e
s
d
o
c
k
i
n
g

a
n
d

t
r
a
c
k
i
n
g

l
i
g
h
t
s

.

E
n
e
r
g
i
z
e
s

t
r
a
c
k
i
n
g

l
i
g
h
t

to
fu

ll

(
1
0
0
%
)
b
r
i
g
h
t
n
e
s
s
.

L
T
G
:
A
N
N
/

D
O
C
K
/

C
O
M
P
N
T

(
p
a
n
e
l

1
1

a
n
d

p
a
n
e
l

1
6
)

L
T
G
:

T
R
A
C
K

(
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

1
D
S
2

L
U
N
A
R
C
O
N
T
A
C
T
l
i
g
h
t

B
o
t
h

l
i
g
h
t
s

(
r
e
d
)

g
o

o
n
w
h
e
n

p
r
o
b
e
(
s
)

o
n
l
a
n
d
i
n
g
g
e
a
r

t
o
u
c
h
e
s

l
u
n
a
r
s
u
r
-

f
a
c
e
,

to
i
n
d
i
c
a
t
e

t
h
a
t
d
e
s
c
e
n
t
e
n
g
i
n
e

s
h
o
u
l
d

b
e

tu
rn
ed
o
f
f
.

N
/
A

N
/
A

L
i
g
h
t
g
o
c
s

of
f
w
h
e
n

c
i
t
h
e
r
e
n
g
i
n
c

st
op

s
w
i
t
c
h

is
p
r
e
s
s
e
d
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

3

(c
on
t) 9
8
1
8

X
-
P
O
I
N
T
E
R
S
C
A
L
E

s
w
i
t
c
h

HI
M
U
L
T

L
O
M
U
L
T

C
o
n
t
r
o
l
s

s
c
a
l
e

r
a
n
g
e

o
f
X
~
p
o
i
n
t
e
r

i
n
d
i
c
a
t
o
r
.

W
h
e
n
L
O
S

a
z
i
m
u
t
h

a
n
d

e
l
e
v
a
t
i
o
n

r
a
t
e
s
a
r
e

d
i
s
p
l
a
y
e
d
,

t
h
i
s
p
o
s
i
t
i
o
n

p
r
o
v
i
d
e
s

a
s
c
a
l
e

of
+
2
0
m
r
a
d
/
s
e
c
.

W
h
e
n

h
o
r
i
z
o
n
t
a
l

v
e
l
o
c
i
t
i
e
s
a
r
e

d
i
s
p
l
a
y
e
d
,

t
h
i
s
p
o
s
i
t
i
o
n
i
J
l
u
m
i
n
a
t
e
s

t
h
e
X
1
0

m
u
l
t
i
p
l
i
e
r

to
p
r
o
v
i
d
e
r
a
n
g
e

of
+
2
0
0

fp
s.

W
h
e
n
L
O
S

a
z
i
m
u
t
h

a
n
d

el
ev

at
io

n
r
a
t
e
s

a
r
e
d
i
s
p
l
a
y
e
d
,

t
h
i
s
p
o
s
i
t
i
o
n

i
l
l
u
m
i
n
a
t
e
s

t
h
e
X
.
1

m
u
l
t
i
p
l
i
e
r

to

p
r
o
v
i
d
e

a
r
a
n
g
e

o
f
+
2
m
r
a
d
/
s
e
c
.

W
h
e
n
h
o
r
i
z
o
n
t
a
l

v
e
l
o
c
i
t
i
e
s
a
r
e

d
i
s
p
l
a
y
e
d
,

t
h
i
s

p
o
s
i
t
i
o
n
p
r
o
v
i
d
e
s

r
a
n
g
e

of
+
2
0

fp
s.

N
/
A

N
/
A
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PANEL 4

 

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

4

1
8
2
1

1
8
2
3

1
8
2
0

1
8
2
2

3
D
S
1

3
D
S
8

A
C
A
/
4
J
E
T

s
w
i
t
c
h
(
C
D
R

a
n
d
L
M
P
)

E
N
A
B
L
E

D
I
S
A
B
L
E

E
n
a
b
l
e
s

is
ol
at
io
n

of
2
8

vo
lt
s
d
e

if

s
h
o
r
t
o
c
c
u
r
s

in
A
C
A
,

E
n
a
b
l
e
s
n
o
r
m
a
l

o
p
e
r
a
t
i
o
n

of
A
C
A
,

D
i
s
a
b
l
e
s

f
o
u
r
-
j
e
t
d
i
r
e
c
t
a
t
t
i
t
u
d
e
c
o
n
-

tr
ol

fu
nc
ti
on

(
h
a
r
d
o
v
e
r

po
si
ti
on
)

of

A
C
A
.

S
T
A
B
/
C
O
N
T
;

A
T
T

D
I
R

C
O
N
T

(
p
a
n
e
l

11
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

T
h
e

n
o
m
i
n
a
l

p
o
s
i
t
i
o
n

o
f

t
h
i
s
s
w
i
t
c
h

is
E
N
A
B
L
E
.

 

T
T
C
A
/
T
R
A
N
S
L
sw
it
ch

(C
DR

an
d

L
M
P
)

E
N
A
B
L
E

D
I
S
A
B
L
E

E
n
a
b
l
e
s

i
s
o
l
a
t
i
o
n

of
2
8

v
o
l
t
s
d
c

if

s
h
o
r
t
o
c
c
u
r
s

in
T
T
C
A
,

E
n
a
b
l
e
s
n
o
r
m
a
l

o
p
e
r
a
t
i
o
n

o
f
T
T
C
A
,

D
i
s
a
b
l
e
s

tr
an
sl
at
io
n
co
nt
ro
l

fu
nc
ti
on

of
T
T
C
A
,

 S
T
A
B
/
C
O
N
T
;

AT
CA
(
A
G
S
)

(p
an
el

16
)

 L
M
P
'
s

2
8
-
v
d
e

b
u
s

T
h
e

n
o
m
i
n
a
l

p
o
s
i
t
i
o
n

of
t
h
i
s
s
w
i
t
c
h

is
E
N
A
B
L
E
,

 

U
P
L
I
N
K
A
C
T
Y

c
o
n
d
i
t
i
o
n
i
n
d
i
c
a
t
o
r

(
w
h
i
t
e
)

N
O
T
E

W
h
i
t
e

co
nd
it
io
n

i
n
d
i
c
a
t
o
r
s

si
gn
if
y
c
o
m
p
u
t
e
r

st
at
us
;

y
e
l
l
o
w

c
o
n
d
i
t
i
o
n
i
n
d
i
c
a
t
o
r
s
d
e
s
c
r
i
b
e
v
a
r
i
o
u
s

c
a
u
t
i
o
n
s

a
s
s
o
c
i
a
t
e
d

wi
th

th
e
G
N
&
C
S
,

In
di
ca
te
s

th
at

up
li
nk

is
b
e
i
n
g
r
e
-

c
e
i
v
e
d
b
y
L
G
C
.

N
/
A

N
/
A

Is
e
n
e
r
g
i
z
e
d
b
y

fi
rs
t
c
h
a
r
a
c
t
e
r

of

di
gi

ta
l
up
li
nk

m
e
s
s
a
g
e
r
e
c
e
i
v
e
d
b
y

L
G
C
,

If
li
gh
t

is
no
t
t
u
r
n
e
d

of
f
b
y

e
n
d

of
up
li
nk

t
r
a
n
s
m
i
s
s
i
o
n
,

t
h
e

a
s
t
r
o
n
a
u
t
s
h
o
u
l
d
e
x
t
i
n
g
u
i
s
h

l
i
g
h
t

w
h
e
n

t
r
a
n
s
m
i
s
s
i
o
n

is
c
o
m
p
l
e
t
e
b
y

p
r
e
s
s
i
n
g
R
S
E
T

p
u
s
h
b
u
t
t
o
n
,

 

T
E
M
P

co
nd
it
io
n

in
di
ca
to
r

(y
el
lo
w)

In
di
ca
te
s

th
at

st
ab
le

m
e
m
b
e
r
t
e
m
-

p
e
r
a
t
u
r
e
h
a
s
e
x
c
e
e
d
e
d

it
s
l
i
m
i
t
s
b
y

4
4
°
F
,

(
N
o
m
i
n
a
l

o
p
e
r
a
t
i
n
g
t
e
m
p
e
r
a
-

t
u
r
e
+
1
3
0
.
3
°
F
)
,

N
/
A

N
/
A
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PANEL 4

 

Lo
ca
ti
on
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

4
(
c
o
n
t
)

3D
S8
5

3D
S8

9

3
D
S
6

3
D
S
1
0

3
D
S
7

3
D
S
1
1

N
O
A
T
T

c
o
n
d
i
t
i
o
n

in
di
ca
to
r

(w
hi
te
)

In
di
ca
te
s

th
at

IS
S

is
no
t
su
it
ab
le

fo
r

u
s
e
a
s

a
t
t
i
t
u
d
e
r
e
f
e
r
e
n
c
e
.

N
/
A

N
/
A

I
n
d
i
c
a
t
o
r
l
a
m
p
g
o
e
s

o
n
w
h
e
n
L
G
C

is
in

o
p
e
r
a
t
e
m
o
d
e

a
n
d

t
h
e
r
e

is
n
e

i
n
e
r
t
i
a
l
r
e
f
e
r
e
n
c
e
,

d
u
r
i
n
g

c
o
a
r
s
e

a
l
i
g
n
,

if
I
S
S

is
of
f,

o
r
I
M
U
i
s

c
a
g
e
d
,

 

 

G
I
M
B
A
L
L
O
C
K

c
o
n
d
i
t
i
o
n

i
n
d
i
c
a
t
o
r

(y
el

lo
w)

I
n
d
i
c
a
t
e
s

t
h
a
t
m
i
d
d
l
e
g
i
m
b
a
l

h
a
s

d
r
i
v
e
n
t
h
r
o
u
g
h
a
n
g
l
e
g
r
e
a
t
e
r

t
h
a
n

+
7
0
°

o
r
-
7
0
°

f
r
o
m
i
t
s

z
e
r
o

p
o
s
i
t
i
o
n
,

N
/
A

N
/
A

W
h
e
n

m
i
d
d
l
e
g
i
m
b
a
l

a
n
g
l
e
e
x
c
e
e
d
s

+
8
5
°

o
r
-
8
5
°
f
r
o
m
i
t
s

z
e
r
o

p
o
s
i
t
i
o
n

L
G
C

a
u
t
o
m
a
t
i
c
a
l
l
y
c
o
m
m
a
n
d
s

c
o
a
r
s
e

a
l
i
g
n
m
o
d
e
i
n

I
S
S

to
p
r
e
v
e
n
t

g
i
m
b
a
l

o
s
c
i
l
l
a
t
i
o
n
,

N
O
A
T
T

c
o
n
d
i
-

t
i
o
n

i
n
d
i
c
a
t
o
r
g
o
e
s

o
n
,

’

 

S
T
B
Y

c
o
n
d
i
t
i
o
n

i
n
d
i
c
a
t
o
r

(
w
h
i
t
e
)

In
di
ca
te
s

th
at

L
G
C

is
in

s
t
a
n
d
b
y

co
nd
it
io
n,

N
/
A

N
/
A

I
n
d
i
c
a
t
o
r
l
a
m
p

is
d
e
e
n
e
r
g
i
z
e
d

if
i
G
C

is
in

o
p
e
r
a
t
e
m
o
d
e
.

 

P
R
O
G

c
o
n
d
i
t
i
o
n

i
n
d
i
c
a
t
o
r
(
y
e
l
l
o
w
)

In
di
ca
te
s

th
at

p
r
o
g
r
a
m

c
h
e
c
k
h
a
s

f
a
i
l
e
d
,

N
/
A

N
/
A

In
di

ca
to

r
is

c
o
n
t
r
o
l
l
e
d
b
y
c
o
m
p
u
t
e
r

p
r
o
g
r
a
m
,

 

K
E
Y
R
E
L

c
o
n
d
i
t
i
o
n

i
n
d
i
c
a
t
o
r

(
w
h
i
t
e
)

I
n
d
i
c
a
t
e
s

t
h
a
t

i
n
t
e
r
n
a
l
p
r
o
g
r
a
m
h
a
s

a
t
t
e
m
p
t
e
d

to
u
s
e
D
S
K
Y

a
n
d

f
o
u
n
d

it
b
u
s
y
d
u
e

to
i
n
d
e
p
e
n
d
e
n
t
o
p
e
r
a
t
o
r

a
c
t
i
o
n
,

N
/
A

N
/
A

I
n
d
i
c
a
t
o
r

is
m
o
d
u
l
a
t
e
d

b
y

f
l
a
s
h

s
i
g
n
a
l
,

 

R
E
S
T
A
R
T

c
o
n
d
i
t
i
o
n

in
di
ca
to
r

(
y
e
l
l
o
w
)

I
n
d
i
c
a
t
e
s
o
n
e

o
r
m
o
r
e

o
f

t
h
e
f
o
l
l
o
w
-

in
g
a
b
n
o
r
m
a
l

o
p
e
r
a
t
i
o
n
s
:

W
o
r
d

h
a
s

b
e
e
n
t
r
a
n
s
f
e
r
r
e
d

i
n
c
o
r
-

re
ct
ly

f
r
o
m
m
e
m
o
r
y
-
p
a
r
i
t
y

fa
il
.

L
G
C
i
s

in
e
n
d
l
e
s
s

c
o
n
t
r
o
l

l
o
o
p
-

T
C

t
r
a
p
.

L
G
C

h
a
s
b
e
e
n

i
n
t
e
r
r
u
p
t
e
d

f
o
r

30
m
s
e
c

-
R
U
P
T
l
o
c
k
,

A
l
a
r
m

h
a
s
b
e
e
n
g
e
n
e
r
a
t
e
d
b
y

p
r
o
g
r
a
m

co
nt

ro
l.

L
G
C

fa
il
s

to
p
r
o
c
e
s
s

n
e
w
j
o
b

w
i
t
h
i
n

a
p
e
r
i
o
d
f
r
o
m

,
6
4

to
1
.
9
2
s
e
c
o
n
d
s
,

N
/
A
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

4

(c
on
t) 3
D
S
1
4

3
D
8
1
2

3
D
S
2
0
9

3
D
S
2
0
4  O

P
R
E
R
R

c
o
n
d
i
t
i
o
n

i
n
d
i
c
a
t
o
r

(
w
h
i
t
e
)

I
n
d
i
c
a
t
e
s

t
h
a
t
a
s
t
r
o
n
a
u
t
h
a
s

p
e
r
-

f
o
r
m
e
d
a
n
i
m
p
r
o
p
e
r
s
e
q
u
e
n
c
e

o
n

t
h
e

D
S
K
Y
.

N
/
A

G
o
e
s

o
u
t
w
h
e
n
R
S
E
T
p
u
s
h
b
u
t
t
o
n

is

p
r
e
s
s
e
d
,

 

T
R
A
C
K
E
R
c
o
n
d
i
t
i
o
n

i
n
d
i
c
a
t
o
r

(y
el

lo
w)

In
di
ca
te
s
R
R

CD
U
f
a
i
l
u
r
e

or
i
m
-

p
r
o
p
e
rd
a
t
a
f
r
o
m
R
R

o
r
L
R
.

N
/
A

N
/
A

W
h
e
n
R
R

o
r
L
R

a
r
e

o
n
,

i
n
d
i
c
a
t
o
r

l
a
m
p

is
e
n
e
r
g
i
z
e
d
i
f
:

R
R
C
D
U

f
i
n
e
e
r
r
o
r
g
r
e
a
t
e
r

t
h
a
n

1
,
0
v
r
m
s

o
c
c
u
r
s

R
R
C
D
U

c
u
a
r
s
e
e
r
r
o
r
g
r
e
a
t
e
r

t
h
a
n
2
,
5
v
r
m
s

o
c
c
u
r
s

R
R

r
e
a
d
c
o
u
n
t
e
r

l
i
m
i
t
c
y
c
l
e
s

a
t

r
a
t
e
g
r
e
a
t
e
r
t
h
a
n

1
6
0

c
p
s

R
R
C
D
U

a
n
a
l
o
g
-
t
o
-
d
i
g
i
t
a
l
c
o
n
-

v
e
r
s
i
o
n

ta
il

s

R
R
C
D
U

+
1
4
-
v
d
e
s
u
p
p
l
y
d
e
-

c
r
e
a
s
e
s

to
5
0
%

of
n
o
m
i
n
a
l

R
R

d
a
t
a
-
n
o
t
-
g
o
o
d
d
i
s
c
r
e
t
e
o
c
-

c
u
r
s
d
u
r
i
n
g
L
G
C

d
a
t
a
r
e
a
d

s
e
q
u
e
n
c
e

L
R

a
l
t
i
t
u
d
e
d
a
t
a
-
n
o
t
-
g
o
o
d
d
i
s
-

c
r
e
t
e
o
r
L
R

v
e
l
o
c
i
t
y
d
a
t
a
-
n
o
t
-

g
o
o
d
d
i
s
c
r
e
t
e
o
c
c
u
r
s

d
u
r
i
n
g

L
G
C

d
a
t
a
r
e
a
d
s
e
q
u
e
n
c
e
,

 

A
L
T
l
i
g
h
t

(y
el

lo
w)

In
di
ca
te
s

al
ti

tu
de

d
a
t
a
-
g
o
o
d

s
i
g
n
a
l
f
r
o
m
L
R

is
a
b
s
e
n
t

d
u
r
i
n
g
L
a
n
d
i
n
g
R
a
d
a
r

D
a
t
a

R
e
a
d
R
o
u
t
i
n
e
.

N
/
A

N
/
A

A
fl
as
hi
ng

li
gh
t

in
di
ca
te
s

th
at

L
G
C

r
e
c
e
i
v
e
d
d
a
t
a
-
g
o
o
d

si
gn

al
,

bu
t
d
a
t
a
d
o
e
s

no
t
p
a
s
s

L
G
C

R
e
a
s
o
n
a
b
l
e
n
e
s
s

T
e
s
t
.

  V
E
L
l
i
g
h
t

(
y
e
l
l
o
w
)

 In
di
ca
te
s

v
e
l
o
c
i
t
y
d
a
t
a
-
g
o
o
d

si
gn

al
f
r
o
m
L
R

is
a
b
s
e
n
t

d
u
r
i
n
g
L
a
n
d
i
n
g
R
a
d
a
r

D
a
t
a

R
e
a
d

R
o
u
t
i
n
e
.

N
/
A   N

/
A
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

4
(
c
o
n
t
)

3
D
S
1
5

3
M
1

3
M
2

3
M
3

3
M
4

3
M
5

3
M
6

3
5
4

C
O
M
P
T
R
A
C
T
Y
c
o
n
d
i
t
i
o
n

i
n
d
i
c
a
t
o
r

(
w
h
i
t
e
)

I
n
d
i
c
a
t
e
s

t
h
a
t
L
G
C

is
in

p
r
o
g
r
a
m

o
t
h
e
r

t
h
a
n
d
u
m
m
y
j
o
b

(
L
G
C
i
s

p
r
o
c
e
s
s
i
n
g

d
a
t
a
.
)

N
/
A

N
/
A

 

P
R
O
G

d
i
s
p
l
a
y

i
n
d
i
c
a
t
o
r

I
n
d
i
c
a
t
e
s

t
h
e
p
r
o
g
r
a
m
t
h
a
t

is
b
e
i
n
g

p
r
o
c
e
s
s
e
d
L
G
C
,

N
/
A

N
/
A

 

V
E
R
B
d
i
s
p
l
a
y

i
n
d
i
c
a
t
o
r

I
n
d
i
c
a
t
e
s
v
e
r
b
c
o
d
e
e
n
t
e
r
e
d

a
t
k
e
y
-

b
o
a
r
d

o
r
c
o
m
m
a
n
d
e
d

b
y
L
G
C
.

N
/
A

N
/
A

 

N
O
U
N

di
sp
la
y

in
di

ca
to

r
I
n
d
i
c
a
t
e
s
n
o
u
n
c
o
d
e
e
n
t
e
r
e
d

a
t
k
e
y
-

b
o
a
r
d

o
r
c
o
m
m
a
n
d
e
d
b
y
L
G
C
.

N
/
A

N
/
A

 

D
a
t
a
d
i
s
p
l
a
y

r
e
g
i
s
t
e
r
s

I
n
d
i
c
a
t
e
n
u
m
e
r
i
c
a
l

d
a
t
a
e
n
t
e
r
e
d

a
t

k
e
y
b
o
a
r
d
o
r
c
o
m
m
a
n
d
e
d
b
y

I
L
G
C
.

S
i
g
n

is
a
s
s
o
c
i
a
t
e
d
o
n
l
y
w
i
t
h
d
e
c
i
m
a
l

d
a
t
a
.

N
/
A

N
/
A

T
h
e

t
h
r
e
e
d
a
t
a
d
i
s
p
l
a
y

r
e
g
i
s
t
e
r
s

a
r
e

d
e
s
i
g
n
a
t
e
d
R
1
,

R
2
,

R
3
f
r
o
m

t
o
p

to
b
o
t
t
o
m

o
f
D
S
K
Y
.

 

V
E
R
B

p
u
s
h
b
u
t
t
o
n
(
m
o
m
e
n
t
a
r
y
)

C
o
n
d
i
t
i
o
n
s
L
G
C

to
i
n
t
e
r
p
r
e
t
n
e
x
t

t
w
o
n
u
m
e
r
i
c
a
l
c
h
a
r
a
c
t
e
r
s

a
s
v
e
r
b

c
o
d
e

a
n
d
e
x
t
i
n
g
u
i
s
h
e
s
v
e
r
b
n
u
m
e
r
-

i
c
a
l
d
i
s
p
l
a
y
.

N
/
A

N
/
A

 

N
O
U
N
p
u
s
h
b
u
t
t
o
n

(
m
o
m
e
n
t
a
r
y
)

C
o
n
d
i
t
i
o
n
s
L
G
C

to
i
n
t
e
r
p
r
e
t
n
e
x
t

t
w
o
n
u
m
e
r
i
c
a
l
c
h
a
r
a
c
t
e
r
s

a
s
n
o
u
n

c
o
d
e

a
n
d

e
x
t
i
n
g
u
i
s
h
e
s
n
o
u
n
n
u
m
e
r
-

i
c
a
l

d
i
s
p
l
a
y
.

N
/
A

N
/
A

  C
L
R

p
u
s
h
b
u
t
t
o
n
(
m
o
m
e
n
t
a
r
y
)

 U
s
e
d

d
u
r
i
n
g
da
ta

l
o
a
d
i
n
g

to
b
l
a
n
k

d
a
t
a
r
e
g
i
s
t
e
r
b
e
i
n
g
u
s
e
d
;
l
o
a
d
i
n
g

e
a
n

th
en

b
e
r
e
s
u
m
e
d
,

 N
/
A

 N
/
A

 F
i
r
s
t
c
o
m
p
o
n
e
n
t

l
o
a
d
v
e
r
b
s

a
r
e

c
l
e
a
r
e
d
b
y

p
r
e
s
s
i
n
g
C
L
R

p
u
s
h
b
u
t
-

t
o
n
o
n
c
e
.

S
e
c
o
n
d
a
n
d

t
h
i
r
d
c
o
m
p
o
-

n
e
n
t

l
o
a
d
v
e
r
h
s

a
r
e
c
l
e
a
r
e
d
b
y

p
r
e
s
s
i
n
g

t
h
e
p
u
s
h
b
u
t
t
o
n
t
w
i
c
e
o
r

t
h
r
e
e
t
i
m
e
s
,

a
s
r
e
q
u
i
r
e
d
.

T
h
e

d
a
t
a
r
e
g
i
s
t
e
r
s
c
l
e
a
r

in
R
3
,

R
2
,

R
l

o
r
d
e
r
.

R
e
f
e
r

to
p
a
r
a
g
r
a
p
h

2
.
2
,
.
3
.
1
.
3
.
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LL

 

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

4
(c

on
t) 3
8
6

3
8
7

3
5
8

3
8
9

3
5
1
0

th
ru

3
8
1
9

3
8
2
1

3
8
2
0

3
D
S

3
D
S

P
R
O

p
u
s
h
b
u
t
t
o
n
(
m
o
m
e
n
t
a
r
y
)

C
o
m
m
a
n
d
s
L
G
C

to
p
r
o
c
e
e
d
w
i
t
h
o
u
t

da
ta
.

A
l
s
o
c
o
m
m
a
n
d
s

LG
C
t
o

e
n
t
e
r

s
t
a
n
d
b
y
m
o
d
e

if
p
r
e
s
s
e
d
w
h
e
n

p
r
o
-

g
r
a
m

P
0
6

is
in

p
r
o
g
r
e
s
s
,

N
/
A

N
/
A

 

K
E
Y
R
E
L
p
u
s
h
b
u
t
t
o
n

(
m
o
m
e
n
t
a
r
y
)

R
e
l
e
a
s
e
s
D
S
K
Y

to
L
G
C

fo
r
u
s
e
w
i
t
h

i
n
t
e
r
n
a
l
s
e
q
u
e
n
c
e
s
.

N
/
A

N
/
A

O
p
e
r
a
t
o
r

s
h
o
u
l
d
r
e
l
e
a
s
e
D
S
K
Y

b
y

p
r
e
s
s
i
n
g
p
u
s
h
b
u
t
t
o
n

w
h
e
n
h
e
i
s

t
e
m
p
o
r
a
r
i
l
y

f
i
n
i
s
h
e
d
w
i
t
h
D
S
K
Y
.
 

E
N
T
R

p
u
s
h
b
u
t
t
o
n
(
m
o
m
e
n
t
a
r
y
)

I
n
f
o
r
m
s
L
G
C

th
at

a
s
s
e
m
b
l
e
d

da
ta

a
r
e
c
o
m
p
l
e
t
e

a
n
d

t
h
a
t
r
e
q
u
e
s
t
e
d

f
u
n
c
t
i
o
n

is
to

b
e

e
x
e
c
u
t
e
d
.

U
s
e
d

in
t
w
o
w
a
y
s
:

to
e
x
e
c
u
t
e

th
e
V
E
R
B
/

N
O
U
N

c
o
d
e

a
p
p
e
a
r
i
n
g
o
n

t
h
e
V
E
R
B

a
n
d
N
O
U
N

d
i
s
p
l
a
y

a
n
d

to
a
c
c
e
p
t

d
a
t
a
j
u
s
t
l
o
a
d
e
d
a
n
d
a
p
p
e
a
r
i
n
g

in

d
a
t
a
d
i
s
p
l
a
y

r
e
g
i
s
t
e
r
s

(
R
1
,

R
2
,

R3
8)

.

N
/
A

N
/
A

 

R
S
E
T

p
u
s
h
b
u
t
t
o
n
(
m
o
m
e
n
t
a
r
y
)

T
u
r
n
s

o
f
f
D
S
K
Y

c
o
n
d
i
t
i
o
n
i
n
d
i
c
a
t
o
r

a
f
t
e
r
c
o
n
d
i
t
i
o
n
h
a
s
b
e
e
n
c
o
r
r
e
c
t
e
d
.

N
/
A

N
/
A

 

0
t
h
r
o
u
g
h

9
p
u
s
h
b
u
t
t
o
n
s

(
m
o
m
e
n
t
a
r
y
)

E
n
t
e
r
n
u
m
e
r
i
c
a
l

d
a
t
a
,

n
o
u
n
c
o
d
e
s
,

a
n
d
v
e
r
b
c
o
d
e
s

i
n
t
o
D
S
K
Y
d
i
s
p
l
a
y
s
.

N
/
A

N
/
A

 

+
a
n
d

-
p
u
s
h
b
u
t
t
o
n
(
m
o
m
e
n
t
a
r
y
)

I
n
f
o
r
m
L
G
C

th
at

fo
ll

ow
in

g
n
u
m
e
r
i
-

c
a
l
d
a
t
a
a
r
e
d
e
c
i
m
a
l

an
di
n
d
i
c
a
t
e

s
i
g
n

of
da
ta
.

N
/
A

N
/
A

 

P
R
1
0
D
I
S
P

li
gh

t
I
n
d
i
c
a
t
e
s

th
at

s
y
s
t
e
m

h
a
s

a
pr

io
ri

ty
d
i
s
p
l
a
y

to
b
r
i
n
g

to
th
e
at
te
nt
io
n

of
th

e
a
s
t
r
o
n
a
u
t
.

N
/
A

N
/
A

  N
O

DA
Pl
i
g
h
t

 I
n
d
i
c
a
t
e
s

th
at

th
e
D
A
P

is
no

t
c
o
n
-

c
o
n
t
r
o
l
l
i
n
g

v
e
h
i
c
l
e

a
t
t
i
t
u
d
e
.

 N
/
A

 N
/
A
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

1
8
2

PANEL 5

1
8
1
2

9
8
1
9

A
A  D

E
S
R
A
T
E

s
w
i
t
c
h

+
1

F
P
S

c
e
n
t
e
r

-
1

F
P
S

P
e
r
m
i
t
s

e
s
t
a
b
l
i
s
h
i
n
g
L
M
r
a
t
e

of
d
e
s
c
e
n
t
u
n
d
e
r
P
G
N
S
c
o
n
t
r
o
l

in
fi
xe
d

i
n
c
r
e
m
e
n
t
s
,

E
a
c
h

s
w
i
t
c
h

a
c
t
u
a
t
i
o
n

p
r
o
v
i
d
e
s

a
d
i
s
c
r
e
t
e
p
u
l
s
e
,

c
h
a
n
g
i
n
g

th
e

ra
te

of
d
e
s
c
e
n
t
b
y

1
fp

s.

N
/
A

N
/
A

R
e
s
p
o
n
s
e

to
s
w
i
t
c
h
c
o
m
m
a
n
d
s
i
s

m
o
n
i
t
o
r
e
d
o
n
th

e
al
ti
tu
de

ra
te

s
c
a
l
e

of
th
e
R
a
n
g
e
/
R
a
n
g
e

R
a
t
e
;
A
l
t
/
A
l
t

R
a
t
e

i
n
d
i
c
a
t
o
r
.

P
l
u
s

s
i
g
n
d
e
n
o
t
e
s

i
n
c
r
e
a
s
e

in
e
n
g
i
n
e

th
ru

st
.

M
i
n
u
s

s
i
g
n
d
e
n
o
t
e
s
d
e
c
r
e
a
s
e

in

e
n
g
i
n
e

th
ru
st
.

 

E
n
g
i
n
e

s
t
e
p
p
u
s
h
b
u
t
t
o
n

P
r
o
v
i
d
e
s
d
i
s
c
r
e
t
e

st
op

s
i
g
n
a
l
s

to
d
e
s
c
e
n
t
a
n
d

a
s
c
e
n
t
e
n
g
i
n
e
s
,

i
n
d
e
-

p
e
n
d
e
n
t

o
f
s
e
t
t
i
n
g
o
f
E
N
G
A
R
M

sw
it
ch
,
e
x
c
e
p
t
w
h
e
n

in
a
b
o
r
t

s
e
q
u
e
n
c
e
.

S
T
A
B
/
C
O
N
T
:

E
N
G
A
R
M

{
p
a
n
e
l

16
)

L
M
P
t
s

2
8
-
v
d
e

b
u
s

W
h
e
n

p
r
e
s
s
e
d
,

p
u
s
h
b
u
t
t
o
n
r
e
m
a
i
n
s

p
r
e
s
s
e
d

a
n
d

i
l
l
u
m
i
n
a
t
e
d

(
r
e
d
)
.

It
is

r
e
s
e
t
b
y
p
r
e
s
s
i
n
g

it
a
g
a
i
n
,

 

E
n
g
i
n
e
S
T
A
R
T

p
u
s
h
b
u
t
t
o
n

P
e
r
m
i
t
s
i
m
m
e
d
i
a
t
e
m
a
n
u
a
l

f
i
r
i
n
g
o
f

d
e
s
c
e
n
t
o
r
a
s
c
e
n
t

e
n
g
i
n
e
,

d
e
p
e
n
d
i
n
g

u
p
o
n

s
e
t
t
i
n
g
o
f
E
N
G
A
R
M
s
w
i
t
c
h
.

S
T
A
B
/
C
O
N
T
:

E
N
G
S
T
A
R
T

O
V
R
D

(
p
a
n
e
l

1
1
)

C
D
R
s

2
8
-
v
d
e

b
u
s

W
h
e
n

p
r
e
s
s
e
d
,

p
u
s
h
b
u
t
t
o
n
r
e
m
a
i
n
s

p
r
e
s
s
e
d

a
n
d
i
l
l
u
m
i
n
a
t
e
d

(
r
e
d
)
.

A
c
-

t
u
a
t
i
o
n
o
f
e
i
t
h
e
r
e
n
g
i
n
e

s
t
o
p
p
u
s
h
-

b
u
t
t
o
n
i
n
t
e
r
r
u
p
t
s
o
v
e
r
r
i
d
e

f
u
n
c
t
i
o
n
,

t
h
e
e
n
g
i
n
e

s
t
o
p
s
,

a
n
d

t
h
e
S
T
A
R
T

p
u
s
h
b
u
t
t
o
n

l
i
g
h
t
g
o
e
s

o
u
t
.

 

+
X
T
R
A
N
S
L

p
u
s
h
b
u
t
t
o
n

(
m
o
m
e
n
t
a
r
y
)

Wh
en
h
e
l
d

p
r
e
s
s
e
d
,

s
w
i
t
c
h
p
r
o
v
i
d
e
s

fo
ur
-j
et

t
r
a
n
s
l
a
t
i
o
n

in
+
X
-
d
i
r
e
c
t
i
o
n

b
y
e
n
e
r
g
i
z
i
n
g
R
C
S

d
i
r
e
c
t
(
s
e
c
o
n
d
a
r
y
)

c
o
i
l
s
,

U
p
o
n
r
e
l
e
a
s
e

o
f
p
u
s
h
b
u
t
t
o
n
,

si
gn

al
is

r
e
m
o
v
e
d
f
r
o
m

co
il

s,
te
r-

m
i
n
a
t
i
n
g

j
e
t
f
i
r
i
n
g
s
.

S
T
A
B
/
C
O
N
T
:

A
T
T
D
I
R

C
O
N
T

(
p
a
n
e
l

1
1
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

If
s
w
i
t
c
h

fa
il
s
c
l
o
s
e
d
,

ci
rc

ui
t

b
r
e
a
k
e
r
m
u
s
t
b
e
o
p
e
n
e
d
,

T
h
e

s
e
c
o
n
d
a
r
y

c
o
i
l
s
o
f
t
h
e
R
C
S

e
n
g
i
n
e
s

wi
ll

b
e
di

sa
bl

ed
,

r
e
s
u
l
t
i
n
g

in
l
o
s
s

of
h
a
r
d
o
v
e
r
a
n
d
d
i
r
e
c
t
m
o
d
e
s
.

  M
I
S
S
I
O
N
T
I
M
E
R
:

T
I
M
E
R
C
O
N
T
s
w
i
t
c
h

S
T
A
R
T

 P
r
o
v
i
d
e
s
d
i
s
c
r
e
t
e

s
i
g
n
a
l
s

to
M
I
S
-

S
I
O
N

T
I
M
E
R
i
n
d
i
c
a
t
o
r
.

E
n
a
b
l
e
s

i
n
d
i
c
a
t
o
r

to
c
o
u
n
t
u
p
w
a
r
d

f
r
o
m
n
u
m
b
e
r

p
r
e
s
e
t
w
i
t
h
S
L
E
W

C
O
N
T

s
w
i
t
c
h
e
s
,

F
L
I
G
H
T

D
I
S
P
L
A
Y
S
:

M
I
S
S
I
O
N

T
I
M
E
R

(
p
a
n
e
l

11
)   C

D
R
'
s

2
8
-
v
d
e

b
u
s

 
 
 

  

APOLLO OPERATIONS HANDBOOK

CONTROLS AND DISPLAYS

LMA790-3-LM



Pa 3-82 Mission LM_ Basic Date 1 February 1970 Change Date

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

5

(
c
o
n
t
)

9
8
2
2

PANEL 5

  

S
T
O
P

R
E
S
E
T

S
L
E
W
C
O
N
T

H
O
U
R
S
s
w
i
t
c
h

T
E
N
S

C
e
n
t
e
r

U
N
I
T
S

S
L
E
W
C
O
N
T

M
I
N

s
w
i
t
c
h

T
E
N
S

C
e
n
t
e
r

U
N
I
T
S

S
t
o
p
s
a
n
d
h
o
l
d
s

i
n
d
i
c
a
t
o
r
c
o
u
n
t

u
n
t
i
l

S
T
A
R
T

o
r
R
E
S
E
T
i
s

se
le
ct
ed
.

R
e
s
e
t
s

i
n
d
i
c
a
t
o
r

to
z
e
r
o
.

 

P
r
o
v
i
d
e
s

s
l
e
w
i
n
g
f
u
n
c
t
i
o
n
f
o
r

H
O
U
R
S

c
o
l
u
m
n
s

of
M
I
S
S
I
O
N
T
I
M
E
R

i
n
d
i
c
a
t
o
r
.

S
l
e
w
s
t
e
n
s
-
c
o
l
u
m
n

d
i
g
i
t
o
f
H
O
U
R
S

c
o
l
u
m
n
s
a
t

r
a
t
e

o
f
t
w
o

d
i
g
i
t
s
p
e
r

s
e
c
o
n
d

a
s

l
o
n
g
a
s

s
w
i
t
c
h

is
h
e
l
d

i
n

t
h
i
s
p
o
s
i
t
i
o
n
.

D
i
s
a
b
l
e
s

s
l
e
w
i
n
g

f
u
n
c
t
i
o
n
,

S
l
e
w
s
u
n
i
t
s
-
c
o
l
u
m
n

d
i
g
i
t
o
f
H
O
U
R
S

c
o
l
u
m
n
s
a
t

ra
te

of
t
w
o

di
gi
ts

p
e
r

s
e
c
o
n
d

a
s

l
o
n
g
a
s

s
w
i
t
c
h

i
s
h
e
l
d

in

t
h
i
s

p
o
s
i
t
i
o
n
.

F
L
I
G
H
T

D
I
S
P
L
A
Y
S
:

M
I
S
S
I
O
N

T
I
M
E
R

(
p
a
n
e
l

11
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

H
u
n
d
r
e
d
s
-
c
o
l
u
m
n

d
i
g
i
t
o
f
H
O
U
R
S

c
o
l
u
m
n
s
i
s

a
l
s
o
c
o
n
t
r
o
l
l
e
d
b
y

th
e

t
e
n
s

p
o
s
i
t
i
o
n
,

at
r
a
t
e

o
f
o
n
e

d
i
g
i
t

p
e
r

5
s
e
c
o
n
d
s
,

A
l
l

di
gi
ts

c
h
a
n
g
e

in
i
n
c
r
e
a
s
i
n
g

d
i
r
e
c
t
i
o
n
.

 

P
r
o
v
i
d
e
s

s
l
e
w
i
n
g
fu
nc
ti
on

fo
r
M
I
N

c
o
l
u
m
n
s

of
M
I
S
S
I
O
N
T
I
M
E
R
i
n
d
i
-

c
a
t
o
r
,

S
l
e
w
s
t
e
n
s
-
c
o
l
u
m
n

di
gi
t
of

M
I
N

c
o
l
u
m
n
s
a
t

ra
te

of
t
w
o

di
gi
ts

p
e
r

s
e
c
o
n
d

as
lo
ng

as
s
w
i
t
c
h

is
h
e
l
d

in
t
h
i
s

p
o
s
i
t
i
o
n
,

D
i
s
a
b
l
e
s

s
l
e
w
i
n
g

fu
nc
ti
on
,

S
l
e
w
s
u
n
i
t
s
-
c
o
l
u
m
n

di
gi

t
of

M
I
N

c
o
l
u
m
n
s
a
t

r
a
t
e

o
f
t
w
o

d
i
g
i
t
s
p
e
r

s
e
c
o
n
d

as
lo
ng

as
s
w
i
t
c
h

is
he

ld
i
n

t
h
i
s

p
o
s
i
t
i
o
n
.

F
L
I
G
H
T

D
I
S
P
L
A
Y
S
:

M
I
S
S
I
O
N

T
I
M
E
R

(
p
a
n
e
l

11
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

A
l
l

di
gi
ts

c
h
a
n
g
e

in
i
n
c
r
e
a
s
i
n
g

d
i
r
e
c
t
i
o
n
,
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

5
(c
on
t) 9
8
2
0

1
6
8
5

S
L
E
W
C
O
N
T

S
E
C

s
w
i
t
c
h

T
E
N
S

C
e
n
t
e
r

U
N
I
T
S

S
e
l
e
c
t
s

in
pu

ts
to

M
I
S
S
I
O
N
T
I
M
E
R

in
di

ca
to

r.

S
l
e
w
s
t
e
n
s
-
c
o
l
u
m
n
d
i
g
i
t

o
f
S
E
C

c
o
l
u
m
n
s
.
a
t

r
a
t
e

o
f
t
w
o

d
i
g
i
t
s
p
e
r

s
e
c
o
n
d

a
s
l
o
n
g
a
s

s
w
i
t
e
h

is
h
e
l
d

in

t
h
i
s
p
o
s
i
t
i
o
n
.

D
i
s
a
b
l
e
s

s
l
e
w
i
n
g

f
u
n
c
t
i
o
n
,

S
l
e
w

u
n
i
t
s
-
c
o
l
u
m
n
d
i
g
i
t

of
S
E
C

c
o
l
u
m
n
s
a
t

r
a
t
e

o
f
t
w
o

d
i
g
i
t
s
p
e
r

s
e
c
o
n
d

a
s

l
o
n
g
a
s

s
w
i
t
c
h

is
h
e
l
d

in

t
h
i
s
p
o
s
i
t
i
o
n
.

F
L
I
G
H
T

D
I
S
P
L
A
Y
S
:

M
I
S
S
I
O
N

T
I
M
E
R

(
p
a
n
e
l

1
1
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

O
V
E
R
R
I
D
E

A
N
U
N
s
w
i
t
c
h

O
N

O
F
F

P
r
o
v
i
d
e
s

fu
ll

vo
lt
ag
e
b
y
p
a
s
s

of
C
/
W

a
r
r
a
y
a
n
d
c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t

p
o
r
t
i
o
n

of
A
N
U
N
/
N
U
M
c
o
n
t
r
o
l
.

B
y
p
a
s
s
e
s
A
N
U
N
/
N
U
M
c
o
n
t
r
o
l
a
n
d

a
p
p
l
i
e
s

5
vo
lt
s
d
e

di
re

ct
ly

to
a
n
-

n
u
n
c
i
a
t
o
r
s

o
f
C
/
W

a
r
r
a
y
,

to
c
o
m
-

p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t
s
,

a
n
d

to
i
n
c
a
n
-

d
e
s
c
e
n
t

i
l
l
u
m
i
n
a
t
e
d
p
u
s
h
b
u
t
t
o
n
s
.

C
/
W
a
r
r
a
y

a
n
d
c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t
s
a
r
e

c
o
n
t
r
o
l
l
e
d

w
i
t
h
A
N
U
N
/

N
U
M
c
o
n
t
r
o
l
.

N
/
A

N
/
A

 

O
V
E
R
R
I
D
E
N
U
M
s
w
i
t
c
h

O
F
F

P
r
o
v
i
d
e
s

fu
ll

v
o
l
t
a
g
e
o
v
e
r
r
i
d
e

of
b
r
i
g
h
t
n
e
s
s

c
o
n
t
r
o
l

o
f
n
u
m
e
r
i
c
p
o
r
-

ti
on

of
A
N
U
N
/
N
U
M
c
o
n
t
r
o
l
.

S
u
p
p
l
i
e
s

fu
ll

p
o
w
e
r

(1
15

vo
lt
s

ac
)

d
i
r
e
c
t
l
y

to
in

te
gr

al
ly

i
l
l
u
m
i
n
a
t
e
d
E
L

n
u
m
e
r
i
c
s

a
n
d
t
i
m
e
-
s
h
a
r
e
d
d
i
s
p
l
a
y
s
,

D
i
s
c
o
n
n
e
c
t
s

fu
ll

p
o
w
e
r
;
E
L

n
u
m
e
r
i
c

r
e
a
d
o
u
t
s
a
r
e

c
o
n
t
r
o
l
l
e
d
w
i
t
h
A
N
U
N
/

N
U
M

co
nt
ro
l.

A
C
B
U
S

B:
N
U
M

L
T
G
;

(
p
a
n
e
l

1
1
)

C
D
R
'
s

1
1
5
-
v
a
c

b
u
s

P
o
r
t
i
o
n

o
f
a
u
t
o
t
r
a
n
s
f
o
r
m
e
r
a
s
s
o
-

c
i
a
t
e
d
w
i
t
h
n
u
m
e
r
i
c

r
e
a
d
o
u
t
s

is
d
i
s
c
o
n
n
e
c
t
e
d
f
r
o
m

ci
rc

ui
t.
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PANEL 5

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

5
(
c
o
n
t
)

1
6
8
3

16
81

1
6
R
1

O
V
E
R
R
I
D
E
I
N
T
E
G
R
A
L

s
w
i
t
c
h

O
N

O
F
F

S
u
p
p
l
i
e
s

fu
ll

v
o
l
t
a
g
e

to
l
o
w
-
l
e
v
e
l

in
te

gr
al

ly
i
l
l
u
m
i
n
a
t
e
d
E
L

m
a
r
k
i
n
g
s

a
n
d

di
sp

la
ys

.

D
i
s
c
o
n
n
e
c
t
s
I
N
T
E
G
R
A
L
c
o
n
t
r
o
l

f
r
o
m

p
o
w
e
r
c
i
r
c
u
i
t

a
n
d

a
p
p
l
i
e
s

1
1
5

vo
lt

s
ac

di
re

ct
ly

to
E
L

m
a
r
k
i
n
g
s

a
n
d

di
sp
la
ys
.

D
i
s
c
o
n
n
e
c
t
s

1
1
5
-
v
o
l
t
a
-
c
p
o
w
e
r
.

L
o
w
-
l
e
v
e
l

in
te

gr
al

ly
i
l
l
u
m
i
n
a
t
e
d
E
L

m
a
r
k
i
n
g
s

a
n
d
d
i
s
p
l
a
y
s
a
r
e
c
o
n
-

tr
ol
le
d
w
i
t
h
I
N
T
E
G
R
A
L
c
o
n
t
r
o
l
.

A
C
B
U
S

A
:

I
N
T
G
L
L
T
G
:

(p
an
el

11
)

C
D
R
'
s

1
1
5
-
v
a
c

b
u
s

Fu
ll

vo
lt
ag
e

is
1
1
5

vo
lt
s

ac
,
4
0
0
c
p
s
.

 

S
I
D
E
P
A
N
E
L
S
s
w
i
t
c
h

O
N

O
F
F

P
e
r
m
i
t
s

c
o
n
t
r
o
l

of
E
L

li
gh

ti
ng

o
n

C
o
m
m
a
n
d
e
r
'
s

s
i
d
e
p
a
n
e
l
s
,

i
n
d
e
p
e
n
-

de
nt
ly

of
li

gh
ti

ng
of

f
o
r
w
a
r
d

pa
ne

l.

P
e
r
m
i
t
s

r
e
g
u
l
a
t
i
o
n

of
si
de

p
a
n
e
l
E
L

li
gh

ti
ng

w
i
t
h
I
N
T
E
G
R
A
L
c
o
n
t
r
o
l

a
n
d

O
V
E
R
R
I
D
E
I
N
T
E
G
R
A
L

s
w
i
t
c
h
.

D
i
s
c
o
n
n
e
c
t
s
I
N
T
E
G
R
A
L

co
nt

ro
l,

a
n
d

O
V
E
R
R
I
D
E
I
N
T
E
G
R
A
L
s
w
i
t
c
h

f
r
o
m

t
h
e
i
r
r
e
s
p
e
c
t
i
v
e

c
i
r
c
u
i
t
s
.

A
C
B
U
S
A
:

I
N
T
G
L
L
T
G
:

(
p
a
n
e
l

11
)

C
D
R
'
s

1
1
5
-
v
a
c

b
u
s

 

F
L
O
O
D
O
V
H
D
/
F
W
D
c
o
n
t
r
o
l

D
I
M

to
B
R
I
G
H
T

C
o
n
t
r
o
l
s

t
h
e
b
r
i
g
h
t
n
e
s
s

of
t
h
e

C
o
m
m
a
n
d
e
r
'
s
o
v
e
r
h
e
a
d

a
n
d
f
o
r
w
a
r
d

f
l
o
o
d
l
i
g
h
t
s
.

C
o
n
t
r
o
l
s

in
te
ns
it
y
le
ve
l
of

fl
oo

d-
fi
gh
ts

c
o
n
t
i
n
u
o
u
s
l
y
f
r
o
m
d
i
m

to
br

ig
ht

,

L
T
G
:
F
L
O
O
D

(
p
a
n
e
l

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

C
o
n
t
r
o
l
o
p
e
r
a
t
e
s

o
n
l
y
w
h
e
n
F
L
O
O
D

O
V
H
D
/
F
W
D
s
w
i
t
c
h

(
p
a
n
e
l

3)
i
s
s
e
t

to
O
V
H
D
/
F
W
D

o
r
A
L
L
,

a
n
d

th
e

o
v
e
r
h
e
a
d

h
a
t
c
h

is
c
l
o
s
e
d
.

If
o
v
e
r
-

h
e
a
d
h
a
t
c
h

is
o
p
e
n
,
F
L
O
O
D
O
V
D
H
/

F
W
D
s
w
i
t
c
h

is
b
y
p
a
s
s
e
d
a
n
d
F
L
O
O
D

O
V
H
D
/
F
W
D
c
o
n
t
r
o
l

e
n
a
b
l
e
d
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

5

(
c
o
n
t
)

1
6
R
2

A
N
U
N
/
N
U
M
c
o
n
t
r
o
l

R
e
g
u
l
a
t
e
s
b
r
i
g
h
t
n
e
s
s

of
al

l
a
n
n
u
n
-

ci
at

or
s
e
x
c
e
p
t
C
/
W
P
W
R

in
C
/
W

a
r
r
a
y
,

c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t
s
,

E
L

n
u
m
e
r
i
e

r
e
a
d
o
u
t
s
,

i
n
c
a
n
d
e
s
c
e
n
t

i
l
l
u
m
i
n
a
t
e
d
p
u
s
h
b
u
t
t
o
n
s
,

a
n
d
t
i
m
e
-

s
h
a
r
e
d

d
i
s
p
l
a
y
s
(
t
e
m
p
o
r
a
r
y
)
.

L
T
G
:
N
U
N

(p
an
el

tt
)

C
D
R
s

1
1
5
-
v
a
c

b
u
s

If
ei

th
er

po
rt
io
n
o
f
A
N
U
N
/
N
U
M
c
o
n
-

t
r
o
l

fa
il

s,
s
e
p
a
r
a
t
e
o
v
e
r
r
i
d
e

s
w
i
t
c
h

p
r
o
v
i
d
e
s
m
a
x
i
m
u
m

v
o
l
t
a
g
e

f
o
r
a
n
-

n
u
n
c
i
a
t
o
r
s

a
n
d
c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t
s
(
A
N
U
N
O
V
E
R
R
I
D
E

s
w
i
t
c
h
)

a
n
d

f
o
r
E
L

n
u
m
e
r
i
c

r
e
a
d
o
u
t
s

(
N
U
M

O
V
E
R
R
I
D
E

s
w
i
t
e
h
)
.

M
a
x
i
m
u
m

v
o
l
t
a
g
e

s
u
p
p
l
i
e
d
o
n
B
R
I
G
H
T

p
o
s
i
t
i
o
n
:

5
v
o
l
t
s
d
e

f
o
r
a
n
n
u
n
c
i
a
t
o
r
s
a
n
d
c
o
m
-

p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t
s
;

1
1
5

v
o
l
t
s

a
c

f
o
r
n
u
m
e
r
i
c

r
e
a
d
o
u
t
s
.

 

1
6
R
3

I
N
T
E
G
R
A
L

co
nt

ro
l

R
e
g
u
l
a
t
e
s
b
r
i
g
h
t
n
e
s
s

o
f
l
o
w
-
l
e
v
e
l

i
n
t
e
g
r
a
l
l
y
i
d
u
m
i
n
a
t
e
d
E
L

m
a
r
k
i
n
g
s

a
n
d
d
i
s
p
l
a
y
s
f
r
o
m
D
I
M

t
o
B
R
I
G
H
T
.

L
T
G
:

I
N
T
G
L

(
p
a
n
e
l

11
)

C
D
R
'
s

1
1
5
-
v
a
c

b
u
s

If
co
nt
ro
l

fa
il

s
o
r
b
r
i
g
h
t
n
e
s
s
r
a
n
g
e

is
in
ad
eq
ua
te
,

c
o
n
t
r
o
l
m
a
y

b
e
b
y
-

p
a
s
s
e
d

w
i
t
h
I
N
T
E
G
R
A
L
O
V
E
R
R
I
D
E

s
w
i
t
c
h
.
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L
o
c
a
t
i
o
n

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

6

1
8
4

1
2
8
1
7

PANEL 6

1
2
N
S
8
1

1
2
M
1

1
2
M
2  E

n
g
i
n
e

s
t
o
p
p
u
s
h
b
u
t
t
o
n

P
r
o
v
i
d
e
s
d
i
s
c
r
e
t
e

st
op

si
gn
al
s

to
d
e
s
c
e
n
t
a
n
d
a
s
c
e
n
t

e
n
g
i
n
e
s
,

i
n
d
e
-

p
e
n
d
e
n
t

o
f
s
e
t
t
i
n
g
o
f
E
N
G
A
R
M

sw
it
ch
,

e
x
c
e
p
t
w
h
e
n

in
a
b
o
r
t

s
e
q
u
e
n
c
e
.

S
T
A
B
/
C
O
N
T
:

E
N
G
A
R
M

(
p
a
n
e
l

1
6
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

P
u
s
h
b
u
t
t
o
n

is
p
r
e
s
s
e
d

o
n

l
u
n
a
r

la
nd

in
g,

af
te
r
L
U
N
A
R
C
O
N
T
A
C
T

l
i
g
h
t
s
g
o

o
n
,

W
h
e
n

p
r
e
s
s
e
d
,

p
u
s
h
-

b
u
t
t
o
n
r
e
m
a
i
n
s
p
r
e
s
s
e
d

a
n
d

i
l
l
u
-

m
i
n
a
t
e
d

r
e
d
.

It
is

r
e
s
e
t
b
y
p
r
e
s
s
i
n
y

it
a
g
a
i
n
.

 

A
G
S
S
T
A
T
U
S

s
w
i
t
c
h

O
F
F

S
T
A
N
D
B
Y

O
P
E
R
A
T
E

E
n
a
b
l
e
s

a
s
t
r
o
n
a
u
t
s

to
p
l
a
c
e
A
G
S

in
a
n
y
o
n
e

of
th

re
e
s
t
a
t
e
s
.

N
o
p
o
w
e
r

is
s
u
p
p
l
i
e
d

to
A
G
S
,

pl
ie
s
p
o
w
e
r

to
A
S
A

h
e
a
t
e
r
s
,

S
u
p
-

A
p
p
l
i
e
s

fu
ll

p
o
w
e
r

to
en
ti
re

A
S
A

a
n
d
t
h
e
n
p
l
a
c
e
s
A
E
A

in
w
a
r
m
u
p

m
o
d
e
.

A
p
p
l
i
e
s

fu
ll

p
o
w
e
r

to
A
S
A

a
n
d
A
E
A
,

S
T
A
B
/
C
O
N
T
:

A
E
A

(
p
a
n
e
l

1
6
)

S
T
A
B
/
C
O
N
T
:

A
S
A

(
p
a
n
e
l

1
6
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

O
P
R
E
R
R

c
o
n
d
i
t
i
o
n

i
n
d
i
c
a
t
o
r

(w
hi
te
)

G
o
e
s

o
n

if
a
s
t
r
o
n
a
u
t
p
r
e
s
s
e
s

i
n
c
o
r
-

re
ct

n
u
m
b
e
r

of
p
u
s
h
b
u
t
t
o
n
g

fo
r

o
p
e
r
a
t
i
o
n
b
e
i
n
g
p
e
r
f
o
r
m
e
d
,

if
+
o
r

-
k
e
y
s

a
r
e

n
o
t
p
r
e
s
s
e
d

f
i
r
s
t

in
e
n
t
e
r
-

in
g
da
ta
,

a
n
d

if
"
8
"
o
r

"
9
"

is
u
s
e
d

in
e
n
t
e
r
i
n
g
a
d
d
r
e
s
s

(w
hi
ch
i
s

l
i
m
i
t
e
d

to
oc
ta
l

di
gi

ts
).

N
/
A

N
/
A

If
to
o
f
e
w
p
u
s
h
b
u
t
t
o
n
s
a
r
e
p
r
e
s
s
e
d
,

in
di
ca
to
r
g
o
e
s

o
n

af
te
r
E
N
T
R

o
r

R
E
A
D
O
U
T
p
u
s
h
b
u
t
t
o
n

is
p
r
e
s
s
e
d
.

If
to

o
m
a
n
y

p
u
s
h
b
u
t
t
o
n
s

a
r
e

p
r
e
s
s
e
d
,

i
n
d
i
c
a
t
o
r
g
o
e
s

o
n
b
e
f
o
r
e

E
N
T
R

o
r
R
E
A
D
O
U
T

p
u
s
h
b
u
t
t
o
n

is
p
r
e
s
s
e
d
,

I
n
d
i
c
a
t
o
r
g
o
e
s

of
f
w
h
e
n

C
L
R

p
u
s
h
b
u
t
t
o
n

is
p
r
e
s
s
e
d
.

APOLLO OPERATIONS HANDBOOK
CONTROLS AND DISPLAYS

 

A
d
d
r
e
s
s

i
n
d
i
c
a
t
o
r

D
i
s
p
l
a
y
s

di
gi

ts
th

at
id

en
ti

fy
A
E
A

c
o
m
p
u
t
e
r
a
d
d
r
e
s
s

se
le
ct
ed

b
y

a
s
t
r
o
n
a
u
t
v
i
a
k
e
y
b
o
a
r
d
.

N
/
A

N
/
A

T
h
r
e
e

oc
ta

l
di

gi
ts

m
u
s
t

b
e

se
t
on

t
h
i
s
i
n
d
i
c
a
t
o
r
,

u
s
i
n
g
k
e
y
b
o
a
r
d
,

b
e
~

f
o
r
e
e
a
c
h
D
E
D
A

o
p
e
r
a
t
i
o
n
.

 

D
a
t
a

in
di
ca
to
r

D
i
s
p
l
a
y
s
d
a
t
a

to
b
e
e
n
t
e
r
e
d

in
to
A
E
A

c
o
m
p
u
t
e
r
a
d
d
r
e
s
s

d
i
s
p
l
a
y
e
d

o
n
a
d
-

d
r
e
s
s

in
di

ca
to

r.
D
i
s
p
l
a
y
s

da
ta

s
e
-

le
ct
ed

fo
r
r
e
a
d
o
u
t
f
r
o
m
A
E
A
c
o
m
-

p
u
t
e
r

l
o
c
a
t
i
o
n

i
d
e
n
t
i
f
i
e
d
o
n
a
d
d
r
e
s
s

in
di

ca
to

r,
if
R
E
A
D
O
U
T

p
u
s
h
b
u
t
t
o
n

is
p
r
e
s
s
e
d
,

N
/
A

N
/
A

F
i
v
e
-
d
i
g
i
t
n
u
m
e
r
i
c

in
di
ca
to
r
a
n
d

+
a
n
d

~
in

di
ca

to
r.

D
a
t
a

to
b
e
e
n
t
e
r
e
d

a
r
e

s
e
l
e
c
t
e
d

b
y
a
s
t
r
o
n
a
u
t

vi
a
k
e
y
-

b
o
a
r
d
.

U
p
d
a
t
i
n
g

ra
te

of
a
n
y
c
h
a
n
g
-

i
n
g
d
a
t
a

s
e
l
e
c
t
e
d

f
o
r
r
e
a
d
o
u
t

is
li

mi
te

d
to

t
w
o
t
i
m
e
s

p
e
r

s
e
c
o
n
d
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

P
o
w
e
r

S
o
u
r
c
e

C
i
r
c
u
i
t

B
r
e
a
k
e
r

R
e
m
a
r
k
s

 

P
a
n
e
l

6
(
c
o
n
t
)

1
2
8
1

t
h
r
u

1
2
8
1
2

K
e
y
b
o
a
r
d

p
u
s
h
b
u
t
t
o
n
s

E
n
a
b
l
e
a
s
t
r
o
n
a
u
t
s

to
lo
ad

sh
if

t

r
e
g
i
s
t
e
r
w
i
t
h
n
e
c
e
s
s
a
r
y
v
a
l
u
e
s

(
0

t
h
r
o
u
g
h

9)
a
n
d

s
i
g
n
s

(+
a
n
d

-)
to

b
e

t
r
a
n
s
f
e
r
r
e
d

t
o
A
E
A
,

S
T
A
B
/
C
O
N
T
:

A
E
A

(
P
a
n
e
l

1
6
)

L
M
P
'
t
s

2
8
-
v
d
e

b
u
s

 
 

P
r
e
s
s
i
n
g
p
u
s
h
b
u
t
t
o
n
s

s
u
c
c
e
s
s
i
v
e
l
y

fi
ll
s
a
d
d
r
e
s
s
a
n
d

d
a
t
a
i
n
d
i
c
a
t
o
r
s

in

o
r
d
e
r
,

fr
om
l
e
f
t

to
ri
gh
t.

  1
2
5
1
3

1
2
8
1
5

1
2
8
1
4

1
2
5
1
6

C
L
R

p
u
s
h
b
u
t
t
o
n
(
m
o
m
e
n
t
a
r
y
)

N
O
T
E

If
th
e
C
L
R
,

E
N
T
R
,

o
r
R
E
A
D
O
U
T
p
u
s
h
b
u
t
t
o
n
s

a
r
e

no
t

fu
ll
y
d
e
p
r
e
s
s
e
d
,

e
i
t
h
e
r

th
e
O
P
R

ER
R
l
i
g
h
t

wi
ll

i
l
u
m
i
-

na
te

o
r
th
e
D
E
D
A

wi
ll

n
o
t
o
p
e
r
a
t
e
.

E
r
a
s
e
s

al
l
n
u
m
e
r
a
l
s
d
i
s
p
l
a
y
e
d
o
n

a
d
d
r
e
s
s

a
n
d
d
a
t
a
i
n
d
i
c
a
t
o
r
s
a
n
d

c
a
n
c
e
l
s

ef
fe
ct

of
H
O
L
D

s
w
i
t
c
h
,

N
/
A

N
/
A

W
h
e
n
p
r
e
s
s
e
d
,

s
w
i
t
c
h

e
x
t
i
n
g
u
i
s
h
e
s

O
P
R

ER
R
i
n
d
i
c
a
t
o
r
l
a
m
p
.

 

R
E
A
D
O
U
T
p
u
s
h
b
u
t
t
o
n
(
m
o
m
e
n
t
a
r
y
)

E
n
a
b
l
e
s
a
s
t
r
o
n
a
u
t
s

to
ca
ll

u
p
A
E
A

c
o
m
p
u
t
e
r

d
a
t
a
f
r
o
m

a
d
d
r
e
s
s

s
e
t
u
p

o
n
a
d
d
r
e
s
s

in
di
ca
to
r,

fo
r
d
i
s
p
l
a
y
o
n

d
a
t
a

in
di
ca
to
r.

N
/
A

N
/
A

 

E
N
T
R

p
u
s
h
b
u
t
t
o
n
(
m
o
m
e
n
t
a
r
y
)

E
n
a
b
l
e
s

a
s
t
r
o
n
a
u
t
s

to
e
n
t
e
r
d
a
t
a

(
s
e
t
u
p
o
n
d
a
t
a
i
n
d
i
c
a
t
o
r
)

i
n
t
o
A
E
A

c
o
m
p
u
t
e
r

at
a
d
d
r
e
s
s

s
e
t
u
p
o
n

ad
dr
es
s
i
n
d
i
c
a
t
o
r
.

N
/
A

A
d
d
r
e
s
s

a
n
d
d
a
t
a
i
n
d
i
c
a
t
o
r
s
a
r
e

c
l
e
a
r
e
d

f
o
r
i
m
m
e
d
i
a
t
e
r
e
u
s
e
w
h
e
n

A
E
A

c
o
m
p
u
t
e
r
h
a
s
a
c
c
e
p
t
e
d

d
a
t
a
.

 

H
O
L
D

p
u
s
h
b
u
t
t
o
n
(
m
o
m
e
n
t
a
r
y
)

E
n
a
b
l
e
s

a
s
t
r
o
n
a
u
t
s

to
i
n
t
e
r
r
u
p
t
u
p
-

d
a
t
i
n
g

o
f
a
n
y
c
o
n
t
i
n
u
o
u
s
l
y
c
h
a
n
g
i
n
g

d
a
t
a
d
i
s
p
l
a
y
e
d
o
n
d
a
t
a

i
n
d
i
c
a
t
o
r
,

N
/
A

I
n
f
o
r
m
a
t
i
o
n
d
i
s
p
l
a
y
e
d

o
n
d
a
t
a

i
n
d
i
-

c
a
t
o
r
r
e
m
a
i
n
s

u
n
c
h
a
n
g
e
d
u
n
t
i
l
p
u
s
h
-

b
u
t
t
o
n

is
p
r
e
s
s
e
d

a
g
a
i
n
,

e
n
a
b
l
i
n
g

d
i
s
p
l
a
y

o
f
p
r
e
s
e
n
t
v
a
l
u
e

o
f
d
a
t
a
a
n
d

c
o
n
t
i
n
u
a
n
c
e

of
up
da
ti
ng
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

8

1
0
8
9

1
0
F
L
5

PANEL 8

 D
E
S
P
R
O
P
U
L
S
I
O
N
F
U
E
L
V
E
N
T

s
w
i
t
c
h

O
P
E
N

C
e
n
t
e
r

C
L
O
S
E

E
n
a
b
l
e
s
v
e
n
t
i
n
g

of
d
e
s
c
e
n
t

f
u
e
l
a
n
d

h
e
l
i
u
m

p
r
e
s
s
u
r
i
z
a
t
i
o
n

s
e
c
t
i
o
n
,

E
n
e
r
g
i
z
e
s

f
u
e
l
v
e
n
t
v
a
l
v
e

t
o
o
p
e
n

p
o
s
i
t
i
o
n
.

F
u
e
l
v
e
n
t
v
a
l
v
e
r
e
m
a
i
n
s

in
l
a
s
t

s
e
l
e
c
t
e
d

p
o
s
i
t
i
o
n
,

E
n
e
r
g
i
z
e
s

f
u
e
l
v
e
n
t
v
a
l
v
e

t
o
c
l
o
s
e
d

p
o
s
i
t
i
o
n
,

P
R
O
P
U
L
:

C
D
R
'
s

D
E
S
H
e

2
8
-
v
d
e

R
E
G
-
V
E
N
T

b
u
s

{
p
a
n
e
l

11
)

P
r
o
v
i
d
e
s

f
o
r
p
l
a
n
n
e
d
v
e
n
t
i
n
g

o
f
d
e
s
-

c
e
n
t
p
r
o
p
u
l
s
i
o
n
s
e
c
t
i
o
n

a
f
t
e
r

f
i
n
a
l

u
s
e

o
f
d
e
s
c
e
n
t

e
n
g
i
n
e
.

U
s
e
d

w
i
t
h

D
E
S
V
E
N
T
s
w
i
t
c
h
.

 

D
E
S
P
R
O
P
U
L
S
I
O
N

F
U
E
L
V
E
N
T

t
a
l
k
b
a
c
k G
r
a
y

d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

I
n
d
i
c
a
t
e
s

p
o
s
i
t
i
o
n

of
d
e
s
c
e
n
t

f
u
e
l

v
e
n
t
v
a
l
v
e
,

In
di
ca
te
s

fu
el

v
e
n
t
v
a
l
v
e

is
l
a
t
c
h
e
d

o
p
e
n
.

I
n
d
i
c
a
t
e
s

f
u
e
l
v
e
n
t
v
a
l
v
e

is
l
a
t
c
h
e
d

c
l
o
s
e
d
,

N
/
A
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

8
(
c
o
n
t
)

1
0
8
1
0

1
6
8
2
2

1
6
8
2
1

D
E
S
P
R
O
P
U
L
S
I
O
N
O
X
I
D
V
E
N
T

s
w
i
t
c
h

O
P
E
N

C
e
n
t
e
r

C
L
O
S
E

E
n
a
b
l
e
s

v
e
n
t
i
n
g

o
f
d
e
s
c
e
n
t
o
x
i
d
i
z
e
r

a
n
d
h
e
l
i
u
m
p
r
e
s
s
u
r
i
z
a
t
i
o
n

s
e
c
t
i
o
n
.

E
n
e
r
g
i
z
e
s

o
x
i
d
i
z
e
r

v
e
n
t
v
a
l
v
e

to

o
p
e
n

p
o
s
i
t
i
o
n
.

O
x
i
d
i
z
e
r

v
e
n
t
v
a
l
v
e
r
e
m
a
i
n
s

in
l
a
s
t

s
e
l
e
c
t
e
d

p
o
s
i
t
i
o
n
.

E
n
e
r
g
i
z
e
s

o
x
i
d
i
z
e
r
v
e
n
t
v
a
l
v
e

to

c
l
o
s
e
d

p
o
s
i
t
i
o
n
.

P
R
O
P
U
L
:

D
E
S
H
e

R
E
G
-
V
E
N
T

(
p
a
n
e
l

1
1
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

P
r
o
v
i
d
e
s

f
o
r
p
l
a
n
n
e
d
v
e
n
t
i
n
g

o
f
d
e
s
-

c
e
n
t
p
r
o
p
u
l
s
i
o
n
s
e
c
t
i
o
n

a
f
t
e
r

f
i
n
a
l

u
s
e

of
d
e
s
c
e
n
t

en
gi
ne
.

U
s
e
d

w
i
t
h

D
E
S
V
E
N
T
s
w
i
t
c
h
.

 

H
T
R
C
O
N
T
M
E
S
A

s
w
i
t
c
h

H
I L
O

S
e
l
e
c
t
s
h
e
a
t
e
r
p
o
w
e
r

f
o
r
M
E
S
A

t
e
m
p
e
r
a
t
u
r
e

c
o
n
t
r
o
l
.

P
r
o
v
i
d
e
s
M
E
S
A

w
i
t
h
1
5
0
w
a
t
t
s

(
m
a
x
i
m
u
m
)

o
f
h
e
a
t
e
r
p
o
w
e
r
.

P
r
o
v
i
d
e
s
M
E
S
A

w
i
t
h

5
0
w
a
t
t
s

(
m
a
x
i
m
u
m
)

o
f
h
e
a
t
e
r
p
o
w
e
r
.

H
E
A
T
E
R
S
:

M
E
S
A

(
p
a
n
e
l

1
6
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

M
E
S
A

t
e
m
p
e
r
a
t
u
r
e

is
m
o
n
i
t
o
r
e
d

b
y

P
C
M

t
e
l
e
m
e
t
r
y
.

  H
T
R
C
O
N
T
U
R
I
N
E

L
I
N
E

s
w
i
t
c
h

H
T
R

1

O
F
F

H
T
R

2

 Se
le

ct
s

e
i
t
h
e
r

of
t
w
o

1
5
-
w
a
t
t
s
o
u
r
c
e
s

of
h
e
a
t
e
r
p
o
w
e
r

fo
r
w
a
s
t
e
m
a
n
a
g
e
~

m
e
n
t
s
y
s
t
e
m

d
u
r
i
n
g

t
r
a
n
s
l
u
n
a
r

c
o
a
s
t

a
n
d
l
u
n
a
r

s
t
a
y
.

E
n
a
b
l
e
s

o
p
e
r
a
t
i
o
n

of
h
e
a
t
e
r

N
o
.

1.

D
i
s
a
b
l
e
s

o
p
e
r
a
t
i
o
n

o
f
b
o
t
h

h
e
a
t
e
r

N
o
,

1
a
n
d

2

E
n
a
b
l
e
s
o
p
e
r
a
t
i
o
n

o
f
h
e
a
t
e
r

N
o
,

2

(
b
a
c
k
u
p
)
.

 H
E
A
T
E
R
S
:

U
R
I
N
E
L
I
N
E

(
p
a
n
e
l

1
1
)

 C
D
R
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

8
(
c
o
n
t
)

3-90

1
0
F
L
6

 
2
8
9

Mission LM Basic Date

PANEL 8

2
8
7

1 February 1970 Change Date

2
8
6

15 June 1970

 D
E
S
P
R
O
P
U
L
S
I
O
N
O
X
I
D
V
E
N
T

t
a
l
k
b
a
c
k G
r
a
y
d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e
di
sp
la
y

I
n
d
i
c
a
t
e
s

p
o
s
i
t
i
o
n

of
d
e
s
c
e
n
t
o
x
i
d
i
z
e
r

v
e
n
t
v
a
l
v
e
,

In
di
ca
te
s
o
x
i
d
i
z
e
r
v
e
n
t
v
a
l
v
e

is

l
a
t
c
h
e
d
o
p
e
n
,

I
n
d
i
c
a
t
e
s
o
x
i
d
i
z
e
r
v
e
n
t
v
a
l
v
e

is

l
a
t
c
h
e
d
cl
os
ed
.

N
/
A

 

D
E
S
P
R
P
L
N
T
I
S
O
L
V
L
Y
s
w
i
t
c
h

F
I
R
E

S
A
F
E

A
c
t
u
a
t
e
s
d
e
s
c
e
n
t

fu
el

a
n
d

o
x
i
d
i
z
e
r

c
o
m
p
a
t
i
b
i
l
i
t
y
e
x
p
l
o
s
i
v
e
v
a
l
v
e
s

t
o

p
e
r
m
i
t
a
m
b
i
e
n
t
h
e
l
i
u
m

t
o
p
r
e
s
s
u
r
i
z
e

fu
el

a
n
d

o
x
i
d
i
z
e
r
t
a
n
k
s
.

R
e
m
o
v
e
s

p
o
w
e
r
f
r
o
m
d
e
s
c
e
n
t

f
u
e
l

a
n
d

o
x
i
d
i
z
e
r
c
o
m
p
a
t
i
b
i
l
i
t
y
v
a
l
v
e
s
.

E
D
:

L
O
G
I
C

P
W
R
A

(p
an
el

11
)

E
D
:

L
O
G
I
C

P
W
R
B

(
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
l
o
c
k
e
d

in
,
a
n
d
s
p
r
i
n
g

l
o
a
d
e
d

to
,
S
A
F
E
p
o
s
i
t
i
o
n
,

 

M
A
S
T
E
R
A
R
M
s
w
i
t
c
h

O
N

O
F
F

E
n
a
b
l
e
s

ac
tu
at
io
n

of
al

l
L
M

e
x
p
l
o
-

s
i
v
e
d
e
v
i
c
e
s
b
y
a
c
t
u
a
t
i
n
g
r
e
d
u
n
d
a
n
t

r
e
l
a
y
s

th
at

r
o
u
t
e
p
o
w
e
r

to
E
D
S

b
u
s
e
s
,

R
e
m
o
v
e
s
a
l
l

p
o
w
e
r
f
r
o
m

r
e
l
a
y
s
.

E
D
:

L
O
G
I
C

P
W
R
A

(
p
a
n
e
l

11
)

E
D
:

L
O
G
I
C

P
W
R
B

(
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
t
o
c
k
e
d

in
b
o
t
h
p
o
s
i
t
i
o
n
s
.

 

D
E
S
V
E
N
T

s
w
i
t
c
h

F
I
R
E

S
A
F
E

A
c
t
u
a
t
e
s
d
e
s
c
e
n
t

f
u
e
l
a
n
d

o
x
i
d
i
z
e
r

v
e
n
t
e
x
p
l
o
s
i
v
e
v
a
l
v
e
s

t
o
e
n
a
b
l
e
d
e
s
-

c
e
n
t

p
r
o
p
u
l
s
i
o
n
s
e
c
t
i
o
n
v
e
n
t
i
n
g
.

A
c
t
u
a
t
e
s

e
x
p
l
o
s
i
v
e
v
a
l
v
e
s
.

R
e
m
o
v
e
s
p
o
w
e
r
f
r
o
m

e
x
p
l
o
s
i
v
e

v
a
l
v
e
s
.

E
D
:

L
O
G
I
C

P
W
R
A

(
p
a
n
e
l

11
)

E
D
:

L
O
G
I
C

P
W
R
B

(
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
l
o
c
k
e
d

in
,
a
n
d
s
p
r
i
n
g

l
o
a
d
e
d

to
,
S
A
F
E

p
o
s
i
t
i
o
n
,

U
s
e
d
w
i
t
h

D
E
S
P
R
O
P
U
L
S
I
O
N
F
U
E
L
a
n
d

O
X
I
D
I
Z
E
R
V
E
N
T
s
w
i
t
c
h
e
s
,
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PANEL8

 

 

Lo
ca
ti
on
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

8

(c
on
t) 2
8
3

2
F
L
1

A
S
C

H
e

SE
L
s
w
i
t
c
h

T
A
N
K

a

B
O
T
H

T
A
N
K

2

P
e
r
m
i
t
s

is
ol
at
io
n

of
d
e
f
e
c
t
i
v
e

h
e
l
i
u
m

ta
nk

b
e
f
o
r
e

in
it

ia
l
a
s
c
e
n
t

e
n
g
i
n
e

o
p
e
r
a
t
i
o
n
.

S
e
l
e
c
t
s

i
s
o
l
a
t
i
o
n
v
a
l
v
e

of
a
s
c
e
n
t

h
e
l
i
u
m

t
a
n
k
N
o
.

1
f
o
r

f
i
r
i
n
g
.

S
e
l
e
c
t
s

i
s
o
l
a
t
i
o
n
v
a
l
v
e
s

o
f
b
o
t
h

a
s
c
e
n
t

h
e
l
i
u
m
t
a
n
k
s

f
o
r

f
i
r
i
n
g
.

S
e
l
e
c
t
s

i
s
o
l
a
t
i
o
n
v
a
l
v
e

of
a
s
c
e
n
t

h
e
l
i
u
m

ta
nk

N
o
,

2
fo

rf
i
r
i
n
g
.

E
D
:

L
O
G
I
C

P
W
R
A

(
p
a
n
e
l

11
)

E
D
:

L
O
G
I
C

P
W
R
B

(p
an
el

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
l
o
c
k
e
d

in
al

l
p
o
s
i
t
i
o
n
s
.

 

L
D
G
G
E
A
R

D
E
P
L
O
Y
s
w
i
t
c
h

F
I
R
E

S
A
F
E

A
c
t
u
a
t
e
s

e
x
p
l
o
s
i
v
e
d
e
v
i
c
e
s

t
h
a
t

r
e
l
e
a
s
e
s
t
o
w
e
d

l
a
n
d
i
n
g
g
e
a
r
.

R
e
m
o
v
e
s

p
o
w
e
r

f
r
o
m
l
a
n
d
i
n
g
g
e
a
r

e
x
p
l
o
s
i
v
e
d
e
v
i
c
e
s
,

E
D
;

L
O
G
I
C

P
W
R
A

(p
an
el

11
)

E
D
:

L
O
G
I
C

P
W
R

B

(
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
l
o
c
k
e
d

in
,
a
n
d
s
p
r
i
n
g
-

l
o
a
d
e
d

to
,
S
A
F
E

p
o
s
i
t
i
o
n
.

W
h
e
n
a
l
l

f
o
u
r
l
a
n
d
i
n
g
g
e
a
r
a
s
s
e
m
b
l
i
e
s

a
r
e

d
e
p
l
o
y
e
d
,

p
o
s
i
t
i
v
e
f
e
e
d
b
a
c
k

of
l
a
n
d
-

i
n
g
g
e
a
r
d
e
p
l
o
y
m
e
n
t
i
s

p
r
o
v
i
d
e
d
b
y

L
D
G
G
E
A
R

D
E
P
L
O
Y
t
a
l
k
b
a
c
k
.

 

L
D
G
G
E
A
R

D
E
P
L
O
Y
t
a
l
k
b
a
c
k

G
r
a
y
d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e
d
i
s
p
l
a
y

I
n
d
i
c
a
t
e
s

l
a
n
d
i
n
g
g
e
a
r
a
s
s
e
m
b
l
i
e
s

a
r
e
d
e
p
l
o
y
e
d
.

I
n
d
i
c
a
t
e
s

l
a
n
d
i
n
g
g
e
a
r
a
s
s
e
m
b
l
i
e
s

a
r
e
s
t
o
w
e
d
,

E
D
:

L
D
G

G
E
A
R
F
L
A
G

{
p
a
n
e
l

11
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

A
l
l
f
o
u
r
l
a
n
d
i
n
g
g
e
a
r
a
s
s
e
m
b
l
i
e
s

m
u
s
t
d
e
p
l
o
y

t
o
g
e
n
e
r
a
t
e

t
h
i
s

t
e
l
e
m
e
t
r
y

c
o
d
e
.
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H
e
P
R
E
S
S
R
C
S

s
w
i
t
c
h

F
I
R
E

S
A
F
E

A
c
t
u
a
t
e
s

h
e
l
i
u
m

i
s
o
l
a
t
i
o
n
e
x
p
l
o
s
i
v
e

v
a
l
v
e
s

t
h
a
t
p
e
r
m
i
t
h
e
l
i
u
m

f
l
o
w
f
r
o
m

R
C
S
h
e
l
i
u
m

t
a
n
k
s

t
o
p
r
e
s
s
u
r
i
z
e

p
r
o
p
e
l
l
a
n
t
t
a
n
k
s
,

R
e
m
o
v
e
s

p
o
w
e
r
f
r
o
m
v
a
l
v
e
s
,

E
D
:

L
O
G
I
C

P
W
R
A

(p
an
el

11
)

E
D
:

L
O
G
I
C

P
W
R

B
{
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
c

b
u
s

S
w
i
t
c
h

is
l
o
c
k
e
d
a
n
d
s
p
r
i
n
g
-
l
o
a
d
e
d

to
S
A
F
E

p
o
s
i
t
i
o
n
,

P
o
s
i
t
i
v
e

in
di
ca
ti
on

of
h
e
l
i
u
m

is
ol

a-
ti
on

v
a
l
v
e
s
a
c
t
u
a
t
i
o
n

is
p
r
o
v
i
d
e
d
b
y

R
C
S
P
R
E
S
S

i
n
d
i
c
a
t
o
r

(
p
a
n
e
l

2
)
.
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Lo
ca
ti
on
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

Ci
rc
ui
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

8
(
c
o
n
t
)

2
8
1

PANEL 8

2
D
S
1  H

e
P
R
E
S
S
D
E
S
S
T
A
R
T
s
w
i
t
c
h

F
I
R
E

S
A
F
E

F
i
r
e
s
a
m
b
i
e
n
t
h
e
l
i
u
m

e
x
p
l
o
s
i
v
e

i
s
o
-

l
a
t
i
o
n
v
a
l
v
e

t
h
a
t
p
e
r
m
i
t
s

h
e
l
i
u
m

f
r
o
m
d
e
s
c
e
n
t
a
m
b
i
e
n
t

h
e
l
i
u
m
t
a
n
k

to

p
r
e
p
r
e
s
s
u
r
i
z
e
d
e
s
c
e
n
t

p
r
o
p
u
l
s
i
o
n

s
e
c
t
i
o
n
,

R
e
m
o
v
e
s

p
o
w
e
r

f
r
o
m
v
a
l
v
e
.

E
D
:

L
O
G
I
C

P
W
R
A

(
p
a
n
e
l

11
)

E
D
:

L
O
G
I
C

P
W
R
B

(
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
c

b
u
s

S
w
i
t
c
h

is
l
o
c
k
e
d

in
,
a
n
d
s
p
r
i
n
g
-

l
o
a
d
e
d

to
,
S
A
F
E

p
o
s
i
t
i
o
n
,

 

H
e
P
R
E
S
S
A
S
C
E
N
T
s
w
i
t
c
h

F
I
R
E

S
A
F
E

F
i
r
e
s

e
x
p
l
o
s
i
v
e

i
s
o
l
a
t
i
o
n
v
a
l
v
e

of

a
s
c
e
n
t
h
e
l
i
u
m

t
a
n
k
o
r

ta
nk
s

s
e
l
e
c
t
e
d

w
i
t
h
A
S
C
H
e
S
E
L

s
w
i
t
c
h
a
n
d

fu
el

a
n
d
o
x
i
d
i
z
e
r

c
o
m
p
a
t
i
b
i
l
i
t
y
v
a
l
v
e
s

to

p
r
e
s
s
u
r
i
z
e
a
s
c
e
n
t
p
r
o
p
u
l
s
i
o
n

s
e
c
t
i
o
n
,

R
e
m
o
v
e
s
p
o
w
e
r
f
r
o
m

v
a
l
v
e
s
,

E
D
:

L
O
G
I
C

P
W
R
A

(p
an
el

11
)

E
D
;

L
O
G
I
C

P
W
R
B

(
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
l
o
c
k
e
d

in
,
a
n
d
s
p
r
i
n
g
~

l
o
a
d
e
d
,

to
S
A
F
E

po
si
ti
on
.

P
o
s
i
t
i
v
e

in
di

ca
ti

on
of

is
ol
at
io
n

v
a
l
v
e
s

fi
ri
ng

is
p
r
o
v
i
d
e
d
b
y
M
A
I
N

P
R
O
P
U
L
S
I
O
N

P
R
E
S
S
i
n
d
i
c
a
t
o
r

(
F
U
E
L

a
n
d
O
X
I
D

s
c
a
l
e
s
)
.

 

S
T
A
G
E

s
w
i
t
c
h

F
I
R
E

S
A
F
E

A
c
t
u
a
t
e
s

e
x
p
l
o
s
i
v
e
d
e
v
i
c
e
s

th
at

s
e
p
a
r
a
t
e
d
e
s
c
e
n
t
a
n
d
a
s
c
e
n
t
s
t
a
g
e
s
.

R
e
m
o
v
e
s

p
o
w
e
r
f
r
o
m

e
x
p
l
o
s
i
v
e

d
e
v
i
c
e
s
.

E
D
:

L
O
G
I
C

P
W
R
A

(p
an
el

11
)

E
D
:

L
O
G
I
C

P
W
R
B

(
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
c
e

b
u
s

S
w
i
t
c
h

is
l
o
c
k
e
d

in
,
a
n
d

s
p
r
i
n
g
-

l
o
a
d
e
d

to
,
S
A
F
E

po
si

ti
on

,

S
w
i
t
c
h

is
u
s
e
d

o
n
l
y
w
h
e
n

s
t
a
g
i
n
g

is
d
e
s
i
r
e
d
w
i
t
h
o
u
t

fi
ri
ng

a
s
c
e
n
t
e
n
g
i
n
e
.

 

S
T
A
G
E
S
E
Q
R
E
L
A
Y
S

S
Y
S
A

c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t

In
di
ca
te
s

th
at

E
D
S

b
u
s
A

is
a
r
m
e
d
.

E
D
:

L
D
G

G
E
A
R
F
L
A
G

(
p
a
n
e
l

11
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t
g
o
e
s

o
n

a
f
t
e
r
M
A
S
T
E
R
A
R
M

s
w
i
t
c
h

is
s
e
t

to
O
N
,

If
li

gh
t
g
o
e
s

on
b
e
f
o
r
e
M
A
S
T
E
R
A
R
M

s
w
i
t
c
h

is
se

t
to

O
N
,
E
D
R
E
L
A
Y
S
c
a
u
t
i
o
n

l
i
g
h
t

a
l
s
o
g
o
e
s

o
n
,
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

8
(
c
o
n
t
)

2
D
S
2

2
8
8

1
5
A
S
1

PANEL 8

1
5
A
R
1
4  S

T
A
G
E
S
E
Q
R
E
L
A
Y
S
S
Y
S
B

c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t

I
n
d
i
c
a
t
e
s

t
h
a
t
E
D
S

b
u
s
B

is
a
r
m
e
d
.

E
D
:

L
D
G

G
E
A
R
F
L
A
G

(
p
a
n
e
l

11
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
i
g
h
t
g
o
e
s

o
n

a
f
t
e
r
M
A
S
T
E
R
A
R
M

s
w
i
t
c
h

is
s
e
t

to
O
N
,

If
l
i
g
h
t
g
o
e
s

o
n

b
e
f
o
r
e
M
A
S
T
E
R
A
R
M
s
w
i
t
c
h

is
se
t

to
O
N
,
E
D
R
E
L
A
Y
S
c
a
u
t
i
o
n

l
i
g
h
t

a
l
s
o
g
o
e
s

o
n
,

 

S
T
A
G
E

R
E
L
A
Y
s
w
i
t
c
h

R
E
S
E
T

O
F
F

E
n
e
r
g
i
z
e
s

r
e
s
e
t

c
o
i
l

o
f
s
t
a
g
i
n
g

r
e
l
a
y
s

(K
2)

D
e
e
n
e
r
g
i
z
e
s

r
e
s
e
t

c
o
i
l

o
f
s
t
a
g
i
n
g

r
e
l
a
y
s

(
K
2
)

E
D
;

L
O
G
I
C

P
W
R
A

(p
an

el
11

)

E
D
:

L
O
G
I
C

P
W
R
B

(
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

If
s
t
a
g
i
n
g
r
e
l
a
y
s

(K
2)

tr
ip

b
e
f
o
r
e

M
A
S
T
E
R

A
R
M
s
w
i
t
c
h

is
s
e
t

t
o
O
N
,

S
T
A
G
E
S
E
Q
R
E
L
A
Y
S
S
Y
S
A

a
n
d

S
Y
S
B
c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t
s
g
o

o
n
,

S
e
t
t
i
n
g
S
T
A
G
E

R
E
L
A
Y
s
w
i
t
c
h

to
R
E
S
E
T
,

r
e
s
e
t
s

s
t
a
g
i
n
g
r
e
l
a
y
s

(
K
2
)
a
n
d
e
x
t
i
n
g
u
i
s
h
e
s

t
h
e
c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t
s
,

 

S
-
B
A
N
D
T
/
R

sw
it

ch

S
-
B
A
N
D
T
/
R

O
F
F

S
-
B
A
N
D
R
C
V

E
n
a
b
l
e
s

r
o
u
t
i
n
g
r
e
c
e
i
v
e
d
S
-
b
a
n
d

a
u
d
i
o

t
o
h
e
a
d
s
e
t
a
m
p
l
i
f
i
e
r
,

a
n
d

m
i
c
r
o
p
h
o
n
e
a
m
p
l
i
f
i
e
r

o
u
t
p
u
t
s

to

P
M
P

fo
r
S
-
b
a
n
d
t
r
a
n
s
m
i
s
s
i
o
n
,

In
hi
bi
ts

r
o
u
t
i
n
g

of
S
-
b
a
n
d
t
r
a
n
s
m
i
t
-

t
e
r
a
n
d
r
e
c
e
i
v
e
r

o
u
t
p
u
t
s
t
h
r
o
u
g
h

C
D
R
'
s

a
u
d
i
o
c
o
n
t
r
o
l

c
e
n
t
e
r
.

E
n
a
b
l
e
s

r
o
u
t
i
n
g
r
e
c
e
i
v
e
d
S
-
b
a
n
d

a
u
d
i
o

to
h
e
a
d
s
e
t
a
m
p
l
i
f
i
e
r
.

N
/
A

C
D
R
'
s

a
u
d
i
o

c
e
n
t
e
r

 

S
-
b
a
n
d
V
O
L
U
M
E

t
h
u
m
b
w
h
e
e
l

P
e
r
m
i
t
s

c
o
n
t
i
n
u
o
u
s

a
d
j
u
s
t
m
e
n
t

le
ve

l
of

r
e
c
e
i
v
e
d
S
~
b
a
n
d
a
u
d
i
o

fe
d

to
h
e
a
d
s
e
t
a
m
p
l
i
f
i
e
r
.

N
/
A

C
D
R
'
s

a
u
d
i
o

c
e
n
t
e
r
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

8

(
c
o
n
t
)

1
5
A
8
3

1
5
A
R
7

1
5
A
S
4

1
5
A
S
6

IC
S
T
/
R

sw
it
ch

1
0
S
T
/
R

O
F
F

I
C
S
R
C
V

E
n
a
b
l
e
s

r
o
u
t
i
n
g
m
i
c
r
o
p
h
o
n
e
a
m
p
l
i
-

f
i
e
r
o
u
t
p
u
t
s

to
L
M
P
'
s

h
e
a
d
s
e
t
a
m
p
l
i
-

f
i
e
r
t
h
r
o
u
g
h
i
n
t
e
r
c
o
m
b
u
s
a
n
d
a
u
d
i
o

f
r
o
m

i
n
t
e
r
c
o
m
b
u
s

to
C
D
R
'
s

h
e
a
d
s
e
t
.

I
n
h
i
b
i
t
s
i
n
t
e
r
c
o
m

c
a
p
a
b
i
l
i
t
y
.

E
n
a
b
l
e
s

r
o
u
t
i
n
g
a
u
d
i
o
f
r
o
m
i
n
t
e
r
c
o
m

b
u
s

to
C
D
R
'
s

h
e
a
d
s
e
t
.

N
/
A

C
D
R
'
s

a
u
d
i
o

c
e
n
t
e
r

 

I
C
S
V
O
L
U
M
E

t
h
u
m
b
w
h
e
e
l

P
e
r
m
i
t
s

c
o
n
t
i
n
u
o
u
s
a
d
j
u
s
t
m
e
n
t

of

le
ve
l

of
a
u
d
i
o

fe
d
f
r
o
m

i
n
t
e
r
c
o
m

b
u
s

t
o
h
e
a
d
s
e
t
a
m
p
l
i
f
i
e
r
.

C
D
R
'
s

a
u
d
i
o

c
e
n
t
e
r

 

R
E
L
A
Y
O
N

s
w
i
t
c
h

R
E
L
A
Y
O
N

R
E
L
A
Y
O
F
F

E
n
a
b
l
e
s

v
o
i
c
e
c
o
n
f
e
r
e
n
c
e

c
a
p
a
b
i
l
i
t
y

w
i
t
h
C
S
M

a
n
d
M
S
F
N
,

R
e
c
e
i
v
e
d
V
H
F

f
r
o
m
C
S
M

m
a
y
b
e

r
o
u
t
e
d

t
o
M
S
F
N

v
i
a
S
-
b
a
n
d

t
r
a
n
s
m
i
t
t
e
r
,

I
n
h
i
b
i
t
s
c
o
n
f
e
r
e
n
c
e

c
a
p
a
b
i
l
i
t
y
.

N
/
A

P
r
e
m
o
d
-

ul
at
io
n

p
r
o
c
e
s
s
o
r

LMAT90-3-LM

L
M
P
'
s

a
n
d
C
D
R
'
s

r
e
l
a
y
s
w
i
t
c
h
e
s

s
h
o
u
l
d

no
t
b
e
se
t

to
R
E
L
A
Y
O
N

s
i
m
u
l
t
a
n
e
o
u
s
l
y
.

A
p
p
r
o
p
r
i
a
t
e
C
o
m
m
u
n
i
c
a
t
i
o
n
S
u
b
-

s
y
s
t
e
m

s
w
i
t
c
h
e
s

a
r
e
u
s
e
d

to
e
s
t
a
b
-

li
sh

th
e
d
e
s
i
r
e
d

r
e
l
a
y
m
o
d
e
,

APOLLO OPERATIONS HANDBOOK
CONTROLS AND DISPLAYS

 

M
O
D
E
s
w
i
t
c
h

V
O
X

i
c
s
/
P
T
T

P
T
T

E
n
a
b
l
e
s
V
O
X

c
o
n
t
r
o
l

c
i
r
c
u
i
t

in

C
D
R
'
s

a
u
d
i
o
c
e
n
t
e
r

t
o
k
e
y
i
n
t
e
r
c
o
m

a
n
d

s
e
l
e
c
t
e
d
t
r
a
n
s
m
i
t
t
e
r
(
s
)
.

E
n
a
b
l
e
s
V
O
X

co
nt
ro
l

ci
rc
ui
t

in

C
D
R
'
s

a
u
d
i
o
c
e
n
t
e
r

t
o
k
e
y
i
n
t
e
r
c
o
m
,

D
i
s
a
b
l
e
s
V
O
X

co
nt
ro
l

ci
rc
ui
t

in

C
D
R
'
s

a
u
d
i
o
c
e
n
t
e
r
.

N
/
A

C
D
R
'
s

a
u
d
i
o

c
e
n
t
e
r

S
e
l
e
c
t
e
d

t
r
a
n
s
m
i
t
t
e
r
s

a
r
e
k
e
y
e
d

o
n
l
y

w
i
t
h

p
u
s
h
-
t
o
-
t
a
l
k
(
P
T
T
)

s
w
i
t
c
h
e
s
.

A
l
l
k
e
y
i
n
g

is
a
c
c
o
m
p
l
i
s
h
e
d
w
i
t
h

P
T
T

s
w
i
t
c
h
e
s
,
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

8

(c
on

t) 1
5
A
R
8

1
5
A
S
5

1
5
A
S
2

1
5
A
R
1
2

1
5
A
S
9

V
O
X
S
E
N
S

t
h
u
m
b
w
h
e
e
l

P
e
r
m
i
t
s

c
o
n
t
i
n
u
o
u
s
a
d
j
u
s
t
m
e
n
t

o
f

V
O
X

se
ns

it
iv

it
y

ci
rc
ui
t
t
h
r
e
s
h
o
l
d
,

N
/
A

C
D
R
'
s

a
u
d
i
o

c
e
n
t
e
r

 

A
U
D
I
O
C
O
N
T
s
w
i
t
c
h

N
O
R
M

B
U

S
e
l
e
c
t
s
C
D
R
'
s

a
u
d
i
o
c
e
n
t
e
r
a
n
d

m
i
c
r
o
p
h
o
n
e

c
i
r
c
u
i
t
,

S
e
l
e
c
t
s
L
M
P
'
s

a
u
d
i
o
c
e
n
t
e
r
a
n
d

m
i
c
r
o
p
h
o
n
e
c
i
r
c
u
i
t

fo
r
u
s
e
b
y

C
o
m
m
a
n
d
e
r
.

C
O
M
M
:

C
D
R

A
U
D
I
O

C
O
M
M
:

L
M
P

A
U
D
I
O

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

V
H
F
A

s
w
i
t
c
h

T
/
R

O
F
F

R
C
V

E
n
a
b
l
e
s

ro
ut

in
g
r
e
c
e
i
v
e
d
V
H
F
A

a
u
d
i
o

to
h
e
a
d
s
e
t

am
pl
if
ie
r,

a
n
d

m
i
c
r
o
p
h
o
n
e

a
m
p
l
i
f
i
e
r

ou
tp
ut
s

to
V
H
F
A

t
r
a
n
s
m
i
t
t
e
r

fo
r
t
r
a
n
s
m
i
s
~

s
i
o
n
.

V
O
X

k
e
y
i
n
g
v
o
l
t
a
g
e

is
r
o
u
t
e
d

to
V
H
F
A

t
r
a
n
s
m
i
t
t
e
r
.

In
hi

bi
ts

r
o
u
t
i
n
g
V
H
F
A

t
r
a
n
s
m
i
t
t
e
r

a
n
d
r
e
c
e
i
v
e
r

o
u
t
p
u
t
s
t
h
r
o
u
g
h

C
o
m
m
a
n
d
e
r
'
s

a
u
d
i
o
c
e
n
t
e
r
.

E
n
a
b
l
e
s

r
o
u
t
i
n
g
r
e
c
e
i
v
e
d
V
H
F
A

a
u
d
i
o

t
o
h
e
a
d
s
e
t
a
m
p
l
i
f
i
e
r
.

N
/
A

C
D
R
'
s

a
u
d
i
o

c
e
n
t
e
r

 

V
H
F
A
V
O
L
U
M
E
t
h
u
m
b
w
h
e
e
l

P
e
r
m
i
t
s

c
o
n
t
i
n
u
o
u
s

a
d
j
u
s
t
m
e
n
t
o
f

l
e
v
e
l

o
f
r
e
c
e
i
v
e
d
V
H
F

a
u
d
i
o

(
c
h
a
n
n
e
l
A
)

f
e
d

to
h
e
a
d
s
e
t
a
m
p
l
i
f
i
e
r
.

N
/
A

C
D
R
'
s

a
u
d
i
o

c
e
n
t
e
r

  V
H
F
B

s
w
i
t
c
h

T
/
R

 E
n
a
b
l
e
s

r
o
u
t
i
n
g
r
e
c
e
i
v
e
d
V
H
F
B

a
u
d
i
o

to
h
e
a
d
s
e
t

am
op

li
fi

er
,

a
n
d

m
i
c
r
o
p
h
o
n
e
a
m
p
l
i
f
i
e
r

ou
tp
ut
s

to
V
H
F

 N
/
A

 C
D
R
'
s

a
u
d
i
o

c
e
n
t
e
r
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Lo
ca

ti
on

/
R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

8

(
c
o
n
t
)

1
5
A
R
1
3

1
5
A
R
1
5

1
6
5
1
4  O

F
F

R
C
V

B
t
r
a
n
s
m
i
t
t
e
r

f
o
r
t
r
a
n
s
m
i
s
s
i
o
n
,

V
O
X

k
e
y
i
n
g
v
o
l
t
a
g
e

is
r
o
u
t
e
d

to
V
H
F

B
t
r
a
n
s
m
i
t
t
e
r
.

I
n
h
i
b
i
t
s

r
o
u
t
i
n
g
V
H
F

B
t
r
a
n
s
m
i
t
t
e
r

a
n
d
r
e
c
e
i
v
e
r

o
u
t
p
u
t
s

t
h
r
o
u
g
h
C
D
R
'
s

a
u
d
i
o
c
e
n
t
e
r
.

E
n
a
b
l
e
s

r
o
u
t
i
n
g
r
e
c
e
i
v
e
d
V
H
F

B
a
u
d
i
o

t
o
h
e
a
d
s
e
t
a
m
p
l
i
f
i
e
r
.

 

V
H
F
B
V
O
L
U
M
E
t
h
u
m
b
w
h
e
e
l

P
e
r
m
i
t
s

c
o
n
t
i
n
u
o
u
s
a
d
j
u
s
t
m
e
n
t

of

le
ve

l
of

r
e
c
e
i
v
e
d
V
H
F

a
u
d
i
o
(
c
h
a
n
n
e
l

B
)

f
e
d

to
h
e
a
d
s
e
t
a
m
p
l
i
f
i
e
r
.

N
/
A

C
D
R
'
s

a
u
d
i
o

c
e
n
t
e
r

 

M
A
S
T
E
R
V
O
L

t
h
u
m
b
w
h
e
e
l

P
e
r
m
i
t
s

c
o
n
t
i
n
u
o
u
s
,

s
i
m
u
l
t
a
n
e
o
u
s

a
d
j
u
s
t
m
e
n
t

of
al

l
a
u
d
i
o

ou
tp

ut
le

ve
ls

f
r
o
m
h
e
a
d
s
e
t
a
m
p
l
i
f
i
e
r
.

N
/
A

C
D
R
'
s

a
u
d
i
o

c
e
n
t
e
r

 

C
O
A
S

s
w
i
t
c
h

O
V
H
D

O
F
F

F
W
D

E
n
e
r
g
i
z
e
s
C
O
A
S

c
o
n
n
e
c
t
o
r
s

in

d
o
c
k
i
n
g
w
i
n
d
o
w
s
.

A
p
p
l
i
e
s

2
8

v
o
l
t
s
d
c

t
o
o
v
e
r
h
e
a
d

d
o
c
k
i
n
g
w
i
n
d
o
w
C
O
A
S

c
o
n
n
e
c
t
o
r
.

R
e
m
o
v
e
s
p
o
w
e
r
f
r
o
m
d
o
c
k
i
n
g

w
i
n
d
o
w
C
O
A
S

c
o
n
n
e
c
t
o
r
s
,

A
p
p
l
i
e
s

28
vo
lt
s
d
e

to
f
o
r
w
a
r
d

d
o
c
k
i
n
g
w
i
n
d
o
w
C
O
A
S

c
o
n
n
e
c
t
o
r
.

F
L
I
G
H
T

D
I
S
P
L
A
Y
S
:

C
O
A
S

(
p
a
n
e
l

11
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

  
 

   
 
 

 

S
w
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1
1

4
C
B
1
5
2

4
C
B
1
6
9

4
C
B
3
4

4
C
B
2
2
6

4
C
B
2
0
3

4
C
B
2
1
4

4
C
B
2
1
0

4
C
B
2
0
0

4
C
B
1
8
6

 A
C
B
U
S
B

c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

S
E
W
I
N
D
H
T
R

(2
a
m
p
e
r
e
s
)

H
e
/
P
Q
G
S
P
R
O
P
U
L

D
I
S
P

(2
a
m
p
e
r
e
s
)

S
-
B
D
A
N
T

(2
a
m
p
e
r
e
s
)

O
R
D
E
A
L

(2
a
m
p
e
r
e
s
)

A
G
S

(2
a
m
p
e
r
e
s
)

A
O
T
L
A
M
P

(2
a
m
p
e
r
e
s
)

S
E
F
D
A
I

(2
a
m
p
e
r
e
s
)

N
U
M
L
T
G

(2
a
m
p
e
r
e
s
)

B
U
S

T
I
E
I
N
V

2
(5

a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

a
-
e
p
o
w
e
r

t
o
L
M
P
'
s

w
i
n
d
o
w

h
e
a
t
e
r
,

N
/
A

1
1
5
-
v
a
c

b
u
s
B

 

A
p
p
l
i
e
s

a
-
c
p
o
w
e
r

to
H
E
L
I
U
M

i
n
d
i
c
a
t
o
r
a
n
d

to
O
X
I
D
I
Z
E
R

a
n
d

F
U
E
L
Q
U
A
N
T
I
T
Y
i
n
d
i
c
a
t
o
r
s
.

N
/
A

1
1
5
-
v
a
e

b
u
s
B

 A
p
p
l
i
e
s

a
-
c
p
o
w
e
r

to
S
-
b
a
n
d

s
t
e
e
r
-

a
b
l
e
a
n
t
e
n
n
a
e
l
e
c
t
r
o
n
i
c
s
a
s
s
e
m
b
l
y
.

N
/
A

1
1
5
-
v
a
c

b
u
s
B

 A
p
p
l
i
e
s

a
-
c
p
o
w
e
r

to
e
a
r
t
h
-
o
r

l
u
n
a
r
-

s
t
a
y
r
e
s
o
l
v
e
r
s
t
h
r
o
u
g
h
E
A
R
T
H
-

L
U
N
A
R

s
w
i
t
c
h
.

N
/
A

1
1
5
-
v
a
c

b
u
s
B

 A
p
p
l
i
e
s

a
-
c
p
o
w
e
r

to
A
E
A

o
u
t
p
u
t
s

to
F
D
A
I
,

N
/
A

1
1
5
-
v
a
c

b
u
s
B

 

A
p
p
l
i
e
s

a
-
c
p
o
w
e
r

to
A
O
T

l
a
m
p
.

N
/
A

1
1
5
-
v
a
c

b
u
s
B

O
n
-
o
f
f
c
o
n
t
r
o
l

f
o
r
A
O
T

l
a
m
p
.

 

A
p
p
l
i
e
s

a
-
c
p
o
w
e
r

to
L
M
P
'
s

I
F
D
A
I
.

N
/
A

1
1
5
-
v
a
c

b
u
s
B
 

A
p
p
l
i
e
s

a
-
c

p
o
w
e
r
t
o

al
l
n
u
m
e
r
i
c

(d
ig

it
al

di
sp
la
ys
)
D
S
K
Y

di
sp
la
ys
,

R
C
S

o
x
i
d
i
z
e
r
a
n
d

f
u
e
l
d
i
s
p
l
a
y
s
,

e
v
e
n
t
a
n
d
m
i
s
s
i
o
n
t
i
m
e
r
s
,
M
P
S

o
x
i
d
i
z
e
r
a
n
d

f
u
e
l
d
i
s
p
l
a
y
s
,
D
E
D
A

a
d
d
r
e
s
s

a
n
d
d
a
t
a
d
i
s
p
l
a
y
s
.

N
/
A

1
1
5
-
v
a
c

b
u
s
B

 

C
o
n
n
e
c
t
s

i
n
v
e
r
t
e
r
N
o
.

2
t
o
a
~
c
b
u
s

B
t
h
r
o
u
g
h
I
N
V
E
R
T
E
R
s
w
i
t
c
h
.

N
/
A

1
1
5
-
v
a
c

b
u
s
B
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1
1

(c
on
t) 4
C
B
1
8
5

4
C
B
2
4

4
C
B
2
3

4
C
B
2
7

4
C
B
1
4
4

4
C
B
2
0
2

4
C
B
2
1
2

4
+
C
B
2
0
6

4
C
B
2
0
7

4
C
B
2
1
1

B
U
S

T
I
E

I
N
V
1

(5
a
m
p
e
r
e
s
)

C
o
n
n
e
c
t
s

i
n
v
e
r
t
e
r

N
o
.

1
to

a
-
c
b
u
s

B
t
h
r
o
u
g
h
I
N
V
E
R
T
E
R

s
w
i
t
c
h
.

N
/
A

1
1
5
-
v
a
c

b
u
s
B

  A
C
B
U
S
A

c
i
r
e
u
i
t
b
r
e
a
k
e
r
s

B
U
S

‘
T
I
E
I
N
V
2

(5
a
m
p
e
r
e
s
)

B
U
S
T
I
E
I
N
V

1
(5

a
m
p
e
r
e
s
)

A
C
B
U
S

V
O
L
T
(
2

a
m
p
e
r
e
s
)

C
D
R
W
I
N
D
H
T
R

(2
a
m
p
e
r
e
s
)

T
A
P
E
R
C
D
R
(
2

a
m
p
e
r
e
s
)

A
O
T

L
A
M
P
(
2

a
m
p
e
r
e
s
)

R
N
D
Z
R
D
R

(2
a
m
p
e
r
e
s
)

D
E
C
A

G
M
B
L
(
2

a
m
p
e
r
e
s
)

I
N
T
G
L
L
T
G

(2
a
m
p
e
r
e
s
)

C
o
n
n
e
c
t
s

i
n
v
e
r
t
e
r

N
o
.

2
to

a
-
c
b
u
s

A
t
h
r
o
u
g
h
I
N
V
E
R
T
E
R
s
w
i
t
c
h
,

N
/
A

1
1
5
-
v
a
c

b
u
s
A

 

C
o
n
n
e
c
t
s

i
n
v
e
r
t
e
r

N
o
.

1
to

a
-
c
b
u
s

A
t
h
r
o
u
g
h
I
N
V
E
R
T
E
R
s
w
i
t
c
h
.

N
/
A

1
1
5
-
v
a
c

b
u
s
A

 

P
r
o
v
i
d
e
s

a
-
c
b
u
s

v
o
l
t
a
g
e
a
n
d
f
r
e
-

q
u
e
n
c
y

c
h
a
r
a
c
t
e
r
i
s
t
i
c
s

to
I
S
f
o
r

d
i
s
p
l
a
y
a
n
d
t
e
l
e
m
e
t
r
y
p
u
r
p
o
s
e
s
.

N
/
A

1
1
5
-
v
a
e

b
u
s
A

 

A
p
p
l
i
e
s

a
-
c
p
o
w
e
r

to
C
D
R
'
s
w
i
n
d
o
w

h
e
a
t
e
r
.

N
/
A

1
1
5
-
v
a
c

b
u
s
A

 

A
p
p
l
i
e
s

a
-
c
p
o
w
e
r

to
D
S
E
A

t
a
p
e

d
r
i
v
e
m
o
t
o
r
s
.

N
/
A

1
1
5
~
-
v
a
c

b
u
s
A

 

A
p
p
l
i
e
s

a
-
c
p
o
w
e
r

to
A
O
T

l
a
m
p
.

N
/
A

1
1
5
-
v
a
c

b
u
s
A

O
n
-
o
f
f

c
o
n
t
r
o
l

f
o
r
A
O
T

l
a
m
p
.

 

A
p
p
l
i
e
s

a
-
c
p
o
w
e
r

to
R
R
p
o
w
e
r

su
pp
ly
.

N
/
A

1
1
5
-
v
a
e

b
u
s
A

 

A
p
p
l
i
e
s

a
-
c
p
o
w
e
r

to
G
D
A
'
s

w
i
t
h
i
n

D
E
C
A
.

N
/
A

1
1
5
-
v
a
c

b
u
s
A

 

A
p
p
l
i
e
s

a
-
c
p
o
w
e
r
t
o

l
o
w
-
l
e
v
e
l

i
n
t
e
g
r
a
l

l
i
g
h
t
i
n
g
;
e
.
g
.
,

t
a
l
k
b
a
c
k
s
,

in
di

ca
to

rs
,

a
n
d

di
sp
la
ys
.

N
/
A

1
1
5
-
v
a
c

b
u
s
A
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

11

(c
on

t) 4
C
B
2
0
4

4
C
B
2
0
1

4
C
B
2
0
9

4
C
B
7
2

4
C
B
6
0

4
A
C
B
6
1

4
C
B
6
2

4
C
B
6
3  R

N
G
/
R
N
G

R
T
;
A
L
T
/
A
L
T
R
T

(2
a
m
p
e
r
e
s
)

G
A
S
T
A

(2
a
m
p
e
r
e
s
)

C
D
R

F
D
A
I

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

a
-
c
p
o
w
e
r
t
o

r
a
n
g
e
/
a
l
t
i
t
u
d
e

in
di

ca
to

r.
N
/
A

1
1
5
-
v
a
e
c

b
u
s
A

 

A
p
p
l
i
e
s

a
-
c
p
o
w
e
r

to
G
A
S
T
A
,
.

N
/
A

1
1
5
-
v
a
e

b
u
s
A

 

A
p
p
l
i
e
s

a
-
c
p
o
w
e
r

to
C
D
R
'
s

F
D
A
T
,
.

N
/
A

1
1
5
-
v
a
c

b
u
s
A

  R
C
S
S
Y
S
A

c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

M
A
I
N
S
O
V
(
5

a
m
p
e
r
e
s
)

Q
U
A
D

4
T
C
A

(1
0
a
m
p
e
r
e
s
)

Q
U
A
D
3

T
C
A

(1
0
a
m
p
e
r
e
s
)

Q
U
A
D

2
T
C
A

(
1
0
a
m
p
e
r
e
s
)

Q
U
A
D

1
T
C
A

(1
0
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
R
C
S

s
y
s
t
e
m
A

m
a
i
n

o
x
i
d
i
z
e
r

a
n
d

f
u
e
l

s
h
u
t
o
f
f
v
a
l
v
e
s

t
h
r
o
u
g
h
S
Y
S
T
E
M
A
M
A
I
N
S
O
V

s
w
i
t
c
h
,

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

M
a
i
n

s
h
u
t
o
f
f
v
a
l
v
e
s

c
o
n
t
r
o
l
p
r
o
p
e
l
-

l
a
n
t
f
l
o
w
b
e
t
w
e
e
n
R
C
S

t
a
n
k
s

a
n
d

R
C
S

T
C
A
'
s
.

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
p
r
i
m
a
r
y

c
o
i
l
s

o
f
o
x
i
d
i
z
e
r
a
n
d

f
u
e
l
v
a
l
v
e
s

o
f
R
C
S

s
y
s
t
e
m

A
,

q
u
a
d

4
T
C
A
'
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

T
C
A

s
e
c
o
n
d
a
r
y
c
o
i
l
p
o
w
e
r

is
a
p
p
l
i
e
d

w
h
e
n
A
C
A

is
p
u
s
h
e
d

to
h
a
r
d

s
t
o
p
o
r

w
h
e
n
+
X
T
R
A
N
S
L

p
u
s
h
b
u
t
t
o
n
i
s

p
r
e
s
s
e
d
.

 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
p
r
i
m
a
r
y
c
o
i
l
s

o
f
o
x
i
d
i
z
e
r
a
n
d

f
u
e
l
v
a
l
v
e
s

o
f
R
C
S

s
y
s
t
e
m

A
,

q
u
a
d

3
T
C
A
'
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

T
C
A

s
e
c
o
n
d
a
r
y
c
o
i
l
p
o
w
e
r

is
a
p
p
l
i
e
d

w
h
e
n
A
C
A

is
p
u
s
h
e
d

to
h
a
r
d

s
t
o
p
o
r

w
h
e
n
+
X
T
R
A
N
S
L
p
u
s
h
b
u
t
t
o
n

is
p
r
e
s
s
e
d
,

 

A
p
p
l
i
e
s

d
~
c
p
o
w
e
r

to
p
r
i
m
a
r
y
c
o
i
l
s

of
o
x
i
d
i
z
e
r
a
n
d

fu
el

v
a
l
v
e
s

of
R
C
S

s
y
s
t
e
m

A
,

q
u
a
d

2
T
C
A
'
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

T
C
A

s
e
c
o
n
d
a
r
y

c
o
i
l
p
o
w
e
r
i
s

a
p
p
l
i
e
d

w
h
e
n
A
C
A

is
p
u
s
h
e
d
t
o

h
a
r
d

s
t
o
p
o
r

w
h
e
n
+
X
T
R
A
N
S
L

p
u
s
h
b
u
t
t
o
n

is

p
r
e
s
s
e
d
.
 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
p
r
i
m
a
r
y

c
o
i
l
s

o
f
o
x
i
d
i
z
e
r

a
n
d

f
u
e
!
v
a
l
v
e
s

o
f
R
C
S

s
y
s
t
e
m

A
,

q
u
a
d

1
T
C
A
'
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

T
C
A

s
e
c
o
n
d
a
r
y

c
o
i
l
p
o
w
e
r

is
a
p
p
l
i
e
d

w
h
e
n
A
C
A

is
p
u
s
h
e
d
t
o

h
a
r
d

s
t
o
p
o
r

w
h
e
n
+
X
T
R
A
N
S
L
p
u
s
h
b
u
t
t
o
n

is

p
r
e
s
s
e
d
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

Ci
rc
ui
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1
1

(
c
o
n
t
)

4
C
B
6
7

4
C
B
2
3
1

4
C
B
5
1

4
C
B
1
6
8

4
C
B
1
5
9

4
C
B
1
3
3

4
C
B
1
2
3

I
S
O
L
V
L
V

(5
a
m
p
e
r
e
s
)

A
S
C
F
E
E
D

2
(5

a
m
p
e
r
e
s
)

A
S
C
F
E
E
D

1
(5

a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
R
C
S

s
y
s
t
e
m
A

o
x
i
d
i
z
e
r
a
n
d

f
u
e
l

i
s
o
l
a
t
i
o
n
v
a
l
v
e
s
,

t
h
r
o
u
g
h
S
Y
S
T
E
M
A
T
H
R
U
S
T
E
R

P
A
I
R

sw
it
ch
es
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

t
o
R
C
S

s
y
s
t
e
m
A

a
s
c
e
n
t

f
u
e
l
a
n
d
o
x
i
d
i
z
e
r

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s
,

t
h
r
o
u
g
h
S
Y
S
T
E
M
A
A
S
C

F
E
E
D

2
s
w
i
t
c
h
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

I
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e
s
p
e
r
m
i
t

p
r
o
p
e
l
-

l
a
n
t
f
l
o
w
f
r
o
m

a
s
c
e
n
t
t
a
n
k
s

to
R
C
S

ta
nk
s.

S
Y
S
T
E
M
A
A
S
C
E
N
T
F
E
E
D

s
w
i
t
c
h
m
u
s
t

b
e

s
e
t

to
A
S
C
E
N
T

F
E
E
D

1.

to

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

t
o
R
C
S

s
y
s
t
e
m
A

a
s
c
e
n
t

fu
el

a
n
d

o
x
i
d
i
z
e
r

i
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s
,

t
h
r
o
u
g
h
S
Y
S
T
E
M

A
A
S
C

F
E
E
D

1
s
w
i
t
c
h
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

I
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e
s
p
e
r
m
i
t

p
r
o
p
e
l
-

la
nt

fl
ow

f
r
o
m

a
s
c
e
n
t
t
a
n
k
s

to
R
C
S

t
a
n
k
s
.

S
Y
S
T
E
M
A
A
S
C
E
N
T
F
E
E
D

2

s
w
i
t
c
h
m
u
s
t

b
e

s
e
t

to
A
S
C
E
N
T

F
E
E
D
2
.

  F
L
I
G
H
T
D
I
S
P
L
A
Y
S
c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

T
H
R
U
S
T

(2
a
m
p
e
r
e
s
)

M
I
S
S
I
O
N
T
I
M
E
R

(2
a
m
p
e
r
e
s
)

C
D
R
X
-
P
N
T
R

(2
a
m
p
e
r
e
s
)

R
N
G
/
R
N
G

R
T
;
A
L
T
/
A
L
T
R
T

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
T
H
R
U
S
T
i
n
d
i
-

c
a
t
o
r
p
o
w
e
r

s
u
p
p
l
y
a
n
d

t
o
p
a
r
t

o
f

a
u
x
i
l
i
a
r
y
s
w
i
t
c
h
i
n
g

r
e
l
a
y
b
o
x

t
h
r
o
u
g
h
T
H
R
C
O
N
T
s
w
i
t
c
h
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s
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CONTROLS AND DISPLAYS

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
M
I
S
S
I
O
N

T
I
M
E
R
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
C
D
R
'
s
X
-

P
o
i
n
t
e
r

i
n
d
i
c
a
t
o
r
,

a
n
d

to
p
a
r
t
s

o
f

a
u
x
i
l
i
a
r
y
r
e
l
a
y
s
w
i
t
c
h
i
n
g
b
o
x

th
ro
ug
h
R
A
T
E
/
E
R
R
M
O
N

an
d
M
O
D
E

S
E
L

sw
it
ch
es
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
R
A
N
G
E
/

R
A
N
G
E
R
A
T
E

o
r
A
L
T
/
A
L
T
R
A
T
E

i
n
d
i
c
a
t
o
r
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

K
e
m
a
r
k
s

  P
a
n
e
l

11
(c
on
t) 4
C
B
8
8

4
C
B
9
7

4
C
B
1
8
8

4
C
B
2
2
7

G
A
S
T
A

(2
a
m
p
e
r
e
s
)

C
D
R
F
D
A
I

(2
a
m
p
e
r
e
s
)

C
O
A
S

(2
a
m
p
e
r
e
s
)

O
R
D
E
A
L
(
2

a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
G
A
S
T
A
,

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
H
e
s

d
-
c
p
o
w
e
r

t
o
C
D
R
'
s
F
D
A
I

a
n
d

to
p
a
r
t
s

o
f
a
u
x
i
l
i
a
r
y

s
w
i
t
c
h
i
n
g

re
la
y
b
o
x
t
h
r
o
u
g
h
R
A
T
E
/
E
R
R
M
O
N

a
n
d
A
T
T
I
T
U
D
E

M
O
N
s
w
i
t
c
h
e
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
f
o
r
w
a
r
d

o
r

o
v
e
r
h
e
a
d

o
p
t
i
c
a
l
a
l
i
g
n
m
e
n
t

s
i
g
h
t

c
o
n
n
e
c
t
o
r
s

vi
a
C
O
A
S

sw
it

ch
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s

d
-
e
p
o
w
e
r

t
o
O
R
D
E
A
L
p
a
n
e
l

li
gh
ti
ng

ci
rc
ui
ts

vi
a
L
I
G
H
T
I
N
G
s
w
i
t
c
h
.

C
D
R
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

1
1

(c
on

t) 4
C
B
7
4

4
C
B
2
4
1

4
C
B
1
5
5  P

R
O
P
U
L
:

D
E
S

H
e
R
E
G
-
V
E
N
T

c
i
r
c
u
i
t
b
r
e
a
k
e
r

(5
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

l
a
t
c
h
i
n
g
h
e
l
i
u
m

s
o
l
e
n
o
i
d
v
a
l
v
e
s

N
o
.

1
a
n
d

2,
t
h
r
o
u
g
h

D
E
S
C
E
N
T

H
e
R
E
G

s
w
i
t
c
h
e
s

N
o
.

1

a
n
d

2;
a
n
d

to
fu

el
a
n
d
o
x
i
d
i
z
e
r
v
e
n
t

v
a
l
v
e
s

t
h
r
o
u
g
h
D
E
S
P
R
O
P
U
L
S
I
O
N

F
U
E
L
V
E
N
T

a
n
d
O
X
I
D
V
E
N
T

s
w
i
t
c
h
e
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
c
e

b
u
s

  H
E
A
T
E
R
S
c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

U
R
I
N
E

L
I
N
E

(2
a
m
p
e
r
e
s
)

R
N
D
Z
R
D
R
S
T
B
Y
(
5

a
m
p
e
r
e
s
)

R
N
D
Z
R
D
R
O
P
R

(
7
.
5
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
u
r
i
n
e
h
e
a
t
e
r

c
i
r
c
u
i
t
,

w
h
i
c
h
m
a
i
n
t
a
i
n
s
t
e
m
p
e
r
a
t
u
r
e

of
u
r
i
n
e

co
ll
ec
to
r.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
r
e
n
d
e
z
v
o
u
s

r
a
d
a
r

h
e
a
t
e
r

co
nt
ro
l

ci
rc
ui
t

to
m
a
i
n
-

ta
in

t
e
m
p
e
r
a
t
u
r
e

of
cr

ys
ta

l
o
v
e
n
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
R
R

r
a
d
a
r
h
e
a
t
e
r

c
o
n
t
r
o
l

c
i
r
c
u
i
t
w
h
i
c
h
m
a
i
n
t
a
i
n
s

t
e
m
p
e
r
a
t
u
r
e

of
a
n
t
e
n
n
a
g
y
r
o
s
,

a
n
d

t
o
r
e
n
d
e
z
v
o
u
s
r
a
d
a
r

e
l
e
c
t
r
o
n
i
c
s

a
s
s
e
m
b
l
y
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

11
(
c
o
n
t
)

4
C
B
1
5
7

4
C
B
1
2
9

4
C
B
2
1
3

4
C
B
1
3
1

4
C
B
2
3
8

4
C
B
3

4
C
B
8
1

4
C
B
4
0  L

D
G
R
D
R

(5
a
m
p
e
r
e
s
)

D
O
C
K
W
I
N
D
O
W

(2
w
u
m
p
e
r
e
s
)

A
O
T
(
2

a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
h
e
a
t
e
r

c
o
n
t
r
o
l

c
i
r
c
u
i
t

in
L
R

e
l
e
e
l
r
o
n
i
c
a
s
s
e
m
b
l
y
.

 

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
d
e
c
k
i
n
g
w
i
n
d
o
w

h
e
a
t
e
r
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
A
O
T

h
e
a
t
e
r
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

I
N
S
T
:

S
I
G
C
O
N
D
R
1

c
i
r
c
u
i
t
b
r
e
a
k
e
r

(3
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
-
e
p
o
w
e
r

to
p
o
w
e
r

b
u
f
f
e
r
s

a
n
d
c
o
n
d
i
t
i
o
n
e
r
s

in
s
i
g
n
a
l
c
o
n
d
i
t
i
o
n
e
r

e
l
e
c
t
r
o
n
i
c
a
s
s
e
m
b
l
i
e
s

of
IS
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

  S
T
A
B
/
C
O
N
T
c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

A
E
A

(1
0
a
m
p
c
r
e
s
)

A
B
O
R
T
S
T
A
G
E

(2
a
m
p
e
r
e
s
)

A
T
C
A

(
P
G
N
S
)

(2
a
m
p
e
r
e
s
)

A
E
L
D

(7
.5

a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
m
a
i
n

d
-
c
p
o
w
e
r

a
n
d

a
c
t
s

a
s

o
n
-
o
f
f
s
w
i
t
c
h

to
A
G
S
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
a
b
o
r
t

s
t
a
g
e

e
l
e
c
t
r
o
n
i
c
s
t
h
r
o
u
g
h
A
B
O
R
T
S
T
A
G
E

s
w
i
t
c
h
,

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r
t
h
r
o
u
g
h
G
U
I
D

C
O
N
T
s
w
i
t
c
h

to
sc
le
ct

P
G
N
S
,

a
n
d

r
e
d
u
n
d
a
n
t

b
i
a
s
p
o
w
e
r

to
A
T
C
A
,

A
l
s
o

ap
pl

ie
s
d
-
c
p
o
w
e
r
t
h
r
o
u
g
h

P
G
N
S
M
O
D
E

C
O
N
T
R
O
L
s
w
i
t
c
h

t
o

A
T
C
A
p
r
i
m
a
r
y
p
r
e
a
m
p
l
i
f
i
e
r
s

t
o
b
e

u
s
e
d

b
y
P
G
N
S

fo
r

at
ti
tu
de

co
nt

ro
l.

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
s
y
s
t
e
m
A

o
f

A
E
L
D
/
S
.  

 N
/
A

N
/
A

 C
D
R
'
s

2
8
-
v
d
e

b
u
s

C
D
R
'
s

2
8
-
v
d
c

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

PANEL 11

 P
a
n
e
l

1
1

(
c
o
n
t
)

4
C
B
8
0

4
C
B
5
9

4
C
B
1
0
6

4
C
B
6
9

4
C
B
1
4
9

E
N
G

C
O
N
T
(
2

a
m
p
e
r
e
s
)

A
T
T

D
I
R
C
O
N
T
(
1
0

a
m
p
e
r
e
s
)

E
N
G
S
T
A
R
T
O
V
R
D

(2
a
m
p
e
r
e
s
)

D
E
C
A

P
W
R
(
2
0

a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

f
o
r
a
u
t
o
m
a
t
i
c

s
w
i
t
c
h
i
n
g
f
r
o
m
w
i
d
e
d
e
a
d
b
a
n
d

to

n
a
r
r
o
w

d
e
a
d
h
b
a
n
d
w
i
t
h
d
e
s
c
e
n
t

e
n
g
i
n
e

o
n
,

f
o
r
a
u
t
o
m
a
t
i
c

s
w
i
t
c
h
i
n
g
f
r
o
m

2

to
4

j
e
t
s
w
i
t
h
e
n
g
i
n
e

o
n
,

to
C
E
S

f
o
r

a
n
a
l
o
g
c
o
n
t
r
o
l

o
f
G
D
A

w
h
e
n

u
s
i
n
g

A
G
S
,

to
d
i
s
a
b
l
e

a
u
t
o

t
h
r
u
s
t

c
o
n
t
r
o
l

w
h
e
n

u
s
i
n
g
A
G
S
,

to
r
e
s
e
t

e
n
g
i
n
e

S
T
A
R
T
s
w
i
t
c
h
,

a
n
d

a
p
p
l
i
e
s
r
e
d
u
n
-

d
a
n
t
p
o
w
e
r

f
o
r
m
a
n
u
a
l

e
n
g
i
n
e

s
t
o
p

w
h
e
n

s
t
a
g
i
n
g
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
A
C
A
'
s

f
o
r

di
re
ct

fi
ri
ng

of
R
C
S

je
ts
,

a
n
d

to
+
X

T
R
A
N
S
L

p
u
s
h
b
u
t
t
o
n

fo
r

di
re

ct
fi
ri
ng

of
je

ts
B
I
D
,

A
2
D
,

B
3
D
,

A
4
D
.

R
O
L
L
,

P
I
T
C
H
,

o
r
Y
A
W
A
T
T
I
T
U
D
E
C
O
N
-

T
R
O
L

s
w
i
t
c
h
,
w
h
e
n

s
e
t

to
D
I
R
,

e
n
-

a
b
l
e
s

d
i
r
e
c
t

f
i
r
i
n
g

in
s
e
l
e
c
t
e
d

a
x
i
s
.

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
e
n
g
i
n
e
S
T
A
R
T

s
w
i
t
c
h
a
n
d
r
e
d
u
n
d
a
n
t
d
-
c
p
o
w
e
r

to

E
N
G
A
R
M
s
w
i
t
c
h
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

E
N
G
A
R
M
s
w
i
t
c
h

d
e
r
i
v
e
s
p
r
i
m
a
r
y

d
-
c
p
o
w
e
r
f
r
o
m
S
T
A
B
/
C
O
N
T
:
E
N
G

A
R
M

c
i
r
c
u
i
t
b
r
e
a
k
e
r

(
p
a
n
e
l

16
).

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
D
E
C
A

f
o
r
d
e
-

s
c
e
n
t
e
n
g
i
n
e
-
o
n

f
u
n
c
t
i
o
n
,

a
n
d

to

a
c
t
i
v
a
t
e
t
r
i
m

fa
il

c
i
r
c
u
i
t
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

  E
D

c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

L
D
G
G
E
A
R
F
L
A
G

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

IS
to

p
r
o
v
i
d
e

c
o
n
t
r
o
l

o
f
L
D
G
G
E
A
R

D
E
P
L
O
Y
f
l
a
g
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1
1

(
c
o
n
t
)

A
C
B
7
6

4
C
B
1
4
6

4
C
B
2
3
6

4
C
B
2
2
1

4
C
B
2
2
0

4
C
B
2
1
9

4
C
B
2
1
8

4
C
B
1
3
8

L
O
G
I
C
P
W
R
A

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
A
S
C
E
N
T

H
e

P
R
E
S
S
,
A
S
C

H
e
S
E
L
,

D
E
S

P
R
E
S
S
,

L
D
G
G
E
A
R
D
E
P
L
O
Y
,
M
A
S
T
E
R
A
R
M
,

S
T
A
G
E
,
R
C
S

P
R
E
S
S
,

a
n
d
A
B
O
R
T

S
T
A
G
E
s
w
i
t
c
h
e
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

L
T
G
:
A
N
U
N
/
D
O
C
K
/
C
O
M
P
N
T

c
i
r
c
u
i
t
b
r
e
a
k
e
r

(2
a
m
p
e
r
e
s
)

L
T
G
:

U
T
I
L

c
i
r
c
u
i
t
b
r
e
a
k
e
r

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

a
l
t
e
r
n
a
t
e
d
-
c
p
o
w
e
r

to
c
a
u
-

t
i
o
n
a
n
d
w
a
r
n
i
n
g

a
n
n
u
n
c
i
a
t
o
r
s
,

c
o
m
-

p
o
n
e
n
t
c
a
u
t
i
o
n

l
i
g
h
t
s
,

d
o
c
k
i
n
g

l
i
g
h
t
s
,

a
n
d
L
U
N
A
R
C
O
N
T
A
C
T
l
i
g
h
t
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
C
D
R
'
s

a
n
d

L
M
P
'
s
u
t
i
l
i
t
y

l
i
g
h
t
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s
 

H
E
A
T
E
R
S
R
C
S
S
Y
S
A
/
B
-
1

c
i
r
c
u
i
t

b
r
e
a
k
e
r
s Q
U
A
D
4

(
7
.
5
a
m
p
e
r
e
s
)

Q
U
A
D

3
(
7
.
5
a
m
p
e
r
e
s
)

Q
U
A
D

2
(7

.5
a
m
p
e
r
e
s
)

Q
U
A
D

1
(
7
.
5
a
m
p
e
r
e
s
)

>

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
s
y
s
t
e
m

N
o
.

1

e
n
g
i
n
e
h
e
a
t
e
r
s

o
f
q
u
a
d

4
,

s
y
s
t
e
m
s

A
a
n
d

B
,

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s
 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
s
y
s
t
e
m

N
o
.

1

e
n
g
i
n
e
h
e
a
t
e
r
s

o
f
q
u
a
d

3,
s
y
s
t
e
m
s

A
a
n
d

B
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
s
y
s
t
e
m

N
o
.

1

e
n
g
i
n
e
h
e
a
t
e
r
s

o
f
q
u
a
d

2,
s
y
s
t
e
m
s

A
a
n
d

B.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
s
y
s
t
e
m

N
o
.

1

e
n
g
i
n
e
h
e
a
t
e
r
s

o
f
q
u
a
d

1,
s
y
s
t
e
m
s

A
a
n
d

B.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

E
C
S

ci
rc

ui
t
b
r
e
a
k
e
r
s

S
U
I
T
F
A
N

1
(
2
0
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

s
u
i
t
f
a
n
N
o
.

1

(s
ui
t
ci

rc
ui

t
a
s
s
e
m
b
l
y
)

t
h
r
o
u
g
h
S
U
I
T

F
A
N

s
w
i
t
c
h
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

1
1

(c
on
t) 4
C
B
1
0
7

4
C
B
1
4
1

4
C
B
1
1
7

A
C
B
2
1
7

PANEL 11

4
C
B
2
2
8

4
C
B
1
3
7

4
C
B
1
3
6

4
C
B
1
6
2  C

A
B
I
N
F
A
N

(5
a
m
p
e
r
e
s
)

G
L
Y
C
O
L
P
U
M
P

2
(5

a
m
p
e
r
e
s
)

G
L
Y
C
O
L
P
U
M
P

1
(5

a
m
p
e
r
e
s
)

G
L
Y
C
O
L
P
U
M
P
A
U
T
O

T
R
N
F
R

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

c
a
b
i
n

f
a
n

t
h
r
o
u
g
h
E
C
S

r
e
l
a
y

b
o
x
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r
t
o

g
l
y
c
o
l
p
u
m
p

N
o
,

2
t
h
r
o
u
g
h
G
L
Y
C
O
L
P
U
M
P

sw
it
ch
,

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
g
l
y
c
o
l
p
u
m
p

N
o
,

1
t
h
r
o
u
g
h
G
L
Y
C
O
L
P
U
M
P

sw
it

ch
.

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

E
n
e
r
g
i
z
e
s

t
r
a
n
s
f
e
r
r
e
l
a
y

to
a
u
t
o
-

m
a
t
i
c
a
l
l
y

s
w
i
t
c
h
p
u
m
p
s
w
h
e
n

l
o
w

A
P

d
e
v
e
l
o
p
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

  C
O
M
M

c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

U
P
D
A
T
A

L
I
N
K

(2
a
m
p
e
r
e
s
)

S
E
C
S
-
B
D
X
M
T
R
/
R
C
V
R

(5
a
m
p
e
r
e
s
)

S
E
C
S
-
B
D
P
W
R
A
M
P
L

(5
a
m
p
e
r
e
s
)

V
H
F

B
X
M
T
R

(5
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
d
i
g
i
t
a
l
u
p
l
i
n
k

c
i
r
c
u
i
t
s

o
r
r
e
c
e
i
v
e
d
S
-
b
a
n
d

v
o
i
c
e

b
a
c
k
u
p

ci
rc
ui
ts
,

t
h
r
o
u
g
h
U
P
D
A
T
A

L
I
N
K

s
w
i
t
c
h
.

N
/
A

C
D
R
'
s

2
8
~
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
p
o
w
e
r

s
u
p
p
l
y

in

S
-
b
a
n
d

se
ct

io
n

of
C
S

t
h
r
o
u
g
h
X
M
T
R
/

R
C
V
R

sw
it
ch
.

A
l
s
o

a
p
p
l
i
e
s
b
a
c
k
u
p

d
-
c
p
o
w
e
r

t
h
r
o
u
g
h
X
M
T
R
/
R
C
V
R

s
w
i
t
c
h

f
o
r
B
U

v
o
i
c
e
/
e
m
e
r
g
e
n
c
y
k
e
y
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
p
o
w
e
r

s
u
p
p
l
y

N
o
.

2
in

S
-
b
a
n
d
p
o
w
e
r

a
m
p
l
i
f
i
e
r

a
s
s
e
m
b
l
y
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

t
o
V
H
F
B

t
r
a
n
s
-

m
i
t
t
e
r
-
r
e
c
e
i
v
e
r
,

a
n
d

to
e
x
c
i
t
e
r
-

p
o
w
e
r

a
m
p
l
i
f
i
e
r
a
n
d
m
o
d
u
l
a
t
o
r

in
V
H
F

B
t
r
a
n
s
m
i
t
t
e
r
t
h
r
o
u
g
h
V
H
F

B

X
M
T
R

s
w
i
t
c
h
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

 

1 February 1970

 P
a
n
e
l

11
(c

on
t) 4
C
B
8
7

4
C
B
8
6

4
C
B
1
5
4

4
C
B
1
0
5

4
C
B
2
9

4
C
B
1
2
2

4
C
B
1
6
1

V
H
F
A
R
C
V
R

(2
a
m
p
e
r
e
s
)

C
D
R
A
U
D
I
O

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
V
H
F
A

I
F
a
n
d

a
u
d
i
o

a
m
p
l
i
f
i
e
r

in
V
H
F
A

r
e
c
e
i
v
e
r

t
h
r
o
u
g
h
V
H
F
A
R
C
V
R

sw
it
ch
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

r
e
g
u
l
a
t
e
d
p
o
w
e
r

s
u
p
p
l
y

in
C
D
R
'
s

a
u
d
i
o
c
e
n
t
e
r
,

to

C
D
R
'
s
m
i
c
r
o
p
h
o
n
e

a
m
p
l
i
f
i
e
r
t
h
r
o
u
g
h

C
D
R
'
s
A
U
D
I
O
C
O
N
T
s
w
i
t
c
h
(
N
O
R
M

p
o
s
i
t
i
o
n
)
,

a
n
d

to
L
M
P
'
s
m
i
c
r
o
p
h
o
n
e

t
h
r
o
u
g
h
L
M
P
'
s
A
U
D
I
O
C
O
N
T
s
w
i
t
c
h

(
B
U

p
o
s
i
t
i
o
n
)
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

  P
G
N
S
c
i
r
c
u
i
t

b
r
e
a
k
e
r
s

S
I
G
S
T
R

D
I
S
P

(2
a
m
p
e
r
e
s
)

L
D
G
R
D
R
(
1
0

a
m
p
e
r
e
s
)

R
N
D
Z
R
D
R

(
1
5
a
m
p
e
r
e
s
)

L
G
C
/
D
S
K
Y

(7
.5

a
m
p
e
r
e
s
)

I
M
U
S
T
B
Y

(5
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
r
a
d
a
r
S
I
G
N
A
L

S
T
R
E
N
G
T
H
i
n
d
i
c
a
t
o
r
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s
 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

a
n
d

a
c
t
s

a
s
o
n
-
o
f
f

s
w
i
t
c
h

to
L
R

p
o
w
e
r
s
u
p
p
l
y
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s
 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

a
n
d

ac
ts

as
o
n
-
o
f
f

s
w
i
t
c
h

to
R
R

e
l
e
c
t
r
o
n
i
c
a
s
s
e
m
b
l
y
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

a
n
d

ac
ts

as
o
n
-
o
f
f

s
w
i
t
c
h

to
L
G
C

p
o
w
e
r

s
u
p
p
l
y
,
C
D
U
,

P
T
A
,

a
n
d
P
S
A
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

a
n
d

ac
ts

as
o
n
-
o
f
f

s
w
i
t
c
h
f
o
r

t
h
e
P
I
P
A

a
n
d

I
R
I
G

h
e
a
t
e
r
s
.  

 N
/
A

 C
D
R
'
s

2
8
-
v
d
e

b
u
s

S
e
r
v
e
s

a
s
o
n
-
o
f
f
s
w
i
t
c
h

fo
r
t
e
m
p
e
r
a
-

t
u
r
e
a
l
a
r
m

t
h
e
r
m
o
s
t
a
t
.

Is
u
s
e
d

in

c
o
n
j
u
n
c
t
i
o
n
w
i
t
h
t
e
m
p
e
r
a
t
u
r
e
s
i
g
n
a
l
s

g
e
n
e
r
a
t
e
d

in
I
M
U

a
n
d
P
S
A
.  
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

11
(c
on
t) 4
C
B
1
2
4

4
C
B
1
8

4
C
B
2
6

4
C
B
1
8
4

4
C
B
2
0

4
C
B
4

4
C
B
8

I
M
U
O
P
R

(
2
0
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

a
n
d

ac
ts

as
on
-o
ff

s
w
i
t
c
h

to
I
M
U
,

P
I
P
A

a
n
d
I
R
I
G
p
r
e
-

a
m
p
l
i
f
i
e
r
s

a
n
d

e
x
c
i
t
a
t
i
o
n
,

a
n
d
P
S
A

g
i
m
b
a
l
s
e
r
v
o

a
m
p
l
i
f
i
e
r
s
.

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
I
M
U
C
A
G
E

s
w
i
t
c
h
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

  E
P
S
c
i
r
c
u
i
t

b
r
e
a
k
e
r
s

B
A
T
F
E
E
D

T
I
E

(
1
0
0
a
m
p
e
r
e
s
)

B
A
T
F
E
E
D

T
I
E

(
1
0
0
a
m
p
e
r
e
s
)

C
R
O
S
S
T
I
E
-
B
A
L
L
O
A
D
S

(
3
0
a
m
p
e
r
e
s
)

C
R
O
S
S

T
I
E
B
U
S

(
1
0
0
a
m
p
e
r
e
s
)

X
L
U
N
A
R

BU
S
T
I
E

(
5
0
a
m
p
e
r
e
s
)

D
E
S
E
C
A
C
O
N
T

(5
a
m
p
e
r
e
s
)

T
i
e
s
b
a
t
t
e
r
y
N
o
.

3,
4,

a
n
d

6,
a
n
d

d
u
r
i
n
g
b
a
c
k
u
p
m
o
d
e
,

ba
tt
er
y

N
o
.

5
to

C
D
R
'
s

d
-
c
b
u
s
.

N
/
A

N
/
A

 

T
i
e
s
b
a
t
t
e
r
y

N
o
.

3,
4,

a
n
d

6,
a
n
d
,

d
u
r
i
n
g
b
a
c
k
u
p
m
o
d
e
,

b
a
t
t
e
r
y

N
o
.

5
t
o
C
D
R
'
s

d
-
c
b
u
s
.

N
/
A

N
/
A

 

T
i
e
s
C
D
R
'
s

f
e
e
d
e
r

b
u
s
s
y
s
t
e
m

to
L
M
P
'
s

d
~
c

b
u
s
t
h
r
o
u
g
h
L
M
P
'
s

E
P
S
:

C
R
O
S
S
T
I
E
-
B
A
L

L
O
A
D
S
c
i
r
c
u
i
t

b
r
e
a
k
e
r
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

P
r
o
v
i
d
e
s

r
e
d
u
n
d
a
n
t

p
a
t
h
f
o
r

I
S

(
E
R
A
-
2
,
C
W
E
A
,

a
n
d
P
C
M
T
E
A
)
,

s
u
b
s
y
s
t
e
m

s
e
n
s
o
r
s
,

a
n
d
E
P
S

d
i
s
p
l
a
y

ci
rc
ui
t
b
r
e
a
k
e
r
s
.

 

T
i
e
s
C
D
R
'
s

f
e
e
d
e
r
b
u
s
s
y
s
t
e
m

to

L
M
P
'
s

d
-
c
b
u
s
t
h
r
o
u
g
h
L
M
P
'
s

E
P
S
:

C
R
O
S
S
T
I
E

BU
S
c
i
r
c
u
i
t
b
r
e
a
k
e
r
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

P
r
o
v
i
d
e
s

r
e
d
u
n
d
a
n
t

p
a
t
h

fo
r

IS
(
E
R
A
-
2
,
C
W
E
A
,

an
d
P
C
M
T
E
A
)
,

s
u
b
s
y
s
t
e
m

s
e
n
s
o
r
s
,

a
n
d
E
P
S

d
i
s
p
l
a
y

ci
rc

ui
t
b
r
e
a
k
e
r
s
,
 

T
i
e
s
C
D
R
'
s

d
-
c
b
u
s

t
r
a
n
s
l
u
n
a
r
l
o
a
d
s

t
o
L
M

s
i
n
g
l
e
-
p
o
i
n
t
g
r
o
u
n
d
.

N
/
A

N
/
A

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

l
o
w
-
a
n
d

h
i
g
h
-

v
o
l
t
a
g
e
c
o
n
t
a
c
t

co
il

s
in
E
C
A

N
o
.

1
a
n
d

2
t
h
r
o
u
g
h
H
I
V
O
L
T
A
G
E

a
n
d

L
O
W
V
O
L
T
A
G
E
s
w
i
t
c
h
e
s
,

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

11
(
c
o
n
t
)

4
C
B
1
0

4
C
B
G
6

4
C
B
1
5

4
C
B
1
2

PANEL 11

4
C
B
2
2  D

E
S
E
C
A

(2
a
m
p
e
r
e
s
)

A
S
C
E
C
A
C
O
N
T

(5
a
m
p
e
r
e
s
)

A
S
C
E
C
A

(2
a
m
p
e
r
e
s
)

I
N
V

1
(
3
0
a
m
p
e
r
e
s
)

D
C
B
U
S
V
O
L
T
(
3

a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
e
p
o
w
e
r

t
o
p
o
w
e
r

s
u
p
p
l
i
e
s

of
bo
th

d
e
s
c
e
n
t
E
C
A
'
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
n
o
r
m
a
l

a
n
d

b
a
c
k
u
p

c
o
n
t
a
c
t

c
o
i
l
s

in
E
C
A

N
o
,

3

a
n
d

4
t
h
r
o
u
g
h
N
O
R
M
A
L
F
E
E
D

a
n
d

B
A
C
K
U
P

F
E
E
D
s
w
i
t
c
h
e
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

t
o
p
o
w
e
r

s
u
p
p
l
i
e
s

of
b
o
t
h

a
s
c
e
n
t
E
C
A
'
s
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
rt
o

i
n
v
e
r
t
e
r
N
o
,

1

f
o
r
g
e
n
e
r
a
t
i
o
n

o
f

1
1
5
-
v
o
l
t
,

4
0
0
-
c
p
s

a
-
c
p
o
w
e
r
,

t
h
r
o
u
g
h
I
N
V
E
R
T
E
R

sw
it
ch
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

IS
f
o
r
c
o
n
d
i
-

t
i
o
n
i
n
g

to
m
o
n
i
t
o
r
C
D
R
'
s

d
-
c

b
u
s

v
o
l
t
a
g
e
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

P
e
r
m
i
t
s

m
o
n
i
t
o
r
i
n
g
t
h
r
o
u
g
h

c
a
u
t
i
o
n

a
t
?

w
a
r
n
i
n
g
,

p
u
l
s
e
-
c
o
d
e
-
m
o
d
u
l
a
t
i
o
n

(
t
e
l
e
m
e
t
r
y
)
,

a
n
d
v
o
l
t
m
e
t
e
r

s
e
c
t
i
o
n
s
.

  
 

   
 
 )
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S
g
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

1
2

1
3
8
1
6

i
S
B
S
1

1
5
B
R
1
4

1
5
B
8
3

U
P
D
A
T
A

L
I
N
K

s
w
i
t
c
h

V
O
I
C
E
B
U

O
F
F

D
A
T
A

E
n
a
b
l
e
s
D
U
A

t
o
p
r
o
c
e
s
s

r
e
c
e
i
v
e
d

S
-
b
a
n
d
v
o
i
c
e
b
a
c
k
u
p
i
f

r
e
c
e
i
v
e
d

S
-
b
a
n
d

ar
su

it
s

in
P
M
P
f
a
i
l
.

 

  

D
i
s
a
b
l
e
s
v
o
i
c
e
b
a
c
k
u
p

i
n
d

di
gi
ta
l

up
li

nk
ca

pa
bi

li
ti

es
of

D
U
A
.

E
n
a
b
l
e
s
D
U
A
t
o

p
r
o
c
e
s
s

d
i
g
i
t
a
l

u
p
l
i
n
k
d
a
t
a
f
r
o
m
M
S
F
N
.

C
O
M
M
:

U
P
D
A
T
A

L
I
N
K

(
p
a
p
e
l

1
1
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

S
-
B
A
N
D
T
/
R

s
w
i
t
c
h

S
-
B
A
N
D
T
/
R

O
F
F

S
-
B
A
N
D
R
C
V

E
n
a
b
l
e
s

r
o
u
t
i
n
g

r
e
c
e
i
v
e
d
S
-
b
a
n
d

a
u
d
i
o

to
h
e
a
d
s
e
t

a
m
p
l
i
f
i
e
r
,

a
n
d

m
i
c
r
o
p
h
o
n
e

a
m
p
l
i
f
i
e
r
o
u
t
p
u
t
s

to

P
M
P
f
o
r

S
-
b
a
n
d

t
r
a
n
s
m
i
s
s
i
o
n
.

I
n
h
i
b
i
t
s

r
o
u
t
i
n
g
S
-
b
a
n
d

t
r
a
n
s
m
i
t
t
e
r

a
n
d

r
e
c
e
i
v
e
r
o
u
t
p
u
t
s

t
h
r
o
u
g
h

I
L
L
M
P
'
s
a
u
d
i
o

c
e
n
t
e
r
.

E
n
a
b
l
e
s

r
o
u
t
i
n
g

r
e
c
e
i
v
e
d

S
-
b
a
n
d

a
u
d
i
o

to
h
e
a
d
s
e
t
a
m
p
l
i
f
i
e
r

N
/
A

L
M
P
'
s

a
u
d
i
o

c
e
n
t
e
r

 

S
-
b
a
n
d
V
O
L
U
M
E

t
h
u
m
b
w
h
e
e
l

P
e
r
m
i
t
s

c
o
n
t
i
n
u
o
u
s

a
d
j
u
s
t
m
e
n
t

of

l
e
v
e
l

o
f
r
e
c
e
i
v
e
d
S
-
b
a
n
d

a
u
d
i
o

f
e
d

to
h
e
a
d
s
e
t
a
m
p
l
i
f
i
e
r
.

N
/
A

L
M
P
'
s

a
u
d
i
o

c
e
n
t
e
r

 

I
C
S
T
/
R

s
w
i
t
c
h

I
C
S
T
/
R

O
F
F

I
C
S
R
C
V

 E
n
a
b
l
e
s

r
o
u
t
i
n
g
m
i
c
r
o
p
h
o
n
e

a
m
p
l
i
f
i
e
r
o
u
t
p
u
t
s

to
C
D
R
'
s

h
e
a
d
-

s
e
t
a
m
p
l
i
f
i
e
r
t
h
r
o
u
g
h
i
n
t
e
r
c
o
m
b
u
s

to
L
M
P
'
s

h
e
a
d
s
e
t
.

I
n
h
i
b
i
t
s
i
n
t
e
r
c
o
m

c
a
p
a
b
i
l
i
t
y
.

E
n
a
b
l
e
s

r
o
u
t
i
n
g

a
u
d
i
o
f
r
o
m

i
n
t
e
r
-

c
o
m

b
u
s

to
L
M
P
'
s

h
e
a
d
s
e
t
.

 N
/
A

 L
M
P
'
s

a
u
d
i
o

c
e
n
t
e
r
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

1
2

(
c
o
n
t
)

1
5
B
R
7

1
5
B
S
5

1
5
B
S
6

I
C
S
V
O
L
U
M
E

t
h
u
m
b
w
h
e
e
l

P
e
r
m
i
t
s

c
o
n
t
i
n
u
o
u
s

a
d
j
u
s
t
m
e
n
t

o
f

l
e
v
e
l

o
f
a
u
d
i
o

f
e
d
f
r
o
m

i
n
t
e
r
c
o
m

b
u
s

to
h
e
a
d
s
e
t

a
m
p
l
i
f
i
e
r
.

N
/
A

L
M
P
'
s

a
u
d
i
o

c
e
n
t
e
r

 

R
E
L
A
Y
O
N

s
w
i
t
c
h

R
E
L
A
Y
O
N

R
E
L
A
Y
O
F
F

E
n
a
b
l
e
s

v
o
i
c
e
c
o
n
f
e
r
e
n
c
e

c
a
p
a
b
i
l
i
t
y

w
i
t
h
C
S
M
,
E
V
A

a
n
d
M
S
F
N
.

R
e
c
e
i
v
e
d
V
H
F

f
r
o
m
C
S
M

a
n
d
E
V
A

m
a
y

b
e

r
o
u
t
e
d

to
M
S
F
N

v
i
a
S
-
b
a
n
d

t
r
a
n
s
m
i
t
t
e
r
.

I
n
h
i
b
i
t
s
c
o
n
f
e
r
e
n
c
e

c
a
p
a
b
i
l
i
t
y
.

P
r
e
m
o
d
-

u
l
a
t
i
o
n

p
r
o
c
e
s
s
o
r

L
M
P
'
s

a
n
d
C
D
R
'
s

r
e
l
a
y
s
w
i
t
c
h
e
s

s
h
o
u
l
d

n
o
t
b
e

se
t

to
R
E
L
A
Y
O
N

s
i
m
u
l
t
a
n
e
o
u
s
l
y
.

A
p
p
r
o
p
r
i
a
t
e
C
o
m
m
u
n
i
c
a
t
i
o
n
s

S
u
b
s
y
s
t
e
m

s
w
i
t
c
h
e
s

a
r
e
u
s
e
d

to

e
s
t
a
b
l
i
s
h

t
h
e
d
e
s
i
r
e
d

r
e
l
a
y
m
o
d
e
,

 

A
U
D
I
O
C
O
N
T
s
w
i
t
c
h

N
O
R
M

B
U

S
e
l
e
c
t
s
L
M
P
'
s

a
u
d
i
o
c
e
n
t
e
r
a
n
d

m
i
c
r
o
p
h
o
n
e

cu
it

.
 

 

  

S
e
l
e
c
t
s
C
D
R
'
s

au
di

o
c
e
n
t
e
r

a
n
d

m
i
c
r
o
p
h
o
n
e

c
i
r
c
u
i
t

f
o
r
u
s
e
b
y

L
M
P
.

C
O
M
M
:

S
E

A
U
D
I
O

(
p
a
n
e
l

1
6
)

C
O
M
M
:

C
D
R

A
U
D
I
O

{
p
a
n
e
l

J
1
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

M
O
D
E
s
w
i
t
c
h

V
O
X

I
C
S
/
P
T
T

P
T
T

E
n
a
b
l
e
s
V
O
X

co
nt

ro
l

ci
rc
ui
t

in
L
M
P
'
s

a
u
d
i
o
c
e
n
t
e
r

to
k
e
y

i
n
t
e
r
-

c
o
m

a
n
d

s
e
l
e
c
t
e
d

t
r
a
n
s
m
i
t
t
e
r
(
s
)
,

E
n
a
b
l
e
s
V
O
X

c
o
n
t
r
o
l

c
i
r
c
u
i
t

in

L
M
P
'
s

a
u
d
i
o
c
e
n
t
e
r

to
k
e
y

i
n
t
e
r
-

c
o
m
.

D
i
s
a
b
l
e
s
V
O
X

c
o
n
t
r
o
l

c
i
r
c
u
i
t

in

I
L
M
P
'
s

a
u
d
i
o

c
e
n
t
e
r
,

N
/
A

L
M
P
'
s

a
u
d
i
o

c
e
n
t
e
r

S
e
l
e
c
t
e
d
t
r
a
n
s
m
i
t
t
e
r
s

a
r
e
k
e
y
e
d

o
n
l
y
w
i
t
h
p
u
s
h
-
t
o
-
t
a
l
k
(
P
T
T
)

s
w
i
t
c
h
e
s
.

A
l
l
k
e
y
i
n
g

is
a
c
c
o
m
p
l
i
s
h
e
d

w
i
t
h

P
T
T

s
w
i
t
c
h
e
s
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

PANEL 12

 P
a
n
e
l

1
2

(
c
o
n
t
)

1
5
B
R
8

1
5
B
S
2

1
5
B
R
1
2

1
5
B
S
9

V
O
X
S
E
N
S
t
h
u
m
b
w
h
e
e
l

P
e
r
m
i
t
s

c
o
n
t
i
n
u
o
u
s
a
d
j
u
s
t
m
e
n
t

o
f

V
O
X

s
e
n
s
i
t
i
v
i
t
y

c
i
r
c
u
i
t
t
h
r
e
s
h
o
l
d
.

N
/
A

L
M
P
'
s

a
u
d
i
o

c
e
n
t
e
r

 

V
H
F

A
s
w
i
t
c
h

T
/
R

O
F
F

R
C
V

E
n
a
b
l
e
s

r
o
u
t
i
n
g
r
e
c
e
i
v
e
d
V
H
F
A

a
u
d
i
o

to
h
e
a
d
s
e
t

a
m
p
l
i
f
i
e
r
,

a
n
d

m
i
c
r
o
p
h
o
n
e

a
m
p
l
i
f
i
e
r
o
u
t
p
u
t
s

to

VH
F
A

t
r
a
n
s
m
i
t
t
e
r
fo

r
t
r
a
n
s
m
i
s
-

si
on

.
V
O
X

k
e
y
i
n
g
v
o
l
t
a
g
e

is
r
o
u
t
e
d

to
V
H
F

A
t
r
a
n
s
m
i
t
t
e
r
.

I
n
h
i
b
i
t
s

r
o
u
t
i
n
g
V
H
F
A

t
r
a
n
s
m
i
t
t
e
r

a
n
d

r
e
c
e
i
v
e
r
o
u
t
p
u
t
s
t
h
r
o
u
g
h
L
M

P
i
l
o
t
'
s

a
u
d
i
o

c
e
n
t
e
r
.

E
n
a
b
l
e
s

ro
ut

in
g
r
e
c
e
i
v
e
d
V
H
F
A

a
u
d
i
o

to
h
e
a
d
s
e
t

am
pl

if
ie

r.

N
/
A

L
M
P
'
s

a
u
d
i
o

c
e
n
t
e
r

 

V
H
F
A
V
O
L
U
M
E
t
h
u
m
b
w
h
e
e
l

P
e
r
m
i
t
s

c
o
n
t
i
n
u
o
u
s
a
d
j
u
s
t
m
e
n
t

o
f

l
e
v
e
l

of
r
e
c
e
i
v
e
d
V
H
F

a
u
d
i
o

(
c
h
a
n
n
e
l

A)
f
e
d

to
h
e
a
d
s
e
t

am
pl

if
ie

r.

N
/
A

L
M
P
'
s

a
u
d
i
o

c
e
n
t
e
r

 

V
H
F

B
s
w
i
t
c
h

T
/
R

O
F
F

R
C
V

E
n
a
b
l
e
s

r
o
u
t
i
n
g
r
e
c
e
i
v
e
d
V
H
F
B

a
u
d
i
o

to
h
e
a
d
s
e
t
a
m
p
l
i
f
i
e
r
,

a
n
d

m
i
c
r
o
p
h
o
n
e

a
m
p
l
i
f
i
e
r
o
u
t
p
u
t
s

to
V
H
F

B
t
r
a
n
s
m
i
t
t
e
r

fo
r
t
r
a
n
s
m
i
s
-

s
i
o
n
.

V
O
X

k
e
y
i
n
g
v
o
l
t
a
g
e

is
r
o
u
t
e
d

to
V
H
F
B

t
r
a
n
s
m
i
t
t
e
r
.

I
n
h
i
b
i
t
s

r
o
u
t
i
n
g
V
H
F

B
t
r
a
n
s
m
i
t
t
e
r

a
n
d

r
e
c
e
i
v
e
r
o
u
t
p
u
t
s

t
h
r
o
u
g
h

L
M
P
'
s

au
di
o

ce
nt

er
.

E
n
a
b
l
e
s

r
o
u
t
i
n
g
r
e
c
e
i
v
e
d
V
H
F
B

a
u
d
i
o

to
h
e
a
d
s
e
t
am
pl
if
ie
r.

N
/
A

L
M
P
'
s

a
u
d
i
o

c
e
n
t
e
r
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

PANEL 12

 P
a
n
e
l

12
(
c
o
n
t
)

1
5
B
R
1
3

 

1
5
B
R
1
5

V
H
F

B
V
O
L
U
M
E
t
h
u
m
b
w
h
e
e
l

M
A
S
T
E
R
V
O
L

t
h
u
m
b
w
h
e
e
l

P
e
r
m
i
t
s

c
o
n
t
i
n
u
o
u
s
a
d
j
u
s
t
m
e
n
t

o
f

l
e
v
e
l

o
f
r
e
c
e
i
v
e
d
V
I
F

a
u
d
i
o

(
c
h
a
n
n
e
l
B
)

f
e
d

to
h
e
a
d
s
e
t
a
m
p
l
i
-

f
i
e
r
.

P
e
r
m
i
t
s

c
o
n
t
i
n
u
o
u
s
,

s
i
m
u
l
t
a
n
c
o
u
s

a
d
j
u
s
t
m
e
n
t
o
f

al
l
a
u
d
i
o

o
u
t
p
u
t

l
e
v
e
l
s
f
r
o
m

h
e
a
d
s
e
t
a
m
p
l
i
f
i
e
r
.

 

1
3
5
5

M
O
D
U
L
A
T
E
s
w
i
t
c
h

P
M

F
M

E
n
a
b
l
e
s
P
M

c
o
n
t
r
o
l

c
i
r
c
u
i
t

in
S
P
A

a
n
d

d
i
s
a
b
l
e
s
f
r
e
q
u
e
n
c
y
m
o
d
u
l
a
t
o
r

in
S
-
b
a
n
d

t
r
a
n
s
m
i
t
t
e
r
.

E
n
a
b
l
e
s
F
M

c
o
n
t
r
o
l

c
i
r
c
u
i
t
a
n
d

d
i
s
a
b
l
e
s
p
h
a
s
e
m
o
d
u
l
a
t
o
r

a
n
d

r
a
n
g
e

ga
te

a
m
p
l
i
f
i
e
r

in
S
-
b
a
n
d

t
r
a
n
s
m
i
t
t
e
r
.

N
/
A

L
M
P
'
s

a
u
d
i
o

c
e
n
t
e
r

L
M
P
'
s

a
u
d
i
o

c
e
n
t
e
r

S
P
A

N
o
r
m
a
l

s
e
t
t
i
n
g

of
t
h
i
s
s
w
i
t
c
h

is

P
M
.

N
o
r
m
a
l
l
y
,
F
M

s
e
t
t
i
n
g

is

u
s
e
d

f
o
r
v
i
d
e
o
t
r
a
n
s
m
i
s
s
i
o
n
s
.

 

1
3
8
8

X
M
T
R
/
R
C
V
R

s
w
i
t
c
h

P
R
I
M

O
F
F

S
E
C

A
p
p
l
i
e
s

2
8
-
v
o
l
t
d
-
c
p
o
w
e
r

to

p
r
i
m
a
r
y

S
-
b
a
n
d

t
r
a
n
s
m
i
t
t
e
r
-

r
e
c
e
i
v
e
r
p
o
w
e
r

s
u
p
p
l
y

(
d
c
-
t
o
-
d
e

c
o
n
v
e
r
t
e
r

N
o
.

1)
.

I
n
t
e
r
r
u
p
t
s
d
-
c
p
o
w
e
r

to
S
-
b
a
n
d

t
r
a
n
s
m
i
t
t
e
r
-
r
e
c
e
i
v
e
r
p
o
w
e
r

s
u
p
p
l
i
e
s
.

A
p
p
l
i
e
s

28
-v
ol
t
d
-
c
p
o
w
e
r

to

s
e
c
o
n
d
a
r
y

S
-
b
a
n
d
t
r
a
n
s
m
i
t
t
e
r
-

r
e
c
e
i
v
e
r
p
o
w
e
r

s
u
p
p
l
y

(
d
e
-
t
o
-
d
e

c
o
n
v
e
r
t
e
r

N
o
,

2)
.

C
O
M
M
:
P
R
I
M

S
-
B
D
X
M
T
R
/

R
C
V
R

(
p
a
n
e
l

1
6
)

C
O
M
M
:

S
E
C

S
-
~
B
D
X
M
T
R
/

R
C
V
R

(
p
a
n
e
l

1
1
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

C
D
R
'
s

2
8
-
v
d
e

b
u
s

E
n
a
b
l
e
s

S
-
b
a
n
d
p
o
w
e
r

a
m
p
l
i
f
i
e
r
.

E
n
a
b
l
e
s

S
-
b
a
n
d
p
o
w
e
r

a
m
p
l
i
f
i
e
r
.

 

1
3
5
2

P
W
R

A
M
P
L
s
w
i
t
c
h  

 
N
/
A

S
P
A   

S
-
b
a
n
d
p
o
w
e
r

a
m
p
l
i
f
i
e
r

is
e
n
a
b
l
e
d

on
ly

if
X
M
T
R
/
R
C
V
R

s
w
i
t
c
h

is
se
t

to
P
R
I
M

o
r
S
E
C
.  
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1
2

(
c
o
n
t
)

1
3
8
6

P
R
I
M

d
y

N
o
,

1
of

i
l
i
e
r
Q
n
i
n
i
t
m
u
m

E
n
a
b
l
e
s
p
o
w

S
-
h
a
n
d

p
o
w

c
of

1
3
.
6

w
a
t
t
s
)
,

    

 

I
n
h
i
b
i
t
s
b
o
t
h
s
-
b
a
n
d
p
o
w
e
r
-
a
m
p
l
i
-

f
i
c
r
p
o
w
e
r

s
u
p

   

E
n
a
b
l
e
s
p
o
w
e
r
s

S
-
b
a
n
d
p
o
w
e
r

a
m
p
l
i

of
i
d
.

w
a
t
t
s
)
.

y
p
e
w
e
r

to
w
e
r

s
o
v
i
d
e
d

b
y
L
M
b
t
s

2
8
-

v
d
e
b
u
s

t
h
r
o
u
g
h
C
O
M
M
:

P
R
I
M

S
-
B
D
P
W
R
A
M
P
L
c
i
r
c
u
i
t

b
r
e
a
k
e
r
,

     
 

P
r
i
m
a
r
y
p
o
w
e
r

to
p
o
w

s
u
p
p
l
y

N
o
.

2
is

p
r
o
v
i
d
e
d

b
y
C
D
R
'
s

2
8
-

v
d
e
b
u
s

t
h
r
o
u
g
h
C
O
M
M
:

S
E
C

S
-

R
D
P
W
R

AB
RU
PL
c
i
r
c
u
i
t

b
r
e
a
k
e
r
.

 

  

F
U
N
C
T
I
O
N
S
V
O
I
C
E

s
w
i
t
e
h

V
O
I
C
E

O
F
F

D
N
V
O
I
C
E
B
U

 

F
U
N
C
T
I
O
N
S
P
C
M

s
w
i
t
c
h

P
C
M

O
F
F

K
E
Y  

 A
p
p
l
i
e
s

2
4

v
o
l
t
s

d
e

to
1
.
2
5
m
e

c
o
n
t
r
o
l

c
i
r
c
u
i
t

in
S
P
A
,

D
i
s
a
b
l
e
s

al
l
S
-
b

m
i
s
s
i
o
n
,

c
e

t
r
a
n
s
-

 

a
b
l
e
s
p
h
a
s
e

m
o
d
u
l
a
t
o
r

s
e
e
t
i
o
n

S
-
b
a
n
d

t
r
a
n
s
m
i
t
t
e
r

(
r
e
g
a
r
d
l
e
s
s

of
s
e
t
t
i
n
g

of
M
O
D
U
L
A
T
E

s
w
i
t
c
h
)

to
t
r
a
n
s
m
i
t

v
o
i
c
e

d
i
r
e
c
t
l
y

o
n

S
-

n
d
b
a
s
e

i
s
s
i
n
g
P
M
P
,

 
  

 

N
/
A

S
P
A

A
u
d
i
o
m
o
d
u
l
a
t
e
s
1
,
2
5
-
m
e

s
u
b
-

c
a
r
r
i
e
r

a
n
d

is
r
o
u
t
e
d

to
s
e
l
e
c
t
e
d

S
4

b
a
n
d

t
r
a
n
s
m
i
t
t
e
r
,

p
h
a
s
e

m
o
d
u
l
a
t
e
d

o
r
f
r
e
q
u
e
n
c
y

m
o
d
u
l
a
t
e
d
,

f
a
n
g
i
n
g
o
r

t
e
l
e
v
i
s
t
o
n

f
u
n
c
t
i
o
n

is
i
n
t
e
r
r
u
p
t
e
d

in
t
h
i
s

p
o
s
i
t
i
o
n
.

 

E
n
a
b
l
e
s

1.
0
2
4
-
m
e

d
a
t
a
c
o
n
t
r
o
l

c
i
r
e
u
i
t

in
S
P
A
.

D
i
s
a
b
l
e
s
t
e
l
e
m
e
t
r
y

s
u
b
c
a
r
r
i
e
r

t
r
a
n
s
m
i
s
s
i
o
n
,

A
p
p
l
i
e
s

2
8

v
o
i
t
s

cl
e

to
e
m
e
r
g
e
n
c
y

k
e
y

c
i
r
c
u
i
t

in
S
P
A
,

P
T
T

s
w
i
t
c
h
e
s

o
n
E
C
S

u
m
b
i
l
i
c
a
l
s

a
r
e

e
n
a
b
l
e
d

to
s
e
r
v
e

u
s
M
o
r
s
e

c
o
d
e
k
e
v
e
r
s

f
o
r

e
m
e
r
g
e
n
c
y

t
r
a
n
s
m
i
s
s
i
o
n
s
.

 N
/
A

 S
P
A

  S
e
l
e
c
t
s
P
M

m
o
d
e
;

a
u
t
o
m
a
t
i
c
a
l
l
y

in
te

;
o
t
h
e
r
S
-
b
a
n
d
m
o
d
e
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1
2

(
c
o
n
t
)

1
3
5
1

1
3
8
7

1
3
5
1
0

1
3
R
1
0

F
U
N
C
T
I
O
N
S
R
A
N
G
E
s
w
i
t
c
h

R
A
N
G
E

O
F
F
/
R
E
S
E
T

T
V
/
C
W
E
A

E
N
A
B
L
E

E
n
a
b
l
e
s

s
e
l
e
c
t
i
o
n

o
f
r
a
n
g
i
n
g

o
r

T
V
f
u
n
c
t
i
o
n
s

f
o
r
S
-
b
a
n
d
t
r
a
n
s
m
i
s
-

s
i
o
n
.

P
M
t
r
a
n
s
m
i
t
t
e
r

r
e
t
r
a
n
s
m
i
t
s

r
e
-

c
e
i
v
e
d
c
o
d
e
d
p
s
e
u
d
o
r
a
n
d
o
m
n
o
i
s
e

si
gn
al
s

to
M
S
F
N
.

I
n
h
i
b
i
t
s
r
a
n
g
e

d
a
t
a
t
r
a
n
s
m
i
s
s
i
o
n
.

E
n
a
b
l
e
s
C
W
E
A
l
o
g
i
c

fo
r
5
-
B
D

R
C
V
R
c
a
u
t
i
o
n

l
i
g
h
t
,

N
/
A

S
-
b
a
n
d

t
r
a
n
s
m
i
t
t
e
r

r
e
c
e
i
v
e
r

a
s
s
e
m
b
l
y

 

V
H
F

A
X
M
T
R
s
w
i
t
c
h

V
O
I
C
E
/
R
N
G

O
F
F

V
O
I
C
E

E
n
a
b
l
e
s

s
i
m
u
l
t
a
n
e
o
u
s
v
o
i
c
e

t
r
a
n
s
-

m
i
s
s
i
o
n

a
n
d

r
a
n
g
e

c
a
p
a
b
i
l
i
t
y
v
i
a

V
H
F
A

t
r
a
n
s
m
i
t
t
e
r
.

D
i
s
a
b
l
e
s
V
H
F

At
r
a
n
s
m
i
t
t
e
r
.

E
n
a
b
l
e
s

o
n
l
y
v
o
i
c
e
t
r
a
n
s
m
i
s
s
i
o
n

c
a
p
a
b
i
l
i
t
y
.

C
O
M
M
:
V
H
F

A
X
M
T
R

(
p
a
n
e
l
1
6
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

T
r
a
n
s
m
i
t
t
e
r
f
r
e
q
u
e
n
c
y

is
2
9
6
.
8

m
e
.

 

V
H
F
A
R
C
V
R

s
w
i
t
c
h

O
N

O
F
F

A
p
p
l
i
e
s
2
8
-
v
d
e
d
-
c

p
o
w
e
r
t
o

+
2
0
-

v
o
l
t
r
e
g
u
l
a
t
o
r

in
V
H
F
A

r
e
c
e
i
v
e
r
.

In
te
rr
up
ts

d
-
c
p
o
w
e
r

to
V
H
F

A

r
e
c
e
i
v
e
r
.

C
O
M
M
:
V
H
F

A
R
C
V
R

(
p
a
n
e
l
1
1
)

C
D
R
'
s

2
8
-
v
d
c

b
u
s

R
e
c
e
i
v
e
r
f
r
e
q
u
e
n
c
y

i
s
2
9
6
.
8

m
e
c
.

 

S
Q
U
E
L
C
H
V
H
F

A
t
h
u
m
b
w
h
e
e
l

A
d
j
u
s
t
s

t
h
r
e
s
h
o
l
d
le
ve
l

of
r
e
c
e
i
v
e
d

V
H
F

A
a
u
d
i
o

s
i
g
n
a
l
.

N
/
A

V
H
F
A

r
e
c
e
i
v
e
r
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Lo
ca
ti
on
/

R
e
f
D
e
s

N
a
m
e

a
n
d

Po
si

ti
on

F
u
n
c
t
i
o
n

Ci
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a
,

 

N
/
A

S
e
l
e
c
t
e
d

S
w
i
t
c
h

is
s
p
r
i
n
g
l
o
a
d
e
d
a
n
d
h
a
s

t
r
a
n
s
m
i
t
t
e
r

|

l
o
c
k
m
e
c
h
a
n
i
s
m
.

T
o

c
h
a
n
g
e

o
r
a
n
t
e
n
n
a

s
w
i
t
c
h

s
e
t
t
i
n
g
,

s
w
i
t
c
h

f
i
r
s
t
m
u
s
t

b
e

pu
ll
ed

ou
t.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

14

4
D
S
2

4
M
2

4
M
3

4
D
S
1

4
8
1
7

4
8
1
5

D
C
F
E
E
D
E
R
F
A
U
L
T

c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

li
gh
t

I
n
d
i
c
a
t
e
s

a
s
h
o
r
t

in
e
i
t
h
e
r

a
b
u
s
o
r

a
f
e
e
d
e
r

li
ne
.

N
/
A

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

V
O
L
T
S
i
n
d
i
c
a
t
o
r

D
i
s
p
l
a
y
s
vo
lt
ag
e
of

e
a
c
h
of

si
x
E
P
S

b
a
t
t
e
r
i
e
s
,
C
D
R
'
s

a
n
d
L
M
P
'
s

d
-
c

b
u
s
e
s
,

a
-
c
b
u
s
a
n
d

t
h
e
E
D
S

b
a
t
t
e
r
-

ie
s,

d
e
p
e
n
d
i
n
g
o
n

se
tt
in
g
of
P
O
W
E
R
/

T
E
M
P

M
O
N
s
e
l
e
c
t
o
r

s
w
i
t
c
h
.

E
P
S
:
D
I
S
P

(
p
a
n
e
l

16
)

C
R
O
S
S
T
I
E
-

B
A
L
L
O
A
D
S

(
p
a
n
e
l
s

1
1

a
n
d

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

G
r
e
e
n
b
a
n
d

(
3
5
.
8

to
3
7
.
7

vo
lt

s
de
)

o
n
V
O
L
T
S
i
n
d
i
c
a
t
o
r

is
e
q
u
i
v
a
l
e
n
t

to
1
1
2

to
1
1
8
vo
lt
s

ac
.

R
a
n
g
e

is
2
0

t
o
4
0

v
o
l
t
s
d
c
;
6
2
.
5

t
o
1
2
5
v
o
l
t
s

a
c
.

 

A
M
P
S
i
n
d
i
c
a
t
o
r

I
n
d
i
c
a
t
e
s
c
u
r
r
e
n
t
f
l
o
w
i
n
g
t
h
r
o
u
g
h

e
a
c
h

o
f
s
i
x
E
P
S

b
a
t
t
e
r
i
e
s
a
n
d
t
h
e

E
D
S

ba
tt

er
ie

s,
d
e
p
e
n
d
i
n
g
o
n

se
tt

in
g

of
P
O
W
E
R
/
T
E
M
P

MO
N
s
e
l
e
c
t
o
r

s
w
i
t
c
h
.

E
P
S
:

D
I
S
P

(p
an
el

16
)

C
R
O
S
S

T
I
E
-

B
A
L
L
O
A
D
S

(
p
a
n
e
l
s

1
1

a
n
d

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

R
a
n
g
e

is
0

to
1
2
0
a
m
p
e
r
e
s
.

A
m
p
e
r
-
|

a
g
e

of
d
e
s
c
e
n
t
ba
tt
er
ie
s

(
N
o
.

1,
2,

3,
a
n
d

4)
is

o
b
t
a
i
n
e
d
b
y
h
a
l
v
i
n
g

i
n
d
i
c
a
t
o
r

r
e
a
d
i
n
g
.

 

B
A
T
F
A
U
L
T

c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t

G
o
e
s

o
n
w
h
e
n

a
n
y
m
a
l
f
u
n
c
t
i
o
n
i
n
g

b
a
t
t
e
r
y

is
se

le
ct

ed
w
i
t
h
P
O
W
E
R
/

T
E
M
P

M
O
N
s
e
l
e
c
t
o
r

s
w
i
t
c
h
.

L
T
G
:
A
N
U
N
/

D
O
C
K
/

C
O
M
P
N
T

(p
an
el

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

W
h
e
n

li
t
in

di
ca

te
s
r
e
v
e
r
s
e
-
c
u
r
r
e
n
t
,

o
v
e
r
c
u
r
r
e
n
t
o
r
o
v
e
r
t
e
m
p
e
r
a
t
u
r
e
,

c
o
n
d
i
t
i
o
n
of

a
n
y
o
n
e

of
si
x
E
P
S

b
a
t
t
e
r
i
e
s
.

 

E
D
V
O
L
T
S
s
w
i
t
c
h

B
A
T
A

O
F
F

B
A
T
B

S
e
l
e
c
t
s
vo

lt
ag

e
m
o
n
i
t
o
r
i
n
g

of
E
D
S

ba
tt
er
ie
s.

S
e
l
e
c
t
s
m
o
n
i
t
o
r
i
n
g
E
D
S

b
a
t
t
e
r
y
A
.

D
i
s
a
b
l
e
s

vo
lt

ag
e
m
o
n
i
t
o
r
i
n
g
f
u
n
c
-

t
i
o
n
.

S
e
l
e
c
t
s
m
o
n
i
t
o
r
i
n
g
E
D
S

b
a
t
t
e
r
y
B
.

P
O
W
E
R
/
T
E
M
P

MO
N
s
e
l
e
c
t
o
r

s
w
i
t
c
h
m
u
s
t
b
e

se
t

to
E
D
/
O
F
F
.

  P
O
W
E
R
/
T
E
M
P

MO
N
s
e
l
e
c
t
o
r

s
w
i
t
c
h

 E
n
a
b
l
e
s
m
o
n
i
t
o
r
i
n
g

of
v
o
l
t
a
g
e
a
n
d

c
u
r
r
e
n
t

o
f
t
h
e

s
i
x
E
P
S

b
a
t
t
e
r
i
e
s
,

t
w
o
E
D
S

ba
tt
er
ie
s,

m
o
n
i
t
o
r
i
n
g

of

 E
P
S
;
D
I
S
P

(
p
a
n
e
l

16
)

C
R
O
S
S

T
I
E
-

B
A
L
L
O
A
D
S

(
p
a
n
e
l
s

1
1

a
n
d

1
6
)

 L
M
P
'
s

2
8
-
v
d
e

b
u
s

 
 
 

   

APOLLO OPERATIONS HANDBOOK
CONTROLS AND DISPLAYS

LMA790-3-LM



Page 3-120 Mission  LM Basic Date 1 February 1970 Change Date 1 April 1971
PANEL 14

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

14
(
c
o
n
t
)

E
D
/
O
F
F

B
A
T

1

B
A
T

2

B
A
T

3

B
A
T
4

L
U
N

B
A
T
:

in

B
A
T
6

C
D
R
B
U
S

L
M
P
B
U
S

A
C
B
U
S  

 a
-
c
a
n
d
d
-
c
b
u
s

v
o
l
t
a
g
e
,

a
n
d

i
s
o
l
a
-

ti
on

of
m
a
l
f
u
n
c
t
i
o
n
i
n
g
b
a
t
t
e
r
y
(
o
v
e
r
-

c
u
r
r
e
n
t
,

r
e
v
e
r
s
e
-
c
u
r
r
e
n
t
,

a
n
d

o
v
e
r
-
t
e
m
p
e
r
a
t
u
r
e

c
o
n
d
i
t
i
o
n
)
.

E
n
a
b
l
e
s
v
o
l
t
a
g
e
m
o
n
i
t
o
r
i
n
g

o
f
E
D
S

ba
tt

er
ie

s.

Se
le

ct
s
b
a
t
t
e
r
y
N
o
,

1
to

b
e
m
o
n
i
-

t
o
r
e
d
o
n
A
M
P
S

a
n
d
V
O
L
T
S
i
n
d
i
c
a
-

to
rs
,

a
n
d
o
n
B
A
T
F
A
U
L
T

c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t
.

S
a
m
e

a
s

f
o
r
B
A
T

1
p
o
s
i
t
i
o
n
,

e
x
c
e
p
t

d
i
s
p
l
a
y

is
fo
r
b
a
t
t
e
r
y
N
o
.

2,

S
a
m
e

a
s

f
o
r
B
A
T

1
p
o
s
i
t
i
o
n
,

e
x
c
e
p
t

d
i
s
p
l
a
y

is
f
o
r
b
a
t
t
e
r
y
N
o
.

3.

S
a
m
e

as
fo
r
B
A
T
1

po
si
ti
on
,

e
x
c
e
p
t

d
i
s
p
l
a
y

is
f
o
r
b
a
t
t
e
r
y

N
o
.

4.

S
a
m
e

a
s

f
o
r
B
A
T

1
p
o
s
i
t
i
o
n
,

e
x
c
e
p
t

d
i
s
p
l
a
y

is
f
o
r
l
u
n
a
r

b
a
t
t
e
r
y
.

S
a
m
e

a
s

f
o
r
B
a
t

1
p
o
s
i
t
i
o
n
,

e
x
c
e
p
t

di
sp

la
y

is
fo
r
b
a
t
t
e
r
y

N
o
,

5.

S
a
m
e

a
s

f
o
r
B
A
T

1
p
o
s
i
t
i
o
n
,

e
x
c
e
p
t

d
i
s
p
l
a
y

is
f
o
r
b
a
t
t
e
r
y

N
o
.

6.

V
o
l
t
a
g
e

of
C
D
R
'
s

d-
~c

b
u
s

is
di
s-

p
l
a
v
e
d
o
n
V
O
L
T
S
i
n
d
i
c
a
t
o
r
.

V
o
l
t
a
g
e

of
L
M
P
'
s

d
-
c
b
u
s

is
di

s-
p
l
a
y
e
d
o
n
V
O
L
T
S
i
n
d
i
c
a
t
o
r
,

V
o
l
t
a
g
e

of
a
-
c
b
u
s

is
d
i
s
p
l
a
y
e
d
o
n

V
O
L
T
S
i
n
d
i
c
a
t
o
r
.

   
In
C
D
R

B
U
S
,
L
M
P

B
U
S
,

a
n
d
A
C

B
U
S

p
o
s
i
t
i
o
n
s
,
A
M
P
S
i
n
d
i
c
a
t
o
r

r
e
a
d
i
n
g
s
h
a
v
e
n
o

s
i
g
n
i
f
i
c
a
n
c
e
.

In
di

ca
to

r
r
e
a
d
i
n
g
wi
th
in

g
r
e
e
n
b
a
n
d

i
n
d
i
c
a
t
e
s
o
p
e
r
a
t
i
n
g
v
o
l
t
a
g
e

o
f
a
-
c

b
u
s

(
1
1
2

t
o
1
1
8

v
o
l
t
s

a
c
)

is
at

p
r
o
p
e
r

l
e
v
e
l
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

C
i
r
c
u
i
t

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1
4

(c
on
t) 4
8
1
4

I
N
V
E
R
T
E
R
s
w
i
t
c
h

C
o
n
t
r
o
l
s

a
p
p
l
i
c
a
t
i
o
n

o
f
a
-
c
p
o
w
e
r

to
E
P
S
:

I
N
V

I

a
-
c

b
u
s
.

(
p
a
n
e
l

11
)

a
n
d

C
D
R
'
s

2
8
-
v
d
e

b
u
s

A
-
C

b
u
s
v
o
l
t
a
g
e

i
s
d
i
s
p
l
a
y
e
d

o
n

V
O
L
T
S
i
n
d
i
c
a
t
o
r
w
h
e
n
P
O
W
E
R
/

T
E
M
P

MO
N
s
w
i
t
c
h

is
se

t
to

A
C
/

B
U
S
.
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N
O

 

e
e

 

L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

14
(
c
o
n
t
)

4
8
8

4
F
L
4

4
8
7

O
F
F
/
R
E
S
E
T

D
i
s
c
o
n
n
e
c
t
s
h
i
g
h
-
v
o
l
t
a
g
e
b
a
t
t
e
r
y

ta
p
f
r
o
m

li
ne

,
C
D
R

BA
T
4

b
a
r
b
e
r
-
p
o
l
e
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
,

 

C
D
R
B
A
T

4
L
O
-
V

s
w
i
t
c
h

O
N

C
e
n
t
e
r

O
F
F
/
R
E
S
E
T

C
o
n
t
r
o
l
s

l
o
w
-
v
o
l
t
a
g
e
o
u
t
p
u
t
f
r
o
m

d
e
s
c
e
n
t
ba

tt
er

y
N
o
.

4
to

f
e
e
d
e
r

li
ne
.

C
o
n
n
e
c
t
s
l
o
w
-
v
o
l
t
a
g
e
b
a
t
t
e
r
y
t
a
p

t
o

l
i
n
e
,

R
e
t
a
i
n
s

st
at
us

of
la

st
in

it
ia

te
d

s
w
i
t
c
h

p
o
s
i
t
i
o
n
,

D
i
s
c
o
n
n
e
c
t
s

l
o
w
-
v
o
l
t
a
g
e
b
a
t
t
e
r
y

t
a
p

f
r
o
m

l
i
n
e
.

E
P
S
:
D
E
S

E
C
A
C
O
N
T

(p
an

el
11

an
d/

or
p
a
n
e
l

16
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

B
e
f
o
r
e

se
le
ct
in
g
O
N

po
si

ti
on

,
O
F
F
/

R
E
S
E
T
p
o
s
i
t
i
o
n
m
u
s
t
b
e

s
e
l
e
c
t
e
d

s
o

t
h
a
t
E
C
A

c
o
n
t
a
c
t
o
r
s
a
r
e

r
e
s
e
t
,

t
h
e
r
e
b
y

e
n
a
b
l
i
n
g
b
a
t
t
e
r
y
-
p
o
w
e
r

ap
pl

ic
at

io
n

to
C
D
R
'
s
d
-
c
b
u
s
,

In
e
v
e
n
t
o
f
o
v
e
r
c
u
r
r
e
n
t
,
E
C
A

N
o
,

2

t
a
k
e
s
b
a
t
t
e
r
y
N
o
.

4
of
f
li
ne
.

C
D
R

BA
T
4

g
r
a
y
/
L
O

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

C
D
R

BA
T
4

b
a
r
b
e
r
-
p
o
l
e
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

 

C
D
R

B
A
T
4

t
a
l
k
b
a
c
k

G
r
a
y
d
i
s
p
l
a
y

G
r
a
y
/
L
O

di
sp

la
y

B
a
r
b
e
r
-
p
o
l
e
di

sp
la

y

I
n
d
i
c
a
t
e
s
d
e
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

4
is

o
n

l
i
n
e
w
i
t
h
h
i
g
h
v
o
l
t
a
g
e

t
a
p
.

In
di
ca
te
s
d
e
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

4
is

o
n

li
ne

wi
th

l
o
w
v
o
l
t
a
g
e

ta
p.

In
di
ca
te
s
d
e
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

4
is

of
f
li

ne
.

E
P
S
;
D
I
S
P

(
p
a
n
e
l

16
)

C
R
O
S
S

T
I
E
-

B
A
L
L
O
A
D
S

(
p
a
n
e
l
s

1
1

a
n
d

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

L
U
N
A
R
B
A
T

CD
R
s
w
i
t
c
h

C
o
n
t
r
o
l
s
vo
lt
ag
e
ou
tp
ut

f
r
o
m

l
u
n
a
r
b
a
t
t
e
r
y

to
C
D
R
'
s

b
u
s
.  

E
P
S
;

D
E
S

E
C
A
C
O
N
T

(p
an
el

11
a
n
d
/
o
r

p
a
n
e
l

1
6
)  C

D
R
'
s

2
8
-

v
d
e
b
u
s

L
M
P
'
s

2
8
-

v
d
e
b
u
s   B

e
f
o
r
e

se
le

ct
in

g
O
N

po
si
ti
on
,
O
F
F
/

R
E
S
E
T
p
o
s
i
t
i
o
n
m
u
s
t
b
e

s
e
l
e
c
t
e
d

s
o

t
h
a
t
E
C
A

c
o
n
t
a
c
t
o
r
s

a
r
e

r
e
s
e
c
t
,

e
n
a
b
l
i
n
g
b
a
t
t
e
r
y
-
p
o
w
e
r

a
p
p
l
i
c
a
t
i
o
n

t
o
C
D
R
'
s

d
-
c
b
u
s
.

In
e
v
e
n
t

o
f
o
v
e
r
-

c
u
r
r
e
n
t
,
E
C
A

N
o
.

2
t
a
k
e
s
l
u
n
a
r

b
a
t
t
e
r
y

of
f
li
ne
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

14
(
c
o
n
t
) 4
5
6

4
F
L
I
1
0

O
N

C
e
n
t
e
r

O
F
F
/
R
E
S
E
T

C
o
n
n
e
c
t
s

l
u
n
a
r
b
a
t
t
e
r
y

o
u
t
p
u
t

t
o

C
D
R
'
s

b
u
s
.

R
e
t
a
i
n
s

st
at
us

of
la

st
in
it
ia
te
d

s
w
i
t
c
h
p
o
s
i
t
i
o
n
.

D
i
s
c
o
n
n
e
c
t
s

l
u
n
a
r
b
a
t
t
e
r
y

o
u
t
p
u
t

f
r
o
m
C
D
R
'
s

b
u
s
.

L
U
N
A
R
B
A
T
C
D
R
t
a
l
k
b
a
c
k

is

di
sp
la
ye
d.

L
U
N
A
R
B
A
T
b
a
r
b
e
r
-
p
o
l
e

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

 

L
U
N
A
R
B
A
T
L
M
P
s
w
i
t
c
h

O
N

C
e
n
t
e
r

O
F
F
/
R
E
S
E
T

C
o
n
t
r
o
l
s
v
o
l
t
a
g
e

o
u
t
p
u
t
f
r
o
m

l
u
n
a
r

b
a
t
t
e
r
y

t
o
L
M
P
'
s

b
u
s
.

C
o
m
n
e
c
t
s

l
u
n
a
r
b
a
t
t
e
r
y

o
u
t
p
u
t

to
L
M
P
'
s

b
u
s
.

R
e
t
a
i
n
s

s
t
a
t
u
s

o
f
l
a
s
t

i
n
i
t
i
a
t
e
d

s
w
i
t
c
h
p
o
s
i
t
i
o
n
.

D
i
s
c
o
n
n
e
c
t
s

l
u
n
a
r
b
a
t
t
e
r
y
f
r
o
m

f
r
o
m
L
M
P
'
s

b
u
s
.

E
P
S
:

D
E
S

E
C
A
C
O
N
T

(
p
a
n
e
l

1
1

a
n
d
/
o
r

p
a
n
e
l

1
6
)

C
D
R
'
s

2
8
-

v
d
e
b
u
s

L
M
P
'
s

2
8
-

v
d
e

b
u
s

B
e
f
o
r
e

s
e
l
e
c
t
i
n
g
O
N

po
si
ti
on
,
O
F
F/

R
E
S
E
T
p
o
s
i
t
i
o
n
m
u
s
t
b
e

s
e
l
e
c
t
e
d

s
o

t
h
a
t
E
C
A

c
o
n
t
a
c
t
o
r
s

a
r
e

r
e
s
e
t
,

e
n
a
b
l
i
n
g
b
a
t
t
e
r
y
-
p
o
w
e
r

a
p
p
l
i
c
a
t
i
o
n

to
L
M
P
'
s

d-
c
b
u
s
,

In
ev
en
t

of
o
v
e
r
c
u
r
r
e
n
t
,
E
C
A

N
o
.

1
t
a
k
e
s

l
u
n
a
r
b
a
t
t
e
r
y

o
f
f
l
i
n
e
.

L
U
N
A
R
B
A
T

L
M
P
t
a
l
k
b
a
c
k
i
s

d
i
s
p
l
a
y
e
d
.

L
U
N
A
R
B
A
T
b
a
r
b
e
r
-
p
o
l
e

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

  L
U
N
A
R

B
A
T
t
a
l
k
b
a
c
k

C
D
R

di
sp

la
y

L
M
P

d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

d
i
s
p
l
a
y

 I
n
d
i
c
a
t
e
s

l
u
n
a
r
b
a
t
t
e
r
y

o
u
t
p
u
t

is
o
n
C
D
R
b
u
s
.

In
di
ca
te
s
l
u
n
a
r
b
a
t
t
e
r
y

o
u
t
p
u
t

is
o
n
L
M
P

b
u
s
.

I
n
d
i
c
a
t
e
s

l
u
n
a
r
b
a
t
t
e
r
y

i
s

o
f
f

l
i
n
e
.

 E
P
S
:
D
E
S

E
C
A
C
O
N
T

(
p
a
n
e
l

11

a
n
d
/
o
r

p
a
n
e
l

1
6
)

 C
D
R
'
s

2
8
-

v
d
e
b
u
s

L
M
P
'
s

2
8
-

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1
4

(
c
o
n
t
)

4
8
9

4
F
L
9

4
5
1
0

D
E
S

B
A
T
S
s
w
i
t
c
h

C
O
N
N
E
C
T

C
e
n
t
e
r

D
E
A
D
F
A
C
E

E
n
a
b
l
e
s

i
n
t
e
r
r
u
p
t
i
o
n
o
f
p
o
w
e
r
f
r
o
m

d
e
s
c
e
n
t
b
a
t
t
e
r
i
e
s

t
o
a
s
c
e
n
t

S
t
a
g
e
.

A
p
p
l
i
e
s
p
o
w
e
r
f
r
o
m

d
e
s
c
e
n
t
b
a
t
-

t
e
r
i
e
s

t
o
a
s
c
e
n
t

s
t
a
g
e
.

R
e
t
a
i
n
s

s
t
a
t
u
s
o
f

l
a
s
t

i
n
i
t
i
a
t
e
d

s
w
i
t
c
h
p
o
s
i
t
i
o
n
.

E
n
e
r
g
i
z
e
s
d
e
a
d
f
a
c
e

r
e
l
a
y
s
,

i
s
o
l
a
t
i
n
g

d
e
s
c
e
n
t
b
a
t
t
e
r
i
e
s
o
n
a
s
c
e
n
t

s
t
a
g
e

si
de

of
s
t
a
g
i
n
g

gu
il
lo
ti
ne
.

E
P
S
:

A
S
C

E
C
A
C
O
N
T

(
p
a
n
e
l

1
1

a
n
d
/
o
r

p
a
n
e
l

16
)

C
D
R
’
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e
b
u
s

S
w
i
t
c
h

is
le
ve
l
l
o
c
k
e
d

to
c
e
n
t
e
r

p
o
s
i
t
i
o
n
,

M
o
m
e
n
t
a
r
y

a
c
t
u
a
t
i
o
n

o
f

s
w
i
t
c
h

s
e
t
s
l
a
t
c
h
i
n
g
r
e
l
a
y
s

i
n
d
e
-

s
c
e
n
t
E
C
A
'
s
.

D
e
s
c
e
n
t

ba
tt
er
ie
s

a
r
e
n
o
r
m
a
l
l
y

c
o
n
n
e
c
t
e
d
t
o

a
s
c
e
n
t

 

D
E
S

B
A
T
S
g
r
a
y

t
a
l
k
b
a
c
k

is
d
i
s
-

pl
ay
ed
.

D
E
S
B
A
T
S

b
a
r
b
e
r
-
p
o
l
e

t
a
l
k
b
a
c
k

is

d
i
s
p
l
a
y
e
d
.

 

D
E
S
B
A
T
S

t
a
l
k
b
a
c
k

G
r
a
y

d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

di
sp
la
y

I
n
d
i
c
a
t
e
s
w
h
e
t
h
e
r

d
e
s
c
e
n
t

s
t
a
g
e

d
e
a
d
f
a
c
e
h
a
s
b
e
e
n
a
c
c
o
m
p
l
i
s
h
e
d
.

I
n
d
i
c
a
t
e
s
d
e
s
c
e
n
t

b
a
t
t
e
r
i
e
s
a
r
e

c
o
n
n
e
c
t
e
d

t
o
a
s
c
e
n
t

s
t
a
g
e
.

I
n
d
i
c
a
t
e
s
d
e
s
c
e
n
t
b
a
t
t
e
r
i
e
s
a
r
e

d
i
s
c
o
n
n
e
c
t
e
d
a
n
d
d
e
a
d
f
a
c
e
d
,

E
P
S
:
D
I
S
P

(
p
a
n
e
l

1
6
)

C
R
O
S
S
T
I
E
-

B
A
L
L
O
A
D
S

(
p
a
n
e
l
s

1
1

a
n
d

1
6
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

APOLLO OPERATIONS HANDBOOK
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  B
A
T

5
N
O
R
M
A
L

L
M
P
F
E
E
D
s
w
i
t
c
h

O
N

C
e
n
t
e
r

O
F
F
/
R
E
S
E
T

 C
o
n
t
r
o
l
s
c
o
n
n
e
c
t
i
o
n
s

o
f
a
s
c
e
n
t
b
a
t
-

t
e
r
y
N
o
.

5
t
o
L
M
P
'
s

b
u
s
.

C
o
n
n
e
c
t
s

a
s
c
e
n
t

b
a
t
t
e
r
y
N
o
.

5
to

b
u
s
,

R
e
t
a
i
n
s

s
t
a
t
u
s

o
f
l
a
s
t

i
n
i
t
i
a
t
e
d

s
w
i
t
c
h

p
o
s
i
t
i
o
n
.

D
i
s
c
o
n
n
e
c
t
s
a
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

5
f
r
o
m

b
u
s
;
r
e
s
e
t
s

r
e
s
p
e
c
t
i
v
e
E
C
A

c
o
n
t
a
c
t
o
r
s

f
o
r
o
v
e
r
c
u
r
r
e
n
t

p
r
o
t
e
c
t
i
o
n
.

 E
P
S
;
A
S
C

E
C
A
C
O
N
T

(
p
a
n
e
l

11

a
n
d
/
o
r

p
a
n
e
l

1
6
)

 C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 S
w
i
t
c
h

is
s
p
r
i
n
g
l
o
a
d
e
d

t
o
c
e
n
t
e
r

p
o
s
i
t
i
o
n
,

R
e
s
p
e
c
t
i
v
e
E
C
A

c
o
n
t
r
o
l
s

b
a
t
t
e
r
y
c
o
n
n
e
c
t
i
o
n

t
o
L
M
P
'
s

d
-
c

b
u
s
;
d
i
s
c
o
n
n
e
c
t
s

t
h
i
s
b
a
t
t
e
r
y

in

e
v
e
n
t

of
o
v
e
r
c
u
r
r
e
n
t
.

B
A
T

5
N
O
R
M
A
L
L
M
P

F
E
E
D
g
r
a
y

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
,

B
A
T

5
N
O
R
M
A
L
L
M
P
F
E
E
D
b
a
r
b
e
r
-

p
o
l
e
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

14
(c
on
t) 4
F
L
5

4
8
1
2

4
F
L
7

B
A
T

5
N
O
R
M
A
L
L
M
P

F
E
E
D
t
a
l
k
b
a
c
k

G
r
a
y

d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

di
sp
la
y

In
di
ca
te
s
a
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

S
i
s

c
o
n
n
e
c
t
e
d

to
L
M
P
'
s

b
u
s
,

In
di
ca
te
s
a
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

5
is

d
i
s
c
o
n
n
e
c
t
e
d
f
r
o
m

L
M
P
'
s
b
u
s
,

E
P
S
:

D
I
S
P

(
p
a
n
e
l

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

B
A
T

5
B
A
C
K
U
P
C
D
R
F
E
E
D

s
w
i
t
c
h

O
N

C
e
n
t
e
r

O
F
F
/
R
E
S
E
T

C
o
n
t
r
o
l
s

c
o
n
n
e
c
t
i
o
n

o
f
b
a
t
t
e
r
y
N
o
.

5

to
C
D
R
'
s

b
u
s
.

C
o
n
n
e
c
t
s

a
s
c
e
n
t
b
a
t
t
e
r
y
t
o
b
u
s
.

R
e
t
a
i
n
s

st
at

us
of

la
st

in
it
ia
te
d

s
w
i
t
c
h

po
si
ti
on
.

D
i
s
c
o
n
n
e
c
t
s
a
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

5
f
r
o
m

li
ne
;
r
e
s
e
t
s
r
e
s
p
e
c
t
i
v
e
E
C
A

c
o
n
t
a
c
t
o
r
s

f
o
r
o
v
e
r
c
u
r
r
e
n
t
p
r
o
t
e
c
-

t
i
o
n
,

E
P
S
:

A
S
C

E
C
A
C
O
N
T

(
p
a
n
e
l

1
1

a
n
d
/
o
r

p
a
n
e
l

1
6
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
t
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
s
p
r
i
n
g
l
o
a
d
e
d

to
c
e
n
t
e
r

po
si

ti
on

.
R
e
s
p
e
c
t
i
v
e
E
C
A

c
o
n
t
r
o
l
s

b
a
t
t
e
r
y
c
o
n
n
e
c
t
i
o
n

to
C
D
R
'
s

d
-
c

b
u
s
;
d
i
s
c
o
n
n
e
c
t
s

t
h
i
s
b
a
t
t
e
r
y

i
n

e
v
e
n
t

o
f
o
v
e
r
c
u
r
r
e
n
t
.

If
b
a
t
t
e
r
y

N
o
,

6
o
r
b
a
t
t
e
r
y
N
o
.

5
f
e
e
d
e
r

li
ne

f
a
i
l
s
,

t
h
i
s
s
w
i
t
c
h

is
s
e
t
t
o
O
N
.

B
A
T

5
B
A
C
K
U
P
C
D
R

FE
ED
g
r
a
y

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

B
A
T

5
B
A
C
K
U
P
C
D
R
F
E
E
D

b
a
r
b
e
r
-
p
o
l
e

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

 

B
A
T

5
B
A
C
K
U
P
C
D
R
F
E
E
D

t
a
l
k
b
a
c
k G
r
a
y
d
i
s
p
l
a
y

B
a
r
b
e
r
-p

ol
e
di
sp
la
y

In
di
ca
te
s
a
s
c
e
n
t
b
a
t
t
e
r
y
N
o
,

5
i
s

c
o
n
n
e
c
t
e
d

to
C
D
R
'
s

bu
s.

I
n
d
i
c
a
t
e
s
a
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

5
is

d
i
s
c
o
n
n
e
c
t
e
d
f
r
o
m
C
D
R
'
s

b
u
s
.

E
P
S
:

D
I
S
P

(
p
a
n
e
l

1
6
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

14
(
c
o
n
t
)

4
5
1
1

4
F
L
6

B
A
T

6
N
O
R
M
A
L
C
D
R
F
E
E
D

s
w
i
t
c
h

O
N

C
e
n
t
e
r

O
F
F
/
R
E
S
E
T

C
o
n
t
r
o
l
s

c
o
n
n
e
c
t
i
o
n

of
a
s
c
e
n
t
b
a
t
-

t
e
r
y
N
o
.

6
t
o
C
D
R
'
s

b
u
s
.

C
o
n
n
e
c
t
s

a
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

6
t
o

b
u
s
.

R
e
t
a
i
n
s

s
t
a
t
u
s
o
f
l
a
s
t

i
n
i
t
i
a
t
e
d

s
w
i
t
c
h

p
o
s
i
t
i
o
n
.

D
i
s
c
o
n
n
e
c
t
s

a
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

6

f
r
o
m

b
u
s
;
r
e
s
e
t
s
r
e
s
p
e
c
t
i
v
e
E
C
A

c
o
n
t
a
c
t
o
r
s

f
o
r
o
v
e
r
c
u
r
r
e
n
t
p
r
o
t
e
c
-

t
i
o
n
.

E
P
S
:

A
S
C

E
C
A
C
O
N
T

(
p
a
n
e
l

1
1

a
n
d
/
o
r

p
a
n
e
l

1
6
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
s
p
r
i
n
g
l
o
a
d
e
d

t
o
c
e
n
t
e
r

p
o
s
i
t
i
o
n
,

R
e
s
p
e
c
t
i
v
e
E
C
A

c
o
n
t
r
o
l
s

b
a
t
t
e
r
y
c
o
n
n
e
c
t
i
o
n

t
o
C
D
R
'
s

d
-
c

b
u
s
;
d
i
s
c
o
n
n
e
c
t
s

t
h
i
s
b
a
t
t
e
r
y

i
n

e
v
e
n
t

o
f
o
v
e
r
c
u
r
r
e
n
t
.

B
A
T

6
N
O
R
M
A
L
C
D
R
F
E
E
D

g
r
a
y

t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

B
A
T

6
N
O
R
M
A
L
C
D
R
F
E
E
D

b
a
r
b
e
r
-
p
o
l
e
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

 

B
A
T

6
N
O
R
M
A
L
C
D
R
F
E
E
D

t
a
l
k
b
a
c
l
d

G
r
a
y

di
sp
la
y

B
a
r
b
e
r
-
p
o
l
e

di
sp

la
y

I
n
d
i
c
a
t
e
s
a
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

6
is

c
o
n
n
e
c
t
e
d

t
o
C
D
R
'
s

b
u
s
,

I
n
d
i
c
a
t
e
s
b
a
t
t
e
r
y
N
o
,

6
is

d
i
s
c
o
n
-

n
e
c
t
e
d
f
r
o
m
C
D
R
'
s

b
u
s
.

E
P
S
:

D
I
S
P

(
p
a
n
e
l

16
)

L
M
P
'
s

2
8
-
v
d
e

b
u
s

APOLLO OPERATIONS HANDBOOK
CONTROLS AND DISPLAYS

  B
A
T

6
B
A
C
K
U
P
L
M
P
F
E
E
D

s
w
i
t
c
h

O
N

 C
o
n
t
r
o
l
s
c
o
n
n
e
c
t
i
o
n

o
f
a
s
c
e
n
t
b
a
t
-

te
ry

N
o
,

6
to

L
M
P
'
s

b
u
s
.

C
o
n
n
e
c
t
s

a
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

6
t
o

b
u
s
,

 E
P
S
:

A
S
C

E
C
A
C
O
N
T

(
p
a
n
e
l

1
1

an
d/
or

p
a
n
e
l

1
6
)

 C
D
R
'
s

2
8
-
v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 S
w
i
t
c
h

is
s
p
r
i
n
g
l
o
a
d
e
d

to
c
e
n
t
e
r

p
o
s
i
t
i
o
n
,

R
e
s
p
e
c
t
i
v
e
E
C
A

c
o
n
t
r
o
l
s

b
a
t
t
e
r
y
c
o
n
n
e
c
t
i
o
n

to
L
M
P
'
s

d
-
c

b
u
s
:
d
i
s
c
o
n
n
e
c
t
s

th
is

b
a
t
t
e
r
y

in

e
v
e
n
t

o
f
o
v
e
r
c
u
r
r
e
n
t
.

If
b
a
t
t
e
r
y

N
o
.

5
o
r
ba
tt
er
y
N
o
.

6
f
e
e
d
e
r

l
i
n
e

fa
il
s,

t
h
i
s
s
w
i
t
c
h

is
s
e
t

t
o
O
N
.

B
A
T

6
B
A
C
K
U
P
L
M
P

F
E
E
D
g
r
a
y

t
a
l
k
b
a
c
k

ts
d
i
s
p
l
a
y
e
d
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

P
o
w
e
r

S
o
u
r
c
e

C
i
r
c
u
i
t

B
r
e
a
k
e
r

R
e
m
a
r
k
s

  P
a
n
e
l

14
(
c
o
n
t
)

4
F
L
8

1
3
8
1
7

C
e
n
t
e
r

O
F
F
/
R
E
S
E
T

R
e
t
a
i
n
s

st
at

us
of

la
st

in
it

ia
te

d
s
w
i
t
c
h
p
o
s
i
t
i
o
n
,

D
i
s
c
o
n
n
e
c
t
s
a
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

6

f
r
o
m

l
i
n
e
;
r
e
s
e
t
s

r
e
s
p
e
c
t
i
v
e
E
C
A

c
o
n
t
a
c
t
o
r
s

f
o
r
o
v
e
r
c
u
r
r
e
n
t
p
r
o
t
e
c
-

t
i
o
n
.

B
A
T

6
B
A
C
K
U
P
L
M
P
F
E
E
D

*
b
a
r
b
e
r
-
p
o
l
e
t
a
l
k
b
a
c
k

is
d
i
s
p
l
a
y
e
d
.

 

B
A
T

6
B
A
C
K
U
P
L
M
P

F
E
E
D
t
a
l
k
b
a
c
k

G
r
a
y

d
i
s
p
l
a
y

B
a
r
b
e
r
-
p
o
l
e

di
sp

la
y

I
n
d
i
c
a
t
e
s
a
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

6
is

c
o
n
n
e
c
t
e
d

to
L
M
P
'
s

bu
s,

I
n
d
i
c
a
t
e
s
a
s
c
e
n
t
b
a
t
t
e
r
y
N
o
.

6
is

d
i
s
c
o
n
n
e
c
t
e
d
f
r
o
m

L
M
P
'
s
b
u
s
.

E
P
S
:
D
I
S
P

(
p
a
n
e
l

1
6
)

L
M
P
'
s

2
8
-
v
d
e

 

C
O
M
M
:
U
P
L
I
N
K
S
Q
U
E
L
C
H
s
w
i
t
c
h

E
N
A
B
L
E

D
I
S
A
B
L
E

Se
ts

t
h
r
e
s
h
o
l
d

le
ve
l

of
r
e
c
e
i
v
e
d

S
-
b
a
n
d

a
u
d
i
o

t
o
p
r
e
s
e
t

l
e
v
e
l
.

D
i
s
a
b
l
e
s
t
h
r
e
s
h
o
l
d

c
a
p
a
b
i
l
i
t
y

o
f

r
e
c
e
i
v
e
d
S
-
b
a
n
d

a
u
d
i
o
.

N
/
A

N
/
A
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

16

4
C
B
1
2
6

4
C
B
1
3
4

4
C
B
5
2

4
C
B
2
3
2

4
C
B
4
9

4
C
B
4
5

F
L
T

D
I
S
P

c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

E
V
E
N
T
T
I
M
E
R
/
S
E

F
D
A
I

(2
a
m
p
e
r
e
s
)

S
E
X
-
P
N
T
R

(@
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
E
V
E
N
T

T
I
M
E
R

a
n
d

to
L
M
P
'
s
F
D
A
I

a
n
d

p
a
r
t
s

of
a
u
x
i
l
i
a
r
y
s
w
i
t
c
h
i
n
g

r
e
l
a
y

b
o
x
,

t
h
r
o
u
g
h
R
A
T
E
/
E
R
R
M
O
N

a
n
d

A
T
T
I
T
U
D
E
M
O
N

s
w
i
t
c
h
e
s
.

N
/
A

L
M
P
'
s

2
8
~
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
e
p
o
w
e
r

t
o
L
M
P
'
s
X
-

P
o
i
n
t
e
r

i
n
d
i
c
a
t
o
r
a
n
d

to
p
a
r
t
s

o
f

a
u
x
i
l
i
a
r
y

r
e
l
a
y
s
w
i
t
c
h
i
n
g
b
o
x

t
h
r
o
u
g
h
R
A
T
E
/
E
R
R
M
O
N

s
w
i
t
c
h
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

  R
C
S
S
Y
S
B

c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

A
S
C
F
E
E
D

1
(5

a
m
p
e
r
e
s
)

A
S
C
F
E
E
D

2
(5

a
m
p
e
r
e
s
)

I
S
O
L
V
L
V

(5
a
m
p
e
r
e
s
)

Q
U
A
D

1
T
C
A

(
1
0
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
R
C
S

s
y
s
t
e
m

B
a
s
c
e
n
t

f
u
e
l
a
n
d
o
x
i
d
i
z
e
r

i
n
t
e
r
-

c
o
n
n
e
c
t
v
a
l
v
e
s
,

t
h
r
o
u
g
h
S
Y
S
T
E
M

B
A
S
C
F
E
E
D

1
s
w
i
t
c
h
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

I
n
t
e
r
c
o
n
n
e
c
t
v
a
l
v
e
s
p
e
r
m
i
t

p
r
o
p
e
l
l
a
n
t

f
l
o
w
f
r
o
m

a
s
c
e
n
t
t
a
n
k
s

to
RC

S
t
a
n
k
s
.

S
y
s
t
e
m
B
A
S
C
E
N
T
F
E
E
D

2
s
w
i
t
c
h

m
u
s
t
b
e

s
e
t

to
A
S
C
E
N
T
F
E
E
D

2.

 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
R
C
S

s
y
s
t
e
m

B
a
s
c
e
n
t

fu
el

a
n
d
o
x
i
d
i
z
e
r

i
n
t
e
r
-

c
o
n
n
e
c
t
v
a
l
v
e
s
t
h
r
o
u
g
h
S
Y
S
T
E
M
B

A
S
C
F
E
E
D

2
s
w
i
t
c
h
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

APOLLO OPERATIONS HANDBOOK
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I
n
t
e
r
c
o
n
n
e
c
t

v
a
l
v
e
s
p
e
r
m
i
t
p
r
o
p
e
l
-

l
a
n
t
f
l
o
w
f
r
o
m

a
s
c
e
n
t
t
a
n
k
s

to
R
C
S

t
a
n
k
s
.

S
y
s
t
e
m
B
A
S
C
E
N
T
F
E
E
D

1
s
w
i
t
c
h
m
u
s
t
b
e

se
t

to
A
S
C
E
N
T

F
E
E
D

1.

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
R
C
S
s
y
s
t
e
m

B
o
x
i
d
i
z
e
r
a
n
d

f
u
e
l
i
s
o
l
a
t
i
o
n
v
a
i
v
e
s

t
h
r
o
u
g
h
S
Y
S
T
E
M
B
T
H
R
U
S
T
E
R

P
A
I
R
s
w
i
t
c
h
e
s
,

N
/
A

L
M
P
'
s

2
8
-
v
d
c

b
u
s

 

A
p
p
l
i
e
s

d
-
c

p
o
w
e
r
t
o

o
x
i
d
i
z
e
r
a
n
d

f
u
e
l
v
a
l
v
e
s

o
f
R
C
S
s
y
s
t
e
m

B
,

q
u
a
d

1
T
C
A
'
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

16
(
c
o
n
t
)

4
C
B
4
4

4
C
B
4
3

4
C
B
4
2

4
C
B
5
4

4
C
B
5
0

4
C
B
1
2
1

4
C
R
B
7
3

4
C
B
1
0
3

Q
U
A
D

2
T
C
A

(1
0
a
m
p
e
r
e
s
)

Q
U
A
D

3
T
C
A

(1
0
a
m
p
e
r
e
s
)

Q
U
A
D

4
T
C
A

(1
0
a
m
p
e
r
e
s
)

C
R
S
F
D

(5
a
m
p
e
r
e
s
)

T
E
M
P
/
P
R
E
S
S
D
I
S
P
-
F
L
A
G
S

P
Q
G
S
D
I
S
P

(2
a
m
p
e
r
e
s
)

M
A
I
N
S
O
V

(5
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
o
x
i
d
i
z
e
r
a
n
d

f
u
e
l
v
a
l
v
e
s

o
f
R
C
S
s
y
s
t
e
m

B
,

q
u
a
d

2
T
C
A
'
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

o
x
i
d
i
z
e
r
a
n
d

f
u
e
l
v
a
l
v
e
s

of
R
C
S
s
y
s
t
e
m

B
,

q
u
a
d

3
T
C
A
'
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

o
x
i
d
i
z
e
r
a
n
d

f
u
e
l
v
a
l
v
e
s

o
f
R
C
S
s
y
s
t
e
m

B
,

q
u
a
d

4
T
C
A
'
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

o
x
i
d
i
z
e
r
a
n
d

f
u
e
l
c
r
o
s
s
f
e
e
d
v
a
l
v
e
s

t
h
r
o
u
g
h

C
R
S
F
D
s
w
i
t
c
h
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
R
E
A
C
T
I
O
N

C
O
N
T
R
O
L
T
E
M
P

a
n
d
P
R
E
S
S

i
n
d
i
c
a
t
o
r
s

a
n
d

to
R
C
S

t
a
l
k
b
a
c
k
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
d
d
~
c
p
o
w
e
r

to
R
C
S
s
y
s
t
e
m

A
a
n
d
B
p
r
e
s
s
u
r
e
-
v
o
l
u
m
e
-

t
e
m
p
e
r
a
t
u
r
e
(
P
V
T
)
s
y
s
t
e
m
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
R
C
S

s
y
s
t
e
m

B
m
a
i
n

o
x
i
d
i
z
e
r
a
n
d

f
u
e
l

s
h
u
t
o
f
f

v
a
l
v
e
s
t
h
r
o
u
g
h
S
Y
S
T
E
M
B
M
A
I
N

S
O
V
s
w
i
t
c
h
.

N
/
A

I
L
M
P
'
s

2
8
-
v
d
e

b
u
s

  P
R
O
P
U
L
c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

D
I
S
P
/
E
N
G
O
V
R
D

L
O
G
I
C

(2
a
m
p
e
r
e
s
)

 A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
M
A
I
N
P
R
O
-

P
U
L
S
I
O
N
T
E
M
P

a
n
d
P
R
E
S
S
i
n
d
i
-

c
a
t
o
r
s
,
A
S
C
E
N
T

a
n
d
D
E
S
C
E
N
T

H
e
R
E
G

t
a
l
k
b
a
c
k
s
,

a
n
d

D
E
S
P
R
O
P
U
L
S
I
O
N
V
E
N
T
t
a
l
k
b
a
c
k
s
,  N

/
A

 L
M
P
'
s

2
8
-
v
d
e

b
u
s

 S
u
p
p
l
i
e
s
r
e
d
u
n
d
a
n
t
p
o
w
e
r

to

a
s
c
e
n
t
e
n
g
i
n
e

fi
ri
ng

ci
rc
ui
t.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

Po
si
ti
on

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

r
k

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

16
(
c
o
n
t
)

4
C
B
3
2

P
Q
G
S

(2
a
m
p
e
r
e
s
)

4
C
B
5
3

A
S
C

H
e

R
e
g

(5
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
p
r
o
p
e
l
l
a
n
t

q
u
a
n
t
i
t
y
g
a
g
i
n
g
s
y
s
t
e
m
(
P
Q
G
S
)

c
o
n
t
r
o
l

u
n
i
t
t
h
r
o
u
g
h
P
R
P
L
N
T
Q
T
Y

M
O
N
s
w
i
t
c
h
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
l
a
t
c
h
i
n
g

h
e
l
i
u
m

s
o
l
e
n
o
i
d
v
a
l
v
e
s

N
o
,

1
a
n
d

2
t
h
r
o
u
g
h
A
S
C
E
N
T

H
e
R
E
G

s
w
i
t
c
h
e
s
,

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

L
T
G

c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

4
A
C
B
1
2
8

F
L
O
O
D

(5
a
m
p
e
r
e
s
)

4
C
R
B
1
6
0

T
R
A
C
K

(
2
0
a
m
p
e
r
e
s
)

4
C
B
1
4
8

A
N
U
N
/
D
O
C
K
/
C
O
M
P
N
Y

(2
a
m
p
e
r
e
s
)

4
C
B
1
4
7

M
A
S
T
E
R
A
L
A
R
M

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

c
a
b
i
n

f
l
o
o
d
-

l
i
g
h
t
s
t
h
r
o
u
g
h
F
L
O
O
D

s
w
i
t
c
h
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

t
r
a
c
k
i
n
g

l
i
g
h
t
e
l
e
c
t
r
o
n
i
c
a
s
s
e
m
b
l
y
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s

a
l
t
e
r
n
a
t
e
d
-
c
p
o
w
e
r

to

c
a
u
t
i
o
n
a
n
d
w
a
r
n
i
n
g

a
n
n
u
n
c
t
a
t
o
r
s
,

c
o
m
p
o
n
e
n
t

c
a
u
t
i
o
n

l
i
g
h
t
s
,

d
o
c
k
i
n
g

li
gh
ts
,
a
n
d
L
U
N
A
R
C
O
N
T
A
C
T

l
i
g
h
t
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
c
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
M
A
S
T
E
R

A
L
A
R
M
l
i
g
h
t
s

a
n
d
m
a
s
t
e
r
a
l
a
r
m

t
o
n
e
g
e
n
e
r
a
t
o
r
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

4
C
B
7
5

E
D
:

L
O
G
I
C
P
W
R

c
i
r
c
u
i
t
b
r
e
a
k
e
r

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
A
S
C
E
N
T

H
e

P
R
E
S
S
,

A
S
C

H
e

S
E
L
,
D
E
S
P
R
E
S
S
,

L
D
G
G
E
A
R
D
E
P
L
O
Y
,

M
A
S
T
E
R

A
R
M
,

R
C
S
P
R
E
S
S
,

a
n
d
A
B
O
R
T

S
T
A
G
E

s
w
i
t
c
h
e
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

P
a
n
e
l

1
6

(
c
o
n
t
)

4
C
B
2
8

4
C
B
3
7

4
C
B
7
9

4
C
B
4
1

4
C
B
8
2

4
C
B
2

4
C
B
2
3
0

4
C
B
2
3
3

S
T
A
B
/
C
O
N
T
c
i
r
c
u
i
t

b
r
e
a
k
e
r
s

A
E
A

(
1
0
a
m
p
e
r
e
s
)

E
N
G
A
R
M
(
2

a
m
p
e
r
e
s
)

A
S
A

(
2
0
a
m
p
e
r
e
s
)

A
E
L
D

(
7
.
5
a
m
p
e
r
e
s
)

A
T
C
A

(
7
.
5
a
m
p
e
r
e
s
)

A
B
O
R
T
S
T
A
G
E
(
2

a
m
p
e
r
e
s
)

A
T
C
A

(
A
G
S
)

(3
a
m
p
e
r
e
s
)

D
E
S
E
N
G
O
V
R
D

(1
0
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
m
a
i
n

d
-
c
p
o
w
e
r

a
n
d

a
c
t
s

a
s
o
n
-
o
f
f
s
w
i
t
c
h

to
A
G
S
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

o
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
E
N
G
A
R
M

s
w
i
t
c
h

f
o
r
a
r
m
i
n
g

a
s
c
e
n
t
o
r
d
e
s
c
e
n
t

e
n
g
i
n
e
,

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

a
n
d

a
c
t
s

a
s

o
n
-
o
f
f
s
w
i
t
c
h

to
A
S
A
,

N
/
A

LM
P?

P'
s

2
8
-
v
d
e

u
s
 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
s
y
s
t
e
m
B

o
f

A
E
L
D
/
S
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

bu
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
A
T
C
A
p
o
w
e
r

su
pp
ly
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

bu
s

 

A
p
p
l
i
e
s

d
-
¢
p
o
w
e
r
t
o

a
b
o
r
t

s
t
a
g
e

e
l
e
c
t
r
o
n
i
c
s
t
h
r
o
u
g
h
A
B
O
R
T
S
T
A
G
E

s
w
i
t
c
h
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

t
h
r
o
u
g
h
G
U
I
D

C
O
N
T

s
w
i
t
c
h

to
s
e
l
e
c
t
A
G
S
,

a
n
d

b
i
a
s
p
o
w
e
r

to
A
T
C
A
.

A
l
s
o
s
u
p
p
l
i
e
s

d
-
c
p
o
w
e
r

t
h
r
o
u
g
h
A
G
S
M
O
D
E

C
O
N
T
R
O
L

a
n
d
B
A
L
C
P
L

s
w
i
t
c
h
e
s

to
A
T
C
A

p
r
i
m
a
r
y

p
r
e
a
m
p
l
i
f
i
e
r
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

H
u
s

 

A
p
p
l
i
e
s

r
e
d
u
n
d
a
n
t
d
-
c
p
o
w
e
r

to

d
e
s
c
e
n
t
e
n
g
i
n
e

a
c
t
u
a
t
o
r
v
a
l
v
e
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

D
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1
6

(
c
o
n
t
)

4
C
B
9
9

4
C
B
1
3
2

4
C
B
1
2
5

4
C
B
l

4
C
B
2
3
4

4
C
B
1
5
3

I
N
S
T

c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

C
W
E
A

(2
a
m
p
e
r
e
s
}

S
I
G
S
E
N
S
O
R
(
2

a
m
p
e
r
e
s
)

P
C
M
/
T
E
(
2

a
m
p
e
r
e
s
)

S
I
G
C
O
N
D
R
2

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
C
W
E
A
.

N
/
A

C
D
R
'
s

2
8
-

v
d
e

b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s
 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

al
l
p
r
e
c
o
n
d
i
-

t
i
o
n
e
d
t
r
a
n
s
d
u
c
e
r
s

t
h
r
o
u
g
h
o
u
t
L
M
.

N
/
A

C
D
R
'
s

2
8
-

v
d
e
b
u
s

L
M
P
'
s

2
8
-
v
d
c

h
u
s
 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
P
C
M
T
E
A
.

N
/
A

C
D
R
'
s

2
8
-

v
d
e
b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s
 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
p
o
w
e
r
b
u
f
f
e
r
s

a
n
d

c
o
n
d
i
t
i
o
n
e
r
s

in
S
C
E
R
A
'
s
.

N
/
A

C
D
R
'
s

2
8
-

v
d
e
b
u
s

L
M
P
'
s

2
8
-
v
d
e

b
u
s
 

E
C
S

c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

S
U
I
T
F
L
O
W
C
O
N
T

(5
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
L
M
P
'
s

a
n
d

C
D
R
'
s

S
U
I
T

I
S
O
L
v
a
l
v
e
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

S
U
I
T

I
S
O
L
v
a
l
v
e
s

af
fo
rd

t
o
r
n

su
it

p
r
o
t
e
c
t
i
o
n

to
t
h
e
a
s
t
r
o
n
a
u
t
s
.

If

s
u
i
t
p
r
e
s
s
u
r
e

f
a
l
l
s
b
e
l
o
w

3
.
1

p
s
i
a

S
U
I
T

I
S
O
L
v
a
l
v
e
s

c
l
o
s
e
,
C
A
B
I
N

R
E
P
R
E
S
S
v
a
l
v
e

o
p
e
n
s
,

a
n
d

r
e
m
a
i
n
s

o
p
e
n

un
ti
l
c
a
b
i
n
p
r
e
s
s
u
r
e

is
4
,
1

p
s
i
a
o
r
g
r
e
a
t
e
r
.

1

  C
O
M
M
c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

D
I
S
P

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
S
I
G
N
A
L

S
T
R
E
N
G
T
H
i
n
d
i
c
a
t
o
r
,

a
n
d

to

P
I
T
C
H

a
n
d

Y
A
W
i
n
d
i
c
a
t
o
r
s
,

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

1
6

(
c
o
n
t
)

4
C
B
8
5

4
C
B
1
1
5

6
C
B
i
1
4

4
C
B
3
0

A
C
B
I
1
1

4
C
B
1
1
0

4
C
B
1
0
2

 S
E
A
U
D
I
O

(2
a
m
p
e
r
e
s
)

V
H
F

A
X
M
T
R

(5
a
m
p
e
r
e
s
)

V
H
F
B
R
C
V
R

(2
a
m
p
e
r
e
s
)

P
R
I
M
S
-
B
D
P
W
R
A
M
P
L

(5
a
m
p
e
r
e
s
)

P
R
I
M
S
-
B
D
X
M
T
R
/
R
C
V
R

(5
a
m
p
e
r
e
s
}

S
-
B
D
A
N
T

(2
a
m
p
e
r
e
s
)

P
M
P

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
r
e
g
u
l
a
t
e
d

p
o
w
e
r

s
u
p
p
l
y

in
L
M
P
'
s

a
u
d
i
o

c
e
n
t
e
r
,

to
L
M
P
'
s

m
i
c
r
o
p
h
o
n
e

a
m
p
l
i
f
i
e
r
t
h
r
o
u
g
h

L
A
I
P
'
s
A
U
D
I
O

C
O
N
T

s
w
i
t
c
h
(
N
O
R
M
p
o
s
i
t
i
o
n
)
,

a
n
d

to
C
D
R
'
s

m
i
c
r
o
p
h
o
n
e

a
m
p
l
i
f
i
e
r

t
h
r
o
u
g
h
C
D
R
'
s
A
U
D
I
O
C
O
N
T
s
w
i
t
c
h

(
B
U

p
o
s
i
t
i
o
n
)
.

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
V
H
F

A
t
r
a
n
s
-

m
i
t
t
e
r
-
r
e
c
e
i
v
e
r

a
n
d

to
e
x
c
i
t
e
r
-

p
o
w
e
r

a
m
p
l
i
f
i
e
r
a
n
d
m
o
d
u
l
a
t
o
r

in
V
H
F

A
t
r
a
n
s
m
i
t
t
e
r
t
h
r
o
u
g
h
V
H
F

A
X
M
T
P
R
s
w
i
t
c
h
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
V
H
F

B
I
F

a
n
d

a
u
d
i
o
a
m
p
l
i
f
i
e
r

in
V
H
F

B

r
e
c
e
i
v
e
r
t
h
r
o
u
g
h
V
H
F

B
R
C
V
R

s
w
i
t
c
h
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

h
u
s

 

A
p
p
l
i
e
s
d
-
¢

p
o
w
e
r

to
p
o
w
e
r
s
u
p
p
l
y

N
o
.

1
in

S
-
b
a
n
d
p
o
w
e
r

a
m
p
l
i
f
i
e
r

a
s
s
e
m
b
l
y
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
e
p
o
w
e
r

t
o
p
o
w
e
r

s
u
p
p
l
y

in
S
-
b
a
n
d

s
e
c
t
i
o
n

o
f
C
S

t
h
r
o
u
g
h

X
M
T
R
/
R
C
V
R
s
w
i
t
c
h
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
S
-
b
a
n
d

s
t
e
e
r
a
b
l
e
a
n
t
e
n
n
a
p
o
w
e
r

s
u
p
p
l
y

t
h
r
o
u
g
h
T
R
A
C
K

M
O
D
E
s
w
i
t
c
h
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
L
M
P
'
s

a
n
d

C
D
R
'
s
c
o
m
m
u
n
i
c
a
t
i
o
n
s

u
m
b
i
l
i
c
a
l

a
s
s
e
m
b
l
y

t
h
r
o
u
g
h
T
E
L
E
M
E
T
R
Y

B
I
O
M
E
D

s
w
i
t
c
h
a
n
d

tu
P
M
P

p
o
w
e
r

s
u
p
p
l
y
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s
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4
C
B
1
0
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4
C
B
1
1
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Page

4
C
B
1
1
9

4
C
B
1
2
0

3-137

  T
V

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

te
le

vi
si

on
v
a
m
e
r
a
(
G
F
E
)
p
o
w
e
r
s
u
p
p
l
y
.

L
M
P
'
s

2
8
-
v
d
e

b
u
s

  E
C
S

c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

D
I
S
P

(2
a
m
p
e
r
e
s
)

G
L
Y
C
O
L
P
U
M
P

S
E
C

(5
a
m
p
e
r
e
s
)

L
C
G
P
U
M
P

(5
a
m
p
e
r
e
s
)

C
A
B
I
N
F
A
N
C
O
N
T

(2
a
m
p
e
r
e
s
)

C
A
B
I
N
R
E
P
R
E
S
S

S
U
L
I
T
F
A
N

2
(
2
0
a
m
p
e
r
e
s
)

S
U
I
T
F
A
N

A
P

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
P
A
R
T
P
R
E
S
S

C
O
g
,
E
N
V
I
R
O
N
M
E
N
T
A
L
C
O
N
T
R
O
L
,

T
E
M
P
,

a
n
d
P
R
E
S
S
,
G
L
Y
C
O
L

T
E
M
P
,

a
n
d
Q
U
A
N
T
I
T
Y
i
n
d
i
c
a
t
o
r
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r
t
o

b
a
c
k
u
p

g
l
y
c
o
l

p
u
m
p

in
c
o
o
l
a
n
t

re
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rc
ul
at
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n
a
s
-

s
e
m
b
l
y
.

N
/
A

L
M
P
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8
-
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e
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u
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p
p
l
i
e
s
d
-
c
p
o
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r
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p
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.
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-
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d
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b
u
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A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
E
C
S
O
9

p
r
e
s
s
u
r
e

r
e
g
u
l
a
t
o
r
v
a
l
v
e
s
(
P
R
E
S
S

R
E
G

A
a
n
d
P
R
E
S
S
R
E
G

B)
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
c
a
b
i
n

r
e
p
r
e
s
s
u
r
i
z
a
t
i
o
n
e
m
e
r
g
e
n
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y

O
g

v
a
l
v
e
(
C
A
B
I
N

R
E
P
R
E
S
S
)
.
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P
'
s

2
8
-
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d
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b
u
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A
p
p
l
i
e
s
d
-
c

p
o
w
e
r
t
o

su
it

f
a
n

N
o
.

2
(
s
u
i
t
c
i
r
c
u
i
t
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s
s
e
m
b
l
y
)
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h
r
o
u
g
h
S
U
I
T
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A
N

s
w
i
t
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h
.
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/
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i
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a
l
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r
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o
c
a
t
i
o
n
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R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
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t
i
o
n

C
i
r
c
u
i
t
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r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
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P
a
n
e
l

16
(
c
o
n
t
)

4
C
B
1
1
2

4
C
B
8
4

D
I
V
E
R
T
V
L
V

(2
a
m
p
e
r
e
s
)

C
O
,
S
E
N
S
O
R

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r
t
o

s
u
i
t
c
i
r
c
u
i
t

d
i
v
e
r
t
e
r
v
a
l
v
e
.

 

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s

d-
«

p
o
w
e
r

to
C
O
,

s
e
n
s
o
r

in
su

it
ci
re
ui
l
a
s
s
e
m
b
l
y
.
”

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

  4
C
B
2
4
2

4
C
B
2
2
8

4
C
B
2
2
3

4C
B2
24

4
C
B
2
2
5

4
C
B
6
3
8

H
E
A
T
E
R
S
:

R
C
S
S
Y
S
A
/
B
-
2

ci
rc
ui
t

b
r
e
a
k
e
r
s M
E
S
A
(
1
5

a
m
p
e
r
e
s
)

Q
U
A
D

1
(
7
.
5
a
m
p
e
r
e
s
)

Q
U
A
D

2

 

.5
a
m
p
e
r
e
s
)

Q
L
A
D
3
(

i

Q
U
A
D

4
(
7
.
5
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
M
E
S
A

h
e
a
t
e
r

c
i
r
c
u
i
t
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
s
v
s
t
e
m

N
o
,

2

e
n
g
i
n
e

h
e
a
t
e
r
s

o
f
q
u
a
d

1,
s
y
s
t
e
m
s

A
a
n
d

B
,

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c

e
n
g
i
n
e

h
e
a

A
a
n
d

B
.

o
w
e
r

to
s
y
s
t
e
m

N
o
.

2

s
o
f
y
u
a
d

2,
s
y
s
t
e
m
s

 
 

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
s
y
s
t
e
m

N
o
,

2

e
n
g
i
n
e

h
e
a
t
e
r
s

o
f
q
u
a
d

3,
s
y
s
t
e
m
s

A
a
n
d
-
p
,

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
s
v
s
t
e
m

N
o
,

2

e
n
g
i
n
e

h
e
a
t
e
r
s

of
u
u
a
d

4
,

s
y
s
t
e
m
s

A
a
n
d

B
.

L
M
P
'
s

2
8
~
-
v
d
e

b
u
s

  H
E
A
T
E
R
S
C
i
r
c
u
i
t
b
r
e
a
k
e
r
s

D
I
S
P

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
-
¢
p
o
w
e
r

to
H
E
A
T
E
R

C
O
N
T
T
E
M
P
i
n
d
i
c
a
t
o
r
.

N
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A
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P
'
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8
-
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e
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  P
a
n
e
l

16
(
c
o
n
t
)

4
C
B
3
1

4
C
B
3
3

4
C
B
1
6

4
C
B
2
1

4
C
B
1
3

4
C
B
1
4

4
C
B
7

4
C
B
l
i

S
-
B
D
A
N
T
(
5

a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
~
c
p
o
w
e
r
t
o

f
o
u
r
h
e
a
t
e
r
s

in
S
-
b
a
n
d

s
t
e
e
r
a
b
l
e
a
n
t
e
n
n
a

e
l
e
c
t
r
o
n
i
c
s
a
s
s
e
m
b
l
y
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

C
A
M
R
:

S
E
Q

c
i
r
c
u
i
t
b
r
e
a
k
e
r

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

to
s
e
q
u
e
n
c
e

c
a
m
e
r
a

c
l
e
c
t
r
i
c
a
l

o
u
t
l
e
t
.

N
/
A

L
M
P
'
s

2
8
~
-
v
d
e

b
u
s
  E

P
S

c
i
r
c
u
i
t
b
r
e
a
k
e
r
s

D
I
S
P

(2
a
m
p
e
r
e
s
)

D
C
B
U
S
V
O
L
T

(2
a
m
p
e
r
e
s
)

I
N
V

2
(
3
0
a
m
p
e
r
e
s
)

A
S
C

E
C
A
(
2

a
m
p
e
r
e
s
)

A
S
C
E
C
A
C
O
N
T
(
5

a
m
p
e
r
e
s
)

D
E
S
E
C
A

(2
a
m
p
e
r
e
s
)

A
p
p
l
i
e
s

d
-
c
p
o
w
e
r

t
o
A
M
P
S

a
n
d

V
O
L
T
S
i
n
d
i
c
a
t
o
r
s

a
n
d

to
s
u
b
s
y
s
t
e
m

t
a
l
k
b
a
c
k
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
IS

f
o
r

c
o
n
d
i
t
i
o
n
i
n
g

to
m
o
n
i
t
o
r
L
M
P
'
s

d
-
c
b
u
s

v
o
l
t
a
g
e
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

P
e
r
m
i
t
s
m
o
n
i
t
o
r
i
n
g
t
h
r
o
u
g
h

ca
ut

io
r

a
n
d
w
a
r
n
i
n
g
,

p
u
l
s
e
-
c
o
d
e
-

m
o
d
u
l
a
t
i
o
n

(
t
e
l
e
m
e
t
r
y
)
,

a
n
d

v
o
l
t
-

m
e
t
e
r

s
e
c
t
i
o
n
s
.

 

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
i
n
v
e
r
t
e
r

N
o
.

2
f
o
r
g
e
n
e
r
a
t
i
o
n

o
f
1
1
5
-
v
o
l
t

4
0
0
-
c
p
s
,

a
-
c
,

p
o
w
e
r
,

v
i
a

I
N
V
E
R
T
E
R

sw
it

ch
.

N
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A

L
M
P
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s

2
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-
v
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e
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s
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A

L
M
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2
8
-
v
d
e
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u
s

 

A
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p
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i
e
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d
-
c
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o
w
e
r
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o
r
m
a
l

a
n
d

b
a
c
k
u
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o
n
t
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t
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i
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E
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A

N
o
.

3

a
n
d

4
t
h
r
o
u
g
h
N
O
R
M
A
L

F
E
E
D
a
n
d

B
A
C
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U
P
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E
E
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i
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L
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a
n
e
l

1
6

(
c
o
n
t
)

4
C
B
9

4
C
B
5

4
C
B
1
9

4
C
B
1
8
3

4
C
B
2
5

4
C
B
1
7

D
E
S
E
C
A
C
O
N
T
(
5

a
m
p
e
r
e
s
)

X
L
U
N
A
R
B
U
S
T
I
E

(
5
0
a
m
p
e
r
e
s
)

C
R
O
S
S
T
I
E
-
B
U
S

(
1
0
0
a
m
p
e
r
e
s
)

C
R
O
S
S
T
I
E
-
B
A
L
L
O
A
D
S

(
3
0
a
m
p
e
r
e
s
)

B
A
T
F
E
E
D

T
I
E

(
1
0
0

a
m
p
e
r
e
s
)

B
A
T

F
E
E
D
T
I
E

(1
00

a
m
p
e
r
e
s
)

A
p
p
l
i
e
s
d
-
c
p
o
w
e
r

to
l
o
w
-
a
n
d
h
i
g
h

v
o
l
t
a
g
e

c
o
n
t
a
c
t

c
o
i
l
s

in
E
C
A

N
o
.

1

a
n
d

2
t
h
r
o
u
g
h

HI
V
O
L
T
A
G
E

a
n
d

L
O
W
V
O
L
T
A
G
F

s
w
i
t
c
h
e
s
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

T
i
e
s
L
M
P
'
s

d
-
c
b
u
s

t
r
a
n
s
l
u
n
a
r

l
o
a
d
s

to
L
M
s
i
n
g
l
e
-
p
o
i
n
t
g
r
o
u
n
d
.

N
/
A

N
/
A

 

T
i
e
s
L
M
P
'
s

f
e
e
d
e
r
/
b
u
s

s
y
s
t
e
m
t
o

C
D
R
'
s

d
-
c
b
u
s

t
h
r
o
u
g
h
C
D
R
'
s

E
P
S
:

C
R
O
S
S
T
I
E
-
B
U
S

c
i
r
c
u
i
t

b
r
e
a
k
e
r
.

N
/
A

L
M
P
'
s

2
8
-
v
d
c

b
u
s

 

T
i
e
s
L
M
P
'
s

f
e
e
d
e
r
/
b
u
s
s
y
s
t
e
m

to

C
D
R
'
s
d
-
c
b
u
s

t
h
r
o
u
g
h
C
D
R
'
s

E
P
S
:

C
R
O
S
S
T
I
E
-
B
A
L
L
O
A
D
S

ci
rc
ui
t
b
r
e
a
k
e
r
.

N
/
A

L
M
P
'
s

2
8
-
v
d
e

b
u
s

 

T
i
e
s
b
a
t
t
e
r
y

N
o
,

1,
2,

a
n
d

5,
a
n
d
,

d
u
r
i
n
g
b
a
c
k
u
p
m
o
d
e
,

b
a
t
t
e
r
y

N
o
.

6,

to
L
M
P
'
s

d
-
c
b
u
s
.

N
/
A

N
/
A

 

T
i
e
s
b
a
t
t
e
r
y

N
o
,

1,
2,

a
n
d

5,
a
n
d
,

d
u
r
i
n
g
b
a
c
k
u
p
m
o
d
e
,

b
a
t
t
e
r
y
N
o
.

6,

t
o
L
M
P
'
s

d
~
c
b
u
s
.

N
/
A

N
/
A
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

E
C
S 7
H
8

T
H
S

ECS

T
H
+  S

U
I
T
G
A
S
D
I
V
E
R
T
E
R
v
a
l
v
e

P
U
S
H
-
C
A
B
I
N

P
U
L
L
-
E
G
R
E
S
S

P
e
r
m
i
t
s

g
a
s

in
s
u
i
t

c
i
r
e
u
l
t
d
o
w
n
-

s
t
r
e
a
m

of
f
l
o
w

c
o
n
t
r
o
l

v
a
l
v
e
s

to

f
l
o
w

i
n
t
o

c
a
b
i
n
.

P
r
e
v
e
n
t
s

ga
s

in
s
u
i
t

c
i
r
c
u
i
t
f
r
o
m

p
a
s
s
i
n
g

i
n
t
o

c
a
b
i
n
.

 

E
C
S
:
D
I
V
E
R
T
]

L
M
P
'
s

V
L
V

2
8
-
v
d
e

Q
u
i
n
e

16
)

b
u
s

r
a
l
v
e
h
a
s

p
r
o
v
i
s
i
o
n
s

f
o
r
a
u
t
o
m
a
t
i
c

c
l
o
s
u
r
e
b
y

s
i
z
n
a
l
f
r
o
m

c
a
b
i
n
p
r
e
s
-

s
u
r
e
s
e
n
s
o
r

wh
en

c
a
b
i
n
p
r
e
s
s
u
r
e

d
r
o
p
s
b
e
l
o
w

-£
.0

p
s
i
a
.

V
a
l
v
e

a
l
s
o

c
l
o
s
e
s
a
u
t
o
m
a
t
i
c
a
l
l
y
w
h
e
n
P
R
E
S
S

R
E
G

A
a
n
d
P
R
E
S
S
R
E
G

B
v
a
l
v
e
s

a
r
e

s
e
t

to
E
G
R
E
S
S
.

 

E
n
a
b
l
e
s

s
u
i
t

c
i
r
c
u
i
t

to
m
a
i
n
t
a
i
n

o
x
y
g
e
n

l
e
v
e
l

o
f
c
a
b
i
n

w
i
t
h
i
n

l
i
m
i
t
s
.

 

C
A
B
I
N
R
E
P
R
E
S
S

v
a
l
v
e

M
A
N
U
A
L

A
U
T
O

C
L
O
S
E

P
e
r
m
i
t
s

u
n
r
e
g
u
l
a
t
e
d
o
x
y
g
e
n

f
l
o
w

to

c
a
b
i
n
f
r
o
m

o
x
v
g
e
n

m
a
n
i
f
o
l
d
.

E
n
a
b
l
e
s
C
A
B
I
N
R
E
P
R
E
S
S

v
a
l
v
e

to

r
e
s
p
o
n
d

to
i
n
p
u
t
s
f
r
o
m

c
a
h
i
n
p
r
e
s
-

s
u
r
e

s
w
i
t
c
h

a
n
d

s
u
i
t

c
i
r
c
u
i
t

l
o
w

p
r
e
s
s
u
r
e

s
e
n
s
o
r
,

 

P
r
e
v
e
n
t
s
o
x
y
g
e
n

f
l
o
w
f
r
o
m

o
x
y
g
e
n

m
a
n
i
f
o
l
d

to
c
a
b
i
n
.

E
C
S
:
C
A
B
I
N

L
M
P
'
s

R
E
P
R
E
S
S

28
-v
dl
e

(
p
a
n
e
l

16
)

b
u
s

C
A
B
I
N
P
R
E
S
S

i
n
d
i
c
a
t
o
r
p
r
o
v
i
d
e
s

p
o
s
i
t
i
v
e
f
e
e
d
h
a
c
k

of
r
e
s
u
l
t
s

of

C
A
B
I
N
R
E
P
R
E
S
S

v
a
l
v
e

a
c
t
u
a
t
i
o
n
.

A
U
T
O

m
o
d
e

is
d
i
s
a
b
l
e

P
R
E
S
S

R
E
G

A
a
n
d
P
R
I

v
a
l
v
e
s
a
r
c

s
e
t

t
o
E
G
R
E
S
S

o
r

if
o
n
e

v
a
l
v
e

ts
se

t

to
E
G
R
E
S
S

a
n
d

o
t
h
e
r

v
a
l
v
e

is
s
e
t

to

C
L
O
S
E
,

   

V
a
l
v
e
o
p
e
n
s

f
u
l
l
y
w
h
e
n

c
a
b
i
n
p
r
e
s
-

s
u
r
e
d
r
o
p
s

b
e
l
o
w
4
.
6

ps
ia
:

it
c
l
o
s
e
s

w
h
e
n
p
r
e
s
s
u
r
e

r
i
s
e
s

p
a
s
t

4.
8
p
s

V
a
l
v
e
o
p
e
n
s
w
h
e
n

s
u
i
t
c
i
r
c
u
i
t
p
r
e
s
-

s
u
r
e
d
r
o
p
s

to
38

.
12

4£
0,

18
ps
ia
:
i
t

c
l
o
s
e
s
w
h
e
n

p
r
e
s
s
u
r
e

r
i
s
e
s

p
a
s
t

4
.
1

p
s
i
a
.
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P
L
S
S
F
I
L
L

v
a
l
v
e

O
P
E
N

C
L
O
S
E

P
e
r
m
i
t
s
o
x
y
g
e
n

f
l
o
w

to
p
r
i
m
a
r
y

o
x
y
g
e
n

s
t
o
r
a
g
e

t
a
n
k

in
P
L
S
S
.

P
r
e
v
e
n
t
s
o
x
y
g
e
n

f
l
o
w
t
o

t
a
n
k
.

N
/
A

N
/
A
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

E
C
S

(c
on
t)

D
E
S

A
S
C

S
e
l
e
c
t
s
d
e
s
c
e
n
t
w
a
t
e
r

t
a
n
k

to
p
r
o
v
i
d
e

w
a
t
e
r

fo
r
p
r
i
m
a
r
y
w
a
t
e
r

bo
il
er
,

a
n
d

f
o
r
D
E
S
1
,
0

v
a
l
v
e

f
o
r

p
e
r

t
w
e
e
n

ea
rt
h

l
a
u
n
c
h
a
n
d

st
ag
in
g.

 

S
e
l
e
c
t
s

b
o
t
h
a
s
c
e
n
t
w
a
t
e
r

t
a
n
k
s

t
o

p
r
o
v
i
d
e
w
a
t
e
r

fo
r
p
r
i
m
a
r
y

w
a
t
e
r

bo
il
er

a
n
d

fo
r
A
S
C
H
O

va
lv
e.

Mission LM Basic Date

ECS

1 February 1970 Change Date

 S
E
C

P
r
e
v
e
n
t
s
w
a
t
e
r

f
l
o
w
f
r
o
m

w
a
t
e
r

S
a
f
e
t
y

t
r
i
g
g
e
r
m
u
s
t
b
e

li
ft
ed

m
a
n
-

t
a
n
k
s

to
p
r
i
m
a
r
y

w
a
t
e
r
b
o
i
l
e
r
.

u
a
l
l
y
b
e
f
o
r
e

s
e
t
t
i
n
g
v
a
l
v
e

to
S
E
C

D
i
v
e
r
t
s

al
l
w
a
t
e
r
f
r
o
m

w
a
t
e
r
s
e
p
a
r
a
-

t
o
r
s

to
s
e
c
o
n
d
a
r
y
w
a
t
e
r

b
o
i
l
e
r
s
.

R
u
p
t
u
r
e
s

w
a
t
e
r

is
ol
at
io
n
v
a
l
v
e

di
sk
,

t
h
u
s
r
e
p
l
e
n
i
s
h
i
n
g
e
m
e
r
g
e
n
c
y
c
o
o
l
a
n
t

s
y
s
t
e
m

l
o
o
p

w
i
t
h
w
a
t
e
r
b
a
c
k
u
p
.

 

T
H
B

A
S
C
H
O

v
a
l
v
e

C
o
n
t
r
o
l
s
w
a
t
e
r

f
l
o
w

f
o
r
d
r
i
n
k
i
n
g
a
n
d

N
/
A

N
/
A

W
a
t
e
r

q
u
a
n
t
i
t
y

is
m
o
n
i
t
o
r
e
d
b
y

H
,
,
0

“
f
o
o
d

p
r
e
p
a
r
a
t
i
o
n
.

Q
T
Y

i
n
d
i
c
a
t
o
r
o
n
p
a
n
c
l

2.
“

O
P
E
N

S
u
p
p
l
i
e
s
w
a
t
e
r

to
w
a
t
e
r
h
o
s
e
a
s
s
e
m
~

b
i
y
.

C
L
O
S
E

P
r
e
v
e
n
t
s

w
a
t
e
r

f
l
o
w

t
o

wa
te
r
h
o
s
e

a
s
s
e
m
b
l
y
.

 

 

T
H
2
6

D
E
S
H
O
v
a
l
v
e

C
o
n
t
r
o
l
s
w
a
t
e
r

f
l
o
w
,

f
r
o
m

d
e
s
c
e
n
t

N
/
A

N
/
A

W
a
t
e
r

q
u
a
n
t
i
t
y

is
m
o
n
i
t
o
r
e
d
b
y
H
,
0

“
w
a
t
e
r

ta
nk
,

fo
r
dr
in
ki
ng
,

f
o
o
d
p
r
e
p
-

Q
T
Y
i
n
d
i
c
a
t
o
r

o
n
p
a
n
e
l

2.

a
r
a
t
i
o
n
,

a
n
d
f
i
r
e
f
i
g
h
t
i
n
g
.

O
P
E
N

S
u
p
p
l
i
e
s
w
a
t
e
r

to
w
a
t
e
r
h
o
s
e
a
s
s
e
m
-

hi
v.

C
L
O
S
E

P
r
e
v
e
n
t
s
w
a
t
e
r

f
l
o
w

to
w
a
t
e
r
h
o
s
e

a
s
s
e
m
b
l
y
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e
a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  E
C
S

(c
on

t) 7
H
2
2

T
H
1
7

7
H
1
9

S
U
I
T
T
E
M
P

v
a
l
v
e

D
E
C
R
C
O
L
D

I
N
C
R
H
O
T

P
e
r
m
i
t
s

re
gu
la
ti
on

of
su
it

ci
rc
ui
t

t
e
m
p
e
r
a
t
u
r
e

b
y
v
a
r
y
i
n
g

r
a
t
e

o
f
g
l
y
-

c
o
l

f
l
o
w
t
o

su
it

r
e
g
e
n
e
r
a
t
i
v
e
h
e
a
t

e
x
c
h
a
n
g
e
r
.

  

D
e
c
r
e
a
s
e
s

g
l
y
c
o
l

f
l
o
w

to
s
u
i
t
r
e
g
e
n
-

e
r
a
t
i
v
e
h
e
a
t
e
x
c
h
a
n
g
e
r

to
d
e
c
r
e
a
s
e

s
u
i
t
c
i
r
c
u
i
t
g
a
s

t
e
m
p
e
r
a
t
u
r
e
,

I
n
c
r
e
a
s
e
s

g
l
y
c
o
l
f
l
o
w

to
s
u
i
t
r
e
g
e
n
-

e
r
a
t
i
v
e

h
e
a
t
e
x
c
h
a
n
g
e
r

to
i
n
c
r
e
a
s
e

s
u
i
t
c
i
r
c
u
i
t
g
a
s
t
e
m
p
e
r
a
t
u
r
e
,

N
/
A

N
/
A

M
o
d
u
l
a
t
i
n
g

f
a
u
c
e
t

c
o
n
t
r
o
l
.

 

C
A
B
I
N
G
A
S
R
E
T
U
R
N

v
a
l
v
e

O
P
E
N

A
U
T
O

E
G
R
E
S
S

P
r
o
v
i
d
e
s

f
o
r
r
e
t
u
r
n

o
f
c
a
b
i
n
g
a
s

t
o

s
u
i
t
c
i
r
c
u
i
t
u
n
d
e
r
n
o
r
m
a
l

o
p
e
r
a
t
i
o
n
s

o
r
p
r
o
v
i
d
e
s

s
u
i
t
c
i
r
c
u
i
t

i
n
t
e
g
r
i
t
y

u
n
d
e
r

r
a
p
i
d

c
a
b
i
n
d
e
c
o
m
p
r
e
s
s
i
o
n
.

P
e
r
m
i
t
s

c
a
b
i
n
g
a
s

to
f
e
e
d
b
a
c
k

to
s
u
i
t
c
i
r
c
u
i
t

f
o
r

r
e
v
i
t
a
l
i
z
a
t
i
o
n
.

P
e
r
m
i
t
s

g
a
s

f
l
o
w
i
n
t
o
,

b
u
t

n
o
t

ou
t
o
f
,

s
u
i
t

c
i
r
c
u
i
t
,

C
l
o
s
e
s

va
lv

e,
e
n
s
u
r
i
n
g

su
it

ci
rc
ui
t

i
n
t
e
g
r
i
t
y
d
u
r
i
n
g
u
n
p
r
e
s
s
u
r
i
z
e
d
-

c
a
b
i
n

o
p
e
r
a
t
i
o
n
s
.

N
/
A

N
/
A
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C
O
,
C
A
N
I
S
T
E
R
S
E
L
v
a
l
v
e

P
R
I
M

S
E
C

P
e
r
m
i
t
s

s
u
i
t
c
i
r
c
u
i
t
g
a
s

to
b
e

f
i
l
t
e
r
e
d

t
h
r
o
u
g
h
p
r
i
m
a
r
y
L
i
O
H

c
a
n
i
s
t
e
r
,

R
o
u
t
e
s

s
u
i
t
c
i
r
c
u
i
t
g
a
s
t
h
r
o
u
g
h
s
e
c
-

o
n
d
a
r
y
L
i
O
H

c
a
n
i
s
t
e
r

to
p
e
r
m
i
t

r
e
p
l
a
c
e
m
e
n
t

of
p
r
i
m
a
r
y
c
a
n
i
s
t
e
r
.

N
/
A

N
/
A
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

E
C
S

{c
on

t) 7
H
9

7
H
2
3

ECS

T
H
2
4  S

U
I
T
C
I
R
C
U
I
T
R
E
L
I
E
F

v
a
l
v
e

O
P
E
N

A
U
T
O

C
L
O
S
E

P
r
e
v
e
n
t
s

o
v
e
r
p
r
e
s
s
u
r
i
z
a
t
i
o
n

o
f
s
u
i
t

c
i
r
c
u
i
t
,

F
u
l
l
y
o
p
e
n
s

v
a
l
v
e
,

o
v
e
r
r
i
d
i
n
g
A
U
T
O

m
o
d
e
.

P
e
r
m
i
t
s

v
a
l
v
e

to
r
e
s
p
o
n
d

t
o
a
n
e
r
o
i
d

d
e
v
i
c
e
m
e
a
s
u
r
i
n
g

su
it

ci
rc

ui
t
p
r
e
s
-

su
re
,

F
u
l
l
y
c
l
o
s
e
s

v
a
l
v
e
,

o
v
e
r
r
i
d
i
n
g
A
U
T
O

m
o
d
e
.

N
/
A

N
/
A

P
o
s
i
t
i
v
e
f
e
e
d
b
a
c
k

of
su
it

ci
rc
ui
t

p
r
e
s
s
u
r
e

is
p
r
o
v
i
d
e
d
b
y
S
U
I
T
P
R
E
S
S

in
di

ca
to

r.

V
a
l
v
e

is
fu

ll
y
o
p
e
n
w
h
e
n

su
it

p
r
e
s
-

s
u
r
e

is
4
,
7

p
s
i
a
o
r
g
r
e
a
t
e
r
,

f
u
l
l
y

c
l
o
s
e
d
w
h
e
n

su
it

p
r
e
s
s
u
r
e

is
le
ss

t
h
a
n
4
.
3

p
s
i
a
.

 

P
R
I
M
A
R
Y
C
O
,
C
A
N
I
S
T
E
R
V
E
N
T

p
u
s
h
b
u
t
t
o
n

W
h
e
n

b
u
t
t
o
n

is
p
r
e
s
s
e
d
,

g
a
s

in

c
a
n
i
s
t
e
r

is
ve
nt
ed
,

fa
ci

li
ta

ti
ng

r
e
-

m
o
v
a
l

o
f
c
a
n
i
s
t
e
r
f
r
o
m

s
u
i
t

c
i
r
c
u
i
t
,

N
/
A

N
/
A

M
o
m
e
n
t
a
r
y

p
u
s
h
b
u
t
t
o
n
;

a
s
s
o
c
i
a
t
e
d

w
i
t
h
p
r
i
m
a
r
y
L
i
O
H

c
a
n
i
s
t
e
r
.

 

P
R
I
M
A
R
Y
C
O
y
C
A
N
I
S
T
E
R

O
P
E
N

C
L
O
S
E

O
p
e
n
s

c
o
v
e
r
f
o
r

r
e
m
o
v
a
l

of
C
O
,

c
a
r
t
r
i
d
g
e
.

C
l
o
s
e
s

c
o
v
e
r
a
f
t
e
r

r
e
p
l
a
c
e
m
e
n
t

o
f

c
a
r
t
r
i
d
g
e
.

N
/
A

N
/
A

A
f
t
e
r

se
tt
in
g
C
O
g
C
A
N
I
S
T
E
R
S
E
L

v
a
l
v
e

to
S
E
C
,

P
R
I
M
A
R
Y
C
A
N
I
S
T
E
R

is
se

t
to

O
P
E
N
,

to
r
e
m
o
v
e

c
a
r
t
r
i
d
g
e
.

S
e
t
t
i
n
g
v
a
l
v
e

to
C
L
O
S
E

p
l
a
c
e
s

p
r
i
-

m
a
r
y
C
O
,

c
a
n
i
s
t
e
r
b
a
c
k
o
n
s
t
r
e
a
m
.

 

S
E
C
O
N
D
A
R
Y
C
O
,

C
A
N
I
S
T
E
R

O
P
E
N

C
L
O
S
E

O
p
e
n
s

c
o
v
e
r

f
o
r
r
e
m
o
v
a
l

o
f
C
O
,

c
a
r
t
r
i
d
g
e
,

C
l
o
s
e
s

c
o
v
e
r

af
te

r
r
e
p
l
a
c
e
m
e
n
t

of
c
a
r
t
r
i
d
g
e
.

 

S
E
C
O
N
D
A
R
Y
C
O
,

C
A
N
I
S
T
E
R
v
e
n
t

p
u
s
h
b
u
t
t
o
n

°
W
h
e
n

bu
tt
on

is
p
r
e
s
s
e
d
,

g
a
s

in
c
a
n
-

i
s
t
e
r

is
v
e
n
t
e
d
,

f
a
c
i
l
i
t
a
t
i
n
g
r
e
m
o
v
a
l

o
f
c
a
n
i
s
t
e
r
f
r
o
m

su
it

c
i
r
c
u
i
t
.

N
/
A

N
/
A

M
o
m
e
n
t
a
r
y

p
u
s
h
b
u
t
t
o
n
;
a
s
s
o
c
i
a
t
e
d

w
i
t
h
s
e
c
o
n
d
a
r
y
L
i
O
H

c
a
n
i
s
t
e
r
.
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L  
L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

E
C
S

{c
on
t) 7
H
1
0

W
A
T
E
R
S
E
P
S
E
L

v
a
l
v
e

P
U
S
H
:
S
E
P

1

P
U
S
H
:
S
E
P

2

P
e
r
m
i
t
s

s
e
l
e
c
t
i
o
n

of
e
i
t
h
e
r

of
t
w
o

s
e
p
a
r
a
t
o
r
s

t
h
a
t
s
e
p
a
r
a
t
e
c
o
n
d
e
n
s
e
d

m
o
i
s
t
u
r
e
f
r
o
m

g
a
s
a
n
d

v
e
n
t
s

th
is

w
a
t
e
r

to
p
r
i
m
a
r
y
w
a
t
e
r

bo
il

er
.

S
e
l
e
c
t
s
s
e
p
a
r
a
t
o
r

N
o
.

1.

S
e
l
e
c
t
s
s
e
p
a
r
a
t
o
r

N
o
.

2.

N
/
A

N
/
A

N
o
r
m
a
l
l
y
s
e
p
a
r
a
t
o
r
N
o
,

1
is

o
n

li
ne
.

 

ECS

 

T
H
1
1

7
H
2
0

C
a
b
i
n

r
e
l
i
e
f
a
n
d
d
u
i
n
p

v
a
l
v
e
s

D
U
M
P   

 P
r
o
v
i
d
e
s
m
e
a
n
s

f
o
r
a
u
t
o
m
a
t
i
c

c
a
b
i
n

d
e
p
r
e
s
s
u
r
i
z
a
t
i
o
n

a
n
d

c
a
b
i
n
p
r
e
s
s
u
r
e

r
e
l
i
e
f
.

O
v
e
r
r
i
d
e
s
A
U
T
O
p
o
s
i
t
i
o
n

a
n
d
p
e
r
m
i
t
s

a
s
t
r
o
n
a
u
t

to
d
u
m
p

c
a
b
i
n
p
r
e
s
s
u
r
e
.

N
/
A   N

/
A

T
r
i
g
g
e
r

o
n
c
a
b
i
n

r
e
l
i
e
f
a
n
d
d
u
m
p

v
a
l
v
e
l
e
v
e
r
o
n

c
a
b
i
n

s
i
d
e

of
h
a
t
c
h

m
u
s
t

b
e
s
q
u
e
e
z
e
d

to
u
n
l
o
c
k
le

ve
r,

b
e
f
o
r
e
v
a
l
v
e
c
a
n

b
e

se
t

to
a
n
o
t
h
e
r

p
o
s
i
t
i
o
n
.

V
a
l
v
e

a
l
s
o
h
a
s
t
w
o
-
p
o
s
i
-

t
i
o
n
P
U
L
L
T
O
D
U
M
P
c
o
n
t
r
o
l

l
e
v
e
r

lo
n
e
x
t
e
r
i
o
r

s
i
d
e

o
f
h
a
t
c
h
,

E
x
t
e
r
i
o
r

l
e
v
e
r

is
s
p
r
i
n
g
l
o
a
d
e
d

to
''
in
''

p
o
s
i
-

ti
on
.

P
u
l
l
i
n
g
a
n
d

h
o
l
d
i
n
g
l
e
v
e
r

o
u
t

f
o
r
a
p
p
r
o
x
i
m
a
t
e
l
y

9
0
s
e
c
o
n
d
s
d
u
m
p
s

c
a
b
i
n
p
r
e
s
s
u
r
e
.

'
Q
u
t
"

po
si

ti
on

is
c
o
m
p
a
r
a
b
l
e

t
o
D
U
M
P
p
o
s
i
t
i
o
n

o
f

i
n
-

t
e
r
i
o
r
l
e
v
e
r
;

‘t
in

’
p
o
s
i
t
i
o
n

o
f
e
x
-

t
e
r
i
o
r
l
e
v
e
r

is
c
o
m
p
a
r
a
b
l
e

to
A
U
T
O

p
o
s
i
t
i
o
n
.
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

E
C
S

(
c
o
n
t
)

7
H
2
5

ECS

7
H
1
2

7T
H2
9  A

U
T
O

C
L
O
S
E

P
e
r
m
i
t
s

v
a
l
v
e

to
a
c
t
n
o
r
m
a
l
l
y

a
s

a
u
t
o
m
a
t
i
c
p
r
e
s
s
u
r
e
-
r
e
l
i
e
f
d
e
v
i
c
e
.

O
v
e
r
r
i
d
e
s
A
U
T
O

p
o
s
i
t
i
o
n

to
c
l
o
s
e

a
n
d

l
o
c
k
r
e
l
i
e
f
v
a
l
v
e

s
o

t
h
a
t
n
o
g
a
s

c
a
n
e
s
c
a
p
e
d
u
r
i
n
g

f
a
i
l
u
r
e

in
A
U
T
O

m
o
d
e
.

A
n
e
r
o
i
d
s
e
n
s
o
r
c
a
u
s
e
s
v
a
l
v
e

to
o
p
e
n

at
p
r
e
s
s
u
r
e

of
5
.
8
p
s
i
a

or
g
r
e
a
t
e
r
,

b
l
e
e
d
i
n
g
e
x
c
e
s
s

c
a
b
i
n
p
r
e
s
s
u
r
e
.

 

P
R
I
E
V
A
P
F
L
O
W
#
1

v
a
l
v
e

O
P
E
N

C
L
O
S
E

C
o
n
t
r
o
l
s
w
a
t
e
r

f
l
o
w
f
r
o
m
w
a
t
e
r

m
a
n
i
f
o
l
d

to
p
r
i
m
a
r
y
w
a
t
e
r

b
o
i
l
e
r
.

P
e
r
m
i
t
s
w
a
t
e
r

f
l
o
w

to
p
r
i
m
a
r
y

w
a
t
e
r

b
o
i
l
e
r
.

S
h
u
t
s

of
f
w
a
t
e
r

f
l
o
w

to
p
r
i
m
a
r
y

w
a
t
e
r

b
o
i
l
e
r
.

N
/
A

V
a
l
v
e

is
se

ct
to
O
P
E
N
w
h
e
n

IL
Mi
«

f
i
r
s
t
m
a
n
n
e
d

to
p
e
r
m
i
t
w
a
t
e
r

{+
wo

p
r
i
m
a
r
y
w
a
t
e
r

bo
il
er
.

 

L
I
Q
U
I
D
G
A
R
M
E
N
T
C
O
O
L
I
N
G

v
a
l
v
e

C
O
L
D

H
O
T

C
o
n
t
r
o
l
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e

to
t
h
e

li
qu
id

g
a
r
m
e
n
t
c
o
o
l
i
n
g

su
it

.
N
/
A

N
/
A

  H
I
P
L
S
S
O
,
F
I
L
L

v
a
l
v
e

O
P
E
N

C
L
O
S
E

 P
e
r
m
i
t
s

f
l
o
w

o
f
h
i
g
h
p
r
e
s
s
u
r
e

o
x
y
g
e
n

t
o
p
r
i
m
a
r
y
o
x
y
g
e
n
s
t
o
r
a
g
e

t
a
n
k

in
P
L
S
S
.

P
r
e
v
e
n
t
s
o
x
y
g
e
n

f
l
o
w

to
ta

nk
.

 N
/
A

 N
/
A

 
 
 )

    

a
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  A
O
T 3
H
3

3
8
2
3

3
8
2
5

3
8
2
4

3R
1L

3
H
1

3
H
2

E
y
e
p
i
e
c
e

ad
ju
st

le
ve
r

M
o
v
e
s

e
y
e
p
i
e
c
e
t
o
w
a
r
d
,

o
r
a
w
a
y

f
r
o
m
,

e
y
e

of
o
b
s
e
r
v
e
r
f
o
r
f
o
c
u
s
i
n
g
.

N
/
A

N
/
A

 

M
A
R
K
X

p
u
s
h
b
u
t
t
o
n
(
m
o
m
e
n
t
a
r
y
)

P
r
o
v
i
d
e
s

si
gn
al

to
L
G
C
,

in
di
ca
ti
ng

th
at

na
vi

ga
ti

on
st
ar

is
a
l
i
g
n
e
d
o
n

X
-
h
a
i
r
l
i
n
e

of
re
ti
cl
e,

N
/
A

N
/
A

 

M
A
R
K
Y

p
u
s
h
b
u
t
t
o
n
(
m
o
m
e
n
t
a
r
y
)

P
r
o
v
i
d
e
s

si
gn

al
to

L
G
C
,

in
di

ca
ti

ng
t
h
a
t
n
a
v
i
g
a
t
i
o
n
s
t
a
r

is
a
l
i
g
n
e
d
o
n

Y
-
h
a
i
r
l
i
n
e

of
re

ti
cl

e.

N
/
A

N
/
A

 

R
E
J
E
C
T

p
u
s
h
b
u
t
t
o
n
(
m
o
m
e
n
t
a
r
y
)

P
r
o
v
i
d
e
s

s
i
g
n
a
l

t
o
L
G
C
,

e
r
a
s
i
n
g

m
a
r
k
-
X

or
m
a
r
k
-
Y

si
gn
al

p
r
e
-

v
i
o
u
s
l
y
e
n
t
e
r
e
d

in
to

L
G
C
,

N
e
w

m
a
r
k
-
X

or
m
a
r
k
-
Y

si
gn
al

m
a
y
b
e

e
n
t
e
r
e
d

in
to
L
G
C

af
te
r
m
a
r
k
-
R

R
E
J
E
C
T

p
u
s
h
b
u
t
t
o
n

is
p
r
e
s
s
e
d
,

N
/
A

N
/
A

 

R
e
t
i
c
l
e

i
l
l
u
m
i
n
a
t
i
o
n
c
o
n
t
r
o
l

C
o
n
t
r
o
l
s
b
r
i
g
h
t
n
e
s
s

of
re

ti
cl

e
il

lu
-

m
i
n
a
t
i
o
n
,

A
C
B
U
S

B:
A
O
T
L
A
M
P

(
p
a
n
e
l

11
)

C
D
R
'
s

1
1
5
-
v
a
c

b
u
s
B

 

R
e
t
i
c
l
e

c
o
n
t
r
o
l

R
o
t
a
t
e
s

r
e
t
i
c
l
e

to
s
u
p
e
r
i
m
p
o
s
e

s
p
i
r
a
l
o
n

t
a
r
g
e
t

s
t
a
r
,

t
o
z
e
r
o

t
h
e

A
O
T
c
o
u
n
t
e
r
,

a
n
d

to
s
u
p
e
r
i
m
p
o
s
e

X
-
h
a
i
r
l
i
n
e

on
ta
rg
et

st
ar
.

N
/
A

N
/
A

U
s
e
d

on
ly

d
u
r
i
n
g
l
u
n
a
r
s
u
r
f
a
c
e

a
l
i
g
n
m
e
n
t

of
I
M
U
.

I
n
d
i
c
a
t
o
r
m
u
s
t

b
e
z
e
r
o
d
u
r
i
n
g

in
fl

ig
ht
I
M
U

a
l
i
g
n
-

m
e
n
t
s
,

  A
z
i
m
u
t
h

co
nt

ro
l

L
R

 R
o
t
a
t
e
s
A
O
T

p
r
i
s
m

to
c
o
v
e
r

s
i
x

60
°

s
e
c
t
o
r
s
,
f
r
o
m

le
ft

r
e
a
r

to
r
i
g
h
t

r
e
a
r
,

R
o
t
a
t
e
s

p
r
i
s
m
t
o

le
ft

r
e
a
r

p
o
s
i
t
i
o
n
,

R
o
t
a
t
e
s
p
r
i
s
m

to
le

ft
po

si
ti

on
,

R
o
t
a
t
e
s
p
r
i
s
m

to
f
r
o
n
t

p
o
s
i
t
i
o
n
,

 N
/
A

 N
/
A

 i
m
a
g
e

r
o
t
a
t
e
s

a
s
p
r
i
s
m

r
o
t
a
t
e
s
,
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

P
o
w
e
r

S
o
u
r
c
e

C
i
r
c
u
i
t

B
r
e
a
k
e
r

R
e
m
a
r
k
s

 

A
O
T

(c
on
t) 3
M
7

R
R

C
L

R
o
t
a
t
e
s
p
r
i
s
m

t
o
r
i
g
h
t

p
o
s
i
t
i
o
n
,

R
o
t
a
t
e
s
p
r
i
s
m

t
o
r
i
g
h
t
r
e
a
r

p
o
s
i
t
i
o
n
,

S
t
o
r
e
s
p
r
i
s
m
u
n
d
e
r
p
r
o
t
e
c
t
i
v
e
c
o
v
e
r
.

 

A
O
T

in
di
ca
to
r

I
n
d
i
c
a
t
e
s

p
o
s
i
t
i
o
n

(i
n
d
e
g
r
e
e
s
)

o
f

re
ti

cl
e,

N
/
A

N
/
A

F
i
v
e
-
p
l
a
c
e

di
gi
ta
l
d
i
s
p
l
a
y
.

E
x
t
r
e
m
e

ri
gh
t
di
gi
t

is
fo

r
te

nt
hs

of
a
d
e
g
r
e
e
.

 

A
C
A

1
A
l

1
A
2

1
5
A
S
1
0

1
5
B
S
1
0

A
t
t
i
t
u
d
e
c
o
n
t
r
o
l
a
s
s
e
m
b
l
y

P
u
s
h
-
t
o
-
t
a
l
k
s
w
i
t
c
h

E
i
t
h
e
r
a
s
t
r
o
n
a
u
t
c
a
n
c
o
m
m
a
n
d

v
e
h
i
-

cl
e

at
ti

tu
de

c
h
a
n
g
e
s
m
a
n
u
a
l
l
y
,

u
s
i
n
g

hi
s
A
C
A
,

AC
A
i
s

in
st

al
le

d
w
i
t
h

it
s

l
o
n
g
i
t
u
d
i
n
a
l
a
x
i
s
a
p
p
r
o
x
i
m
a
t
e
l
y
p
a
r
-

a
l
l
e
l

to
L
M

X
-
a
x
i
s
;
v
e
h
i
c
l
e
r
o
t
a
t
i
o
n
s

c
o
r
r
e
s
p
o
n
d

to
a
s
t
r
o
n
a
u
t
h
a
n
d
m
o
v
e
-

m
e
n
t
s

in
o
p
e
r
a
t
i
n
g
A
C
A
,

C
l
o
c
k
w
i
s
e

o
r
c
o
u
n
t
e
r
c
l
o
c
k
w
i
s
e
r
o
t
a
t
i
o
n

o
f
A
C
A

a
b
o
u
t

it
s
lo

ng
it

ud
in

al
ax

is
c
o
m
m
a
n
d
s

v
e
h
i
c
l
e
y
a
w

r
i
g
h
t
o
r

le
ft

a
b
o
u
t

L
M

X
-
a
x
i
s
,

F
o
r
w
a
r
d

o
r

a
f
t
m
o
v
e
-

m
e
n
t

of
A
C
A
c
o
m
m
a
n
d
s

v
e
h
i
c
l
e

p
i
t
c
h

d
o
w
n

o
r

p
i
t
c
h

u
p
,

r
e
s
p
e
c
t
i
v
e
l
y
,
a
b
o
u
t

L
M
Y
-
a
x
i
s
,

L
e
f
t
o
r

r
i
g
h
t
m
o
v
e
m
e
n
t

of
A
C
A

c
o
m
m
a
n
d
s
r
o
l
l

le
ft

o
r

ro
ll

r
i
g
h
t
a
b
o
u
t
L
M

Z
-
a
x
i
s
.

S
T
A
B
/
C
O
N
T
:

A
T
T

D
I
R

C
O
N
T

(
p
a
n
e
l

11
)

C
D
R
'
s

2
8
-
v
d
e

b
u
s

 

K
e
y
s

i
n
t
e
r
c
o
m
a
n
d
/
o
r

s
e
l
e
c
t
e
d

t
r
a
n
s
m
i
t
t
e
r
s
.

N
/
A

N
/
A

L
o
c
a
t
e
d

o
n
A
C
A

c
o
n
t
r
o
l

g
r
i
p
.

  T
T
C
A

1
X
1

1
X
2

 Th
ru

st
/t

ra
ns

la
ti

on
co

nt
ro

ll
er

 T
h
e

t
h
r
u
s
t
/
t
r
a
n
s
l
a
t
i
o
n
c
o
n
t
r
o
l
l
e
r

is
,

fu
nc

ti
on

al
ly

,
a
n
i
n
t
e
g
r
a
t
e
d
t
r
a
n
s
l
a
-

ti
on

a
n
d
th
ru
st

c
o
n
t
r
o
l
l
e
r
u
s
e
d

to

c
o
m
m
a
n
d
v
e
h
i
c
l
e

t
r
a
n
s
l
a
t
i
o
n
s
b
y
r
e
-

a
c
t
i
o
n
co

nt
ro

l
je

t
fi
ri
ng
,
a
n
d

to

th
ro

tt
le

th
e
d
e
s
c
e
n
t
e
n
g
i
n
e
b
e
t
w
e
e
n

1
0
%
a
n
d
9
2
.
5
%
m
a
x
i
m
u
m

t
h
r
u
s
t

 N
/
A

N
/
A   
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

T
T
C
A

(c
on
t) 1
H
i

1
H
2

1
H
3

1
H
4

m
a
g
n
i
t
u
d
e
,

It
is

a
t
h
r
e
e
-
a
x
i
s
,

t
e
e
-

h
a
n
d
l
e
,

l
e
f
t
-
h
a
n
d

co
nt

ro
ll

er
.

V
e
h
i
c
l
e

t
r
a
n
s
l
a
t
i
o
n
s
c
o
r
r
e
s
p
o
n
d
a
p
p
r
o
x
i
-

m
a
t
e
l
y

t
o
a
s
t
r
o
n
a
u
t
m
o
v
e
m
e
n
t
o
f

t
h
e

t
e
e
-
h
a
n
d
l
e
,

L
e
f
t
w
a
r
d

o
r
r
i
g
h
t
w
a
r
d

m
o
v
e
m
e
n
t
c
o
m
m
a
n
d
s
t
r
a
n
s
l
a
t
i
o
n

a
l
o
n
g
L
M

Y
-
a
x
i
s
;

i
n
w
a
r
d

o
r
o
u
t
w
a
r
d

m
o
v
e
m
e
n
t
c
o
m
m
a
n
d
s

t
r
a
n
s
l
a
t
i
o
n

a
l
o
n
g
L
M

Z
-
a
x
i
s
;
u
p
w
a
r
d

o
r
d
o
w
n
-

w
a
r
d
m
o
v
e
m
e
n
t
c
o
m
m
a
n
d
s

t
r
a
n
s
-

l
a
t
i
o
n
a
l
o
n
g
L
M

X
-
a
x
i
s
,

 

Th
ro
tt
le
/j
et
s

se
le
ct

le
ve
r

J
E
T
S

T
H
R
O
T
T
L
E

L
e
v
e
r
m
o
u
n
t
e
d

o
n
T
T
C
A

af
fo
rd
s

i
n
t
e
g
r
a
t
e
d
t
h
r
u
s
t
a
n
d

tr
an
sl
at
io
n

c
o
n
t
r
o
l

ca
pa
bi
li
ty
.

P
r
o
v
i
d
e
s
R
C
S

X
-
a
x
i
s

t
r
a
n
s
l
a
t
i
o
n

ca
pa
bi
li
ty
.

P
r
o
v
i
d
e
s

Y
-
a
x
i
s

t
r
a
n
s
l
a
t
i
o
n
b
y

v
a
r
y
-
|

i
n
g
t
h
r
u
s
t
m
a
g
n
i
t
u
d
e

of
d
e
s
c
e
n
t

e
n
g
i
n
e
,

N
/
A

R
e
g
a
r
d
l
e
s
s

of
l
e
v
e
r

po
si

ti
on

,
c
o
n
-

tr
ol
le
r
h
a
s

t
r
a
n
s
l
a
t
i
o
n
c
o
m
m
a
n
d

c
a
p
a
b
i
l
i
t
y
a
l
o
n
g

t
h
e
Y
-
a
x
i
s

a
n
d
Z
-

a
x
i
s
,

 

T
h
r
o
t
t
l
e

f
r
i
c
t
i
o
n
c
o
n
t
r
o
l
l
e
r

V
a
r
i
e
s

f
o
r
c
e
r
e
q
u
i
r
e
d

t
o
m
o
v
e

t
e
e
-

h
a
n
d
l
e
u
p
w
a
r
d

o
r
d
o
w
n
w
a
r
d
,

C
o
n
-

t
r
o
l
l
e
r

is
o
p
e
r
a
t
i
v
e
w
h
e
n

T
H
R
O
T
T
L
E
/
J
E
T
S

se
le

ct
le
ve
r

is
se
t

t
o
T
H
R
O
T
T
L
E
.

N
/
A

N
/
A

F
o
r
c
e
r
e
q
u
i
r
e
d

t
o
m
o
v
e

t
e
e
-
h
a
n
d
l
e

v
a
r
i
e
s
f
r
o
m
m
i
n
i
m
u
m
o
f

0
,
2
5

t
o

1
.
0
p
o
u
n
d

t
o
m
a
x
i
m
u
m
o
f

2
.
5

t
o
3
.
5

p
o
u
n
d
s
.

  O
R
D
E
A
L

9
8
2
3

 F
D
A
I
s
w
i
t
c
h
e
s

O
R
B
R
A
T
E

 D
e
t
e
r
m
i
n
e
s

t
y
p
e

of
to
ta
l
at

ti
tu

de
to

b
e
d
i
s
p
l
a
y
e
d
o
n
F
D
A
I
'
s
,

S
e
l
e
c
t
s

i
n
p
u
t
s

to
C
D
R
'
s

F
D
A
I
,

E
n
a
b
l
e
s
C
D
R
'
s

F
D
A
I
t
o

di
sp

la
y
t
o
t
a
l

at
ti

tu
de

w
i
t
h
r
e
s
p
e
c
t

to
lo
ca
l
h
o
r
i
-

zo
nt

al
r
e
f
e
r
e
n
c
e
f
r
a
m
e
,

 N
/
A

 N
/
A

 
 

  

 APOLLO OPERATIONS HANDBOOK
CONTROLS AND DISPLAYS

LMA790-3-LM



Page 3-152 Mission LM Basic Date 1 February 1970 Change Date
MISC

 

Lo
ca
ti
on
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

  O
R
D
E
A
L

(c
on
t) 9
8
2
4

9
8
2
5

G
R
1

9
8
2
6

I
N
R
T
L

E
n
a
b
l
e
s
C
D
R
'
s

F
D
A
I

to
d
i
s
p
l
a
y
t
o
t
a
l

a
t
t
i
t
u
d
e
w
i
t
h
r
e
s
p
e
c
t

to
I
M
U
,

 

O
R
B
R
A
T
E

I
N
R
T
L

S
e
l
e
c
t
s

i
n
p
u
t

to
L
M

P
'
s
F
D
A
T
,

E
n
a
b
l
e
s
L
M
P
'
s

F
D
A
I

to
d
i
s
p
l
a
y
t
o
t
a
l

a
t
t
i
t
u
d
e
w
i
t
h

r
e
s
p
e
c
t

to
l
o
c
a
l
h
o
r
i
-

zo
nt
al

r
e
f
e
r
e
n
c
e
f
r
a
m
e
.

E
n
a
b
l
e
s
L
M
P
'
s

F
D
A
I

t
o
d
i
s
p
l
a
y

t
o
t
a
l

a
t
t
i
t
u
d
e

w
i
t
h
r
e
s
p
e
c
t

to
I
M
U
,

N
/
A

N
/
A

 

E
A
R
T
H
-
L
U
N
A
R
s
w
i
t
c
h

E
A
R
T
H

P
W
R
O
F
F

L
U
N
A
R

U
s
e
d

in
c
o
n
j
u
n
c
t
i
o
n
w
i
t
h
A
L
T
S
E
T

c
o
n
t
r
o
l
,

i
n
s
e
r
t
s

a
p
p
r
o
p
r
i
a
t
e

s
c
a
l
e

f
a
c
t
o
r

i
n
t
o
O
R
D
E
A
L
e
l
e
c
t
r
o
n
i
c
s
,

S
u
p
p
l
i
e
s

p
r
o
p
e
r
s
c
a
l
e

f
a
c
t
o
r

t
o

O
R
D
E
A
L
e
l
e
c
t
r
o
n
i
c
s
w
h
e
n
L
M
i
s

in

e
a
r
t
h

o
r
b
i
t
,

R
e
m
o
v
e
s

a
c
a
n
d
d
e
p
o
w
e
r
f
r
o
m

O
R
D
E
A
L
,

S
a
m
e

a
s
E
A
R
T
H
p
o
s
i
t
i
o
n
,

e
x
c
e
p
t

t
h
a
t
s
e
a
l
e

f
a
c
t
o
r

a
p
p
l
i
e
s

to
l
u
n
a
r

or
bi
t.

A
C
B
U
S

B:
O
R
D
E
A
L

(
p
a
n
e
l

11
)

F
L
I
G
H
T

D
I
S
P
L
A
Y
S
:

O
R
D
E
A
L

(
p
a
n
e
l

11
)

C
D
R
'
s

1
1
5
-
v
a
c

b
u
s
B

C
D
R
'
s

2
8
-
v
d
e

b
u
s

S
w
i
t
c
h

is
a
l
w
a
y
s

s
e
t

to
c
i
t
h
e
r

L
U
N
A
R
o
r

O
F
F
,
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A
L
T
S
E
T
c
o
n
t
r
o
l

I
n
s
e
r
t
s

LU
M
o
r
b
i
t
a
l

a
t
t
i
t
u
d
e

i
n
t
o

O
R
D
E
A
L
.

N
/
A

N
/
A

C
o
n
t
r
o
l

c
a
n
b
e

s
e
t
f
r
o
m

L
O

t
y
3
1
0

n
a
u
t
i
c
a
l

m
i
l
e
s
.

 

L
I
G
H
T
I
N
G

s
w
i
t
c
h

B
R
T

O
F
F

C
o
n
t
r
o
l
s

t
h
e
b
r
i
g
h
t
n
e
s
s

of
t
h
e

O
R
D
E
A
L
E
L

p
a
n
e
l
l
i
g
h
t
i
n
g
.

S
e
l
e
c
t
s

b
r
i
g
h
t

li
gh
t

le
ve
l.

T
u
r
n
s

of
f
p
a
n
e
l

li
gh
ti
ng
.

S
e
l
e
c
t
s
d
i
m

li
gh
t
le
ve
l.

A
C
B
U
S

B:
O
R
D
E
A
L

(
p
a
n
e
l

11
)

C
D
R
'
s

1
1
5
-
v
a
c

b
u
s
B
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L
o
c
a
t
i
o
n
/

R
e
f
D
e
s

N
a
m
e

a
n
d

P
o
s
i
t
i
o
n

F
u
n
c
t
i
o
n

C
i
r
c
u
i
t

B
r
e
a
k
e
r

P
o
w
e
r

S
o
u
r
c
e

R
e
m
a
r
k
s

 

O
R
D
E
A
L

(
c
o
n
t
)

9
8
2
7

9
8
2
8

MISC

M
O
D
E
s
w
i
t
c
h

O
P
R
/
S
L
O
W

H
O
L
D
/
F
A
S
T

I
n
s
e
r
t
s
a
n
d
m
a
i
n
t
a
i
n
s
p
r
o
p
e
r

a
n
g
u
-

la
r

of
fs
et

in
to

F
D
A
I
'
s
.

W
h
e
n

u
s
e
d

w
i
t
h
U
P

a
n
d
D
O
W
N
p
o
s
i
-

t
i
o
n
s

of
t
h
e
S
L
E
W

s
w
i
t
c
h
,

p
e
r
m
i
t
s

s
l
e
w
i
n
g

th
e
F
D
A
I

at
1
0
X

or
bi
ta
l

r
a
t
e

in
p
l
u
s

o
r
m
i
n
u
s

d
i
r
e
c
t
i
o
n
,

U
s
e
d

f
o
r

f
i
n
e
a
d
j
u
s
t
m
e
n
t
,

W
h
e
n

u
s
e
d

w
i
t
h
U
P

a
n
d
D
O
W
N

p
o
s
i
-

t
i
o
n
s

of
S
L
E
W
s
w
i
t
c
h
,

p
e
r
m
i
t
s

s
l
e
w
i
n
g
F
D
A
I

at
2
0
0
X

or
bi

ta
l
r
a
t
e

in
p
l
u
s

o
r
m
i
n
u
s

d
i
r
e
c
t
i
o
n
,

U
s
e
d

f
o
r

c
o
a
r
s
e
a
d
j
u
s
t
m
e
n
t
,

N
/
A

N
/
A

 

S
L
E
W
s
w
i
t
c
h

S
l
e
w
s

p
i
t
c
h

i
n
d
i
c
a
t
i
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A/D

AAP

abs

ac (a-c)
ACA

AEA

AEAA

AELD

AFC

AGC
AGS

ALT

amp
AMPL

ANT

ANUN
AOT
APS

ARS

AS
ASA
ASC
ASD
ASI
ASSY

AT
ATA
ATCA

ATM
ATT
ATTEN
AUTO
AUX

BAL

BAT

BD

biomed

BIPRPLNT

BPF

BU

CW/FM

C/W

ABBREVIATIONLIST

A

Analog-to-digital

Abort autopilot

Absolute

Alternating current

Attitude controller assembly

Abort electronics assembly
Ascent engine arming assembly

Ascent engine latching device

Audio frequency
Automatic frequency control

Automatic gain control

Abort guidance section

Altitude
Ampere(s)
Amplifier

Antenna

Annunciator
Alignment optical telescope
Ascent propulsion section

AOT reticle angle

Atmosphere revitalization section

AOTshaft angle

Abort sensor assembly

Ascent

Apollo standard detonator
Apollo standard initiator

Assembly

AOT trunnion angle

Abort timing assembly

Attitude and translation control

assembly

Altimeter transmitter multiplier

Attitude
Attenuator

Automatic

Auxiliary

B

Balance
Battery

Band

Biomedical

Bipropellant

Band-passfilter
Backup

Cc

Continuous wave frequency-

modulated

caution and warning

CCRD

CWEA

Cx

D1, 2,
3, 4
D/A

DAP

db

de (d-c)
DCA

DECA

C (cont)

Circuit breaker

Constant bandwidth

C-band transponder
Computer control and reticle dimmer
assembly

Constant delta altitude
Commander

Coupling data unit

Central angle of transfer

Control electronics section

Coelliptic flight plan
Center of gravity

Circuit

Close

Clear sagas

Command module computer cas
Command(s)
Computer
Crewmanoptical alignment sight
Communications

Comparator

Conditioner

Control

continued

Cosine

Carbon dioxide

Couple

Cycles per second

Cold plate section

Crossfeed
Communications Subsystem

Coelliptic sequence initiation
Command and Service module

Computer subsection
Control transformer
Counter reset
Counter set

Continuous wave
Caution and warning electronics

assembly

Control transmitter iy

D

Doppler spectrum signals

Digital-to- analog

Digital autopilot
Decibel

Direct current

Digital command assembly

Descent engine control assembly
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ABBREVIATION LIST (cont)

 

 

 

 

  

 

D (cont) F (cont)

DECR Decrease FM Frequency modulation

DEDA Data entry and display assembly FR Range frequency

DEG Degree(s) FOV Field-of-view
DEMOD Demodulator fps Foot (feet) per second \
DES Descent ft Foot (feet) )

DET Detector FWD Forward
DFI Developmental Flight Instrumen-

tation G

DFR Deadface relay

DID Display inertial data (discrete) g Gravity
DIF Differential GASTA Gimbal angle sequencing transfor-

DISP Display mation assembly

DIST Distribution ge Gigacycle(s)
DN Down GDA Gimbal drive actuator

DNKRPT Downlink interrupt GEN Generator

DPS Descent propulsion section GET Ground elapsed time
DRB Deadface relay box GETI Ground elapsed time of ignition

DSEA Data storage electronics assembly GMBL Gimbal
DSKY Display and keyboard GN&CS Guidance, Navigation, and Control
DUA Digital uplink assembly Subsystem bss

DVS Doppler velocity sensor GOX Gaseous oxygen a

GRD Ground

E GSE Ground support equipment

GUID Guidance

E Elevation angle

ECA Electrical control assembly H )

ECI Electrical circuit interrupter

ECS Environmental Control Subsystem H/X Heat exchanger

ED Explosive device h Altitude
EDC End detonator cartridge hi Altitude rate

EDS Explosive Devices Subsystem Ha Apogee
EKG Electro-cardiograph He Helium
EL Electroluminescent HEA High-efficiency antireflection
EMI Electromagnetic interference HF High frequency

EMP Emphasis Hg Mercury

EMU Extravehicular mobility unit HI High

ENG Engine HNDRPT Hand interrupt

ENTR Enter H Perigee

EOS Emergency oxygen system HPF High-passfilter

EPS Electrical Power Subsystem HTR Heater

ERA Electronic replaceable assembly HTS Heat transport section

ERR Error HV High voltage

EVA Extravehicular astronaut H9O Water
EVVA Extravehicular visor assembly

EX X-component of attitude error I
Ey Y-componentof attitude error esjar8

EZ Z-component of attitude error IAM Incidental amplitude modulation on
Ics Intercommunication system Sy

F ID Identification :
IF Intermediate frequency

F Fahrenheit; forward IGA Inner gimbal axis
FC LR tracker reference frequency IMU Inertial measurement unit
FDAI Flight director attitude indicator INCR Increase

FDBK Feedback INV Inverter

FF Flip-flop IOPS Interim Oxygen Purge System
FITH Fire in the hole IRIG Inertial reference integration gyro )
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‘ ABBREVIATIONLIST (cont)

I (cont) M (cont)

IS Instrumentation Subsystem min Minimum

ISOL Isolation MISC Miscellaneous

Is Specific impulse MKRPT Mark interrupt

ISs Inertial subsection mm Millimeter(s)
ITMG Integrated Thermal micrometeroid MOD Modulation

garment MON Monitor
MPS Main Propulsion Subsystem

K MPX Multiplexer

MSD Most significant digit

K Constant msec Millisecond(s)

ke Kilocycle(s) MSFN Manned Space Flight Network

kmc Kilomegacycle(s) mv Millivolt(s)
kpps Kilopulse(s) per second mw Milliwatt(s)
KYRPT Key interrupt

N
L

N Noun; noise factor
L Left N/A Not applicable
LAT Lateral NB Navigation base

LCA Lighting control assembly NC Normally closed

LCG Liquid-cooled garment nm Nautical mile(s) .

LDG Landing NO Normally open ie

LDR LUT deadface relay No. Number “
LF Low frequency NORM Normal
LGC LM guidance computer NRZ Nonreturn-to- zero
LH Left hand N2H4 Hydrazine

LiOH Lithium hydroxide N204 Nitrogen tetroxide
LLC Low-level commutators

“ LLS Low-level sensor oO
LM Lunar Module

LMP LM mission programmer; LM O/C Overcurrent

Pilot O/T Overtemperature
LO Low OCR Overcurrent relay
LOR Lunar orbital rendezvous; Lockout OCPS Oxygen cabin pressure section

relay OGA Outer gimbal axis
LOS Line of sight OPR Operate

LPD Landing point designator OPR ERR Operator error

LPF Low-passfilter ORDEAL Orbital rate display - earth and
LR Landing radar lunar

LSD Least significant digit OSC Oscillator

LTG Lighting OSCPCS Oxygen supply and cabin pressure

LUT Launch umbilical tower control section

LV Low voltage OSS Optical subsection

OT Operational test

M OVBD Overboard
OVHD Overhead

M Mode discrete OXID Oxidizer

MALF Malfunction 02 Oxygen
MAN Manual

MANF Manifold Pp

max Maximum

mc Megacycle(s) P Program
MDF Mild detonating fuse P/O Part of
MF Medium frequency p-p Peak-to-peak
MFC Main feed contactor PA Power amplifier

MGA Middle gimbal axis PAM Pulse amplitude modulation
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P (cont) R (cont)

PBAT Pyro battery RC Resistance-capacitance

PBW Proportional bandwidth RCCA Rough combustion cutoff assembiy

PCA Program coupler assembly RCR Reverse-current relay

PCM Pulse code modulation RCS Reaction Control Subsystem

PCMTEA Pulse-code- modulation and timing RCVR Receiver

electronics assembly RD Relay driver

PDA Power distribution assembly RDG Range data good

PGA Pressure garment assembly RDNG Range data no good

PGNCS Primary guidance, navigation, and RDR Radar

control section REF Reference

PGNS Prima:guidance and navigation REG Regulator
section RES Resolver

PIP Pulse integrating pendulum RET Return

PIPA Pulsed integrating pendulous RF Radio frequency

accelerometer rf Radial rate

PKG Package RGA Rate gyro assembly

PLSS Portable life support system RH Right hand

PM Phase modulation RJB Relay junction box

PMP Premodulation processor rms Root mean square

ppm Pulse(s) per minute RNDZ Rendezvous
pps Pulse(s) per second RNG Range
PQGS Propellant quantity gaging system ROD Rate of descent site

PRA Program reader assembly RR Rendezvous Radar Pier

PRE Program reader electronics RRE Rendezvous radar electronics

PRESS Pressure RT Resistance thermometer

PRF Pulse repetition frequency RUPT Interrupt

PRIM Primary RZ Return-to-zero
PRM Pulse ratio modulator

PRN Pseudorandom noise 8

PRPLNT Propellant
PS Power Supply S+N Signal + noise

PSA Power and servo assembly S/S Subsystem

psi Pound(s) per square inch SEC Stabilization and control

psia Pound(s) per square inch absolute SBASI Single bridgewire Apollo standard

psid Pound(s) per square inch differen- initiator
tial SBPA S-band power amplifier

PSK Phase-shift keyed SBX S-band transponder

PT Pressure transducer sc Signal conditioner

PTA Pulse torque assembly SCEA Signal-conditioning electronics

PTT Push-to-talk assembly

PVT Pressure-volume-temperature SCERA Signal conditioner electronic

PWR Power replaceable assembly
sco Signal-controlled oscillator

Q SE Systems Engineer

sec Second(s); secondary
Q Quotient SEL Select

QI Quantity indicator SENS Sensitivity

QTY Quantity SEP Separator

quad Quadrant SEQ Sequence

QUAD Quodrature SERVO- Servoamplifier

AMPL
R SG Signal generator

SHe Supercritical helium

R1, 2, 3 DSKY registers 1, 2, and 3 SHFT Shaft

R Rankine; right SIG Signal

R/C Reverse current sin sine
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ABBREVIATIONLIST (cont)

S (cont) U

SLA Spacecraft Lunar Module adapter UDMH Unsymmetrical dimethylhydrazine
SMRD Spin motorrotation detector UHF Ultrahigh frequency

SOL Solenoid UPRUPT Uplink interrupt

SOM Stable orbit midcourse usec Microsecond(s)
SOR Stable orbit rendezvous
SOV Shutoff valve Vv
SP Static pressure

SPA Signal-processing assembly

SPDT Single-pole double-throw Vv Verb
SRR Shift-register reset vac Volts, alternating current Ms
SRS. Shift-register set vco Voltage-controlled oscillator *
SS Speed sensor Vex X-component of CSM velocity
SSB Single sideband Vey Y-component of CSM velocity
ST Strain/temperature signal Vez Z2-compcnent of CSM velocity

conditioner VD Velocity data
STAB/CONT Stabilization and contro} vde Volts, direct current
STBY Standby VDG Velocity data good
SW Switch VDNG Velocity data no good
sys System VEL Velocity

VG Magnitude of velocity to be aa
T gained ibe

VGPS Vehicle ground power supply

VHF Very high frequency
T/R Transmitter-receiver VLV Valve
TA Time to go until CDH maneuver VOL Volume
‘TAI Absolute time VOx Voice-operated relay
TBS To be supplied VPI Valve position indicator
ty Timeof flight from tig until target vrms Volts root mean square

is reached VSOM Velocity sensor oscillator
Tig Timeof ignition multiplier
T™N Trim negative Vx X-component of LM velocity
Tp Trim positive Vv. a Altitude rate (landing radar)
TC Thermocouple y Y-component of LM velocity
TCA Thrust chamber assembly Vya Laterial velocity (landing radar)
TE Timing electronics equipment Vz Z-component of LM velocity
TEMP Temperature Voa Forward velocity (landing radar)
TFF Time of free fall to 3, 000 ft
TFI Time from Tig Ww
THR Thrust
TL Tracker look-on W/B Waterboiler
TLE Tracking light electronics WC Weighted current
T™ Telemetry WCG Weighted current gate
TPF Transfer phasefinal WMS Water management section
TPI Transfer phase initiation
TPM Transfer phase midcourse x
TRANSL Translation aes

ey TRUN Trunnion XLUNAR Translunar BS
ITS Temperature sensor XMTD Transmitted oe

TT Temperature transducer XMTR Transmitter
TTCA Thrust/translation controller XPNDR Transponder

assembly XTAL Crystal
TTI Timeto initiate

TTlg Timeto ignition 4 Angle
TV Television
TX Telemetry transmitter Ah Altitude differential
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ABBREVIATIONLIST (cont)

X (cont) X (cont)

AP Pressuredifferential dVm Measured AV magnitude

AR Magnitude of difference between Aec Gimbal angle change command

position state vectors before and Ags Change in gimbal angle .

after incorporation of mark data ¢ Phase \

Aro Differential altitude in co-elliptic z Sum (summing) é

orbit 1X One-speed resolver

AV Velocity change (differential) 16X Sixteen- speed resolver

  

 

 

Page A-6 Mission LM Basic Date 1 February 1970 Change Date
 



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

on, SUBSYSTEMS DATA

 

SELECTOR VALVE
(4 WAY- 2 POSITION)

TEMPERATUREDIVERTER VALVE CONTROL VALVE
(MANUAL OVERRIDE}

FILLERNECK GLYCOL PUMPWITH FILTER SCREEN Oe

—><tE BASIC VALVE

=

8r= PUMP (geor type}

TANK)

Daf BALL vate == PUMP vane type)

ke MANUAL VALVE

CONDENSER,
REGENERATOR

Site MOTOR CONTROL VALVE T
OR PREHEATER

st PRESSURE REGULATOR

ee PRESSURE REGULATOR
WITH RELIEF VALVE

KE revier vatve

=k SOLENOID VALVE

—}- EXPLOSIVE VALVE

—hs_ PYRO GUILLOTINE
(S indicates sealing tube type)

TANK WITH BLADDER a

CYLINDER AND PISTON

WATER SEPARATOR

ACCUMULATOR

 

FREON BOILER

VENT

SECONDARY WATER

BOILER

FILL OR DRAIN

BLOWER

ENGINE

HEAT EXCHANGER

MOTOR- DRIVEN
SELECTOR VALVE

—TSEIE= ORIFICE OR RESTRICTOR

tl

MOTOR- DRIVEN
SELECTOR VALVE COz AND ODORESS FILTER WITH MANUAL REMOVAL CANISTER

FAN“
B
e
e
T
e
I
O
O
e

 

OVERRIDE AND CARTRIDGE

 

CHECK VALVE

 

QUICK- DISCONNECT
COUPLING

WATER EVAPORATOR(
>

ct} LOW-LEVEL SENSOR

<Eqr LIQUID-LEVEL SENSOR

‘
300LM4206-1

-
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Ss t- ELECTRICAL CONTACTORS
—z1y~ PUSHBUTTON SwiTCH (NON-LOCKING TYPE)
—& &— (MOMENTARY BREAK) }w

n = 4 oO x @ v
u

C
c 4

  

 

   

  

PRESSURE SWITCH Y ANTENNA i aus aaa

CURRENT SENSOR \
}

“CIRCUIT BREAKER
FLOW TRANSDUCER i © (push-pull type) JU HEATER

PARTIAL - PRESSURE 4 CIRCUIT BREAKER AMPLIFIER OR DRIVER
SENSOR ° (switch type) (DC, Pre, or Buffer)

INVERTER AMPLIFIER
PRESSURE TRANSDUCER > (inversion symbol is

—~-— FUSE shown on inverted line)

QUANTITY INDICATOR LOGIC SYMBOLS

—b— DIODE
AND

SIGNAL CONDITIONER

—-pf— DIODE (zener)

SPEED SENSOR NAND

TEMPERATURE PROBE = SROUND } oR

TEMPERATURE TRANSDUCER s POTENTIOMETER .
|} NOR }

VIBRATION SENSOR WV RESISTOR
—|C— capacitor EXCLUSIVE OR

ve] VALVE POSITION INDICATOR
ile BATTERY

aa VOLTAGE TRANSDUCER VARIABLE DELAY 7

Gen L s
LLS LOW-LEVEL SENSOR oa S R| RELAY CONTACTS > re *) euip-FLor

os TI
Jopy DIFFERENTIAL RELAY OR

bey PRESSURE SENSOR F SOLENOID COIL

aE GASEOUS OXYGEN 30§ SYNCHRO RESOLVER

7Eaaer FUEL —4 MOMENTARY cwitcH a RELAY
—o  LATCHING CONTACTS

OXIDIZER (™) MOTOR

GLYCOL — PRIMARY LOOP o-~
—o—mo— SWITCH (SP3T) (x) CONTROL TRANSMITTER

GLYCOL - SECONDARY LOOP o

TEEREECED NITROGEN (cr) CONTROL TRANSFORMER
-  pusnpuTToN swiTcH

=z «(HYDROGEN —4 4— (MOMENTARY MAKE)

SIERESTID WATER —PO4- «CURRENT MONITOR

oo SWITCH (SPST)
TUES OXYGEN de ELECTRICAL CONTACTORS

——E

oo

:SCOHELIUM A 3001M4.206 2
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‘ ALPHABETICAL INDEX

Paragraph

80t-eps Synchronization Loop . 6 6 6eeee 2.1.3.6.5

A-C Section. 6 66 2.5.3.3

Abort Electronics Assembly 2. 6 0 6 eeee eo 1.4.4.2
Abort Guidance Section

Descent or Ascent Engine and Thrust Chamher Assembly Burn... . 2... 2. eee eee 2.4.4.9

Guidance Routines . 6 6.eeee 2.1.4.4.8

Introduction © 6 6 6eeee 2.1.1.2

Initialization Function ©. 6 6 6ee 2.1.4.4.6

Major Component/Functional Description 2.2...eeee ee 2.1.4.4
Modes of Operation . 2...ee 2.1.4.4.7

Self-Test Routine2.ee 2.1.4.4.5
Thrust Termination 26... 2.1.4.4.10 ”

Abort Sensor Assembly. 2 02. 2.1.4.4.1
AC-to-DC Converters 2...ee 2.9.4.2.3

Aft Equipment Bay . 0...ee 1.2.2.3

AGS Power Distribution. ©.0.ee 2.1.3.6.2

AGS Warning Light...2ee 2.9,4.4,27
Alignment Optical Telescope

Lights 2...ee 2.10.2.2.6

Major Component/Functional Description . 2... 2.eeee 2.1.4.2.1

Analog Multiplexer Gate Drivers. 2 0. 60 2.9.4.3.1

Analog Signal Isolating Buffers. 20. 2.9.4.2.4
Analog-to-Digital Conversion2... 2.1.4.1.3
Analog-to-Digital Converter . 2...ee 2.9.4.3.3 :
Antenna Assembly(LR)...ee 2.2.4.3.1 ie
Antenna Assembly (RR)...2ee 2.2.4.1.1
Antenna Assembly (RRT) 00.ee 2.2.4.2.1
Antenna Beam Configuration . 2...ee 2.2.3.3.4
Antenna Equipment (CS)2... 2.7.4.3

: Antenna Orientation, RR...ee 2.2.3.1.3

) Antenna Positions (LR)...0ee 2.2.3.3.3

Antenna Supports2... 1.2.2.5

Antennas (CS)... 0eeek ee 2.7.6.1

Apollo Lunar Surface Experiment Package, 2. 6. 6 0cee 2.11.10
ArmrestS 20 06ee 2.11.5.1

ASC HI REG Caution Light... 2...ee 2.9.4.4.16

ASC PRESS Warning Light... 1...eeee 2.9.4.4.17

ASC QTY Caution Light. 2.0.ee 2.9.4.4.18
Ascent Engine Arming Assembly .-. 2. 2 0eees 2.1.4.5,.7
Ascent Engine Control . 2...2. 2.1.3.5.4
Ascent Oxygen Tanks 2...eeee 2.6.4.3.2

Ascent Propellant Tank Pressurization 2... 0. ee eeee 2.8.3.6

Ascent Propulsion Section

Functional Description, ©...2. 2.3.8

Interfaces... 2.3.7

Major Component/Functional Description 22... 2ee 2.3.9

Operational Limitations and Restrictions 2... 2...ee 2.3.11

Performance and Design Data, . 0. 0 2ke 2.3.10
Ascent Stage Batteries . 00. 2.5.4.2

Ascent Stage Electrical Control Assemblies 2.0... eeee 2.5.4.5

Ascent Stage General Description . 2... 0ee 1.2.1

Ascent Stage Power. 2.0. 2.5.3.5.5

Ascent Stage Structure... 0.2ee 1.2.2

Ascent Stage Water Tanks 2... 6eeee es 2.6.4.3.2
Atmosphere Revitalization Section

Functional Description, 2...ee 2.6.3.1

Introduction .2...ee 2.6.1.1

Major Component/Functional Description . 2.0...ee ee ee 2.6.4.1

Attenuators .0ee 2.9.4.2.2

Attitude and Translation Control Assembly . 2... 00.0002. ee ee ee ee ee ee 2.1.4.5.3

Attitude Control, 2...2ekee 2.1.3.5.1

Attitude Controller Assemblies . 2... 1.eeeeee 2.1.4.5.1
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gure 2,.6-3. Environmental Control Subsystem - Power Distribution Diagram
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L_| ‘5.3 10 5.9- VAC ANNUNCIATOR/COMPONENT PANE5 1 GROUND pushbutton power
NGHTING CONTROL CAUTION LIGHT DIMMER HIGH POWER iASSEMBLY Electroluminescent pum:

35-VDC DOCKING, LUNAR CONTACT, light power
ANNUNCIATOR/COMPONENT CAUTION LIGHT POWER

incondescent statur
— 15 1 75. VAC DIMMER HIGH POWER @ light power

' @ Deching light power

28-VDC_ANNUNCIATOR POWER 10 COMMANDER’ ® t intensity rocking Pe
VI7-VAC DIMMER LOW POWER reatTeeNo .

GROUND GROUND busts
8
'
beeeneneeeeeeeeneeeeneeeeneweeeeeeeene
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Figure 2.10-1. Lighting Control Equipment
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Figure 2, 11-6. Portable Life Support System - Simplified Functional Schematic Diagram
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Figure 3-2. Controls and Displays (LM 8 and LM 9)
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| AC BUS B Ac
TC 1 BUS A

A BUS TIE. BUS TIE
SE WIND VWe/PQGS S-BD AOT SE NUM AC BUS CDR WIND TAPE AOT RNDZ DECA

HITR PROPULDISP ANT ORDEAL AGS LAMP FDA! LTG INV 2 ENV IL INV 2 INV 1 VOLT HTR RCDR LAMP RDR GMBL

t T

FUNCTIONS A-C pwr to A-C pwr to hellum, A-C pwr to A-C pwr to’ A-C pwr to A-C pwr to A-C pwrto A-C pwr to Connects inv § Connects inv Connects inv 2 B connects inv 1 AC BUS A A-C pwrto A-C pwrto F-A-¢ pwr to A-C pwr A-C pwr to DECA

POWERED LMP window fuel, & oxid digital S-BD steerable ORDEAL AEA outputs AOT reticle LMP FDA! all num 2 output to 41} output to output to AC § output to AC signal CDR window {[DSEA tape [PAOT recticle to RR for GDA drive pwr

THRU CB htr ind ant mech resolvers for FDA! Jamps sphere drive displays AC BUS B 1 AC BUS B BUS A thru BUS A thru characteristics btr transport lamps pwr supply

drive assy & ORDEAL thru INVERTER gthru INVERTER INVERTER sw 1 INVERTER sw to IS for TM motors for genera- Aux DC to man

A-C pwr to Jarive signals aw Vow tton of throttle CKTS &
ORDEAL t ! 400 cpa DECA "ATCA
pni itg 4 t 24 eed pwr mon'tor"’

l t for cKTS

t 1 slewing

' i
: RRant
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EFFECT OF Loss of LMP Loss of onboard Loss of S-BD Loss of Loss of AC BUSA Loss of LMP Lossof AC BUS A pAc Bus A AC BUS B PAC BUS B Loss of Loas of CDR Loss of AC|BUS B Lossof GDAfreezesat [as

CB OPENING window DPS fuel & oxid steerable ORDEAL monitoring pwravail FDAIatt all num bus tle inv gms tie inv bus tie inv 2 bus tie inv 1 nboard window recording pwr avail RR ant position

{LOSS OF/OR defogging qty monitoring ant of AEA display displays 2 pwr avail 1 pwr avall pwr avail I pwr avait monitoring defogging capabillty slew &

REMAINING outputs (including ! of a-c | track Man throttle range

FUNCTION) Loss of onboard S-BD in-flight with FDAI Error & rate DEDA ' J characteristics capability limited to ~~78%

APS helium temp ant avail thru & ORDEAL needles readout) I '
& press monitoring S-BANDsel still avail i 1 Loss of a-c Cannot monitor

and DPS hellum Loss of RCS 1 I characteristics ATCA DC pwrin

press monitoring CDR FDAL PRESS & 1 ™ DECA

(displays blank att display RNG, RNG ! .
out) aval RATE ALT, ' ! '

ALT RATE 1 a
IND, & X- f 1
PNTR scales I 1

‘ i

|

1 1 — RCS SYS A 1 f FLIGHT DISPLAYS

B MAIN QUAD 4 QUAD 3 QUAD 2 QUAD 1 ASC ASC MISSION CDR RNG/RNG RT COR

SOV TCA TCA TCA TCA FEED 2 FEED 1 THRUST TIMER X-PNTR ALT/ALT RT GASTA FDAL

1 1 ' § sstox

|

Pwr
0 8 Pwr to prpint Pwr to prpint Pwrto prplnt Pwr to prptnt Pwr tosys A sec» Pwr to sys A Pwrto eng Pwr to MISSION to CDR Pwr to RNG, RNG Pwrto Pwr to CDR

POWERED intel vivs primcalls ot Avive primcolts Five prim colls Avivs prim coils APS prpint \ prim APS prpint THRUST ind TIMERtnd X-polnter ind RATE, ALT, ALT [/GASTA FDAI

THRU CB oxid sov thru sys A quad 4 TCA for sys A quad 3 of sys A quad 2 of sys A quad } Interconnect viva

@

interconnect viva RATE tnd

SYS A MAIN (A4D & A4R) ETCA (AIR & A3U) BTCA (A2D & A2A) BTCA (A1U & ALF) thru SYSA ASC [thru SYS A ASC Pwrto aux Pwr to aux drive motor Pwrto aux

SOV aw i t t FEED 2 aw FEED 1 sw switching relay switching relay switching
1 box thru ENG box thru MODE relay box

1 t ! TURUST CONT SEL & RATE/ERR thru RATE/

' r] ' ! THR CONT sw MON sw ERR MON &

5 ' ' ATTITUDE

§ i ! MON aw

eeaeto oe fee a a oeow weewenneeneenennpennnenan= fanmmameme obeen=--- pmmeenannnmennnnnann bemeeseoh eeem=

EFFECT OF
CB OPENING
(LOSS OF/OR
REMAINING
FUNCTION)

      
 

   
  
 

comeree

 

Bross of prim auto & man © toss of prim aute & man "Loss of prim auto & man Cannot change Cannot change

J

Loss of cnx Loss of Loss of CDR Loss of RNG, Loss of

ff

Loss of Chit

reme eetofaye cont of oye A quad 3 cont of ws A quad 2 cont of evs A quad 1 status of sec pair @ status of prim THRUSTtne MISSION TIMER X-pointer ind RNG RATE. ALT, FGASTA PDAT-

sov status A quad 4 TCA's OTCA's hardover, AGS ETCA's hardover, AGS ETCA's (hardover, AGS of sys A APS E pair of sys A ; ind ALIRATE ind Computer

«Normally Open) (hardover, AGS Gilrect, & +X-transt cont piirect, & *X-transl cont Biirect, & +X-transt cont interconnect vive PAPSInterconnect J.osa of switching Loss of switching servo Loss of

Note direct, & *X-transl geval thru see coils) t avail thru sec coils) pavalt thru sec coflay {ASC feed 2 viv viva (ASC Iced 1 relays relays awitching

RCS sys A win Peont avail thru I Normatly Closed) g viv Normally Loss of velays

APS see coils} ! 1
Open) toss of AEA & LDG VALET att

not use 1 1 5 ' RDRlat vel & LDG hata to
prplnta if sov I i t J RDR bed vel on DME Il FDAL's
are open 1 1 1 X-pntr also LDG

'
1 RDIalt data on

t ' ' RNG/ALTind
i a t '

4 Figure 3-
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1 AC BUSA - 1 :

BUS TIE BUS TIE '
NUM i Vi 1 AC BUS CDR WIND TAPE AOT RNDZ DECA INTGLLTG INV 2 INV LL INV 2 INV 1 VOLT HTR RCDR \LAMP RDR GMBL LTG

' 5 |
A-C pwr to Connects inv § Connects inv Connects inv 2 @ Connects inv 1 AC BUSA A-C pwr to A-C pwrto A-¢ pwr to A-C pwr A-C pwr to DECA A-C pwr to
all num 2 output to §)1 output to output to AC ff output to AC signal CDR window DSEA tape AOT recticle to RR for GDA drive pwr integral Itg
displays AC BUS B i AC BUS B BUS A thru BUS A thru characteristics htr transport lampa pwr supply (e.g, tb ind,

thru INVERTER thru INVERTER INVERTER sw y INVERTER ew to [S for TM motors for genera- Aux DC to man & panels)
aw law tlon of throttle CKTS &

' ! 400 cps DECA "ATCA
! i 29 used pwr monitor"’
1 f for CKTS
t i slewing

I I RRant

pa oe ow on oe 0ee sme eh ee me ce ene eeaehseeaees Phe oe eeeosmeos
t i

AC BUSA PAC Bus A AC BUS B q Ac BUS B Loss of Loss of CDR] Loes of AC(BUS B Lossof GDAfreezes at last Loss of th
bus tle inv goes tie inv bua tHe tny 2 I bustie inv 1 onboard window recording pwr avait RR ant position & ind Itg
2 pwravail 1 pwravail pwr avail 1 Pwr avail monitoring defogging capability slew &

0 a-c track Manthrottle range
4 ! characteristics capability limited to 75%

! l Loss of a-¢ . Cannot monitor
Loss of RCS 1 1 characteristics ATCA DC pwr in
PRESS & i ™ DECA
RNG, RNG '
RATE ALT, I ! Legend
AL’
IND, mre ' i Designates DUAL POWERto function
PNTR scales ' t i tmureseses Designates SIMILAR functions

a ! memes Designates DIFFERENT funcilons_

1 FLIGHT DISPLAYS 1 AC BUSA|

ASC ASC MISSION CDR RNG/RNG RT cDR RNG/RNG RT CDR
FEED 2 FEED 1 THRUST TIMER X-PNTR ALT/ALT RT GASTA FDAL COAS ORDEAL ALT/ALT RT GASTA FDAt

Pwrto sys A sec ovr to sys A Pwrto eng Pwrto MISSION Pwr to CDR Pwr to RNG, RNG Pwrto Pwr toCDR Pwr to fwd Pwr toORDEAL Pwr to RNG, [Pwr to GASTA Pwr to CDR oS
APS prpint E prim APS prpint THRUST ind TIMERInd X-pointer ind RATE, ALT, ALT [|GASTA FDAI or ovhd COAS stepper motor RNG RATE resolvers FDAI sphere
interconnect vivs interconnect vivs RATEind mount thru thru KARTH/ ALT, ALT drive
thru SYSA ASC B thru SYS A ASC Pwr to aux Pwrto aux drive motor Pwrto aux COAS sw LUNAR sw RATEind
FEED 2 sw P FEED ow switching retay switching relay switching logic

1 box thru ENG box thru MODE retay box
THRUST CONT SEL & RATE/ERR thru RATE/

t THR CONT sw MON sw ERR MON &
' ATTITUDE
t MON aw

0aheeeeete peeeneomieeaefeunoofeeaoepeeeeee

b man Cannot change Cannot chunge Loss of eng Loss of Loss of CDR Logs of RNG, Loss of Loss of CDR Lossof Loss of ORDEAS, Loss of RNG, FLose of PGNS Loss of CDI
1 atatus of sec pair status of prim THRUST ind MISSION TIMER X-pointer ind RNG RATE, ALT, GASTA FDAL COAS stepper motor RNG RATE gimbal angle FDAL att
\cs of ays A APS 1 pair of sys A ind ALY RATE ind Computer reticle WU ALT & ALT [display disptay
lcont interconnect vive PF APS interconnect FLoss of switching Losa of switching ! servo Loss of Loss of local RATE ind
) {ASC feed 2 viv pvivs (ASC feed 1 relays relays switching iz Loss of PGNS Error & rate

Normally Closed) viv Normally Loss of relays reference alt display necdics sitll
, Bopeny Loss of AEA & LDGE IMU att avail

1 RORlat vel & LDG t data ta
i RDR fd vel on LMT i FDA's LMP FDAL
1 X-patr also 1.DG att display avatt
1 RDIalt data on .

HNG/ALTind 1
ft I

T
| Figure 3-3, Circuit Breaker Functions (Sheet 1 of 5)
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EATERS =
] ] f HEATE! 177 st5 STAB/CONT ir E Vf LG

RNDZ ROR LDG
URINE LOG Dock sIG ABORT ATCA ENG ATT DIR ENG START DECA GEAR Losic : A
LINE STDBY opr RDR WINDOW AOT CONDR 1 AEA STAGE (PGNS) AELD CONT cont OVRD . PWR FLAG PWR A UTIL,

FUNCTIONS Pwr to urine Pwr to RR ant ‘ Pwrto RR Pwr to Lt Pwr to docking Pwr to AOT Pwrto ERA Pwr to AEA pwr Pwr to abort Pwrto enable Pwr to S&C Pwr to disable auto thr cont Pwrto ACA for Pwrto eng Pwrto dea Pwrto {Pwr toEDS Pwrto portable Pwr toc
POWERED line htr to hte cont cht g hte cont ekt her cont ckt window htr btre Lin SCEA supply for internal stage clectron- prim pream cont assy direct firing START aw eng & cont LDG ayaa util Its thru CDR eng STA
THRU CB prevent freeze- to maintain for ant & to maintain use & DEDA pwr ics thru ABORT Redundant bias No, 1 for Pwr to dea eng stop when asc eng of RCS logic of GEAR & LMP UTILITY caut, pw:

up of vent ant above min We glectronies [Pant above mina STAGE sw to jet drivers asc eng on armed or when staging DECA DEPLOY LIGHTS sw status It

tube valve survival temp [asay survival temp under PGNS & emd, AGS Pwr to +X Redundant | r)
t ATCA control auto dead- Redundant feed to des eng arm cts TRANSLpb pwr to ENG Pwrto:

I band selec- ARM sw . EXTERi

! Pwr to S&C tion, & Pwrto reset man eng start relays Enabling voltage ‘ SLA pre
i cont assy for staging for AGS pulse

guid cont cmd during Pwr for man des eng start mode cmds : Pwrtol
i switching abort stage {
1 to ED SYS A Pwr to LUNAR CONTACT It :
t on pal} |

wenndennnnnnfannnnJannewnnnnfnnnbneeefonenenn nnnnnennadennnn bannnnnnnnnnnnnednnnnnnn peennpannnnnnn donnea ponnesedann:

i Loss of redundant feed to des eng arm Loss of AGS Prim pwr Loas of des eng Losa of Loas of EDS Loss of portable Loss o!

EFFECTOF Loss ofbt IRR temp § Loss of RR, If LR temp Lose of Loas of AOT Loss of ERA 1 LMP AEA cb STAGE Loss of PGNS LMP AELD direct & pulse avall for gimbaling & Loc syeA til Ite uring
CB OPEN- causes gradual below min acer below mia window defrosting (approx half avail sw avail cont ch avait Loss of man des eng start & stop modes, hardover, ENG ARM ling GEAR Ro back
ING (LOSS degradation of survival temp, degradation survival temp, defroating & oper data) & + X-TRANSL aw from lity DEPLOY EDS sys B
OF/OR RE- urine collection permanent of response permanent defogging Nate Prim pwr Loss of Loss of man thrust cont (remaina in pb (sec TCA LMP DISP/ th avail Loss of

MAINING capability degradation degradation (ABORT provided with engine on auto mode) coils not avail} ENG OVRD Loss of AGS
FUNCTION) results t resulta STAGEpb ts LMP ATCAcb signal to LOGIC cb auto'min dead- LMP's

i pushed, des ED SYS A Loss of eng gimbal off, if DPS is armed Man att cont band selection COMP?
CB not 1 CB not eng will shut Cannot awitch avall via Att Loss of TORE
easential when 1 required when down if from AGS to Under AGS cont: loss of anatog gimbal Hold/Rate cmd man des & from DES
RR OPR cb cb PGNS; thrusting, PGNS trim emda & auto min deadband & PGNS min asc eng start ENG OVRD cb Loss of
is closed 1 LDG RDR is - ASC eng selection when starting des eng imputse modes a to start eng ERR It

a closed will not RCS firings Auto eng (at thax thrust)
t ignite until notaffected Losa of LUNAR CONTACTIt on pal 1 start avail
e ENG ARM in AGS Losq of GDA
1 sw - ASC cautjon ind

11 HEATERRCSSYS A/B-1 Vr ECS ir coum Vr
GLYCOL PUMP SEC S-BD

D suiT CABIN UP DATA VHF S VIF A cDR SIG STR LDG
QUAD 4 QUAD 3 QUAD 2 QUAD 1 FAN 1 FAN 2 1 AUTO TRNFR LINK XMTR/RCVR PWR AMPL XMTR RCVR AUDIO. DISP RDR

FUNCTIONS Pwr to sys A/B-2 htr Pwr to sya A/B-1 Pwr to sys A/B-1hir Pwr to sys A/B-1 htr Pwrto suit fan Pwrto cabin Pwr to glycol Pwr to glycol Energizes Pwr to DUA Pwr to sec pwr Pwrto sec pwr Pwr to VIF B Pwri'lo VHF A Pwr to CDR audio Pwr to SIGNAL Pwrte LR ff)

POWERED lor each TCA of htr for each TCA for each TCA of for each TCA of No. 1 (auit ckt fan thru ECS pumpNo. 2 pump No, L transfer relay pwr supply supply in S-BD supply in S-BD xmtr voice & revethra conter STRENGTH ind pwr supply J+

THRU CB cluster 4 of cluster 3 cluster 2 cluster 1 assy) thru SUIT relay box thru GLYCOL. thru GLYCOLsel to auto switch xevr thru pwr ampl thra data ckta thru VHFIA RCVR aw a

FAN sel sel to pump No. 2 XMTR/RCVR sw PWR AMPL sw VHF B XMTR ew i Inter rupts
when pomp \ pwr to htr
No. LAP Pwr to PMP for ' cont ckt

drops below emerkey and
preset value VOICE BU

functions
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EFFECT OF Losa ofset of Loss of set of htre Loss of set of btre Losa of set of htrs Life support Loss of cabin Loss of prim Lose ofglycol Loss of auto Loss of Prim S-BD xevr Losa of sec S-BD VHF A xmir VHF Breve Loas of retay Lows of onboard Loss of Lt ft

CB OPENING| hira in cluster 4 in cluster 3 (aye in cluster 2 (sys in cluster 1 (sys system degraded tag Joop redundancy pump No, 1 transfer digital avail pwr ampt voice ckts avail avait capability LR & RR

(L088 (ays A/B-2 hire A/B-2 htra avail, A/B-2 hire avall, A/B-2 htra avall, (EAUTO TRNFR uplink capability CDR must use monitoring

. OF/OR avall, longer longer warmup longer warmup longer warmup Backup is SUIT To activate sec loop, Ce closed, glycol Manually select Loss of sec S-BD Prim pwr ampl Loss of data & LMP audio
REMAINING warmup required) required) required) required) FAN sel - 2 WATER TANK * pumpNo, 2 auto pump: GLYCOL Lossof xevr avail voice lransmis- center
FUNCTION) SELECTOR vlv ~ activated) sel - PUMP Lor received alon via VIF B

SEC, GLYCOL nel - [Auto transfer PUMP 2 S-bd backup : toss of all
INST (SEC), SEC relay switch to voice VIE B mtr

EVAP FLOW vlv-
voice

OPEN, GLYCOL,
PUMPSEC cb -
close, PRIM EVAP
FLOW #f - closed

Prime voice
avail
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Figure 3-3. Circuit Breaker Functions (Sheet 2 of 5) \

         

  



    
   

      

  

 

  

 

 

 

           

 

  
 

   
 

 

  

STAB/CONT IF E Ve LTG 1
LDGATCA ENG ATT DIR ENG START DECA GEAR Losic ANUN/DOCK/(PGNS) AELD CONT CONT OVRD 1 PWR FLAG PWR A UTIL COMPNT :

Pwr to enable Pwr to S&C Pwr to disable auto thr cont Pwr to ACA for Pwrto eng pwrto des Pwrto Pweto EDS Pwrto portable Pwr to caut & warn anun, ‘prim preamps cont assy directfiring START aw eng & cont LDG ays A util Its thru CDR eng START & STOP, compf Redundant biaa No. 1 for Pwr to des eng stop when asc eng of RCS logic of GEAR & LMP UTILITY caut, pwr fail, & DSKYto jet drivers asc eng on armed or when staging DECA DEPLOY LIGHTS aw status Its
under PGNS & cmd, AGS Pwr to +X Redundant ' tb
ATCA control auto dead- Redundant feed to des eng arm ckta TRANSL pb pwr to ENG Pwrto docking Its thruband selec- ARM sw . EXTERIOR LTG & LM/
Pwr to S&C tion, & Pwr to reset man eng start relays Enabling voltage ) SLA press swcont assy for staging for AGS pulse
guid cont cmd ducing Pwr for man des eng start mode cmds ‘ Pwr to DEDA OPR ERRIt
switching abort stage 4

to ED SYSA Pwr to LUNAR CONTACTIt :
on pall |

eeeeeetterseeseeeed eeeeenebweeenpeeeeeseen denen es beesewed ee eeeeee
Lose of redundant fecd to dea eng arm Lose of AGS Prim pwr Load of dea eng Loss of Loss of EDS Lossof portable Loss of docking iteLoss of PGNS LMP AELD direct & pulse avail for gimbaling & LDG sys A util Its (During TD & E,

cont cb avail Loss of man des eng start & stop modes, hardover, ENG ARM throftting GEAR no backup)
& + X-TRANSL aw from capability DEPLOY JEDS sys B

Prim pwe Loss of Loss of man thrust cont (remains in pb (sec TCA LMP DISP/ tb avail Loss of Aoun lightingprovided with engine on auto mode} coils not avail) ENG OVRD Loss of AGS
LMP ATCAcb signal to LOGIC cb autotmin dead- LMP's ANUN/DOCK/ED SYS A Loss of eng gimbaloff, if DPS is armed Man att cont band selection COMPNT cb avail afterCanaot switch avail via Att Loss of . TDGE
from AGS to Under AGS cont: loss of analog gimbal Hold/Rate cmd man des & DES
PGNS trim emds & auto min deadband & PGNS min asc eng start ENG OVRD cb Loas of DEDA OPR

selection when starting dea eng impulse modes avail to start ERR It LEGENDRCS firings Auto eng (at thax thrust)
notaffected Loss of LUNAR CONTACT It on pal 1 start avail tod of GDA Designates DUAL POWERto function

o
caution ind =e aeee Designates SIMILAR functions

DIFFERENT functious

6 come MT PGNS 1
‘OL PUMP SEC S-BD

UP DATA VEF B VIF A cor SIG STR LDG RNDZ Lec/ IMU imu
1 AUTO TRNFR LINK XMTR/RCVR PWR AMPL XMTR RCVR AUDIO DISP RDR RDR DSKY STBY OPR _

‘to glycol Energizes Pwr to DUA Pwe to see pwr Pwrto sec pwr Pwr to VHF B Pwrito VHF A Pwr to CDR audio Pwr to SIGNAL Pwrto LR Pwrto RR Pwr to LGC Pwr to IMU Pwr to IMU, PSA,
ip No. b transfer relay pwr supply supply in S-BD supplyin S-BD xmtr voice & reveihra conter STRENGTI ind pwr supply electronics & PSA temp cont ckt COU, & PTA
\GLYCOL ael to auto switch xevr thru pwr ampl thre data ckia thru VIIF/A RCVR sw assy pwr supplies

to pump No. 2 XMTR/RCVR aw PWRAMPL sw VHF B XMTR sw interrupts
when pump ‘ pwr to htr
No. 1 AP Pwr to PMP for t cont ckt
drops below emer key and !
preset value VOICE BU

functions
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# af glycol Loseof auto Love of Prim S-BD xeve Loss of sec S-BD VIF A comtr VIF B reve Logs of relay Loss of onboard Loss of LE Loss of RR Loss of PGNS Loss of PIPA Loss of IMU, PSA,‘pNo. 1 transfer digital avail pwr ampl voice ckta avail [avail capability LR & RR & ING btrs, Cou, & PTAsUTO TRNFR °F uplink capability CDRmust use monitoring lows of 1,024-me temp alarm )tosed, glycot Manually sclect Losa of sec S-BD Prim pwr ampt Loss ofdata & LMP audio clock thermostat Loss of ISS &PNo, 2 auto pump: GLYCOL ross of xevr avail voice transmis - center att data to LGC oevated} sel - PUMP Lor received sion via VIF B AGS avait imu & IndPUMP2 8-bdt backup Loss of all Hh aecaracy» transfer alee VP Bowutr degraded LGC avail, buty with to voice cannot perform
Be irecn. Prime voice all functions
Peaut It, avail Loas of manualually switch

throttle in‘COLsel -
PGNS modeAP 2)
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POWERED

TURE CB

   

EFFECT OF
CB OPENING
(LOSS OF/OR
REMAINING
FUNCTION)

LMA790-3-LM
APOLLO OPERATIONS HAND!

CONTROLS AND DISPLAY.

 

 

 

 

   

 

No. Jor lunar
bat, & bat No,
4&6toCDR
d-c bus

During bat No.
5 backup, also

connects bat
No. 5 to CDR

d-c bus

Adjacent cb
avail

cb

Adjacent

cb avail

  

 pwr to CWEA, EPS
disp, sig sensor,

sig cond *2, &

PCM/TE

Connects CDR
bus to LMP bus

P

  

OnlyclosedLoss of LMP bus
when CSM powers in event of

LMresults inloss |feeder short
of AGS & possible when
loss of S-Ind powering

steerable ant LMPbus
thru CDR bus,

or vice versa

nex bus to neg

xtunar bus for
LM yround

Xo loss of
function:
relay contacts

in parallel
with cb

 

    

bus to low- and
high-voltage coils

in ECA No.1 &
thru HT VOL"

LOWVOLT

  
&

E sw

 

Pwr to des bats

Iv/hv off &

deadface relay

reset for abort
stage

  

Redundant ch
on LMPpanel
supplies pwr

from TMP bus  

to pwr supplies of

hoth des ECA's for
current & reverse

current ind & O/C
protection

Pwr to relays
for abort stage

Redkmndant cb

on LMPpanet
supplies pwr

from EAP bus

bus to norm &
backup main feed
contactor coils in
ECA No, 3 & 4 thru
NORMAL FEED &

BACK CP FEED sw

to switch off ase bats

 

Pwr to DES BATS

3w

Redundant ch on
LMP panel supplies

pwr from LMP bus

bus to pwr

supplics of both
ase ECA's for
current & reverse
current ind & O/C
protection

Redundant cb on
LMpanel supplies

pwr from LMPbus  

bus to inv Xo, 1

for generation

jof 115V,
}100-cps, a-c

pwr, Ubru

INVERTER sw

 

sw (pwr from
1.MPbus to
inv No. 2)  

bus to IS, & to

monitor bus
voltage for
telemetry &

warn tt

Pwrto PCM/TE.
sig sensors &

sig condrs via
relay 4K6
for prelaunch
telemetry

EPS PROPUL— W 1
cr CROSS ‘TIE —)

BAT 1 DES ASC ASC be BUS DES HE
cc FE TIE _——4 BAL LOADS BUS ECA NT ECA ECA CONT ECA IXV1 VOLT REG/VENT

Connects bat Reduntant Supplies redundant Backup cb Connects CDK Pwr from CDR Pwr from CDR bus Pwr from CDR Pwr from CDR Pwr from CDR Pwr from CDR Pwr to DPS helium
solenoid vivs thru
DES He REG

1&2 sw

Pwrto DPS prpint
vent solenoid vivs
thru DES FUEL &
OXID VENT sw

 

toss of
monitoring

of COR hus

T.oss of
perelaunch
telemetry

Cannot change status of helium
solenotd viv (Prim: Normally

Open, Sec: Normalty Closed dur-

ing normal mission operation)

Cannot change status of solenoid

vent vivs -   

 

Figure 3-3. Circuit Breaker Functions
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US
1 PROPUL 7

tErs |

DES DES ASC ASC ne BUS DES HEBUS ECA CONT ECA ECA CONT ECA IXVA VOLT REG/VENT

Backup ch Connects CDR Pwr from CDIt Pwr from CDR bas Pwe from COR Pwr from CDR Pwr from CDR Pwr from CDR Pwr to DPS heliumnex bus to neg bus to low- and to pwr supplies of bus to norm & bus to pwr bus lo Inv No. 1

fF

bus to IS. & to solenoid vivs thruxlunar bus for high-voltage coils both des ECA's for

§

backup main feed supplies of both for generation monitor bus DES He REGLMground in ECA No.1 & 2 current & reverse contactor coils In ase ECA's for fLisv, voltage for 1&2 awthru HE VOLTAGE &

9

current ind & O/C ECA No, 3 & 4 thra current & reverse H100-cps, a-c telemetry &LOWVOLTAGE sw protection NORMAL F current ind &0/C pwr, thru warn It Pwr to DPS prplatBACK UP FEED sw protection INVERTER sw vent solenoid vivsPwrto des bats Pwr to relays lo switch off ase bats Pwr to PCM/TE. thru DES FUEL &lv/hv off & for uhort stage : sig sensors & OXID VENT swdeadface relay Pwr to DES BATS sig condrs viareset for abort sw i; relay 4K6
stage

for prelaunch

telemetry

aeemeee eemeeeeeeeeeseeeee oe weaseheseeees -

 

Only closed
in event of
feeder short
when
powering

LMP bus

thru CDR bus.

or vice versa

No loss of
function;
relay contacts
in parallet
with ch 

Hen S enemaects sestamemntrwersieenreecnmie TRAe

 
Redundant ch
on LMPpanel

supplies pwr

from LMP bus  

Fe t

Redundant eb
on LMPpanel
supplies pwr
From LMP bus  

Redundant cb on
EMP panel supplies.

pwr from LMPbus  
Redundant ch on
LMpanel supplies
pwr from LMP bus

Inv No. 2 avail
theu IXVERTER

sw (pwr from
-MP bus to

jiny No. 2)

 

  

 

Mission LM

_

Basic Date 1 February 1970 Change Date

Loss of
moniloring

of CDR hus

boss of

prefaunch
lelemetry  

Figure 3-3.

Cannot change stutus of hetium
im: Normally

Normally Closed dur-
ing normal mission operation)

 

Cannot change status of solenoid

vent vivs  

 

LEGE

 

XD

— Designates DUAL POWERto function

oeee  Pesignites SEMELAR functions

mee Designates DIFFERENT functions
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16
A

FUNCTIONS

POWERED
THRE CB

   

EFFECT OF

CB OPENING
(LOSS OF/OR
REMAINING

FUNCTION)

 

16
B

FUNCTIONS

POWERED
THRU CB

   

  
 

 

  

   

  

  

   

 

 

 

 

 

   
 

 

 

 
  
 

   
 

 
CDR AEA cb
avail

  
Pwr for ENG ARM sw

avail with CDR CB S/c:
ENG START OVRD

Arming des eng with
ABORTpb avail

Arming asc eng with
ABORT STAGEpb avail

Loss of auto eng
start for APS & DPS.

(STARTpbavail) 
Loss of AGS
att cont

Man att

cont avail

 
CDR CB S/C:
AELDavail
Loss of engine
on signal to

EDsys B

Loss of AGS auto & att hold/
rate cmd cont modes

Loss of FDAI rate indication &
error ref

Loss of RRauto track & slew

modes (loss of slewing pwr); LGC

mode avait

Loss of gimbal & throttle capa-

bility (DPS start at max thrust)

Loss of APS auto on

Loss of LUNAR CONTACT Lt  
Abort staging avail

with CDR CB S/C:
ABORT STAGE

Note
Des eng-will shut down,
but asc eng will not
ignite until ENG ARM
sw - ASC

Loss of asc eng arm

enable (ENG ARM sw
avail) & time delay

Loss of des eng over-
rite

 

 on pnt 3  
Loss of auto AGS

RCS firing

Prim pwr provided
with LMP ATCA cb

Cannot sw from
PGNS to AGS

RCS firing unaffected
in PGNS

RO.’ cannot be tested

i FLT DISP —11 RCS SYS B iW PROPUL —

EVENT TIMER/ SE ASC ASC QUAD 1 QUAD 2 QUAD 3 QUAD 4 TEMP/PRESS PQGS/ ! MAIN DISP/ENGSE FDAI X-PNTR FEED 1 FEED 2 TCA TCA TCA TCA CRSFD DISP - FLAGS DISP i Sov OVRD LOGIC PQGs

V T J ¥ , T
Pwr to EVENT Pwr to LMP X Pwr to sys B § Pwr to sys B Pwr to prpint viva § Pwrto prpint vivs 0 Pwr to prpint vivs § Pwr to prplat vive Pwr to prplnt Pwr to RCS TEMP Pwr to RCS sys A ,f| Pwr to sys B Pwr to MPS: FUEL Pwr to DPS pr;TMR ind pointer ind prim APS prplint sec APS prpint prim coils of sys B t prim colla of sys B § prim coils of sys B § prim coils of sys B crossfeed vivs & PRESS Ind thru & sys B prplat main fuel & & OXID TEMP & qty gaging sysPwr to LMP interconnect vive interconnect vivs quad 1 TCA g watz TCA quad 3 TCA quad 4 TCA thru CRSFD sw TEMP/PRESS MCN qty computers & oxid sov thru PRESS Ind thru unit thru PRP!FDAI PWRto aux thru SYS B ASC thru SYS B ASC (BIL & B1D) (B2L & B2U) 1 (B3A & B2D) (RIP & Bal) sel & tc all RCS th QUANTITY Ind SYS B MAIN PRP.NT TEMS/PRESS QTY MON swswitching relay FEED 1 sw B FEED 2 sw ' ‘| sov sw MONsw & to all MPS thPwrto aux box thru RATE/ I 1 I 1 'switching relay ERR MON sw t { l 1 : Redundant pwr to engbox thru RATE/ 1 1 i ! arm cireuits forERR MON & 1 1 1 ! manual asc eng armATTITUDE MON

& des cmd ovrdaw I 1 ! !

am mn ms on oe oe ot ulunteteniondes phetelelebeheded eletetetedetenten! Po oe ame me aee eeeeeeeneeeeaeeeaeeeoeeeeeee eeeeGeeeseee

1 1 5 1Loss of EVENT Loss of LMP X_ Cannot change I Cannot change Lossof prim auto H Logs of prim auto g Loss of prim auto q Loss of prim auto Cannot change Loss of onboard Loss of onboard Cannot change Loss of onboard Lose of onboarTIMER ind pointer ind Status of prim pair status of sec & man cont of & man cont of ' & mancont of i & man cont of status of crafd monitoring of RCS 1 monitoring of RCS} sys B main sov monitoring of MPS monitoring ofof APS pair of APS sys B qued 1 sys B quad 2 sys B quad 3 TCA's sys B quad 4 TCA's vlvs (Normally prpint temp & sys A & sys B status (Normally prpint temp & press DPS prpint qtyLoss of LMP FDAI Loss of interconnect vivs  §f interconnect vivs TCA's (hardover, § TCA's (hardover, § thardover, AGS (hardover, AGS Closed) press, & helium prplnt qty (Pwr Open) (Pwr fail light aboveswitching relays (ASC FEED 1 viv §) (ASC FEED2 viv AGS direct, & +X- § AGS direct, & +X- Edirect, & +X- Udirect, & +x- press (Pwr fait tight Ul fail light above ind jote PRESS ind goes on)Loss of switching Normally Open) Normally Closed) trans! cont avail 1 transl cont avail § transl cont avail {transl cont avail above PRESS ind goes on) RCS sya B willrelays thru sec coils) t thru sec coils) thru sec coils) i thru sec coils) goes on) not use APS Loss of monitoring
1 I i I prplnts if sov of MPS viv status

i 1 Lose of monitoring of are open (t» indicates pwr
RCSviv status (tb !a ' ! ‘ Indicates pwr off) J Loss of redundant pwr

| LTG | r ED 7 c STAB/CONT } [

ANUN/DOCK/ MASTER LOGIC ABORT | ATCA DES ENGFLOOD TRACK COMPNT ALARM PWR B AEA ENG ARM ASA AELD ATCA STAGE (AGS) OVRD CWEA

Pwr to cabin pnl, fwd Pwr to tracking It Pwrto caut & warn Pwr to MASTER Pwrto Pwrto AEA pwr (ENG ARM sw - DES) Pwr Pwr to ASA Pwrto S&C Pwr to ATCA pwr supply for Pwr to abort stage Pwr to enable abort Redundant pwr Pwrto CWEA& ovhd Nood its thru thru EXTERIOR anun, eng START & ALARMIt & EDS supply for internal to des eng actuator iso] pwr supply & cont assy No. 1 ATCA & DECA pwr electronics thru preamps to actuator [sol
FLOOD ew LTG ew & tracking STOP, docking thru tone gen sys B use & DEDA pwr vive thru DECArelays ASA heaters for asc eng on ABORT STAGE sw & pilot viva of

it electronics assy EXTERIOR LTG sw, emd & AGS Pwr to LUNAR CONTACT 1 Pwr to enable both des eng
Pwrto cabin fwd & comp caut, ind pwr (ENG ARM sw - ASC) Pwr auto dead band it on pnl 3 TICA's Note
ovhd It thru docking fail, & DSKY status to AELDto enable asc eng selection & | Pwr to S&C cont Eng fires at full
hatch sw lta ignition abort stage : assy for guid cont throttle only

signal to ED | switching
Pwr to retay drivers for . sys B stage

Pwr to DEDA OPR auto APS & DPS cont logic relay Provides gyro test pwr
ceemseeheewe ee eese reeeeeeeaee ae es ce eeene eeeeeeeseeeeeeeenon oe peeeeesenosttm

Logsof des Loss of CWEA
eng override

Most malfunctions

are monitored by
MSEN via lelemetrs
some are monitored

on cabin ind

  
 

 

loss of floodIts Loss of tracking It Loss of caut & warn Loss of MASTER Losa of
EFFECT OF anun, eng START & ALARMIt and EDS sys
CB OPENING STOP, docking, comp audio tone B
(LOSS OF/OR caut, ind pwrfail, &
REMAINING DSKY status Its EDS sys
FUNCTION) A avail

Alternative ls CDR CB

LTG: ANUN/DOCK/
COMPNT

Loss of DEDA OPR

ERR Mt

Figure 3-3. Circuit Breaker Functions (Sheet 4 of 5)
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RCS SYS B 1h PROPUL 7

UAD 2 QUAD 3 QUAD 4 TEMP/PRESS PQcs/ : MAIN DISP/ENG ASC HeTCA TCA TCA CRSFD DISP - FLAGS ISP ' SOV OVRD LOGIC Pcs REG
T T ¥

prpint vive | Pwr to prpint viva [| Pwrto prpint viva Pwrto prpint Pwr to RCS TEMP EF pwr to RCS sya A.) Pwr to sya B Pwr to MPS: FUEL Pwr to DPS prplnt Pwr to APSuls of sys B § prim coils of sys B prim coils of sys B crossfeed vivs & PRESS ind thru §) & sys B prpint main fuel & & OXID TEMP & qty gaging sys cont helium solenoidcA [ wad 3 TCA quad 4 TCA thru CRSFD swf TEMP/PRESS MON qty computers & oxid sov thru PRESS ind thru unit thru PRPLNT viv thru ASCB2U) 1 (B94 & BID) p (BAF & BAL sel & to all RCS tb QUANTITY ind SYS B MAIN PRPLNT TEMP/PRESS QTY MON sw He REG 1 &
SOV sw MONsw & to all MPS th 2ew

  

One om Om me og) as ome oeme

 

  

 

  
esa

  

 

 

 

Redundant pwr to eng

arm circults for
manual ase eng arm

& des cmd ovrd

  
Pm SmGD GS GeeaMeeOS OOODt WD GD mn GS Phd OD OD SD GS SO

   
 

 
  
 

I t 1
prim auto g Loss of prim auto g Loss of prim auto Cannot change Loss of onboard §) Loss of onboard Cannot change Loss of onboard Loss of onboard Cannot change‘ont of p Eman contof man cont of status of crsfd monitoring of RCS 4 Monitoring of RCS} sys B main sov monitoring of MPS monitoring of status of heliumaad 2 1 sys B quad 3 TCA’s s B quad 4 TCA's vivs (Normally prpint temp & sys A & sys B status (Normally prpint temp & press DPS prplnt qty solenoid vivs
hardover, (hardover, AGS (hardover, AGS Closed) press, & bellum a rpint qty (Pwr Open) (Pwr fail light above (Normally Open)
ect. & +X- Edirect, & +X- Udirect, & +x- press (Pwr fail light Bl fail light above ind Note PRESS Ind goes on)
ont avail {transt cont avail B transl cont avail above PRESS ind oes on) RCS sys B will
codls) p thru sec coils) p thru sec coils) goes on) t not use APS Loss of monitoring .

t t t prpints ff sov of MPS viv status LEGEND
t Losa of monitoring of are open (tb indicates pwr .RCSviv status (tb § o ——— Designates DUAL POWERtofunction
! ' indicates pwr off) ' Loss of redundant pwr smenen: Designates SIMILARfunctions

De DIFFERENT functions

STAB/CONT INST " ECSlf 1 f

ABORT ATCA DES ENG SiG SIG SUIT
ENG ARM ASA AELD ATCA STAGE (AGS) OVRD CWEA SENSOR PCM/TE CONDR 2 FLOW CONT

RM sw - DES) Pwr Pwr to ASA Pwrto S&C Pwr to ATCA pwr supply for Pwr to abort stage Pwr to enable abort Redundant pwr Pwr to CWEA Pwrto all subsys Pwr to Pyrto Pwr (o sult isot viv
sng actuator isol pwr supply & cont assy No. 1 ATCA & DECA pwr electronics thru | preampa to actuator isol sensors PCMTEA ERA 2 solenoid for auto
ma DECArelays ASAheaters for ase eng on ABORT STAGE sw & pilot vivs of in closure

emd & AGS Pwr to LUNAR CONTACT 1 Pwr to enable both des eng SCEA
RM sw - ASC) Pwr auto dead band It on pnt 3 TTCA's Note
DO to enable asc eng selection & , Pwr to S&C cont Engfires at full

abort atage j 88sy for guid cont throttle only
signal to ED ; switching

relay drivers for sys B stage

°S & DPS contlogic relay Provides gyro test pwr

     
 

   
  

     

   
  

  
 

0oe oe on we ee oe oe oe es ee eeeeesesee pe ae ee eeeeee eeeeee eeeees Ot eeeeee eeee ee ee ee es eeeeee mae i ome oe =

* ENG ARM sw Loss of AGS CDR CBS/C: Loss of AGS auto & att hold/ Abort staging avail T.oss of auto AGS. Loss of des Loss of CWEA UL of approx 10 loss of Loss of Toss of torn suit
uth CDR CBS/C: att cont AELDavail rate cmd cont modes with CDR CB S/c: CS Firing eng override subsys sensors telemetry ERA 2: protection
‘ART OVRD Loss of engine ABORT STAGE Most matfanctions MSFN & to MSEN {approx-

Manatt on signal to Loss of FDAI rate indication & Note Prim pwr provided are monitored by vehicle: DES & half oper
des eng with cont avail ED ays B error ref Des eng will shut down, with LMP ATCA cb MSEN via telemetry: FASC oxygen, oxtd Loss of voice & data
pb avail but asc eng will not some are monitored minifold, suit, dlsta Sebel sub-

Loss of RR auto track & slew ignite untif ENG ARM Cannot sw from on cabin ind cH » & all DPS, riers,
asc eng with modes (!o8s of slewing pwr}; LGC sw - ASC PGNS to AGS APS. RCS presst Ting AU
STAGEpb avail modeavail ind, emer

Lossof ase eng arm ROS firkng unaffected hey, inv
mito eng loss of gimbat & throttle capa- enable (ENG ARB sw in PGNS Timing, DSELN

rt APS & DPS, bility (DPS start at max thrust) avail) & time delay ind, & ANTON
* pb avail) RGA eamnoet be tested

Loss of APS auto en Loss of des eng over-
rile

Loss of LUNAR CONTACT Lt
on pal 3

ke re : a
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LMA‘190-3-LM
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CONTROLS AND DISPLAYS

le ECs 1

PoEM8D

A vu 5-AD GLYCOL LCG CABIN FAN CABIN SUIT sult DIVERTnan ay . . cox

it ever PW AMPL XMTR/WCWR, ANT pMP Tv DISP PUMP SEC PUMP cout REPRESS FAN 2 FAN AP vEV seNson

WA Dwrto VUE Pwr to prim pwr Pwr to p pwr Pwr to S-bd Pwr to PMP. Pwr to TV Pwrto all Pwr to backup glycol rt s ‘ "if glycol pump Pwr to LCG Turns off cabin fane Pwr to CABIN Pwrto sult fan Pwrto fan AP It GAS Pwr to CO, sensor
supply PB cover supply ‘a wba supply in 7 fore tteerable ant pwr supply camera pwr ECS ind in coolant recirculation asay pump when PRESS REG REPRESS viv & No, 2 (ouit ckt sensor (ind Roviv for

pwrampl thea [thru XMITH/HCVR ow supply (Not normally used In Might, Aor Bin&GRESS CABIN warn It assy) thru SUIT function only) auto closure caused
TAUAMPLE aw Pwe to spaceault except in emergency or. mergency a! FAN sel by tow cabin press

Pwr to PMPfor emergency biomed ekta thru checkout modes yy lor by PRESS RE:
hey & volew backup BIOMED aw & A oB viv - EGILESS
functiony thru XMTR/ umbllicals as
RCVI and PCM aw

saneaeaewe eee be naeeeeedeeee eeeeeedawee eee heeeeee ane seseed see ese ee peneasohneew eee aeeeeeeene eehbaewesenenee

We bossatvity Lous of prim Loss of prim S-BD Loss of S-BD Loss of TV Loss of Loss of sec coolant loop Loss of Lossof cabin fan Loss of auto Loasof suitfan Loasofindication Loss of auto viv Lose of COz ind, COZ
Vu ranging S-bd pwr biomed, PCM, camera all ECS clreulation auto shutoff cabin repress 'TNo. 2 for failure of suit closure; manual comp caut h, & TM

amt downlink voice, cabin thru LCG mode; manual | fan No. Lor 2 mode avail
Lows of See S-BD xcvr avail & EMU data, ind from LM Turn off fan by mode avail In cabin mode,
EVA data See pwr ampl except emer- opening fan cb Femove helmet &

avail See pwr tw PMP gency key & Loss ofindica- breath cabin air.
Lowsof avail ant avall backup voice tlon of low cabin After period of
VEE BD preas (CABIN time, flush cabin air GEN
received warn 1, CABIN LEGEND
voice PRESS ind avail ln egress

. PRESS REGA& B Designates DUAL POMCEIE ta henct. -

viv - DIRECT 0, Ceres ees Dexignates SIMILATU functions
DIFFERENT functions

RETES$$]
PS 1

CAMR. 1E BAT
A/B-2 a— Pr ‘SEQ 1 Ross T| FEED TIE

QUAD 3 QUAD 4 DISP S-BD DISP DC BUS INV2 ASC ASC DES ES . XLUNAR BUS BAL LOADS
ANT VOLT ECA ECA CONT ECA ECA CONT BUS TIE

Pwr to aye A/B-2 g Pwrto sys A/D-2]) Pwr to [Pwr to S-bd ant Pwr to [Pwr from Pwr from LMP bus to Pwr from LMP to Pwr from LMP bua to PWR from LMP bus to Pwr from LMP bus tof Pwrfrom. LMA bus to low & Connects LMP neg bus [Backup cb Connects LALP bus tof Connecta bat No, 2 Redundant cb
ntr for each TCA her for cach TCA HTR here sequence LMP tus IS, to DC BUS FAULT inv No, 2 for generation pwr supplies of both norm & backup main pwr suppiles of both high voltage in ECA No.| to tleg xlunar bus for COR bus thre CDR or tunar bat, & bat
of cluster 3 thru of cluster 4 thru CONT: camera [to AMPS [compcautIt, & to of 115V, 400-cpa, a-c anc ECA's for current feed contactor cofls in [ides ECA'S for current & 2 thru HI VOLTAGE & LOW LM ground CROSS THE cb No, 1 & 5 to LMP
WTR CONT: RCS § HTR CONT: RCs TEMP & VOLTS monitor bus voltage pwr, thru INVERTER aw & re’ current tnd ECA No. 3 & 4 thru & reverse current ind VOLTAGE aw d-c bus

SYS A/B 2QUAD § SYS 4/B 2 QUAD ind ind, & to for TM & warn It & 0/C protection NORMAL FEED & & O/C protection
3 aw aow th BACK UP FEED sw Pwrto des batd Iv/ty off & deadiace During bat 6 backup

to awitch off asc bats Pwr to relays for abort relay roset forlabort stage atso connects bat No, 6
t atage to LMP d-c bus

Pwr to DES BATS aw
1 U

i
- r

Lossof set of ’ Lonsof actof Loss of ICS-bd ant temp] Lose of [Lose of Loss of monitoring Inv No. 1 avali thru Redundant cb on Redundant cb on Redundant cb on Redundant cb CDR panct supplics [No loss of function: Only closed Adjacent cb
ntes in cluster 3 Optra in cluster 4 onboard below min sequence onboard of LMP bus INVERTER aw (Pwr CDR panel supplies CDR panel sup- CDR paresupplies pwr pwr from COR bus celay contacts in in event of ava:

. bays A/B-1 bere (ays A/B-1 htee monitor-§ survival temp, camera fjdus & from CDR busto Iny pwr from CDR bus plies pwr from from CDR bus parallel with eb fooler short

avail; longer avail; longer ing of pecmanent bat No. Ly CDR bus when

warmup re- § warmup required) temp of degradation monitor- echo
quired} RCS reguita ing bas

cluster, cor
i LR, RR of vice
§ temp, &
1 S-BD ant
a

Figure 3-3. Circuit Breaker Functions (Sheet 5 of 5)
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i C pisp st Vite A vura $-BD GLYCOL ica ca
‘ s acpi NM neve VWHAMPL XMTI/UCVR ANT PMP TV DIsP PUMP SEC PUMPi

FUNCTIONS

|

Pwe to COMM ANT: LEP adie

FP

Pwr ta Vib aA derta VAE

DF

Pwe to prim pwe pve to prim per Pwr to $-bd Pwr to PMP Pwr to TV Pwr to all

[|

Pw.

,
vrin § peten | t to backup glycol pum;

f bows Re Db PITCH, vaw, & 1 Wereve supply in S-bd supply in S-b¢ xevr Atecrable ant

—

pwr supply camera pwrf ECS ind in coolant reclsewiationnay bitte’ tea ae

THRE CA

|

MGNAL STRENGTH fwr amot thru thr XMTR/RCVR ow supply {Not normally used in flight, Aor B
and

Wit AMP Low Pwrto apacesuit except In emergency orPwr to PMP for emergency biomed ckts thru checkout modes}key & voice huckup BIOMED aw &f
functiona thru XMTR/ umbilicaleA
RCVand PCM awi em

cm

emytee sy sw

oa

em

a

eols oseeeeeo ee we he eeee SemeeatmeFeekmems

els

enoeofaSy EFF GF] Loss of Sb ant af ‘ Lous of VEF LoseotVilF

FE

Lows of prim Lossof prim 8-BD Loss of S- Louse of 8-8D Lose of TV

J

Loes of Lossof sec coolant loop lose of Loss 01
: CB OPEN-

|

itech & yaw mode PME must caning & VIED eanging S-bd pwr XCVR BD steer- dlomed, PCM, camera all ECS ctrculation

ff]

auto ab
4 ING (1.088 tise CDI siutio A voice ampl able ant downlink voice, cabin thru LCG

OF70RtWE- center Lous of See S-BD xevr avail & EMU data, tnd from LM Tera ot
MALNING EVA data See pwr ampl 8-BD comm

ff

except emer-
opening

FUNCTION)

|

indication Loess of DSULY avail Sec pwr to PIP thru omal gency key &
é
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