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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 entefing 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
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SECTION 1

SPACECRAFT

INTRODUCTION

This section includes descriptions of the LM, the LM - SLA - S-IVB connections, the
LM-CSM interfaces, and LM stowage provisions. The Apollo-Saturn space vehicle configuration is
shown in figure 1-1. ‘

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

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

o 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 4.810.2 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,

CONFIGURATION
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R 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,
RCS and 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 Leight. 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
controls 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 Forward Hatch. (See figure 1-8.)

The forward hatch is in the frontdface 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 a 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 haich 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 by rotating 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.

ASCENT STAGE
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1.2.2.1 Crew Compartment. (See figures 1-5 and 1-6.)

The crew compartment is 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 alignment optical 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 alignment station, 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 alignment station. '

The crew compartment shell is cylindrical and of semimonocoque construction. 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's flight station. The front face
assembly of the crew compartment has two triangular windows and the forward hatch. Two large 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.
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Figure 1-5. Ascent Stage Structure Configuration
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Figure 1-7. Cabin Interior (Looking Forward)
1.2.2.1.3 Windows. (See figures 1-9 and 1-10.)

Two triangular windows in 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 down to the side to permit adequate peripheral and downward visibility. A
third (docking) window is in the curved overhead portion of the crew compartment shell, directly above
the Commander's flight 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

ASCENT STAGE
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on the inboard surface, The inner pane is made of struci:ral 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 volted to the window frame throughretainers.

All three windows are electrically heated tv »revent fogging. The heaters for the
Commander's front window and the docking window receiv. 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:znder's front window and the docking window
is routed through the AC BUS A: CDR WIND HTR and HE -~ TERS: DOCK WINDOW circuit breakers,

B respectively; for the LM Pilot's front window, through th: AC BUS B: SE WIND HTR circuit breaker.
These are 2-ampere circuit 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 fres: appears on a window, that window heater is
turned on. It is turned off when the abnormal condition ¢:sappears. When a window shade is closed,

that window heater must be off.

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

The midsection structure is a ring-stiffenec -zmimonocoque shell. The bulkheads consist
of aluminum-alloy, chemically milled skin with fusion-welu=1longerons and machined stiffeners. The mid-
section shell is mechanically fastened to flanges on the majo: :tructural bulkheads at stations +Z27.00 and
-Z27.00. The crew compartment shell is mechanically secu.: 410 an outboard flange of the +Z27. 00 bulkhead.
The upper and lower decks, at stations +X294. 643 and +X235. 20, 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, inte¢-: with those above the crew compartment,
are secured to the upper deck of the midsection; they sup: .t the deck at the outboard end of the docking
tunnel. The aft ends of the beams are fastened to the aft .: ilhead (-Z27.000), which has provisions for
bolting the tubular truss members that support both aft i: .. ~stage fittings. Ascent stage stress loads
applied to the front beam are transmitted through the tw: = .ms on the upper deck to the aft bulkhead,
and, through the aft interstage support members, to the : ags. The combination of beams, bulkhead,
and truss members forms a cradle around the cabin ass: ly; it takes up all the stress loads applied
to the ascent stage. Two canted beam assemblies, secur to the bottom of the lower deck and to the
forward and aft bulkheads, form the ascent stage engine - = .partment. The engine support ring truss
members are bolted to the lower deck.
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The right side of the midsection contains -rost of the ECS controls and most of the heat
transport section water glycol plumbing. Valves for op-ration of the ECS equipment are readily
B accessible from the crew compartment. The left side «:{ i:e midsection contains flight data file,
a portable life support system (PLSS), and other crew :rovisions stowage. Guidance, Navigation
and Control Subsystem (GN&CS) electronic units that do not require access by the astronauts are located
on the midsection aft bulkhead. These units include a I.}! fuidance computer, a coupling data unit, a
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power and servo assembly, and a signal conditioner assembly. nCS 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 mechanisms in 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 when in 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. When the 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 hatch lip into its seal. To
open the hatch, the cabin must be depressurized through the cabin relief and dump valve; the latch is
then unfastened.
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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 members bolted to the aft side of the - Z27.000 bulk-
head. The truss members, used in a cantilever type of construction, extend aft to the equipment rack.
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
VHF antennas, 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, and a single layer of 0.0005-inch-thick H-film. In a 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 more layers of
inconel mesh alternated with 0.0005-inch-thick nickel foil. The number of inconel mesh and nickel foil
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 impingement at 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 inconel skin (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 excess of +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 must be 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 unmanned portion 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 webs are at stations +Y27.000, -Y27.000, +Z27.000, and -Z27.000. The lower deck is at
station +X131. 140; the upper deck, at station +X196,.000. The ends of the beams are closed off by end
closure bulkheads at stations +281. 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 attachment point for the main strut of the landing gear.
The outriggers are constructed of tubular aluminum alloy. Fittings on the +Y27. 000 and -Y27.000 beams,
at station +Z65. 906, serve as the forward attachment points for the ascent stage. Fittings on the -Z27. 000
beam, at stations +Y65. 000 and -Y65. 000, serve as the aft attachment points for the ascent stage.

Compartments {. ‘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 memuers secured to the four corners of the compartment and by the engine gimbal
ring. Descent engine oxidizer tanks are housed in the fore and the aft compartments between the
+Y27.000 and -Y27.000 bcams; descent engine fuel tanks, between the +Z27.000 and - Z27.000 beams in
the side compartments. :
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Figure 1-13. Descent Stage Structure Configuration

DESCENT STAGE
Mission__LM Basic Date_1 February 1970 Change Date 1 April 1971 Page 1-15




LMAT790-3-LM
APOLLO OPERATIONS HA
SPACECRAFT

300K

The areas, between the main beams, that giv
referred to as quadrants,
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-pressurv

Quadrant 2 houses an ECS water tank and Ap.

(ALSEP). A cosmic ray experiment package is mounted adj:
- the ALSEP is mounted adjacent to the ALSEP, but outside t:
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 egress platform.
of the RCS downward-firing thrusters from the descent stag
Two deflectors are shorted to provide clearance for the LR
respectively. The supporting trusses for these deflectors :

1.3.2.1 Thermal and Micrometeoroid Shield.

The entire descent stage structure is envelos

which combines multiple layers of aluminized mylar and H-

In areas where micrometeoroid protection is required, onu
used as skin. The shield is mounted on low-thermal-condu:
inch away from the main structure. A titanium blast shielc
engine compartment, above the thermal shield, deflects the
the descent engine compartment.

The bottom of the descent stage, and the eng:
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 titaniu:
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 levels that preserve the structural integr:
stowed in a retracted position; it remains retracted until th
DEPLOY switch 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: i
outriggers that extend from the ends of the descent stage s:
front, rearand both sides of the LM. Each leg assembly c¢-
secondary struts, an uplock assembly, two deployment anc

Quadrant 1 is formed by the inte:

The des.

: descent stage its octagon shape are
.ion of the +Z227.000 and -Y27.000 beams,
the -Z27.000 and +Y27.000 beams,

{oving Vehicle (LRV) or a Mobile Equip-
-20us oxygen disconnect.

:unar surface experiment packages

' to the ALSEP. A fuel cask for use with
:adrant thermal blanket and micro-

.ily on additional structure below the

1e -Y27.000 beam.,

ant helium tanks, the descent engine
ad interstage hardline disconnects.

ale cufter, pyro relay battery, and
vaste management container, and the
mounted externally to quadrant 4.

itrol relay assembly are mounted

-ar, helium, water, and gaseous oxygen
stage includes a thermal and micro-

nr plume deflectors, to divert the plume
e 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.
-r 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, composed of titanium with a
ad a blanket of H-film inside, protects
-ield with a thermal blanket of multiple

.m protects the engine compartment. A

5 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

i {the LM. At launch, the landing gear is

mmander operates the LDG GEAR

axplosively released and springs in the
each landing gear assembly is locked

ists of four leg assemblies connected to
:ral beams. The legs extend from the

5 of a primary strut, a footpad, two
;lock mechanism, and a truss assembly.

The left, right and aft footpad each have a lunar-surface s probe. A ladder is affixed to the
forward leg assembly.
DESCENT STAG™
B Page 1-16 Mission LM  Basic Date 1 Feb: 1970 Change Date 1 April 1971




LMA790-3-L.M
APOLLO OPERATIONS HANDBOOK
SPACECRAFT

DEPLOYMENT
AND DOWNLOCK CROSSMEMBER ) :
MECHANISM ASSEMBLY i \‘_,,- SIDE FRAME

———— SECONDARY
STRUTS

SECONDARY STRUT \ ' \ FOOT PAD

PRIMARY STRUT

PROBE IN GEAR
STOWED POSITION A-300LMé-19

Figure 1-14. Landing Gear

1.3.2,2.1 Primary Strut.

The upper end of the primary strut attaches to the descent stage outrigger fitting; the lower
end has a ball joint support for the footpad. Crushable aluminum honeycomb inside the primary strut is
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. “

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. The fixed link, attached between the descent stage
structure and the primary strut, restrains the landing gear in 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 th« end detonator cartridges. The resulting
detonations impel cutter blades that sever the fixed link, permitting the deployment mechanism to fully
extend the landing gear. Either cartridge supplies suffici~af energy to sever the fixed links.

1.3.2.2.5 Deployment and Downlock Mechanism.

Each deployment and downlock mechanism t:x¢o for each landing gear assembly) consists of
two spring-loaded devices and connecting linkage, which «deploy and then lock the landing gear.

The deployment portion of the mechanism consists 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; t":¢ other end iscoiled around a roller attached
to descent stage structure. After the uplock assembly f{ixed link is severed, the spring coils up, pulling
on the linkage and indirectly on the deployment truss to fuily deploy the landmg gear.

The downlock portion of each deployment an« 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 independent electrical switches in a single case. When the landing gear is
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 > a gray indication. The indication, reflecting
the deployed and locked gear condition occurs if at least une 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
become aligned when the landing gear assemblies are dows 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 centact (just before landing gear impact), two
mechanically actuated switches in each probe energize the LUNAR CONTACT lights to advise the crew to
shut off the descent engine. Each probe has two indicator piates, 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 rungs and railings.
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 equlpment ard ajds ingress to and egress from the LM.
The platform is approximately 3 feet square; it is attache: to the descent stage structure.

1.4 LM - SLA - S-1IVB CONNECTIONS,

At earth launch, the LM is within the SLA, w.ich is connected to the S-IVB booster. The
SLA has an upper section and a lower section. The outrv vars, to which the landing gear is attached,
provide attachment points for securing the LM to the SLA i-wer section. The LM is mounted to the SLA
support structure on adjustable spherical seats at the apex i 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 mechanisms in 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 remval.

1.5.1.3 Docking Hatches,

The LM has a single docking (overhead) hatch; the CM has a 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.
One of 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 capture-latches 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 makes contact 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 -Z0. 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 on the 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.
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