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FOREWORD

Volume I of the Apollo Operations Handbook constitutes
the description of all command service module systems.
Volume 2 is separately bound, and contains pedortnance data
and crew operational procedures.

This document has been derived from the most current
available Apollo Block II information, and its contents are
restricted to the specific requirements of Block II vehicles
SC 106 and subs unless otherwise noted.

Effectivity Designations (Volume 1).

Information pertaining to all Block II spacecraft has no
designation.

Information pertaining to a specific spacecraft is desig­
nated by SC number.

NASA comments or suggested changes to this handbook
should be addressed to the Spacecraft Systems Branch, CFSD.
Office Code CF22, Telephone HU3-4371.
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1.1

SM2A·03.BLOCK ll_(l)

APOLLO OPERATIONS HANDBOOK

SPACECRAFT

SECTION I

SPACECRAFT

INTRODUCTION.

The Apollo Operations Handbook consists of two volumes, I and 2.
Volume I is the Spacecraft Description and Volume 2 is the Operational
Procedures. Volume I has three sections; section 1 describes Apollo
spacecraft general structure and mechanical systems; section 2 describes
the Apollo spacecraft systems; and section 3, the Apollo spacecraft con­
trols and displays. Volume 2 continues with two procedural sections;
section 4 lists the steps of normal and backup procedures of all mission
phases; and section 5 contai.ns the contingency procedures for aborts,
malfunctions, and emergencies.

Section I first describes the launch vehicle boosters that propel the
Apollo spacecraft and lunar module (LM) into earth orbit and translunar
injection. This description is followed by a fore to aft description of the
Apollo spacecraft, which includes the launch escape assembly, command
module with mechanical systems, service module, and the spacecraft
lunar module adapter.

The spacecraft launch vehicle and booster combination have var­
ious designations. The following chart summarizes the mission letter
designator, Apollo number, launch vehicle designator, and CSM number
for the manned flights. A mission is defined and then given a letter I
designator; thus, the Mission Letter Designator. The Apollo Number
designates the numerical order of launching, manned or unmanned,
and is used primarily as a news media reference. The Launch Vehicle
Designator indicates the booster configuration of the launch vehicle.
The 2.00 series designates the Saturn IB and the 500 series designates I
the Saturn V. The command service module (CSM) assigned to the
mission has a CSM number designator of three digits.

Mission Letter Apollo Launch Vehicle CSM
Designator Number Designator Number

Mission C Apollo 7 Saturn IB (205) 101
Mission D Apollo 8 Saturn V (503) 103
Mission E Apollo 9 Saturn V (504) 10.
Mission F Apollo 10 Saturn V (505) 106
Mission G Apollo 11 Saturn V (506) 107
Mission H-I Apollo 12 Saturn V (507) 108
Mission H-2 Apollo 13 Saturn V {SOB) 109
Mission H-3 Apollo I' Saturn V (S09) 110
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When improvements to the spacecraft systems are made, the sys­
tern is modified. Modifications take effect on different spacecraft so the
term "effectivity" is used. The effectivity of the Apollo spacecraft
systems in this handbook is for CSM 106 and subsequent (subs) unless
otherwise stated.

LAUNCH VEHICLE AND BOasTER CONFIGURATION.

The launch vehicle used in the ApoLlo program is illustrated in
figure I-I. The Saturn V is programmed for earth orbital missions
and/or lunar missions. The general configuration of the launch vehicle
boosters is summarized in the following paragraphs.

SATURN V LAUNCH VEHICLE.

The Saturn V is a three-stage vehicle consisting of an S-IC first
stage, S-ll second stage, and an S-IVB third stage.

First Stage S-IC Booster.

The S-IC is manufactured by the Boeing Company and uses five
Rocketdyne F-I engines. Each F-I engine, burning RP-l and liquid oxy­
gen, produces 1,500,000 pounds of thrust for an overall first stage boost
of 7,500, 000 pounds of thrust. One engine will be rigidly attached at the
stage centerline, while the others will gimbal for vehicle control.

Second Stage S-II Booster.

The S-lI, or second-stage, is manufactured by the Space Division of
North American Rockwell Corporation. The second-stage employs five
Rocketdyne J-2 engines. Each J-2 engine burns liquid hydrogen and liquid
oxygen, and produces 200,000 pounds of thrust for an overall second-stage
boost of I, 000, 000 pounds. The gimbaled engines will be mounted in a
square pattern, with the fifth engine rigidly mounted in the center.

Third Stage S-lVB Booster.

The S-IVB third-stage is manufactured by McDonnell Douglas Corpo­
ration. The S-IVB employs a single Rocketdyne J-2 engine, burning liquid
hydrogen and liquid oxygen to produce 200,000 pounds of thrust.
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APOLLO SPACECRAFT CONFIGUR.'\TION.

The Block II spacecraft consists of a launch escape assembly (LEA),
command module (CM), service module (SM), the spacecraft lunar module
adapter (SLA), and the lunar module (LM). The reference system and
stations are shown in figure 1-2.

LA UNCH ESCAPE ASSEMBLY.

The LEA (figure 1-3) provides the means for separating the CM
from the launch vehicle during pad or suborbital aborts. This assembly
consists of a Q-ball instrumentation assembly (nose cone), ballast com­
partment, canard surfaces, pitch control motor, tower jettison motor,
launch escape motor, a structural skirt, an open-frame tower, and a
boost protective cover (BPC). The structural skirt at the base of the
housing, which encloses the launch escape rocket motors, is secured to
the forward portion of the tower. The BPC (figure 1-4) is attached to
the aft end of the tower to protect the CM from heat during boost, and
from exhaust damage by the launch escape and tower jettison motors.
Explosive nuts, one in each tower leg well, secure the tower to the CM
structure. (For additional information, refer to the sequential systems
in section 2, subsection 2.9).

COMMAND MODULE.

The CM (figure I-51, the spacecraft control center, c(lDtains neces·
sary automatic and nlanual equipment to control and monitor the spac\'­
craft systems; it also contains the required equipment for safety and
comfort of the flight crew. The module is an irregular-shaped, primary
structure encompassed by three heat shields (coated with ablative material
and joined or fastened to the primary structure) forming a truncated,
conic structure. The CM consists of a forward compartment, a crew
comparttnent, and an aft cotnparttnent for equiptnent and a crew. (See
figure 1-6.)

The command tnodule is conical shaped, 11 feet 1.5 inches long, and
12 feet 6.5 inches in diameter without the ablative tnaterial. The ablative
material is non-symmetrical and adds approximately 4 inches to the height
and 5 inches to the diameter.

Forward Compartment.

The forward COlnpartment (figure 1-6) is the area outside the for­
ward access tunnel, forward of the crew compartment forward bulkhead
and covered by the forward hea't shield. Four 90-degree segments around
the perimeter of the tunnel contain the recovery equipment, two negative­
pitch reaction control system engines, and the forward heat shield release
mechanism. Most of the equipment in the forward compartment consists
of earth landing (recovery) system (ELS) components.
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Figure 1-3. Block 11 Spacecraft Configuration
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Figure 1-4. Boost Protective Cover

The forward heat shield is made of brazed stainless steel honey­
comb covered wi.th ablative material. It conLains four recessed fittings
which permit the launch escape tower to be attached to the CM inner
structure. Jettison thrusters separate the forward heat shield from the
CM after entry or after the LEA is separated during an abort.

1.3.2.2 Aft Compartment.

The aft compartment (figure 1-6) is the area encompassed by the
aft portion of the crew compartment heat shieLd, aft heat shield, and aft
portion of the primary structure. This compartment contains ten reaction
control engines, impact attenuation structure, instrumentation. and
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COMMAND MODUli (eM)
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Figure 1-6. eM External Compartments

storage tanks for water, fuel oxidizer, and gaseous helium. Four crush­
able ribs, along the spacecraft +Z axis, are provided as part of the impact
attenuation structure to absorb energy during impact.

The aft heat shield. which encloses the large end of the eM, is a
shallow, spherically contoured assembly. It is made of the same type of
materials as the forward heat shield. However, the ablative material on
this heat shield has a greater thickness for the dissipation of heat during
entry. External provisions are made on this heat shield for connecting
the eM to the SM.
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Crew Compartment.

The crew compartment or inner structure (figure 1-7) is a sealed
cabin with pressurization maintained by the environmental control system
(ECS). The compartment, protected by a heat shield, contains controls
and displays for operation of the spacecraft and spacecraft systems, crew
couches and restraint harness assemblies, hatch covers, window shades,
etc., and is provided with <.:rew equipmenl, food and water, waste manage­
ment provisions, and survival equipment. Access hatches, observation
windows, and equipment bays are attached as part of the compartment
structure. The i.nterior volume is 366 cubic feet. However, the lower,
right, and left equipment bays, lockers, couches, and crewman occupy
156 cubic feet, leaving a usable volume of 210 cubic feet.

The crew compartment heat shield (figure 1-5), like the forward
heat shield, is made of brazed stainless-steel honeycomb and covered
with ablative material. This heat shield, or outer structure, contains the
SC umbilical connector outlet, ablative plugs, a copper heat sink for the
optical sighting ports in the lower equipment bay, two side observation
windows, two forward viewing windows, and the side access hatch.

Crew Compartment and Equipment Bays.

Each crew member has personal and accessory equipment provided
for his use in the crew compartment. Major items of personal equipment
consist of a spacesuit assembly with attaching hose and umbilical, a
communications assembly, biomedical sensors, and radiation dosimeters.
Major items of accessory equipment shared by the crew consist of an
in-flight tool set and a medical kit. For a detailed list of crew equip­
ment, refer to section 2.12. General items contained in the CM equipment
and stowage bays are listed in figures 1-26 and 1-27.

Protection Panels.

The protection panels prevent loose equipment (tools, etc.) and
debris from getting into the various nooks and crevices in the crew com­
partment. They also suppress fire by closing out the equipment bays with
covers around the aft bulkhead, and protect the ECS tubing from the zero g
activities of the crew and the prelaunch activities of ground personnel.
The location and configuration of the protection panels are illustrated in
figure 1-8.

The protection panels (also referred to as close-out panels) are a
series of aluminum panels and covers that fair the irregular structure to
the equipment bays and wire troughs and covers. The panels vary in
thickness and are attached to secondary structures by capt~vated fas­
teners. Access panels and penetrations are located at or over equipment
and connectors needed for the mission.
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Loose Equipment Stowage.

The stowage of numerous items of personal and systems loose equip­
ment is in compartments and lockers (figure 1-9). Compartments are part
of the crew compartment structure. Equipment is placed in "cushions"
and inserted into the compartments. The aluminum lockers are packed
with equipment in an assembly building and are quickly attached to the aft
bulkhead and equipment bays a short time before launch. This allows aft
bulkhead access during spacecraft ground processing. The compartment
and locker doors have squeeze-type latches and can be opened and closed
with one hand.

SC Controls and Displays.

The controls and displays (panels, switches, gages, valve handles,
etc.) for operation of the spacecraft and its systems are located through­
out the crew compartment. The location, nomenclature, function, and
power source of the controls and displays are provided in section 3 of this
handbook. The panel numbers indicate the equipment bay and area of loca­
tion. The panel numbering system is shown in figure 1-10. For instance,
the 100 to 199 series will be located in the lower equipment bay (LEB).
The LEB is divided into panel areas such as 100-119 in the upper left,
120-139 in the upper center, etc. The advantage of this system is (given
a panel number and knowing the numbered areas) to enable the crew to
pinpoint the area and locate the panel very quickly.

Figure 1-9. Stowage Compartments and Lockers
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Crew Couches.

The primary function of the couches is to support the crew during
accelerations/decelerations up to 30 g forward and aft (:tX), 18 g up and
down (:tZ), and 15 g laterally (:tY). Because the critical g-load is during
landing, an attenuation system is used to reduce the deceleration load on
the crew. There are two attenuation subsystems, external and internal.
Secondary function of the crew couches is to position crew at duty stations
and provide support for the translation and rotation hand controls, lights,
and othe r equipment.

The couches are designated (structurally) as left, center, and right;
by crew position they are (left to right) Command (CDR), CSM Pilot
(CMP), and LM Pilot (LMP).

CM Impact Attenuation System.

During a water impact, the CM deceleration force will vary from
II to 40 g, depending on wave shape and horizontal velocity at iInpact.
The impact attenuation system reduces the impact forces on the crew to a
value within their tolerance level. A major portion of the energy (75 to
90 percent) is absorbed by the impact surface (water) and the deforma­
tion of the CM structure. The impact system is divided into two subsys­
tems: external and internal, which are described in the following
paragraphs.

External Attenuation. The external attenuation subsystem consists
of four crushable ribs installed in the aft compartment (figure I-II). The
ribs, located between the inner and outer structure in the vicinity of the
+Z axis, are constructed of bonded laminations of corrugated aluminum.
The CM is suspended, during atmospheric descent, at a 27.5-degree
angle (hang angle) by the parachute subsystem. Because of the hanA angle,
the first point of contact at impact is in the area of the crushable ribs.

Internal Attenuation. Eight attenuation struts are provided for con­
necting the crew couches to the CM inner structure. Each strut is
capable of absorbblg energy at a predetermined rate through "cyclic
struts." The cyclic strut utilizes cyclic material deformation concept of
energy ~bsorption by rolling ductile metal torus elements (bracelets) in
friction between a concentric rod and cylinder. The force applied to the
struts causes the bracelets to roll, absorbing energy (figure I-Ill.

Two Y - Y axis struts are located at the outer extremities of the
couch assembly at the hip beam. The cylinder end of each strut is firmly
attached to the unitized couch while the piston end, containing a fiat circu­
lar foot, reacts against a flat bearing plate (attenuation panel) attached to
the structure.
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Two Z-Z axis struts are attached to the side stabilizer beams and
the aft bulkhead of the structure, just below the side access hatch.

Four x-x axis struts are attached to the forward eM structure and
the beam extremities of the couch. These struts, except for the addition
of a lockout mechanism, are basically the same as the Z-Z axis struts.
A lockout mechanism is provided on each X-X strut to prevent any strut
attenuation prior to landing (during normal mission flight loads). After
deployment of the main parachute, the "lockouts" are manually unlocked.

After deployment of the main chutes and prior to landing, the
"lockouts" are manually unlocked.

Foldable Couch Structure (Figure 1-13).

The foldable couches are supported similarly to the unitized couch
structure, but the individual couches differ. The back pan angle to the
Y-Z plane (horizontal) has been increased to 4 degrees 30 minutes.
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Description. The couch structure utilizes two strong side stabilizer
beams for attachment of the foot XX and ZZ attenuator struts and a cross­
member head beam for attachment of the head XX attenuator struts. The
left, center, and right couches are attached to the head beam by a hinge/
pip pin and are attached to the side stabilizer beam by a large Marmon­
type clamp (figure 1-13).

Each couch consists of a headrest, body support with backpan, seat­
pan, legpan, and footpan. The left couch.has two controller supports/
armrests, inboard and outboard. The right couch has only the inboard,
or left, armrest. Support for the body is accomplished by a web or Arm­
alon (multiple layers of fiberglass beta cloth, impregnated and covered
with Teflon) over the support frame from the headrest to the footpan
(figure 1-14).

The headrest is sheet steel with Teflon pad. To adjust it for crew­
man torso length, the headrest has 6-1/2 inches of longitudinal adjust­
ment headward or footward in 1/4-inch increments. Adjustment is
accomplished by the gearshift-type handle alongside of the headrest.

The body support, or backpan, consists of a steel rectangular-tube
frame with a shoulder beam and a hip Y-Y beam. The hip beams of the
outboard couches house the Y-Y attenuator struts on the outboard side.

The Marmon clamps that attach to the side stabilizer are part of the
hip Y-Y beam. The body support frame will rotate around its attach
point on the head beam and can fold at the shoulder beam. The shoulder
straps of the restraint harness and one-half of the lap belts are solidly
attached to the shoulder beam.

Controller supports/armrests rotate and are attached to the body
support tubes in the area of the crewman's elbow and have various posi­
tions. The left couch outboard armrtlsl has 65-, 90-, 120- .. and

lBO-degree positions, measured from the backpan, and supports the
translation control (figure 1-15). The other two armrests have 65-, 90-,
125-, and lBO-degree positions. The armrests are held in position by a
spring-loaded wedge into a slotted cam. The wedge is attached to a
sleeve around the armrest. To rotate the armrest, the sleeve is lifted,
the wedge pulled out of the cam, and the armrest rotated to the desired
position. To extend the armrest, rotate the extension. The rotational
and translation controls are locked on a dovetail by extending a pin; how­
ever, the controlling button extends into the center couch area. There is
a danger of the center crewman bumping the control lock button and
retracting the pin; therefore, a lock is on the shaft to prevent the button
from being actuated accidentally.

The control support (with dovetail) pitches up and down, and is
locked and unlocked at its pivot by a cam lever. The control support
pivots to allow the correct positioning of the translation or rotation con­
trol during docking and the normal mission phases.
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The seatpan (seat) angles are 9,85, 170, and 270 degrees. The
9-degree position is held by a detent, the 85- and 170-degl'ee positions
are lockable, and the seat travel is stopped at 270 degrees. The seatpan
controls are located on the body supports at each side of the hips. The
seat locked position is with the lever footward; the unlocked position is
with the lever headward. One-half of the lap belt is attached to the seat­
pan frame.

The seatpan is connected to the legpan frame at the knee beam in a
78-degree angle. The knee control on each side of the couch locks and
unlocks the seatpan to legpan angle. Unlocked, the seatpan-to-Iegpan
angle will go to 15 degrees (folded), and to 180 degrees (flat).

The footpan has two positions, 95 degrees and folded (0 degrees). I
There are mechanical stops at each position. The footpan has two cleats
and clamps which restrain the boots when properly engaged.

Seatpan, Legpan, Armrest, and Footpan Mission Positions. During
the mission phases, there is a need to place the couch components into
various positions. The following chart indicates the positions of the couch
components during launch, boost, entry, and landing; egress-ingress to
center couch to LEB and tunnel activities; EVA ingress or egress; and
docking.

Egress,
Sleeping

Mission Phases Launch, Boost, and
or Tasks Entry and Tunnel EVA Ingress or

(Figure 1-15) Landing Activities Egress Docking

Seatpan angle 85' 170 0 85 0
, 11' (cntr couch) 85'

Legpan angle 78' 78' 78 0
, 15' (cntr couch) 78 '

Footpan angle 95 ' 95' 95 0
, 0 0 (cntr couch) 95'

Armrest angle outboard 120· 120 0 120 G 65 '
left couch

Armrest angle inboard 90' 125 0 to 180 0 125 0 65 '
left couch

Armrest angle inboard 90 ' 125 0 to 180· 125 0 65 '
right couch

Control support pitch 0' 0' 0' _25 0

angle

Foot X-X struts Connected Connected Disconnected Connected

EVA stabilizer strut Stowed Stowed Connected Stowed

I

BLOCK II SPACECRAFT CONFIGURATION
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Foldable Couch Adjustments. The couch has many adjustments that
can be performed during the mission. The following chart gives a step
by step procedure for making the adjustments. beginning with the head­
rest and progressing to the footrest. Because the couches are actuated in
training during I g. the I-g procedures are given also.

Task Procedure

NOTE

• Directions are for
person lying on couch .

• Inboard/outboard
movements - relative
to couch.

Results / Remarks

3. Engages lock.

2. Lock is spring-loaded to
locked position.

A. Headrest adjustment,
headward - footward
movement of 6.5 in.
(figure 1-16)

I. Lift control knob (gearshift) I. Disengages lock.
toward head.

2. Hold gearshift knob in
unlocked position and slide
headrest to desired
position.

3. Release gearshift knob.

B. Armrest adjustments
BI. Armrest rotation or I. Lift armrest handle. I. Disengages wedge from

pitching slotted cam.
(Armrests lock in 2. Rotate (pitch) armrest to 2. Wedge is spring-loaded
65°.90°,120° (L) desired position. (Wedge to locked position.
and 125 ° (R) will engage at next slot
positions) unless handle is lifted NOTE
(figure 1-17) continually. )

When rotating the out-
board armrest of the
left couch, caution
should be exercised to
prevent the rotational
control cable from hit-
ting the stowed O2 hose
as damage may result
to either object.

B2. Armrest extension I. Rotate armrest extension I. Full throw of about 160°
(0-3.75 in.) lock ring away from couch. will unlock sleeve.
(figure 1-1 7) 2. Extend control to desired 2. Pulls sleeve out of

position. barreL
3. Lock into position by 3. Cam will lock barrel to

rotating lock ring towards sleeve.
couch.

BLOCK II SPACECRAFT CONFIGURATION
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B3.

B4.

C.
Cl.

C2.

Task

Control support
pitching
(Translation control
pitch = DC _55 C)

(Rotational control
pitch:: D C _25 C

)

(figure 1-17)

Control attachment
and locking,
unlocking
(figure 1-17)

Seatpan adjustment
Zero g seatpan
adjustment, mid­
mission application
(Seatpan locks in
11 c, 8S c

, 170 c /stops
at270 c

.)

(figure L-16)

One g or greater
seatpan adjustment,
training, preflight,
test, launch and
entry application.
(During one g, stand
at LEB to adjust
seatpan. )
(figure 1-16)

Procedure

I. Move end of control sup­
port cam lever.

2. Holding control or handle,
pitch it to desired angle.

3. Move end of cam lever
down and outboard.

I. Press control lock button
down and swing lock hook
away.

2. Press control lock button
inboard.

3. Slide control onto support
dovetail.

4. Press control lock button
outboard.

5. Swing lock hook to button
and hook on shaft (inboard
armrests only).

1. Place both seatpan handles
in unlocked position
(headward).

2. Move seatpan to desired
position.

3. Place~ handle in locked
position (footward).

L. Support IH::atpan (with hands
or feet) and place both
seatpan handles in unlocked
position (headward).

2. Move seatpan to desired
position, maintain support.

3. Place both seatpan handles
in locked position
(footward) .

Results /Remarks

I. Unlocks control
support.

3. Locks control support.

I. Unlocks button so shaft
can slide.

2. Retracts control lock
pin.

3. Attaches control to
support.

4. Extends control lock
pin, locking control
onto support.

5. Prevents control lock
button from sliding to
unlocked position.

I. Disengages seatpan
latches. Seatpan free
to move.

3. One lock is sufficient in
zero g.

1. Dan1age may result to
mechanisms if seatpan
is allowed to drop to
next position.

2. Same as 1.

3. In one g or greater,
both latches may be
locked to reduce strain
on mechanisms.

BLOCK 11 SPACECRAFT CONFIGURATION
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D.

Task

Legpan to seatpan
adjustment (IS". 78 ")
(During zero g, use
one control. During
one g or greater, use
both controls and
support legpan during
movement. )
(figure 1-18)

Procedure

1. Pull knee control out and
up to unlocked position.

2. Position legpan to desired
position.

3. Pull knee control out and
down to locked position.

Re suIts I Remarks

1. Retract knee control
pin from slotted cam.

3. Extends knee contX'ol
pin, and locks.

E. Footpan adjusbnent
(0°-95°)
(figure 1-18)

E 1. Engaging -disengaging
foot res traints
(figure 1-18l

1. Swing footpan to desired
position.

1. Place both spacesuit boots
or entry boots on footpan
with heels together.

2. Move boots outboard while
heels slide on footpan.

3. To disengage. move boots
inboard while heels slide
on footpan.

1. Mechanical stops at 0"
95" .

1. Pre positioning boots.

2. Footpan cleats will
engage boot heels.

3. Cleats will disengage
from boot heel.

Foldable Couch Mission Operations. During the mission, there are
tasks into which the couches are integrated. The following table indicates
some of those tasks and gives a step by step procedure. Figures are
also referenced.

Task A, Preparing Couches for EVA, describes the folding of the
L-shaped PGA stowage bag and the removing and stowing of the center
couch in preparation for EVA. The removal and stowage of the center
couch can also be performed when the center aisle needs to be cleared for
intravehicular maneuvering purposes. In addition to clearing the center
aisle for EVA, the whole couch structure (couches plus side beams and
head beam) have to be stabilized when the foot x-x struts are discon­
nected. This operation is described in task B.

BLOCK II SPACECRAFT CONFIGURATION
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Task

A. Preparing couches
for EVA

AI. Stow L PGA bag on
aft bulkhead

Procedure

1. ReJl10ve PGA helmet I.
shield and stow in helJl1et
bag.

2. Unstrap bag hip straps and Z.
detach couch clips.

Results/ ReJl1arks

EJl1pties PGA bag.

Detaches forward
top of bag frOJl1
couch.

3. Fold lower half of bag
flat, tucking sides.

4. Fold top half of bag fiat,
tucking sides.

5. Attach bag top straps to
aft bulkhead fittings.

4. Bag now flat on aft
bulkhead.

5. Bag now lashed to aft
bulkhead.

,.

AZ. ReJl10ve center couch 1.
to aft bulkhead
(Crewman standing in
LEB) (figure 1-19)

NOTE

lf the center couch is
to be reJl10ved during
one g conditions, the
outboard (left and right)
couches should not be
occupied. otherwise,
extreJl1e difficulty will
be expe rienced during
the reJl1oval.

3.

4.

5.

6•.

6b.

Fold footpan to 0 0, lock 1.
legpan to 150, and lock
seatpan to 11 0.
(figure l-ZO)
Pull center couch hip 2.
claJl1p knobs down 2 in.
(toward aft bulkhead).
Using knob, unscrew shaft 3.
(CCW) until it is flush
with trunnion.
Swing knob towards LEB
opening claJl1p.
Retract~ Y- Y strut. 5.
(figure 1-21)
During zero g, force 6a.
center couch toward aft
bulkhead and disengage
couch froJl1 claJl1p plates.
During one g, place 6b.
claJl1ps in interJl1ediate
position as a caution. Hold
center couch backpan
firJl1ly while forcing couch
toward aft bulkhead until
couch disengages. Fully
open claJl1ps and lower hip
end of couch to aft
bulkhead.

Preparing couch.

Knob engages shaft.

Trunnion will be free
to rotate.

Relieves pressure on
claJl1p plate.
Frees footward end of
couch froJl1 claJl1ps.
(Couch structure Jl1ay
have to be shaken.)
Clamps in interJl1ediate
position will support
couch if it slips. Out­
board couches may
have to be lifted to take
pressure off center
couch clamp plates.

BLOCK II SPACECRAFT CONFIGURATION
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Task Procedure Results IRemarks

7. Move headrest footward. 7. Prep for strapping
(figure 1-16) under left couch.

8. Pull head beam pip pins 8. Disconnects headward
(2) . (figure 1-16) end of couch from

head beam

9. Lower couch to aft bu1k- 9. Couch is now ready to
head on top of PGA bag. stow.

A3. Stow center couch 1. Obtain lower (3.5 ft x
under left couch 2 in.) and upper (4 ft x

2 in.) restrainer straps
from stowage locker.

2. Thread lower strap hooks 2. Preparing center
(2) through center couch couch to strap to left
hip holes from inside. couch.

3. Wrap upper strap around
center couch headrest
support bars and attach
snap to ring.

4. Verify left couch headrest
fully headward.

5. Position center couch 5. Head-to-head. hip-to-
under left couch, firmly hip. and piggy back.
pressing against tunnel
hatch bag.

6. Attach LOWER strap 6. Hip ends of couches
hooks to left couch now secured.
O-rings.

7. Unsnap UPPER strap 7. Head ends of couches
hook, resnap after wrap- now secured.
ping around left couch
headrest support bars.

B. Preparing couch
structure for EVA.
(figure 1-22)

BI. Connect EVA stabi- I. Unstow EVA stabilizer
lizer strut to couch. strut by squeezing latch

and pulling toward couch.
2. Connect EVA stabilizer 2. With EVA stabilizer

strut to couch structure strut engaged, couch
at aft end o£ right head structure will be sta-
strut. Engage stabilizer bilized when foot
strut and press toward struts are
aft bulkhead. disconnected.

BLOCK II SPACECRAFT CONFIGURATION
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Task

B2. Disconnect foot
attenuator struts and
attach to forward
equipment bays.

\.

2.

3.

4.

Procedure

Grasp the quick­
disconnect hook assembly,
pull lock pin actuator
toward lower equipment
bay.
Pull lower end of foot
attenuator strut (quick­
disconnect hook assembly)
firmly toward LEB until
it disengages.
Repeat for other foot x-x
attenuator strut.
Swing attenuator struts
along side of forward
equipment bay, and strap.

Results IRemarks

Holding lock pin actuator
in disengages lock pin.

Holds attenuator struts out
of the way for increased
mobility in LE B.

BLOCK 11 SPACECRAFT CONFIGURATION
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CM Mechanical Controls.

Mechanical controls are provided in the crew compartment for
manual operation of the side access hatch covers, forward access hatch
covers, and manual override levers for the ECS cabin pressure relief
valve. Tools for emergency opening or securing the hatches and oper­
ating EGS manual backup valves are in the toolset pouch in a locker on
the aft bulkhead.

Side Access Hatch.

Side access to the crew compartment is through an outward-opening
single-integrated hatch assembly and adapter frame (figure I-Z3). The
hatch provides for primary structure pressure loads and supports the
hatch thermal protection system. It includes a primary flexible thermal
seal, hinges, and a latch and linkage mechanism. Provisions for a
scientific airlock, window, or closeout adapter, a pressure dump valve,
and a GSE cabin purge port are also incorporated. A secondary thermal
seal is attached to the heat shield ablator around the hatch opening and
bears against the inner structure. The adapter frame, which closes out
the area between the inner and outer structure, provides the structural
continuity for transmitting primary structure loads around the hatch
opening without transmitting the tension or compression loads to the
hatch. The inner structure adapter frame contains a single primary
pressure seal.

Hatch opening is accomplished by a manually driven mechanism
which operates the latch and linkage mechanism. The latch and linkage
mechanisIIl provides a hatch lock for pressure loads and for pressure
sealing of the crew compartment. (It does not provide shell continuity
for hook tension or compression loads.) The door deployment mechanism I
is driven by a single handle with a ratchet mechanism. The int<!rnal
lever operation is normal to the hatch with the inboard stroke drivmg the
latches closed while the outboard stroke drives the latches open. The
hatch will open 100 degrees minimum to provide clearance for the crew-
man past the scientific airlock when mounted on the hatch. A counter­
balance system is provided to assist in opening the hatch in both normal
and emergency conditions and attenuate the opening and closing velocity
of the hatch (figure l-Z4).

The hatch is normally latched and unlatched manually from the
inside by an actuating handle permanently attached to the gear box
(figure I-Z3). Prior to handle actuation, the two control levers are
positioned to the LATCH or UNLATCH positions as shown in view E
and G. Both selectors are placed in identical positions when

BLOCK II SPACECRAFT CONFIGURATION
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operating the latches. Next, the shear pin release lever is placed in
the UNLOCK position. This will extend the orange-yellow shear pin
permitting free rotation of the gear box. When the latches are fully
engaged. or the release lever is placed in the LOCKED position. the
orange-yellow pin will retract, locking the gear box. The shear pin
may be sheared during an emergency opening of the hatch. A
sheared condition is indicated by the protruding red pin, within the
orange-yellow pin, as indicated in view E.

After the preceding steps have been performed, the handle is
unstowed. This is a(';complished by gripping the handle (which
depresses the trip bar) and pumping approximately five 60-degree
strokes. This will fully engage or disengage the latches.

External operations are accomplished by using GSE or
night tool through the penetration on the outside of the hatch.
figure I -Z4A. I

the in­
{See

The crew hatch should not be closed from the outside of the CM
with the handle control knob in the LATCH position (view Gl. Always
set the pawl control knob in the NEUTRAL or UNLATCH position.
Located around the outer periphery are 15 mechanically actuated
latches that engage the inner structure adapter. In the event of a
linkage jam or if the hatch will not hold in the closed position, auxil­
iary devices are utilized to provide thermal protection and structural
continuity during entry, and render the CM in a water-tight condition
for limited flo"tation capability.

A manually operated vent valve is located in the hatch. The
valve is capable of venting the cabin from 5 to O. I psig in one minute.
The valve may be operated from the inside or outside by a suited
crewman. A tool interface on the hatch exterior is provided for pre­
flight, space flight, and postflight operation.

The hatch has provisions for installation of a window assembly
or scientific airlock. Depending on the mission, or spacecraft. the
window or airlock may be attached using the appropriate adapter.

The hatch mechanism operates the boost protective cover (BPC)
mechanism for normal and emergency modes, and is sequenced to
ensure release of the BPe hatch prior to unlocking the CM hatch.
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The BPC is hinged and retained with a tethering device when the
combined unified and BPC hatch are opened. A permanent release
handle (O-ring) is utilized on the outside of the BPC to manually
unlatch the drive mechanism. (figure 1-24A).

The counterbalance assembly is a stored energy device capable
of opening the unlatched CM and BPC hatches in a one g environ­
ment. It is mounted adjacent to the CM hatch and connected to the
hatch deployment mechanism. Figure 1-24 illustrates schematically
the mechanization of the counterbalance assembly. To pressurize
the system for normal pad operation, the number one bottle dia­
phragm is punctured utilizing a blade screwdriver. The charging
and discharging handle is actuated and the gas bleeds into the
cylinder. The high-pressure gas provides an opening force that will
open the hatch when the latches are released. The cylinder must be
vented after launch to adjust the system for zero g operation.

The counterbalance maintains an outward force on the hatch
to balance the weight. overcome seal drag, and assist in opening
the hatch when the latches are actuated. The ground crew can
easily close the hatch by pushing it closed and recompressing the
gas (nitrogen). In this manner the nitrogen is not vented. Addi­
tional nitrogen is introduced only if the cylinder pressure has
decayed. A pressure indicator permits monitoring the system
pressure.

The number two bottle may be punctured after landing by
ratcheting the ratchet handle until the diaphragm is pierced. This
bottle should not be punctured until ready to open the hatch.

Forward Access Hatch (Figure 1-25).

The spacecraft utilizes a combined tunnel (forward) hatch.
This single hatch serves as a pressure and thermal hatch. The
hatch latching mechanism consists of six separate jointed latches
whose linkage is driven by a pump handle from within the crew
compartment. The latch operation from the inside is a 60-degree
compression stroke selected by rotating the handle to the latch or
unlatch position. A sealed drive is provided through the hatch,
making the mechanism operable from the outside. A pressure
equalization valve is provided to equalize pressure in the tunnel
and LM prior to hatch removal.
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Figure 1-25. CM Forward Access Hatch
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Windows and Shades.

Five windows are provided through the inner structure and heat
shield of the CM; two forward viewing and two side observation windows
and a hatch window. (See figure 1-5.) During orbital flight, photographs
of external objects will be taken through the viewing and observation
windows. The inner windows are made of tempered silica glass with
0.25-inch-thick double panes, separated by 0.1 inch of space, and have a
softening temperature point of 2000 of. The outer windows are made of
amorphous-fused silicon with a single 0.7-inch-thick pane. Each pane
contains an anti· reflecting coating on the external surface, and has a
blue-red reflective coating on the inner surface for filtering out most
infrared and all ultraviolet rays. The glass has a softening temperature
point of 2800°F, and a melting point of 3110°F.

Shades are provided for controlling external1ight entering the CM.
These shades, individually designed for each window configuration, are
made of aluminum sheet. The shades are opaque for zero-light trans­
mittal, have a nonreflective inner surface, and are held in place by
"wing" levers.

Crew Stations.

The place of crew activity, the objects of crew activities, and crew
activity requirements are referred to as "crew stations. II Generally,

the term "crew stations" includes anything that supports the flight crew
and is synonymous with crew systems and equipment; thus, the terms are
generally interchangeable. A major distinction is that crew stations
include controls and displays requirements, certain aspects of the
environmental control system, and crew couches, whereas in crew sys­
tems and equipment they are not usually included.

This section does not de-scribe crew activities but briefly relates
the scope of crew systems and equipment by grouping. For a comprehen­
sive description, refer to section 2,12.

Spacesuit.

The spacesuit acts as a flexible environmental chamber in which the
crewman is supplied a flow of pressurized oxygen. It includes undergar­
ments, ventilation ducts, and the communication system. There are
many accessories such as the oxygen hose, communication cables,
couplings, screen caps, connector plugs, and maintenance kits.

Restraints.

Crew restraints range from the restraint harness to restrain the
crew in the couches to the zero g restraints, such as the sleep station
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restraints, hand-holds, and EVA guards. Equipment restraints include
a number of snaps and Velcro patches on the crew compartment structure
and utility straps which clasp to the snaps.

Internal Sighting Aids.

Internal sighting aids are objects that assist the crew in controlling
light or sighting. These include shades, mirrors, crewman optical align­
ment sight, lunar module active docking target, and window markings.

External Illumination Aids.

The external illumination aids are lights or objects on the exterior
of the Apollo spacecraft. They include the docking spotlight, running
lights, radio-luminescent discs, the EVA floodlight, and rendezvous
beacon.

Mission Operational Aids.

Objects or devices that assist the crew in the mission and the oper­
ation of the spacecraft are operational aids. The aids are the flight-data
file, tool set, cameras, and miscellaneous accessories.

Crew Life Support.

Items included are drinking and food reconstitution water devices,
food, waste management, and personal hygiene. Waste management con­
sists of equipment for collecting, disinfecting, and storing the feces, and
expelling urine overboard.

Medical Equipment.

The medical requirements are filled by the bioinstrumentation
harness that transmits the respiration and pulse of the crew to the com­
munications system, and a medical kit that contains medication for
contemplated contingencies.

Radiation Monitoring Equipment.

The crew wears passive and active dosimeters for recording
dosages. For measuring the radiation present in the crew compartment,
a radiation survey meter and a Van Allen Belt dosimeter are stowed.

Postlanding Recovery Aids.

Upon landing, the crew will deploy the dye marker for daytime
signaling, or turn on the recovery beacon for night signaling, connect
cloth ducts for air, deploy a grappling hook to snag a sea anchor line,
and, if needed, use a seawater pump to acquire sea water for desaliniza­
tion. In the event the crew would be forced to abandon the command
module, the survival kit would be used for flotation and signaling.
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Figure 1-26. CM Internal Configuration (Sheet I of 2)

BLOCK II SPACECRAFT CONFIGURATION

MissioD Basic Date 15 April 1969 Change Date Page 1_43/1_44



SM2:A-03-BLOCK 1I-(1)
APOLLO OPERATIONS HANDBOOK

SPACECRAFT

LOWER lQUiPMENT BAY Q.EBI

0 AUXllLUY TEST MoNEL 101

0 O'TICS STOWAGE CO".,.AUMfNT

0 liGHTING CONTROL 'ANEll01

0 OPTICS ,ANEl 121

0 UI DISI'l,AY J(fYlOAID 'ANfL 1040

CD G&N CONTIOl 'ANEL 122

0 .1 STOWAGE COMPAITMENT (fOOD)

CD TIlANSLATION CONTROLLU MOUNT

0 10TAHONAlCONTIOL Lf;a MOUNT

@ 12 STOWAGE COIMAUMENT (MED ICIn

@ t:l STOWAGE CO""'AITMENT (CAME"" EQUI')

@ a.4 STOWAGE COMPAITMENT (CHLOItNE EQUIp)

@ ., STOWAGE COMPAlTMENT (CO2 AlSOllm)

@ 16 STOWAGE COMI'.utMENT (CO2 AlSOI:IUS)

@ " STOWAGE CO"",....TMENT

@ ACCISS ,ANEl fOlVMF UPUXEI

@ •• STOWAGE CO"",AtTMENT (CAMElA EQUIp)

AFT BULKHEAD (ABI

0 FIRE EXTINGUISHER

0 A3 STOWAGE LOCKER

0 M STOWAGE lOCICER

0 '" STOWAGE lOCICEI

0 M STOWAGE LOCKEI

CD A1 STOWAGE UXICU

0 EUCTlICAl. CAlUWAY

0 AI STOWAGE LOCKEI

----

V1EW--lOOKIP«; AFT & OUTBOARO
AFT ILKHD, L.E.I. & Itt EQUI' lAY

/

RIGHT HAN) FORWARO
EQUIPMIIIT BAY IRllfEBI

o II STOWAGE COI*AlTMENTo 12 STOWAGE COMPAITMENTo 13 STOWAGE COMP.uTMENTo 14 STOWAGE COMP....TMENT

RIGHT HAND INTERMEDIATE
EQUIPMENT BAY (RHIEB)

CD IS STOWAGE COMPAlTMENT

0 AUX CIRCUIT In 'ANEl ·A· 225

0 It6 STOWAGE COM"'J:TMENT

0 AUX CIICUlT IKl ,ANfl ,- 226

0 I' STOWAGE COMP.utMENT

CD .. STOWAGE CQWAlTMENT (WMS)

0 110 STOWAGE COMrAtTMENT

0 CIICUIT In 'At-EL229

0 IAAIN DISPlAY CONSOU 4

@ IAAtN DIS,LAY CONSOU .5

" RIGHT HAND
EQUIPMENT BAY (RHEBl

0 '"TURY ClIeUlT IIC' 'ANEl 250

0 POWII CUtCUlT IICI ,ANEl215

0 'OWEI CIRCUIT IIC' ,ANELl16

0 UPltOHTING s'tS 'ANEl211

0 WASTE MOMT SYS ,ANEL 151

CD IA"ElY VENT 'ANEl1S2

0 liGHT ANfENNUATOI ,ANELS

0 113 STCWAGE COMrAlTMENT

Figure 1_2:6. CM Internal Configuration (Sheet 2: of 2:)

BLOCK II SPACECRAFT CONFIGURATION

Mbeion Buic Date 15 April 1969 Change Date, Page 1-45/1_46



SMZA-03-BLOCK II-(l)
APOLLO OPERATIONS HANDBOOK

SPACECRAFT

VIEW-LOOKING FORWARD & OUTB'D
CC/MIlt"ED 1Wtl PlESSUl[ KATOl, MOC ClOSlOUT'

U1 FWO (QUlI'MlNT lAY

-/,

VIEW-LOOKING AFT & OUTB'O
fOlOAalE orw C()I.IOlU

\

0 UI flOODliGHT

0 x·x fOOT ATTENUUOI 5Uut

0 1'4A.NO su.'"

0 Tv.NSLolTlON CONTIlOl

0 ~T""ION CONT~

(') ,,.,.nlNAl "!£WING M'ItlIOI:

0 y-v AntNu.t.101: nllUT

0 COMMANOEllS COUCH tUft)

0 CM "LOTS COUOl (CtNl'U)

0) 1M "lOTS COUCH '11GttTj

{® X-X "[AO "'"U'IW.1011 STI\1f

@ nOOOl.'GtlT •
@ [v", n .... IlIZU SUUT

<0 Z-Z AnENUATOI SUUT

@ 1 5H"'Kll PO" ""OS

/

0 fWD il'l:USUU KAlO! (COMIINfO)

0 l\.W'lNtl

0 fl 1£M~ nOWIloG! CQM'....lM(NT

0 fll(.MiI'OIloUY STOWAGE COf."AlTM(NT

0 TV CA,MUIA uan..cu

0 tv CAAol! .... MOUNT

0 AloO'O COMIc-. ' ....NEllO

0 '~I'lUSI"I;IU-TION ',t.NlL '2

0 WAn. "lUUING Of'Ila

0) D.JNKING WiIlTU 5U","Y 'ANU:JIM

® fO UCltcUUIlTION f"'N IN'TAKt

@ U STOWAGE COoI,AUMENl

@ MAl'" DlS"",,,Y CONSOU'

<0 MAIN OI5"-",V CONSOlE 2

@ MAIN OIS"""V CONSOU ,

<0 INlEJ:NAI VIEWING .101..01:

<0 LEft FOIWAIlD VI(WING WINOOW

® LEft SIDf "I£WINO WINDOW

Figure 1_27. eM Interior. MOe and Couches

BLOCK II SPACECRAFT CONFIGURATION

Mill8ion Basic Date 15 April 1969 Change Date' Page 1-47/1-48



1.3.2.7.10

1. 3. 3

SM2A_03_BLOCK II-(l)

APOLLO OPERATIONS HANDBOOK

SPACECRAFT

Stowage and Internal Configuration.

In the crew con1partment, numerous items of equipment are stowed in
lockers or compartments designed to withstand the landing impact. The
interior configuration of the crew compartment is shown in figures 1-26 and
1-27. The illustrations also show the equipment bays and spacecraft axes.

SERVICE MODULE (Figure 1-28)

The service module is a cylindrical structure formed by l-inch­
thick aluminum honeycomb panels. Radial beams, (rom milled aluminum
alloy plates. separate the structure interior into six unequal sectors
around a circular center section. Equipment contained within the service
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Figure 1-28. Service Module
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module is accessible through maintenance doors located around the
exterior surface of the module. Specific items. such as propulsion sys­
tems (SPS and RCS) fuel cells. and most of the SC onboard consumables
(and storage tanks) contained in the SM compartments. are listed in
figure 1-28. The service module is 12 feet II inches long (high) and
12 feet 10 inches in diameter.

Radial beam trusses on the forward portion of the SM structure
provide a means for securing the CM to the SM. Alternate beams, one.
three, and five. have compression pads for supporting the CM. Beams
two, four, and six, have shear-compression pads and tension ties. A flat
center section in each tension tie incorporates redundant explosive charges
for SM-CM separation. These beams and separation devices are enclosed
within a fairing (26 inches high and 13 feet in diameter) between the CM and
SM.

SPACECRAFT LM ADAPTER.

The spacecraft LM adapter (SLA) (figure 1-29) is a large truncated
cone which connects the CSM and S-IVB on the launch vehicle. It houses
the lunar module (LM). the nozzle of the service propulsion system, and
the high-gain antenna in the stowed position. The adapter. constructed of
eight 2-inch-thick aluminum panels is 154 inches in diameter at the for­
ward end (CM interface) and 260 inches at the aft end. Separation of the
CSM from the SLA is accomplished by means of explosive charges which
disengage the four SLA forward panels from the aft portion. The individ­
ual panels are restrained to the aft SLA by hinges and accelerated in
rotation by pyrotechnic-actuated thrusters. When reaching an angle of
45 degrees measured from the vehicles X-axis, spring thrusters (two per
panel) jettison the panels. The panel jettison velocity and direction of
travel is such as to minimize the possibility of recontact with the space­
craft or launch vehicle.
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Figure I-Z9. Spacecraft LM Adapter
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SECTION Z

SUBSECTION 2.1

GUIDANCE AND CONTROL

GUIDANCE AND CONTROL SYSTEMS INTERFACE.

The Apollo guidance and control functions are performed by the pri­
mary guidance, navigation, and control system (PGNCS), and stabilization
and control system (SCS). The PGNCS and SCS systems contain rotational
and translational attitude and rate sensors which provide discrete input
information to control electronics which, in turn, integrate and condition
the information into control cmnmands to the spacecraft propulsion sys­
tems. Spacecraft attitude control is provided by commands to the reaction
control system (RCS). Major velocity changes are provided by commands
to the service propulsion system (SPS). Guidance and control provides the
following basic functions:

• Attitude refe rence
• Attitude control
• Thrust and thrust vector control.

The basic guidance and control functions may be performed automat­
ically, with primary control furnished by the command module computer
(CMG) or m.anually, with prim.ary control furnished by the flight crew. The
subsequent paragraphs provide a general description of the basic functions.

ATTITUDE REFERENCE.

The attitude reference function (figure 2.1-1) provides display of the
spacecraft attitude with reference to an established inertial reference.
The display is provided by two flight director attitude indicators (FOAl)
located on the main display console, panels 1 and 2. The displayed infor­
mation consists of total attitude, attitude errors, and angular rates. The
total attitude is displayed by the FOAL ball. Attitude errors are displayed
by three needles across scales on the top, right, and bottom of the appar­
ent periphery of the ball. Angular rates are displayed by needles across
the top right, and bottom of the FOAL face.

Total attitude information is derived from the IMU stable platform or
the gyro display coupler (GOG). The IMU provides total attitude by ll1ain­
taining a gill1baled, gyro-stabilized platforll1 to an inertial reference
orientation. The GDC provides total attitude by updating attitude inforll1a­
tion with angular rate inputs froll1 gyro assembly I or Z. Both the IMU and
the GDC furnish total attitude data to the command module computer (CMC)
as well as to the FOAls.

GUIDANCE AND CONTROL

III
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Attitude error information is derived from three sources. The first
source is from the IMU through the coupling data unit (COO) which com­
pares IMU gimbal angles with CMC commanded angles set into the COU.
Any angular difference between the IMU gimbals and the CDU angles is sent
to the FOAL for display on the attitude error needles. The second source
is from gyro assembly 1 which contains three (one for each of the X, Y,
and Z axes) single-degree-of-freedom attitude gyros. Any spacecraft rota­
tion about an axis will offset the case of a gyro from the float. This rotation
is sensed as a displacement off null, and a signal is picked off which is
representative of the magnitude and direction of rotation. This signal is
sent to the FOAL for display on the attitude error needles. The third source
is from. the GDC which develops attitude errors by comparing angular rate
inputs from. gyro assembly I or Z with an internally stored orientation.
This data is sent to the FOAL for display on the attitude error needles.

Angular rates are derived from either gyro assembly I or 2. Nor­
mally, the No.2 assembly is used; however. gyro assembly 1 may be
switched to a backup rate mode if desired. For developing rate informa­
tion, the gyros are torqued to null when displaced; thus, they will produce
an output only when the spacecraft is being rotated. The output signals are
sent to the FOAL for display on the rate needles and to the GDC to enable
updating of the spacecraft attitude.

ATTITUDE CONTROL.

II

The attitude control !unction is illustrated in figure 2.1-2. The con­
trool may be to maintain a specific orientation, or to command small
rotations or translations. To maintain a specific orientation, the attitude
error signals, described in the preceding paragraph, are also routed to the
control reaction jet on-off assembly. These signals are conditioned and
applied to the proper reaction jet which firoes in the direction necessary to
return the spacecraft to the desired attitude. The attitude is maintained
within specified deadband limits. The deadband is limited within both a
rate and attitude limit to hold the spacecraft excursions from exceeding
either an attitude limit or angular rate limit. To maneuver the spacecraft.
the reaction jets are fired automatically under command of the CMC or
manually by flight crew use of the rotation control. In either case, the
attitude control function is inhibited until the maneuver is completed.
Translations of small magnitude are performed along the +X axis
for fuel settling of SPS propellants prior to burns, or for a backup
deorbit by manual commands of the translation control. An additional
control is afforded by enabling the minimum impulse control at the I
lower equipment bay. The minimum impulse control produces one
directional pulse of small magnitude each time it is moved from
detent. These small pulses are used to position the spacecraft for
navigational sightings.

GUIDANCE AND CONTROL
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THRUST AND THRUST VECTOR CONTROL.

The guidance and control system provides control of two thrust
functions (figure 2.1-3). The first is control of the SPS engine on-off time
to control the total magnitude of thrust applied to the spacecraft. Primary
control of thrust is through the CMC. The thrust-on time, magnitude of
thrust desired. and thrust_off signal are preset by the flight crew. and
performed in conjunction with the CMC. The value of velocity change
attained from the thrust is derived by monitoring accelerometer outputs
from the IMU. When the desired velocity change has been achieved, the
CMC removes the thrust-on signal. Secondary thrust control is afforded
by the velocity counter portion of the entry monitor subsystem. The counter
is set to the value of desired thrust prior to the engine on signal. Velocity
change is sensed by a +X axis accelerometer which produces output signals
representative of the velocity change. These signals drive the velocity
counter to zero which terminates the engine on signal. In either case, the
actual initiation of thrust is performed by the flight crew. There is a
switch for manual overrid.: of the engine on and off signals.

Thrust vector control is required because of center-oC-gravity shifts
caused by depletion of propellants in the SPS tanks. Thrust vector control
is accomplished by electromechanical actuators to position the gimbal­
mounted SPS engine. Automatic thrust vector control (TVC) commands may
originate in the PGNCS or ses systems. In either case. the pitch and yaw
attitude error signals are removed from the ReS system and applied to the
SPS engine gilnbals. Manual Tve is provided to enable takeover oC the
TVe function if necessary. The MTVC is enabled by twisting the transla­
tion control to inhibit the automatic system. and enables the rotation control
which provides command signals for pitch and yaw axes to be applied to the
gimbals. The initial gimbal setting is accomplished prior to the burn by
positioning thumbwheels on the fuel pressure and gimbal position display.

GUIDANCE AND CONTROL
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SECTION 2

SUBSECTION 2.2

GUIDANCE AND NAVIGATION SYSTEM (G&N)

INTRODUCTION.

The primary guidance navigation and control (PGNCS) system
measures spacecraft attitude and velocity, determines trajectory, con­
trols spacecraft attitude, controls the thrust vector of the service
propulsion engine, and provides abort information and display data.
Primary determination of the spacecraft velocity and position and
computation of the trajectory parameters is accomplished by the manned
space flight network (MSFN).

The PGNCS system consists of three subsystems as follows:

• Inertial subsystem (ISS)
• Computer subsystem (CSS)
• Optics subsystem (OSS).

The inertial subsystem is composed of an inertial measurement
unit (!MU), part of the power and servo assembly (PSA), part of the
controls and displays, and three inertial coupling data units (CDUs).
The IMU provides an inertial reference with a gimbaled, three-degree­
of-freedom, gyro-stabiliz;ed stable platform.

The computer subsystem is composed of the command module
computer (CMC) and two display and keyboard panels (DSKYs), which
arc part of the controls anci displays. The CMC is a digital computer
which processes and controls information to and from the WU, the
optics, DSKYs, and stores programs and reference data.

The optics subsystem is composed of a scanning telescope (SCT),
a sextant (SXTl. drive motors for positioning the SCT and SXT, parts
of the PSA, part of the controls and displays, and two optics CDUs.
The SCT and SXT are used to determine the spacecraft position and
attitude with· relation to stars and/or landmarks.

The three G&N subsystems are configured to enable the CSS
and OSS to be operated independently. This allows continued use of the
CSS and/or OSS in the event of a malfunction in one of these subsystems
or in the ISS. System power requirements and reference signals are
provided by the power and servo assembly (PSA). Major components

GUIDANCE AND NAVIGATION SYSTEM
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of the system are located in the command module lower equipment bay
(figure 2.2-1). System circuit breakers, caution and warning indicators,
and one of the DSKYs are located on the main display console.

FUNCTIONAL DESCRIPTION.

The primary guidance navigation and control system provides
capabilities for the following;

• Inertial velocity and position (state vector) computation

• Optical and inertial navigation measurements

• Spacecraft attitude measurement and control

• Generation of guidance commands during CSM-powered flight
and CM atmospheric entry.

The PGNCS system is initially activated and aligned during the
prelaunch phase. During the ascent phase, the system measures
velocity and attitude, computes position, compares the actual spacecraft
trajectory with a predetermined trajectory, and displays pertinent data.
The night crew uses the displayed information as an aid for decision to
abort or continue the mission.

During periods when on-board velocity and/or attitude change
sensing is not required. the LMU can be placed in standby operation to
conserve electrical power. The CMC is used more extensively than
the LMU; however, it can also be placed in standby operation to conserve
electrical power. When the guidance and navigation function is to be
restored, the LMU and CMC are reactivated, with the CMC using the
last computed velocity as the basis for further velocity computations.
New positional data must be acquired from optical sightings or MSFN
through telemetry or voice communications.

Initial position and attitude information as well as periodic up­
dating of this information is made through use of the optics. This is
accomplished by the navigator making two or more landmarks, star­
landmark. star-horizon. and/or star sightings. The sightings are
made by acquiring the star-landmark or star-horizon with the SCT
and/or SXT. When the viewed object is centered, a mark command is
initiated. The CMC reads the optics angles, IMU angles, and time, in
conjunction with internal programs to determine the spacecraft position.
This position information and the spacecraft velocity are used to com­
pute an estimated trajectory. The actual trajectory is compared with
previous trajectory data to generate the trajectory error, if any, for
further reference. Optical measurements are also used in aligning
the LMU to a specific reference orientation.

GUIDANCE AND NAVIGATION SYSTEM
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The IMU (figure 2.2-3) contains three inertial rate integrating
gyros (IRIGs) and three pulsed-integrating pendulous accelerometers
(PIPAs). The IRIGs and PIPAs are mounted on the stable platform
which i!l gimbaled to provide three degrees of freedom. The stable
platform inertial reference is maintained by the IRIGs in conjunction
with electronic stabilization loops. Any displacement of the platform
hi 1H::nstld by thtl IRIGs, which IJruduce utltput signals represeulative of
the magnitude and direction of displacement. The IRIG signals are
applied to servo amplifiers, which condition the signals to drive gimbal
torque motors. The gimbal torque motors then restOre the initial
platform orientation by driving the gimbals until the IRIG signals are
nulled.

The PIPAs are orthogonally mounted and sense changes in
spacecraft velocity. An acceleration or deceleration results in output
signals which are representative of the magnitude and direction of the
velocity change. The output signals are applied to the CMC which uses
the information to update spacecraft velocity data. Continual updating
of velocity information, with respect to the initial spacecraft position
and trajectory, enables the CMC to provide current velocity, position,
and trajectory information.

The IM:U also provides a space-stabilized reference for space­
craft attitude sensing and controL Attitude change sensing is
accomplished by monitoring the spacecraft attitude with reference to
the stable platform. Resolvers are mounted at the gimbal axes to
provide signals representative of the gimbal angles. Inertial CDUs
repeat the platform attitude. Attitude monitoring is afforded by com­
paring the inertial CDU angles with the CMC desired angles. If the
angles differ, error signals are generated. If the attitude error is
larger than the selected deadband limits, the CMC fires the appropriate
RCS engines. The spacecraft is rotated back to the initial reference
attitude and the error signals are nulled (within deadband limits).

The CMC provides automatic execution of computer programs,
automatic control of ISS and OSS modes, and in conjunction with the
DSKYs, manual control of ISS and OSS modes and computer displays.
The CMC contains a two-part memory which consists of a large non­
erasable section and a smaller erasable section. Nonerasable memory
contains mission and system programs, and other predetermined data
which are wired in during assembly. Data readout from this section is
nondestructive and cannot be changed during operation. The erasable
section of memory provides for data storage, retrieval, and operations
upon measured data and telemetered information. Data readout from
this section is destructive, permitting changes in stored data to be
made as desired. Information within the memory may b.e called up

GUIDANCE AND NAVIGATION SYSTEM
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for display on the two DSKYs. The DSKYs enable the flight crew to
enter data or instructions into the CMC, request display of data from
CMC memory, and offer an interrupt control of CMC operation. The
CMC timing section provides timing signals of various frequencies for
internal use and to other on-boara systems which require accurate or
synchronized timing. Data within the CMC is transmitted to MSFN
through a "downlink" telemetry function. Telemetered data is trans­
mitted as a function of a CMC program or by request from MSFN.
Data within the CMC may be updated through "uplink" telemetry from
the MSFN. The CMC performs guidance functions by executing internal
programs using predetermined trajectory parameters, attitude angles
from the inertial CDUs, velocity changes from the PIPAs, and com­
mands from the DSKYs (crew) to generate control comITlands. The
navigation function is performed by using stored star-landmark or star­
horizon data, optics angles from the optics CDUs, and velocity changes
from the PIPAs in the execution of navigation programs.

The optics provide accurate star and landmark angular measure­
ments. Sightings are accomplished by the navigator using the SXT and
SCT. The optics are positioned by drive motors commanded by the
optics hand controller or by the CMC. The shaft axes are parallel.
Trunnion axes may be operated in parallel or offset, as desired. The
SCT is a unity power instrument providing an approximate 60-degree
field of view. It is used to make landmark sightings and to acquire
and center stars or landmarks prior to SXT use. The SXT provides
la-power magnification with a 1. a-degree field of view. The SXT has
two lines of sight, enabling it to measure the included angle between
two objects. This requires two lines of sight which enable the two
viewed objects to be superimposed. For a star-landmark or star­
horizon sighting, the landmark line of sight is centered along the SXT
shaft axis. The star image is moved toward the landmark or horizon
by rotating the shaft and trunnion axes until the two viewed objects are
superimposed. The shaft and trunnion angles are repeated by the optic
CDUs. When the navigator is satisfied with image positions, he issues
a marked command to the CMC. The CMC reads the optics CDU angles,
IMU CDU angles, and time and computes the position of the spacecraft.
The CMC bases the computation on stored star and navigator-supplied
landmark data which may also be used by the CMC to request specific
stars for navigational sightings. Two or more sightings, on two or
more different stars, must be taken to perform a complete position
determination.

GUIDANCE AND NAVIGATION SYSTEM
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MAJOR COMPONENT /SUBSYSTEM DESCRIPTION.

Inertial Subsystem.

The function of the inertial subsystem is to provide a space­
stabilized inertial reference from which velocity changes and attitude
changes can be sensed. It is composed of the navigation base (NB), the
inertial measurement unit (IMU), parts of the power and servo assembly
(PSA), parts of the control and display panels, and three coupling data
units (COUs).

Navigation Base.

The navigation base (NB) is the rigid, supporting structure which
mounts the IMU and optical instruments. The NB is manufactured and
installed to close tolerances to provide accurate alignment of the
equipment mounted on it. It also provides shock-mounting for the LMU
and optics.

Inertial Measurement Unit.

The inertial measurement unit (!MU) is the main unit of the
inertial subsystem. It is a three-degree-of-freedom stabilized platform
assembly, containing three inertial rate integrating gyros (IRIGs), and
three pulsed-integrating pendulous accelerometers (PIPAs). The stable
member itself is machined from a solid block of beryllium with holes
bored for mounting the PIPAs and !RIGs.

The stable platform attitude is maintained by the !RIGs, stabili­
zation loop electronics, and gimbal torque motors. Any displacement
of the stable platform or gimbal angles is sensed by the IRIGs which
generate error signals. !RIG error signals are resolved, amplified,
and applied to stabilization loop electronics. The resultant signal is
conditioned and applied to the gi mbal torque motors, which restore the
desired attitude.

The stable platform provides a space-referenced mount for three
PIPAs, which sense velocity changes. The PIPAs are mounted orthog­
onally to sense the velocity changes along all three axes. Any trans­
lational force experienced by the spacecraft causes an acceleration or
deceleration which is sensed by one or more PIPAs. Each PIPA
generates an output signal proportional to the magnitude and direction of
velocity change. This signal, in the form of a pulse train, is applied to
the CMC. The CMC will use th"e signal to update the velocity informa­
tion, and will also generate signals to enable the torquing of each PIPA
ducosyn back to null.

GUIDANCE AND NAVIGATION SYSTEM
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The temperature control system is a thermostatic system that
maintains the IRIG and PIPA temperatures within their required limits
during both llv1U standby and operate modes. Heat is applied by end­
mount heaters on the inertial components, stable member heaters, and
a temperature control anticipatory heater. Heat is removed by con­
vection, conduction, and radiation. The natural C()nvection used during
IMU sta.ndby m.odes is changed to blower-controlled, forced convection
during IMU operating modes. IMU internal pressure is normally
between 3.5 and 15 psia enabling the required 'forced convection. To
aid in removing heat, a water-glycol solution passes through coolant
passages in the IMU support gimbal. Therefore, heat flow is from the
stable member to the case and coolant. The temperature control sys­
tem consists of the temperature control circuit, the blower control
circuit, and the temperature alarm circuit. A separate external
temperature control system is also provided for test configurations but
will not be discussed in this manual.

Coupling Data Unit.

The CDU, an all electronic device, is used as an interface
element between the ISS and CSS, the ass and CSS, and the CSS and
various controls and displays. It functions primarily as an analog-to­
digital (A/D) or digital-to-analog (D/A) converter. There are five,
almost identicaL loops, one each for the inner, middle, and outer
IMU gimbals, and one each for the shaft and trunnion optical axes.
The ISS portion of the CDU performs the following functions;

a. Converts IMU gimbal angles from analog-to-digital form, and
supplies the CMC with this information.

b. Converts digital signals from the CMC to either BOO-cps or
direct-current signals.

c. Controls the moding of the ISS through logical manipulation of
computer discretes.

The analog signal from the IX and 16X resolvers, located on the
IMU gimbals, is transmitted to the CDU. This angular information,
proportional to the sine and cosine of the gimbal angle, is converted to
digital form with one pulse to the CMC equivalent to 40 arc-seconds of
gimbal movement.

During coarse align, attitude error display, and Saturn takeover
modes, the ISS channels of the CDU provide the digital to analog con­
version of the CMC output to generate an a-c or d-c output. The a-c
output is applied to the servo amplifiers of the PSA to drive the gimbals
to the aesired angle, and is also applied to the FOAl for deflection of
the attitude error needles. The d-c signal is applied to the Saturn
Flight Control Computer which will gimbal the Saturn engine or pro­
vide commands to the Saturn attitude control system.

GUIDANCE AND NAVIGATION SYSTEM
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Power and Servo Assembly.

The purpose of the power and servo assembly (PSA) is to provide
a central mounting point for the majority of the G&N system power
supplies, amplifiers, and other modular electronic components.

The PSA is located on the lower D&C panel rack directly below
the IMU. It consists of 42 modules mounted to a header assembly.
Connectors and harnessing are integral to the construction of the
header assembly, and G&N harness branchtls are brought out frOITI the
PSA header. A thin cover plate is mounted on the PSA, providing a
hermetic seal for the interior. During flight, this permits pressuriza­
tion of the PSA to remain at 15 psi. Connectors are available at the
PSA for measuring signals at various system test points.

Computer Subsystem.

The computer subsystem (CSS) consists of the command module
computer (CMC), and two display and keyboard panels (DSKYs). The
CMC and one DSKY are located in the lower equipment bay. The other
DSKY is located on the main display console.

Command Module Computer.

The CMC is a core memory, digital computer with two types of
memory, fixed and erasable. The fixed memory permanently stores
navigation tables, trajectory parameters, programs, and constants.
The erasable memory stores intermediate information.

The CMC processe~ data and issues diScrete control signals,
both for the PGNCS and the other spacecraft systems. It is a control
computer with many of the features of a general purpose computer. As
a control computer, the CMC aligns the stable platform of the inertial
measurement unit (IMU) in the inertial subsystem, positions the optical
unit in the optical subsystem, and issues control commands to the
spacecraft. As a general purpose computer, the CMC solves guidance
problems required for the spacecraft mission. In addition, the CMC
monitors the operation of the PGNCS and other spacecraft systems.

The CMC stores data pertinent to the flight profile that the
spacecraft must assume in order to complete its mission. This data,
consisting of position, velocity, and trajectory information, is used by
the CMC to solve the various flight equations. The results of various
equations can be used to determine the required magnitude and direction
of thrust required. Corrections to be made are established by the CMC.
The spacecraft engines are turned on at the correct time, and steering
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signals are controlled by the CMC to reorient the spacecraft to a new
trajectory, if required. The inertial subsystem senses acceleration
and supplies velocity changes to the CMC for calculating the total
velocity. Drive signals are supplied from the CMC to coupling data
unit (COU) and stabilization gyros in the inertial subsystem to align the
gimbal angles in the IMU. Error signals are also supplied to the COU
to provide steering capabilities for the spacecraft. COU position
signals are fed to the CMC to indicate changes in gimbal angles, which
are used by the CMC to keep cognizant of the gimbal positions. The
CMC receives mode indications and angular information from the optical
subsystem during optical sightings. This information is used by the
CMC to calculate present position and orientation, and is used to refine
trajectory information. Optical subsystem components can also be
positioned by drive signals supplied from the CMC.

CMC Organization. The CMC is functionally divided into seven
blocks: (See figure 2.2-3).

II

1. Timer
2. Sequence generator
3. Central processor
4. Memory

5. Priority control
6. Input-output
7. Power.

Timer. The timer generates all the necessary synchronization
pulses to ensure a logical data flow from one area to another within the
CMC. It also generates timing waveforms which are used by (1) the
CMC's alarm circuitry, and (2) other areas of the spacecraft for control
and synchronization purposes.

The master clock frequency is generated by an oscillator and is
applied to the clock divider logic. The divider logic divides the master
clock input into gating and timing pulses at the basic clock rate of the
computer. Several outputs are available from the pulses at the basic
clock rate of the eOlnputer. Several outputs are available Croln the
scaler, which further divides the divider logic output into output pulses
and signals used for gating, to generate rate signal outputs and for the
accumulation of time. Outputs from the divider logic also drive the time
pulse generator which produces a recurring set of time pulses. This
set of time pulses defines a specific interval (melnory cycle time) in
which access to memory and word flow take place within the cOlnputer.

The start-stop logic senses the status of the power supplies and
specific alarm conditions in the computer, and generates a stop signal
which is applied to the time pulse generator to inhibit word flow.
Simultaneously, a fresh-start signal is generated which is applied to
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all functional areas in the computer. The start-stop logic, and sub­
sequently word flow in the computer, can also be controlled by inputs
from the computer test set (CTS) during pre-installation systems and
subsystem tests.

Sequence Generator. The sequence generator directs the
execution of machine instructions. It does this by generating control
pulses which logically sequence data throughout the CMC. The control
pulses are formed by combining the order code of an instruction word
with synchronization pulses from the timer.

The sequence generator contains the order code processor,
command generator, and control pulse generator. The sequence
generator executes the instructions stored in memory by producing con­
trol pulses which regulate the data flow of the computer. The manner
in which the data flow is regulated among the various functional areas
of the computer and between the elements of the central processor
causes the data to be processed according to the specifications of each
machine instruction.

The order code processor receives sigr.als from the central
processor, priority control. and peripheral equipment (test equipment>.
The order code signals are stored in the order code processor and con­
verted to coded signals for the command generator. The command
generator decodes these signals and produces instruction commands.
The instruction commands are sent to the control pulse generator to
produce a particular sequence of control pulses, depending on the in­
struction being executed. At the completion of each instruction, new
order code signals are sent to the order code processor to continue the
execution of the program.

Central Processor. The central processor performs all arith­
metic operations required of the CMC, 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 ce.ntral processor consists of the flip-flop registers, the
write, clear, and read control logic, write amplifiers, memory buffer
register, memory address register and decoder, and the parity logic.
All data and arithmetic manipulations within the CMC take place in the
central proces sor.

Primarily, the central processor performs operations indicated
by the basic instructions of the program stored in memory. Communi­
cation within the central processor is accomplished through the write
amplifiers. Data flows from memory to the flip-flop registers or vice
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versa, between individual flip-flop registers, or into the central
processor from external sources. In all instances, data is placed on
the write lines and routed to specific register, or to another functional
area under control of the write, clear, and read logic. This logic
section accepts control pulses from the sequence generator and
generates signals to read the content of a register onto the write lines,
and write this content into another register of the central processor or
to another functional area of the CMC. The particular memory location
is specified by the content of the lTl.elTl.ory 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 is subsequently
transferred from memory to the memory bu££er register. The decoded
address outputs are also used as gating functions within the CMC.

The memory buffer register buffers all information read out or
written into memory. During read out, parity is checked by the
parity logic and an alarm is generated in case of incorrect parity.
During write-in, the parity logic generates a parity bit for information
being written into memory. The flip-flop registers are used to accom­
plish the data manipulations and arithmetic operations. Each register
is 16 bits or one computer word in length. Data flows into and out of
each register as dictated by control pulses associated with each register.
The control pulses are generated by the write, clear, and read control
logic.

External inputs through the write amplifiers include the content
of both the erasable and fixed memory bank registers, all interrupt
addresses frolTl. priority control, control pulses which are associated
with specific arithmetic 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 either
within or external to the central processor. The CTS inputs allow a
word to be placed on the write lines during system and subsystem tests.

Registers. Registers A, L, a, Z, and B consist of 16 bit
positions each. These are numbered 16 through 1 reading from left to
right. Register E BANK consists of three bit positions numbered 11
through 9. Register S consists of 12 bit positions numbered 12 through
1. Register SO consists of seven bit positions, SO, EXT, 16 and 14
through 10. Registers X and Y comprise the adder and each register
consists of 16 bit positions. The 16 output gates of the adder are called
register U; note, however, that U is not a register in the sense of the
flip-flop registers comprising the central processor. Register U and
the write amplifiers each consists of 16 bit positions numbered 16
through 1. All registers mentioned so far may contain addresses, a
code, etc. They do not, however, contain a parity bit. Whenever a
number is contained in these registers, the lowest order bit is stored

GUIDANCE AND NAVIGATION SYSTEM

Mission Basic Date 15 April 1969 Change Date 16 July 1969 Page 2_"_2_-_'_'

II



SM2A-03-BLOCK II-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

in bit position 1 and the highest order bit is stored in bit position 14.
The sign bit is stored in bit position 16. A zero in this bit position
signifies a positive nUITlber and a one signifies a negative nUITlber. Bit
position 15 is used for storing either the overflow or underflow bit.

Register G serves as a buffer between the central processor and
meITlory. It consists of 16 bit positions numbered 16 through I. Any
parity bit received from ITleITlory is transferred to the parity block but
not to the central processor register. The 16 inputs to the parity block
are nUITlbered 16 and 14 through O. No provision is ITlade for entering
an overflow bit into the parity block.

Register A is called the "accuITlulator." It contains the results
of arithITletic operations.

Register L is called the "lower order accuITlulator." It contains
the least significant bits of the product or quotient after a ITlultiplication
or division process.

Register B is called the "buffer register." It also provides a
means of cOITlpleITlenting since its reset side can also be interrogated.
The reset side is sOITletiITles called "register C."

The Z register is the prograITl counter. It contains the address
of the next instruction word in the prograITl. As each instruction is
executed, this register is increITlented by one because the instruction
words usually are stored sequentially in ITleITlory.

The Q register is naITled the "return address register." When
the CMC transfers control to another prograITl or routine, the contents
of the Z register are stored {n register Q. When the CMC returns to
the original prograITl, register Q contains the address of the appropriate
instruction.

The write aITlplifiers provide the current driving capabilities for
the registers. These aITlplifiers in no way store inforITlation; they
siITlply route inforITlation.

Register S contains the address of the word to be called out from
ITleITlory. Register E BANK is also used when erasable ITleITlory is
addressed. Register F BANK is used when fixed ITleITlory is addressed.

MeITlory. MeITlory provides the storage for the CMC and is
divided into two sections: erasable ITleITlory and fixed ITleITlory.
Erasable ITleITlory can be written into or read froITl; its readout is
destructive. Fixed ITleITlory cannot be written into and its readout is
nondestructive.
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The CMC has erasable and fixed memories. The erasable
memory can be written into and read out of; fixed memory can only be
read out of. Erasable memory stores intermediate results of com­
putations, auxiliary program information, and variable data supplied
by external inputs from the PGNCS and other systems of the spacecraft.
Fixed memory stores programs, constants, and tables. There is a
total of 38.912, sixteen bit word storage locations in fixed and erasable
memories. It should be noted that the majority of the memory capacity
is in fixed memory (36,864 word locations). Both memories are
magnetic core storage devices; however, the cores are used differently
in each type of memory. It is assumed that the reader is familiar with
the basic magnetic properties of a ferrite core as described by a square
hysteresi5 curve. A core is a 5tatic stol'age device having two stable
states. It can be magnetized in one or two directions by passing a
sufficient current, I, through a wire which pierces the core. The
direction of current determines the direction of magnetization. The
core will retain its magnetization indefinitely until an opposing current
switches the core in the opposite direction. Wires carrying current
through the same core are algebraically additive. Sense wires which
pierce a switched core will carry an induced pulse.

Priority Control. Priority control establishes a processing
priority of operations which must be performed by the CMC. These
operations are a result of conditions which occur both internally and
externally to the CMC. Priority control consists of counter priority
control and interrupt priority control. Counter priority control initiates
actions which update counters in erasable memory. Interrupt priority
control transfers control of the CMC to one of several interrupt sub­
routines stored in fixed memory.

The start instruction control restarts the computer following a
hardware or program failure. The counter instruction control updates
the various counters in erasable memory upon reception of certain
incremental pulses. The counter instruction control is also used during
test functions to implement the display and load requests provided by
the computer test set. The interrupt instruction control forces the
execution of the interrupt instruction (RUPTOR) to interrupt the current
operation of the computer in favor of a programmed operation of a
higher priority.

Input-Output. The input-output section routes and conditions
signals between the CMC and other areas of the spacecraft. In addition
to the counter interrupt and the program interrupts previously described,
the CMC has a number of other inputs derived from its interfacing
hardware. These inputs are a result of the functioning of the hardware,
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or an action by the operator of the spacecraft. The counter interrupts,
in most cases, enable the CMC to process inputs representative of data
parameters such as changes in velocity. The program interrupt inputs
to the CMC are used to initiate processing of functions which must be
processed a relatively short time after a particular function is present.
The other inputs to the CMC, in general, enable the CMC to be cognizant
of "conditions" which exist in its environment. These inputs are routed
to CMC and are available to the CMC s programs through the input
channels.

The outputs of the CMC fall in one of the following categories;
data, control, or condition indications. Some of these outputs are con­
trollable through the CMC program while others are present as a
function of the CMC circuitry. All of the outputs which are controlled
by the CMC programs are developed through the CMC output channels.

Channel 01 is the L register.
Channel 02 is the Q register.
Channel 03 the high-order scaler channel.
Channel 04 the low-order scaler channel.

Output Channel 05 has eight bit positions and is associated with
the reaction control system jets.

Output Channel 06 has eight bit positions and is also associated
with the reaction control system jets. A logic one in any of the bit
positions will cause the appropriate reaction control jets to be fired.
The outputs of this channel control the jets used for Z and Y transla­
tions, and the roll rotation. The logic is the same as for output
channel 05. Assume that it was desired to perform a pure roll
maneuver. One of the ways this could be implemented would be to have
logic ones in bit positions I and 3 while all other bit positions contained
a logic zero. There are other methods, of course, but these will not
be detailed.

Channel 07 is the F EXT register. It is associated with the
selection of word locations in fixed memory. This channel has three
bit positions.

Output Channel 10 routes information contained in this channel to
the DSKYs. The different configurations light various displays on the
DSKYs.

Output Channel 11 routes information contained in bits 1 through 7
of this channel to the DSKYs. Bit 13 is routed to the SCS system.
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Output Channel 12 consists of 15 bit positions, 14 of which are
presently used. The outbits are d-c signals sent to the spacecraft and
PGNCS.

Output Channel 13 associates the first four bits of this channel
with the VHF ranging. Bit positions 12 through 14 have been covered
under program interrupt priority control.

Output Channel 14 associates bit positions 11 through 15 with the
cnu drive control. This control generates the following pulse trains
which are sent to the COUs: CDUXDP (X COU positive drive pulse),
CDUXDM (X COU negative drive pulse), CDUYDP, CDUYDM, CDUZDP,
CDUZDM, TRNDP, TRNDM, SHAFTDP (shaft COU positive drive
pulse), and SHAFTDM. The COU drive control also enters the following
d-c signals into the counter·priority control to request the execution of
a OING instruction: X IMU, COU, Y IMU, COU, Z IMU COU, S OP
COU and T OP GOU.

Signal X IMU COU is generated when bit position 15 contains a
logic one. Signal Y IMU cnu is generated when bit position 14 con­
tains a logic one, signal Z IMU COU when bit position 13 contains a
logic one, signal T OP cnu when bit position 12 contains a logic one,
and signal S OP COU when bit position 11 contains a logic one. More
than one of these signals can be generated simultaneously.

Once a desired quantity, e. g., -432, has been entered into a COU
counter, e. g., erasable memory address 0050, and output channel 14
has been properly set (logic 1 in bit position 15), the cnu drive control
generates signal X IMU cnu which sets a flip-flop in counter priority
control and commands the sequence generator to execute a OING
instruction. As the instruction is executed, the counter control is
diminished by one to -431. The COU drive control then generates a
COUXOM pulse and routes it to the X COU. Since the priority flip-flop
is still set, another DING instruction is requested. This is repeated
until the counter content has diminished to zero. Once the counter con­
tains zero and a DING instruction is executed, a signal is generated
which clears bit position 15 of output channel 14, resets the priority
cell, and stops the transmission of pulses.

The gyro drive control selects a gyro to be torqued positively or
negatively, and then applies a 3Z00-cps pulse train to the appropriate
gyro to accomplish this function. There are six signals associated
with selection of the gyro and the direction in which it will be torqued:
GYXP (drive gyro x positive), GYXM (drive gyro x negative), GYYP,
GYYM, GYZP, and GYZM. The appropriate signal is determined by
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the bit configuration of bits 7 through 9 of output channel 14. IT bit
positions 6 and 10 are a logic one. a 3200-cps pulse train is routed to
the gyro electronics specified by bit positions 7 through 9. and a d-c
signal is entered into the counter priority control which commands the
sequence generator to perform a DING instruction.

Assume that it is desired to torque"the X-gyro in the negative
direction by 123 pulses. The GYROS counter in counter priority con­
trol would be set to 123. Bit positions 7 through 9 would be 101
respectively, and bit positions 6 and 10 would be logic one. Each time
a pulse is sent to the gyro, the GYROS counter is DINCed. The d-c
signal to counter priority will remain until the GYROS counter goes to
zero which will terminate the torquing.

Input Channel 15. This channel consists of five bit positions.
When a key on the main panel DSKY is pressed, a unique five-bit code
is entered into this channel. The RUPT 5 interrupt routine is also
developed whenever a key on the main panel DSKY is pressed.

Input Channel 16. This channel consists of seven bit positions.
I[ the MARK pushbutton has been pressed. a logic one is entered into
bit position 6. This would cause a KEYRUPT 2 (RUPT 6) interrupt
routine.

I[ the MARK REJECT pushbutton has been pressed. a logic one
is entered into bit position 7 of this channel. This will also cause a
KEYRUPT 2 interrupt routine to be performed. When a key on the
navigation panel DSKY is pressed, a unique five-bit code is entered into
bit positions 1 through S. The insertion of this code into input channel
16 initiates a KEYRUPT 2 interrupt routine.

Input Channels 17 through 27 are spares.

Input Channel 30 consists of 15 bit positions. The inputs to these
positions are inverted and utilized as follows:

a. Bit Position I (ULLAGE THRUST PRESENT). This input is
generated by the S-IVB instrumentation unit. If this input is a logic
zero. it signifies that the action has occurred or has been commanded
to occur.

b. Bit Position 2 (SM SEPARATE). This input originates in the
mission sequencer and is a logic 0 when the service module is separated
from the command module.

c. Bit Position 3 (SPS READY). A logic zero in this bit position
indicates that the pilot has completed the SPS engine start checklist.

d. Bit Position 4 and 5 (S-IVB SEPARATE - ABORT, LIFT OFF).
These inputs are generated in the S-IVB instrumentation unit. They
indicate that the appropriate actions have occurred ur have been
commanded to occur.
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e. Bit Position 7 (OCDU FAIL). This input is generated in the
OSS and is a logic zero when a failure has occurred in one of the optical
CDUs.

£. Bit Position 9 (IMU OPERATE). A binary zero in this bit
position indicates that the IN1U is turned on and is operating with no
malfunctions.

g. Bit Position 10 (SC CONTROL OF SATURN). A logic zero in
this bit position indicates that the SC has control over the SATURN
stage.

h. Bit Position 11 (IMU CAGE). A logic zero in this bit position
indicates that the IMU gimbals are at their null position.

i. Bit Position 12 (IMU CDU FAIL). A logic zero in this bit
position indicates that a failure has occurred in one of the inertial CDUs.

j. Bit Position 13 (IMU FALL). A logic zero in this bit position
indicates that a malfunction has occurred in the IMU stab loops.

k. Bit Position 14 (ISS TURN ON REQUEST). A logic zero is
inserted i'nto this bit position when the ISS has been turned on, or
commanded to be turned on.

1. Bit Position 15 (TEMP IN LIMITS). A logic one is inserted into
this bit position if the stable member temperature has not exceeded its
design limits. If the limit has been exceeded, a logic zero will be
stored.

Input Channel 31, channel consists of 15 bit positions. Bit
positions 1 through 6 receive their inputs from the rotational hand con­
troller. A logic zero in anyone of these bit positions is associated
with roll, pitch, or yaw commands. Bit positions 7 through 12 receive
their inputs from the translational hand controller. A logic zero in
anyone of these bit positions is associated with the X, Y, or Z trans­
lation commands.

A logic zero in bit position 13 indicates that the present SC
attitude is being held and the hand controller is not being used. A logic
zero in bit position 14 indicates that the SC is drifting freely, and that
the CMC is not receiving inputs from the hand controller or minimum
impulse controller. A logic zero in bit position 15 indicates that the
GMC is controlling the present SC attitude and the hand controller is not
commanding an attitude change. All inputs to this channel are inverted.

Input Channel 32, the first six bit positions of this channel receive
their inputs from the minimum impulse controller. A logic zero in any
of these bit positions is associated with the pitch, yaw, or roll motion
commanded by the minimum impulse controller. Bit position 11 con­
tains a logic zero while the LM is attached to the CSM. All inputs to
this channel are inverted.
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Input Channel 33, inputs to this channel are generated in the
CMC and optics. A logic zero in bit position 2. indicates that the VHF
Digital Ranging information is good. Bit positions 4 and 5 receive d-c
signals from the optics control panel. The d-c signals are generated
by switch and relay closures. A logic zero appears in bit position 10
if the BLOCK UPLINK switch is thrown to the BLOCK position. Bit
positions 11 or 12 contain a logic zero if the uplink or downlink telemetry
rates are too high. Bit position 13 contains a logic zero if a failure
occurs in the accelerometer loops. All inputs to this channel are
inverted.

Output Channels 34 and 35 provide 16 bit words including a parity
bit for downlink telemetry transmission.

Power. This section provides voltage levels necessary for the
proper operation of the CMC.

CMC power is furnished by two switching-regulator power
supplies: a +4-volt and a +l4-volt power supply which are energized
by fuel cells in the electrical power system.

Input voltage from the electrical power system is chopped at a
variable duty cycle and then filtered to produce the required voltages.
Chopping is accomplished by varying the pulse width of a signal having
a fixed repetition rate and known amplitude.

Source voltage, +28 vdc, is supplied from the electrical power
system through the power switch to the control module. The control
ITlOdule, essentially a pulse generator, detects the difference between
the primary feedback output of the power supply and a reference voltage.
(A secondary feedback path is connected to the CTS for marginal-voltage
test operations.) A differential amplifier detects any change in the out­
put voltage from the desired level. The output of the differential
amplifier and a 51. 2-kilocycle sync pulse from the timer drive a one­
shot multivibrator in the control module. The differential amplifier
output determines the multivibrator pulse width. The resultant +14-volt
pulse is supplied to the power switch.

The power switch filters the control module output to produce the
desired d-c voltage. Additional filtering action protects the electrical
power system from the wide-load variations caused by the chopping
action of the power supply. The power switch also contains a tempera­
ture sensing circuit. Because of load requirements, the +4-volt power
supply requires two power switches.
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The power supply outputs are m.onitored by a failure detector
consisting of {our differential am.plifiers. There are two am.plifiers
{or each power supply. one for overvoltage and one for undervoltage
detection. If an overvoltage condition exists, a relay closure signal
indicating a power failure is supplied to the spacecraft.

II
2.2.3.2.Z Display and Keyboard.

The DSKYs facilitate intercom.m.unication between the flight crew
and the CMC. The DSKYs operate in parallel, with the m.ain display
console DSKY providing CMC display and control while the crew are in
their couches. (See figure 2.2-2.)
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Figure 2.2-2. Display and Keyboard
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The exchange of data between the night crew and the CMC is
usually initiated by crew action; however, it can also be initiated by
internal computer programs. The exchanged information is processed
by the DSKY program. This program allows the following five different
modes of operation: •

• Display of Internal Data. Both a one-shot display and a
periodically updating display (called monitor) are provided.

• Loading External Data. As each numerical character is
entered, it is displayed in the appropriate display panel location.

• Program Calling and Control. The DSKY is used to initiate a
class of routines which are concerned with neither loading nor
display. Certain routines require instructions from the operator
to deterntine whether to stop or continue at a given point.

• Changing Major Mode. The initiation of large scale mission
phases can be commanded by the operator.

• Display of PGNCS Caution and Status. The DSKY is used to
display the status of the ISS, OSS, and CMC and to provide an
indication of hardware and software cautions.

Displays. The displays consist of eleven status and caution
indicato-rs, three decimal displays .<l.nd three decimal or octal registers.
The function of the indicators and displays is as follows:

Indicator / Display

UPLINK ACTY light

NO ATT light

STB Y light

Function

On when the CMC has received a com­
plete 16 bit digital uplink message or
during the rendezvous navigation pro­
gram the gimbal angle changes are
greater than 10 degrees to align the
CSM to the desired tracking attitude and
the astronaut has disabled the automatic
tracking.

Lighted when the ISS is in a coarse
align mode.

On when the CMC is in the standby
mode.
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Indicator I Dis play

KEY REL light

OPR ERR light

TEMP light

GIM:BAL LOCK light

PROG light

RESTART light

TRACKER light

C OMP AC T Y light

PROG display

VERB display

Function

Lighted when an internal display desires
the use of the DSKY and the astronaut is
using the DSKY or the astronaut presses
a key (exceptions: PRO, RSET and
ENTR) when an internal flashing dis­
play is currently on the DSKY or the
astronaut presses a key (exceptions);
PRO, RSET and ENTR) on top of his
Monitor Verb display.

On when the operator oerforms an
improper sequence of key depressions.

Lighted when the CMC receives a signal
from the IMU temperature control that
the stable member is outside of the
temperature range of 126.3 to 134.3 0 F.

On when the middle gimbal angle
exceeds ±70° from its zero position.

Lighted when the internal program
detects computational difficulty.

On when the CMC detects a temporary
hardware or software failure.

Lighted when the CMC receives a
signal from the OCDU indicating a
failure or the rendezvous navigation
program reads VHF range information
but the Data Good discrete is missing.

On when the CMC is occupied with an
internal sequence.

Provides a decimal display of the
current mission program in sequence.

Provides a decimal display of the verb
(action) being performed.

II
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Indicator I Display

NOUN display

REGISTER I, Z and 3

Function

Provides a decimal display of the noun
(location or register) where the action
(verb) is being performed.

Provides a display of the contents of
registers or memory locations.

The keyboard consists of ten numerical keys (pushbuttons) labeled
o through 9, two sign keys (+ or -) and seven instruction keys: VERB,
NOUN CLR (clear), PRO (proceed), KEY REL (key release), ENTR
(enter), and RSET (reset).

Whenever a key is pressed, +14 vdc is applied to a diode encoder
which generates a unique five-bit code associated with that key. There
is, however, no five-bit code associated with the PRO key. If a key
on the main panel DSKY is pressed, the five-bit code associated with
that key is entered into bit positions I through 5 of input channel 15 of
the CMC. Note that this input will cause a request for the KEYRUPT 1
program interrupt. If a key on the navigation panel DSKY is pressed,
the five-bit code associated with that key is entered into bit position 1
through 5 of input channel 16 of the CMC. Note that this input will
cause a request for the KEYRUPT 2 program interrupt. The function
of the keys is as follows;

Pushbutton

o through 9 pushbuttons

+ and - pushbuttons

NOUN pushbutton

C LR pushbutton

Function

Enters numerical data, noun codes, and
verb codes into the CMC.

Informs the CMC that the following
numerical data is decimal and indicates
the sign of the data.

Conditions the CMC to interpret the
next two numerical characters as a
noun code and causes the noun display
to be blanked.

Clears data contained in the data displays.
Pressing this key clears the data display
currently being used. Successive
depressions clear the other two data
displays.
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Pushbutton

PRO pushbutton

KEY REL pushbutton

ENTR pushbutton

RSET pushbutton

VERB pushbutton

FUnction

Commands the CMC to the standby mode
if power down program has been run.
An additional depr{!ssion commands the
CMC to resume regular operation. If
power down program has not been run,
a depression commands CMC to
proceed without data.

Releases the DSKY displays initiated
by keyboard action so that information
supplied by the CMC program may be
displayed.

Informs the CMC that the assembled
data is complete and the requested
function is to be executed.

Extinguishes the DSKY caution indica­
tors. (aPR ERR, FROG, RESTART,
STBY and UPLINK ACTY).

Conditions the CMC to interpret the
next two numerical characters as a
verb code and causes the verb display
to be blanked.

II

Verb-Noun Formats. A noun may refer to a device, a group of
computer registers or a group of counter registers, or it may simply
serve to convey information without referring to any particular computer
register. The noun is made up of 1, 2, or 3 components, each compo­
nent being entered separately as requested by the verb code. As each
component is keyed, it is displayed on the display panel with component
1 displayed in REGISTER I, component 2 in REGISTER 2, and
component 3 in REGISTER 3. There are two classes of nouns: normal
and mixed. Normal nouns (codes 01 through 39) are those whose
component members refer to computer registers which have consecutive
addresses and use the same scale factor when converted to decimal.
Mixed nouns (codes 40 through 99) are those whose component members
refer to nonconsecutive addresses or whose component members
require different scale factors when converted to decimal, or both.
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A verb code indicates what action is to be taken. It also determines
which component member of the noun group is to be acted upon. For
example, there are five different load verbs. Verb 21 is required for
loading the first component of the selected noun; verb 22 loads the second
component; verb 23 loads the third component; verb 24 loads the first and
second component; and verb 25 loads all three components. A similar
component format is used in the display and monitor verbs. There are
two general classes of verbs: regular and extended. The regular verbs
(codes 01 through 39) deal mainly with loading, displaying, and m.onitoring
data. The extended verbs (codes 40 through 99) are principally concerned
with calling up internal programs whose function is system testing and
operation.

Whenever data is to be loaded by the operator, the VERB and NOUN
lights flash, the appropriate data display register is blanked, and the
internal computer storage register is cleared in anticipation of data load­
ing. As each numerical character is keyed in, it is displayed in the
proper display register. Each data display register can handle only five
numerical characters at a time (not including sign), If an attempt is made
to key in more than five numerical characters at a time, the sixth and
subsequent characters are simply rejected but they do appear in the display
register.

The + and - keys are accepted prior to inserting the first numerical
character of REGISTER 1, REGISTER 2, or REGISTER 3; if keyed in
at any other time, the signs are rejected. If the 8 or 9 key is actuated at
any time other than while loading a data word preceded by a + or - sign,
it is rejected and the OPR ERR light goes on.

The normal use of the nash is with a load verb. However, there
are two special cases when the nash is used with verbs other than load
verbs .

• Machine Address to be Specified. There is a class of nouns
available to allow any machine address to be used; these are
called "machine address to be specified" nouns. When the
"ENTR," which causes the verb-noun combination to be executed,
senses a noun of this type the nash is immediately turned on.
The verb code is left unchanged. The operator should load the
complete machine address of interest (five-character octal).
This is displayed in REGISTER 3 as it is keyed in. If an error
is made in loading the address, the CLR key may be used to
remove it. Pressing the ENTR key causes execution of the
verb to continue.
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• Change Major Mode. To change major mode, the sequence is
VERB 37 ENTR. This causes the noun display register to be
blanked and the verb code to be flashed. The two-character
octal major mode code should then be loaded. For verification
purposes, it is displayed as it is loaded in the noun display
register. The entry causes the flash to be turned off, a request
for the new major mode to be entered. and new major mode code
to be displayed in the FROG display register.

The flash is turned off by any of the folloWing events:

• Final entry of a load sequence.
• Entry of verb "proceed without data" (33) or depression of PRO pb.
• Entry of verb "terminate" (34),

It is important to conclude every load verb by one of the aforemen­
tioned three, especially if the load was initiated by program action within
the computer. If an internally initiated load is not concluded validly, the
program that initiated it may never be recalled. The "proceed without
data" verb is used to indicate that the operator is unable to, or does not
wish to, supply the data requested, but wants the initiating program to
continue as best it can with old data. The "terminate" verb is used to
indicate that the operator chooses not to load the requested data and also
wants to terminate the requesting routine.

Keyboard Operation

The standard procedure for the execution of keyboard operations
consists of a sequence of seven key depressions:

II

VERB v, NOUN ENTR

Pre::nsing the VERB key blanks the twu verb lighls un the DSKY and clears
the verb code register in the CMC. The next two numerical inputs are
interpreted as the verb code. Each of these characters is displayed by
the verb lights as it is inserted. The NOUN key operates similarly with
the DSKY noun lights and CMC noun code register. Pressing the ENTR
key initiates the program indicated by the verb-noun combination displayed
on the DSKY, Thus, it is not necessary to follow a standard procedure
in keying verb-noun codes into the DSKY, It can be done in reverse order,
if desired, or a previously inserted verb or noun can be used without re­
keying it. No action is taken by the CMC in initiating the verb-noun­
defined program until the E;.lTR key is actuated. If an error is noticed
in either the verb code or noun code, prior to actuation of the ENTR key,
it can be corrected simply by pressing the corresponding VERB or NOUN
key and inserting the proper code. The ENTR key should not be actuated
until it has been verified that the correct verb and noun codes are displayed,
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If the selected verb-noun combination requires data to be loaded by
the operator, the VERB and NOUN lights start flashing on and off (about
once per second) after the ENTR key is pressed. Data is loaded in five­
character words and, as it is keyed in, it is displayed character-by­
character in one of the five-position data display registers; REGISTER 1,
REGISTER 2, or REGISTER 3. Numerical data is assumed to be octal
unless the five-character data word is preceded by a plus or minus sign,
in which case it is considered to be decimal. Decimal data must be loaded
in full five-numeral character words (no zeros may be left out); octal data
may be loaded with high-order zeros left out. If a decimal is used for
any component of a multicomponent load verb, it must be used for all com­
ponents of that verb. In other words, no mixing of octal and decimal data
is permitted for different components of the same load verb. The ENTR
key must be pressed after each data word. This tells the program that
the numerical word being keyed in is complete. The on-off flashing of
the VERB -NOUN lights terminates after the last ENTR key actuator of a
loading sequence.

The CLR key is used to remove errors in loading data as it is
displayed in REGISTER 1, REGISTER 2, or REGISTER 3. It does
nothing to the PROG, NOUN or VERB lights. (The NOUN lights are
blanked by the NOUN key, the VERB lights by the VERB key.) For
single-component load verbs or "machine address to be specified" nouns,
the CLR key depression performs the clearing function on the particular
register being loaded. provided that the CLR key is depressed before the
ENTR key. Once the ENTR key is depressed, the CLR key does nothing.
The only way to correct an error after the data is entered for a single­
component load verb is to begin the load verb again. For two- or three­
component load verbs, there is a CLR backing-up feature. The first
depression of the CLR key clears whichever register is being loaded.
(The CLR key may be pressed after any character, but before its entry.)
Consecutive CLR key actuations clear the data display register above the
current one until REGISTER 1 ill cleared. Any attelTlpt to back up (clear)
beyond REGISTER 1 is simply ignored. The CLR backing up function
operates only on data pertinent to the load verb which initiated the loading
sequence. For example, if the initiating load verb were a "write second
component into" type only, no backing up action would be possible.

The numerical keys. the CLR key, and the sign keys are rejected
if depressed after completion (final entry) of a data display or data load
verb. At such time, only the VERB, NOUN. ENTR, RSET, or KEY
REL inputs are accepted. Thus, the data keys are accepted only after
the control keys have instructed the program to accept them. Similarly,
the +and - keys are accepted only before the first numerical character
of REGISTER I, REGISTER 2, and REGISTER 3 is keyed in, and
at no other time. The 8 or 9 key is accepted only while loading a data
word which is preceded by a + or - sign.
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The DSKY can also be used by internal computed programs for sub­
routines. However, any operator keyboard action (except RSET) inhibits
DSKY use by internal routines. The operator retains control of the DSKY
until he wishes to release it. Thus, he is assured that the data he wishes
to observe will not be replaced by internally initiated data displays. In
general, it is recommended that the operator release the DSKY for
internal use when he has temporarily finished with it: this is done by
pressing the KEY REL key.

Optical Subsystem.

The optical subsystem is used for taking precise optical sightings
on celestial bodies and for taking fixes on landmarks. These sightings
are used for aligning the IMU and for determining the position of the space­
craft. The system includes the navigational base, two of the five CDUs,
parts of the power and servo assembly, controls and displays, and the
optics, which include the scanning telescope (SCT) and the sextant (SXT).

Optics.

The optics consist of the SCT and the SXT mounted in two pro­
truding tubular sections of the optical base assembly. The SCT and SXT
shaft axes are aligned parallel to each other and afford a common line-of­
sight (LOS) to selected targets. The trunnion axes may be parallel or the
SCT axis may be offset, depending upon the mode of operation.

The sextant is a highly accurate optical instrument capable of
measuring the included angle between two targets. Angular sightings of
two targets are made through a fixed beam splitter and a movable mirror
located in the sextant head. The sextant lens provides 1. a-degree true
field-of-view with 28X magnification. The movable mirror is capable of
sighting a target to 50 degrees LOS from the shaft axis. The mechanical
accuracy of the trunnion axis is twice that of the LOS requirement because
of mirror reflection which doubles any angular displacement in trunnion
axis.

The scanning telescope is similar to a theodolite in its ability to
accurately measure elevation and azimuth angles of a single target using
an established reference. The lenses provide 60~degree true field~of~

view at IX magnification. The telescope allowable LOS errors are one
minute of arc -rms in elevation with maximum repeatability of 15 arc­
seconds and approximately 40 arc~8econds in shaft axis.

Coupling Data Unit.

The identical coupling data unit (CDU) used in the ISS is also used
as part of the OSS. Two channels of the CDU are used, one for the SXT
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shaft axis and one for the SXT trunnion axis. These COU channels repeat
the SXT shaft and trunnion angles and transmit angular change information
to the CMC in digital form. The angular data transmission in the trunnion
channel is mechanized to generate one pulse to the CMC for 5 arc -seconds
of movement of the SXT trunnion which is equivalent to 10 arc-seconds of
SLOS movement. The shaft COU channel issues one pulse for each 40
arc -seconds of shaft movement. The location of the SXT shaft and
trunnion axes are transmitted to the CDUs through 16X and 64X resolvers,
located on the SXT shaft and trunnion axes, respectively. This angular
information is transmitted to the eDUs in the form of electrical signals
proportional to the sine and cosine of 16X shaft angle and 64X trunnion
angle. During the computer mode of operation, the COD provides digital­
to-analog conversion of the CMC output to generate an a-c input to the
SXT shaft and trunnion servos. This analog input to the SXT axes will
drive the SLOS to some desired position. In addition, the OSS channels
of the COU perform a second function on a time-sharing basis. During a
thrust vector control function, these channels provide digital-to-analog
conversion between the CMC and the service propulsion system (SPS)
gimbals.

OPERATIONAL MODES.

The PGNCS has two systems, six inertial subsystem (ISS), and
three optical subsystem (OSS) modes. The system modes are listed as
follows:

• Saturn takeover
• Thrust vector control.

The ISS modes are listed as follows:

• IMU turn -on
• IMU cage
• Coarse align
• Fine align
• Attitude error
• Inertial reference.

The OSS modes are listed as follows:

• Zero optics
• Manual control
• Computer control.

The moding of the system and ISS is controlled by the COU with the
exception of one mode, a cage switch on the main display and control
panel. All other modes must be commanded by the CMC through the
issuance of discrete moding commands to the CDU.
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The modes of operation for the OSS are selected by the astronaut
using controls located on the indicator control panel.

S-IVB Takeover.

The S-IVB takeover capability provides steering signals to the
Saturn instrument unit autopilot. There are two modes of operation. auto­
matic and manual. The automatic mode provides the backup capability of
issuing steering commands to the IU during the boost phase. This mode
is initiated by positioning the LAUNCH VEHICLE GUIDANCE switch on
the main display and control panel to CMC and during the boost monitor
program only. This switch arms the S-IVB takeover relay with 28 vdc
and issues a discrete to the CMC. The CMC. on recognition of this input
discrete. switches to a control routine which generates an S-IVB takeover
discrete. The S-IVB takeover discrete allows the relay in the mode
module to energize, closing the interface between the DAC and the S-IVB
instrument unit.

Normally the boost monitor program monitors the CDUs, computes
the difference between the desired attitude (determined by a stored poly­
nominal) and the actual attitude, and displays the error on the FOAL
During the takeover mode the commands are computed by taking the error
(difference between polynominal and actual attitude) at takeover and storing
as a bias. This value is subtracted from the actual error computed on
succeeding cycles and is used to issue steering commands that attempt to
maintain a constant error equal to that existing at takeover.

Th~ manual mode provides the capability of issuing rotation control
commands, through the CMC, to the instrument unit. The manual mode
is initiated by placing the LAUNCH VEHICLE GUIDANCE switch to the
CMC position and enabling the RCS digital autopilot with an extended verb.
The switch arms the S-IVB takeover relay with 28 vdc and issues a dis­
crete to the computer. The CMC. on recognition of this discrete and the
ReS digital autopilot enabled, generates the S-IVB takeover discrete.

If either rotation control is placed to a pitch. yaw. or roll breakout
position. the CMC issues an error-counter-enable discrete to the COU.
The error-counter-enable discrete is buffered in the moding module,
modified by the digital mode module finally allowing the error counters to
be enabled. The CMC then generates a ±ec pulse train to the appropriate
error counter where it is accumulated and converted to a ±d-c output
signal by the OAC. The ±d-c signal is applied to the S-IVB IU as a
O. SO/sec ± pitch or ± yaw rate command.
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When the rotation control is returned to the null position, the CMC
inhibits the error-counter-enable discrete to the CDU which causes the
error counter to reset. This results in a O-vdc output signal from the
DAG which is applied to the S-IVB IU as a OO/sec roll, pitch, or yaw
rate command.

ThrUl:lt Vt:ctor Control.

This system mode is initiated by CMC program control.

The CMC commands a TVC discrete which energizes the TVC relay
closing the interface between the CDU DAC and the SPS gimbal servo
amplifiers.

The computer also issues an ass error-counter enable and an ISS
error-counter enable. The computer, when all operating requirements
are met, issues an SPS engine-on command.

The ISS read counters are repeating the gimbal angle changes indi­
cating to the CMC the present spacecraft attitude. The accelerometers
provide the program with t:J.V inputs. These data are used to compute
an attitude error and a SPS steering signal.

The attitude error is converted to a pulse train which is used to
increment the CDU ISS error counters. The contents of these counters
are converted to analog and displayed as they were in the attitude error
display mode. The read counter input to the error counter is inhibited,
allowing the error counter to be incremented or decremented only by
CMC commands.

The ass error counters are inc remented by a t:J.8 command propor­
tional to the steering signals required to steer the spacecraft on the proper
trajectory. The error counter can operate completely independent of the
read counter circuitry so the condition of the ass is immaterial to this
operation. The error counter contents are converted to analog 800 cps
and then to a ±d -c voltage in the C DU ass DAC. The pitch or yaw
steering signal is routed through the TVC relay in the mode module to the
SPS gimbal servo amplifiers. The TVC mode is complete when the space­
craft reaches the required velocity and the engine-off discrete is issued
by the CMC. Each t:J.0c pulse from the CMC changes the SPS gimbals by
85 arc -seconds.

IMU Turn-On Mode.

The purpose of the IMU turn-on mode is to initialize the ISS by
driving the IMU gimbals to zero. and clearing and inhibiting the COU
read counters and error counters. The IMU turn-on mode is initiated
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by applying IMU operate power to the subsystem. The cOlTlputer issues
two CDU discretes required for this mode, COU zero and coarse align.
The computer also issues the turn-on delay complete discrete to the ISS
after 90 seconds.

When IMU operate power is applied to the subsystem, the computer
receives an ISS power-on discrete and a turn-on delay request. The
computer responds to the turn-on delay request by issuing the CDU zero
and coarse align discretes to the CDU. To prevent PIPA torquing for
90 seconds during the IMU turn-on mode, an inhibit is applied to the
pulse torque power supply. This same inhibit is present when a com­
puter warning has been issued. The CDU zero discrete clears and
inhibits the read counters and error counters. The ISS operate power
(+28 vdc) is routed through the de-energized contacts of the auto cage
control relay to energize the cage relay. A O-vdc signal, through the
energized contacts of the cage relay, energizes the coarse-align relay.
The energized contacts of the coarse-align relay switch the gimbal servo
amplifier demodulator reference from 3200 cps to 800 cps, and close the
lMU cage loop through the energized contacts of the cage relay. The
coarse-align relay is held energized by the COU coarse-align discretes
and the energized contacts of the cage relay. The IMU gimbals will
drive to the zero reference position using the sine output of the IX gimbal
resolvers (sin el.

After 90 seconds, the computer issues the ISS turn-on delay com­
plete discrete which energizes the ISS turn-on control relay. The auto
cage control relay is energized by the ISS turn-on control relay. The
ISS turn-on control relay then locks up through the energiz.ed contacts of
the auto cage control relay. Energizing the auto cage control relay also
removes the turn-on delay request and de-energizes the cage relay. This
removes the sin e signal and applies the coarse-align output to the gimbal
servo amplifier. Energizing the ISS turn-on control relay removes the
pulse torque power supply inhibit. The 90-second delay enables the gyro
wheels time to reach their operating speed prior to closing the stabiliza­
tion loops. The pulse torque power supply inhibit prevents accelerometer
torquing during the 90 seconds.

IMU Cage Mode.

The IMU cage mode is an emergency mode which (1) allows the
astronaut to recover a tumbling IMU by setting the gimbals to zero, and
(2) to establish an inertial reference. The IMU cage mode can also be
used to establish an inertial reference when the CSS is not activated.

The IMU cage mode is manually initiated by closing the spring­
loaded cage switch on the main display and control panel for sufficient
time to allow the Uv1U gimbals to settle at the zero position (5 seconds
maximum). The IMU gimbal zeroing can be observed on the FOAL
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1£ the mode is commanded to recover a tumbling IMU after the
IMU turn-on mode is completed, closing the IMU cage switch will cause
the lMU gimbals to drive to zero. When the switch is released, the ISS
will enter the inertial reference mode.

1£ the IMU cage mode is commanded to establish an inertial refer­
ence with the CSS in standby or off, the closing of the llvfU cage switch
will cause the LMU gimbals to drive to zero. When the switch is released,
the inertial reference mode will be established.

Closing the IMU cage switch energizes the cage and coarse-align
relays, which apply the sin e signals to the gimbal servo amplifier, and
sends an IMU cage discrete to the computer. Releasing the switch causes
the cage and coarse-align relays to de-energize. When the coarse-align
relay is de-energized, the stabilization loops are closed. The computer,
upon receiving the IMU cage signal, discontinues sending all of the
following discretes and control signals:

• Error-counter enable tOSS)
• Error-counter enable (ISS)
• Coarse-align enable
• TVC enable
• SPS engine on (CSM only)
• Gyro-command enable (torquing)
• ±X and/or ±Y optics CDU - O/A
• ±X (outer), ±Y (inner), ±Z (middle) IMU COU - O/A
• ±X, ±Y, ±Z gyro select
• Gyro set pulses.

The IMU cage mode should not be used indiscriminately. It is
intended only as an emergency recovery function for a tumbling !MU.
During the IMU cage mode, IMU gimbal rates are sufficient to cause the
gyros to be driven into their rotational and radial stops because of no
COU rate limiting. This action causes both temporary and permanent
(if gyro torquing was in process during cage) bias shifts on the order of
several MERU.

IMU Coarse Align.

The coarse-align mode of operation is mechanized to allow the com­
puter to rapidly align the IMU to a desired position with a limited degree
of accuracy. The computer issues two discretes to the COU in this mode,
coarse-align and error-counter enable.

The coarse-align discrete is routed through the moding module
where it is buffered. One buffered output provides a ground path to the
coarse-align relay energizing the relay. The energized relay opens the
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gyro preamp output, replaces the normal 3Z00-cps demodulator reference
with an aoo-cps reference, and routes the aoo-cps coarse-align output
from the DAG into the gimbal servo amplifier demodulator, thereby
allowing any aoo-cps signal generated within the DAG to drive the gimbal
until the DAG output is zero vrms.

The buffered coarse-align discrete and error-counter-enable dis­
crete are routed from the moding module to the digital mode module for
logical manipulations. The discretes at O-vdc level are accepted by the
error counter and logic module as moding commands enabling the error
counter, and allowing the transfer of69 angles from the read counter to
the error counter, g

After the logic circuitry has been set up to accept commands from
the computer, the GMG will begin transmitting ±66c pulse trains at
3200 pps. These pulses, each equivalent to a change in gimbal angle of
160 arc-seconds, are accumulated in the error counter. The nine stages
of the error counter are used solely to control ladder switches in the
digital-to-analog conve rte r module.

The dec pulse train is routed through a buffer stage in the DAC.
The first Aec pulse arriving at the EC &L logic will determine the direction
the counter is to count, and will also provide a DAG -polarity control to
the DAC. The polarity control provides an in-phase or an out-of-phase
reference to the resistive ladder network through switches selected by
the nine-bit error counter. An aoo-cps analog signal will be generated
at the ladder, the amplitude of which is dependent on the error counter
content and the phase on the polarity of the input command AS .

c

The ladder output is mixed with the coarse- and fine-resolver
errors, after nulling, from the coarse module and the main summing
amplifier module, respectively. These errors are out of phase with the
ladder output and will act as a degenerative feedback providing rate
limiting to the coarse-align loop drive rates.

The aoo-cps mixing amplifier output of the DAC is routed through
the coarse-align relay into the gimbal servo amplifier, causing the gimbal
to drive in the direction commanded by the CMC.

The changing gimbal angles are recognized by the error-detection
circuits in the coarse module and the main summing amplifier. These
detected errors, recognized by the error counter logic circuitry, allow
the cp4 pulse train at 6400 pps to increment the read counter. The incre­
menting read counter will close attenuation switches in the coarse,
quadrant select. the main summing amplifier modules nulling the sine
and cosine voltage inputs from IX and 16X resolver into the error-detect
circuits.
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As the read counter is being incremented, the output of the first
stage is routed through logic in the EC&.L module, through a buffer in the
DAC, and out to the CMG as an increase in gimbal angle of 40 arc­
seconds. The output of the third stage of the counter, at 160 arc-seconds
per pulse, is recognized in the EG&.L logic as an incremental value to be
entered into the error counter in the opposite direction to the commanded
~e. If ~e is positive, the error counter is counted up and the ~eg from
the read counter decrements the counter. For each read counter pulse
into the error counter, the total content will decrease the DAG output
and the rate of drive. When the number of digital feedback pulses equal
the commanded pulse number, the error counter will be empty and the
DAC output should be zero.

The limited read counter incrementing rate, and the fact that the
fine error input to the DAG increases in proportion to e - .y as the drive
rate exceeds the range controlled by the fine system, limits the gimbals
rate of drive to a maximum of 35 degrees per second.

IMU Fine Align.

The fine-align mode of operation allows the computer to accurately
align the IMU to a predetermined gimbal angle within seconds of arc.
The computer does not command any CDU discretes during this mode of
operation; therefore, the read counter circuitry will repeat the changing
gimbal angles exactly as was done in the coarse-align mode. The com­
puter will keep track of the gimbal angle to within 40 arc-seconds.

The commanding signals for the fine-align mode are generated in
the time-shared, fine-align electronics. The computer first issues a
torque-enable discrete which applies 28 vdc and 120 vdc to the binary
current switch and the differential amplifier precision voltage reference
circuit. allowing the circuit to become operative. The circuit switch is
reset to allow a dummy current, which is equal to the torquing current,
to flow. This allows the current to settle to a constant value prior to
its being used for gyro torquing. A gyro is then selected for either plus
or minus torquing. After the preceding discretes have been issued, the
computer then sends set commands or fine-align commands to the set
side of the current switch. The pulse turns on the selected plus or minus
torque current to the gyro, causing the float to move. The resulting
signal generator output causes the platform to be driven through an angle
equal to the commanded angle. The GMG will receive inputs from the
CDU read counter indicating the change in gimbal angle.

The number of torquing pulses sent from the CMG to the torquing
electronics is computed, based on the angle of the gimbal 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
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angle. Each pulse sent is equivalent to 0.615 arc-second of gimbal dis­
placement. The required number of fine-align pulses is computed only
once and is not recomputed based on the gimbal angle after the desired
number of pulses have been sent. The fine-align loop operation is open­
loop as far as the computer is concerned.

The fine-align pulses generated by the CMC are issued in bursts
at a bit rate of 3200 pulses per second. The fine-align electronics will
allow the torquing current to be on in the direction chosen by computer
logic for the duration of the pulse burst.

Attitude Error Display Mode.

The attitude error display mode of the inertial subsystem allows the
computer to display to the operator, in analog fashion, an attitude error.
In this mode of operation, only the CDU error-counter-enable discrete
is generated by the computer. In this mode of operation. the computer
is again informed of the gimbal angle and any changes to it through the
read counter and the analog-to-digital conversion associated with it. The
read counter 2-degree output is routed through logic in the EC&L module
through the DAC bu££er to the CMC.

The computer is then aware of the present attitude of the spacecraft.
The digital autopilot program has a computed desired attitude associated
with the present time and position of the spacecraft. Any difference
between the desired and actual is an attitude error. The attitude error is
converted to .e.9c pulses, each pulse being equivalent to 160 arc-seconds
of error, which are sent to the error counter at a rate of 3200 pps. The
error counter is incremented to contain the number of pulses commanded.
The contents of the error counter are converted to an aoo-cps error Signal
by the DAC. The phase of the DAC output is determined by logic in the
EC&L module, based on whether the input command was a plus or minus
.6.6. The 800 cps with a maximum amplitude of 5 vrms zero or biphase is
displayed on the attitude error needles of the FOAl as an all.Hude error.
The digital feedback from the read counter to the error counter is disabled
during this mode of operation allowing only the CMC -generated .0.9 com­
mands to increment or decrement the error counter.

The spacecraft attitude can also be displayed on the FOAL This
information is taken from the IX gimbal angle resolver sine and cosine
windings. Pitch, yaw, and roll can be displayed from the inner, middle,
and outer gimbals, respectively.

Inertial Reference Mode.

The inertial reference mode of operation is a mode of operation in
which no computer discretes are being issued by the computer to any part
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of the ISS. This mode is used as a means of obtaining an inertial refer­
ence only. This reference is taken from the IX gimbal angle resolver
sine and cosine windings. The reference can be displayed on the FDAl
or used as an input to the attitude set relays of the SCS.

In this mode of operation, the 25 IRIGs hold the stable platform
inertially referenced. The CDU read counter will continuously monitor
the changing gimbal angles because of spacecraft motion and indicate to
the CMC the changing angles. The error counter and the DAC are not
used in this mode of operation.

Zero Optics Mode.

During the zero optics mode, the shaft and trunnion axes of the SXT
are driven to their zero positions by taking the outputs of the transmitting
resolvers (IX and 64X in trunnion and 1/2X and 16X in shaft) and feeding
them through the two-speed (2X) switches to the motor drive amplifier
(MOA). The MOA in turn drives loops to null positions as indicated by
zero output from the resolvers. The SCT shaft and trunnion axes follow
to a zero position. After 15 seconds, the computer will issue a COU
zero discrete, and will initialize the shaft and trunnion counters in prepa­
ration for receiving new data from the COV.

The zero optics !node is selected by the flight crew. Placing the
ZERO switch to ZERO position will energize a relay in the PSA via a
relay driver, which, in turn, will energize the two-speed switch. The
computer is notified of the zero optics mode by a signal from the zero
switch when the change from off to zero position occurs.

Manual Mode Operation.

The manual !node can be selected to operate under either direct
hand control or resolved hand control. Independent control of the SCT
trunnion is possible in both of these !node variations.

2.2.4.10.1 Manual Direct Operation.

When in this mode, the hand controller outputs are applied directly
to the SXT shaft and trunnion motor drive a!nplifiers. Forward and back
!notion of the hand controller CO!nmands increasing and decreasing trun­
nion angles, and right and left m.otion of the hand controller cO!nmands
increasing and decreasing shaft angles, respectively. The target image
motion is in the R-M coordinate system, the position of which is depend­
ent upon the position of the SXT shaft.

The apparent speed of the image motion can be regulated by the
flight crew by selecting either low, medium, or high controller speed on
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the indicator control panel. This regulates the voltage applied to the
motor drive amplifier, As and Ai; therefore, the shaft and trunnion drive
rates. The maximum rates are approximately 20 degrees per second for
the shaft and 10 degrees per second for the trunnion.

2.2.4.10.2 Slave Telescope Modes.

The slave telescope modes provide for alternate operation of the
telescope trunnion while the SXT is being operated manually. The alter­
nate modes are selected by the TELTRUN switch on the mode control
panel. There are three possible selections, SLAVE to SXT, 0°, and
25°. With this switch in the SLAVE to SXT position, the SCT trunnion
axis is slaved to the SXT trunnion; this is the normal operating position
for the SCT. With the switch in the 0° position, the SCT trunnion is
locked in a zero position by the application of a fixed voltage to the SCT
trunnion IX receiving resolver. This will cause this position loop to null
in a zero orientation. Therefore, the centerline of the SCT 60-degree
field-of-view is held parallel to the LLOS of the SXT.

With the switch in the 25 0 position, an external voltage is applied
to the same IX receiving resolver which will cause the SCT trunnion
position loop to null out so that the centerline of the 60-degree field-of­
view is offset 25 degrees <At of SCT at 12.5 degrees) from the LLOS of
the SXT. This position of the seT trunnion will allow the landmark to
remain in the 60-degree field-of-view while still providing a total pos­
sible field-of-view of 110 degrees if the SCT shaft is swept through 360
degrees.

2. Z. 4.10.3 Manual Resolved Operation.

When in this mode, the hand controller outputs are put through a
matrix transformation prior to being directed to the shaft and trl.Onnion
motor drive amplifiers. The matrix transformation makes the image
motion correspond directly to the hand controller motion. This is up,
down, right. and left motions of the hand controller command; the target
image moves up, down, right. and left respectively, in the field of view.
In other words, the image motion is in the X - Y spacecraft coordinate
system. The matrix transformation takes place in two steps. The out­
puts of the hand controller are routed to the IX resolver on the SXT shaft.
Here the drive signals, As and Ab are transformed by the sine and
cosine functions of the shaft angle (As). One of the two outputs of the IX
resolver is sent to the SXT trunnion motor drive amplifier. The second
output is then resolved through the SLOS angle (ALaS) so that the target
image motion will he independent of SLOS angle. This is accomplished
by the cosecant computing amplifier (eSC) and the 2X computing resolver
located on the SXT trunnion axis. The net result is that the shaft drive
rate, A., is inversely proportional to the sine of the SLOS angle. The•speed controller is also operational in this mode.
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2..2.4. 10.4 Optics -Computer Mark Logic.

The MARK and MARK REJECT buttons on the indicator control
panel are utilized to instruct the computer that a navigational fix has taken
place, and that SXT shaft and trunnion position and the time should either
be recorded or rejected. The mark command is generated manually by
the flight crew which energizes the mark relay. The mark relay trans­
mits a mark command to the computer. 1£ an erroneous mark is made,
the mark reject button is depressed; this will generate a "mark reject"
command to the computer.

2..2..4.10.5 Computer Mode Operation.

The computer-controlled operation is selected by placing the moding
switch in computer position. The mechanization of this loop is chosen by
the computer program that has been selected by the flight crew. The
operation of the SXT under computer control is accomplished by com­
pleting the circuit from the CDU digital-to-analog converters (DAG) to
the shaft and trunnion motor drive amplifier. The computer can then
provide inputs to these amplifiers via a digital input to the CDU, which
are converted in the DAC to an BOO-cycle signal that can be used by the
MDA. This mode is used when it is desired to look at a specific star for
which the computer has the corresponding star coordinates. The computer
will also know the attitude of the spacecraft from the position of the lMU
gimbals and will, therefore, be able to calculate the position of the SXT
axes required to acquire the star. The computer can then drive the shaft
and trunnion of the SXT to the desired position via the DAG.

2. 2.. 5 POWER DISTRIBUTION.

The guidance and navigation circuit breakers (panel 5) supply a-c
and d-c power to switches on panels 5 and 100 and directly to the PSA
and GMG. The panelS switch (GIN PWR) supplies ACI or AC2 power
to the PSA (figure 2.2-4) where it is routed to the dimmer power supply.
The output of the dimlner power supply is provided to the following:

• Caution and warning laITlp on LEB panel 122
• Star acquired lam.p on LEB panel 12.2
• TPAC readout on LEB panel 122
• Optics (SCT and SXT) reticles

The panel 100 switches (GIN POWER - IMU and OPTICS) supply the
d-c power to the PSA for power to the ISS, OPTICS and CDU power
supplies. The IMU HTR and COMPUTER circuit breakers supply
power to the ISS telnperature control circuits and the CMC power
supplies.
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Circuit breakers on panel 226 supply a-c power to dimmer controls
on panels 8 and 100 for lighting on the DSKYs and LEB panel Ill. The
circuit breakers (LMDC-ACI and LEB AC2) supply the a-c power to
variable transformers in panels 8 and 100 and to isolation transformers
(figure 2.2-5) for control of intensity of the status and key integral
lamps on the DSKYs and integral lamps on LEB panel 122. The intensity
of the displays on the DSKYs are controlled by rheostats on panels 8
and 100.
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SECTION 2

SUBSECTION 2.3

STABILIZATION AND CONTROL SYSTEM (SCS)
(SC 106 AND SUBS UNLESS OTHERWISE NOTED)

INTRODUCTION.

The stabilization and control subsystem (SCS) provides a capability
for controlling rotation, translation, SPS thrust vector, and displays
necessary for man in the loop control functions.

The ses is divided into three basic subsystems: attitude reference.
attitude control, and thrust vector control. These subsystems contain the
elements which provide selectable functions for display, automatic and
manual attitude control, and thrust vector control. All control functions
are a backup to the primary guidance navigation and control subsystem
(PGNeS). The SCS provides two assemblies for interface with the propul­
sion subsystem; these are common to 5GS and PGNCS for all control
functions. The main display and controls panel contains the switches used
in selecting the desired display and control configurations.

The 5GS interfaces with the following spacecraft subsystems:

• Telecommunications Subsystem-Receives all down-link telemeter­
ing from SCS.

• Electrical Power Subsystem-Provides primary power for ses
operation.

• Environmental Control Subsystem-Transfera heat {ron1 ses
electronics.

• Sequential Events Control Subsystem-Provides abort switching and
separation enabling of 8eS reaction control drivers and receives
manual abort switch closure from the 5CB.

• Orbital Rate Drive Electronics for Apollo and LM-Interfaces with the
pitch axis of the FDAI ball to give a local vertical referenced display.

• Guidance Navigation and Control Subsystem:

Provides roll, pitch, and yaw total attitude and attitude error
inputs for display.

Provides RCS on-off commands to the ses interface assembly for
attitude control.

STABILIZATION AND CONTROL SYSTEM
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Provides TVC servo commands to the SCS interface assembly for
automatic thrust vector control

Provides automatic SPS on-off command to 5GS interface
assembly for t:N control

Receives switch closure signals from the SGS translation and
rotation controls.

• Entry monitor subsystem; the EMS provides SPS enabling/disabling
discretes to the SGS thrust on-off logic for the SPS.

• Propulsion subsystem:

The service propulsion subsystem receives thrust vector direc­
tion commands and thrust on-off commands from the 5GS that
can originate in the PGNGS or the 5GS.

The reaction control subsystem receives thrust on-off commands
from the 5CS that can originate in the PGNGS or the 5GS.

Detailed descriptions of the SCS hardware, attitude reference sub­
system, attitude control subsystem, and thrust vector control subsystem
are contained in the following paragraphs.

GONTROLS, SENSORS, AND DISPLAYS.

As an introduction to the stabilization and control system (SGS) a
brief description is given of the hardware comprising one complete system.
A more detailed discussion follows for the hand controls, displays, and
gyro assemblies. The configurations within the 5GS resulting from panel 1
switch positions are also presented.

SGS Hardware.

The function of the 5GS hardware shown in figure 2.3-1 is as follows:

• Electronic Gontrol Assembly (ECA) - Gontains the circuit elements
required for summing, shaping, and switching of the rate and atti­
tude error signals and manual input signals necessary for stabiliza­
tion and control of the thrust vector and the spacecraft attitude.

• Reaction Jet and Engine ON-OFF Control (RJ/EC) - Contains the
solenoid drivers and logic circuits necessary to control both the ReS
automatic solenoid coils and SPS solenoid control valves.

• Electronic Display Assembly (EDA) - Provides the interface between
the signal sources to be displayed and the FDAIs and CPr. The EDA
also provides signal conditioning for telemetry of display signals.
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• Attitude Set Control Panel (ASCP) - Interfaces with either of the
total attitude sources to enable manual alignment of the SCS total
attitude. Provides an attitude error for display.

• Thrust Vector Servoamplifier (TVSA) - Provides the electrical inter­
face between the command electronics and the gimbal actuator for
positioning the SPS engine.

• Gyro Display Coupler (GDC) - Provides the interface between the
body rate sensors and displays to give an accurate readout of space­
craft attitude relative to a given reference coordinate system.

• Gimbal Position and Fuel Pressure Indicator (GP/FPI) - Provides a
redundant display of the SPS pitch and yaw gimbal angles and a means
of manually trimming the SPS before thrusting. The indicator has
the alternate capability of providing a display of launch vehicle
(S-Il and S-IVB) propellant tank ullage pressures.

• Rotation Controls (RC) (2) - Provides a means of exercising manual
control of spacecraft rotation in either direction about each axis.
Also the RC may be used for manual thrust vector control. It pro­
vides the capability to control spacecraft communications with a
push-to-talk trigger switch.

• Flight Director Attitude Indicator (FDAI) (2 Only) - Provides to the
crew a display of spacecraft attitude. attitude error. and angular
rate information from the PGNCS or SCS.

• Translation Control (TC) - Provides a means of exercising manual
control over rectilinear motion of the spacecraft in both directions
along the three spacecraft axes. It also provides the capability for
manual abort initiation during launch by ccw rotation. Transfer of
SC control from PGNCS to BCS is accomplished by cw rotation.

• Gyro Assemblies (GA) (2) - Each gyro assembly contains three body­
mounted attitude gyros (BMAG) together with the electronics neces­
sary to provide output signals proportional to either angular rate or
to angular displacement.

Controls and Displays.

The SeB controls and displays consist of the following assemblies;

• Rotation control (RC) - 2 units
• Translation control (TC)
• Attitude set control panel (ASCP)
• Gimbal position and fuel pressure indicator (GP/FPI)
• Flight director attitude indicator (FDAI) - 2 assemblies
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Rotation Control.

Two identical rotation controls (RCs) are provided. The controls
are connected in parallel so that they operate in a redundant fashion with-
out switching. Pitch commands are commanded about a palm-centered II
axis, yaw commands about the grip longitudinal axis, while roll commands
result from a left-right motion (figure 2.3-2). Within the RC there are
three command sources per axis:

a. Breakout Switches (=BO) - A switch closure occurs whenever the
RC is moved 1. 5 degrees from its null position. Separate switches are
provided in each axis and for each direction of rotation. These six break­
out switches are used to provide: command signals to the command
module computer (CMCl, 5GS minimum impulses, acceleration commands,
BMAG cage signals, and proportional rate command enabling.

b. Transducers ~ Transducers produce a-c signals proportional to
the rotation control displacement from the null position. These signals
are used to command spacecraft rotation rates during 5CS proportional
rate control and to command SPS engine gimbal position during manual
thrust vector control (MTVC). One, two, or all three transducers can be
used simultaneously, generating corresponding command signals.

c. Direct Switches - Redundant direct switches will close whenever
the control is moved a nominal 11 degrees from its null position (hard­
stops limit control movement to 2:11.5 degrees from null in all axes).
Separate switches are provided in each axis and for each direction of rota­
tion. Direct switch closure will produce acceleration commands through
the RCS direct solenoids.

The rotation control is provided with a tapered female dovetail on
each end of the housing. This dovetail mates with mounting brackets on
the couch armrests. When attached to the armrests, the input axes are I
approximately parallel with spacecraft body axes. Figure 2.3-12 illus­
trates control motions about its axis and the resulting commands to the
RCS. PGNCS, or 5C5. A trigger-type push-to-talk switch is also
located in the control grip. Redundant locking devices are provided on
each control.

Translation Control.

The translation control provides a means of accelerating along one
or more of the spacecraft axes. The control is mounted with its axes
approximately parallel to those of the spacecraft., The spacecraft will
accelerate along the X -axis with a push~pull motion, along the Y -axis by
a left-right motion, and along the Z~axis by an up-down command
(figure 2.3-3). Redundant switches close for each direction of control
displacement. These switches supply discrete commands to the CMC and
the RJ IEC. A mechanical lock is provided to inhibit these commands. In
addition the T-handle may be rotated about the longitudinal axis:

a. The redundant clockwise (CW) switches will transfer spacecraft
control from CMC to 5GS. It may also transfer control between certain
submodes within the 5CS.
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b. The redundant counterclockwise (CCW) switches provide for a
manual abort initiation during the launch phase. A discrete signal from
switch closure is fed to the master events sequence controller (MESC)
which initiates other abort functions.

Neither the CW or CCW functions are inhibited by the locking switch
on the front of the controller. The T-handle will remain in the CW or
CCW detent position without being held. once it is rotated past approxi­
mately plus or minus 12 degrees.

Attitude Set Control Panel (ASCP).

The ASCP (figure 2.3-4) provides, through thumbwheels, a means of
positioning differential resolvers for each of the three axes. The resolvers
are mechanically linked with indicators to provide a readout of the dialed
angles. The input signals to these attitude set resolvers are from either
the IMU or the GDC. The inertial (Euler) attitude error output signals are
sine functions of the difference angles between the desired attitude, set by
the thumbwheels, and'the input attitude from the GDC or IMU, The GDC
Euler output can be used to either align the GDC or to provide fly-to
indications on the FOAl attitude error needles.

Characteristics of the counters are:
a. Indicates resolver angles in degrees from electrical zero, and

allows continuous rotation from 000 through 359 to 000 without reversing
the direction of rotation.

b. Graduation marks every O. 2 degree on the units digit.
c. Pitch and roll are marked continuously between 0 and 359.8

degrees. Yaw is marked continuously from 0 to 90 degrees and from
270 to 359.8 degrees.

d. Readings increase for an upward rotation of the thumbwheels. One
revolution of the thumbwheel produces a 20-degree change in the resolver
angle and a corresponding 20-degree change in the counter reading.

The counter readouts are floodlighted and the nomenclature (ROLL,
PITCH, and YAW) is backlighted by electroluminescent lighting.

Gimbal Position and Fuel Pressure Indicator (GP/FPI).

The GP/FPI (figure 2.3-5) contains redundant indicators for both the
pitch and yaw channels. During the boost phases, the indicators display
S-Il and S-IVB propellant tank ullage pressures. S-Il fuel pressure (or
S-IVB oxidizer pressure depending on the launch vehicle configuration) is
on the redundant pitch indicators while S-IVB fuel pressure is on the two
yaw indicators. The gimbal position indicator consists of two dual servo­
metric meter movements, mounted within a common hermetically sealed
case. Scale illumination uses electroluminescent lighting panels.
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For an SCS delta V mode, manual SPS engine gimbal trim capability
is provided. Desired gimbal trim angles are set in with the pitch and yaw
trim thumbwheels. The indicator displays SPS engine position relative to
actuator null and not body axes. The range of the engine pitch and yaw
gimbal displays are ±-4. 5 degrees. This range is graduated with marks at
each 0.5 degree and reference numeral at each 2-degree division. The
range of the fuel pressure scale is 0 to 50 psi with graduations at each
5-psi division, and reference numerals at each 10-psi division. A func­
tional description of the GPI display circuitry which shows the redundancy
is in paragraph 2.3.5.3.

Flight Director Attitude Indicator (FOAL).

The FOAls provide displays to the crew of angular velocity (rate),
attitude error, and total attitude (figure 2.3-6). The body rate (roll, yaw,
or pitch) displayed on either or both FDAls is derived from the B.M.AGs in
either gyro assembly 1 or 2. Positive angular rates are indicated by a
downward displacement of the pitch rate needle and by leftward displace­
ment of the yaw and roll rate needles. The angular rate displacements
are "fly-to" indications as related to rotation control direction of motion
required to reduce the indicated rates to zero. The angular rate scales
are marked with graduations at null and ±-full range, and at ±-1/5, ±-2/5,
±-3/5, and ±-4/5 of full range. Full-scale deflection ranges are obtained
with the FOAl SCALE switch and are:

• Pitch rate; ±-l deg per sec, ±-5 deg per sec, ±-10 deg per sec
• Yaw rate; ±-l deg per sec, ±-5 deg per sec, ±-10 deg per sec
• Roll rate: ±-1 deg per sec, ±-5 deg per sec, ±50 deg per sec

Servometric meter movements are used for the three rate indicator
needles.

The FDAI attitude error needles indicate the difference between the
actual and desired spacecraft attitude. The attitude error signal can be
derived from several sources; The uncaged B:tv1AGs from GA-l, the CDUs
(pGNeS), or the ASCP-GDC/IMU (figure 2.3-1(1). Positive attitude error
is indicated by a downward displacement of the pitch error needle, and by
a leftward displacement of the yaw and roll error needles. The attitude
error needle displacements are "fly-to" indications as related to rotation
control direction of motion, required to reduce the error to zero. The
ranges of the error needles are ±-5 degrees or ±-SO degrees for full-scale
roll error, and ±-5 degrees or ±-15 degrees for pitch and yaw error. The
error scale factors are selected by the FOAl SCALE switch that also
establishes the rate scales. The pitch and yaw attitude error scales con­
tain graduation marks at null and ±-full scale, and at ±-1/3 and ±-Z/3 of full
scale. The roll attitude scale contains marks at null, ±-1/2, and ±-full
scale. The attitude error indicators utilize servometric meter movements.

STABILIZATION AND CONTROL SYSTEM
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Spacecraft orientation, with respect to a selected inertial reference
frame, is also displayed on the FOAl ball. This display contains three
servo control loops that are used to rotate the ball about three independent
axes. These axes correspond to inertial pitch, yaw, and roll. The control
loops can accept inputs from either the IMU gimbal resolvers or the ODe
resolvers. Selecting the source is covered in paragraph 2.3. Z. 3.

The control loops are proportional, servos; therefore, the angles of
rotation of the ball must correspond to the resolver angles of the source.
The FOAl, illustrated in figure Z.3-6, has the following markings:

a. Pitch attitude is represented on the ball by great semicircles. The
semicircle (as interpolated), displayed under the FOAl inverted wing
symbol, is the inertial pitch at the time of readout. The two semicircles
that make up a great circle correspond to pitch attitudes of 9 and 9+180
degrees.

b. Yaw attitude is represented by minor circles. The display readout
is similar to the pitch readout. Yaw attitude circles are restricted to the
intervals - 270 to 360 degrees (OG) and 0 (360 G) to 90 degrees.

c. Roll attitude is the angle between the wing symbol and the pitch
attitude circle. The roll attitude is more accurately displayed on a scale
attached to the FOAl mounting, under a pointer attached to the roll (ball)
axis.

d. The last digits of the circle markings are omitted. Thus, for
example, 3 corresponds to 30, and 33 corresponds to 330.

e. The ball is symmetrically Inarked (increlnent wise) about the
O-degree yaw and O/lSO-degree pitch circles. The following cOlnlnents
provide clarification for areas of the ball not shown in figure 2.3-6.

1. Marks at I-degree increments are provided along the entire
yaw O-degree circle.

2. The pitch 180-degree semicircles has the same marking incre­
Inents as the O-degree semicircle.

3. Numerals along the 300- and 60-degree yaw circles are spaced
60-pitch degrees apart. Note that numerals along the 30-degree yaw
circle are spaced 30-pitch degrees apart.
f. The red areas of the ball, indicating gimbal lock, are defined by

270 < yaw < 285 degrees and 75 < yaw < 90 degrees.

Functional Switching Concept.

The Block II SCS utilizes functional switching concepts as opposed to
"mode select" switching mechanized in the Block I systeln.

Functional switching requires manual switching of numerous inde­
pendent panel switches in order to configure the SCS for various mission
functions (e. g., midcourse, AVs, entry, etc.). Mode switching would, for
example, employ one switch labeled "midcourse" to automatically accom­
plish all the necessary system gain changes, etc., for that mission phase.
Thus mode selection simplifies the crew tasks involved, but limits system
flexibility between various mode configurations.

STABlLlZATlON AND CONTROL SYSTEM
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Function select switching, on the other hand, requires more crew
tasks, but offers flexibility to select various gains, display scale factors,
etc., as independent system capabilities. Function select switching also
allows flexibility to "switch out" part of a failed signal path without
affecting the total signal source (e. g., SCS in control of the vehicle with
GN displays still presented to the crew).

Display Switching Interfaces.

The !"UAI switches determine the source of display data, the FDAI
selected, and the full-scale deflections of the attitude error and rate
needles. The source of rate information for display will always be from
BMAG 2 unless BMAG I is put into a backup rate configuration. Other
switches also modify the data displayed and these will be pointed out as
they are discussed. Both FDAls are also assumed to be properly ener­
gized from the power switching panel.

Spacecraft Control Switching Interfaces.

There are two sources of vehicle controls selectable from the SC
main display console: SCS or CMC. CMC is the primary method of con­
trol and the SCS provides backup control. The vehicle attitude control is
obtained from the reaction control engines and the thrust vector control
from the service propulsion engine.

ATTITUDE REFERENCE SUBSYSTEM. (Figure 2.3-7)

Gyro Display Coupler (GDC).

The purpose of the GDC is to provide a backup attitude reference
system for accurately displaying the spacecraft position relative to a given
set of reference axes. Spacecraft attitude errors can be displayed on an
FDA! using the ASCP-GDC difference. This error signal provides a means
of aligning the attitude l"efel"ence system to a fixed refel"ence whilo moni­
toring the alignment process on the error needles; or it could be used in
conjunction with manual maneuvering of the spacecraft with the error
needles representing fly-to-commands.

The GOG can be configured for the following configurations;

• GDC align - Provides a means of aligning the GDG to a given
reference.

• Euler - Computes total inertial attitude from body rate signal inputs.

• Non-Euler - Converts analog body rate signals to digital body rate
pulses.

• Entry (.05 G) - Provides redundant outputs of attitude changes with
respect to the roll stability axis.
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Figure Z.3-7. SGS Attitude Reference Overview (Sheet 1 of Z)
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2.3.3.2 GOC Configurations.

I

Panel switch positions necessary to obtain each particular GDC
function are discussed below.

a. The GDC align mode is used when aligning thf:: GOG Euler angles
(shafts) to the desired inertial reference selected by the ASCP thumb­
wheels (resolvers). This is done by interfacing the GDC resolvers with
the ASCP resolvers (per axis) to generate error signals which are pro­
portional to the sine of the difference between the resolver angles. (See
figure 2.3-8.) When the GDC ALIGN switch is pressed, these error
signals are fed back to the GDC input to drive the GDC/ASCP resolver
angular difference to zero. During the align operation all other inputs and
functions for the GOG are inhibited. When the EMS ROLL switch is up and
the GDC ALIGN switch is pressed, the RSI pointer rotates (open loop) in
response to yaw ASCP thumbwheel rotations.
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b. In the Euler configuration, the GOC accepts pitch, yaw, and roll
d-c body rate signals from either gyro assembly and transforms them to
Euler angles to be displayed on either FOAl ball. The GDC Euler angles
also interface with the attitude set control panel (ASCP) to provide Euler
angular errors, which are transformed to body angular errors for display
on either FOAl attitude error fhdicators.

c. With the CMC ATT switch in the GDC position, pitch, yaw, and roll
d-c body rate signals from either gyro assembly are converted to digital
body rate signals and sent to the G&N command module computer. Power
is not only removed from both FOAl ball-drive circuits when this configu­
ration is selected, but ASCP-generated errors are also removed.

d. In the entry mode (2:.05 Gl, the GDC accepts yaw and roll d-c rate
signals from;

1. Either gyro assembly, and computes roll attitude with respect
to the stability axis to drive the RSI on the entry monitor system.

2. Gyro assembly 1, and computes roll attitude with respect to
the stability axis to drive either FOAl 1 or FOAl 2 in roll only.

FOAL Display Sources.

The two FOAls display total attitude and attitude errors that may
originate within the SCS or PGNCS. They also display angular rate from
the SCS. The night crew establishes the FOAl sources by panel switch
selection. (See figures 2.3-9 and 2. 3-10. )

Total Attitude and Error Display Sources.

The total attitude and attitude error display selections result from
combinations of panel switch positions (figure 2.3-8). When both FOAls
are selected, the platform gimbal angles will always be displayed on
FOAl I while GDC Euler angles will be displayed on FOAl 2. In order to
select the source of attitude display to a particular FOAL, that FOAl and
source (G&N or SCS) must be selected (figure 2.3-10). The other FOAl
will be inactive. It should be noted that any time total attitude is to be
displayed on either FOAL, the CMC ATT switch must be in the IMU
position.

The FOAl attitude display may be modified by a NASA-supplied
Orbital Rate Display-Earth and Lunar (ORDEAL) unit. The ORDEAL unit
is inserted electrically in the pitch channel between the electronic display
assembly and FOAl to provide a local vertical display in the pitch axis of
either (or both) FOAls. Controls on the unit permit selection of earth or
lunar orbits and orbital altitude adjustment.

The FOAl attitude error display source can be either the SCS or the
G&N, with two sources per system. The attitude error sources are as
follows;

a. The BMAG I error display is an indication of gimbal precession
about its null point, assuming the gyro is uncaged, and may only be
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Figure Z.3-9. FOAl Rate Select Logic

displayed when the SOURCE switch is in the GOG position or when the
FOAl SELECT switch is in the lIZ position.

b. Euler angles from the GOG interface with the ASCP to provide an
Euler angle error (GDC-attitude set difference signal) which is then trans­
formed to body angle errors for display on either FOAL This display
source facilitates manual maneuvering of the spacecraft to a new inertial
attitude that was dialed in on the attitude set thumbwheels.

c. Inertial gimbal angles from the lMU interface with the ASCP to
generate inertial error (lMU -attitude set difference signal) which may be
displayed on either FOAL Thus, if the error needles were nulled using
the thumbwheels on the ASCP. the ASCP indicators would then indicate the
same inertial reference as the platform.

d. The CMC generates attitude errors that are a function of the pro­
gram. These will be displayed when the SOURCE switch is in the CMC
position, or when the FOAl SELECT switch is in the 1/2 position.
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The rate display sources (figures 2.3-9 and 2. 3-10) will always be
from either of the two gyro assemblies on a per-axis basis. The normal
source for rate display will be the BMAG 2 gyros, and is selected by having
the BMAG MODE switches in the ATT l/RATE 2 or the RATE 2 position.
The backup source is selected when the BMAG MODE switch is in the
RATE I position. This will rate cage the BMAG I gyros and switch their
outputs to the FOAl rate needles. When the ENTRY -.05 G switch is placed
up, the roll rate gyro output is modified by the tangent 21 degrees and
summed with the yaw rate. This summation results in a cancellation of the
yaw rate sensed due to the CM rolling about the stability axis. Since this is
a summation of a-c rate signals and since the gyro assemblies are supplied
from separate a~c buses, selecting backup rate (BMAG I) in yaw will auto­
matically select the backup rate gyro (BMAG 1) in roll and vice versa.
This prevents any phase difference from the two buses from affecting the
summation of the two rate signals.

ATTITUDE CONTROL SUBSYSTEM (ACS).

Introduction.

The 5CS hardware used in controlling the spacecraft attitude and
translation maneuvers include the gyro assemblies. rotation and transla­
tion controls, and two electronic assemblies. The electronic control
assembly (ECA) provides commands as a function of both gyro and manual
control (RC and TC) inputs to fire the ReS via the reaction jet/engine
control assembly (RJEC). Alternate spacecraft attitude control configura­
tions provide several means of both manually and automatically controlling
angular rates and displacements about spacecraft axes. Accelerations
along spacecraft axes are pro\'ided via the TC. The crew uses this control
for both docking and delta V maneuvers.

Hardware Function (ACS).

While a description of each 5CB component was given in para­
graph 2.3.2. I, this description considers those functions and interfaces
used in the ACS.

Gyro Assembly ~ 1 (GA-I).

GA-I contains three BMAGs that can provide pitch, yaw, and roll
attitude error signals. These error signals are used when BCB automatic
attitude hold is desired. The signals interface with the electronics control
assembly (ECA). The BMAGs can be rate caged independently by control
panel switching to provide backup rate information, or held in standby.
The GA-I BMACs can be uncaged independently (by axis) during 5eS atti­
tude hold if the MANUAL ATTITUDE switch is in RATE CMD. the Bl\.iAG
MODE switch in ATT I RATE 2. the ENTRY. 05 G switch is OFF and no
RC breakout switch is closed (figure 2.3-11).
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Figure 2.3-11. Bl\I1.AG Logic and Outputs

Gyro Assembly - 2: (GA-2).

GA-2 contains three BMAGs that are always rate caged. These
BMAGs norm.ally provide pitch, yaw, and roll rate damping for SCS auto­
matic control configuration and proportional rate m.aneuvering. The rate
signals interface with the ECA. When backup rate by axis is selected
(RA TE 1), the GA-2 signal(sl is not used.

Rotational Controllers (RC-l and RC-2).

The RCs provides the capability of controlling the spacecraft attitude
simultaneously in three axes. Either controller provides the functions
listed belo:N for each axis (pitch, yaw, roll) and for each direction of
rotation (plus or minus).
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Within the RC are
twelve direct switches.

six breakout switches,
(See figure 2.3-12.)

three transducers, and

2.3.4.2.4

Breakout Switches. A breakout switch, closed at a nominal 1. 5­
degree RC deflection, routes a 28-vdc logic signal to both the PGNCS and
the SCS for attitude control inputs as follows;

a. Rotation Command to CMC. If the spacecraft is under CMC con­
trol, the signal commands rotations through the CMC input to the RJ/EC.

b. Acceleration Command. The signal is sent to the RJ/EC and
commands rotational acc.eleration whether in CMC or SCS control.

c. Minimum Impulse Command. If the spacecraft is under SCS con­
trol, the logic signal goes to the ECA which provides a single minimum
impulse command to the RJ/EC each time that a breakout switch is closed.

d. Proportional Rate Enable. The logic signal is used in the ECA to
enable the manual proportional rate capability and to rate cage the B:MAGs
in GA-1.

Transducer. The transducer is used for proportional rate maneu­
vers. It provides a signal to the ECA that is proportional to the stick
deflection. The signal is summed in the ECA with the rate B:MAG signal
in such a way that the final spacecraft rate is proportional to the stick
(RC) deflection.

Direct Switches. At 11 degrees of controller deflection a direct
switch closes. If direct power is enabled, the direct switches route 28vdc
to the direct coils on the appropriate RCS engines and disable the auto coil
solenoid drivers in that axis (or axes).

Translation Controller.

The translation controller provides the capability of manually com­
manding simultaneous accelerations along the spacecraft X-, Y -. and
Z-axes. (See figure 2.3-13. l It is also used to initiate several transfer
commands. These functions are described below.

Translation Commands.

a. CMC Control. If the spacecraft is under CMC control, a transla­
tion command results in a logic signal (28 vdcl being sent to the CMC.
The CMC would provide a translation command to the RJ / EC.

b. SCS Control. If the spacecraft is under SCS control, the transla­
tion command is sent to the RJ/EC.

Clockwise Switches (CW). A clockwise rotation of the T-handle will
disable CMC inputs to the RJ/EC. A logic signal (CW) is sent to the CMC
when the T-handle is at null.

STABILIZA TION AND CONTROL SYSTEM
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Figure 2.3-13. Translation Control Interfaces

I
Counterclockwise Switch (CC W). A counterclockwise rotation of the

T-handle, during launch, will close switches which route 28 vdc (battery)
power) to the MESC. The MESG, in turn, may enable the RCS auto coil
solenoid drivers in the RJ/EC.

2.3.4.2.5 Electronics Control Assembly (ECA).

The ECA contains the electronics used for SC$ automatic attitude
hold, proportional rate, and minimum impulse capabilities. It also con­
tains the attitude BMAG(s) uncage logic. It receives control inputs from
the gyro assemblies and the rotational controller-transducers and breakout
switches (MIN IMP). The ECA provides rotational control commands to
the RCS logic in the RJ/EC.

2.3.4.2.6 Reaction Jet Engine Control (RJ/EG).

The RJ/EC contains the auto RCS logic and the solenoid drivers (16)
that provide commands to the RCS automatic coils. The auto RGS logic
receives control signals from the CMC, EGA, RG, and TG. The RCS
solenoid drivers receive enabling logic power from the AUTO RCS SELECT
switches on MDC-B. The MESC supplies the 28 vdc to the AUTO RCS
SELECT switches (figure 2.3-15).

STABILIZATION AND CONTROL SYSTEM

Mission Basic Date 15 April 1969 Change Date 15 Oct 1969 Page__--'Z~.~3~-_Z~4'-



Z. 3. 4. 3

Z.3.4.3.1

2.3.4.3.2

SMZA-03-BLOCK Il-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

Reaction Control Subsystem Interface.

General.

The RCS provides the rotation control torques and translation thrusts
for all ACS functions. Prior to CM/SM separation. the SM RCS engines
are used for attitude control. The CM RCS is used after separation for
control during entry (figures Z. 3-14 and 2. 3.l5). The eM has only lZ RCS
engines and does not have translational capability via the TC. After
CM/SM separation. the A/e ROLL AUTO RCS SELECT switches have no
function. as the 12 CM engines need only 12 AUTO RCS SELECT switches
(figure Z.3-15).

An RCS engine is fired by applying excitation to a pair (fuel and
oxidizer) of solenoid coils; the pair will be referred to in the singular as
a solenoid coil. Each engine has two solenoid coils. One coil is referred
to as the automatic coil, the other as the direct coil. Only the automatic
coils receive commands from the RJ/EC. The direct commands are routed
directly from the RC direct switches (or other switches). The automatic
and direct commands are discussed in the following paragraphs.

Automatic Coil Commands.

Power. The automatic (auto) coils are supplied 28-vdc power via
one set of contacts of the AUTO RCS SELECT switches (figure 2.3-15).
The solenoid is operated by switching a ground to the coil through the
appropriate solenoid driver in the RJ/EC. The auto coil power is obtained
{rom the STABILIZATION/CONTROL SYSTEM A/C ROLL. BID ROLL,
PITCH and YA W circuit breakers on panel 8. The 28 vdc lines to the auto
coils on SM engines (jets) except AI, AZ. C I. and Cz are switched at
CM/SM transfer to CM coils. The wires from the A/C ROLL AUTO RCS
SELECT switches to SM engines AI' AZ' Cl' and Cz are open-ended after
transfer. These switches have no {unction {or the CM configuration.
Enabling power {or the RCS solenoid drivers is supplied to the second set
of contacts o{ the AUTO RCS SELECT switches through the MESC (A and
B) from the SCS CONTR/AUTO MNA and MNB circuit breakers (MDC-8).

The CM jets are supplied {rom two separate propellant system~,

I and Z. The jets are designated by the propellant system. Each propel­
lant system supplies half the CM jets, distributed such that one jet for
each direction (plus and minus) and for each axis (pitch. yaw, and roll) is
supplied from the 1 system and the other {rom the Z system. When the
RCS TRNFR switch is placed from SM to CM. motor switch contacts trans­
fer auto coil power from 8M engines to CM engines. Each motor switch
contact transfers six engines.

Auto RCS Logic. ComlTl&nds to the RCS engines are initiated by
switching a ground. through the solenoid driver, to the low voltage side of
the auto coils. The solenoid drivers receive commands from the auto RCS

STADILlZATION AND CONTROL SYSTEM
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logic circuitry contained in the RJ /EC. The auto RCS logic performs two
functions:

a. Enables the command source selected based on logic signals
received {rom the control panel or manual controls.

b. Commands those solenoid drivers necessary to perform the desired
maneuver.

The logic receives ReS commands from the following sources:

• GMC (provides rotational and translational commands).

II
• EGA (provides rotational commands for either automatic attitude hold. I

proportional rate, or minimum impulse control).

• RG-I and/or RC-Z (breakout switches [BO] provide continuous
rotational acceleration).

• TC (provides translational acceleration commands).

The auto RCS logic (figure 2.3-16) is represented by {our modules:
one module each for pitch and yaw and two for roll (B / D and A /e). The
solenoid drivers (four) associated with each module (shown as numbered
triangles) correspond to the RCS engine solenoid drivers. The command
sources (listed above) are shown as separate inputs to the modules, while
enable/disable logic is represented as a single line to each module.

A detailed functional drawing of the pitch auto RCS logic shows how
the command priorities are mechanized in the RJ/EC. (See figure Z. 3-17.)

The ACS provides the following commands, listed in order of
descending priority:

Direct Coil Commands. At the initiation of direct coil command",
all command input channels to the auto RCS logic module(s) in that axis
(axes) are inhibited. Pitch and yaw auto commands are inhibited during
SPS thrusting (IGN 1). This prevents auto coil commands from firing the
RCS during SPS thrusting.

ACCEL CMD Selection. If a MANUAL ATTITUDE switch(es) is
placed in the ACCEL CMD position, the CMC and ECA inputs to the auto
RCS logic module(s) in that axis (axes) are inhibited. Commands to fire
auto coils are enabled from the RC breakout switches. (See bottom "and"
gates in figure Z. 3-17.)

MIN IMP Selection. The ECA inputs to the auto ReS logic modules
(figure Z. 3-14) provide both the minimum impulse commands, as well as
automatic attitude hold, a·utomatic rate damping, and proportional rate
command. When MIN IMP is selected on a !Y1ANUAL ATTITUDE switch,
the ECA is configured to accept RC breakout commands and supply output
pulses. All other outputs of the ECA are inhibited in the ECA.
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Direct Coil Commands.

The ReS engines can be operated by applying 28 vdc to the direct
coils, as the other side of the direct coils is hard wired to ground. The
coils receive commands from the sources described in the following para­
graphs (shown in figure 2,3-18).

Direct Rotational Control. The direct switches in the rotation con­
trollers (RCs) are enabled when the ROT CONTR PWR-DlRECT I & 2
switches on MDe -1 are up or down. The ReS commands are initiated
when the RC is deflected a nominal 11 degrees about one or more of its
axes. At this displacement a switch (direct) closure occurs, routing
28 vclc to the appropriate direct coils and to the auto ReS logic (para­
graph 2.3.4.3.2). The signal to the auto RCS logic disables the solenoid
drivers in the channel(s) under direct control.

Direct Ullage. An ullage is performed prior to an SPS thrust
maneuver. Direct ullage is a backup to TC +X translation. Pressing the
DIRECT ULLAGE pushbutton routes 28 vdc to the SM direct coils on the
pitch and yaw RCS engines used for +X translations. (See table on fig­
ure 2.3-14.) A signal (28 vdc) is sent to the auto RCS logic that disables
the pitch and yaw solenoid drivers. The ullage signal is also sent to the
SPS ignition logic in the RJ /EG. (Refer to paragraph 2.3.5.5.)

Separation Ullage. The SEGS (MESG l can command an ullage to
enable separation of the GSM spacecraft from the S-IVB adapter. The
ullage uses the same RGS engines as the direct ullage command and dis­
ables the pitch and yaw solenoid drivers. The enabling logic for this
function is shown in figure 2.3-18.

SM/CM Separation. The SM JETTISON GONTROLLER sends com­
mands to SM direct coils for -X translation and +roll rotation.

GM PROPELLANT JETT-DUMP Control. This function is used
after the RCS capability is no longer required. Actuation of the CM
PROPELLANT DUMP switches will provide commands to the direct coils
on all CM engines, except 13 and 23.

At GM-SM separation the lines from the RG direct switches are
transferred from SM direct coils to eM direct coils. This is similar to
the automatic coil transfer described in paragraph 2.3.4.3.2, except that
either of the two transfer motors transfers power to all CM direct coils.
The lines for direct or separation ullage (steps band cl , are open ended
at CM-SM separation.
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Attitude Configurations.

General.

The 8GS hardware can be placed in various configurations for atti­
tude control. These configurations, described briefly in the preceding
paragraphs. are categorized as automatic and manual configurations. The
automatic control capabilities are described in paragraph Z. 3.4.4.2 and
the manual capabilities in paragraph 2.3.4.4.3.

Automatic Control.

The automatic capabilities of the ACS are rate damping and attitude
hold. The rate damping configuration provides the capability of reducing
large spacecraft rates to within small limits (rate deadband) and holding
the rate within these limits. The attitude hold configuration provides the
capability of keeping angular deviations about the body axes to within cer­
tain limits (attitude deadband). If attitude hold is selected in pitch, yaw,
and roll, the control can be defined as maintaining a fixed inertial refer­
ence. The rate damping function is used together with the attitude hold
configuration; therefore, the description of the rate control loop is
included in the following attitude hold discussion.

Attitude hold uses the control signals provided by the rate and atti­
tude BMAGs which are summed in the ECA. (See figure 2.3-19.) The
control loops are summed at the input to a switching amplifier which pro­
vides the on-off engine commands to the auto RCS logic. Each of the three
switching amplifiers (pitch, yaw, and roll) has two outputs that provide
clockwise and counterclockwise rotation commands. The polarity of the
d-c input voltages to the switching amplifiers determines the commanded
direction of rotation.

If the switching amplifier input signal is smaller than a specific
value, neither output is obtained. This input threshold required to obtain
an output is the switching amplifier deadband. Manually-selectable gain
authority provides flexibility in the selection of the attitude hold deadband
width, the rate daITlping sensitivity and proportional rate cOITlITland
authority. The RATE switch controls both the rate damping threshold
and the proportional rate command authority, which is discussed in para­
graphs to follow. Since the attitude hold configuration utilizes the attitude
and rate loops, the switching amplifiers will switch on when the summa­
tion of attitude error and rate signals equals the voltage deadband. Atti­
tude error signals are scaled (20:1) as a function of the RATE switch.
In addition, a deadband limiter circuit may be switched into the attitude
error loops. This is accomplished by having the ATT DEADBAND switch
in MAX, which, in effect, blocks the first four degrees of attitude error.
The rate and attitude error deadbands are sUITlmarized in the following
table.
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The commands listed are initiated by manual inputs to either rotation con­
troller. With the exception of direct, the RC commands rotations through
the RCS auto coils.

The manual rotation control capabilities are discussed further in the
following paragraphs.

Proportional Rate. Proportional rate provides the capability to
command spacecraft rates that are proportional to the RC deflection. The
RC transducer output is summed (by axis) through the breakout switch
logic path (figure 2.3-19) with the rate signal from the BMAG. Initially,
the RC output (commanded rate) will be largeT than the BMAG output
(actual rate) so that the summed signals will be greater than the switching
amplifier threshold. The RCS engines will fire until the summation of the
rate and commanded rates are within the switching amplifier deadband.
When the RCS engines stop firing, the spacecraft will continue to rotate
at a constant rate until a new rate is commanded.

Since the MANUAL ATTITUDE switch must be in RATE CMD for
proportional rate, the spacecraft will be under automatic control when the
RC is released.

II

The rate commanded by a constant stick deflection is a function of
the ratio of the control loop gains. The ratio has two possible values
which are selected by the RATE switch. The nominal rate commanded at
maximum stick deflection (soft stop), for both rate switch positions, are I
shown in the following list.

Maximum Prop. Rate CMD
(By Axis)

RATE Switch
Position

LOW
HIGH

Pitch & Yaw

0.7 degl sec
7 degl sec

Roll

0.7 degl sec
20 degl sec

The switching chart shows the LIMIT CYCLE switch in the OFF
position. Performing a proportional rate maneuver with pseudo-ratc
enabled (switch-on), required more RCS fuel than the same maneuvel'
without pseudo-rate feedback.

Minimum Impulse. Minimum impulse provides the capability of
making small changes in the spacecraft rate. When minimum impulse is
enabled, the switching amplifier output is inhibited. Thus, the spacecraft
(attitude) is in free drift in the axis where minimum impulse is enabled,
if direct control is not being used.
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Minimum impulse control is commanded by the RC breakout switch.
This switch provides a 28-vdc logic signal to the one -shot circuit in the
ECA. The one shot (paragraph 2.3.4.4.2) provides a command to the auto
RCS logic for a nominal 15 ms. Additional minimum impulse commands
are obtained each time a breakout switch is closed (by repeated opening
and closing of the breakout switch).

Acceleration Command. When acceleration command is enabled and
a breakout switch is closed, continuo':ls commands are sent to the appro­
priate RCS auto coils. The SC CONT switch has no function in enabling the
acceleration command capability, which is second in priority only to direct
coil operations. (Refer to paragraph 2.3.4.3.2.)

Direct. Direct control is similar to acceleration command except
that the direct RCS coils are used. Also, instead of a breakout switch
prOViding the firing command, the RC direct switch is used to provide
28 vdc straight to the direct coils (figure 2.3-19). Power to the RC direct
switches is controlled by the two ROT CONTR PWR DIRECT switches on
MDC-I, one switch controlling the 28 vdc for each RC. (See figure 2.3-26.)
During direct control in an axis, all auto coil commands in that axis are
inhibited in the auto RCS logic (figure 2.3-17).

Translation Control.

When power is supplied to the translation control (TC), a manual
translational command fires auto coils to give acceleration(s) along an
axis (or axes). The TRANS CONTR PWR switch on MDC-l supplies 28vdc
to the TC translational switches (figure 2.3-26).

TC inputs are routed as logic inputs to the auto RCS logic when the
spacecraft is under SCS control. However, during CMC control, TC
commands arrive at the auto RCS logic via the CMC. (See figure 2.3-17.)
Since the TC uses only SM RCS engines, after eM/SM separation the TC
has no translation function.

II

2.3.5

2.3.5.1

Other translational control is possible from inputs other than the TC.
These are direct ullage, CSM/LV separation ullage, and CM/SM minus -X I
translation (SM lETT CONTI. These translation commands utilize direct
coils. (See figure 2.3-18.)

Certain panel switch combinations are necessary for each ACS capa­
bility that has been discussed. For a summary, see figure 2.3-20.

THRUST VECTOR CONTROL (TVC).

Introduction,

The spacecraft attitude is controlled during a delta V by positioning
the engine gimbals (TVC) for pitch and yaw control while maintaining roll
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attitude with the attitude control llU\:'Il;lYl>tern. The SCS electronics can be

configured to accept attitude sensor inputs for automatic control (SCS auto
TVC) or rotational controller (RC) inputs for manual thrust vector control
(MTVC). Manual TVC can be selected to utilize vehicle rate feedback
signals summed with the manual inputs; this comprises the MTVC/RATE
CMD configuration. Selecting MTVC without rate feedback describes the
MTVC/ACCEL CMD configuration. A different configuration can be
selected for each axis; for example, one axis can be controlled manually
while the other is controlled automatically.

The following paragraphs present the characteristics of the SCS/TVC
configurations. A switching table, specifying the panel switching and logic
signals required for enabling each configuration, is included. The opera­
tion of the engine ignition/thrust on-off logic is also described.

TVC Panel Configurations.

On the simplified TVe signal flow diagram shown in figure 2.3-21
functional enabling switches are used for reference. The TVC switching
table (figure 2.3-22) relates the functional switching and panel switching to
the TVC configuration desired. Both figures are applicable to either the
pitch or yaw TVC channel.

In general, it is possible to enable a functional switch through several
(alternate) panel configurations. The alternate configurations usually
require the C W logic signal which is obtained from a clockwise rotation of
the translation controller (TC) T-handle. This provides a convenient
means of transferring from one TVC configuration to another during the
thrusting maneuver. The GW signal will also enable transfer from servo
No.1 to servo No.2 (figure 2.3-22) under certain conditions. Thus, it is
possible to transfer to a completely redundant configuration by using the
TC clockwise switch.

The gimbal servo control loop consists of a servoamp that drives two
magnetic clutch coils; one coil extends the actuator; the other retracts the
actuator. Gimbal rate and position transducers provide feedback for
closed loop control. Two servo control channels are provided in each
axis, pitch and yaw. The active channel is selected through functional
switch servo 2 enable (figure 2.3-21). Primary control utilizes servo
No.1. Servo No.2, in an axis, can be engaged either by selecting 2 posi­
tion on the TVC GMBL DR switch or by automatic transfer. Automatic
transfer will occur, if the TVC GMBL DR switch is in the AUTO position
and either the FS (fail sense) or CW logic signal is present. The CW logic
will enable transfer to servo No. 2 in both axes, whereas, the FS logic
will enable transfer only in the axis where it is present. The fail sense
signal is generated in the motor excitation circuitry of servoactuator No.1,
occurring when an overcurrent is sensed. The transfer logic described is
included iri the switching table (figure 2.3-22).
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CPI Signa.! Flow.

The gimbal position display (figure 2.3-5) is used as a monitor of
SPS pitch and yaw gimbal deflections from actuator null during CMC and
ses control of a f:J,.Y. Prior to an ses f:J,.V, the 5PS engine must be posi­
tioned with the trim thumbwheels on the GPI. In this case, the GPI will
display the trim gimbal angles that are set with the thumbwheels.

Since there is only one display panel of gimbal position, there are
redundant indicators, servometric meter drivers, and power supplies
associated with both the pitch and yaw position displays. (See fig-
ure 2.3-23.) When servo channel No.1 is controlling the SPS actuator,
the position input to both GPI indicators (pitch and yaw) is supplied from
the No.1 position transducer. If actuator control is transferred to the
No.2 servo, then the No.2 position transducer drives both indicators in
that axis. If the FDAI/GPI POWER switch is in BOTH position then all
four indicators are powered. With the switch in position 1, the first and
third indicators are enabled. The second and fourth indicators are
energized with the switch in position 2.

5es Auto TYe.

In order to configure the SGB electronics for an 5G5 auto TVe,
certain panel switches must be positioned. In addition, other manual or
automatic logic switching will affect the control signals and servo loops.

Since SCS auto TVG requires attitude error signals from GA-l, the
gyro uncage logic must be satisfied (figure 2. 3~1l). This requires that the
BMAG MODE switches be in ATT 1 RATE 2, the ENTRY -.05 G switch be
OFF, and that the SPS ignition signal (IGN 2) be present. For attitude
hold (paragraph 2.3.4.2.1), the IGN 2 logic was not needed as GA-l can
be uncaged by placing the MANUAL ATTITUDE switches to RATE eMD
while having no breakout switch input.

The attitude error signal (in pitch and yaw) is summed with the SP5
gimbal position and GPI trim at the input to an integrator (figure 2.3-22).
The integrator output is summed with attitude error and rate, filtered for
body-bending, and then applied as an input to the servo amplifiers (pri­
mary and secondary). During a delta V the integrator output insures that
the thrust vector stays inertially fixed even though the cg shifts as the
propellants are consumed. The signal path requires that the delta V is
under BeS control with the SGS TVe switch in AUTO.

Though the control signal is applied to both servo amplifiers, only
one will be positioning the SPS gimbal actuators. Selection logic control­
ling which servo amplifier is energized is represented by the SERVO 2
ENABLE functional switch. The TVe GIMBAL DRIVE switches on MDe~1

have AUTO positions which provide an automatic transfer from servo 1 to
servo 2 if either a Te-GW switch is closed or an over-current logic I
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signal is sent from the SPS. Positioning the TVC GIMBAL DRIVE switches
to 1 or 2 selects the desired servo loop, but overrides the TC-CW or
over -current transfer.

Pre-thrust gimbal trim is accomplished by manually turning the trim II
wheels on the gimbal position indicator (GPI) to obtain the desired indicator
readout. The trim wheel in each axis is mechanically connected to two
potentiometers. As shown in figure 2.3-21, one potentiometer is asso-
ciated with servo No. I and the second with servo No.2. It is desirable
to pretrim. before an SCS delta V, to minimize the transient duration I
and the accompanying quadrature accelerations. It is also desirable to
set the trim wheels properly before a CMC delta V if the SCS AUTO con­
figuration is to serve as a backup. This will enable the SCS to relocate the
desired thrust direction if a transfer is required after engine ignition.

Manual Thrust Vector Control.

Manual control of the thrust vector utilizes crew commands via the
RC to position the gimbaled SPS. There are two types of MTVC: MTVC
with rate damping (rate command) and MTVC without rate damping
(acceleration command). Either mode of MTVC is selectable by panel
switching. In addition, TC-GW logic provides either an automatic trans- I
fer from a PONGS-controlled delta V or from an SCS auto delta V. (See
figure 2.3-22.)

In order to provide ease of manual control, a proportional plus
integral amplifier is incorporated in the MTVC signal flow path. The
operation of this circuit can be described by considering the response to a
step input; the output will initially assume a value determined by the pro­
portional gain and the input amplitude. It will then increase, from this
value, as a straight-line function of time. The slope of the line is a func­
tion of the input amplitude and the integrator constant. When the input is
removed, the output will then drop by the initial value. With no additional
inputs the output will theoretically remain constant (in practice, it will
slowly decay). The circuit (integrator) provides the following capabilities:

a. Maintain a gimbal deflection after returning the RG to rest.
b. Make corrections with the RG about its rest position, rather than

holding a large displacement.
c. With no manual inputs, SG rate is damped out in the RATE CMD

configuration.

The selection between the RATE CMD and ACCEL CMD configura­
tions is made by enabling rate signals in the RATE CMD mode with the
ION 2 logic signal present (thrust on). This enables rate BMAG signals to
be summed with RG inputs. The position of the B:tv1AG MODE switch deter­
mines which rate source (B:tv1AG 1 or 2) is summed, through its associated
functional switch. Placing the 8GS TVG switch in the ACCEL GMD position
disables the rate command mode.

STABILIZATION AND GONTROL SYSTEM
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The RATE CMD configuration is analogous to the proportional rate
capability described in the ACS (paragraph Z. 3. 4) except there is no dead­
band. With no manual input, the thrust vector is under rate BMAG control.
If there is an initial gimbal cg misalignment, an angular acceleration will
develop. The rate BMAG, through the proportional gain, will drive the
gimbal in the direction necessary to cancel this acceleration. With no
integrator, a steady-state rate would be required to hold the necessary
gimbal deflection (through cg). However, due to the integrator, the rate
is driven to zero. When an RC input (manual) is present, a steady-state
vehicle rate will be established so that the integrator input goes to zero
when the output value is sufficient to place the thrust vector through the cg.
When the manual input is removed the rate is driven to zero.

When rate feedback is inhibited by selecting ACCEL CMD, the RC
input must be properly trimmed to position the thrust vector through the
cg. However, positioning the thrust vector through the cg only drives the
rotational acceleration to zero. Additional adjustments (RC trimming) are
necessary to cancel residual rates and obtain the desired attitude and
positioning vector.

Engine Ignition, Thrust On-Off Logic.

This section describes the configurations available for ignition on-off
control. Panel switch positions and/or logic signals necessary for a parti­
cular configuration are considered. The functions of output (logic) signals
are given.

Redundant d-c power is supplied to redundant SPS coils and solenoid
drivers (as shown in figure Z. 3-24) via the t::..V THRUST (A and B) switches.

With the switch positions shown in figure 2.3-24, engine ignition is
commanded by placing a ground on the low side of SPS coil No. 1. Thrust­
off is commanded when the ground is removed. The ground switching can
be accomplished in two basic ways. One method is to position the SPS
THRUST switch from the NORMAL to the DIRECT ON position for engine
turn-on, and later placing the t::..V THRUST A and B from NORMAL to OFF
to terminate thrust. The second method is to switch the ground through
the solenoid driver as commanded by the thrust on-off logic.

Engine ignition will be commanded by the thrust on-off logic when
anyone of the thrust-on logic equations shown in figure 2.3-24 is satis­
fied. The CMC commands thrust-on (equation 1) by supplying a logic 0 to
the thrust on-off logic when the SC CONT switch is in the CMC position and
the translation controller (TCl is not clockwise (CW). When the CMC
changes the logic signal from a 0 to a 1, thrust-off is commanded.

For the SCB control configuration the SC CONT sw must in the SCS
position or the TC handle clockwise (C W). A thrust-on enabling signal is
obtained from the EMS/eN display. Thrust-on is the!l commanded by

STABILIZATION AND CONTROL SYSTEM

Mission Basic Date 15 April 1969 Change Date Page__-,'~·~3~-_4~6:;.



_.
••
o,

'"••_.
'"0

~
,.,
:>

~ '"• -t<-~ N
:> :>

'"
,.,-" 0

_.
- z
~ :>
~

8~

n n".• 0, z'"• ,.,
" '"• 0
~ t<•

'"- "'~

'"'-< ,.,
" '"--< ;:
~

~
~

'"•..•

SPSAo

I
RESETI

SPS ENABLE - A OVERRI DE

~~
tN THRUST

THRUST ON A
(THJ SPS NORM

28 voe MNA

~
COil A

DIRECT ULLAGE aFro
IOU)

LG. PLUS X-SW
IXI ,

EMSOFF

THRUST SPS THRUST llS231 !~IRECT f- THRUST

LG. (ew) ON-OFF ON

LOGIC LAMP

12 CHANNELS)

28 toeSC CONT - SCS $PSBo '::'

EMS! 6,Y CNTR. I -RESET!
(EMS ON) OFr • 0 SPS ENABLE - B OVERRIDE

~~
bV THRUST

GMC CMOS B
(eMe ON) ON • 0 SPS NORM

COIL B 28 voe MNB

l-Y OFF

SCS LATCH UP (lUA! SCS
SCS LATCH UP fLUB) ,I '"1'"

IGN 2-SCS AUTO (DElAYED-OFFl IGNITION
IGN2-MNC SENSE

IGN 1 lOGIC
(DELAYED ON~

PITCH & YAW
DELAYED om

THRUST ON LOGIC EQUATlONS AUTO Res < r
DISABLE DIRECT ULLAGE

:>

'"0t<
t<",
0;:

'" ON

"' "'~'",., ,"0

'" P';: ,.,'"
'" _t<

~
00zn,., "'X

:> ~~
z-,,-
'"00
X

N

W,..
~

1. GMe THRUST ON • scs. CW-ICMC ONI

2. SCS THRUST ON ·ITH. 10 U +X) + l u]. (SCS + CWI. (EMS ON)

3. GMe TO scs • l U • CW • (EMS ON) TRANSFER

Figure 2.3-24. Engine Ignition-Thrust On-Off Logic

5C5-27018

CSM lQG1STlCS
TA"'INING

II



I

I

I

I

'.3.6

SM2.A~03-BLOCKII-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

commanding a +X-axis acceleration and pressing the THRUST ON push­
button. When the ground to the SPS coil has been sensed by the ignition
sense logic, the THRUST ON and +X-axis commands can be removed and
engine ignition will be maintained by the SPS latch up signal. When the
tN counter on the entry monitor system (EMS) display reads zero, the
EMS enabling signal is removed and thrust-off is commanded.

If TVC control is transferred from the CMC to the SCS·(by SC CONT
switch to SCS or TC to CW) after engine igniti·:m, thrusting will be main­
tained by the presence of the SCS latch up signal. Thrust-off will b{'
commanded as in a normal SCS control configuration. A backup thrust-off
command, for any control configuration, is Obtained by placing the ~V

THRUST (A and B) switches to the OFF position.

The +X logic signal which is necessary to enable thrust-on in the
SCS configuration, can be obtained from either the DIRECT ULLAGE
pushbutton or the TC +X contacts. The difference between the two
commands are:

a. Direct ullage uses the direct coils and inhibits the pitch and yaw
solenoid drivers; thus, attitude hold cannot be maintained in these axes.
Ullage-ignition overlap time is completely under manual control.

b. When commanding AtX with the TC, attitude hold can be main­
ta"ined. Ullage-ignition overlap time is automatically limited to one second.

The circuitry provides several output functions. A ground is pro­
vided for the SPS THRUST lamp on the EMS display. The ground is also
sensed by the ignition sense logic, which generates signals for both
disabling the RCS pitch and yaw auto commands and also for configuring
the SCS electronics for thrust vector control.

The RCS disabling signal, ION I on figure 2.3-24, is not present
until one second after engine ignition and is not removed until one second
after engine turn-off. This provides adequate time fool' engine thrUllt
buildup and decay. The ION 2 logic signal is required in the logic for the
functional switches in the SCS-TVC signal now paths. There are separate
IGN 2 signals generated for SCS auto TVC and for MTVC. These signals
are generated at the same time the ground is switched to the SPS coil, but
are not removed until one second after the ground is removed. The
delayed OFF enables the TVC electronics to maintain spacecraft control
during thrust decay.

POWER DISTRIBUTION.

The SCS circuit breakers (panel 8) supply electrical power to
both panels 1 and 7 power switches and also to the SCS panel I
switches for logic signals. The panel 7 SCS switches distribute a-c
and d-c power to the SCS hardware (figure 2.3_26) and route the
SCS logic bus power to panel I switches, (See figure 2,3_26.)
The power switching for the two rotation hand controllers and
the translation hand controller is on panel 1, (See figure 2,3_26.)
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Figure 2.3-25. Deleted
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The SCS performance data is included in the CSM Spacecraft Opera­
tional Data Book (SNA-8-D-27). For the SCS operational limitations and
restrictions refer to AOH, VoJume 2, including the Malfunction Procedures.

2.3.7 ENTRY MONITOR SYSTEM.

I
The entry monitor system (EMS) provides a visual monitor of auto­

matic primary guidance navigation and control system (PGNCS) entries
and delta velocity maneuver s. The EMS also provides sufficient display
data to permit manual entries in the event of PGNCS malfunctions together
with a command sent to the SCS for SPS engine cutoff. The delta velocity
display can also be used as the cue to initiate manual thrust-off commands
if the autoll1atic-off cOll1mands malfunction. During rendezvous the EMS
provides a display of VHF ranging inforll1ation.

Self-test provisions are provided by a function switch for the three
operational tl'lodes (entry, delta V, and VHF ranging) to provide maxitl'lum
systell1 confidence prior to actual use.

The EMS perfortl'lance data is included in the CSM Spacecraft Opera­
tional Data Book (SNA-B-D-27). For the EMS operational lill1itations and
restrictions refer to AOH, Volume 2, including the Mal£unctionProcedures.

2.3.7. 1 Entry Functions.

I
The EMS provides five displays and/or indications that are used to

monitor an automatic entry or to aid in performing a manual entry.

2.3.7.1.1 Threshold Indicator (.05 G).

The threshold indicator, labeled. 05 G, illuminates when the atmos­
pheric deceleration is sensed. The altitude at which this indicator is
illuminated is a function of the entry angle (velocity vector with respect to
local horizontal), the m.agnitude of the velocity vector, geographic location
and heading, and atmospheric conditions. Bias comparator circuits and
timers (figure 2.3-28) are used to initiate this indicator. The signal used
to illuminate the indicator is aho used internal to the EMS to start the
corridor evaluation timer, scroll velocity drive. and range-to-go circuits.

Roll Stability Indicator.

I

The roll stability indicator (RSIl provides an indication of lift vector
position throughout entry. With the ATT SET switch in the GDC position,
the RSI will be aligned prior to O. 05G by rotating the yaw thumbwheel on
the attitude set control panel with the EMS ROLL switch in the entry position
while pressing the GOC ALIGN button. During entry, stability axis roll
attitude will be supplied to the RSI by the gyro display coupler. There are
no degree m.arkings on the display, but the equivalent readout will be zero

I when the RSI points toward the top of the control panel. During the entry

, ....:R~S=l~r~o:t:a:t:e:':...:i:n~th:e::...:o:p"p~o~':it:e::...:d:i:r:e:':t:i~o~n:...:t:o~t:h:e::..;,"p:a:c:e=c:r~a~l:t~r~o:l~l:. _
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Corridor Verification Indicators.

The corridor verification indicators are located above and below the
RSI. They consist of two lights which indicate the necessity for lift vector
up or down for a controlled entry. The indicators will be valid only for
vehicles which utilize hmar entry velocities (approximately 35, 000 FPS)
and entry angles. The corridor comparison test is performed approxi­
mately 10 seconds after the. 05 G indicator is illuminated. The lift vector
up light (top of RSI) indicates "G" greater than approximately 0.2620. The
lift vector down light (bottom of RSI) indicates "G" les 5 than approximately
0.2620. Figure 2.3-29 is a typical example of the corridor evaluation
function. An entry angle is the angular displacement of the CM velocity
vector with respect to local horizontal at O. 05G. The magnitude of the
entry angles that determines the capture and undershoot boundaries will be
a function of CM lift-to-drag (LID) ratio. The angles shown are for a LID
of O. 3 to 0.4. The EMS positive lift overshoot boundary is that entry angle
that produces approximately O. 262G at approximately 10 seconds after the
.05 G indicator is illurrlinated. An entry angle greater than the EMS posi­
tive lift overshoot boundary will cause the upper corridor verification light
to be illuminated. Conversely, an entry angle less than the positive over­
shoot boundary will light the lower corridor light. Entry angles less than
the capture boundary will result in noncapture regardless of lift orientation.
Noncapture would result in an elliptical orbit which will re-ente.r when
perigee is again approached. The critical nature of this would depend on
CM consumables: power, control propellant, life support, etc. The
command module and crew will undergo excessive Gs (greater than lOG)
with an entry angle greater than the undershoot boundary, regardless of
lift orientation.

Delta V IRange-To-Go Indicator.

The delta V Irange-to-go indicator is an electronic numeric readout
which has three functions. During entry the inertial night path distance in
nautical miles to predicted splashdown after O. 05G is displayed. The pre­
dicted range will be obtained from the PGNCS or ground stations and
inserted into the range display during EMS range set prior to entry. For
a delta V the display will indicate the ~V (ftlsec) remaining. For rendez­
vous the display will indicate the distance to the LM.

Scroll Assembly.

The scroll assembly provides a scribed trace of 0 versus inertial
velocity during entry. The mylar scroll has printed guidelines which pro­
vide monitor (or control) information during aerodynamic entry. The entry
trace is generated by driving a scribe in a vertical direction as a function
of G level, while the mylar scroll is driven from right to left propo::tional
to the CM inertial velocity change. Monitor and control information for
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safe entry and range potential can be observed by comparing the slope of
the entry trace to the slope of the nearest guidelines (G onset, G offset
and range potential).

Delta Velocity Functions.

In addition to entry functions, the EMS provides outputs related to
delta velocity maneuvers during SPS or RC;S thrusting along the C$M X­
axis. Both the liSPS THRUST" lamp and the i:J.V numeric counter display
information during a 6V. In addition, an automatic thrust-off command
signal is supplied to the SCS when the 6V counter reaches zero.

SPS Thrust-On Indicator.

Th~ SPS thrust-on indicator will be illuminated any time a ground is
present on the low side of either of the SPS bipropellant solenoid control
valves if either of the EMS circuit breakers on panel 8 are set. None of
the EMS or MDe switches will inhibit this circuit.

Delta Velocity Indicator.

The electro-luminescent (EL) numeric readout displays the delta
velocity remaining along the CSM X-axis. The numeric display has the
capability of displaying a maximum of 14,000.0 fps down to a -1000.0 fps.
The readout is to 1/10 foot per second. The 6V/EMS SET rocker switch
will be used to set in the desired delta (6) V for all SPS thrusting maneu­
vers. The 6V display will count up or down with the EMS MODE switch in
the NORMAL position. The display counts down with SPS or RCS thrusting
along the CSM +X-axis or up with RCS thrusting along the CSM -X-axis.
The BACKUP/VHF RNG position of the MODE switch permits only a
decreasing readout during thrusting.

SPS Thrust-Off Command.

During SCS-controlled SPS thrusting a thrust-off command is supplied
by the EMS. This thrust-off logic signal is supplied to the SP$ engine on­
off circuit when the 6V display reads minus values of 6V. Consequently,
the THRUST ON button will not turn on the SPS engine unless the 6V display
reads zero or greater.

EMS Switches.

There are four switches to activate and select the desired function in
the EMS. They are MODE switch, FUNCTION switch, 6V /EMS SET switch,
and GTA switch.
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MODE Switch.

The MODE switch has three positions: NORMAL, STBY, and
BACKUP/VHF RNG. The STBY position applies power to the EMS cir­
cuits; it inhibits system operation but does not inhibit set functions. The
NORMAL position permits the self-tests to function. It also is the normal
position {or operations when the FUNCTION switch is in the ENTR Y and
eN positions. The BACKUP/VHF RNG position is used as a backup in the
entry and delta V operations and is the proper position during VHF ranging.
The BACKUP/VHF RNG position will be used as a backup to initiate the
scroll velocity drive and the range display countdown in the event of failure
of the .05 G circuits. The BACKUP/VHF RNG position energizes the .05 G
light, but does not activate the corridor verification circuits for a display.

FUNCTION Switch.

The FUNCTION switch is a 12-position switch which is used to select
the desired function in the EMS. Three positions are used for delta V
operations. Eight positions are used for entry, entry set and self-test.
The remaining position if OFF. One position is used for VHF ranging.

II

Switch Position

OFF

EMS test 1

EMS test 2

EMS test 3

EMS test 4

EMS test 5

RNG SET

Vo SET

Function

Deactivates the EMS except the SPS THRUST
ON light and the roll stability indicator.

Tests lower trip point of O. 05 G - threshold
comparator and enables slewing of the scroll.

Tests the high trip point of the .05 G ­
threshold comparator.

Tests lower trip point of the corridor verifi­
cation comparator and enables slewing of the
tN/RANGE display for EMS test 4 operations.

Tests the range-to-go integrator circuits,
G servo circuits, G-V plotter and range-to­
go circuits.

Tests high trip point of corridor verification
comparator and enables slewing of scroll.

Establishes circuitry for slewing the eN /
RANGE display.

Establishes circuitry for slewing the scroll
to the predicted inertial velocity at 0.05G.

I
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Switch Position

ENTRY

eN TEST

Function

Operational position for monitoring the CM
earth atmosphere entry mode.

Operational position for self-test of delta V
circuits.

2.3.7.3.3

2.3.7.3.4

2.3.7.4

tN SET /VHF RNG Establishes circuitry for slewing the t:N /
RANGE display. Enables VHF ranging
display.

tN Operational position for accelerometer to
drive the tN /RANGE display for X-axis
accelerations.

eN / EMS SET Switch.

The tN /EMS SET switch, a five-position rocker switch, is used to
drive either the tN/RANGE display or the EMS scroll. With the FUNC­
TION switch in the t:J.V SET/VHF RNG, RNG SET, and EMS TEST 3,
depressing the t:J.V/EMS SET switch from null to a soft stop (either INCR or
DECR) will change the display readout at 0.25 unit per second. Depressing
the t:J.V /EMS SET switch through a soft stop to a hard stop results in a
change of 127.5 units per second. With tbe FUNCTION switch in the Vo
SET, EMS TEST I, and TEST 5 position, depressing the t:J.V/EMS SET
switch results in driving the EMS scroll. Depressing the i:J.V /EMS SET
switch to the soft stop drives the scroll at approximately 0.0164 inch per
second (30 fps per second). Depressing through to the hard stop drives the
scroll at approximately O. 263 inch per second (480 fps per second). The
scroll mechanism puts a constraint on the reverse slewing of the scroll
(t:J.V /EMS SET switch INCR). The scroll may be slewed only one inch to
the right after scroll slewings to the left of at least three inches.

GTA Switch.

The GTA switch provides a ground test capability. With the cover­
plate removed, the GTA switch will be placed up to simulate 00 in the
vertical stack configuration of the SC. An adjustment pot is available to
calibrate OG when the GTA switch is on and the EMS is operating. For the
coverplate to be closed, the GTA switch must be off which removes the
simulated OG function for ground test.

Entry Scroll.

The EMS mylar scroll, contained in the EMS scroll assembly, con­
tains four entry patterns together with entry in-night test patterns and the
instructions for entry, delta V and VHF ranging. (See figure 2.3-30.)
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There are four sets of AV and VHF ranging instructions that are alternated
with four entry in-night self-test patterns. (See figure 2.3-31.) Following
the fourth in-flight self-test patterns on the scroll is the first set of entry
instructions. Entry instructions precede each of the four entry patterns.
Lunar-return non-exit entry patterns are alternated with lunar-return
3500 NM exit patterns, a non-exit pattern appearing first on the scroll.

Each entry pattern (figures 2.3-32 and 2.3-33) has velocity incre­
ments from 37,000 to 4, 000 fps together with entry guidelines. These
lines .. re called G on-set, G off-set, and range potential guidelines. The
G on-set and G off-set lines are solid lines and the range potential lines
are broken.

The G on-set lines slope downward, while the G off-set lines ray
upward and terminate at 24,000 fps just to the right of the vertical line at
25,500 fps (minimum velocity for earth orbit). Below 24,000 fps the G
on-set lines slope downward from the full-lift profile line which represents
the steady-state minimum-G entry profile. During entry the scribe trace
should not becomil') par&1lel to either the nee.relilt G on-set or G off-set line.
H the slope of the entry trace becomee more negative than the nearest G
on-set line, the eM should be oriented such that a positive lift vector
orientation (lift veetor up) exists in order to prevent excessive G buildup.
However, if the entry trace dope becomes more positive than the nearest
G off-set line then the CM should be oriented to produce negative lift (lift
vector down) for entry.

The G on-set and G off-set lines are designed to allow a 2-second
crew response time with a single system RCS!SCS lBO-degree roll maneu­
ver should the entry trace become parallel to the tangent of the nearest
guideline.

The range potential lines, shown in hundreds of nautical miles, indi­
cate the ranging potential of the CM at the present G level. The crew will
COlTlpare the range displayed by the range-ta-go counter with the range
potential indicated by the entry trace. The slope and position of the entry
trace relative to a desired ranging line indicates the need for lift vector up
or down.
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Mission Basic Date IS April 1969 Change Date Page__....;2~.~3~-~6~O:..



;::.'••
0'•

IdV INST I
( dV SET ) (TEST]} (NORMALI

VHF RNG NO LTS, SET SCROLL

'" (NOItIlALI lTEST 2! .OSG LT IENTRY INSTI•• SET 1586.8 (TEST 31. OSG LT..
'"n ... DOWN LT. SET 58.0

" > ( dV TEST! (ST8Y!• '" SPS LT ON lTEST 41 .OSG LT lTEST 5) START OF FLIGHT >n
~• t" -0. 1 TO -41.5 o± 0.2 PATTERN '0- ~ SET SCROLL 37 0

'" N SPS IT OFF (TEST 5) (RNG SET! t"
> > (STBYI .05G LT t"",.., ... SET RTGO 0;;:, - ( dV SET ) UP LT.. 0 (Vo SET! '" ON-- z VHF RNG IOECR! SET SCROLL '" '0:'

'"~ > (RNG SET! ... ,"0

'" SET tN
~':"~ z (dV! IOECR! '"" ;;: ..;'"n n (NORMAU (Vo SET! '" _t"

".
IVHF RNG INSij (STBY) 00• 0 !; zn• z

'" ... ( dV SET )
(OFF) ..; "''''•

" '" VHF RNG > ~f0• t" (BACKUP) z-n II• VHF RNG
,,-- '" '"'" '" 0

'"~ ... IN-FLIGHT 0

" '" '"-'" ;:: dV ANO VHF SELF TEST ENTRY- INSTRUCT IONS~ RANG ING INSTRUCTIONS INSTRUCTIONS
'"~
'0

SCS-60Q4 A•'"• CSM LOG""'STRAINING

N

Figure 2. :;'31. EMS In-Flight Instructions for AV, VHF Ranging,
Self-Test and Entry

•



SMZA-03-BLOCK ll-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

0-"' ...... "' ...... • ... 2

<II I I , , , , , , I ,

~!i
O~"' ............... • ... liiI

0

' , , , , , , • I , •

~~-- 0

'r / III :I 1·\(Jl7r~

•00 00.... ~ ~- • -N N
N N- -~ ~

:1 - , -c c
" 0 "• •~

~
~

• ~•P,
0

P,
~

~.-....
" • E.- .-"' .<
• •

:1 "" • """ "• •'" • '"~

::\.- •~ z,
0c 0

0 ~

Z M

:1 " " "• •" c• •"' .<

~
Vl

~I
• ::\

"' "'•
N • M
M M, ,
M • M

N N

• •
" "• •"" "".- .•
'"

0

'"•
• 0 •

;~. - i;:w--. •, , , , , , , , , , , , , , , , , , , ••

STABILIZATION AND CONTROL SYSTEM

Mission Basic Date 15 April 1969 Change Date 16 July 1969 Page 2.3-62



2.3.7.5

2.3.7.5.1

2.3.7.5.2:

2.3.7.5.3

2.3.7.5.4

SMZA-03-BLOCK ll-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

EMS Functional Data Flow.

The following functional discussion of the EMS relates systetn
mechanization to the EMS operation. (See figure 2.3-34.)

Accelerometer.

The accelerometer, which is aligned to within :2 degrees of the SC
X-axis, is the only sensor in the EMS. It has three outputs: low level G
to threshold and corridor circuits, high level G to the flight monitor G
axis during entry, and an output to the AID converter which is used to
drive the dV/RANGE display and mylar scroll. The difference in the low
and high level G outputs is scale factor.

Threshold and Corridor Verification Circuits.

The threshold and corridor verification circuits use the accelerom­
eter low level G output. The. 05G comparator will trigger and illuminate
the threshold light (.05 G) if a G level of O. 05G ± O. 005G is present for
UO.5 seconds. If the G level drops to O. 02G ± O. 005G, the light will be
extinguished. The corridor evaluation will occur 10.053:1:0.025 seconds
after the .05 G threshold lamp is illuminated. The lift vector up light will
illuminate if the G force is greater than approximately O. 262:1:0. 009G. The
lilt vector down light will be illuminated if the G force is less than approxi­
mately O. 262±0. 009G. There will be only one corridor verification light
turned ON for corridor evaluation. The corridor lights will be turned off
when the flight monitor G axis drive passes the 2G level.

Scroll Assembly G Axis Drive Circuits.

The scroll assembly G axis drive circuits receive the accelerometer
high G level output signal and position the G axis scribe in vertically.
The scribe drive is a normal closed-loop servo circuit with velocity and
position feedback. The loop is biased from zero by the magnitude of the
accelerOlTIeter input.

Scroll Assembly Velocity Axis Drive Circuits.

II

I

I

The scroll assembly velocity axis drive circuits use the accelerom­
eter AID converter output to drive the scroll from right to left. The AID
converter output is about one pulse for each 0.1 fps of velocity change. The I
motor control circuits and stepper motor cause the scroll to move from
right to left and the present inertial velocity is read on the scroll. Before
entry scroll is initialized to the inertial velocity by setting the FUNCTION
switch to the Vo SET position and using the dV/EMS SET switch to slew
the scroll to the predicted inertial velocity value at O. 05G.
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.c..V/RANGE Display Circuits.

The .c..V / RANGE electronics directly controls the numeric display
value except during VHF ranging operations. The display will be initial-
ized by a combination of the FUNCTION switch and tN/EMS SET switch
except during VHF ranging operations. During .c..V operations, the accel­
erometer A/D converter output pulses are used to increll1ent or decrement I
display value. When the display decreases to a value of -0.1 fps, a signal
is supplied to the SCS for an autoll1atic SCS control SPS OFF cOll1mand. I
For entry, the display will read range to go, being decremented by the
range integrator. The output of the range integrator will decrease as a
function of the inertial velocity stored in it at any time. The range
integrator is decremented to that it contains the CM present inertial range­
to-go if properly initialized. The divider network sends pulses to the
flight monitor velocity axis drive in order to drive the scroll from right I
to left after O. 05G is sensed. If the O. 05G function should fail, placing
the MODE switch to the BACKUP/VHF RNG position will initiate the
divider network operation to drive the range-to-go display and the flight
monitor scroll from right to left as a function of G level.

2.3.7.5.6

2.3.7.5.7

Roll Stability Indicator Drive.

The RSI drive function, controlled by the yaw axis of the GDC in
the SCS, requires the correct positive bf the two ENTRY switches (.05G
and EMR ROLL) for its correct operation during entry. This function is
described as a normal GDC fWlction in paragraph 2.3.3.2.

Thrust-Off Function.

The thrust-off function will provide a logic function [or a SCS thrust­
off command any time the .c..v /RANGE counter goes to -0.1 fps. During a
delta V mode operation, a relay energizes and provides a ground to the
SCS. This function operates in conjunction with the .c..v and .c..V TEST
positions of the FUNCTION switch.

I
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SECTION 2

SUBSECTION 2.4

SERVICE PROPULSION SYSTEM (SPS)
(CSM 106 and Subs)

FUNCTIONAL DESCRIPTION.

The service propulsion subsystem provides the impulse for all
X-axis velocity changes (llVs) throughout a mission and the SPS abort
capability after the launch escape tower is jettisoned. The SPS consists
of a helium pressurization systeITl, a propellant feed system, a propellant
gauging and utilization system, and a rocket engine. The oxidizer is
inhibited nitrogen tetroxide and the fuel is a blended hydrazine (approxi­
mately SO percent unsyITlmetrical dimethyl hydrazine and 50 percent
anhydrous hydrazine). The pressurizing gas is helium. The system
incorporates displays and sensing devices to permit earth-based stations
and the crew to monitor its operation. (See figures Z. 4-1 and 2.4-2.)

The helium pressure is directed to the helium pressurizing valves
which isolate the heliuITl during nonthrusting periods, or allow the helium
to pressurize the fuel and oxidizer tanks during thrusting periods. The
helium pressure is reduced at the pressure regulators to a desired work­
ing pressure. The regulated helium pressure is directed through check
valves that permit heliuln flow in the downstream direction when the pres­
surizing valves are open, and prevent a reverse flow of propellants during
nonthrusting periods. The heat exchangers transfer heat from the propel­
lants to the helium gas to reduce any pressure excursions that may result
from a temperature differential between the helium gas and propellants in
the tanks. The relief valves maintain the structural integrity of the pro­
pellant tank systems if an excessive pressure rise occurs.

The total propellant supply is contained within four similar tanks; an
oxidizer storage tank, oxidizer SUITlp tank, fuel storage tank, and fuel
sump tank {figures 2.4-1, 2.4-2, and 2.4-3). The storage and sump tanks
for each propellant system are connected in series by a single transfer
line. The regulated helium enters the fuel and oxidizer storage tank,
pressurizing the storage tank propellants, and forces the propellant to an
outlet in the storage tank which is directed through a transfer line into the
respective sump tank standpipe pressurizing the propellants in the sump
tank. The propellant in the sump tank is directed to the exit end into a
propellant retention reservoir. Sufficient propellants are retained in the

SERVICE PROPULSION SYSTEM
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retention reservoir and at the tank outlets to permit engine restart
capability in a O-g condition when the SPS propellant quantity remaining
is greater than 22,300 pounds (56.4%) without conducting an SM ReS
ullage maneuver prior to an SPS engine thrusting period. An ullage
maneuver is mandatory prior to any SPS thrusting period when the SPS
propellant quantity remaining is at or less than 22,300 pounds (56.4%).
An ullage maneuver is also mandatory prior to any SPS thrusting period
following all docked LM DPS burns even though the SPS propellant quantity
is at or greater than 22,300 pounds (56.4%). The propellants exit from
the respective sump tanks into a single line to the heat exchanger.

A propellant utilization valve is installed in the oxidizer line. The
propellant utilization valve is powered only during SPS thrusting periods.
The propellant utilization valve aids in achieving simultaneous propellant
depletion. The propellant supply is connected from the sump tanks to
the engine interface flange.

The propellants flow from the propellant sump tank, through their
respective plumbing, to the main propellant orifices and filters, to the
bipropellant valve. The bipropellant valve assembly contains pneumat­
ically controlled main propellant valves that distribute the propellants to

the engine injector.

The thrust chamber consists of an engine injector, combustion
chamber, and exhaust nozzle extension. The engine injector distributes
the propellants through orifices in the injector face where the fuel and
oxidizer impinge, atomize, and ignite. The combustion chamber is
ablatively cooled. The exhaust nozzle extension is radiation cooled.

The engine assembly is mounted to the structure of the SM. It is
gimbaled to permit thrust vector alignment through the center of mass
prior to thrust initiation and thrust vector control during a thrusting
period.

Propellant quantity is measured by two separate sensing systems:
primary and auxiliary. The sensing systems are powered only during
thrust_on periods because of the capacitance and point sensor me;l.suring
techniques. The capacitance and point sensor linearity would not provide
accurate indications during the O-g nonSPS thrusting periods.

The control of the subsystem is automatic with provisions for

manual backup.
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2.4.2 MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

2. 4. 2. 1 Pressurization Subsystem.

The pressurization subsystelTl consists of two heliulTl tanks, two
helium pressurizing valves, two dual pressure regulator assemblies,
two dual check valve assemblies, two pressure relief valves, and two
heat exchangers. The critical components are redundant to increase
reliability.
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Helium Tanks.

The two helium supply sphericd pressure vessels are located in the
center section of the SM.

Helium Pressurizing Valves.

The helium valves are continuous-duty solenoid-operated. The
valves are energized open and spring-loaded closed. The SPS He V LV
switches on MDC-3 permit automatic or manual control of the valves.
With the switches in the AUTO position, the valves are automatically con·
trolled by a thrust ON·OFF signal. The valves are controlled manually
by placing the switches to the ON (valve open) and OFF (valve closed)
positions.

Each valve contains a position switch which controls a position
(talk.back) indicator above each switch. When the valves are closed, the
position switch is open and the indicator is barber pole (diagonal lines),
the indication during non$PS thrusting periods. When the valves are open,
the position switch is closed and the indicator is powered to gray (same
color as the panel) indicating the valve is open, the indication during SPS
thrusting periods.

Pressure Regulator Assemblies.

Pressure regulation is accomplished by a pressure_regulating
assembly downstream of each helium pressurizing valve. Each assembly
contains a primary and secondary regulator in series, and a pressure
surge damper and filter installed on the inlet to each regulating unit.

The primary regulator is normally the controlling regulator. The
secondary regulator is normally open during a dynamic £low condition.
The secondary regulator will not become the controlling regulator until
the primary regulator allows a higher pressure than normal and allows the
secondary regulator to function. All regulator pressures are in reference
to a bellows assembly that is vented to ambient.

Only one of the parallel regulator assemblies regulates helium pres­
sure under dynamic conditions. The downstream pressure causes the
second assembly to lock up (close). When the regulated pressure
decreases below the lockup pressure of the nonoperating assembly, that
assembly becomes operational.

SERVICE PROPULSION SYSTEM
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Check Valve Assemblies.

Each assembly contains four independent check valves connected in
a series-parallel configuration for added redundancy. The check valves
provide a positive checking action against a reverse flow of propellant
liquid and/or vapor, and permit helium pressure to be directed to the
propellant tanks. Filters are incorporated in the inlet to each check valve
assembly and each test port (figures 2.4_1 and 2.4_2).

Helium Pressure Relief Valves.

The pressure relief vaJves consist of a relief valve, a burst
diaphragm, and a filter.

In the event excessive helium and/or propellant vapor ruptures the
burst diaphragm, the relief valve opens and vents the applicable system.
The relief valve will close and reseal after the excessive pressure has
returned to the operating level. The burst diaphragm provides a more
positive seal of helium than a relief valve. The filter prevents any frag­
ments from the (nonfragmentation type) diaphragm from entering onto the
relief valve seat.

A pressure bleed device is incorporated between the burst dia­
phragm and relief valve. The bleed valve vents the cavity between the
burst diaphragm and relief valve in the event of any leakage from the
diaphragm. The bleed device is normally open and will close when the
pressure increases to a predetermined pressure.

A protective cover is installed over the relief valve vent port and
bleed valve cavity port to prevent moisture accumulation and foreign
matter entrance. The covers are left in place at lift-off.

Heat Exchangers.

Each unit is a line-mounted, counterflow heat exchanger consisting
of the helium pressurization line coiled helically within an enlarged sec­
tion of the propellant supply line. The helium gas. flowing through the
coiled line. approaches the temperature of the propellant prior to entry
into the respective storage tanks, thus reducing pressure excursions to a
minimum.

Propellant Subsystem.

This subsystem consists of two fuel tanks (storage and sump), two
oxidizer tanks (storage and sump), and propellant feed lines.

II
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Propellant Tanks.

The propellant supply is contained in four hemispherical_domed
cylindrical tanks within the service module (figures 2.4-1, 2.4_2, and
2.4-3). The storage tanks are pressurized by the helium supply. An out­
let transfers the propellant and/or helium gas froIn the storage tanks
through their respective transfer lines to the SUInp tanks. A standpipe in
the SUInp tanks allows the propellant and/or helium gas from the storage
tanks to pressurize the sump tanks. The propellants in the sump tanks
are directed into retention reservoirs, to the outlet, and to the engine.

The umbrella retention reservoir, can, and screens are installed in
the exit end of the sump tanks. The reservoir retains a quantity of pro­
pellants at the exit end of the sump tanks and the engine plumbing during
O-g condition. The reservoir permits engine ignition when the SPS
propellant quantity remaining is greater than 22, 300 pounds (56.4%) with­
out an ullage Inaneuver. An ullage maneuver is also required prior to
any SPS thrusting period following all docked LM DPS burns even if the
SPS propellant quantity remaining is at or greater than 22,300 pounds
(56.4'70). When the SPS propellant quantity remaining is at 22,300 pOW'lds
(56.4%) or less, an ullage maneuver is performed prior to an SPS engine
thrusting period to ensure that gas is not retained aft of the screens.

Tank Propellant Feed Lines.

The propellant feed lines have flexible bellows asseInblies installed
to permit alignment of the tank feed plumbing to the engine interface
plumbing.

Bipropellant Valve Assembly.

The bipropellant valve assembly consists of two gaseous nitrogen
(GN2) pressure vessels, two injector prevalves. two GN2 regulators, two
GN2 relief valves, four solenoid control valves, four actuators, and eight
bipropellant ball valves.

Gaseous Nitrogen (GN2) Pressure Vessels.

Two GN2 tanks are mounted on the bipropellant valve assembly to
supply pressure to the injector prevalves. One GN2 tank is in the primary
pneunlatic control system A and the remaining GN2 tank is in the second­
ary pneumatic control systeIn B.

SERVICE PROPUI,sION SYSTEM
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Injector Prevalves.

The injector prevalves are two-positive solenoid_operated valves,
one for each pneumatic control system, and are identified as A and B. The
valve is energized open and spring_loaded closed. The injector prevalves
are controlled by the 6V THRUST NORMAL switches on MOC-I. When
swi.tch A is placed to NORMAL, injector prevalve A is energized open. If

switch B is placed to NORMAL, injector prevalve B is energized open.
The injector prevalves, when energized open, allow GN2 supply tank pres­
!lure to be directed through an orifice, into a regulator, relief valve, and
to a pair of solenoid control valves. The solenoid control valves are con­
trolled by the SPS thrust ON-OFF commands. The OFF position of the
6V THRUST switches de_energizes the injector prevalves and springloads
closed.

The 6V THRUST NORMAL switch A receives power from SPS HE
VALVE A circuit breaker on MOC_B for control of the injector prevalveA.
The 6V THRUST NORMAL switch B receives power from SPS HE
VALVE B circuit breaker on MOC-B for control of the injector prevalve B
(figures 2.4-1 and 2.4_2).

The 6V THRUST NORMAL switches, A and/or B, also provide
enabling power for the thrust ON-OFF logic circuitry.

GN2 Filters (CSM 108 and Subs).

A filter is installed between each GN2 pressure vessel and injector
prevalve (figures 2.4-1 and 2. 4-Z). A filter is also installed on each GNZ
regulator outlet test port.

GNZ Pressure Regulators.

A !lingle-stage regulator is installed in each pneumatic control sys­
tem between the injector prevalves and the solenoid control valves. The
regulator reduces the supply GNZ pressure to a desired working pressure.

GN2 Relief Valves.

A pressure relief valve is installed in each pneumatic control sys­
tem downstream of the GN2 pressure regulators. This limits the pres_
sure applied to the solenoid control valves in the event a GN2 pressure
regulator malfunctioned open.

SERVICE PROPULSION SYSTEM
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GN 2 Orifices.

The orifice between the injector prevalve and regulator is installed
to restrict the flow of GN2 and allow the relief valve to relieve the pres­
sure overboard in the event the regulator malfunctions open, preventing
damage to the solenoid control valves and/or actuators.

GN2 Solenoid Control Valves.

Four solenoid-operated three-way two_position control valves are
utilized for actuator control. Two solenoid control valves are located
downstream of the GN2 regulators in each pneumatic control system. The
solenoid control valves in the primary system are identified as I and 2
and the two in the secondary system are identified as 3 and 4. The
solenoid control valves in the primary system control actuator and ball
valves I and 2. The two solenoid control valves in the secondary system
control actuator and ball valves 3 and 4. The SPS thrust ON-OFF com_
mand controls the energizing or de-energizing of the solenoid control
valves. Solenoid control valves I and 2 are energized by the SPS thrust
ON-OFF command if t:J.V THRUST NORMAL switch A is placed to A.
Solenoid control valves 3 and 4 are energized by the SPS thrust ON-OFF
command if t:J.V THRUST NORMAL switch B is placed to B.

GNZ Ball Valve Actuators.

Four piston_type, pneumatically operated actuators are utilized to
control the eight propellant ball valves. Each actuator piston is mechani_
cally connected to a pair of propellant ball valves, one fuel and one
oxidizer. When the solenoid control valves are opened, pneumatic pres­
sure is applied to the opening side of the actuators. The spring pressure
on the closing side is overcome and the actuator piston moves. Utilizing
a rack and pinion gear, linear motion of the actuator connecting arm is
converted into rotary motion, which opens the propellant ball valves.
When the engine firing signal is removed from the solenoid control valves,
the solenoid control valves close, removing the pneumatic pressure
source {rom the opening side of the actuators. The actuator closing side
spring pressure now forces the actuator piston to move in the opposite
direction, causing the propellant ball valves to close. The piston move­
ment forces the remaining GN2, on the opening side of the actuator, back
through the solenoid control valves where it is vented overboard.

Each actuator incorporates a pair of linear position transducers.
One supplies ball valve position information to the SPS ENGINE
INJECTOR VALVES indicators on MDC-3. The output of the second
transducer supplies ball valve position information to telemetry.

SERVICE PROPULSION SYSTEM
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Bipropellant Ball Valves.

The eight propellant ball valves are used to distribute fuel and
oxidizer to the engine injector assembly. Each pair, of four linked pairs,
consists of one fuel and one oxidizer ball valve that is controlled by a
single actuator. The four linked pairs are arranged in a series-parallel
configuration, figures 2.4-1 and 2.4-2. The parallel redundancy ensures
engine ignition; the series redundancy ensures thrust termination. When
GNZ pressure is applied to the actuators, each propellant ball valve is
rotated, aligning the ball to a position that allows propellants to flow to
the engine injector assembly. The mechanical arrangement is such that
the oxidizer ball valves maintain an a-degree lead over the fuel ball
valves upon opening, which results in smoother engine starting transients.

I
II

2.4.2.3.10 Bipropellant Valve Assembly Check Valves.

Check valves are installed in the vent port outlet of each of the four
solenoid control valves, spring pressure vent port of the four actuators,
and the ambient vent port of the two GN2 pressure regulator assemblies.
Thus, the seals of the components are protected from a hard vacuum in
space.

2.4.2.3.11 Engine Propellant Lines.

Integral propellant lines are utilized on the engine to route each
propellant from the interface points, in the gimbal plane area, to the
bipropellant valve assembly. The plumbing consists of flexible bellows
that permit propellant line flexibility for engine gimbaling, orifices for
adjustment of oxidizer/fuel ratio, and screens to prevent particle con­
taminants from entering the engine.

2.4.2.4

2.4.2.5

Engine Injector.

The injector is bolted to the ablative thrust chamber attach pad.
Propellant distribution through the injector is accomplished through con­
centric annuli machined orifices in the face of the injector assembly and
covered by concentric closeout rings. Propellant distribution to the
annuli is accomplished through alternate radial manifolds welded to the
backside of the injector body. The injector is baffled to provide com­
bustion stability. The fuel and oxidizer orifices impinge, atomize, and
ignite because of hypergolic reaction.

Ablative Combustion Chamber.

The ablative combustion chamber material extends from the injec­
tor attach pad to the nozzle extension attach pad. The ablative material
consists of a liner, a layer of insulation, and integral metal attach
flanges for mounting the injector.

SERVICE PROPULSION SYSTEM
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Nozzle Extension.

The bell_contoured nozzle extension is bolted to the ablative thrust
chamber exit area. The nozzle extension is radiant-cooled and contains
an external stiffener to provide additional strength.

SPS Electrical Heaters.

There are six electrical heaters installed on the tank feed lines
from the respective sump tank outlets to the interface flange, on the
respective engine feed lines from the interface flange to the bipropellant
valve assembly and on the bottom side of the bipropellant valve assembly
(figures 2.4-4 and 2.4-5). Each heater contains a redundant element.
These electrical heaters provide heat to the tank feed lines, engine feed
lines and bipropellant valve assembly. thus to the propellants. The
heaters are controlled as a normal manual function of the crew on MDG- 3
(figure 2.4-6) utilizing the SPS UNE HTRS switch. When the switch is
placed to position AlB. power is supplied to 12 elements. When the
switch is placed to position A, power is supplied to 6 elen\ents. The
switch is placed to position AlB or A when the SPS PRPLNT TANKS
TEMP indicator on MDC-3 reads +450 F. Temperature is derived from
the engine fuel line temperature sensor (figure 2.4-1). The switch is
placed to OFF when the indicator reads +75°F. The red-line markings
on the indicator are +27°F and +100°F, respectively.

The engine oxidizer feed-line temperature (figures 2.4-1 and
2.4-2) may be utilized as a back-up to the SPS PRPLNT TANKS TEMP
indicator on MDC-3. The engine oxidizer feed-line temperature may be
monitored on MDC-IOI (figure 2.4_7).

Thrust Mount Assemblies.

The thrust mount assembly consists of a gimbal ring, engine-to­
vehicle mounting pads, and gimbal ring-to-combustion chamber assembly
support struts. The thrust structure is capable of providing ±10 degrees
inclination about the Z-axis and ±6 degrees about the Y-axis.

Gimbal Actuator.

Thrust vector control of the service propulsion engine is achieved
by dual, servo, electromechanical actuators. The gimbal actuators are
capable of providing control around the Z_Z axis (yaw) of ±4. 5 (+0. 5.
-0.0) degrees in either direction from a + I-degree null offset during SPS
thrusting periods (O-degree null offset during non SPS thrusting periods).
and around the Y _Y axis (pitch) of ±4. 5 (+0. 5, -0.0) degrees in either
direction {rom a +2-degree null offset during SPS thrusting periods
(+ l. 5-degree null offset during non SPS thrusting periods).
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SPS Heater Installation, Tank Feed Lines

II

The reason for the + I-degree null offset to the +Y axis and
+2-degree offset to the +Z axis during SPS thrusting periods, is the offset
center of ma.ss. The reason for the change in the null offset positions
from an SPS non-thrusting period to an BPS thrusting period is due to the
structural and engine deflections that occur when thrust-on is provided to
the SPS engine.

Each actuator assembly (figure 2.4_8) consists of four electro­
magnetic particle clutches, two d_c motors. a bull gear, jack-screw and
ram, ball nut, two linear position transducers, and two velocity gener­
ators. The actuator assembly is a aealed unit and encloses those portions
protruding from the main housing.

One motor and a pair of clutches (extend and retract) are identified
as system No.1, the remaining motor and pair of clutches (extend and
retract) are identified as system No. Z within the specific actuator.

SERVICE PROPULSION SYSTEM
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Figure 2.4- 5. SPS Heater Installation, Engine Feed Lines

An overcurrent monitor circuit is employed for each primary and
secondary gimbal motor. Each gimbal motor and overcurrent monitor
circuit is controlled by its own SPS GiMBAL MOTORS switch on MDC-I.
There are four SPS GIMBAL MOTORS switches, PITCH I and 2 and
YAW I and 2. Figure 2.4-9 illustrates the yaw actuator as an example.
When the SPS GIMBAL MOTORS YAW 1 (primary) switch is positioned to
START, power is applied from the battery bus to the motor-driven switch.
The motor-driven switch closes a contact that allows power from the main
bus to the gimbal motors. Thus, the gimbal motor is started. When the
SPS GIMBAL MOTORS YAW 1 switch is released, it springs back to the
center position. The center position activates the overcurrent monitor
sensing circuitry. The SPS GIMBAL MOTORS YAW 2 (secondary) switch
is then positioned to START. The SPS GIMBAL MOTORS YAW 2 switch
activates yaw 2 motor-driven switch. The motor-driven switch of
YA W 2 functions as with YAWL The SPS GIMBAL MOTORS YAW 2
switch released from START, spring loads to center. The center posi­
tion activates the overcurrent monitor circuit of yaw 2.
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Figure 2.4-6. SPS Electrical Heaters

The overcurrent monitor circuits of the primary and secondary
system are utilized to monitor the current to the gimbal motors. This is
because of the variable current flow during the initial gimbal motor start.
normal operation for the main d-c bus, and gimbal motor protection.

Using the No. I yaw system as an example, identify the upper motor
and clutches in figures 2.4-8 and 2.4-9 as system No. l. When the
overcurrent monitoring senses an overcurrent on gimbal motor No. I,
the following functions occur. The overcurrent monitor circuitry drives
the motor-driven switch. This removes power from gimbal motor No. I.
rendering it inoperative. Simultaneously, a signal is sent to illuminate
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Figure Z. 4-7. SPS Oxidizer Engine Feed-Line
Temperature Monitoring

the YAW GMBL DR I caution and warning light on MDC-Z. This informs
the crew the YAW gimbal motor No. I has failed due to overcurrent.
Simultaneously, a fail sense signal is sent from a contact on the motor­
driven switch. The fail sense signal is sent through an OR and AND gate
to a solid-state switch. This switch provides a ground for relay coils
A4K4, A4K5, A4K6 and A4K8. These relays are energized if the TVC
GMB L DRIVE YAW switch on MDC-l is in A UTO and the SCS TVC
SERVO POWER switch Z on MDC-7 is in AC2/MNB or ACt/MNA. This
allows the apper relay contacts of A4K4 and A4K8 to open and removes
the power input to the No. I clutches.
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Simultaneously. the lower relay contacts of A4K5 and A4K8 close.
This applies power inputs to the No.2 clutches within the same actuator.
Simultaneously. the upper contacts of A4K4. A4K5, and A4K6 open and
the lower contacts close. allowing thrust vector control monitoring. The
SPS GIMBAL MOTORS YAW I switch on MDC-I is then positioned to
OFF. Normally, the OFF position is used to shut down the gimbal motor
upon completion of a thrusting period.

Using No. 2 yaw system as an example, identify the lower motor
and clutches in figure 2.4_8 and 2.4_9 as system No.2. When the over­
current monitoring senses an overcurrent on gimbal motor No.2, the
following functions occur. The overcurrent monitor circuitry will drive
the motor-driven switch. This removes power from gimbal motor No.2.
rendering it inoperative. Simultaneously, a signal is sent to illuminate
the YAW GMBL DR 2 caution and warning light on MDC_2. This informs
the crew the YAW gimbal motor No.2 has failed due to overcurrent.
There is no fail sense signal sent to control relay coils A4K4. A4K5.
A4K6. and A4K8. If the No.2 gimbal motor has failed as well as No. 1
gimbal motor. that specific actuator is inoperative. The SPS GIMBAL
MOTORS YAW Z switch on MDC-I is then positioned to OFF. Normally.
the OFF position is used to shut down the gimbal motor upon completion
of a thrusting period.

The LV /SPS IND switch on MDC_I when positioned to GPr
de_energizes relay coils AIIK3. AIIK4. AllKS, and AIIK6 (figure 2.4-9).
This allows the relay contact points of AIIK3. A1IK4, AIIK5. and AIIK6
to move to the down position. The actuator position transducer is then
allowed to transmit gimbal position information to the SPS GPt on MDC-I.

The TVC GMBL DRIVE YAW switch on MDC_I will also control
through the OR and AND gate the solid-state switch (figure 2.4-9). The
solid-state switch will provide the ground for relay coils A4K4. A4KS,
A4K6. and A4K8. The power input to these relays is provided by posi­
tioning the TVC SERVO POWER switch 2 on MDC-7 to AC2!MNB or
ACI/MNA. When the TVC GMBL DRIVE YAW switch is in AUTO, the
primary gimbal motor overcurrent monitor circuitry controls the soIid­
state-switch. If overcurrent on the primary gimbal motor is sensed. the
CMC. SCS or MTVC inputs are switched automati.::ally from the primary
to the secondary clutches.

If the TVC GMBL DRIVE YAW switch on MDC-l is in position 1,
the CMC, SCS, or MTVC inputs are locked into the primary clutches. If
overcurrent is sensed on gimbal motor No. I, or if the translation con­
trol is rotated clockwise, there is no automatic switchover from the
primary to secondary clutches. The TVC GMB L DRIVE YAW switch
positioned to I could be utilized to check out gimbal motor No. I. the
primary clutches, and the primary servo loop system.
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SPS Yaw Gimbal Actuator Motor and Clutch ControlFigure 2.4_9.

--

••• ••• 'oc •••
0 •

AIlKlo

•{, .........AIIK',
,~

,
C~It>1 " Al1U

,OW
~

A'IUH:lmION

CKUI1M Ttlot PlICIt G-..l ~1TI0N

C":lM6C Ttlot PI'CIt lllffUINTIAl

TVG_~

~mON

filM
TIlUMIWtlfl~_oc ,

'" .,
I CW· I loC~ IVl;

...-1 : MOe 1 ~==~ IGNITION
;r-j1-:;;:~'~~:OJ ~. !~·_--C :, , '"_ . r: "'II. I SO ~I..-~-"~.....-+H

I I ...ceuo i',-~~~-~P~=~_~J-'--c1' Ii· L~ :;-;
• u.n r--- l

++--TL-~~r:~-l..,':~I---t--*' ~ I, ~':::\o.: r - ~~~ :::;,:.0;;..'" iI0vU~~'~!....~==~='i_1H~~o~:..~:o-~.;,~~]o"'''''''1NG
I , 1 ....1t I 0UMl( ,.... I ,a-n I I .owtISW 1 DC [ ~ I

~ I L....: Dlf,l~:r1Al. I .~'_-.::::~_:~-r.~~'-~~r~~~A -~ OV(IQ,8{NI L..... I
'--_+-W: : L '"'---r=='1---t--+ti ~~r.~~:l-t~~i~~I~~ lAc.....· OFf loIDC.~llC I _llOQ-OG r- I I hI

r 1 I '---,-,"'" I' r'" - - ---,
: ! L-'__-+I ~IT 1-_" :::::::,'_.:>:*,.--, I ~~~Ji : . .: TYCA~ I I, jl : J\~ c.~~'IUTlOf< :

r w<l<f: ~:-1--'::::=:::'---.of-L-.(~-.J[...1>- ~SfON I loll -"1 I ~ 1o'OC:~ '--.,Ir- ~..-+-"-...J-_l__j_+_---__t_t--~ ,
- COlI. I I IO-....vSUVO ACI...,.....1 - 1 ""'''.,.':'', •

,!. ... ' ~ _&GW.IAlTUoPOT ~ ACI I l I I JI._-

.!. "t "~" , r-~:==;==h,':;::::O":::-t-h ~A••~ r-+--1 I T ,I ,,~, LL.;! - - __J
I

'"'UfO! tt'"7, ! • :AC~ -. I'

l+i-
I loN,Nt:GIUS , ! , I

'!Y<' -----..,-+_<oc lltMOO TO SKONOo<UY\(ItYO I I s, ...., I L-- /~.J.-i.A~ ...tnlV

- • ~~~~~~ G_ _, .. G......... ,_ 101 lloClC 7 A I I r--~. • IUS ..IV'C lUVO }-Nt L rosmoN IIV'C lUYO ~ PQW(I I.r_~ I I Off./ ~ I
I'OWU ~"UCH JfUn I :rowtl SW: MDC. so ID'SUllUTlON I I ("'I ~ VA... I
MOe 1 I _~ ..us 11 ,10v'TV< L_~_...J L!~ I VA"" "'1 A_ : S.RFl,IUIUS$ ,"'2 ~ vsc._~

o $.1\11 OllD!'IUS ..... J M010ll
~~ : II I A_ MN , I SWllCliMOCl

~~'i ~ ...U-:::-:;:::-jO~2~O ii, :::-': ... '.0 ~,~~, oc
CMISM

f'=-!!'~' I ~!~;':Io
1_+===~~g~~~;~Jl , ovnCUUI"" L... "\SfCOI'Cl"'V)' TO SCS t W II'lO I " I 1oIO!'I11OtING .-

tllM' IN!!G • 3L S-IV5-M SO~ID nAn I I
NO.2: ",OJ ,""1(6.....,;. AllU 411U __ WI l ....r A 11 SWI,Tell I I
'1$\1 I "'"..:, \, ..«5 '" "\ G,l 0 - MOe. I I I

Iv<: IIINO - : .. ... IDS 3 L>.f' II ~ r-~:::--====!I ------'r--1I-....;,..,... I'fOOWUl>WIICIl~ Al1U ""I~$~ 0 _~~...J I ..-
MDC 1 r- '.;s r GIMIAl _ I ~~:::. r:::::::::,:

."'0' , POSITION r<=:E~-...:""~'~; FlOM 5C1 I I, i I,. ,~ ~ ~GKI~ I
D1MOO I I __ ,.,. 2 (LOGIC I "T ,

I 'XTINOJ.j- tW IUS_ I I' SIAl'I CllllCH L-'CwC~=Cn'-J, I
, r::::c::::-,l I _+...., I r ...-:~A,-_._~l:.Y

: M2 -~ : -{,-_,..I:, t-"",,_O.!oUT Jffi~1C I : Q I I, " :~; ~:w
, I "..--, VS i,..---- IUS ,... I r -.0;:.-1 Y m

I IIJUCI I I J ~ : IoClC 1 L-"·'-~'-"'..J: IOIUlltUTlON I L...: - - - - - -l I ~~
I ClUTe" 1 ~; : I I tOJl I SWIlC" /oOOC I

I I I 1
0 ftOMSC~ IISMNfGwsl I

WCON{)....... lOGlCWS I I ~'''''' I SPS YAW GIMBAl SM CMI I I 0 rwI I I I ACTUATOR MarCIl AND

I
Gf.::::'TOt ,I L .J L__J CWTCH CONTROl

CSM !Q) ANO SUBS
YAW I

L
1 ':T~ I
_~__J

,
••
",
•

•
°••o

SERVICE PROPULSION SYSTEM

Miuion Basic Date 15 April 1969 Change Date 15 Oct 1969 Page 2.4-21/2.4-22



SMlA-03-BLOCK 11-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

If the TVC GMBL DRIVE YAW switch on MDC-I is in position 2
and the TVC SERVO POWER switch l on MDC-7 is in AC2/MNB or
ACI/MNA position. The CMC. SCS or MTVC inputs are locked into the
secondary clutches. This position could be utilized to check out gimbal
motor No.2, the secondary clutches. and the secondary servo loop
system.

If the TVC GMB L DRIVE YAW switch on MOC-I is in AUTO and
TVC SERVO POWER switch 2 on MDC-? is in ACl/MNB or ACI/MNA
position. The SCS or MTVC inputs are removed from the primary
clutches and switched to the secondary clutches when the translation con_
trol is rotated clockwise.

The pitch gimbal actuator operation and control function in the
same manner as yaw. The pitch gimbal actuator control circuits has its
own PITCH GIMBAL MOTOR switches on MDC-l and its own TVC GMB L
DR PITCH switch on MOC-I. The TVC SERVO POWER switches on
MDC-? will supply power to the pitch clutches as in the case of the yaw
clutches. The LV/SPS IND switch to cpr on MDC-I allows pitch gimbal
position to the CP!. The relay coils, however. will have different
numbers in the pitch actuator.

It is noted that the primary yaw and pitch gimbal motor receive
power from MN BUS A. The primary pitch and yaw motor-driven switches
receive power (rom BAT BUS A. The secondary yaw and pitch gimbal
motors receive power from MN BUS B. The secondary pitch and yaw
motor_driven switches receive power (rom BAT BUS A.

The clutches are of a magnetic-particle type. The gimbal motor
drive gear meshes with the gear on the clutch housing. The gears on
each clutch housing mesh and as a result. the clutch housings counter
rotate. The current input is applied to the electromagnet mounted to the
rotating clutch housing from the SCS. CMC, or MTVC. A quiescent cur­
rent may be applied to the electromagnet of the extend and retract
clutches when the TVC SERVO POWER switches. on MDC-?, are in
ACI/MNA or AC2/MNB. preventing any movement of the engine during
the boost phase of the mission with the gimbal motors OFF. The gimbal
motors will be turned ON prior to jettisoning the launch escape tower to
support the SPS abort after the launch escape tower has been jettisoned
and will be turned OFF as soon as possible to reduce the heat that occurs
due to the gimbal motor driving the clutch housing with quiescent cur­
rent applied to the clutch. The friction force in the clutch housing
cre'ltes heat which if allowed to increase to a high temperature. the
electr01uagnet would loose its magnetism capability, thus rendering that
set of clutches inoperative.
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Prior to any SCS 6.V thrusting period or in MTVC (manual thrust
vector control), the thumbwheels on MDC-I will be used to position the
engine. The thumbwheels may be positioned prior to any CMC 6V thrust_
ing period but cannot position the engine. In any thrusting mode, the cur_
rent input required for a gimbal angle change (to maintain the engine
thrust vector through the center of mass) to the clutches will increase
above the quiescent current. This increases the current into the electro­
magnets that are rotating with the clutch housings. The dry powder mag­
netic particles have the ability to become magnetized very readily, as
well as demagnetized just as readily. The magnetic particles increase
the friction force between the rotating housing and the flywheel, causing
the flywheel to rotate. The flywheel arrangement is attached to the clutch
output shaft allowing the clutch output shaft to drive the bull gear. The
bull gear drives a ball nut which drives the actuator jackshaft to an
extend or retract position, depending upon which clutch housing electro­
magnet the current input is supplied to. The larger the excitation cur­
rent, the higher the clutch shaft rotation rate.

Meshed with the ball nut pinion gear are two rate transducers. The
transducers are a tachometer type. When the ball nut is rotated, the rate
transducer supplies a feedback into the summing network of the thrust
vector control logic to control the driving rates of the jackscrew (acting
as a dynamic brake to prevent over- or under-correcting). There is one
rate transducer for each system.

The jackscrew contains two position transducers. all arranged for
linear motion and all connected to a single yoke. The position trans­
ducers are used to provide a feedback to the summing network and the
visual display on MDC-1. The operating system provides feedback into
the summing network reducing the output current to the clutch resulting in
proportional rate change to the desired gimbal angle position and returns
to a quiescent current in addition to providing a signal to the visual dis_
play on MDC-1.

The remaining position transducer provides a feedback to the
redundant summing network of the thrust vector logic for the redundant
clutches in addition to the visual display on MDC-l if the secondary sys­
tem is the operating system.

The spacecraft desired motion, thumbwheel positioning, rotation
control (MTVCl. engine nozzle position. thrust vector position, gimbal
position display indicator, and actuator ram movement is identified in
figures 2.4-10 and 2.4-11.

A snubbing device provides a hard stop for an additional one_degree
travel beyond the normal gimbal limits.
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Figure 2,4-10, SPS Angles Pitch and Yaw

2,4.2,9 Propellant Utilization and Gauging Subsystem (PUGS).

The subsystem consists of a primary and auxiliary sensing system,
a propellant utilization valve. a control unit, and a display unit (fig-
ures 2.4_12 and 2.4_13).

2.4.2.9.1 Quantity Sensing, Computing. and Indicating System,

Propellant quantity is measured by two separate sensing systems,
primary and auxiliary. The primary quantity sensors are cylindrical
capacitance probes, mounted axially in each tank. In the oxidizer tanks.
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Figure 2.4-11. SPS Gimbaling

the probes consist of a pair of concentric electrodes with oxidizer used as
the dielectric. In the fuel tanks, a pyrex glass probe, coated with silver
on the inside. is used as one conductor of the capacitor. Fuel on the out­
side of the probe is the other conductor. The pyrex glass itself forms the
dielectric. The auxiliary system utili7.es point sensors mounted at
intervals along the primary probes to provide a step function impedance
change when the liquid level passes their location centerline.

Primary propellant measurement is accomplished by the probes
capacitance, being a linear function of propellant height.

Auxiliary propellant measurement is accomplished by locating the
propellant level with point sensors, seven in the storage tanks and eight in
the sump tanks. Each point sensor consists of concentric metal rings.
The rings present a variable impedance depending on whether they are
covered or uncovered by the propellants. When the propellants are
between point sensors, the propellants remaining are integrated by a rate
flow generator which integrates the servos at a rate proportional to the
nominal flow rate of the fuel and oxidizer. A mode selector senses when
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Figure 2.4-12. SPS Quantity, Sensing, Computing and Indicating System
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the propellant crosses a sensor and changes the auxiliary servos from the
flow rate generator mode to the position m.ode, the system moves to the
location specified by the digital_to_analog converter for 0.9 seconds to
correct for any difference. The system then returns to the flow rate
generator m.ode until the next point sensor is reached. Figures 2.4_14
and 2.4_15 identify the point sensor locations. The non_sequential pattern
detector functions to detect false or faulty sensor signals. If a sensor has
failed, the inform.ation from that sensor is blocked from the system,
preventing disruption of system computation.

When a THRUST_ON signal is provided with the PUG MODE switch
in the PRIMARY or NORMAL position, the crew display digital readouts
and unbalance display will not change for 4± 1 seconds to allow for pro_
pellant settling. However, TLM will receive the same signal as upon
completion of the last firing after approximately one second of SPS
THRUST_ON.

OXIDIZER POINT SENSOR LOCATIONS

WEI GHT POUNDS PERCENT MAXIMUM

NUMBER TEMP 70°F 70°F INCHES

PRESS. 176.60 PSIA 176.60 PSIA

15 1.586. 01 6.5 25.36
14 3,172.02 13.0 4134
13 4,758.03 19.5

OXIDIZER 57.25
12 6,344. 04 26. 0

~ SUMP 72.07
II 7,930. 05 32. 5 86. 89
10 9,516. 06 39.0 TANK

10L 72
9 11,102.07 45.5 NO.2 116. 54
8 12,688.08 52.0 13L60
7 14,274. 09 57.8 10.50
6 15,860, 10 64.3 30. 57
5 17,446. II 70.8 OXIDIZER 49.55
4 19,032.13 77.3 STORAGE 68.54
3 20,618.14 83. 8 TANK 87.52
2 22,204. 15 90.3 NO. I 106. 51
I 23,790. 16 96.8 125.49

P-5093E
Figure 2.4_14. SPS Oxidizer Point Sensor Location
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FUEL POINT SENSOR LOCATIONS
WEIGHT POUNDS PERCENT MAX IMUM

NUMBER TEMP 70'F 70'F INCHES
PRESS 176.60 PSIA 176.60 PSIA

15 992.08 6.5 25.36
14 1984.16 13.0 41. 34
13 2976.24 19.5 FUEL 57.25
12 3968.32 26.0 SUMP 72. 07
11 4960.40 32.5 TANK 86.89
10 5952.48 39.0 NO.2 101. 72
9 6944.56 45.5 116.54
8 7936.64 52.0 131.60
7 8928.72 57.8 10.48
6 9920.80 64.3 FUEL 30.55
5 10912.88 70.8 STORAGE 49.54
4 11904.96 77.3 TANK 68.52
3 12897.04 83. 8 NO.1 87.51
2 13889.12 90.3 106.49
1 14881. 20 96.8 125.48

P-5094F

Figure 2.4_15. SPS Fuel Point Sensor Location

When the THRUST -ON signal is provided with the PUG MODE switch
in AUXILIARY position, the crew display digital readouts, unbalance
display, and TLM will receive a change in information immediately, which
is generated from a flow rate integrator that simulates the nominal flow
rate and transmits this as quantity information to the crew displays and
TLM. The crew digital readouts unbalance display and TLM will not be
updated to the propellant from a point sensor for 6. 5± 1.0 seconds after
THRUST_ON. When the THRUST_ON signal is provided plus 6. 5±l. 0
seconds, if a point sensor is uncovered, the crew digital readouts,
unbalance display, and TLM will be updated to the propellant remaining
at that point sensor. The time delay of 6. 5±l. 0 seconds is to the point
sensor system and not to the auxiliary fuel and oxidizer servos, and is to
allow for propellant settling.
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Any deviation frotn the notninal oxidizer to fuel ratio (1.6:1 by tnass)
is displayed by the UNBALANCE indicator in pounds. The upper half of
the indicator is tnarked INC and the lower half is marked DEC to identify
the required change in oxidizer flow rate to correct any unbalance con_
dition. The tnarked or shaded area is a normal unbalance range area.

The crew can determine if a true unbalance of propellant retnaining
exists. With the PUG tnode switch in PRIM or NORM, the crew display
percentage readouts would not indicate the satne percentage value and the
unbalance lTIcter would indicate the amount of unbalance in pounds. To
verify if a true unbalance condition exists, the PUG mode switch would be
positioned to AUX. If the crew display percentage readouts and the

Figure 2.4-16. Deleted
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unbalance meter now read similar to the readouts when in PRIM, a true
unbalance condition exists.

2.4.Z.9.Z

The crew can determine in the case of a malfunction as to what has
malfunctioned within the quantity and indicating systems by utilization of the
TEST switch. To test the PRIM gauging system, the PUG mode switch
must be in PRIM, and to test the AUX gauging system, the PUG mode
switch must be in AUX.

By observing the response of each system in conjunction with the test
switch on MDC-3, the crew can recognize the malfunction or determine if
there is a true unbalance existing.

The crew display readouts and unbalance meter should not be con­
sidered accurate until the SPS engine is thrusting for at least 25 seconds.
This is to allow complete propellant settling in the SPS tanks before the
gauging system is within its design accuracy.

When the THRUST-OFF signal is provided, regardless of the PUG
MODE switch position, the visual display fuel and oxidizer percentage
readouts and the unbalance meter display will lock at the readings dis­
played. T LM will not receive any propellant quantity information during
THRUST-OFF conditions.

Quantity Computing and Indicating System Test.

II

A test of the sensing systems, excluding the point sensor and
probes, can be implem.ented during THRUST-ON or OFF periods. With
the PUG MODE switch in PRIM and the TEST switch in TEST 1 (up)
position, the test stimuli is applied to the primary system. tank servo­
amplifiers (4) after a time delay of 4.±.1 seconds. At this time, the test
stimuli will drive the crew display fuel and oxidizer readouts to an
increase reading at different rates. This results in an unbalance and is
so indicated on the unbalance meter crew display as an INC (clockwise
rotation). TLM would receive an increase in propellant quantity from
the primary system tank servoamplifiers TLM potentiometers. When
the TEST switch is released from TEST I (up) position, the TEST switch
spring loads to the center position. This removes the test stimuli, I
and the crew displays will lock at the readings that they had been
driven to. TLM would not receive any propellant quantity information.

With the PUG MODE switch in PRIM and positioning the TEST
switch to the TEST Z (down) position. The test stimuli is applied to the
primary system tank servoarnplifiers (4) after a time delay of 4+1
seconds. At this tim.e, the test stimuli drives the crew display fuel and
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oxidizer readouts to a decrease reading at different rates. This returns
the crew displays close to the reading displayed prior to TEST I (up).
Simultaneously TLM would receive the same information. The crew dis­
plays would lock at the new readings if the TEST switch is released to
center (spring loaded). TLM would not receive any propellant quantity
information at this time. Ii the TEST switch is positioned again to
TEST 2 (down), followed by a time delay of 4±.1 seconds, the fuel and
oxidizer crew display readouts would drive to a decrease reading at
different rates. This results in an unbalance condition and is so indi­
cated on the unbalance meter display as a DEC (counterclockwise
rotation). TLM would receive a decrease in propellant quantity at this
time. Releasing the TEST switch to the center position removes the test
stimuli and locks the displays at the new reading. TLM would not receive
any propellant quantity information at this time. To return to the read­
ing displayed prior to the second TEST Z (down) the TEST switch is
positioned to TEST I (up). After a tilTIe delay of 4:!:,.1 seconds. the crew
displays would drive to an increase reading at different rates. This
returns the crew displays close to the reading displayed prior to the
second TEST 2 (down). At this time, TLM receives the same informa­
tion.

To TEST the auxiliary system, the PUG MODE switch is positioned
to AUX and the TEST switch set to TEST I (up) and TEST 2 (down)
positions. There are no time delays involved with the auxiliary system.

With the PUG MODE switch in AUX. and positioning the TEST
switch in the TEST 1 (up) position, the test stimuli is provided to the
auxiliary fuel and oxidizer servoamplifiers (2). This drives the fuel and
oxidizer displays to an increase reading at approximately the same rates.
This results in no or a very small unbalance and is so indicated on the
unbalance meter. At this time TLM would receive an increase in pro­
pellant quantity from the auxiliary system TLM potentiometers. Rele","­
ing the TEST switch to center, removes the test stimuli. The crew dis­
plays lock at whatever readings they had been driven to. TLM would not
receive any information of propellant quantity at this time.

With the PUG MODE switch in AUX and positioning the TEST
switch in the TEST 2 (down) position. the test stimuli is provided to the
auxiliary fuel and oxidizer integrators. This drives the fuel and oxidizer
displays to a decrease reading at the sam.e rates. This returns the crew
displays close to the readings displayed prior to TEST 1 (up). The result
is no or very little unbalance and is so indicated on the unbalance meter
crew display. At this time TLM would receive the same information.
Releasing the TEST switch to center, the test stimuli is removed. This
locks the crew displays, and TLM would not receive any propellant
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quantity information. If the TEST switch is positioned again to TEST 2
(down), the fuel and oxidizer ::rew displays would drive to a decrease
reading at the same rates resulting in no or very little unbalance. TLM
would receive a decrease in propellant quantity at the time. Releasing
the TEST switch to center will lock the displays to the readings that they I
had been driven to. TLM would not receive any propellant quantity
information at this time. To return to the reading displayed prior to the
second TEST 2 (down), the TEST switch is positioned to TEST I (up).
The crew displays would drive to an increase reading at approximately
the same rates. This returns the crew displays close to the reading II
displayed prior to the second TEST 2 (down). TLM would receive the I '
same information at this time. Releasing the TEST switch to center
will lock the displays at the readings they had been driven to. TLM
would receive no infOrJnation at this time.

Propellant Utilization Valve.

1£ an unbalance condition exists, which is determined from the
INCR, DECR readings on the unbalance meter on 1v1DC- 3, the crew may
use the propellant utilization valve to return the remaining propellants to
a balanced condition. The propellant utilization is not powered until a
THRUST-ON command is provided to the propellant utilization gauging
control unit (figures 2.4-12 and 2. 4-13). The propellant utilization valve
housing contains two sliding gate valves within one housing. One of the
sliding gate valves is the primary, and the remaining valve is the sec­
ondary. Stops are provided within the valve housing for the full increase
or decrease positions. There are separate stops for the primary and
secondary sliding gate valves. The secondary propellant utilization
valve has twice the travel of the primary propellant utilization valve.
This is to compensate for the primary propellant utilization valve failure
in any position.

The propellant utilization valve controls are located on MDC-3.
The OXID FLOW PRIM, SEC switch, selects the primary or secondary
propellant utilization valve for operation. The normal position of the
OXID FLOW VALVE select switch is PRIM. The OXID FLOW VALVE
select switch will not be moved.to SEC unless a problem is encountered
with the primary valve. The OXlD FLOW VALVE INCR, NORM, DECR
switch is utilized to position the selected primary or secondary propel­
lant utilization valve. When the OXID FLOW VALVE switch is in
NORM and the OXlD FLOW VALVE select switch is in PRIM, the
sliding gate valves are in a nominal !low position. The upper and lower
OXID FLOW VALVE position indicators are gray. When the unbalance
meter informs the crew of INCR, the OXID FLOW VALVE switch is
positioned to INCR and the OXlD FLOW VALVE select switch is in
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PRIM. The primary sliding gate valve then moves to the increase flow
position. The valve rrlOvement will take approximately 3. 5 seconds to
reach the full increase position. The upper OXID FLOW VALVE
position indicator would then indicate MAX and the lower indicator would
remain gray. The OXlD FLOW VALVE would then be left in the INCR
oxidizer flow position. This will increase the oxidizer flow approxi­
mately 3 percent above the nominal oxidizer flow. When the unbalance
meter informs the crew of approxirnately 0 unbalance, the OXID FLOW
V ALVE switch is then positioned to NORM. The primary sliding gate
valve would then return to the nominal flow position. The valve move­
ment will take approximately 3. 5 seconds to reach the nominal flow
position. The OXlD FLOW VALVE upper indicator would then return
to gray. The lower indicator would remain gray.

When the unbalance meter informs the crew to DECR the oxidizer
flow, the QXlD FLOW VALVE switch is then positioned to DECR with
the OXID FLOW VALVE select switch in PRIM. The primary Sliding
gate valve then moves to the decrease flow position. The valve move­
ment will take approximately 3. 5 seconds to reach the decrease flow
position. This will decrease the oxidizer flow approximately 3-1/2
percent below that of the nominal oxidizer flow. When the primary gate
valve reaches the DECR position. the upper OXID FLOW VALVE
position indicator remains gray and the lower indicator would indicate
MIN. The OXlD FLOW VALVE would then be left in the DECR position.
When the unbalance meter informs the crew of approximately 0 unbalance,
the OXID FLOW VALVE switch is then positioned to NORM. The
primary sliding gate valve would then return to the norninal flow position.
The valve movement will take approximately 3. 5 seconds to reach the
nominal flow position. The OXID FLOW VALVE upper indicator would
then return to gray. The lower indicator would rernain gray.

The secondary propellant utilization valve is selected by position­
ing the OXID FLOW ·VALVE select switch from PRIM to SEC. The
SEC position would be selected in the event of a problem with the PRIM.
The secondary sliding gate valve would then be controlled and operated
by the OXlD FLOW VALVE INCR. NORM, DECR switch in the sarne
manner as the primary valve. The position indicators would then operate
in the same manner as in the primary, however, now indicating second­
ary valve position.

The primary and/or secondary sliding gate valves cannot be posi­
tioned to block or close off the oxidizer flow completely. This is because
the mechanical stops within the sliding gate valves.
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Engine Thrust ON-OFF Control.

Figures 2.4-1 and 2.4-2 illustrate the THRUST ON-OFF logic in
the command module computer (CMC), the stabilization control subsys­
tem (SCS) and the manual SPS THRUST DIRECT ON 6.V mode.

The SCS circuit breakers on MOC-B supply power to selected
switches on MOC-7 and MOC-I. The MDC-7 switches distribute a-c and
d-c power to the SCS hardware and d-c logic power to selected switches
on MOC-I. The G&N (Guidance and Navigation) IMU (Inertial Measure­
ment Unit) circuit breakers on MOC-5 supply power to the G/N power
switch on MOC-IOO. When the G/N power switch is positioned to IMU,
power is supplied to the SC CaNT switch on MDC-I. When the SC CaNT
switch is positioned to CMC, a discrete event signal is supplied to the
translation control. With the translation control not clockwise (neutral),
this allows the discrete event enable to the CMC.

The SPS PILOT VALVE circuit breakers MNA and MNB on MDC-B
supply power to the respective 6.V THRUST NORMAL A and B switches on
MOC-1. The 6.V THRUST NORMAL A and B switches on MOC-I supply
arming power to the SPS relays and solenoid control valves. These
switches also provide power to the FCSM SPS A and B switches on
MOC-I (for CSM 106 through CSM Ill, figure 2.4-1). The FCSM SPS
A and B switches are positioned and locked to the RESET/OVERRIDE
position (for CSM 106 through CSM Ill, figure 2.4-2). The FCSM SPS
A and B switches provide enabling power to the THRUST ON-OFF logic
(for CSM 106 through CSM Ill, figure 2.4-1). The FCSM switch nomen­
clatures aTe covered with a blank decal on CSM 106 through CSM Ill.
The FCSM switches are removed on CSM 112 and subs (figure 2.4-2).

The SPS engine THRUST-ON command is provided by the THRUST
ON-OFF logic in the CMC or SCS 6.V modes. The THRUST ON-OFF
logic commands the SPS DRIVERS I and/or 2. The SPS DRIVERS pro­
vide a ground in THRUST ON to the low side of th,e SPS solenoids and
relays. The SPS DRIVERS provide the renloval of the ground in
THRUST-OFF conditions to the SPS solenoids and relays. DRIVER I
provides a ground for the SPS solenoids No. I and No. 2 and SPS relays
S31A3Kl and S31A3K3. DRIVER 2 provides a ground for SPS solenoids
No.3 and No.4 and SPS relays S31A3K2 and S31A3K4. The SPS relays
when energized provide power to the SPS quantity gauging system and
SPS He VLV I and 2. The SPS He VLV switches on MDC-3 must
be in AUTO and the SPS gauging switch on MDC-4 in ACI or AC2.
The solenoid control valves when energized allow GN2 pressure to be
supplied to the respective bipropellant valve (ball valve) actuators. The
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respective ball valves when opened, allow propellants to flow into the
injector and atomize and ignite (hypergolic).

The SPS THRUST DIRECT ON switch on MDC-l provides an
alternate backup mode to the CMC and/or SCS b>.V modes. When the
SPS THRUST DIRECT ON switch is positioned to SPS THRUST DIRECT
ON, a ground is provided to the low side of the SPS relays and solenoid
control valves. The engine is commanded ON (providing the b>.V THRUST
NORMAL switches are in A and/or B) regardless of the SPS THRUST
ON- OFF logic.

The SPS DRIVERS No. I and/ or No. Z will relTIove the ground on
the low side of the SPS relays and solenoid control valves, when COITI­

manded by the THRUST-OFF logic in the CMC or SCS b>.V modes. The
THRUST-OFF command allows the SPS relays and solenoid control
valves to de-energize. This allows the solenoid control valves to dump
overboard the GNZ pressure within the actuator, The actuator spring
pressure drives the ball valves closed, thus shutting the engine down.

In the SPS THRUST DIRECT ON mode, the ground on the low side
of the SPS relays and solenoid control valves is removed by positioning
the SPS THRUST DIRECT ON switch to NORMAL. This allows the
solenoid control valves and relays to de-energize and shut the engine
down in the same manner as the SPS DRIVERS.

The AV THRUST NORMAL A switch positioned to A enables the
(A bank) logic circuitry, arms the (A bank) SPS relays and solenoid
control valves and energizes injector prevalve A. The injector prevalve
then allows GNz pressure to solenoid control valves No. I and No. Z.
The b>.V THRUST NORMAL B switch positioned to B enables the (B bank)
logic circuitry, arms the (B bank) SPS relays and solenoid control valves
and energizes injector prevalve B. The injector prevalve then allows
GN

Z
pressure to solenoid control valves No. 3 and No.4.

The CMC commands THRUST-ON in the CMC AV mode by supply­
ing a logic 0 to the THRUST ON-OFF logic. This is providing that
the SC CONT switch is in the CMC position and translation control not
clockwise (neutral). The SPS DRIVERS then provide the ground to the
SPS relays and solenoid control valves. The AV THRUST NORMAL A
switch is positioned to A for single-bank operation. U double-bank
operation is desired,S seconds or later after SPS THRUST-ON, the
AV THRUST NORMAL switch B is positioned to B. When the CMC
changes the logic signal from a 0 to a 1, THRUST -OFF is commanded.
The AV THRUST NORMAL switch A and/or B are then positioned to
OFF.
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The SCS 6V ITlode is obtained by positioning the SC CONT switch
to SCS. A thrust enable signal is obtained from the EMS/AV display
counter if at or above 00000. O. THRUST ONis commanded by a +X transla- I
tion and by depressing the THRUST-ON pushbutton (MDC-l). The +X
cOJTuuand signal is necessary to enable the THRUST-ON logic. The +X
command function may be obtained by depressing the DIRECT ULLAGE
pushbutton on MOe-I, or positioning the translation control to +X, or
positioning the translation control counterclockwise (SPS abort mode).
The difference between the commands is that the DIRECT ULLAGE or
SPS ABORT commands initiate an SMRCS engine direct coil firing and II
inhibits the SMRCS engine auto (coil) pitch and yaw solenoid drivers,
IGNITION 1 (IGN-l). The translation control positioned to +X utilizes
the SM RCS engine auto coils; thus, attitude hold may be obtained. The
SM RCS engine auto coils (pitch and yaw) are then inhibited automatically
1 second after SPS engine THRUST ON by the IGN-I command. When
the ground to the SPS solenoids and relays are provided by the SPS
DRIVER or DRIVERS, the THRUST ON pushbutton may be released and
the +X command terminated. The SPS engine firing is maintained by the
SCS lock-in circuit. The t::.V THRUST NORMAL A switch is positioned
to A for single-bank operation. IT double-bank operation is desired,
5 seconds or later after SPS THRUST ON, the t::.V THRUST NORMAL
B switch is positioned to B. The +X command function and the THRUST
ON pushbutton depressed must be initiated again to supply THRUST-ON
to the B bank and B SCS logic. When the EMS/t::.V cOWlter reads -. I, the
EMS/ t::.V counter enable signal is removed and THRUST-OFF is com­
manded. The t::.V THRUST NORMAL A and/or B switch are then posi­
tioned to OFF.

The SPS THRUST ON-OFF logic may be switched from the CMC
to the ses t::.V mode during an SPS engine thrusting period. The trans­
lation control may be rotated to the clockwise position or the se eONT
switch to ses. In either case the THRUST ON-OFF logic is transferred
to the ses t::.V mode. The SPS engine would continue thrusting (providing
the EMS/t::.V counter is at or above 00000.0) by the presence of the ses I
lock-in circuit. THRUST OFF will be commanded as in the normal ses
tJ..V mode.

If the manual SPS THRUST DIRECT ON mode is desired, the
t::.V THRUST NORMAL A switch is positioned to A (for single-bank
operation) and the SPS THRUST DIRECT switch is positioned to SPS
THRUST DIRECT ON. The SPS THRUST DIRECT ON switch posi­
tioned to SPS THRUST OIRECT ON provides a ground to the SPS relays
and solenoid control valves. If double-bank of operation is desired,
5 seconds (or later) after SPS thrust ON, the 6V THRUST NORMAL B
switch is positioned to B. To terminate thrust in the SPS THRUST

SERVICE PROPULSION SYSTEM

Mi.sion Basic Date 15 April 1969 Change Date 15 Oct 1969 Page ~2~.~4~-~3:z.9



SMZA-03-BLOCK II-(I)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

DIRECT ON mode, the SPS THRUST DIRECT ON switch is positioned
to NORMAL. Under certain conditions the SPS THRUST DIRECT ON
switch positioned to NORMAL will not shut the engine down. The con­
ditions are; with the SCS LOGIC BUS PWR switch on MDC-? positioned
to 2/3, and with the SC CONT switch in MDC-l in SCS or 5C CONT
switch in CMC and translation control clockwise and 6.V counter above
O. In the aforem.entioned condition the 5CS 6V m.ode has inadvertently
paralleled the SPS THRUST DIRECT ON m.ode. With the SPS THRUST
DIRECT ON switch in NORMAL, the EMS/AV counter reaching -. 1
would provide THRUST OFF as in the norm.al 5C5 6V mode. If the
SPS THRUST DIRECT ON switch was positioned to NORMAL when the
EMS/l::.V counter was below -. 1, the SPS THRUST DIRECT ON switch
to NORMAL would shut the engine down.

A m.anual back-up THRUST OFF cOlTlm.and for the CMC, ses or
SPS THRUST DIRECT ON Inode is obtained by the l::.V THRUST
NORMAL A and B switches. If single-bank operation was used, posi­
tioning the applicable l::.V THRUST NORMAL switch to OFF would shut
the engine down. If double-bank operation was used, positioning AV
THRUST NORMAL switches A and B to OFF would shut the engine down.
Positioning the l::.V THRUST NORMAL switches A and B to OFF removes
the arming power from. the SPS relays and solenoid control valves.

The SPS THRUST_ON.OFF logic circuitry also provides several
output functions. A ground is provided for the illumination of the
THRUST _ON lalTlp on the EMS display. The ground is sensed by SPS
ignition logic. It is noted on figures 2.4.1 and 2.4_2 that as long as the
EMS MN A and/or MN B circuit breakers on MDC-8 are closed, with
the t:.V THRUST NORMAL switches A and B on MDC_I in the OFF
position and the FCSM SPS A and B switches on MDC_I positioned and
locked in the RESET /OVERRIDE position on CSM 106 through CSM III
(figure 2.4_1), the SPS THRUST ON light on the EMS MDC_I will not be
illuIninated. The FCSM SPS A and B switches are rem.oved on CSM 112
and subs (figure 2.4_2). The SPS THRUST ON light on the EMS will.
illwninate when a ground is provided through the logic circuit driver No.
and/or No. Z, or when the SPS THRUST DIRECT ON switch on MDC_l
is positioned to SPS THRUST DIRECT ON.

The SM RCS auto pitch and yaw RCS disabling signal lGN- I is not
present until one second after 5PS ignition in the se::; t:J.V mode, and is
not removed until one second after SPS THRUST_OFF in the SCS 6V
mode. IGN_2 logic signal is required for the SeS-TVC and MTVC logic.
The lGN_llogic signal is generated at the same time the SPS solenoids
are grounded when in the 5eS 6V mode, but is not removed until one
second after ground is removed to maintain se control during SPS
thrust_off decay.
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The SPS ROUGH ECO caution and warning light on MDC_2 for
CSM 106 through CSM III is covered with a blank decal. The flight
combustion stability monitor system is rendered inoperative on CSM 106
through CSM 111 by stowing the power input wires to the FCSM,
figure 2.4_1. The FCSM SPS A and SPS B switch nomenclatures are
covered by a blank decal on CSM 106 through CSM 111. The FCSM SPS A
and SPS B switches are positioned and guarded to the RESET/OVERRIDE
position on CSM 106 through CSM III (figure 2.4_ I). The SPS ROUGH
ECO caution and warning light, the FCSM SPS A and SPS B switches, the
SPS READY signal to the CMC and the FCSM components are physically
removed on CSM 112 and subs (figure 2.4-2).

PERFORMANCE AND DESIGN DATA.

Design Data.

The following list contains specific data on the components in the
SPS:

II

Helium Tanks (2)

Regulator Units (2)

Check Valves
Filters

Pressure
Transduce rs (Z)

Propellant
Utilization Valve
Control (2)

3600±50_psia nominal fill pressure, 4400-maximum I
operating pressure. Capacity 19.4 cubic ft each,
inside diameter 40 in., and a wall thickness of
0.46 in. Weight 393 lbs. each.

Working regulator, primary 186±4 psig, secondary
19l±4 psig. Primary lockup 195 psig. Secondary
lockup ZOO psig. Inlet filter 10 microns nominal,
25 microns absolute. Normally locked_up (closed)
regulators, primary l8l±4 psig, secondary 19l±4
psig. Primary lockup 195 psig. Secondary lockup
Z05 psig.

Inlet port 40-rrlicron nominal, 74-micron absolute.
Test ports 50-micron nominal and 74-micron
absolute. One at inlet to check valve assembly; one
at each test port.

Fuel and oxidizer underpressure setting (SPS PRESS
light, MDC_2), 157 psia. Fuel and oxidizer over_
pressure setting (SPS PRESS light MDC-2l,
200 psia.

Increase position, approximately 3% more than
nominal flow.
Normal position, nominal flow.
Decrease position, approximately 3. 5% less than
the nominal flow.
Response time, normal to increase or vice versa,
or normal to decrease or vice versa, is 3.5 seconds.
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I

Quantity Sensing
System Accuracy

Helium Relief
Valve (2)

Oxidizer Storage
Tank #1

Oxidizer Sump
Tank #2

Fuel Storage
Tank # 1

Fuel Sump Tank #2

Total Propellant
(In Tanks)

Indicators _ Difference between actual quantity and
total indicated quantity for each propellant shall not
exceed to. 35% of full tank plus to. 35% of propellant
remaining separately to total fuel and oxidizer
separately.
TLM _ Difference between actual quantity in each
tank and that represented to TLM be within ±O. 35%
of full tank plus to. 35% of propellant remaining.

Diaphragm rupture, 219±6 psig. Filter, 10 microns
nominal, 25 rrdcrons absolute. Relief valvo;, relieves
at 212 minimum to 225 psig maximum, reseats at
208 psig minimum. Flow capacity 3lbs/minute
maximum at 600 F and 225 psig. Bleed device closes
when increasing pressure reaches no greater than
150 psig in cavity, and reopens when decreasing
pressure has reached no less than 20 psig.

Total tank capacity 11284.69 lbs.
Fill pressure liD psia.
Height 154.47 in.
Inside diameter 45 in., wall thickness 0.054 in.
128.52 cubic feet

Total tank capacity 13923.72 lbs = 57. Oo/~.

Fill pressure 110 psia.
Height 153.8 in., diameter 51 in., wall thickness
0.054 in.
161. 48 cubic feet

Total tank capacity 7058.36 Ibs.
Fill pressure 110 psia.
Height 154.47 in., diameter 45 in., wall thickness
0.054 in. 128.52 cubic feet

Total tank capacity 8708.10 Ibs. = 57.0%.
Fill pressure 110 psia.
Height 153.8 in., diameter 51 in., wall thickness
0.054 in. 161. 48 cubic feet

Total oxidizer 25208.41 Ibs = 103.4%.
Total fuel 15766.46 Ibs = 103.40/0.
99.9% oxidizel gaugeable 24389. 10 Ibs.
99.90/0 fuel gaugeable 15252.70 Ibs.

SERVICE PROPULSION SYSTEM
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SYSTEMS DATA

All Propellant
Tanks

Interface Flange
Filter (2)

GN2 Bipropellant
Valve Control
Systems (2)

Pressurized to LOtS psig of helium when empty to
prevent collapsing of tanks (negative pressure of
O. S psig will collapse tanks).

500 microns absolute.

GN 2 storage vessel pressure 2500t50 psi at 68°F,
2900 psi at 130°F. Support 43 valve actuations. II
120-cubic inch capacity, each. Inside diameter I
4. 65 in.• length 9. 6 in.
Regulator _ single stage, dynamic 187 psig
minimum. Lockup pressure 195 to 225 psig.
Relief valve relieves at 3S0±15 psi, reseats, at
not less than 250 psi.
*GNZ filters, one between each GN2 supply tank
and injector prevalve, 5 microns nominal and
18 microns absolute. One at each GNZ regulator
outlet test port, 5 microns nominal and 18 microns
absolute.

Engine (1)

*CSM lOB and subs.

750_second service life. Support 36 restarts
minimum.
Expansion ratio = 6 to 1 at ablative chamber exit

area
= 6Z.5 to 1 at nozzle extension

exit area.
Chamber cooling, ablation and film cooled.
Nozzle extension. radiation cooled.
Injector type. baffled. unlike impingement.
Oxidizer lead 8 degrees
Length 159.944 in. maximum
Nozzle extension exit diameter 98.4 in. inside
diameter
Weight approximately 650 Ibs.
Injector flange temperature, illuminates SPS
FLANGE TEMP HI caution and warning light on
MDC-Z at 4BO°F. (Light disconnected and covered
with decal on CSM 108 and subs.)
BPS Pc transducer, Pc displayed on MDC_l through
SPS Pc a switch to SPS Pc Q' indicator on MDC- 1.
Green range on indicator is 65 to 1250/0 (psia).
Normal 95 to 105% (psia).

I

SERVICE PROPULSION SYSTEM
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SYSTEMS DATA

2.4.3.2

Heaters (6)

Gimbal Actuators

Overcurrent
Relays (4)

Performance Data.

6 heaters, 2 elements on each heater, 3 elements
in series on the fuel side rated at 15 watts,
9.4 watts, and lB. B watts; 3 elements in series
on the oxidizer side rated at 15 watts, 9.4 watts,
and 18.8 watts. SP5 heater switch position AlB
on MDC_3 supplies 28 vdc to 12 clements. SPS
heater switch position A on MDC_3 supplies
28 vdc to 6 elements.

Structural mounting pad offset 4 deg to tY. About
Z_Z axis ±4. 5 (to. 5, _0.0) deg with additional
I deg for snubbing (yawl, null I deg to +Y (thrust
vector) during SPS thrusting periods, 0 degree
during non SPS thrusting periods. About Y _Y axis
±4.5 (+0.5, _0.0) deg with additional I deg for
snubbing (pitchl, null 2 deg to +Z (thrust vector)
during SPS thrusting periods, + 1. 5 to +Z during
non SPS thrusting periods.

Overcurrent dependent upon temperature during
start transient and steady state. Quiescent
current of 60 milliamps ±IO percent. Pressurized
to 3 to 5 psi of dry air. Deflection rate O. 12 radians
per second (low side, 6.87" per second) to O. 132
radians per second (high side, 7.56" per second).

2.4.3.3

2.4.4

Refer to CSM/LM Spacecraft Operational Data Book SNA_8_D_027
CSM (SO 68_447).

SP5 Electrical Power Distribution.

See figures 2.4-17 and 2.4-18 for electrical power distribution.

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

a. Propellant quantity gauging subsystem is operational only duri.ng
engine thrusting periods. A 4±1-second SPS thrusling period is required
before the prim.ary capacitance system provides updated information to
telemetry and crew displays with the PUG MODE switch in PRIM or
NORM. In addition, with the PUG mode switch in PRIM, NORM, or
AUX position, the crew display readouts and unbalance meter should not
be considered accurate until the SPS engine is thrusting for at least
25 seconds. The delays plus the previous statement are to allow the pro­
pellant to settle and stabilize within the SPS tanks before the gauging
system is within its accuracy.

b. Pitch and yaw gimbal actuator limitations:
1. Allow one-half second between actuation of the GMBL MOTOR

switches on MDC-I to minimize power transients.

Mission Basic Date 15 April 1969 Change Date 16 July 1969 Page 2~.~4::..:.-4~4::.
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SYSTEMS DATA

Z. The secondary gimbal motors should be in operation in the
pitch and yaw gimbal actuator for any SPS engine firing for back_up
modes of operation.

3. The TVC SERVO PWR switch I on MDC_7 should not be
positioned to ACI/MNA and TVC SERVO PWR switch 2 on MDC_ 7
positioned to AC2/MNB or switch I to AC2/MNB and switch 2 to
ACI/MNA in excess of one hour prior to an SPS engine firing. This
would result in some preheating of the pitch and yaw gimbal actuator
clutches which could result in a degradation of actuator clutch
performance.

4. Do not operate the pitch and yaw gimbal actuator motors
without applying power to the thrust vector control servo amplifiers
as the pitch and yaw gimbal actuators have a natural tendency to
extend or retrace (depending on altitude and pressure) and may drive
the SPS engine from snub to snub resulting in vehicle motion.

5. The pitch and yaw gimbal actuator operating time should be
held to a minimum. The pitch and yaw gimbal actuator clutches with
gimbal motors operating are capable of holding the SPS engine at a
given position during the boost phase of the mission (820 seconds)
followed by a 100_second SPS engine abort firing without degradation.
If no SPS abort firing is required the gimbal motors are shut down at
earth orbit acquisition. The gimbal motors are placed into operation
1 minute prior to S_IVB translunar injection with clutches holding the
SPS engine at a given position, followed by a S-1/2-minute S_IVB firing
(translunar injection). followed with CSM separation from the S_IVB,
followed by a 614-second SPS engine firing, and followed by a I-minute
idle post fire before gimbal motors are turned off and the clutches
not degraded.
c. Engine design minimum impulse control limit is 0.4 second;

however, mission minimum. impulse may be longer.
d. For other operational limitations and restrictions, refer to

Volume 2 of the AOH SPS malfWlction procedures.

SERVICE PROPULSION SYSTEM
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SM2A-03-BLOCK ll-(I)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

SECTION 2

SUBSECTION 2.5

REACTION CONTROL SYSTEM (RCS)
(CSM 106 and subs)

The Apollo command service module includes two separate reaction
control systems completely independent designated SM RCS and CM RCS.
The SM RCS is utilized to control SiC rates and rotation in all three axis
in addition to any minor translation requirements including CSM-S-IVB
separation. SPS ullage and CM-SM separation maneuvers. The CM RCS
is utilized to control GM rates and rotation in all three axis after CM-SM
separation and during entry. The CM RCS does not have automatic trans­
lation capabilities.

Both the SM and CM RCS may be controlled either automatically or
manually from the command module. Physical location of the RCS engines
is shown in figure 2.5-1. Engine firing sequence for specific maneuvers
and individual engine circuit breaker power control is shown in
figures 2.5-2 through 2.5-6.

SM RCS FUNCTIONAL DESCRIPTION.

The SM RCS consists of four individual, functionally identical
packages, located 90 degrees apart around the forward portion (+X axis)
of the SM periphery, and offset from the Sic Y and Z axis by 7 degrees
15 JTlinutes. Each package, configuration, called a "quad," is such that
the reaction engines are mounted on the outer surface of the panel and the
remaining components are inside. Propellant distribution lines are routed
through the panel skin to facilitate propellant transfer to the reaction
engine cOJTlbustion chambers. The engine combustion chambers are canted
approximately 10 degrees away from the panel structure to reduce the
effects of exhaust gas on the service module skin. The two roll engines
on each quad are offset-mounted to accommodate plumbing in the engine
mounting structure.

Each RCS package incorporates a pressure-fed, positive-expulsion.
pulse-modulated, bipropellant system to produce the reaction thrust
required to perform the various SM RCS control functions. Acceptable
package operating temperature is maintained by internally mounted,
thermostatically controlled electric heaters. The SM ReS propellants
consist of inhibited nitrogen tetroxide (N204), used as the oxidizer, and
monomethylhydrazine (MMH), used as the fuel. Pressurized helium gas
is the propellant transferring agent.

REACTION CONTROL SYSTEM

II
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The reaction engines may be pulse-fired, producing short-thrust
impulses or continuously fired, producing a< steady-state thrust leveL The
short-pulse firing permits attitude-hold modes of operation and extremely
accurate attitude alignment Inaneuvers during navigational sightings. CSM
attitude control is normally Inaintained by utilizing the applicable pitch,
yaw, and roll engines on all four quads. However, in the event of a mal­
function or in order to conserve propellants, complete attitude control can
be maintained with only two adjacent quads operating.

A functional flow diagram for a SM RCS quad is shown in figure 2.5-7.
The helium storage vessel supplies helium to two solenoid-operated helium
isolation valves that are norlnally open throughout the mission. This allows
allows heliuln pressure to the regulators, downstream of each helium
isolation valve, reducing the high-pressure helium to a desired working
pressure.

Regulated heliuln pressure is directed through series-parallel check
valves. The check va.-Ives permit helium pressure to the fuel and oxidizer
tanks, and prevent reverse flow of propellant vapors or liquid. A pres­
sure relief valve is installed in the pressure lines between the check
valves and propellant tanks to protect the propellant tanks frOIn any
excessive pressures.

Helium entering the propellant tanks creates a pressure buildup
around the positive expulsion bladders forcing the propellants in the tank
to be expelled into the propellant distribution lines. Propellants frOIn the
prilnary fuel and oxidizer tanks flow through the primary propellant isola­
tion valves. Propellants from the secondary fuel and oxidizer tanks flow
through the secondary propellant isolation valves. The secondary pro­
pellant fuel pressure isolation valve will be opened when the secondary
propellant fuel pressure transducer (located downstrealn of the prilnary
fuel tank) senses a drop in pressure. The drop in pressure indicates the
prilnary fuel tank is at propellant depletion. Opening the secondary
propellant fuel pressure valve at this time allows regulated helium pres­
sure to the secondary fuel tank. It has been deterlTIined that due to the
OfF ratio the fuel tank will deplete ahead of the oxidizer tanks. thus
accounting for the secondary propellant fuel pressure isolation valve
installation in the heliuITl pressurization path to the secondary fuel tank
only.

Oxidizer and fuel is distributed to the four engines by a parallel feed
systelTI. The fuel valve on each engine opens approxilTIately two milli­
seconds prior to the oxidizer valve, to provide proper engine operation.
Each valve assembly contains orifices which lTIeter the propellant flow to
obtain a nOlTlinal 2:1 oxidizer/fuel ratio by weight. The oxidizer and fuel

REACTION CONTROL SYSTEM
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impinge, atomize, and are ignited by hypergolic reaction within the com­
bustion chamber. The injector valves are controlled automatically by the
controller reaction jet ON-OFF assembly. Manual direct control is pro­
vided for rotational maneuvers and direct ullage only. The engine injector
valves are spring-loaded closed. This system configuration maintains
propellants under constant pressure, at the engine injector valves, pro­
viding rapid consistent response rates to thrust ON-OFF commands.

SM ReS MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

2. 5. 2. I

The SM RCS is composed of four separate, individual quads,
quad containing the following four major subsystems:

• Pressurization
• Propellant - primary/secondary
• Rocket engine
• Temperature control system

Pressurization Subsystem.

each

II

2.5.2.1.1

2.5.2.1.2

The pressurization subsystem regulates and distributes helium to the
propellant tanks (figure 2.5-7). It consists of a helium storage tank,
isolation valves, pressure regulators, and lines necessary for filling,
draining, and distribution of the helium.

Helium Supply Tank.

The total high-pressure helium supply is contained within a single­
spherical storage tank.

Helium Isolation Valve.

The helium isolation valves between the heliuJn tank and pressure
regulators contain two solenoids: one solenoid is energized momentarily
to magnetically latch the valve open; the remaining solenoid is energized
momentarily to unlatch the valve, and spring pressure and helium pressure
forces the valve closed. The helium isolation valves in each quad are
individually controlled by their own individual SM RCS HELIUM switch on
MDC-2. The momentary OPEN position energizes the valve into the
magnetic latch (open). The momentary CLOSE position energizes the
valve to unlatch the magnetic latch (closed). The center position removes
electrical power from either solenoid. The valves are normally open in
respect to system pressure substantiating the magnetic latching feature
for power conservation purposes during the mission in addition to prevent
overheating of the valve coil.

REACTION CONTROL SYSTEM
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A position switch contained within each valve controls a position
indicator above each switch on MDC-Z. When the valve is open, the
position switch is open and the indicator on MDC-Z is gray (same color as
the panel), indicating the valve is in its normal position. When the valve
is closed, the position switch is closed and the indicator on MDC-Z is
barber pole (diagonal lines). indicating the valve is in its abnormal
position.

The valve is closed in the event of a pressure regulator unit problem
and during ground servicing.

Pressure Regulator Assemblies.

Helium pressure regulation is accomplished by two regulator assem­
blies connected in parallel, with one assembly located downstream of each
helium isolation valve. Each assembly incorporates two (primary and
secondary) regulators connected in series and a filter at the inlet to each
regulator. The secondary regulator remains open as the primary regulator
functions properly. In the event of the primary regulator failing open, the
secondary regulator, in series, will maintain slightly higher but accept­
able pressures.

Check Valve Assemblies.

Two check valve assemblies, one asseD1bly 10cateJ upstreaD1 of the
oxidizer tanks and the other upstream of the fuel tanks, permit helium
flow in the downstream direction only. This prevents propellant and/or
propellant vapor reverse flow into the pressurization system if seepage
or failure occurs in the propellant tank bladders. Filters are incorporated
in the inlet to each check valve assembly and each test port.

Pressure Relief Valves.

The helium relief valve contains a burst diaphragD1, filter, a bleed
device, and the relief valve. The burst diaphragm ill inlltalled to provide
a more positive Ileal against heliuD1 than that of the actual relief valve.
The burst diaphragm ruptures at a predetermined pressure. The burst
diaphragm is of the nonfragmentation type. but in the event of any frag­
mentation, the filter retains any fragmentation and prevents particles
from £lowing onto the relief valve seat. The relief valve will relieve at a
pressure slightly higher than that of the burst diaphragm rupture pressure
and relieve the excessive pressure overboard protecting the fuel and
oxidizer tanks. The relief valve will reseat at a predetermined pressure.

REACTION CONTROL SYSTEM
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A pressure bleed device is incorporated between the burst diaphragm
and relief valve. The bleed valve vents the cavity between the burst dia­
phragm. and relief valve in the event of any leakage across the diaphragm,
or vents the cavity upon completion of performing a checkout of the relief
valve from the vent port on the relief valve. The bleed device is normally
open and will close when the pressure increases up to a predetermined
pressure. The bleed device automatically opens wheT: the pressure
decreases to the bleed valve opening pressure.

A protective cover is installed over the relief valve vent port and
bleed valve cavity port to prevent moisture accumulation and foreign
matter entrance. The covers are left in place at lift-off.

Distribution Plumbing.

Brazed joint tubing is used to distribute regulated helium in each
RCS quad from the helium storage vessels to the propellant tanks.

Secondary Propellant Fuel Pressure Isolation Valve.

The secondary propellant fuel pressure isolation valve in the
pressurization line to the secondary fuel tank contains two solenoids:
one solenoid is energized momentarily to magnetically latch the valve
open; the remaining solenoid is energized momentarily to unlatch the
valve, and spring pressure and helium pressure forces the valve closed.
The secondary propellant fuel pressure isolation valve in each quad is
controlled individually by its own individual SM RCS SEC PRPLNT FUEL
PRESS switch on MDC-Z. The momentary OPEN position energizes the
valve into the magnetic latch (open); the momentary CLOSE position
energizes the valve to unlatch the magnetic latch (closed). The center
position removes electrical power from either solenoid. The valve is
normally closed in respect to system pressure.

There is no position indicator talkback of the valve position to the
MDC.

The valve will be opened when the secondary propellant fuel pressure
decreases, indicating the primary fuel tank is depleted.

Propellant Subsystem.

This subsystem consists of two oxidizer tanks, two fuel tanks, two
oxidizer and two fuel isolation valves, a fuel and oxidizer inline filter,
oxidizer balance line, and associated distribution plumbing.

REACTION CONTROL SYSTEM
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Primary and Secondary Oxidizer Tanks.

The oxidizer supply is contained in two titanium alloy, hemispher­
ically domed cylindrical tanks. The tanks are mounted to the ReS panel.
Each tank contains a diffuser tube assembly and a teflon bladder for posi­
tive expulsion of the oxidizer. The bladder is attached to the diffuser
tube at each end of each tank. The diffuser tube acts as the propellant
outlet.

When the tanks are pressurized, the helium surrounds the entire
bladder, exerting a force which causes the bladder to collapse about the
propellant, forcing the oxidizer into the diffuser tube assembly and on out
of the tank outlet into the manifold, providing expulsion during zero g1 S •

An oxidizer fluid balance line is incorporated on the oxidizer tank
side of the propellant isolation valves between the primary and secondary
oxidizer tanks (figure 2.5-7). In prelaunch, prior to lift-off, the helium
and four propellant isolation valves are opened. The primary oxidizer
tank will flow oxidizer to the secondary tank because the primary tank is
located above the secondary tank. This displaces the ullage area in the
secondary tank to the primary and fills the secondary full of oxidizer. 1£
the launch continues normally, this creates no problem. However, if a
long hold period occurs, the four propellant isolation valves will be closed
and the fluid in the secondary tank will expand because of thermal growth.
The fluid balance line allows the oxidizer to bleed from the secondary to
the primary tank preventing possible rupture of the secondary tank.

The fuel tanks could have a similar problem except that the second­
ary propellant fuel pressure valve is closed prior to the opening of the
four propellant isolation valves. This prevents transfer of fuel from one
tank to the other.

Primary and Secondary Fuel Tanks.

The fuel supply is contained in two tanks that are similar in material>
construction, and operation to that of the oxidizer tanks.

Propellant Isolation Shutoff Valve.

Each propellant isolation valve contains two solenoids: one that is
energized momentarily to rnagnetically 1atch the valve open; and the
rernaining solenoid is energized lTlom.entarily to unlatch the magnetic
latch, and spring pressure and propellant pressure closes the valve. The
propellant isolation valves located in the primary fuel and oxidizer lines>
as well as the secondary fuel and oxidizer lines in each quad, are all
controlled by a single SM RCS propellant switch on MDC-Z. The SM RCS
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propellant switch on MDC-2 for each quad placed to OPEN Il'lomentarily
energizes the two primary and secondary fuel and oxidizer isolation valves
into the magnetic latch (open); the CLOSE mOInentary position energizes
the valve to unlatch the magnetic latch (closed). The center position
removes electrical power from either solenoid.

Each quad, primary fuel, and oxidil;er tank isolation valve contains
a position switch that is in parallel to one PRIM: PRPLNT position indi­
cator above the 8M RCS propellant switch on MDC-2. When the position
indicator switch in each valve is actuated open, the PRIM PRPLNT indi­
cator on MDC-2 is gray (same color as the panel) indicating both valves
are open with respect to the fluid flow. Each quad, secondary tank fuel
and oxidizer isolation valve contains a position switch that is in series to
one SEC PRPLNT position indicator below the SM RCS propellant switch
on MDC-2. When the position indicator switch in each valve is actuated
closed, the SEC PRPLNT indicator on MDC-2 is gray (same color as the
panel) indicating the valves are open to the fluid flow. When the position
indicator switch in either primary fuel or oxidizer isolation valve is actu­
ated closed, the PRIM PRPLNT position indicator on MDC-2 is barber
pole (diagonal lines) indicating that either valve or both valves are closed
in respect to the fluid flow. When the position indicator switch in either
secondary fuel or oxidizer isolation valve is actuated open, the SEC
PRPLNT position indicator on MDC-2 is barber pole (diagonal lines)
indicating that either valve or both valves are closed in respect to the
fluid flow.

The primary and secondary fuel and oxidizer isolation valves of each
quad are normally open to the fluid flow.

The primary and secondary fuel and oxidizer isolation valves of a
quad are closed to the fluid flow in the event of a failure downstream of
the propellant isolation valves such as line rupture, runaway thruster, etc.

Distribution Plumbing.

Propellant distribution plumbing within each quad is functionally
identical. Each quad contains separate sim.ilar oxidizer and fuel
plumbing networks. Propellants, within their respective networks, are
directed {rom the supply tanks through manifolds for distribution to the
four engines in the clusters.

Propellant, In-Line Filters.

In-line filters are installed in the fuel and oxidizer lines downstream
of the propellant shutoff valves and prior to the engine m.anifold contained
within the engine housing.

REACTION CONTROL SYSTEM
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The in-line filters are installed to prevent any particles from flowing
into the engine injector valves and engine injector.

Engine Assemblies.

The service module re~ction control system engines are radiation
cooled, pressure fed, bipropellant thrust generators which can be operated
in either the pulse or steady state mode. (These modes are defined as a
firing duration of less than one second, and one second or more,
respectively. )

Each engine has a fuel and oxidizer injector solenoid control valve.
The injector solenoid control valves control the flow of propellants by
responding to electrical commands (automatic or manual) generated by the
controller reaction jet ON-OFF assembly or direct RCS respectively.
Each engine contains an injector head assembly which directs the flow of
each propellant from the injector solenoid control valves to the combustion
chamber where the propellants atomize and ignite (hypergoHc) producing
thrust. A filter is incorporated at the inlet of each fuel and oxidizer
solenoid injector valve. An orifice is installed in the inlet of each fuel and
oxidizer solenoid injector valve that meters the propellant flow to obtain a
nominal 2:1 oxidizer-fuel ratio by weight.

Propellant Solenoid Injector Control Valves (Fuel and Oxidizer).

The propellant solenoid injector valves utilize two coaxially wound
coils, one for automatic and one for direct manual operation. The auto­
matic coil is used when the thrust command originates from the controller
reaction jet ON-OFF assembly which is the electronic circuitry that selects
the required automatic coils to be energized for a given maneuver. The
direct manual coils are used when the thrust command originates at the
rotation control (direct mode), direct ullage pushbutton, SPS abort or the
SM jettison controller (figure 2. 5- 7).

The solenoid valves are spring-loaded closed and energized open.

The reaction time of the valves are illustrated in figures 2.5-8 and
2.5-9.

Figure 2.5-8 illustrates a thrusting duration of 15 seconds (steady
state). The electrical on signal is received within either the automatic
(normal) or manual direct coils of the engine injector valves. At
14 seconds after the receipt of the thrust on signal, the automatic or
manual direct coils are deenergized and the injector valves spring-load
closed. However, due to the valve lag and residual propellant flow down­
stream of the injector valves. thrust output continues until the residuals
have burned which establishes the cutoff transient.

REACTION CONTROL SYST EM

Mission Basic Date 15 April 1969 Change Date Page "Z","'<-ol.6'"



SM2A-03-BLOCK I1-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

THRUST
LBS

100
I­, STEADY STATE ...,

50-

~START TRANSIENT
ElECTRICAL ON

TIME-SECONDS

15:" , , I I
: ~TAIL OfF
""----ELECTRICAL

OFF

II

P-2009B

Figure 2,5-8. SM RCS Steady State Operation - Typical
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Figure 2.5- 9 illustrates the minimum electrical signal that can be
provided to the automatic coils of the injector valves from the controller
reaction jet ON-OFF assembly. Sequence of operation is described in the
subsequent steps:

a. A time of 12 to 18 milliseconds will elapse before the controller
reaction jet ON-OFF assembly can electrically provide a command off
signal to the autOlnatic coils of injector valves on the engine.

b. When the automatic coils of injector valves receive the electrical on
signal, injector valves are energized to open position.

c. The fuel injector valve automatic coil energizes to the fully open
position in approximately 7 milliseconds. and the oxidizer injector valve
automatic coil energizes to the fully open position in approximately
9 milliseconds. establishing an approximate 2-millisecond fuel lead.
This is accomplished by varying the resistance of the automatic coils 10

the fuel and oxidizer injector valve.
d. The propellants start to flow from the injector valves as soon as

they start to open to the premix igniter; however, the fuel will lead the
oxidizer by 2 milliseconds.

e. The propellants flow into the premix igniter and the combustion
chamber which creates some pressure, gas velocity, and thrust in the
combustion chamber even though it is very small because the engine is
operating in a space environment.

£. The pressure, gas velocity, and thrust continue to increase slightly
until the valves reach the full open position.

g. At approximately 12-1/2 milliseconds, the propellants ignite
(hypergolic), producing a spike of thrust upwards into the area of approxi­
mately 70 to 80 pounds. At 12 milliseconds lTIinimum, the electrical signal
is removed from autOlnatic coils of the injector valves.

h. The engine thrust continues very erratic until the valves become
deenergized and spring-load closed.

1. At approximately 7 milliseconds on the fuel valve and approximately
8 milliseconds on the oxidizer valve, the injector valves are fully closed.

j. The residual propellants, downstream of the injector valves, con­
tinue to flow into the combustion chamber, decreasing until complete
thrust decay of 0 pounds occurs at approximately 65 milliseconds.

k. In order to determine the total impulse for this time span of opera­
tion (figure 2.5-9). everything under the entire thrust curve must be
integrated.

The automatic coils are electrically connected in parallel from the
controller reaction jet ON-OFF assembly.

The direct manual coils in the fuel and oxidizer injector valve s
provide a direct backup to the automatic mode of operation. The direct
manual coils of the injector valves are electrically connected in series.
The reason for the series connection of the manual coils are as follows:

a. To insure a fuel lead if any heat-soaked back into the direct manual
coil windings, which would change the coil resistance and result in an
oxidizer lead if the coils were connected in parallel.
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b. The series connection from the fuel direct manual coil is positive
to negative and to the oxidizer direct manual coil is negative to positive,
then to ground. The reverse polarity on the oxidizer coil increases the
arc suppression, reducing the arc at the rotation control in the direct RCS
mode of operation. The direct manual coil opening time for the fuel
injector valve is 26 milliseconds and the oxidizer is approximately
36 milliseconds. Closing time for the fuel and oxidizer direct manual
coils is 55±25 milliseconds.

Injector.

The main chamber portion of the injector will allow 8 fuel streams
to impinge upon 8 oxidizer streams (unlike impingement) for main chamber
ignition. There are 8 fuel holes around the outer periphery of the injector
which provide film cooling to the combustion chamber walls. There are
B fuel holes around the premix chalTIber providing cooling to the premix
chamber walls.

The injector contains a prelTIix igniter, and the premix chamber
contains a fuel and an oxidizer passage that ilTIpinge upon each other
(unlike impingement) within the premix igniter chamber. The premix
igniter chamber, along with the approximate 2-millisecond fuel lead,
provides a smoother start transient primarily in the pulse mode of oper­
ation and especially in the area of minimum impulse.

Combustion Chamber.

The combustion chamber is constructed of unalloyed molybdenum
which is coated with molybdenum disilicide to prevent oxidation of the
base ll1etal. Cooling of the chamber is by radiation and film cooling.

Nozzle Extension.

The nozzle extension is attached to the chamber by a waspolloy nut.
The nozzle extension is machined from a cobalt base alloy (stainless
steel). The stiffener rings are machined.

RCS Electrical Heaters.

Each of the RCS engine housings contains two electrical strip
heaters. Each heater contains two electrical elements. Each heater
elell1ent is controlled by a No.2 therm-o-switch (figure 2. 5~7). When the
SM RCS HEATERS switch on MDC-2 for that quad is placed to PRI, 28 vdc
is supplied to the No.2 therm-o-switch. The therm-o-switch is set at a
predetermined range and will automatically open or close because of the
temperature range of the therll1-o-switch and will control one element in
each heater. When the SM RCS HEATERS switch on MDC-2 for that quad
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is placed to SEC, 28 vdc is supplied to the redundant No. Z therm~o­

switch. The therm-o-switch is set at a predeterJTlined range and will
autoJTlatically open or close because of the temperature range of the
therm-o~switchand will control the redundant element in each heater.
The SM RCS HEATERS switches will normally be placed to PRI at earth
orbit acquisition and the SEC position is utilized as a backup.

The OFF position of the SM RCS HEATERS switch on MDC-2
reJTloves power from the SM RCS heaters.

The SM RCS package temperature indicator on MDC-Z JTlay be
utilized to monitor the package temperature of anyone of the four SM RCS
quads by utilizing the SM positions A, B, C or D of the RCS INDICATORS
select switch on MDC-Z. The SM RCS package teJTlperature transducers
will also illuminate the SM RCS A, B, C or D caution and warning lights
on MDC~Z if the package teJTlperature becomes too low or too high.

Pressure Versus Temperature Measuring System.

The helium tank supply pressure and temperature for each quad is
monitored by a pressure/temperature ratio transducer (figure Z.5-7).

The pressure/temperature ratio transducer for each quad provides
a signal to the RCS indicator select switch on MDC~Z. When the RCS
indicator select switch on MDC-Z is positioned to a given 8M RCS quad,
the pressure/teJTlperature ratio signal is transmitted to the propellant
quantity gauge on MDC-Z, and the propellant quantity remaining for that
quad is indicated in percent.

The helium tank teJTlperature for each quad is monitored by a helium
tank teJTlperature transducer. The heliuJTl tank teJTlperature is monitored
by TLM. The helium tank temperature can be monitored on MDC-Z. The
8M RCS He TK TEMP/PRPLNT QTY switch and the SM positions A, B,
C, or 0 of the RCS indicators select switch on MDC-Z provides the crew
with the capability to JTlonitor either the helium tank temperature/pressure
ratio as a percent quantity remaining, or helium tank temperature which
can be compared against the helium supply pressure readout on MDC_Z.
With the use of a nomogram the propellant quantity remaining could be
determined in percent through comparison of helium tank temperature and
helium supply pressure.

Engine Thrusting Logic.

In the SM RCS, the main buses cannot supply electrical power to one
leg of the AUTO RCS SELECT switches on MDC-8 and controller reaction
jet ON_OFF assembly until the contacts of the RCS latching relay are
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closed (figure 2:.5-7). Closing of these contacts for SM RCS control may
be initiated by the following signals:

a. With the launch escape tower jettisoned, and the translation control
rotated counterclockwise, an SPS abort or S-IVB separation may be
initiated and the following sequence of events occur:

1. Inform the CMC system of an abort initiation.
2. Initiate applicable booster shutdown.
3. Inhibit the pitch and yaw automatic jets of the controller jet

ON-OFF assembly and provide a signal to SCS-SPS thrust ON-OFF
logic.

4. Initiates an ullage maneuver signal to the required direct
manual coils of the SM RCS engines (as long as the translation control
is counterclockwise, ullage is terminated when the translation control
is returned to the neutral detent).

5. Adapter separation occurs at 3.0 seconds after the above was
initiated. In the event the automatic adapter separation did not occur,
the CSM/LV SEPARATION pushbutton on MDC-l can be pressed and
held.

6. Energizes the RCS latching relay 3.8 seconds after the abort
was initiated allowing the controller reaction jet ON-OFF assembly to
provide electrical commands to the automatic coils of the SM RCS
engines. Ii the sequential events control system logic fails to energize
the RCS latching relay, the RCS CMD switch on MDC-2, placed to the
RCS CMD position, provides a manual backup to the automatic function.
In addition, if the CSM/LV SEPARATION pushbutton on MDC-l is
pressed and held for approximately 1 second the RCS latching relay is
energized.
b. A normal S-IVB separation sequence may be initiated as follows:

The RCS CMD switch on MDC-Z is placed to RCS CMD, enabling the
controller reaction jet ON-OFF assembly to provide commands to the
automatic coils of the SM RCS engines. Then positioning the translation
control to +X (backup of DIRECT ULLAGE pushbutton on MDC-I) provides
the signal required to the +X SM RCS engines; and the CSM/LV SEPARA­
TION pushbutton on MDC~ I is held for Z seconds to initiate adapter
separation. (CSM/LV SEPARATION pushbutton on MDC~l pressed and
held for approximately 2 seconds will also energize the RCS latching
relay.) The translation control is returned to neutral and the CSM/ LV
SEP pushbutton on MDC_l is released.

In the event the translation control is unable to provide an ullage
maneuver, the DIRECT ULLAGE pushbutton, on MDC-I, when pressed
and held, provides the direct ullage signal to the direct manual coils of
the required SM RCS engines providing a +X translation. This provides
a manual direct backup to the translation control for the ullage maneuver.
The ullage maneuver is terminated upon release of the DIRECT ULLAGE
pushbutton.
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In the event the controller reaction jet ON-OFF assembly is unable
to provide commands to the automatic coils of the SM RCS engines. a
backup method is provided. This method consists of two ROT CONT PWR
DIRECT RCS switches on MDC-l and the two rotation controllers. The
ROT CaNT PWR DIRECT RCS 1 switch supplies power only to rotation
control I. When the ROT CaNT PWR DIRECT RCS 1 switch, is posi­
tioned to MNA/MNB. main buses A and B supply power only to rotation
control 1. When the ROT CaNT P WR DIRECT RCS 1 switch is positioned
to MNA, main bus A supplies power only to rotation control 1. The ROT
CaNT PWR DIRECT RCS 2 switch supplies power only to rotation
control 2. When the ROT CaNT PWR DIRECT RCS 2 switch is positioned
to MNA/MNB. main buses A and B supply power only to rotation control 2.
Wben the ROT CaNT PWR DIRECT RCS 2 switch is positioned to MNB,
main bus B supplies power only to rotation control 2. When the rotation
control is positioned fully to its stops in any direction, the j"otation control
will energize the required direct manual coils for the desired maneuver
and provide an inhibit signal to the SM RCS automatic coils.

If the controller reaction jet ON-OFF assembly is unable to provide
commands to the automatic coils of the 8M RCS engines, it is noted that
translation control of the spacecraft is disabled.

SM RCS PERFORMANCE AND DESIGN DATA.

Design Data.

The following list is the design data on the SM RCS components.

Helium Tanks (4)

Regulator Units (8)

4l50±50 psig at 70±5 OF during servicing.
After servicing setting on launch pad is
70±IO°F. capacity 1.35 lb. Internal
volume of 910±5 cubic inches. Wall
thickness, 0.135 inch.

Weight 11.51b, diameter 12.37 in.

Primary 181±3 psig with a normal lockup
of 183±5 psig.

Secondary lockup of 187±5 psig. From
lockup pressure not to drop below 182 psig
or rise above 188 psig. Filter 25 microns
nominal. 40 microns absolute at inlet of
each regulator unit.
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Secondary Fuel Pressure
Transducers (4)

Check Valve-Filters

Helium Relief Valves (8)

Primary Fuel Tank (4)

Primary Oxidizer Tank (4)

Illuminate caution and warning light on
MOC-2 (SM RCS A, B, C, or D):
Underpressure 145 psia nominal.
Overpressure 215 psia nominal.

40 microns nominal, 74 microns absolute.
One at inlet to check valve assembly, one
at each test port.

Diaphragm rupture at 228±8 psig, filter
10 microns nominal, 25 microns absolute.
Relief valve relieves at 236. 5±11. 5 psig,
reseats at not less than 220 psig. Flow
capacity 0.3 Ib/minute at 248 psig at 60°F. II
Bleed device closes when increasing
pressure reaches no more than 179 psig
in the cavity and a helium flow of less than
20 s~andard cubic centimeters per hour
across the bleed device and relief valve
assembly combined. The bleed device
reopens when decreasing pressure has
reached no less than 20 psig.

Combined propellant and ullage volume of
69.1 Ib, initially at 65°F at ISO psig,
resulting in a tank pressure of no more
than 215 psia when heated to 85°F.

Outside diameter 12.62. in. maximum.
Length 23.717 (+0.060, -0.000) in.
Wall thickness 0.017 to 0.022 in.

Helium inlet port 1/4 in.; fill and drain
port 1/2 in.

COlTlbined propellant and ullage volume of
137.01b, initially at 65°F at 150 psig,
resulting in a tank pressure of no more
than 215 psia when heated to 85°F. Out­
side diameter 12.62 in. maximum, length
28.558 (+0.060, -0.000) in.
Wall thickness 0.017 to 0.022 in.
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Secondary Fuel Tank (4)

Secondary Oxidizer Tank (4)

lnline Filter s (8)

Engine (16)

Filters· each injector
valve inlet

Package Temperature
Transducer (4)

Combined propellant and ullage volume of
45.21b, initially at 65°F at 150 psig,
resulting in a tank pressure of no more
than Z05 psia when heated to 105°F. Out­
side diameter lZ. 62 in. maximum, length
17.329 (+0.040, -0.000) in. Wall thick­
ness 0.022 to 0.027 in.

Combined propellant and ullage volume of
89.2lb, initially at 65°F at 150 psig,
resulting in a tank pres sure of no more
than Z05 psia when heated to 105°F. Out­
side diameter lZ. 65 in. maximum, length
19.907 (+0.040, -0.000) in. Wall thickw
ness O. OZ2 to O. OZ7 in.

5 microns nominal, 15 microns absolute.

1000-second service life, 750 seconds
continuous, capable of 10,000 operational
cycles, Expansion ratio 40 to 1 at nozzle
exit. Cooling-film and radiation, injector­
type premix ignitor, one on one unlike
impingement, 8 fuel annulus for film
cooling of premix ignitor, main chamber
8 on 8 unlike impingement, 8 fuel for film
cooling of combustion chamber wall.

Nozzle exit diameter - 5.6 inches

Fuel lead

Automatic coils - connected in parallel

Manual coils - connected in series

Weight 4.99 Ib

Length 13.400 in. maximum

100 microns nominal, 250 microns
absolute

Illuminate caution and warning light on
MDC-2 (SM ReS A, B, C, or D):

Below temperature of 75°F nominal.

Above temperature of Z05°F nominal.
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2.5.3.2

Heater Therm-OwSwitch

Performance Data.

H2

Close at 115°F

Minimum spread 9°F

36"'3.6 watts per element nominal two per
quad.

2.5.3.3

2.5.4

2.5. 5

Refer to CSM/ LM Spacecraft Operational Data Book SNAw8_Bw027
CSM (SD 68-447).

SM RCS Electrical Power Distribution.

See figure 2.5-10 for electrical power distribution.

SM RCS OPERATIONAL LIMITATIONS AND RESTRICTIONS.

Refer to Volutne 2, AOH tnalfunction procedures.

CM RCS FUNCTIONAL DESCRIPTION.

The cotntnand module reaction control subsystems provide the
impulses required for controlling spacecraft rates and attitude during the
terminal phase of a mission.

The subsystems may be activated by the CM-8M SEPARATION
switches on MDCwl placed to CM-8M SEPARATION position, or by placing
the CM RCS PRESSURIZE switch on MDC-2 to the CM RCS PRESS
position. The subsystems are activated automatically in the event of an
abort from the pad up to launch escape tower jettison. Separation _of the
two modules occurs prior to entry (normal model. or during an abort
from the pad up to launch escape tower jettison.

The CM RCS consists of two similar and independent subsystems,
identified as subsystem 1 and subsystem 2. Both subsystems are
pressurized simultaneously. In the event a malfunction develops in one
subsystem, the remaining subsystem has the capability of providing the
impulse required to perform necessary pre-entry and entry maneuvers.
The CM RCS is contained entirely within the eM and each reaction engine
nozzle is ported through the CM skin. The propellants consist of inhibited
nitrogen tetroxide (N204) used as the oxidizer and monomethylhydrazine
(MMH) used as fuel. Pressurized helium gas is the propellant transw
{erring agent.
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Figure 2.5-10. SM RCS Electrical Power Distribution
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The reaction jets may be pulse-fired, producing short thrust
impulses or continuously fired, producing a steady state thrust level.
eM attitude control is maintained by utilizing the applicable pitch, yaw
and roll engines of subsystems I and Z. However, complete attitude
control can be maintained with only one subsystem.

A functional flow diagram. of CM RGS subsystems I and Z is shown
in figure Z. 5-11. The heliuITl storage vessel of each subsysteITl supplies
pressure to two helium isolation squib valves that are closed throughout
the ITlission until either the CM SM Separation switch on MDG-Z, or
GM RCS PRESS switch on MDG-Z is activated. When the helium isolation
squib valves in a subsystem are initlated open, this allows the heliuITl tank
source pressure to the pressure regulators downstreaITl of each heliuITl
isolation squib valve. The regulators reduce the high-pressure heliuITl to
a desired working pressure.

Regulated helium pressure is directed through series-parallel check
valves. The check valves perITlit heliuITl pressure to the fuel and oxidizer
tanks and prevent reverse flow of propellant vapors or liquids. A pressure
relief valve is installed in the pressure lines between the check valves and
propellant tanks to protect the propellant tanks from any excessive
pressure.

Helium entering the propellant ta~s creates a pressure buildup
around the propellant positive expulsion bladders, forcing the propellants
to be expelled into the propellant distribution lines. Propellants then flow
to valve isolation burst diaphragITls, which rupture due to the pressuriza­
tion, and then through the propellant isolation valves. Each subsysteITl
supplies fuel and oxidizer to six engines.

Oxidizer and fuel is distributed to the 1Z engines by a parallel feed
systeITl. The fuel and oxidizer engine injector valves, on each engine,
contain orifices which ITleter the propellant flow to obtain a nOITlinal 2.1
oxidizer/fuel ratio by weight. The oxidizer and fuel ignite due to the
hypergolic reaction. The engine injector valves are controlled auto­
ITlaticaBy by the controller reaction jet ON-OFF asseITlbly. Manual
direct control is provided for rotational ITlaneuvers, and the engine
injector valves are spring-loaded closed.

CM RGS engine preheating ITlay be necessary before initiating pres­
surization due to possible freezing of the oxidizer (+11. a·F) upon contact
with the engine injector valves. The crew will ITlonitor the engine teITlper­
atures and determine if preheating is required by utilizing the engine
injector valve solenoids direct manual coils for preheat until acceptable
engine temperatures are obtained. The GM RGS HTRS switch, on
MDC-IOI, will be utilized to apply power to the engine injector valve
direct manual coils for engine preheating.
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Figure 2.5-11. CM RCS Functional Flow
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Since the presence of hypergolic propellants can be hazardous upon
CM impact, the remaining propellants are burned or dumped and purged
with helium in addition to depleting the helium source pressure prior to
CM impact.

In the event of an abort from the pad up to T + 42 seconds after lift­
off, provisions have been incorporated to automatically dump the oxidizer
and fuel supply overboard. Then, followed by a helium purge of the fuel
and oxidizer systems in addition to depleting the helium source pressure.

CM RCS MAJOR COMPONENTS/SUBSYSTEMS DESCRIPTION.

The CM RCS is composed of two separate, normally independent
subsystems, designated subsystem I and subsystem 2. The subsystems
are identical in operation, each containing the following four major
subsystems:

• Pressurization
• Propellant
• Rocket engine
• Temperature control system heaters.

Pressurization Subsystem.

This subsystem consists of a helium supply tank, two dual pressure
regulator assemblies, two check valve assemblies, two pressure relief
valve assemblies, and associated distribution plumbing.

Helium Supply Tank.

The total high-pressure helium is contained within a single spherical
storage tank for each subsystem. Initial fill pressure is 4150±50 psig.

Helium Isolation (Squib-Operated) Valve.

The two squib-operated helium isolation valves are installed in the
plumbing froITl each heliuITl tank to confine the helium into as salall an
area as possible. This reducelS helium leakage during the period the
systeITl is not in use. Two squib valves are employed in each system to
assure pressurization. The valves are opened by closure of the CM RCS
PRESS switch on MDC_Z to CM RCS PRESS, or by placing the CM/SM
SEP switches on MDC-Z to CM/SM SEP, or upon the receipt of an abort
signal from the pad up to the launch escape tower jettison.

Helium Pressure Regulator Assembly.

The pressure regulators used in the CM RCS subsystems I and 2
are similar in type, operation, and function to those used in the SM RCS.

REACTION CONTROL SYSTEM
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The difference is that the regulators in the CM RCS are set at a
higher pressure than those of the SM RCS.

Helium Check Valve Assembly.

The check valve assemblies used in CM RCS subsystems 1 and 2
are identical in type, operation, and function to those used in the SM RCS.

Helium Relief Valve.

The helium relief valves used in the CM RCS subsystems 1 and 2
are similar in type, operation, and function to those used in the SM RCS.

The difference being the rupture pressure of the burst diaphragm
in the CM RCS is higher than that of the SM RCS and the relief valve
relieves at a higher pressure in the CM RCS than that of the SM RCS.

rhstribution Plumbing.

Brazed joint tubing is used to distribute regulated helium in each
subsystem from the helium storage vessels to the propellant tanks.

Propellant Subsystem.

Each subsystem consists of one oxidizer tank, one fuel tank,
oxidizer and fuel isolation valves, oxidizer and fuel burst diaphragm
isolation valves, and associated distribution plumbing.

Oxidizer Tank.

The oxidizer supply is contained in a single titanium alloy.
hemispherical-domed cylindrical tank in each subsystem. Each tank con_
tains a diffuser tube assembly and a teflon bladder for positive expulsion
of the oxidizer similar to that of the SM RCS secondary tank assemblies.
The bladder is attached to the diffuser tube at each end of the tank. The
diffuser tube acts as the propellant outlet.

When the tank is pressurized, the helium gas surrounds the entire
bladder, exerting a force which causes the bladder to collapse about the
propellant, forcing the oxidizer into the diffuser tube assembly and on out
of the tank outlet into the manifold.

Fuel Tank.

The fuel supply is contained in a single titanium alloy. hemispherical­
domed cylindrical tank in each subsystem that is similar in material
construction and operation to that of the SM RCS secondary fuel tanks.

REACTION CONTROL SYSTEM
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Diaphragm Burst Isolation Valve.

The burst diaphragms. downstream Crom each tank are inst'alled to
confine the propellants into as small an area as possible throughout the
mission. This is to prevent loss of propellants in the event of line rupture
downstream of the burst diaphragm of engine injector valve leakage.

When the helium isolation squib valves are initiated open, regulated
helium pressure pressurizes the propellant tanks creating the positive
expulsion of propellants into the respective manifolds to the burst
diaphragms which rupture and allow the propellants to £Iowan through the
burst diaphraglTl and the propellant isolation valves to the injector valves
on each engine. The diaphragm is of the non!ragmentation type, but in the
event of any fragmentation, a filter is incorporated to prevent any frag­
ments from entering the engine injector valves.

Propellant Isolation Shutoff Valves.

When the burst diaphragm isolation valves are ruptured, the propel­
lants flow to the propellant isolation valves.

The fuel and oxidizer isolation valves in the SYS 1 fuel and oxidizer
lines are both controlled by the CM RCS PRPLNT I switch on MDC-2,
The fuel and oxidizer isolation valves in the SYS 2 fuel and oxidizer lines
are both controlled by the CM RCS PRPLNT 2 switch on MDC-2. Each
propellant isolation valve contains two solenoids. one that is energized
momentarily to magnetically latch the valve open, and the remaining
solenoid is energized momentarily to unlatch the magnetic latch and
spring pressure and propellant pressure close the valve. The CM RCS
PROPELLANT switch on MDC~2 is placed to ON energizing the valve into
the magnetic latch (open). the OFF position energizes the valve to unlatch
the magnetic latch (closed), The center position removes electrical
power from either solenoid. The valves are normally open in respect to
the fluid flow.

Each valve contains a position switch which is in parallel to one
position indicator above the switch on MDC-2 that controls both valves.

When the position switch in each valve is open, the indicator on
MDC-2 is gray (same color as the panel) indicating that the valves are
in the normal position, providing a positive open valve indication. When
the position switch in either valve is closed, the indicator on MDC-2 is
barber pole (diagonal lines) indicating that either valve, or both valves,
are closed.

The valves are closed in the event of a failure downstream of the
valves, line rupture, run away thruster, etc.

Distribution Plumbing.

Brazed joint tubing is used to distribute regulated helium to the pro­
pellant positive expulsion tanks in subsystems I and 2. The distribution

REACTION CaNT ROL SYSTEM
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lines contain 16 explosive-operated (squib) valves which permit changing
the helium and propellant distribution configuration to accomplish various
functions within the CM RCS. Each squib valve is actuated by an explosive
charge, detonated by an electrical hot-wire ignitor. After ignition of the
explosive device, the valve remains open permanently. Two squib valves
are utilized in each subsystem to isolate the high-pressure helium supply
until RCS pressurization is initiated. Two squib valves are utilized to
interconnect subsystems I and 2 regulated helium supply which ensures
pressurization of both subsystems during dump-burn and helium purge
operations. Two squib valves in each subsystem permit helium gas to
bypass the propellant tanks which allow helium purging of the propellant
subsystem and depletion of the heliwn source pressure. One squib valve
in the oxidizer system permits both oxidizer systems to become common.
One squib in the fuel system permits both fuel systems to become cOlTlmon.
Two squib valves in the oxidizer system., and two in the fuel system are
utilized to dump the respective propellant in the event of an abort from the
pad up to T +42 seconds

Engine Assembly.

The command module reaction control subsystem engines are
ablative-cooled, bi-propellant thrust generators which can be operated in
either the pulse mode or the steady-state mode.

Each engine has a fuel and oxidizer injector solenoid valve. The
injector solenoid control valves control the flow of propellants by respond­
ing to electrical commands generated by the controller reaction jet ON­
OFF assembly or by the direct manual mode. Each engine contains an
injector head assembly which directs the flow of each propellant from the
engine injector valves to the combustion chamber where the propellants
atomize and ignite (hypergolicL producing thrust. Estimated engine thrust
rise and decay is shown in figure 2.5_12.

Propellant Solenoid Injector Control Valves (Fuel and Oxidizer).

The injector valves utilize two coaxially wound coils, one for auto­
matic and one for direct manual control. The autOinatic coil is llsed when
the thrust command originates froln the controller reaction jet ON-OFF
asscITlbly.

The direct Inanual coils are used when the thrust comlnand originates
at the rotation control (direct RCS).

The engine injectl'lr valves are spring-loaded closed and energized
open.

The reaction time of lhe valves, pulse mo{1 .....Jf operation, reason for
pulse mode, and thrust curve generated by the cngi.r,c is slJnilar b the
SM ReS engines.

REACTION CONTROL t>YSTr":M
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Figure 2. 5-1l. CM RCS Engine Thrust Rise and Decay Time

The automatic coils in the fuel and oxidizer injector valves are con­
nected in parallel from the controller reaction jet ON-OFF assembly.

The direct manual coils in the fuel and oxidizer injector valves
provide a direct backup to the automatic system. The direct manual coils
are connected in parallel from. the rotation controls.

The engine injector valve automatic coil opening time is 8::1:1/2
milliseconds, and closing is 6::1:1/l milliseconds. The engine injector valve
direct manual coil opening time is 16::1:3 milliseconds and closing time is
7::1:3 milliseconds.

Injector.

The injector contains 16 fuel and 16 oxidizer passages that impinge
(unlike impingernent) upon a splash plate within the combustion chamber.
Therefore. the injector pattern is referred to as an unlike impingement
splash-plate injector.
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Thrust Chamber Assembly.

The thrust chamber assembly is fabricated in four segments, the
combustion chamber ablative sleeve, throat insert, ablative material,
asbestos and a fiberglass wrap. The engine is ablative~cooled.

Nozzle Extension.

The eM Res engines are mounted within the structure of the eM.
The nozzle extensions are required to transmit the gasses from the engine
out through the structure of the eM. The nozzle extensions are fabricated
of ablative material.

Engine Solenoid Injector Temperature-Control System.

A temperature-control system of the eM Res engine is employed
by energizing the manual direct coils on each engine (figure 2.5~11).

Temperature sensors are mounted on 6 of the 12 engine injectors.
A temperature sensor is installed on the subsystem 1 counterclockwise
roll-engine injector, negative yaw-engine injector, negative pitch-engine
injector, and on subsystem 2 positive yaw-engine injector, negative pitch­
engine injector, and clockwise roll-engine injector.

The temperature transducers have a range from -50 0 to +50°F. The
temperature transducers from the three subsystems 1 and 2 engine
injectors provide inputs to the two rotary switches on MDC.. I01, which
are located in the lower equipment(bay of the command module. With the
rotary switches positioned as illustrated in figure 2.5-11, the specific
engine injector temperature is monitored as d-c voltage on the 0- to 5-vdc
voltmeter on MDC-IOL The 0 vdc is equivalent to _50°F and 5 vdc is
equivalent to +50°F.

A CM RCS HEATER switch located on MDC-10l (figure 2.5-11) is
placed to the CM RCS HTR position wtlen anyone of the instrumented
engines are below +2s oF (3.9 vdc), The CM RCS LOGIC switch, on
MDC-l, must be positioned to CM RCS LOGIC to provide electrical
power to the CM RCS HTR switch on MDC-IOI. When the CM RCS HTR
switch is positioned to CM RCS HTRS, relays are energized, which allow
electrical power to be provided from the CM HEATERS circuit breakers
1 MNA and 2 MNB on MDC-S. to the direct injector solenoid control
valves of the 12 CM' RCS engines. The fuel and oxidizer injector solenoid
control valve direct coils (of all 12 CM RCS engines) are energized open
prior to the pressurization of CM RCS subsystems 1 and 2. A 20-minute
maximum heat-up time assures engine injector temperature is at _10°F
minimum. At the end of 20 minutes, the CM ReS HTR switch on MDC-IOI
is positioned to OFF, allowing the injector solenoid control valve direct
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coils to de-energize, and the injector solenoid control valves spring-load
closed. This will prevent the oxidizer from freezing at the engine injector
valves upon pressurization of subsystems I and l and the la-minute time
factor ensures that the warmer engines will not be overheated.

The CM RCS HEATER switch must be placed to OFF prior to CM
RCS pressurization.

The operation of the CM RCS HEATER switch in conjunction with
the d-c voltmeter and/or heating time insures all other engine valves
reach the acceptable temperature levels.

If the CM RCS HEATER switch on MDC-IOI fails to energize the
direct coils for the CM RCS preheat, the following backup procedure may II
be utilized:

a. Place CM RCS HEATER switch on MDC-IOI to OFF.
b. Place ROTATION CONTROL POWER DIRECT RCS switch 1 and l

on MDC~1 to OFF.
c. Place RCS TRANSFER switch on MDC-Z to CM.
d. Place SC CONT switch on MDC-l to SCS.
e. Place MANUAL ATTITUDE PITCH. YAW, and ROLL switches on

MDC-l to ACCEL CMD.
f. Place A/C ROLL AUTO RCS SELECT switches on MDC-8 to OFF.
g. Place ROTATION HAND CONTROLS to soft stops for 10 minutes.
h. If a CM RCS engine temperature that is monitored on MDC-IOI

fails to increase because of a CM RCS engine direct coils failure, follow
above steps a through f, and then place ROTATION HAND CONTROL(S)
to soft stop(s) of aHected engine for 10 minutes.

Engine Thrust ON-OFF Logic.

All automatic thrust commands for CM attitude are generated from
within the controller reaction jet ON~OFF assembly. These commands
may originate at:

• The rotation controls
• The stabilization and control subsystem
• The command module computer.

In the event the controller reaction jet ON-OFF assembly is unable
to provide commands to the automatic coils of the SM RCS engines, a
backup method is provided. The backup method consists of two ROT CaNT
PWR DIRECT RCS switches on MDC-I and the two rotation controllers.
The ROT CONT PWR DIRECT RCS 1 switch supplies power only to
rotation control 1. When the ROT CaNT PWR DIRECT RCS 1 switch,
is positioned to MNA/MNB, main buses A and B supply power only to
rotation control 1. When the ROT CaNT PWR DIRECT RCS 1 switch

REACTION CONTROL SYSTEM
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is positioned to MNA, main bus A supplies power only to rotation
control 1. The ROT CaNT PWR DIRECT RCS 2 switch supplies power
only to rotation control 2. When the ROT CaNT PWR DIRECT RCS 2
switch is positioned to MNA/MB, main buses A and B supply power only
to rotation control 2. When the ROT CaNT PWR DIRECT RCS 2 switch
is positioned to MNB, main bus B supplies power only to rotation
control 2. When the rotation control is positioned fully to its stops in any
direction, the required direct manual coils are energized for the desired
ITlaneuver.

When the CM/SM SEP switches on MDG-2 are placed to CM SM
SEP position, the switches autoITlatically energize relays in the RCS
control box (figure 2.5-7) (providing the CM RCS LOGIC switch on MDC-l
is at CM RCS LOGIC) that transfer the controller reaction jet ON-OFF
asseITlbly, and direct manual inputs from the SM RCS engine to the CM
RCS engines automatically. These same functions occur automatically on
any LES ABORT also, providing the CM RCS LOGIC switch on MDC-l
is at CM RCS LOGIC.

The transfer motors in the RCS control box are redundant to each
other in that they ensure the direct manual inputs are transferred from
the SM RCS engines to the CM RCS engin'es in addition to providing a
positive deadface.

The RCS transfer motors ITlay also be activated by the RGS
TRANSFER switch placed to CM position on MDC-2 which provides a
manual backup to the automatic transfer. The eM RCS LOGIC switch
on MDC-l does not have to be on for the manual backup transfer function.

As an example, in the case of the direct manual inputs only to the
RCS engines: If the electrical A RCS transfer motor failed to transfer
automatically at CM/8M SEP (providing the CM RCS LOGIC switch on
MDC-l is at CM RCS LOGIC); or by use of the manual RCS transfer
switch on MDC-2. the electrical B RCS transfer ITlotor would transfer
the direct ITlanual inputs from the SM RCS engines to the CM RCS engines
in addition to a positive deadfacing to the SM RCS engines.

The CM RCS subsys terns 1 and 2 may be checked out prior to CM/SM
separation by utilization of the RCS transfer switch on MDe-2. Placing
the RCS TRANSFER switch to the CM position. the controller reaction
jet ON-OFF assell1bly and direct manual inputs are transferred to the CM
permitting a CM RCS checkout prior to CM/SM separation.

REACTION CONTROL SYSTEM
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Propellant Jettison.

There are two sequences of propellant jettison. One sequence is
employed in the event of an abort while the vehicle is on the launch pad
and through the first 42 seconds of flight. The second sequence is
employed for all other conditions. whether it be a normal entry or an SPS
abort mode of operation.

The sequence of events before and during a normal entry is as
follows:

a. The CM ReS is pressurized by placing the CM/SM SEP switches
on MDC-2 to CM/SM SEP position or by placing the CM RCS PRESS
switch on MDC-2 to the CM RCS PRESS position prior to initiating CM­
SM separation. The CM ReS PRESS switch or the CM-SM SEP switches
initiate the helium isolation squib valves in CM RCS subsystems 1 and 2.
thus pressurizing both subsystems (figures 2.5-11 and 2.5-13). The CM
RCS LOGIC switch on MDC-l must be placed to CM RCS LOGIC prior
to initiating CM/SM separation to provide the automatic RCS transfer
function.

b. The CM RCS provides attitude control during entry. At approx­
imately 24,000 feet, a barometric switch is activated unlatching the RCS
latching relay. This inhibits any further commands from the controller
reaction jet ON-OFF asselTlbly (providing the ELS LOGIC switch on
MDC-l is in AUTO) (figure 2.5-7). The RCS CMD switch MDC-2,
positioned to OFF rnomentarily provides a manual backup to the
24, 000 feet barometric switches.

c. At approximately main parachute line stretch as a normal manual
function, the CM RCS PRPLNT-DUMP switch on MDC-l is placed to
the DUMP position. This function initiates the following simultaneously;
(CM RCS LOGIC switch on MDC-l must be placed to CM RCS LOGIC
to provide electrical power to the DUMP switch). (See figures 2.5-11 and
2.5-13.)

1. Initiates the two helium interconnect squib valves.
2. Initiates the fuel interconnect squib valves.
3. Initiates the oxidizer interconnect squib valve.
4. The fuel and oxidizer injector valve direct manual coils are

energized on all of the CM ReS engines excluding the two + pitch
engines. The propellants are jettisoned by burning the propellants
remaining through 10 of the 12 engines. The length of time to burn
the remaining propellants will vary. depending upon the amount of
propellants remaining in the fuel and oxidizer tanks at 24,000 feet.
If an entire propellant load reITlained, as an example. a nominal burn
time would be 88 seconds through 10 of the 12 engines. In the worst
case of only 5 of the 12 engines (direct manual coils energized), a
nominal burn time would be 155 seconds.
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d. Upon completion of propellant burn, the CM PRPLNT PURGE
switch on MDC-I is placed to the PURGE position as a normal manual
function (the CM PRPLNT-DUMP switch supplies electrical power when
placed to DUMP position to the PURGE switch). When the PURGE switch
is placed to PURGE, the switch initiates the four helium bypass squib
valves. This allows the regulated helium pressure to bypass each fuel and
oxidizer tank, purging the lines and manifolds out through 10 of the 12
engines, as well as depleting the helium source pressure. Purging
requires approximately 15 seconds (until helium depletion).

e. In the event of a CM RCS LOGIC switch and/or CM PRPLNT
DUMP switch failure on MDC-l, the remaining propellants may be burned
by placing ROT CONT PWR DIRECT RCS switch 1 on MDC-l, to either
MNA/MNB or MNA, and/or ROT CONT PWR DIRECT RCS switch 2 on
MDC-l, to either MNA/MNB or MNB. Then positioning the two rotation
controllers to CCW, CW, -Y, +Y and -P (excluding +P) position. This
will energize the direct fuel and oxidizer injector solenoid valve coils of
ten of the twelve CM RCS engines and burn the remaining propellants.
At the completion of propellant burn the CM RCS HELIUM DUMP push­
button on MDC-I would be pressed initiating the four bypass squib valves.
This allows the regulated helium pressure to bypass each fuel and oxidizer
tank. This purges the lines and manifolds out through ten of the twelve
engines as well as depleting the helium source pressure providing the two
rotation controllers are positioned to CCW, CW, -Y, and -P (excluding
+P).

f. In the event the CM RCS LOGIC and CM PRPLNT DUMP switches
on MDC-l function correctly and the PURGE switch fails, the CM RCS
HEUUM DUMP pushbutton on MDC-l would be pressed, initiating the
four helium bypass squib valves, allowing the regulated helium pressure
to bypass around each fuel and oxidizer tank, purging the lines and mani­
folds out through 10 of the 12 engines as well as depleting the helium
source pressure.

g. Upon completion of purging, the direct manual coils of the CM RCS
engine injector valves will be de-energized by placing the CM RCS LOGIC
switch on MDC-l to OFF, or by placing the CM PRPLNT DUMP switch
on MDC-l to OFF. The CM RCS 1 and 2 PRPLNT switches on MDC-2
will also be placed to the OFF position momentarily closing the fuel and
oxidizer propellant isolation valves. These functions will be accomplished
prior to impact.

The sequence of events involving an abort from the pad up to
42 seconds are as follows:

a. The ABORT SYSTEM PRPLNT DUMP AUTO switch on MDC-2
is placed to the PRPLNT DUMP AUTO position (figures 2.5-7 and 2.5-13)
and the CM RCS LOGIC switch on MDC-I is placed to the CM RCS LOGIC
position at sOlT'letllT'le in the countdown prior to T + O.
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b. The following events occur simultaneously upon the receipt of the
abort signal. The command may be generated automatically by the
sequential events control system or by manually rotating the translation
control counterclockwise:

1. When the abort signal is received, the two squib~operated

helium isolation valves in each subsystem are initiated open, pres­
surizing subsystems 1 and Z. Manual backup would be the CM RCS
press switch on MDC~Z.

Z. The squib~operatedhelium interconnect valve for the oxidizer
and fuel tanks are initiated open. If only one of the two squib helium
isolation valves was initiated open, both subsystems are pressurized
as a result of the helium interconnect squib valve interconnect.

3. The solenoid-operated fuel and oxidizer isolation shutoff valves
are closed. This prevents fuel and oxidizer from flowing to the thrust
chamber assemblies.

4. The squib~operated fuel and oxidizer interconnect valves are
initiated open. If only one of the two oxidizer or fuel overboard dump
squib valves was initiated open, the oxidizer and fuel manifolds of each
respective system are common as a result of the oxidizer and fuel
interconnect squib valve.

5. The squib-operated oxidizer overboard dump valves are
initiated open directing the oxidizer to an oxidizer blowout plug, in
the aft heat shield of the CM. The pressure buildup causes the pin in
the blowout plug to shear, thus blowing the plug and dumping the oxidizer
overboard. The entire oxidizer supply is dumped in approximately
13 seconds.

6. The RCS latching relay will not energize in the event of an
abort from 0 to +42 seconds because of the position of the PRPLNT
DUMP AUTO switch (figures Z. 5-7 and 2. 5~13). Thus, no commands
are allowed into the controller reaction jet ON-OFF assembly.

7. The CM-SM RCS transfer motor-driven switches are auto~

matically driven upon receipt of the abort signal, transferring the
logic circuitry from SM RCS engines to CM RCS engines.

8. Five seconds after abort initiation, the squib~operatedfuel
overboard dump valves are initiated open and route the fuel to a fuel
blowout plug in the aft heat shield of the CM. The pressure buildup
causes the pin in the blowout plug to shear, thus blowing the plug and
dumping the fuel overboard. The entire fuel supply is dumped in
approximately 13 seconds.

9. Thirteen seconds after the fuel dump sequence was started
the fuel and oxidizer bypas s squib valves subsystems 1 and 2 are
initiated open. This purges the fuel and oxidizer systems out through
the fuel and oxidizer overboard dumps, respectively, and depleting the
helium source pressure.

REACTION CONTROL SYSTEM
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During the prelaunch period the MAIN BUS TIE switches on MDC~5

are in the AUTO position. In the event of a pad abort, electrical power
is automatically applied to the main buses. Just prior to lift~off the elec~

trical power is applied to the main buses by manually placing the two MAIN
BUS TIE switches on MDC-5 to BAT A/C and BAT B/C positions.

The sequence of events if an abort is initiated after 42 seconds up to
launch escape tower jettison are as follows:

a. At 42 seconds after liftMoff, as a normal manual function the
PRPLNT DUMP AUTO switch on MDC-2 is placed to the auto RCS CMD
position. This safes the oxidizer, fuel dump, and purge circuitry
(figures 2.5-7 and 2.5-13) and sets up the circuitry for the RCS latching
relay.

b. The CM RCS LOGIC switch MDC-l was placed to CM RCS LOGIC
prior to T + O.

c. Initiate both helium isolation squib valves in the CM RCS sub­
systems 1 and Z. Manual backup would be the CM RCS PRESS switch
on MDC-2; thus. pressurizing CM RCS subsystems I and 2.

d. Automatically drives the CM SM transfer motors from SM RCS
engines to CM RCS engines. Manual backup would be the RCS transfer
switch on MDC-2 to CM position.

e. Energize the RCS latching relay one second after receipt of the
abort signal. This allows the controller reaction jet ON-OFF assembly to
provide electrical commands to the eM RCS. Manual backup would be the
RCS CMD switch on MDC-2.

f. Dependent upon the altitude of abort initiation, the launch escape
tower canards orient the CM for descent or the CM RCS orients the CM
for descent.

g. At 24,000 ft, the barometric switch energizes the RCS latching
relay (providing the ELS LOGIC switch on MDC-l is in AUTO). This
removes electrical power from the controller reaction jet ON-OFF
assembly. thus the CM RCS engines. Manual backup would be the RCS
CMD switch on MDC-Z.

h. At main parachute line stretch. as a normal manual function the
CM PRPLNT DUMP switch on MDC-l is placed to DUMP initiating the
following (unctions:

1. Same as in a normal entry sequence.

CM RCS PERFORMANCE AND DESIGN DATA.

Design Data.

The following list contains data on the CM RCS components:

II

Helium T auks (2) 4150:1:50 psig at 70· =soF during servicing;
setting on launch pad 70° ±lO·F. Capacity
0.57 lb, inside diameter 8.84 in., wall

REACTION CONTROL SYSTEM
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thickness 0.105 in., internal volume of
365±5 cubic inches at 4150±50 psig, and
weight 5.25 lb.

Helium Isolation Squib
Valve Filter

Regulator Units (4)

Check Valve Filters

Removes 98 percent of all particles whose
two smallest dimensions are greater than
40 microns. Removes 100 percent of all
particles whose two smallest dimensions
are greater than 74 microns.

Primary 29l±4 psig. Lockup pressure
minimum of 287 psig and not to exceed
302 psig.
Secondary - lockup 287 to 302 psig.
Filter 25 microns nominal, 40 microns
absolute at inlet of each regulator unit.

40 microns nominal, 74 rrlicrons absolute.
One at each inlet to check valve assembly,
one at each test port.

Helium Relief Valves (4) Diaphragm rupture at 340±8 psi.
10 microns nominal, 25 microns

Relieve at 346.:1:14 psig.

Reseat at no less than 327 psig.

Filter
absolute.

Helium Manifold Pressure
Transducer (4)

Flow capacity 0.3 lb/minute at 60°F and
346.:1:14 psig.

Bleed device closes when increasing pres­
sure has reached no more than 179 psig in
the cavity, and a helium flow of less than
20 standard cubic centimeters per hour
across the bleed device and relief valve
assembly combined. The bleed device
reopens when decreasing pressure has
reached no less than 20 psig.

Illuminates caution and warning lfghts on
MDC-2 (CM RCS 1 or 2).

After helium isolation squib valve actuation:
Underprcssurc 260 psi a..
O\'erpressure 330 psia.

REACTION CONTROL SYSTEM
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Fuel Tanks (2)

Oxidizer Tank (2)

Valve Isolation Burst
Diaphragm (4)

Engine

See SM RCS secondary fuel tanks.

See SM RCS secondary oxidizer tanks.

Rupture at 241 ±14 psig within 2 seconds
after rupture pressure is reached at any
temperature between 40° to l05°F.
Filter 75 microns nominal, 100 microns
absolute.

200-second service life, 3000 operational
cycles

Nominal thrust

Expansion ratio

Cooling

Injector type

93 pounds

9 to 1

Ablation

16 on 16 splash plate

II

Combustion chamber-refrasil ablative
sleeve and graphite base throat insert.

Automatic and manual coils connected in
parallel.

Weight 8.3 Ib

Length 11.65 in. maximum

2.5.7.2

Oxidizer Blowout Plug

Fuel Blowout Plug

Performance Data.

Nozzle exit diameter 2.13 in.

Nozzle extensions ablative refrasH

Pin shears at approximately 200 psi

Pin shears at approximately 200 psi

Refer to CSM/LM Spacecraft Operational Data Book SNA-8-D-027
CSM (SD 68-441).

REACTION CONTROL SYSTEM

Mission Basic Date 15 April 1969 Change Date Page "2"."5.-~4"_"_7



2.5.7.3

2.5.8

SM2A-03-BLOCK ll-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

CM RCS Electrical Power Distribution.

See figure 2.5-14 {or electrical power distribution.

CM RCS OPERATION UMITATIONS AND RESTRICTIONS.

Refer to AOH, Volume 2, Mal£unction Procedures.

REACTION CONTROL SYSTEM
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SECTION 2

SUBSECTION 2.6

ELECTRICAL POWER SYSTEM
(CSM l06 and Subs)

INTRODUCTION.

The electrical power subsystem (EPS) consists of the equipment
and reactants required to supply the electrical energy sources. power
generation and controls. power conversion and conditioning. and power
distribution to the electrical buses (figure 2.6-1). Electrical power dis_
tribution and conditioning equipment beyond the buses is not considered a
part of this subsystem. Power is supplied to fulfill all command and
service module (CSM) requirements. as well as to the lunar module (LM)
for operation of heater circuits after transposition and docking.

The EPS can be functionally divided into four major categories:

• Energy storage: Cryogenics storage. entry and postlanding bat­
teries. pyrotechnic batteries.

• Power generation: Fuel cell power plants.

• Power conversion: Solid state inverters. battery charger.

• Power distribution: D_C and a_c power buses. d_c and a_c
sensing circuits. controls and displays.

In general. the system operates in three modes: peak. average.
and minimum mission loads. Peak loads occur during performance of
major delta V maneuvers. including boost. These are of relatively short
duration with d_c power being supplied by three fuel cell power plants
supplemented by two of three entry batteries. A-C power is supplied by
two of three inverters.

The second mode is that part of the mission when power demands
vary about the average. During these periods d_c power is supplied by
three fuel cell power plants and a_c power by one or two inverters.

During drifting flight when power requirements are at a minimum
level. d_c power is supplied by three fuel cell powerplants. A-C power is
supplied by one or two inverters. In all cases, operation of one or two
inverters is dependent on the total cryogen available. Two-inverter
operation results in a slight increase of cryogenic usage because of a
small reduction in inverter efficiency due to the lesser loads on each
inverter. However, tv-o inverter operation precludes complete loss of ac
in the event of an inverter failure.

ELECTRICAL POWER SYSTEM

II
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FUNCTIONAL DESCRIPTION.

Energy Storage.

The primary source of energy is provided by the cryogenic gas
storage system that provides fuel (Hz.) and oxidizer (02) to the power
generating system. Two hydrogen and two oxygen tanks, with the associ_
ated controls and plumbing, are located in the service module. Storage
of reactants is accomplished under controlled cryogenic temperatures
and pressures; automatic and manual pressure control is provided. Auto.
matie heating of the reactants for repressurization is dependent on energy
demand by the power generating and/or environmental control subsystems.
Manual control can be used when required.

A secondary source of energy storage is provided by five silver
oxide_zinc batteries located in the CM. Three rechargeable entry and
postlanding batteries supply sequencer logic power at all times. supple_
mental d~c power for peak loads, all operating power required for entry
and postlanding. and can be connected to power either or both pyro cir_
cuits. Two pyro batteries provide energy for activation of pyro devices
throughout all phases of a mission.

Power Generation.

Three Bacon~type fuel cdl power plants. generating power through
electrochemical reaction of H2 and 02. supply primary d~c power to
spacecraft systems until CSM separation. Each power plant is capable of
normally supplying from 400 to 1420 watts at 31 to 27 vdc (at fuel cell
terminals) to the power distribution system. During normal operation all
three power plants generate power, but two are adequate to complete the
mission. Should two of the three malfunction, one power plant will insure
successful mission termination; however, spacecraft loads must be
reduced to operate within the limits of a single powerplant.

Normal fuel cell connection to the distribution system is: Fuel
cell 1 to main d~c bus Aj fuel cell 2 to main d_c bus A and B; and fuel
cell 3 to main d-c bus B. Manual switch control is provided for power
plant connection to the distribution system, and manual and/or automatic
control for power plant isolation in case of a malfunction.

During the CSM separation maneuver the power plants supply power
through the SM buses to two SM jettison control sequencers. The sequen~

cers sustain SM RCS retrofire during CSM separation and fire the SM
positive roll RCS engines two seconds after separation to stabilize the SM
during entry. Roll engine firing is terminated 7.5 seconds after separa_
tion. The power plants and SM buses are isolated from the umbilical
through a SM deadface. The sequencers are connected to the SM buses
when the CM/SM SEP switch (MDC_2) is activated; separation occurs
100 milliseconds after switch activation.

ELECTRICAL POWER SYSTEM
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Power Conversion.

Primary d_c power is converted into a_c by solid state static
inverters that provide lIS/ZOO_volt 400_cps 3_phase a_c power up to
1250 volt_amperes each. A_C power is connected by motor switch
controls to two a_c buses for distribution to the a_c loads. One inverter
has the capability of supplying all spacecraft primary a_c power. One
inverter can power both buses while the two remaining inverters act as
redundant sources. However, throughout the flight. each bus is powered
by a separate inverter. Provisions are made for inverter isolation in the
event of malfunctions. Inverter outputs cannot be phase synchronized,
therefore interlocked motorized switching circuits are incorporated to
prevent the connection of two inverters to the same bus.

A second conversion unit, the battery charger, assures keeping the
three entry and postlanding batteries in a fully charged state. It is a
solid state device utilizing d_c from the fuel cells and ac from the inver_
ter to develop charging voltage.

Power Distribution.

Distribution of d.c power is accomplished via two redundant d.c
buses in the service module which are connected to two redundant buses
in the command module through a SM deadface. the CSM umbilical, and
a CM deadface. Additional buses provided are: two d_c buses for serv­
icing non-essential loads; a flight bus for servicing inflight telecommuni_
cations equipment; two battery buses for distributing power to sequencers,
gimbal motor controls, and servicing the battery relay bus for power
distribution switching; and a flight and postlanding bus for servicing some
conununications equipment and the postlanding loads.

Three phase ac is distributed via two redundant a_c buses. pro.
viding bus selection through switches in the a.c operated component
circuits.

Power to the lunar module is provided through two umbilicals which
are manually connected after completion of transposition and docking. An
average of 81 watts de is provided to continuous heaters in the abort
sensor assembly (ASA), and cycling heaters in the landing radar, rendez_
vous radar, S.band antenna and inertial measurement unit (IMU). Power
conswnption with all heaters operating simultaneously is approximately
309 watts. LM floodlighting is also powered through the umbilical for use
during manned lunar module operation while docked with the CSM.

A d-c sensing circuit monitors voltage on each main d-c bus
and an a-c sensing circuit monitors voltage on each a-c bus. The
d-c sensors provide an indication of an undervoltage by illuminating
a warning light. The a-c sensors illuminate a warning light when
high- or low-voltage limits are exceeded. In addition, the a-c

ELECTRICAL POWER SYSTEM
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sensors activate an automatic disconnect of the inverter from the a-c
bus during an over voltage condition. A_C overload conditions are dis_
played by illum.ination of an overload warning light and are accompanied
by a low voltage light. Additional sensors monitor fuel cell overload and
reverse current conditions, providing an automatic disconnect, together
with visual indications of the disconnect whenever either condition is
exceeded.

Switches, meters, lights, and talk-hack indicators are provided for
controlling and monitoring all functions of the EPS.

MAJOR COMPONENT /SUBSYSTEM DESCRIPTION.

The subsequent paragraphs describe the cryogenic storage subsys_
tem. and each of the various EPS components.

Cryogenic Storage.

The cryogenic storage subsystem (figures 2.6_2 and 2.6_3) supplies
hydrogen to the EPS, and oxygen to the EPS, ECS, and for initial LM
pressurization. The two tanks in the hydrogen and oxygen system.s are of
sufficient size to provide a safe return frolTI the furthest point of the mis_
sion on the fluid remaining in anyone tank. The physical data of the
cryogenic storage subsystem are as follows:

Approximate
MinimmTI Approximate Quantities at

Weight Design Allowable Flow Rate Minimum Heater
of Usable Storage Operating at Min dq / dm &. Fan Cycling

Cryogenics Pressure Pressure (+145°F environment) (per tank)
(lb/tank) (psia) (psia) (lb/hr-2 tanks) (min .dq/dm)

°z 320 (min) 900±35 150 1. 71 45 to 250/0

HZ 28 (min) 245 (+15, 100 O. 140 53 to 330/0
-ZO)

Initial pressurization from fill to operating pressures is accom_
plished by GSE. After attaining operating pressures, the cryogenic fluids
are in a single_phase condition. therefore conlpletely homogeneous. This
avoids sloshing which could cause sudden pressure fluctuations, possible
damage to internal componentll, and prevents positive mass quantity
gauging. The single_phase expulsion process continuer. at nearly constant
pressure and increasing tCTIlperature above the l_phase region.

ELECTRICAL POWER SYSTEM
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Two parallel d_c heaters in each tank supply the heat necessary to
maintain design pressures. Two parallel 3_phase a-c circulating fans
circulate the fluid over the heating elements to maintain a uniform density
and decrease the probability of stratification. A typical heater and fan
installation is shown in figure Z. 6_4. Relief valves provide overpressure
relief, check valves provide tank isolation, and individual fuel cell shutoff
valves provide isolation of malfunctioning power plants. Filters extract
particles from the flowing fluid to protect the ECS and EPS components.
The pressure transducers and temperature probes indicate the thermody_
namic state of the fluid. A capacitive quantity probe indicates quantity of
fluid remaining in the tanks.

CAPACITIVl

"""

Figure Z. 6_4. Cryogenic Pressurization and Quantity
Measurement Devices
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Repressurization of the systems can be automatically or manually
controlled by switch selection. The automatic mode is designed to give a
single_phase reactant flow into the fuel cell and ECS feed lines at design
pressures. The heaters and fans are automatically controlled through a
pressure switch_motor switch arrangement. As pressure in the tanks
decreases, the pressure switch in each tank closes to energize the motor
switch, closing contacts in the heater and fan circuits. Both tanks have
to decrease in pressure before heater and fan circuits are energized.
When either tank reaches the upper operating pressure limit. that respec_
tive pressure switch opens to again energize the motor switch, thus
opening the heater and fan circuits to both tanks. The Oz tank circuits
are energized at 865 psia minimum and de_energized at 935 psia maxi_
mum. The HZ circuits energize at ZZ5 psia minimum and de_energize at
260 psia maximum. The most accurate quantity readout will be acquired
shortly after the fans have stopped. During all other periods partial
stratification may degrade quantity readout accuracy.

When the systems reach the point where heater and fan cycling is at
a minimum (due to a reduced heat requirement). the heat leak of the tank
is sufficient to maintain design pressures provided flow is within the
min dq/dm values shown in the preceding tabulation. This realm of oper_
ation is referred to as the min dq/dm region. The minimum heat require_
ment region for oxygen starts at approximately 45 percent quantity in the
tanks and terminate at approximately Z5 percent quantity. Between these
tank quantities, minimum heater and fan cycling will occur under normal
usage. The amount of heat required for repressurization at quantities
below Z5 percent starts to increase until below the 3 percent level
practically continuous heater and fan operation is required. In the hydro_
gen system. the quantity levels for minimum heater and fan cycling are
between approximately 53 and 33 percent, with continuous operation
occurring at approximately 5 percent level.

Assuming a constant level flow from each tank (OZ _ lib/hr.
HZ • 0.09 lb/hr) each successive repressurization period is of longer
duration. The periods between repressurizations lengthen as quantity
decreases from full to the minimum dq/dm level, and become shorter as
quantity decreases from the minimum dq/dm level to the residual level.
Approximate repressurization periods are shown in the following chart.
which also shows the maximum flow rate in pounds per hour from a single
tank with the repressurization circuits maintaining minimum design
pressure.

The maximum continuous flow that each cyrogenic tank can provide
at minimum design pressure is dependent on the quantity level and the
heat required to maintain that pressure. The heat required to maintain a
constant pressure decreases as quantity decreases from full to the mini­
mum dq/dm point. As quantity decreases beyond the minimum dq/dm
region, the heat required to maintain a constant pressure increases.

ELECTRICAL POWER SYSTEM
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As fluid is withdrawn, a specific amount of heat is withdrawn. When the
withdrawal rate exceeds the heat that can be supplied by the heaters, fan
motors, and heat leak, there is a resultant pressure decrease below the
minimum design operating level.

The ability to sustain pressure and flow is a factor of the amount of
heat required versus the heat provided by heaters, fan motors, and heat
leak. Since heat leak characteristics of each tank vary slightly, the flow
each tank can provide will also vary to a small degree. Heat input from
heaters, fan motors, and heat leak into an O2 tank is 595.87 Btu/hour
(113.88 watt heaters supply 389.67 Btu, 52.8 watt fan motors supply
180.2 Btu, and heat leak supplies 26 Btu). Heat input from similar
sources into a H 2 tank is 94.6 Btu/hr (18.6 watt heaters supply
63.48 Btu, 7 watt fan motors supply 23.89 Btu, and heat leak supplies
7.24 Btu). These figures take into consideration the line 1088 between
the power source and the operating component.

Oxygen Hydrogen

Repres8urization Repre 8surization
Quantity Time (Minutes) Flow at Time (Minutes) Flow at
(percent) (865 to 935 psia) 865 psia (225 to 260 psia) 225 psia

100 4.0 3.56 20.0 0.38
95 4.3 3.97 21. 0 0.42
90 4.6 4.55 22.0 0.46
85 5.0 5.27 23.0 0.49
80 5.4 6.02 24.5 0.52
75 5.7 7.01 26.5 0.65
70 6.5 7.94 28.5 0.76
65 7.4 9.01 31.0 0.80
60 8.7 10.80 33.5 0.87
55 9.6 12.54 36.0 0.93
50 10. 8 14. 19 39.0 0.97
45 II. 5 15.69 41. 0 0.98
40 12.4 17. 01 41..0 0.97
35 12. 6 17.56 41. 0 0.94
30 13.0 17.56 40.5 0.91
25 13. 1 16. 55 40.5 0.83
20 13. 2 15.48 42.0 0.71
15 14.5 12.28 47.0 0.54
10 17.8 8.76 58.0 0.37
7.5 21. 4 7.09 71. 0 0.23
5 24.0 5.37 Continuous O. 16
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To avoid excessive temperatures, which could be realized during
continuous heater and fan operation at extremely low quantity levels, a
therITlal sensitive interlock device is in series with each heater element.
The device automatically opens the heater circuits when internal tank
shell temperatures reach +90°F, and closes the circuits at +70°F.
Assuming normal consuITlption, oxygen temperature will be approximately
_157°F at mission termination, while hydrogen temperature will be
approximately _385°F.

The manual mode of operation bypasses the pressure switches, and
supplies power directly to the heaters and/or fans through the individual
control switches. It can be used in case of automatic control failure,
heater failure, or fan failure.

Tank pressures and quantities are monitored on meters located on
MDC_2. The caution and warning system (CRYO PRESS) will alarm when
oxygen pressure in either tank exceeds 950 psia or falls below 800 psia.
The hydrogen system alarms above 270 psia and below 220 psia. Since a
common lamp is provided, reference must be rnade to the individual pres­
sure and quantity rneters (MDC_2) to determine the malfunctioning tank.
Tank pressures, quantities, and reactant temperatures of each tank are
telernetered to .MSFN.

Oxygen relief valves vent at a pressure between 983 and 1010 psig
and res eat at 965 psig minimum. Hydrogen relief valves vent at a pres_
sure between 273 and 285 psig, and reseat at 268 psig minimum. Full
flow venting occurs approximately 2 pounds above relief valve opening
pressure.

All the reactant tanks have vac_ion pumps to maintain the integrity
of the vacuum between the inner and outer shell, thus maintaining heat
leak at or below the design level. SM main d-c bus A distributes power
to the HZ tank 1 pump and bus B to the HZ tank Z pump. Fuses provide
power source protection. These fuses are relnoved during prelalUlch to
disable the circuit for flight. Circuit breakers, Oz VAC ION PUMPS ­
MNA _ MNB (RHEB-Z29l. provide power source protection for the eM
main buses, which distribute power to the 02 vac-ion pUJnps. The circuit
breakers allow use of the 0z vac-ion pump circuits throughout flight,
and provide a means of disabling circuit if necessary.

The most likely period of overpressurization in the cryogenic sys_
tein will occur during operation in the minimum dq/dm region. The
possibi.lity of overpressurization is predicated on the assumption of a
vacuum breakdown, resulting in an increase in heat leak. Also, under
certai.n conditions, i.. e., extremely low power levels and/or a

ELECTRICAL POWER SYSTEM
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depressurized cabin, demand may be lower than the minimum dq/dm flow
necessary. Any of the preceding conditions would result in an increase of
pressure within a tank.

In the case of hydrogen tank overpressurization. prior to reaching
relief valve cracking pressure, tank pressure can be decreased by per­
forming an unscheduled fuel cell hydrogen purge. A second method for
relieving overpressure is to increase electrical loads, thus increasing
fuel cell demand. However, in using this method, consideration must be
given to the fact that there will be an increase in oxygen consumption,
which may not be des irable.

Several procedures can be used to correct an overpressure condi_
tion in the oxygen system. One is to perform an unscheduled fuel cell
purge. A second is to increase oxygen flow into the command module by
opening the ECS DIRECT Oz valve. The third is to increase electrical
loads, which may not be desirable because this method will also increase
hydrogen consumption.

Increase of electrical loads is probably the least desirable method
because of the increase in demand on both reactant systems, although an
overpressure correction is required in only one reactant system.

A requirement for an overpressure correction in both reactant sys_
tems simultaneously is remote, since both reactant systems do not reach
the minimum dq/dm region in parallel.

During all missions, to retain a single tank return capability, there
is a requirement to maintain a balance between the two tanks in each of
the reactant systems. When a Z to 4 percent difference is indicated on the
oxygen quantity meters (MDC_Z), the Oz HEATERS switch (MDC_Z) of the
lesser tank is positioned to OFF until tank quantities equalize. A 3 per­
cent difference in the hydrogen quantity meters (MDC_Z) will require
positioning the HZ HEATERS switch (MDC_2) of the lesser tank to OFF
until tank quantities equalize. This procedure retains the automatic
operation of the repressurization circuits, and provides for operation of
the fan motors during repressurization to retain an accurate quantity
readout in all tanks. The necessity for balancing should be determined
shortly after a repressurization cycle, since quantity readouts will be
tnost accurate at this titne.

Batteries.

Five silver oxide_zinc storage batteries are incorporated in the
EPS. These batteries are located in the CM lower equiptnent bay.

ELECTRICAL POWER SYSTEM
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Three rechargeable entry and postlanding batteries (A, B, and C)
power the CM systems after CSM separation and during postlanding.
Prior to CSM separation, the batteries provide a secondary source of
power while the fuel cells are the primary source. The entry batteries
are used for the following purposes:

• Provide CM power after CSM separation

• Supplement fuel cell power during peak load periods (Delta V
maneuvers)

• Provide power during emergency operations (failure of two fuel
cells)

• Provide power for EPS control circuitry (relays, indicators,
etc. )

• Provide sequencer logic power

• Provide power for recovery aids during postlanding

• Batteries A, B, or C can power pyro circuits by selection.

Each entry and postlanding battery is mounted in a vented plastic
case and consists of 20 silver oxide. zinc cells connected in series. The
cells are individually encased in plastic containers which contain relief
valves that open at 35±5 psig, venting during an overpressure into the
battery case. The three cases can be vented overboard through a com_
mon manifold, the BATTERY VENT valve (RHEB-252), and the ECS
waste water dump line.

Since the BATTERY VENT is closed prior to Hft.off, the interior
of the battery cases is at a pressure of one atmosphere. The pressure is
relieved after earth orbit insertion and completion of cabin purge by
positioning the control to VENT for 5 seconds. After completion the con_
trol is closed, and pressure as read out on position 4A of the System Test
Meter (LEB_IOI) should remain at zero unless there is battery outgassing.
This outgassing can be caused by an internal battery failure, an abnormal
high_rate discharge, or by overcharging. U a pressure increase is noted
on the system test meter, the BATTERY VENT is positioned to VENT
for 5 seconds, and reclosed. Normal battery charging procedures require
a check of the battery manifold after completion of recharge.

Since the battery vent line is connected to the waste water dump line,
it provides a means of monitoring waste water dump line plugging, which
would be indicated by a pressure rise in the battery manifold line when
the BATTERY VENT control is positioned to VENT. Corrective pro­
cedures for dump line plugging are found in section 2. 12.
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Each battery is rated at 40-ampere hours (AH) minimum and will
deliver this at a current output of 35 amps for 30 minutes and a subse­
quent output of 2 amps for the remainder of the rating.

At Apollo mission loads each battery is capable of providing 45 AH
and will provide this amount after each complete recharge cycle. How­
ever, 40 AH is used in mission planning for inflight capability, and 45 AH
for postlanding capability of a fully charged battery.

Open circuit voltage is 37.2 volts. Sustained battery loads are
extremely light (2 to 3 watts); therefore a battery bus voltage of approxi­
mately 34 vdc will be indicated on the spacecraft voltmeter, except when
the main bus tie switches have been activated to tie the battery outputs to
the main d-c buses. Normally only batteries A and B will be connected
to the main d-c buses. Battery C is isolated during prelaunch by opening
the MAIN A-BAT C and MAIN B-BAT C circuit breakers (RHEB-275).
Battery C will therefore provide a backup for main d-c bus power in case
of failure of battery A or B or during the time battery A or B is being
recharged. The two-battery configuration provides more efficient use of
fuel cell power during peak power loads and decreases overall battery
recharge time. The MAIN A- and MAIN B-BAT C circuit breakers
are closed prior to CSM separation or as required during recharge of
battery A or B.

Battery C, through circuit breakers BAT C to BAT BUS A and
BAT C to BAT BUS B (RHEB-250), provides backup power to the
respective battery bus in the event of failure of entry battery A or B.
These circuit breakers are normally open until a failure of battery A or
B occurs. This circuit can also be used to recharge battery A or B in
the event of a failure in the normal charging circuit.

The two pyrotechnic batteries supply power to initiate ordnance
devices in the SC. The pyrotechnic batteries are isolated from the rest
of the EPS to prevent the high-power surges in the pyrotechnic system
from affecting the EPS. and to ensure source power when required.
These batteries are not to be recharged in night. Entry and postlanding
battery A, B, or C can be used as a redundant source of power for
initiating pyro circuits in the respective A or B pyro system, if either
pyro battery fails. This can be performed by proper manipulation of the
circuit breakers on RHEB-250. Caution must be exercised to isolate the
failed battery prior to connecting the replacement battery.

ELECTRICAL POWER SYSTEM
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Performance characteristics of each SC battery are as follows:

Rated Open
Capacity Circuit Ambient

per Voltage Nominal Minimum Battery
Battery Battery (max. ) Voltage Voltage Temperature

Entry and 40 amp-hrs 37.8 vdc max. 29 vdc 27 vdc 50 0 toi10 0 F
Postlanding, (25 ampere (37.2 vdc in (35 amps load) (35 amps load)
A. B, and rate) flight)
C (3)

Pyro A and 0.75 amp- 37.8 vdc max. 23 vdc 20 vdc 60 0 to llOoF
B (2) hrs (75 (37.2 vdc in (75 amps load) (75 amps load)

amps for flight) (32 vdc open
36 seconds) circuit)

NOTE Pyro battery load voltage is not measurable in the SC due to the extremely
short time they power pyro loads.

2.6.3.3 Fuel Cell Power Plants.

Each of the three Bacon_type fuel cell power plants is individually
coupled to a heat rejection (radiator) system, the hydrogen and oxygen
cyrogenic storage systems, a water storage system, and a power distri_
bution system. A typical power plant schematic is shown in figure 2.6_5.

The power plants generate d_c power on demand through an exo_
thermic chemical reaction. The by_product water is fed to a potable
water storage tank in the CM where it is used for astronaut consumption
and for cooling purposes in the ECS. The amount of water produced is
equivalent to the power produced which is relative to the reactant
consumed.

REACTANT CONSUMPTION AND WATER PRODUCTION

Load H
2

O

(amps) 02 lb/hr H
2

1b/hr Ib/hr cc/hr

0.5 0.0102 0.001285 0.01149 5. 21

1 0.0204 0.002570 0.02297 10.42

2 0.0408 0.005140 0.04594 20.84

3 o. 0612 0.007710 0.06891

I
31. 26

4 0.0816 0.010280 0.09188 41.68
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REACTANT CONSUMPTION AND
WATER PRODUCTION (Cont)

Load 0z Ib/hr HZ Ib/hr
H

2
O

(amps) Ib/hr cc/hr

5 O. 10Z0 0.012850 0.11485 52.10

6 O. 1224 0.015420 0.13782 62.52

7 O. 1428 0.017990 0.16079 72.94

8 O. 1632 0.020560 0.18376 83.36

9 0.1836 0.023130 0.20673 93.78

10 0.2040 0.025700 0.U97 104.20

15 0.3060 0.038550 0.34455 156.30

20 0.4080 0.051400 0.45940 208.40

25 0.5100 0.064250 O. 57425 260.50

30 0.6120 0.077100 0.68910 312. 60

35 0.7140 0.089950 0.80395 364. 70

40 0.8160 0.10280 0.91880 416.80

45 0.9180 0.11565 1. 03365 468.90

50 1.0200 0.12850 1.1485 521. 00

55 1. 1220 0.14135 1.26335 573. 10

60 1.2240 O. 15420 1. 3782 625.20

65 1. 3260 0.16705 1. 49305 677.30

70 1. 4280 o. 17990 1. 6079 729.40

75 1. 5300 0.19275 1. 72275 781. 50

80 1.6320 0.20560 1. 83760 833. 60

85 1. 7340 0.21845 1. 95245 885.70

90 l. 8360 0.23130 2.06730 937.90

95 1. 9380 0.24415 2.18215 989.00

100 2.0400 0.25700 2.2970 1042.00

II

FORMULAS:

02 = 2.04 x 1O~2 I

H2 = 2.57 x 10- 3 I

H2 0 = 10.42 cc/amp/hr

H2 0 = 2.297 x 10~2 Ib/amp/hr
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Component Description.

Each power plant consists of 31 single cells connected in series and
enclosed in a metal pressure jacket. The water separation, reactant
control, and heat transfer components are mounted in a compact accessory
section attached directly above the pressure jacket.

Power plant temperature is controlled by the primary (hydrogen) and
secondary (glycol) loops. The hydrogen pump. providing continuous cir­
culation of hydrogen in the primary loop. withdraws water vapor and heat
from the stack of cells. The primary bypass valve regulates flow through
the hydrogen regenerator to illlpart exhaust heat to the incoming hydrogen
gas. Flow is regulated in accordance with skin temperature. The exhaust
gas flows to the condenser where waste heat is transferred to the glycol;
the resultant temperature decrease liquifying some of the water vapor.
The motor-driven centrifugal water separator extracts the liquid and feeds
it to the potable water tank in the CM. The cool gas is then pUInped back
to the fuel cell through the primary regenerator by a motor-driven vane
pump, which also compensates for pressure losses due to water extraction
and cooling. Waste heat, transferred to the glycol in the condenser, is
transported to the radiators located on the fairing between the CM and SM,
where it is radiated into space. Individual controls (FUEL CELL
RADIATORS, MDC_3), can bypass 3/8 of the total radiator area for each
power plant. Radiator area is varied dependent on power plant condenser
exhaust and radiator exit temperatures which are relevant to loads and
space environment. Internal fuel cell coolant temperature is controlled
by a condenser exhaust sensor, which regulates flow through a secondary
regenerator to maintain condenser exhaust within desired liInits. When
either condenser exhaust or radiator exit temperature falls below toler­
ance litnits (150 0 and - 30 OF respectively), the respective FUEL CELL
RADIATORS switch is positioned to EMERG BYPASS to decrease the
radiator area inuse. thus decreasing the amount of heat being radiated.
Since the three power plants are relatively close in load sharing and
temperature operating regiInes, the effect on the other power plants must
be monitored. Generally silnultaneous control over all three power plants
will be required. Use of the bypass should be Ininimal because of power­
plant design to retain heat at low loads and expel more heat at higher loads.
The bypass is primarily intended for use after failure of two powerplants.
Heat radiation effects on the single powerplant require continuous use of
the bypass for the one remaining powerplant.

Reactant valves provide the interface between the power plants and
cryogenic system. They are opened during pre-launch and closed only
after a power plant malfunction nee es sitating its permanent isolation from
the d-c system. Prior to launch. the FC REACS VALVES switch (MDC-3) is
placed to the LATCH position. This applies a holding voltage to the open
solenoids of the HZ and Oz reactant valves of the three power plants.

ELECTRICAL POWER SYSTEM
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This voltage is required only during boost to prevent inadvertent closure
due to the eHects of high vibration. The reactant valves cannot be closed
by use of the REACTANTS switches '(MDC-3) with the holding voltage
applied. The FC REACS VALVES switch is positioned to NORMAL after
earth orbit insertion. During prelaunch, after power plant activation. the
the three FC REACS circuit breakers (RHEB-226) are opened to prevent
valve closure through inadvertent REACTANTS switch activation.

N2 gas is individually stored in each power plant at 1500 psia and
regulated to a pressure of 53:1::3 psia. Output of the regulator pressuri:tes
the electrolyte in each cell, the coolant loop through an accumulator, and
is coupled to the Oz and HZ regulators as a reference pressure.

Cryogenic oxygen, supplied to the power plants at 900:1::35 psia.
absorbs heat in the lines, absorbs additional heat in the preheater, and
reaches the oxygen regulator in a gaseous form at temperatures above
I{)O°F. The differential regulator reduces oxygen pressure to 9.5 psia
above the NZ reference. thus supplying it to the fuel cell stackat6Z. 5:1::2psia.
Within the porous oxygen electrodes. the 0z reacts with the HZO in the
electrolyte and the electrons provided by the external circuit to produce
hydroxyl ions (02 + 2H20 + 4e =40H-).

Cryogenic hydrogen, supplied to the power plants at 245 (+15, -ZO)
psia, is heated in the same manner as the oxygen. The differential hydro­
gen regulator reduces the pressure to 8.5 psia above the reference N2 ,
thus supplying it in a gaseous form to the fuel cells at 61. 5:1::2 psia. The
hydrogen reacts in the porous hydrogen electrodes with the hydroxyl ions
in the electrolyte to produce electrons, water vapor, and heat
(2 HZ+40H- =4HzO+4e+heatl. The nickel electrodes act as a catalyst in
the reaction. The water vapor and heat is withdrawn by the circulation of
hydrogen gas in the primary loop and the electrons are supplied to the load.

Each of the 31 cells comprising a power plant contains electrolyte
which on initial fill consists of 83 percent potassium hydroxide (KOH) and
17 percent water by weight. The power plant is initially conditioned to
increase the water ratio, and during normal operation, water content will
vary between 23 and 28 percent. At this ratio, the electrolyte has a
critical temperature of 300°F (figure 2.6-6). It solidifies at an approxi­
mate temperature of 2Z0°F. Power plant electrochemical reaction
becomes eHective at the critical temperature. Bringing power plants to
critical temperature is performed by GSE and cannot be performed from
SC power sources. Placing a load on the power plant will maintain it above
the critical temperature. The automatic in-line heater circuit will main­
tain power plant temperature at 385°F with no additional loads applied.

Purging is a function of power demand and gas purity. 02
purging requires 2 minutes and HZ purging 80 seconds. A hydrogen
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Figure Z. 6_ 6. KOH H20 Phase Diagram

purge is preceded by activation of the HZ PURGE LINE HTR Bwitch
(MDC~3) 20 minutes prior to the purge. The purge cycle is determined
by the mission power profile and gas purity as sampled after spacecraft
tank fill. Figures 2.6_7 and 2.6_8 can be used to calculate the purge
cycles, dependent on gas purity and load. A degradation purge can be
performed if power plant current output decreases approximately 3 to
5 amps during sustained operation. The Oz purge has more effect during
this type of purge, although it would be followed by an HZ purge if
recovery to normal was not realized after performing an 0z purge. If
the pH talk back indicator (MDC_3) is activated, a hydrogen purge will not
be performed on the fuel cell with the high pH. This prevents the POS8i~

bility of clogging the hydrogen vent line.

z. 6. 3. 3. Z Fuel Cell Loading.

The application and removal of fuel cell loads causes the terminal
voltage to decrease and increase, respectively. A decrease in terminal
voltage, resulting from an increased load, is followed by a gradual
increase in fuel cell skin temperature which causes an increase in
terminal voltage. Conversely, an increase in terminal voltage, resulting

ELECTRICAL POWER SYSTEM

Millllion Basic Date 15 April 1969 Change Date Page Z....""6"-"ZC''-



SM2A-03-BLOCK II-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

'~

,
•
3

/
200

/ /
7
6,

/ //• 1/ ./- '/
30

/ 1IV-//
20

VV / ~
o•

8
7
6,

/ //•
3 10 / II r/

1IV-//
2

20
~

V
LOAO SPEC PUR ITY
LEVEL 30

•• AMPS 40.8
.7 50.6

60.,
••
.3

.2 OXYGEN GAS INERT LEVEL I PPM'
II II

W'lfl l~ If Iii 1i
1 123-4 , 6 7 I ,., I • ,Q

100

LO

1000

~

~

=>
0

'"
"->
~ 10.~

!;:
~

'"~
"0..

99.0 99.9 99.99
OXYGEN GAS PURITY LEVEL (% BY VOlUME)

99.999

SM-2A-1214

Fi.gure 2.6-7. 02 Gas Purity Effect on Purge Interval

ELECTRICAL POWER SYSTEM

Mission Ba.sic Date 15 Ap~ill969 Change Date Pa~e__....::2:..,,6;:.-,,26::..



SM2A-03-BLOCK Il-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

lIJoo

III

99.99999.9999.9

Ii

1h lOAD _

V 3b lEVEL
, AMPS

<IQ

50
60

/ //

//.
V V/V/

V V
~~V

/ //

//

V /VV/
V
~~V SPEC PURITY ,

HYDROGEN GAS INERT lEVEL (PPMI
II II

·m Ilfl I~I 11

100

lIJ

O. 1
99.0

1.0

lIJ.O

HYDROGEN GAS PURITY lEVEL ('I> BY VOlUME)

SM-1A-12l5

Figure 2.6-8. H2 Gas Purity Effect on Purge Interval

ELECTRICAL POWER SYSTEM

Mi.s.sion Ba.sic Date 15 April 1969 Change Date Page__..:',,·..:6"'-::,'.:..-7



SM2A-03-BLOCK 1I-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

frOITl a decreased load, is followed by a gradual decrease in fuel cell skin
temperature which causes a decrease in terminal voltage.

The range in which the terITlinal voltage is perITlitted to vary is
deterJnined by the high and low voltage input design liJnits of the compo_
nents being powered. For most components the limits are 30 volts dc
and 25 volts dc. To remain within these design limits, the d-c bus
voltage Jnust be Jnaintained between 31. 0 and 26. 2 volts de. To cOlTlpen­
sate for cyclic loads, it is recommended sustained bus voltage be mainw
tained between 26. 5 and 30.0 vdc. Bus voltage is m.aintained within
prescribed limits by the application of entry and post1anding batteries
during load increases (power up). Load increase or decrease falls well
within the limits of power supply capability and, under normal conditions,
should not require other than normal checklist procedures.

Power Up. Powering up spacecraft systems is performed in one
continuous sequence providing the main bus voltage does not decrease
below 26.5 volts. If bus voltage decreases to this level, the power up
sequence can be interrupted for the time required for fuel cell tempera_
tures to increase with the resultant voltage increase or the batteries can
be connected to the main buses thus reducing the fuel cell load. In most
cases, powering up can be performed in one continuous sequence; how_
ever, when starting from an extremely low spacecraft load, it is probable
that a power up interruption or earlier battery coupling may be required.
The greatest load increase occurs while powering up for a delta V
maneuver.

Power Down. Powering down spacecraft systems is performed in
one continuous sequence providing the main bus voltage does not increase
above 31.0 volts. Powering down from relatively high spacecraft load
levels, i. e., following a delta V, the sequence may have to be interrupted
for the time required for fuel cell temperature, and as a result, bus
voltage to decrease. To expedite power down, one fuel cell can be dis_
connected from the buses increasing the loads on the remaining fuel cells
and decreasing bus voltage, thus allowing continuation of the power down
sequence.

Fuel Cell Disconnect. If the requirement arises to maintain a
powerplant on open circuit, temperature decay would occur at an average
rate of approximately 6°/hr., with the automatic in_line heater circuit
activating at a skin temperature of 385°F and maintaining powerplant
temperature at 385°F. In-line heater activation can be confirmed by a
4.5 to 6 amp indication as observed on the d_c amps meter (MDC_3) with
the d-c indicator switch positioned to the open circuited fuel cell position.
Reactant valves remain open. Fuel cell pumps can be turned off until the
in_line heater circuit activates, at which time they must be on.
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Closing of reactant valves during a power plant disconnect is
dependent on the failure experienced. If power plant failure is such.as to
allow future use, i. e., shutdown due to partially degraded output, it is
recommended the reactant valves remain open to provide a positive
reactant pressure. The valves should be closed after power_plant skin
temperature decays below 300°F. The reactant valves are closed during
initial shutdown, if the failure is a reactant leak, an abnormally high
regulator output pressure, or complete power-plant failure. I

Prior to disconnecting a fuel cell, if a single inverter is being used,
each of the remaining power plants is connected to both main d_c buses to
enhance load sharing since bus loads are unbalanced. If two inverters are
being used, main d~c bus loads are relatively equal; therefore, each of the
remaining power plants is connected to a separate main d-c bus for bus
isolation. If one power plant had been placed on open circuit for an
extended period of time, prior to powering up to a configuration requiring
three power plants, reconnecting is accomplished prior to the time of
heavy load demands. This permits proper conditioning of the power plant
which has been on open circuit. The time required for proper conditioning II
is a function of skin temperature increase and the load applied to the .
power plant.

Inverters.

Each inverter (figure 2.6-9) is composed of an oscillator, an eight_
stage digital countdown section, a d_c line filter, two silicon_controlled
rectifi.ers, a magnetic amplifier, a buck_boost amplifier, a demodulator,
two d_c filters, an eight_stage power inversion section, a harmonic
neutralization transformer, an a_c output filter, current sensing trans_
formers, a Zener diode reference bridge, a low_voltage control, and an
overcurrent trip circuit. The inverter normally uses a 6. 4-kHz square
wave synchronizing signal from the central timing equipment (CTE) which
maintains inverter output at 400 Hz. If this external signal is completely
lost, the free running oscillator within the inverter will provide pulses
that will maintain inverter output within ±7 Hz. The internal oscillator is
normally synchronized by the external pulse. The subsequent paragraphs
describe the function of the various stages of the inverter.

The 6. 4-kHz square wave provided by the CTE is applied through
the internal oscillator to the eight~stage digital countdown section. The
oscillator has two divider circuits which provide a 1600_Hz signal to the
magnetic amplifier.

The eight-stage digital countdown section, triggered by the 6. 4-kHz
signal, produces eight 400~Hz square waves, each mutually displaced one
pulse_time from the preceding and following wave. One pulse_time is
156 microseconds and represents 22.5 electrical degrees. The eight
square waves are applied to the eight_stage power inversion section.
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The eight_stage power inversion section, fed a controlled voltage
from the buck_boost amplifier, amplifies the eight 400_Hz square waves
produced by the eight_stage digital countdown section. The amplified
square waves, still mutually displaced ZZ. 5 electrical degrees, are next
applied to the harmonic neutralization transformer.

The harmonic neutralization section consists of 31 transformer
windings on one core. This section accepts the 400-& square-wave out_
put of the eight_stage power inversion section and transforms it into a
3_phase 400_Hz 115_volt signal. The manner in which these transformers
are wound on a single core produces flux cancellation which eliminates all
harmonics up to and including the fifteenth of the fundamental frequency.
The 22. 5-degree displacement of the square waves provides a means of
electrically rotating the square wave excited primary windings around the
3_phase, wye_connected secondary windings, thus producing the 3-phase 400­
Hz sine wave output. This 115_ volt signal is then applied to the a_ c output filte r.

The a_c output filter eliminates the remaining higher harmonics.
Since the lower harmonics were eliminated by the harmonic neutral trans_
forrner, the size and weight of this output filter was reduced. Circuitry
in this filter also produces a rectified signal which is applied to the Zener
diode reference bridge for voltage regulation. The amplitude of this sig_
nal is a function of the amplitude of a-c output voltage. After filtering,
the 3_phase 115_volt a_c 400_Hz sine wave is applied to the a_c buses
through individual phase current_sensing transformers.

The current_sensing transformers produce a rectified signal, the
amplitude of which is a direct function of inverter output current magni_
tude. This d_c signal is applied to the Zener diode reference bridge to
regulate inverter current output; it is also paralleled to an overcurrent
sensing circuit.

The Zener diode reference bridge receives a rectified d_c signal,
repre'senting voltage output, from the circuitry in the a-c output filter.
A variance in voltage output unbalances the bridge, providing an error
signal of proper polarity and magnitude to the buck_ boost amplifier via
the magnetic amplifier. The buck. boost amplifier, through its bias
voltage output, compensates for voltage variations. When inverter cur­
rent output reaches 200 to 250 percent of rated current, the rectified
signal applied to the bridge from the current sensing transformers is of
sufficient magnitude to provide an error signal causing the buck-boost
amplifier to operate in the same manner as during an overvoltage condi_
tion. The bias output of the buck_boost amplifier, controlled by the
error signal, will be varied to correct for any variation in inverter
voltage or a beyond tolerance increase in current output. When inverter
current output exceeds 250 percent of rated current, the overcurrent
sensing circuit is activated.
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The overcurrent sensing circuit monitors a rectified d-c signal
representing current output. When total inverter current output exceeds
250 percent of rated current, this circuit will illuminate an overload
lamp in l5±5 seconds. Ii current output of any single phase exceeds
300 percent of rated current, this circuit will illuminate the overload
lamp in 5±1 seconds. The AC BUS 1 OVERLOAD and AC BUS 2
OVERLOAD lamps are in the caution/warning matrix on MDC~2.

D-C power to the inverter is supplied from the main d_c buses
through the d.c line filter. The filter reduces the high frequency ripple
in the input, and the 25 to 30 volts de is applied to two silicon-controlled
rectifiers.

The silicon_controlled rectifiers are alternately set by the 1600_Hz
signal from the magnetic amplifier to produce a d_c square wave with an
on_time of greater than 90 degrees from each rectifier. This is filtered
and supplied to the buck_boost amplifier where it is transformer_coupled
with the amplified 1600_Hz output of the magnetic amplifier, to develop
a filtered 35 volts de which is used for amplification in the power inver_
sion stages.

The buck_boost amplifier also provides a variable bias voltage to the
eight-stage power inversion section. The amplitude of this bias voltage is
controlled by the amplitude and polarity of the feedback signal from the
Zener diode reference bridge which is referenced to output voltage and
current. This bias signal is varied by the error signal to regulate
inverter voltage and maintain current output within tolerance.

The demodulator circuit compensates for any low_frequency ripple
(10 to 1000 Hz) in the d_c input to the inverter. The high_frequency
ripple is attenuated by the input filters. The demodulator senses the
35-volt d-c output of the buck-boost amplifier and the current input to the
buck_boost amplifier. An input d_c voltage drop or increase will be
reflected in a drop or increase in the 35_volt d_c output of the buck_boost
amplifier, as well as a drop or increase in current input to the buck_boost
amplifier. A sensed decrease in the buck_boost amplifier voltage output
is compensated for by a demodulator output, coupled through the magnetic
amplifier to the silicon-controlled rectifiers. The demodulator output
causes the SCRs to conduct for a longer time, thus increasing their
filtered d-c output. A sensed increase in buck-boost amplifier voltage
output, caused by an increase in d_c input to the inverter, is compensated
for by a demodulator output coupled through the magnetic amplifier to the
silicon.controlled rectifiers causing them to conduct for shorter periods;
thus producing a lower filtered d_c output to the buck_boost amplifier. In
this manner. the 35-volt d~c input to the power inversion section is main_
tained at a relatively constant level irrespective of the fluctuations in d_c
input voltage to the inverter.
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The low_voltage control circuit samples the input voltage to the
inverter and can terminate inverter operation. Since the buck_boost
amplifier provides a boost action during a decrease in input voltage to the
inverter, in an attempt to maintain a constant 35 volts dc to the power
inversion section and a regulated lIS_volt inverter output, the high boost
required during a low_voltage input would tend to overheat the solid state
buck_boost amplifier. As a precautionary measure, the low_voltage con_
trol will terminate inverter operation by disconnecting operating voltage
to the magnetic amplifier and the first power inversion stage when input
voltage decreases to between 16 and 19 volts dc.

A temperature sensor with a range of +32 0 to +248°F is installed in
each inverter and provides an input to the C &. WS which will illuminate a
light at an inverter overtemperature of 190 0 F. Inverter temperature is
telemetered to MSFN.

Battery Charger.

A constant voltage, solid_state battery charger (figure 2.6_10),
located in the CM lower equipment bay, is incorporated into the EPS. The
BATTERY CHARGER selector switch (MDC-3) controls power input to the
charger, as well as connecting the charger output to the selected battery
(figure 2. 6_14). When the BATTERY CHARGER selector switch is
positioned to entry battery A, B. or C, a relay (Kl) is activated complet_
ing circuits from a_c and d_c power sources to the battery charger. Bat­
tery charger output is also connected to the selected battery to be charged
through contacts of the MAIN BUS TIE motor switch. Positioning the
MAIN BUS TIE switch (A/C or B/C) to OFF for battery A or B, and both
switches to OFF for battery C will disconnect main bus loads from the
respective batteries and also complete the circuit from the charger to the
battery.

The battery charger is provided 25 to 30 volts from both main d-c
buses and 115 volts 400-Hz 3-phase from either of the a-c buses. All
three phases of ac are used to boost the 25 to 30 -volt d-c input and produce
40 volts dc for charging. In addition, phase A of the ac is used to supply
power for the charger circuitry. The logi.c network in the charger, which
consists of a two-stage differential amplifier (comparator), Schmitt
trigger, current sensing resistor, and a voltage amplifier, sets up the
initial condition for operation. The first stage of the comparator is in the
on mode, with the second stage off, thus setting the Schmitt trigger first
stage to on with the second stage off. Maximum base drive is provided to
the current amplifier which turns the switching transistor to the on mode.
With the switching transistor on, current flows from the transformer
rectifier through the switching transistor, current sensing resistor, and
switch choke to the battery being charged. Current lags voltage due to
switching choke action. As current flow inc.reases, the voltage drop across
the sensing resistor increases, and at a specific level sets the first stage
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of the comparator to off and the second stage to on. The voltage amplifier
is set off to reverse the Schmitt trigger to first stage off and second stage
on. This sets the current amplifier off. which in turn sets the switching
transistor off. The switching transistor in the off mode terminates power
from the source. causing the field in the choke to continue collapsing,
discharging into the battery, then through the switching diode and the
current sensing resistor to the opposite side of the choke. As the EMF
in the choke decreases, current through the sensing resistor decreases,
reducing the voltage drop across the resistor. At some point. the
decrease in voltage drop across the sensing resistor reverses the com_
parator circuit, setting up the initial condition and completing one cycle
of operation. The output load current, due to the choke action. remains
relatively constant except for the small variation through the sensing
resistor. This variation is required to set and reset the switching tran_
sistor and Schmitt trigger through the action of the comparator.

Battery charger output is regulated by the sensing resistor until
battery voltage reaches approximately 37 volts. At this point. the biased
voltage sensor circuit is unbias~d. and in conjunction with the sensing
resistor provides a signal for cycling the battery charger. As battery
voltage increases, the internal impedance of the battery increases,
decreasing current £low from the charger. At 39.8 volts, the battery is
fully charged and current flow becomes negligible. (See figure 2.6-11.)
Recharging the batteries until battery amp hour input equates amp hours
previously discharged from the battery assures sufficient battery
capacity for mission completion. The MSFN will monitor this function.
If there is no contact with the MSFN, battery charging is terminated
when the voltmeter indicates 39.5 vdc with the DC INDICATORS switch
set to the BAT CHARGER position.

Charger voltage is monitored on the DC VOLTS METER (MDC -3).
Current output is monitored on the inner scale of the DC AMPS meter
(MDC-3) by placing the DC INDICATORS switch (MDC-3) to the BAT
CHARGER position. Battery charger current output is telemetered to
the MSFN.

When charging battery A or B, the respective BAT RLY BUS­
BAT A or B circuit breaker (MDC -5) is opened to expedite recharge.
During this period, only one battery will be powering the battery relay
bus. Relay bus voltage can be monitored by selecting positions 4 and B
on the Systems T.est Meter (LEB-lOl) and from the couches by the Fuel
Cell-Main Bus B-1 and Fuel Cell - Main Bus A-3 talk back indicators
(MDC -3) which will be barber-poled. If power is lost to the relay bus,
these indicators will revert to the gray condition indicating loss of power
to the relay bus and requiring remedial action.

Recharge of a battery immediately after it is exposed to any appre­
ciable loads requires less time than recharge of a battery commencing
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Figure 2.6-11, Battery Charger Output (Amperes)

30 minutes or more after it is disconnected from these loads. Therefore,
it is advantageous to connect batteries to the charger as soon as possible
after they are disconnected from the main buses since this decreases
overall recharge time.

Power Distribution.

D-C and a-c power distribution to components of the EPS is pro­
vided by two redundant buses in each system. A single-point ground on
the spacecraft structure is used to eliminate ground loop e££ects. Sensing
and control circuits are provided for monitoring and protection of each
system.

Distribution of d-c power (figure Z. 6-12) is accomplished with a
two-wire system and a series of interconnected buses, switches, circuit
breakers, and isolation diodes. The d-c negative buses are connected to
the vehicle ground point (VGP). The buses consist of the following:

• Two main d-c buses (A and B), powered by the three fuel cells
and/or entry and postlanding batteries A, B, and C.

• Two battery buses (A and Bl, each powered by its respective
entry and postlanding battery A and B. Battery C can power
either or both buses if batteries A and/or B fail.
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Figure 2.6-12. D-C Power Distribution
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• Flight and postlanding bus. powered through both maiD d_c buses
and diodes. or directly by the three entry and postlanding bat_
teries. A, B, and C. through dual diodes.

• Flight bus, powered through both main d-c buses and isolation
diodes.

• Nonessential bus. powered through either d-c main bus A or B.

• Battery relay bus, powered by entry and postlanding batteries
through the individual battery buses and isolation diodes.

• Pyro buses. isolated from the main electrical power system when
powered by the pyro batteries. A capability is provided to con­
nect either entry battery to the A or B pyro system in case of
loss of a pyro battery.

• 8M jettison controllers. powered by the fuel cell power plants
and completely isolated from the main electrical power system
until activated during C8M separation.

Power from the fuel cell power plants can be connected to the main
d_c buses through six motor switches (part of overload/reverse current
circuits in the SM) which are controlled by switches in the CM located on
MDC_3. Fuel cell power can be selected to either or both of the main
d-c buses. Six talk back indicators show gray when fuel cell output is
connected and striped when disconnected. When an overload condition
occurs. the overload_reverse current circuits in the 8M automatically
disconnect the fuel cell power plants from the overloaded bus and provide
visual displays (talk_back indicator and caution and warning lamp illumi_
nation) (FC BUS DISCONNECT) for isolation of the trouble. A reverse
current condition will disconnect the malfunctioning power plant from the
d_c systeITl. D_C undervoltage sensing circuits (figure 2.6_13) are pro_
vided to indicate bus low_voltage conditions. If voltage drops below
26.25 volts d_c, the applicable d_c undervoltage light on the caution and
warning panel (MDC-2) will illuminate. Since each bus is capable of
handling all EPS loads, an undervoltage condition should not occur except
in an isolated instance; if too many electrical units are placed on the bus
siJnultaneously or if a malfunction exists in the EPS. A volbneter
(MDC-3) is provided to monitor voltage of each main d-c bus, the battery
charger. and each of the five batteries. An ammeter is provided (MDC-3)
to monitor current output of fuel cells I, 2, 3, batteries A. B, C. and
the battery charger.

During high power demand or emergencies, suppleITlental power to
the main d-c buses can be supplied from batteries A and B via the battery
buses and directly from battery C (figure 2.6_14). During entry, space­
craft power is provided by the three entry and postlanding batteries which
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are connected to the main d-c buses prior to GSM separation; placing the
MAIN BUS TIE switches (MDC_5) to BAT A/C and BAT BIG provides
this function after closing the MAIN A_BAT C and MAIN B-BAT C cir_
cuit breakers (RHEB_275). The switches are manually placed to OFF
after completion of RCS purge and closing the FLIGHT AND POST LDG_
BAT BUS A, BAT BUS B, and BAT C circuit breakers (RHEB_275)
during main chute descent. The AUTO position provides an automatic
connection of the entry batteries to the ITlain d_c buses at CSM separation.
The auto function is used only on the launch pad after the spacecraft is
configured for a LES pad abort.

A nonessential bus, as shown on figure 2. 6~12 permits isolating
nonessential equipment during a shortage of power (two fuel cell power
plants out). The night bus distributes power to in_Hight telecoITlITlunica~

tions equipITlent. The night and postlanding bus distributes power to some
of the in_night telecoITlmunications equipITlent, £loat bag No. 3 controls,
the ECS postlanding vent and blower control, and postlanding corrununica­
tions and lighting equipment. In night, the postlanding bus receives
power from the fuel cells and lor entry and postlanding batteries through
the main d-c buses. After completion of RCS purge during main chute
descent, the entry batteries supply power to the postlanding bus directly
through individual circuit breakers. These circuit breakers (FLIGHT &
POST LANDING_BAT BUS A, BAT BUS B, and BAT C - RHEB_275)
are normally open in night and closed during main chute descent just
prior to positioning the MAIN BUS TIE switches to OFF.

Motor switch contacts which close when the MAIN BUS TIE
switches are placed to ON, complete the circuit between the entry and
postlanding batteries and the main d_c buses, and open the connection
from the battery charger to the batteries. The battery relay bus provides
d-c power to the a~c sensing units, the fuel cell and inverter control cir_
cuits, fuel.cell reactant and radiator valves and the fuel cell_main BUS A
and B talk_back indicators on MDC_3. The pyrotechnic batteries supply
power to ordnance devices for separation of the LES, S-IVB, forward
heat shield, SM from CM, and for deployment and release of the drogue
and main parachutes during a pad abort, high_altitude abort, or normal
mission progression. The three fuel cell power plants supply power to
the SM jettison controllers for the SM separation maneuver.

Distribution of a_c power (figure 2. 6_15) is accomplished with a
four_wire system via two redundant buses, a-c bus I and a-c bus 2. The
a_c neutral bus is connected to the vehicle ground point. A_C power is
provided by one or two of the solid_state liS/200-volt 400-Hz 3~phase

inverters. D-C power is routed to the inverters through the main d-c
buses. Inverter No. I is powered through d-c main bus A, inverter
No.2 through d-c main bus B, and inverter No.3 through either d-c
main bus A or B by switch selection. Each of these circuits has a sep­
arate circuit breaker and a power control motor switch. Switches for
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applying power to the motor switches are located on MDC_3. All three
inverters are identical and are provided with overtemperature circuitry.
A light indicator. in the caution/warning group on MDC_2. illuminates at
190 0 to indicate an overtemperature situation. Inverter output is routed
through a series of control motor switches to the a_c buses. Six switches
(MDC_3) control motor switches which operate contacts to connect or dis_
connect the inverters from the a-c buses. Inverter priority is lover 2,
2 over 3, and 3 over I on anyone a-c bus. This indicates that inverter
two cannot be connected to the bus until the inverter 1 switch is positioned
to OFF. Also. when inverter 3 switch is positioned to ON. it will take
inverter I off the bus before inverter 3 connection will be performed. The
motor switch circuits are designed to prevent connecting two inverters to
the same a.c bus at the same time. A-C loads receive power from either
a_c bus through bus selector switches. In some instances, a single phase
is used for operation of equipment and in others all three. Over_
undervoltage and overload sensing circuits (figure 2.6.13) are provided
for each bus. An automatic inverter disconnect is effected during an
overvoltage. A-C bus voltage fail and overload lights in the caution/
warning group (MDC.2) provide a visual indication of voltage or overload
malfunctions. Monitoring voltage of each phase on each bus is accom_
plished by selection with the AC INDICATORS switch (MDC_3). Readings
are displayed on the AC VOLTS meter (MDC_ 3). Phase A voltage of
each bus is telemetered to MSFN stations.

Several precautions should be taken during any inverter switching.
The first precaution is to completely disconnect the inverter being taken
out of the circuit whether due to inverter transfer or malfunction. The
second precaution is to insure that no more than one switch on AC BUS 1
or AC BUS 2 (MDC_3) is in the up position at the same time. These pre_
cautions are necessary to assure positive power transfer since power to
anyone inverter control motor switch is routed in series through the
switch of another inverter. A third precaution must be exercised to
preclude a motor switch lockout when d-c power to inverter 3 is being
transferred from d_c main bus A to d_c main bus B, or vice versa. The
AC INVERTER 3 switch (MDC_3) should be held in the OFF position for
one second when performing a power transfer operation from one main
d_c bus to the other.

PERFORMANCE AND DESIGN DATA.

AC and DC Data.

AC and dc performance and design data for the EPS is as follows:

AG

II

Phases

Displacement

3

120:1:2 degrees

ELECTRICAL POWER SYSTEM
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DC

Steady-state voltage

Transient voltage

Recovery

Unbalance

Frequency limits
Normal (synchronized to
central timing equipment)

Emergency (loss of
central timing equipment)

Wave characteristics
(sine wave)

Maximum distortion
Highest harmonic
Crest factor

Rating

Steady_state voltage limits
Normal

Minimum CM bus
Min Precautionary CM bus

Maximum CM bus
Max Precautionary CM bus

During postlanding and
preflight checkout periods

Ripple voltage

115.5 (+1, -1. 5) vac (average
3 phases)

lI5 (+35, _65) vac

To 115±10v within 15 ms, steady
state within 50 ms

2 vac (wurst phase from average)

400±3 Hz

400=7 Hz

5 percent
4 percent
1. 414=10 percent

1250 va

29±2.0 vdc

26.2 vdc
26.5 vdc (allows for cyclic loads)

31.0 vdc
30.0 vdc (allows for cyclic loads)

27 to 30 vdc

1v peak to peak

2.6.5

2.6.5. 1

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

Fuel Cell Power Plants.

Fuel cell power plants are designed to function under atmospheric
and high_vacuum conditions. Each must be able to maintain itseH at
sustaining teITlperatures and minimum electrical loads at both

ELECTRICAL POWER SYSTEM
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environment extremes. To function properly, fuel cells must operate
under the following limitations and restrictions:

External nonoperating
temperature

Operating temperature
inside SM

External nonoperating
pressure

Normal voltage

Minimum operating voltage
at terminals

Emergency operation

Normal operation

Maximum operating voltage
at terminals

Fuel cell disconnect
overload

Maxitnum reverse current

Minimum sustaining powerl
fuel cell power .plant
(with in_line heater OFF)

In_line heater power (sus­
tain F Ic skin temp above
385°F min)

Maximum gross power
under emergency
conditions

Nitrogen pressure

Reactant pressure
Oxygen

Hydrogen

Atmosphe ric

27 to 31 vdc

20.5 vdc at 2295 watts (gross
power level)

27 vdc

31. 5 vdc

75 amperes no trip, 112 amperes
disconnect after 25 to 300 seconds

1 second minimum before
disconnect

420 watts

160 watts
(5 to 6 amps)

2295 watts at 20.5 vdc min.

50.2 to 57.5 psia (53 psia, nominal)

58.4 to 68.45 psia (62. 5 psia.
nominal)

57.3 to67.0 psia (61.5 psia.
n.ominal)

III
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Reactant consumption/fuel
cell power plant

I

Z. 6. 5. Z

Hydrogen
Oxygen

Minimum skin temperature
for sell_sustaining operation

Minimum skin temperature
for recovery in flight

Maximum skin temperature

Approximate external
environment temperature
range outside SC (for
radiation)

Fuel cell power plant
normal operating tempera_
ture range

Condenser exhaust normal
operating temperature

Purging nominal frequency

Oz purge duration

HZ purge duration

Additional flow rate while
purging

Oz
HZ

Cryogenic Storage Subsystem.

-3PPH = Amps x (2. 57 x 10 )
PPH = Amps x (2. 04 x 10- 2 )

Dependent on mission load
profile and reactant purity
after tank fill.

2 minutes

80 seconds

Up to 0.6 Ib/hr
Up to 0.75 lb/hr (nominal

O. 67 lb/hr)

The cryogenic storage subsystem must be able to meet the follow_
ing requirements for proper operation of the fuel cell power plants and
the ECS:

Minimum usable quantity
Oxygen
Hydrogen

320 lbs each tank (min)
28 Ibs each tank (min)

ELECTRICAL POWER SYSTEM
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2.6.5.3

Temperature at time of fill
Oxygen
Hydrogen

Operating pressure range
Oxygen

Normal
Minimum

Hydrogen
Normal
Minimum

Temperature probe range
Oxygen
Hydrogen

Maximum allowable differ enc e
in quantity balance between
tanks

Oxygen tanks No. 1 and Z
Hydrogen tanks No. 1 and 2

Pressure relief valve
operation

Crack pressure
Oxygen
Hydrogen

Reseat pressure
Oxygen
Hydrogen

Full flow, maximum relief
Oxygen
Hydrogen

Additional Data.

M297"F (approx.)
_423"F (approx. )

865 to 935 psia
150 psia

22.5 to 260 psia
100 psia

_325° to +80° F
_425° to M20Qo F

2 to 4%
3%

983 psig min.
273 ps ig min.

965 psig min.
268 psig min.

1010 psig max.
285 psig max.

III

Z. 6. 6

Additional data about limitations and restrictions may be found in the
the CSM/LM Spacecraft Operational Data Book SNA_B_D_027. Vol I,
(C5M 5068_447).

SYSTEMS TEST METER.

The SYSTEMS T EST meter and the alphabetical and numerical
switches, located on panel 101 in the CM LEB, provide a means of moni_
toring various measurements within the SC, and verifying certain param­
eters displayed only by event indicators. The following can be measured
using the SYSTEMS TEST meter, the respective switch positions, and
the range of each sensor. Normal operating parameters of measurable
items are covered in the telemetry listing.

ELECTRICAL POWER SYSTEM
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Switch Pos it ions
Systems Test

Indication (Telemetry Identity
and Code No. )

N
Z

pressure, psia

F Ic 1 SC zo6op
F!C 2 se 2061P
F!e 3 se 2062p

O2 pressure. psia

F!e 1 se 2066p
F!e 2 se 2067P
F!e 3 se 2068P

HZ pressure, psia

F!e 1 se 2069P
F!e 2 SC 2070P
F!C 3 se 2071P

EPS radiator outlet temperature
F!C 1 SC 2087T
F!C 2. SC 2088T
F!C 3 SC 2089T

Battery manifold
pressure, psia

Batt relay bus CC0232V

LM power

SPS oxidizer line temperature
SP 0049T

CM_Res oxidizer valve temperature
_p engine, sys A CR 2l00T
+Yengine. sys B CR 2116T
-P engine. sys B CR 2110'r
CWengine, sys B CR 2119T
CCWengine, sys A CR 2114T
_Y engine, sys A CR 2103T

Pwr output

Numerical
Select

1
1
1

1
2
2

2
2
3

3
3
3

4

4

4

5

6
5
5
6
6
6

XPNDR

Alphabetical
Select

A
B
C

D
A
B

C
D
A

B
C
D

A

B

D

A

B
D
C
D
A

C

A

Sensor Range

o to 75 psia

o to 75 psia

o to 75 psia

_ 50<> to +300° F

o to 20 psia

o to +45 vdc

o to +10 amps

o to +200° F

_50° to +50°F

>1.0 vdc (nominal)

ELECTRICAL POWER SYSTEM
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Switch Positions

Systems Test
Indication (Telemetry Identity Nurnerical Alphabetical

and Code No. ) Select Select Sensor Range

AGe signal XPNDR B Test >1.0 vdc
Operate 0.0 to
4.5 vdc

Phase lockup XPNDR e Locked >4.0 vdc
Unlocked <0.8 vdc

NOTE

Position 7 on the nurnerical selector switch
is an off position.

Conversion of the previously listed measurements to the SYSTEMS
TEST meter indications are listed in the following chart. The XPNDR
measurem.ents are direct readouts and do not require conversion.

II
2.6.7 COMMAND MODULE INTERIOR LIGHTING.

The com.m.and m.odule interior lighting system (figure 2.6_16)
furnishes illumination for activities in the couch, lower equipment bay
and tunnel areas, and back_lighted panel lighting to read nomenclature,
indicators, and switch positions. Tunnel lighting is provided on SC which
will be concerned with LM activity.

Floodlighting for illumination of work areas is provided by use of
fluorescent lamps. Integral panel and numerics lighting is provided by
electroluminescent materials. Tunnel lights are incandescent. Pen
flashlights are provided for illuminating work areas which cannot be
illum.inated by the normal spacecraft systems, such as under the couches.

ElectrolUITlinescence (ELl is the phenoITlena whereby light is
emitted from a crystalline phosphor (ZNS) placed as a thin layer between
two closely spaced electrodes of an electrical capacitor. One of the
electrodes is a transparent material. The light output varies with volt_
age and frequency and occurs as light pulses, which are in_phase with
the input frequency. Advantageous characteristics of EL for spacecraft
use are an "a£ter_glow lt of less than one second, low power consumption,
and negligible heat dissipation.

ELECTRICAL POWER SYSTEM
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EPS eM-Res
Systems Radiator Oxidizer Battery Battery

Test NZ' OZ, HZ Outlet Valve LM SPS Manifold Relay
Meter Pressure Temperature Temperature Power Temperature Pressure Bus

Display (PSIA) (OF) (0 F) (Amps) (OF) (PSIA) (VDC)

0 00 0 -50 -50 0 0 0.00 0
0.2 3 -36 -46 0.4 8 0.80 L8
0.4 6 -22 -42 0.8 16 1. 60 3.6
0.6 9 -8 -38 L2 24 2.40 5.4
0.8 12 +6 -34 L6 32 3.20 7.2
LO 15 +20 -30 2.0 40 4.00 9.0

L2 18 +34 -26 2.4 48 4.80 10.8
L4 21 +48 -22 2.8 56 5.60 12,6
1.6 24 +62 - 18 3.2 64 6.40 14.4
L8 27 +76 -14 3.6 72 7.20 16.2
2.0 30 +90 -10 4.0 80 8.00 18.0

2.2 33 +104 -6 4.4 88 8.80 19.8
2.4 36 +118 -4 4.8 96 9.60 21.6
2.6 39 +132 0 5.2 104 10.40 23.4
2.8 42 +146 +4 5.6 112 II. 20 25.2
3.0 45 +160 +10 6.0 120 12.00 27.0

3.2 48 +174 +14 6.4 128 12.80 28.8
3.4 51 +188 +18 6.8 136 13.60 30.6
3.6 54 +202 +22 7.2 144 14.40 32.4
3.8 57 +216 +26 7.6 152 15.20 34.2
4.0 60 +230 +30 8.0 160 16.00 36.0

4.2 63 +244 +34 8.4 168 16.80 37.8
4.4 66 +258 +38 8.8 176 17.60 39.6
4.6 69 +272 +42 9.2 184 18.40 41. 4
4.8 72 +286 +46 9.6 192 19.20 43.2
5.0 75 +300 +50 10.0 200 20.00 45.0
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f1.0001l0HT FIXTlJRtS

EHOO

Figure Z. 6_16. CM Interior Lighting

Floodlight System.

The interior floodlight system consists of six floodlight fixture
assemblies and three control panels (figure Z. 6_17). Each fixture assem_
bly contains two fluorescent lamps (one primary and one secondary) and
converters. The lamps are powered by Z8 vdc from main d-c buses A
and B (figure 2. 6_18). This assures a power source for lights in all
areas in the event either bus fails. The converter in each floodlight fix_
ture converts 28 vdc to a high voltage pulsating d_c for operation of the
fluorescent lamps.

Floodlights are used to illuminate three specific areas; the left
main display console. the right main display console. and the lower
equipment bay. Switches on MDC_8 provide control of lighting of the left
main display console area. Switches on MDC.S provide control of lighting
of the right main display console area. Switches for control of lighting of
the lower equipment bay area are located on LEB-IOO. Protection for the
floodlight circuits is provided by the LIGHTmG _ MN A and MN B circuit
breakers on RHEB-ZZ6.

ELECTRICAL POWER SYSTEM
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STRUT
LIGHT
ASSEMBlIES

LEB-lOO

COUCH LIGHT
ASSEMBLIES

MDC-8/~-------

MDC-5

SIDEWAU LIGHT
ASSEMBliES

..--fLOOD....,
DIM fIXED

:~r
,__-:::;;::;-~'OST lOG

CCMPONfNTS
6 LIGHT ASSEMBLIES
) CONTROl. PANElS

LH SIDE DISPLAY MDC-8
RH SIDE DISPLAY MDC-5
LEB 100

) CIRCUIT BREAKERS
RHEB 226

EP-701B

I

I

Figure 2.6_17. CM Floodlight Configuration

Each control panel has a dimming (DIM_I_2) toggle switch control,
a rheostat (FLOOD_OFF_BRT) control, and an on/off (FIXED_OFF) tog_
gle switch control. The DIM_l position provides variable intensity con_
trol of the primary flood lamps through the FLOOD_OFF_BRT rheostat,
and on_off control of the secondary lamps through the FIXED_OFF switch.
The DIM_Z position provides variable intensity control of the secondary
lamps through the FLOOD_OFF_BRT rheostat, and on_off control of the
primary lamps through the FIXED_OFF switch. When operating the pri_
mary lamps under variable intensity control (DIM_l position). turn on of
the lamps is acquired after the FLOOD-OFF-BRT rheostat is moved past
the mid point. In transferring variable intensity control to the secondary
lamps, the FLOOD_OFF_BRT rheostat should first be rotated to the
OFF position before placing the DIM switch to the DIM -2 position. The
rheostat is then moved to the full bright setting and should remain in this
position unless dimming is desired. Dimming of the secondary flood
lamps should not be used unless dimming control of the primary flood­
lights is not available. Dimming of the secondary lamps results in
approximately a 90-percent reduction in lamp life. The range of
intensity variation is greater for the primary than the secondary
floodlights.

ELECTRICAL POWER SYSTEM
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The commander's control panel (MOC-8) has a POST LANDING_
OFF-FIXED switch which connects the flight and post landing bus to his
floodlights (figure 2.6_18). The POST LANDING position provides single
intensity lighting to the commandertg primary or secondary lamps as
selected by the DlM_I or DlM_2 position respectively. It is for use dur_
ing the latter stages of descent after main d-c bus power is disconnected,
and during post landing.

Integral Lighting System.

The integral lighting system controls the EL lamps behind the
nomenclature and instrument dial faces on all MDC panels, and on
specific panels in the lower equipment bay, left hand equipment bay and
right hand equipment bay (figures 2.6-19 and 2.6_20). The controls (fig_
ure 2.6_19) are rotary switches controlling variable transformers
powered through the appropriate a_c bus. Each rotary control switch has
a mechanical stop which prevents the switch being positioned to OFF.
Disabling of a circuit because of malfunctions is performed by opening the
appropriate circuit breaker on RHEB-226. The INTEGRAL switch on
MDC-8 controls the lighting of panels viewed by the commander, MOC_l,
7,8, 9, 15, and the left half of 2. The INTEGRAL switch on MDC_5 con_
trols the lighting of panels viewed by the LM pilot, MDC_3. 4, 5 and 6, 16,
RHEB-229 and 275. and the right half of MDC_2. The INTEGRAL switch
on LEB-IOO controls the lighting of MDC.IO, LEB-lOO, 101, 122 and the
DSKY lights on 140, RHEB-225. 226 and LHEB 306. Intensity of the
lighting can be individually controlled in each of the three areas.

Numerics Lighting System.

Numerics lighting control is provided over all electroluminescent
digital readouts. The NUMERICS rotary switch on MDC-8 controls the
off/intensity of numerals on the DSKY and Mission Timer on MDC-2. and
the range and delta V indicators of the Entry Monitor System of MDC_l.
The switch on LEB-lOO controls the off/intensity of the numerals on the
LEB-140 DSKY and the Mission Timer on LHEB-306. Protection for the
integral and numerics circuits is provided by the LIGlITING_NUMERICS/
INTEGRAL_LEB AC 2. L MDC AC I, and R MOC AC 1 circuit
breakers on RHEB-226. These circuit breakers are used to disable a
circuit in case of a malfunction. The L MOC AC 1 circuit breakers also
feed the EMS roll attitude and scroll incandescent lamps.

Tunnel Lig hting.

The six light fixtures in the CM tunnel provide illumination for
tunnel activlty during docking and undocking. Each of the fixtures, con­
taining two incandescent lamps. is provided 28 vdc through a TUNNEL_
LIGlITS.OFF switch on MDC-2 (figure 2.6_21). Main d_c bus A
distributes power to one lamp in each fixture, and main d_c bus B to the
other lamp. Protection is provided by the LIGHrING/COAS/TUNNEL/
RNDZ /SPOT MN A and MN B circuit breakers on RHEB-226.

ELECT RlCAL POWER SYSTEM
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SECTION 2

SUBSECTION 2.7

ENVIRONMENTAL CONTROL SYSTEM (EGS)

INTRODUCTION.

The environmental control system (EGS) is designed to provide the
flight crew with a conditioned environment that is both life-supporting,
and as comfortable as possible. The EGS is aided in the accomplishment
of this task through an interface with the electrical power system, which
supplies oxygen and potable water. The EGS also interfaces with the
electronic equipment of the several Apollo systems, for which the ECS
provides thermal control, with the lunar module (LM) for pressurizing the
LM, and with the waste management system to the extent that the water and
the urine dump lines can be interconnected.

The EGS is operated continuously throughout all Apollo mission
phases. During this operating period the system provides the following
three major functions for the crew:

• Spacecraft atInosphere control
• Water management
• TherIllal control.

Control of the spacecraft atmosphere consists of regulating the
pressure and temperature of the cabin and suit gases; maintaining the
desired hUIllidity by removing excess water from the suit and cabin gases;
controlling the level of contamination of the gases by removing C02,
odors, and particulate matter; and ventilating the cabin after landing.
There are provisions for pressurizing the lunar module during docking
and subsequent GSM/LM operations. (Refer to subsection 2.13 for a
description of the docking procedures.)

Water management consists of collecting, sterilizing, and storing
the potable water produced in the fuel cells, and delivering chilled and
heated water to the crew for metabolic consumption, and disposing of the
excess potable water by either transferring it to the waste water system
or by dUIllping it overboard. Provisions are also made for the collection
and storage of waste water (extracted in the process of controlling
humidity), delivering it to the glycol evaporators for supplemental cooling,
and dumping the excess waste water overboard.

ENVLRONMENTAL CONTROL SYSTEM

III
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Thermal control consists of removing the excess heat generated by
the crew and the spacecraft equipment, transporting it to the cab heat
exchanger (if required), and rejecting the unwanted heat to space, either
by radiation from the space radiators, or in the form of steam by boiling
water in the glycol evaporators.

Five subsystems operating in conjunction with each other provide
the required functions:

• Oxygen subsystem
• Pressure suit circuit (PSG)
• Water subsystem
• Water-glycol subsystem
• Post-landing ventilation (PLV) subsystem.

The oxygen subsystem controls the flow of oxygen within the com­
mand module (eM); stores a reserve supply of oxygen for use during entry
and emergencies; regulates the pressure of oxygen supplied to the sub­
system and PSG components; controls cabin pressure in normal and
emergency (high flow-rate) modes; controls pressure in the water tanks
and glycol reservoir; and provides for PSG purge via the DIRECT 02
valve.

The pressure suit circuit provides the crew with a continuously
conditioned atmosphere. It automatically controls suit gas circulation,
pressure, and temperature; and removes debris, excess moisture, odors,
and carbon dioxide from both the suit and cabin gases.

The water subsystem (potable section) collects and stores potable
water; delivers hot and cold water to the crew for metabolic purposes;
and augments the waste water supply for evaporative cooling. The waste
water section collects and stores water extracted from the suit heat
exchanger, and distributes it to the water inflow control valves of the
evaporators, {or evaporative cooling.

The water-glycol subsystem provides cooling for the PSG, the
potable water chiller, and the spacecraft equipment; and heating or cooling
for the cabin atmosphere.

The postlanding ventilation subsystem provides a means for circu­
lating alTlbient air through the cmnmand module cabin after landing.

FUNCTIONAL DESCRIPTION.

The environmental control system operates continuously throughout
all mission phases. Control begins during preparation for launch and
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continues through recovery. The following paragraphs describe the oper­
ating modes and the operational characteristics of the ECS from the time
of crew insertion to recovery.

Spacecraft Atmosphere Control.

During prelaunch operations the SUIT CIRCUIT RETURN VALVE is
closed; and the DIRECT Oz valve is opened slightly (approximately
0.2 pound per hour flowrate) to provide an oxygen purge of the PSC. Just
before prime crew insertion the 0z flowrate is increased to 0.6 pound per
hour. This flow is in excess of that required for metabolic consumption
and suit leakage. This excess flow causes the PSC to be pressurized
slightly above the CM cabin. The slight overpressure maintains the purity
of the PSC gas system by preventing the cabin gases from entering the
PSC.

Any changes made in the pressure or composition of the cabin gas
during the prelaunch period is controlled by the ground support equipment
through the purge port in the CM side hatch.

As soon as the crew connects into the PSC, the suit gas becomes
contaminated by COZ, odors, moisture, and is heated. The gases are
circulated by the suit compressor through the COZ and odor absorber
assembly where a portion of the COz and odors are removed; then through
the heat exchanger, where they are cooled and the excess moisture is
removed. Any debris that might get into the PSC is trapped by the debris
trap or on felt pads on the upstream side of each LiOH cartridge.

When the crew is partially suited or in a shirtsleeve environment
they contaminate the cabin gases. Since the contaminants can only be
removed in the PSC, the crew must necessarily configure the PSC to
allow for an adequate flow of gas out of the PSC into the cabin and back
into the PSC through the suit return hoses and the SUiT CIRCUIT RETURN
VALVE in order to provide the required scrubbing. This can be accOJTl­
plished for the "partially suited" mode by disconnecting and installing cap
screens on the return hoses and opening the SUIT CIRCUIT RETURN
VALVE. For the shirtsleeve mode it can be accOJTlplished by disconnecting
the inlet hoses and placing the now control valve in the CABIN FLOW
position in addition to the preceding steps.

During the ascent, the cabin remains at sea level pressure until the
ambient pressure decreases a nominal 6 psi. At that point the CABIN
PRESSURE RELIEF valve vents the excess gas overboard, maintaining
cabin' pressure at 6 psi above ambient. As the cabin pressure decreases,
a relief valve in the Oz DEMAND REGULATOR vents suit gases into the
cabin to maintain the suit pressure slightly above cabin pressure.
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Sometime after attaining orbit it will be necessary to close the
DIRECT 02 valve to conserve oxygen. (Refer to Volume 2, Apollo Oper­
ations Handbook for the procedure.) After the DIRECT 02 valve is closed,
make-up oxygen for the PSC is supplied by the DEMAND REGULATOR
when the SUIT CIRCUIT RETURN VALVE is closed or from the cabin via
the cabin pressure regulator when the SUIT CIRCUIT RETURN VALVE is
open.

During normal space operations I the cabin pressure is maintained at
a nominal 5 psia by the cabin pressure regulator I at flowrates up to
1.4 pounds of oxygen per hour. In the event a high leak rate develops, the
EMERGENCY CABIN PRESSURE regulator will supply oxygen at high flow
rates to maintain the cabin pressure above 3.5 psia for more than 5 min­
utes, providing the leak is effectively no larger than a 1 /2-inch hole.

When performing depressurized operations the suit circuit pressure
is maintained above 3.5 psia by the 02 DEMAND REGULATOR; the cabin
pressure regulator shuts off automatically to prevent wasting oxygen.

In event of meteorite puncture during shirtsleeve operations, the
EMERGENCY CABIN PRESSURE regulator will maintain the cabin pres­
sure at a safe level until the crew can don their suits.

Prior to entry SUIT CIRCUIT RETURN VALVE is closed, isolating
the suit circuit from the cabin; the 02 DEMAND REGULATOR then con­
trols suit pressure. Cabin pressure is maintained during the descent by
the cabin pressure regulator until the ambient pressure rises to a maxi­
mum of 0.9 psi above cabin pressure. At that point the cabin relief valve
will open, allowing ambient air to flow into the cabin. As the cabin pres­
sure increases, the 02 DEMAND REGULATOR admits oxygen into the
suit circuit to maintain the suit pressure slightly below the cabin, as
measured at the suit compressor inlet manifold.

After spacecraft landing, the cabin is ventilated with ambient air by
postlanding ventilation fan and valves. When the eM is floating upright in
the water, the POST LANDING VENT switch is placed in the HIGH (day)
or LOW (night) position. Either of these positions will supply power to
open both vent valves and start the fan. In the HIGH position, the fan will
circulate 150 cubic feet per minute (dm); LOW, 100 dm.

Water Management.

In preparing the spacecraft for the mission the potable and waste
water tanks are partially filled to ensure an adequate supply for the early
stages of the mission. From the time the fuel cells are placed in opera­
tion until CSM separation, the fuel cells replenish the potable water
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supply. A portion of the water is chilled and made available to the crew
through the drinking fixture and the food preparation unit. The remainder
is heated, and is delivered through a separate valve on the food prepara­
tion unit.

From the time the crew connects into the suit circuit until entry, the
water accumulator pumps are extracting water from the suit heat exchanger
and pumping it into the waste water system. The water is delivered to the
glycol evaporators through individual water control valves. Provision is
made for dumping excess waste water manually when the tank is full.

Bacteria from the waste water system can migrate through the
isolating valves into the potable water system. A syringe injection system
is incorporated to provide for periodic injection of bactericide to kill
bacteria in the potable water system.

Thermal ControL

Thermal control is provided by two water-glycol coolant loops
(primary and secondary). During prelaunch operations ground servicing
equipment cools the water-glycol and pumps it through the primary loop,
providing cooling for the electrical and electronic equipment, and the suit
and cabin heat exchangers. The cold water-glycol is also circulated
through the reservoir to make available a larger quantity of coolant for
use as a heat sink during the ascent. Additional heat sink capability is
obtained by selecting maximum cooling on the CABIN TEMP selector. and
placing both cabin fans in operation. This cold soaks the CM interior
structure and equipment. Shortly before launch, one of the primary pumps
is placed in operation, the pump in the ground servicing unit is stopped,
and the unit is isolated from the spacecraft system.

During the ascent the radiators will be heated by aerodynamic
friction. To prevent this heat from being added to the CM thermal load,
the PRIMARY GLYCOL TO RADIATORS valve is placed in the PULL TO
BYPASS position at approximately 75 seconds before launch. The coolant
then circulates within the CM portion of the loop.

The heat that is generated in the CM, from the time that the ground
servicing unit is isolated until the spacecraft reaches IIOK feet, is
absorbed by the coolant and the prechilled structure. Above IIOK feet it
is possible to reject the excess heat by evaporating water in the primary
glycol evaporator.

After attaining orbit the reservoir is isolated from the loop to main­
tain a reserve quantity of coolant for refilling the primary loop in case of
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loss of fluid by leakage. The PRIMARY GLYCOL TO RADIATORS valve
is placed in the position (control pushed in) to allow circulation through
the radiators and the radiator outlet temperature sensors. If the radiators
have coaled sufficiently (radiator outlet temperature is less than the inlet)
they will be kept on-stream; if nat, they will be bypassed until sufficient
cooling has taken place. After the radiators have been placed an-stream,
the glycol temperature control is activated (GLYCOL EVAP TEMP IN
switch in AUTO); and the CABIN TEMP selector is positioned as desired.

The primary loop provides thermal control throughout the mission
unless a degradation of system performance requires the use of the
secondary loop.

Several hours before CM-SM separation the system valves are posi­
tioned so that the primary loop provides cooling for the cabin heat
exchanger, the entire cold plate network, and the suit heat exchanger. The
CABIN TEMP control valve is placed in the MAX COOL position, and bath
cabin fans are turned an to cold-soak in the CM interior structure.

Prio,r to separation the PRIMAR Y GLYCOL TO RADIATORS, and
the GLYCOL TO RADIATORS SEC valves are placed in the BYPASS
position to prevent lass of coolant when the CSM umbilical is cut. From
that time (until approximately llOK feet spacecraft altitude) coaling is
provided by water evaporation.

OXYGEN SUBSYSTEM.

The oxygen subsystem shares the oxygen supply with the electrical
power system. Approximately 640 pounds of oxygen is stared in twa
cryogenic tanks located in the service module. Heaters within the tanks
pressurize the oxygen to 900 psig for distribution to the using equipment.

Oxygen is delivered to the command module through twa separate
supply lines, each of which enters at an oxygen inlet restrictor assembly.
Each assembly contains a filter, a capillary line, and a spring-loaded
check valve. The filters provide final filtration of gas entering the CM.
The capillaries which are wound around the hot glycol line, serve two
purposes; they restrict the total O2 flow rate to 7.5 pounds per hour
maximum, and they heat the oxygen to prevent it from entering the CM in
a liquid state. The check valves serve to isolate the two supply lines.

Downstream of the inlet check valves the two lines tee together and
a single line is routed to the OXYGEN-8!M SUPPLY valve on panel 326.
This valve is used in flight as a shutoff valve to back up the inlet check
valves during entry. It is closed prior to CM-SM separation.
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The outlet of the S!M SUPPLY valve is connected in parallel to the
OXYGEN-SURGE TANK valve (panel 326) and to a check valve on the
OXYGEN CONTROL PANEL (panel 351). The SURGE TANK valve is
normally open during night, and is closed only when it is necessary to
isolate the surge tank from the system. The surge tank stores approxi­
mately 3.7 pounds of oxygen at 900 psig for use during entry, and for
augmenting the SM supply when the operational demand exceeds the flow
capacity of the inlet restrictors. The OXYGEN SURGE TANK PRESSURE
RELIEF and shutoff valve on panel 375 prevents overpressurization of the
surge tank, and provides a means for shutting off the flow in case of relief
valve failure. The relief valve operates at 1045±25 psid. A pressure
transducer puts out a signal proportional to surge tank pressure, for
telemetry and for display to the crew. This signal shares the indicator
used for displaying 02 CR ycx.;.ENIC TANK If 1 PRESSURE. The signal
source is selected by the 02 PRESS IND switch, which is located beneath
the indicator on panel 2. The outlet of the check valve (on the OXYGEN
CONTROL PANEL) is connected to both the OXYGEN-PLSS valve on
panel 326, and the MAIN REGULATOR on panel 351.

The PLSS valve is used for contrOlling the flow of oxygen to and
frolTI the cabin repressurization package. The package consists of three
one-pound capacity oxygen tanks connected in parallel; a toggle-type fast
acting REPRESS Oz valve on panel 601 for dUlTIping oxygen into the cabin II
at very high flowrates; a toggle valve and regulator on panel 600 for
supplying oxygen to the elTIergency 02 face lTIasks; a relief and shut-off
valve on panel 602 to protect the package against overpressurization; and
a direct-reading pressure gauge on panel 602 for monitoring package and
pressure when the PLSS valve is closed. (More accurate pressure indica-
tion can be had by placing the PLSS valve in the FILL position and moni-
toring SURGE TANK pressure.) Opening the REPRESS 02 valve, with the
PLSS valve in the FILL position, will dump both the package tanks and the
surge tanks at a rate that will pressurize the command module from 0 to
3 psia in one minute. When the PLSS valve is in the ON position, the
package tanks augment the surge tank supply for entry and emergencies.
The package tanks are filled by placing the PLSS valve to the FILL position,
the 02 PRESS IND switch (MDC-2) to the SURGE TANK position, and
monitoring surge tank pressure on the CRycx.;.ENIC TANKS PRESSURE
02 1 indicator. When the indicator reads 900±35 psi, both the surge tank
and package tanks are full.

THE MAIN REGULATOR reduces the supply pressure to 85-110 psig
for use by the subsystem components. The regulator assembly is a dual
unit which is normally operated in parallel. Two toggle valves at the inlet
to the assembly provide a means of isolating either of the units in case of
failure, or for shutting them both off. Integral relief valves limit the

ENVIRONMENTAL CONTROL SYSTEM

Mission Basic Date 15 April 1969 Change Date Page Z::..:..7:..:-.:.7



SMZA·03-BLOCK 11-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

downstream preuure to 140 psig maximum. The output of the MAIN
REGULATOR passes through a flowmeter, then is delivered to the WATER
&: GLYCOL TANKS PRESSURE regulator, the cabin pressure regulator,
EMERGENCY CABIN PRESSURE regulator (all on panel 351), the 02
DEMAND REGULATOR (panel 380), the DIRECT 02 valve (panel 7), and
the WATER ACCUMULATOR valves (panel 382).

The output of the flowmeter is displayed on the Oz FLOW indicator
(panel 2), which has a range of 0.2 to 1.0 pound per hour. Nominal flow
for metabolic consumption and cabin leakage is approximately 0.43 pound
per hour. Flow rates of 1 pound per hour or more with a duration of
16.5±1.5 seconds will illuminate the Oz FLOW HI light on the caution and
warning panel (panel 2). The warning is intended to alert the crew to the
fact that the oxygen flow rate is greater than is normally required. It
does not necessarily mean that a malfunction has occurred, since there are
a number of flight operations in which a high-oxygen flow rate is normal.
These cases will be noted, when applicable, in the descriptions that follow.
A pressure transducer at the outlet of the MAIN REGULATOR provides
data for telemetry only.

The WATER & GLYCOL TANKS PRESSURE regulator assembly
(panel 351) is a dual unit, normally operating in parallel, which reduces
the 100-psi oxygen to 20::1:2 psig (relative to cabin) for pressurizing the
positive expulsion bladders in the waste and potable water tanks, and in the
glycol reservoir. Integral relief valves limit the downstream pressure to
25:1:2 psi above cabin pressure. INLET and OUTLET SELECTOR valves
are provided for selecting either or both regulators and relief valves. or
for shutting the unit off. When changing the position of the selector valves
for the purpose of isolating a malfunctioning unit, it is necessary to place
both selector valves in the same position in order to eliminate the possi­
bility of cross-feeding oxygen through the outlet selector valve if it is left
in the normal position. If a cross-selection is made (inlet selector to 1;
outlet selector to 2, or vice versa), flow through the assembly is blocked.

The cabin pressure regulator controls the flow of oxygen into the
cabin to make up for depletion of the gas due to metabolic consumption,
normal leakage, or for repres8urization. The assembly consists of two
absolute pressure regulators operating in parallel, and a manually operated
CABIN REPRESS valve. The regulator is designed to maintain cabin pres­
sure at 5±0.2 psia at flow rates up to 1.4 pounds per hour. (Oz FLOW HI
light on.) Losses in excess of this value will result in a continual decrease
in cabin pressure. When cabin pressure falls to 3.5 psia minimum, the
regulator will automatically shut oc! to prevent wasting the oxygen supply.
Following depressurization, the cabin can be repressurized by manually
opening the CABIN REPRESS valve. The CABIN REPRESS valve will flow
a minimum of 6 pounds per hour. The Oz FLOW HI light will be on.
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The EMERGENCY CABIN PRESSURE regulator provides errlergency
protection for the crew in the event of a severe leak in the cabin. The
asserrlbly consists of two absolute pressure regulators, either of which can
handle the rrlaxirrlurrl flow rate, and a selector valve for selecting either or
both of the regulators, or for shutting the unit of!. The regulator valve
starts to open when cabin pressure decreases to 4.6 psia; and at 4.Z psia
the valve is full-open, flooding the cabin with oxygen. The regulator can
supply oxygen to the cabin at a flow rate of 0.67 pound per rrlinute minirrlurrl
(OZ FLOW HI light on), to prevent rapid decompression in case of cabin
puncture. The regulator is capable of providing flow rates which will
maintain cabin pressure above 3.5 psia for a period of 5 minutes, against
a leakage rate equivalent to I/Z-inch-diameter cabin puncture. The regu­
lator is normally used during shirt-sleeve operations, and is intended to
provide time for donning pressure suits before cabin pressure drops below
3,5 psia, During pressure suit operations, the regulator is shut off to
prevent unnecessary loss of oxygen in case of unplanned cabin
depressurization.

The Oz DEMAND REGULATOR (figure Z,7-l) supplies oxygen to the
suit circuit whenever the suit circuit is isolated from the cabin (return air
SHUTOFF VALVE closed), and during depressurized operations. It also
relieves excess gas to prevent overpressurizing the suits. The asserrlbly
contains redundant regulators; a single relief valve for venting excess suit
pressure; an inlet selector valve for selecting either or both regulators;
and a SUIT TEST valve for performing suit integrity tests.

Each regulator section consists of an aneroid control, and a differ­
ential diaphragm housed in a reference chamber. The diaphragrrl pushes
against a rod connected to the derrland valve; the derrland valve will be
opened whenever a pressure differential is sensed across the diaphragm.
In operation, there is a constant bleed flow of oxygen frorrl the supply into
the reference chamber, around th<! aneroid, and out through the control
port into the cabin. As long e.s the cabin pressure is greater than
3.75 psia (norrlinalJ, the flow of oxygen through the control port is virtu­
ally unrestricted, so that the pressuce within the reference chamber is
essentially that of the cabin. This pressure acts on the upper side of the
diaphragm, while suit pressure is applied to the underside of the dia­
phragm through the suit sense port. The diaphragm can be made to open
the demand valve by either increasing the reference chamber pressure,
or by decreasing the sensed suit pressure.

The increased pressure mode occurs during depressurized opera­
tions. As the cabin pressure decreases, the aneroid expands. At 3.7 psia
the aneroid will have expanded sufficiently to restrict the outflow of oxygen
through the control port, thus increasing the reference chamber pressure.
When the pressure rises approximately 3-inch H20 pressure above the
sensed suit pressure, the derrland valve will be opened.
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Figure 2.7 -I. 0z Demand Regulator

Decreased pressure mode occurs whenever the suit circuit is isolated
from the cabin, and cabin pressure is above 5 psia. In the process of
respiration, the crew will exhale carbon dioxide and water vapor. in
circulating the suit gases through the COZ and odor absorber, and the suit
heat exchanger, the COZ and water are removed. The removal reduces
the pressure in the suit circuit, which is sensed by the regulator on the
underside of the diaphragm. When the pressure drops approximately
3-inch HZO pressure below cabin, the diaphragm will open the demand
valve.

The regulator assembly contains a poppet-type relief valve which is
integral with the suit pressure sense port. During operations where the
cabin pressure is above 3.75 psia, the relief valve is loaded by a coil
spring which allows excess suit gas to be vented whenever suit pressure
rises to 2- to 9-inch HZO above cabin pressure. When the cabin pressure
decreases to 3.75 psia, the reference chamber pressure is increased by
the throttling effect of the expanding aneroid. The reference chamber
pressure is applied, through ducts, to two relief valve loading chambers
which are arranged in tandem above the relief valve poppet. The pressure
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in the loading chambers acts on tandem diaphragms which are forced
against the relief valve poppet. The relief value of the valve is thus
increased to 3.75 psia plus 2- to 9-inch H20.

The SUIT TEST valve provides a means f01.: pressurlZlng and depres­
surizing the suit circuit, at controlled rates, for performing suit integrity
tests. Placing the SUIT TEST valve in the PRESS position supplies oxygen
through a restrictor to pressurhe the suit circuit to a nominal 4 psi above
cabin, in not less than 75 seconds. The maximum time required for pres­
surizing or depressurizing the suits depends upon the density of the suit
and cabin gases at the time the test is performed. It will take a longer
time to perform the pressurizing or depressurizing during prelaunch than
in orbit because of the higher density of the gas at sea level pressure.
Placing the SUIT TEST valve in the DEPRESS position will depressurize
the suits in not less than 75 seconds. Moving the SUIT TEST valve from
the PRESS position to OFF will dump the suit pressure immediately. Also,
if anyone of the three suits is vented to cabin, while the SUIT TEST valve
is in the PRESS position, all three suits will collapse immediately. This
is due to the restrictor in the pressurizing port, which prevents the O2
DEMAND REGULATOR from supplying the high oxygen flow rate required
for maintaining the pressure in the other two suits.

The DIRECT 02 valve on panel 7 is a screw-actuated poppet valve II
capable of metering oxygen into the suit circuit of flow rates from D to
0.67 pound per minute (at 85 psig inlet pressure). The control end of the
poppet valve is connected to a bellows assembly, which provides both the
internal seal and the force required for closing the valve. When the knob
is rotated counterclockwise, the screw mechanism moves inward contacting
a follower on the bellows assembly forcing the poppet valve of[ its seat,
thus opening the valve. When the knob is rotated clockwise the screw
moves outward allowing the bellows assembly to close the valve. Because
there is no mechanical connection between the screw and the bellows
assembly, the valve will actually be closed before the screw mechanism
has been rotated to the extreme clockwise position. Under average operat­
ing conditions, it will require approximately 3D-degree rotation counter­
clockwise from the extreme clockwise position to crack the valve open.

PRESSURE SUIT CIRCUIT.

The pressure suit circuit (PSC) is a circulating gas loop which pro­
vides the crew with a continuously conditioned atmosphere throughout the
mission. The gas is circulated through the PSC by two centrifugal com­
pressors, which are controlled by individual switches on panel 4. Normally
only one of the compressors is operated at a time; however, the individual
switches provide a means for connecting either or both of the compressors
to either a-c bus.
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A differential pressure transducer connected between the compressor
inlet and outlet manifolds provides a signal to the SUIT COMPR 6P indi­
cator (MDC-2); to telemetry; and to the caution and warning system, which
will illuminate the SUIT COMPRESSOR light at a 6P of 0.22 psig or less.
Another differential pressure transducer connected between the compressor
inlet manifold and the cabin, provides a signal to the SUIT-CAB 6P indica­
tor (MDC-2); and to telemetry. An absolute pressure transducer connected
to the compressor inlet manifold provides a signal to the PRESS SUIT
indicator (MDC-2); and to telemetry.

The gas leaving the compressor flows through the C02 and odor
absorber assembly. The assembly is a dual unit containing two absorber
eleITlents in separate compartments with inlet and outlet manifolds common
to both. A diverter valve in the inlet manifold provides a means of isolating
one compartment or the other (without interrupting the gas flow) for the
purpose of replacing a spent absorber. An interlock mechanism between
the diverter valve handle and the cover handles is intended to prevent
opening both cOITlpartments at the saITle tiITle. A pressure interlock device
on each canister cover extends a pin into a slot in the cover handle when­
ever the internal pressure is one psi above cabin pressure. A ITlanual
bleed valve on each canister cover provides a ITleans of bleeding down the
canister pressure so the cover can be opened in a depressurized cabin.
The absorber eleITlents contain lithiuITl hydroxide and activated charcoal
for removing carbon dioxide and odors from the suit gases. OrIon pads
on the inlet and outlet sides trap sITlaU particles and prevent absorbent
materials from entering the gas stream.

FroITl the filter the gas flows through the suit heat exchanger where
the gases are cooled and the excess moisture is removed. The heat
exchanger assembly is made up of two sets of broad flat tubes through
which the coolant from the primary and secondary loops can be circulated.
The coolant flow/bypass is controlled by two valves located on the coolant
control panel (382). The SUIT HT EXCH PRIMARY GLYCOL valve is a
motor-driven valve with manual override; the motor is controlled by the
SUIT CIRCUIT-HEAT EXCH switch on MDC-2. The SUIT HT EXCH
SECONDARY GLYCOL valve must be positioned ITlanually. The space
between the tubes forms passages through which the suit gases flow. The
coolant flowing through the tubes absorbs some of the heat from the suit
gases. As the gases are cooled to about 55°F, the excess moisture
condenses out and is removed from the heat exchanger by one or both of a
pair of water accumulator pumps.

The water accumulators are piston-type pumps, which are actuated
by oxygen pressure (loa psi) on the discharge stroke, and by a return
spring for the suction stroke. The oxygen flow is controlled by the two
WATER ACCUMULATOR selector valve assemblies located on the
COOLANT CONTROL PANEL (382). Each valve assembly contains a
selector valve, a solenoid valve, and an integral bypass. When the
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selector valve is in the RMTE position, oxygen £low is controlled by the
solenoid valve; when in the MAN position, the oxygen flows through the
bypass directly to the pump. The solenoid valve can be controlled auto­
matically by signals from the central timing equipment by placing the
SUIT CIRCUIT-H20 ACCUM switch (panel 2) in either AUTO 1 or AUTO 2.
In the automatic: mode the central timing equipment signal will cause one
of the accumulators to complete a cycle every ten minutes. 1£ it becomes
necessary to cycle the accumulators at more frequent intervals the sole­
noid valve can be controlled manually by placing the AUTO switch in the
OFF position, and placing the adjacent H20 ACCUM switch to the ON
position for either No. I or 2 accumulator. When exercising manual
control, either by means of the switch or the selector valve, it is neces­
sary to hold that particular control on for 10 seconds then return it to the
OFF position.

The cool gas (55 OF nominal) flows from the heat exchanger through
the suit flow limiters and the flow control valves, into the suits. The suit
temperature is measured at the heat exchanger outlet, and is displayed on
the SUIT TEMP indicator (panel 2) and telemetered.

A suit flow limiter is installed in each suit supply duct to restrict the
gas flow rate through anyone suit. The flow limiter is a tube with a
Venturi section, sized to limit flow to 0.7 pound per minute. The limiter II
offers maximum resistance to gas flow through a torn Buit, when cabin
pressure is near zero psia. The 02 demand regulator will supply oxygen
at flow rates up to 0.67 pound per minute (for at least 5 minutes) to main-
tain pressure in the circuit while the torn suit is being repaired.

The flow control valves (panels 300, 301, 302) are part of the suit
hose connector assembly. These valves provide a means for adjusting the
gas flow through each suit individually, and are fully modulating from OFF
to the FULL FLOW position. When operating in a shirtsleeve environment
with the inlet hose disconnected from the suit, placing the flow control
valve in the CABIN FLOW position will allow approximately 12 cubic feet
of suit gas per minute to flow into the cabin.

A suit flow relief valve is installed between the suit heat exchanger
outlet and the compressor inlet, and is intended to maintain a relatively
constant pressure at the inlets to the three suits by relieving transient
pressure surges. The SUIT FLOW RELIEF valve control (panel 382)
provides a means for manually closing the valve by placing the control in
the OFF position. Placing the control in AUTO removes the restraint and
allows the valve to operate as a relief valve. There is no provision for
manually opening the valve. It is planned to place the control in the OFF
position for the duration of the mission to ensure maximum flow through
the SUIT CIRe UIT.

ENVIRONMENTAL CONTROL SYSTEM

Minion Basic Date 15 April 1969 Change Date Page 2:.":.7_-:.1.:.3



2.7.5

I

I

SMZA-03-BLOCK 11-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

The gas leaving the suits £lows through the debris trap assembly.
into the suit compressor. The debris trap is a mechanical filter for
screening out solid matter that might otherwise clog or damage the suit
compressors. The trap consists of a stainless steel screen designed to
block particles larger than 0.040 inch, and a bypass valve which will open
at differential pressure of 0.5 inch HZO in the event the screen becomes
clogged.

The SUIT CIRCUIT RETURN VALVE (panel 381) is installed on the
debris trap upstream of the screen. The valve permits cabin gases to
enter the suit circuit for scrubbing. The valve consists of two £lapper­
type check valves, and a manual shutoff valve, all in series. The :manual
VALVE provides a :means for isolating the suit circuit fro:m the cabin
manually by :means of a re:mote control located on panel 381. This is done
to prevent inducting cabin gases into the suit circuit. in the event the cabin
gases become contaminated.

The SUIT CIRCUIT RETURN VALVE is located at the suit compres­
sor inlet :manifold, which is normally I to Z inches of water pressure below
cabin pressure. The differential pressure causes cabin gases to £low into
the suit circuit when the :manual valve is open. The reconditioned cabin
gases are recirculated through the suits and/or cabin. During emergency
operation. the check valve prevents gases from £lowing into the depres­
surized cabin fro:m the suit circuit.

A C02 sensor is connected between the suit inlet and return manifold.
The output signal is delivered to the PART PRESS COZ indicator (panel 2);
to telemetry; and to the caution and warning system. At a C02 partial
pressure of 7.6 mm hg, the COz PP HI light on panel 2 will be illuminated.

WATER SUBSYSTEM,

The water subsystem consists of two individual fluid :manageJl1ent
networks which control the collection·storage. and distribution of potable
and waste water, The potable water is used pri:marily for :metabolic pur­
poses. The waste water is used solely as the evaporant in the primary and
secondary glycol evaporators. Although the two networks operate and are
controlled independently. they are interconnected in a :manner which allows
potable water to flow into the waste system under certain conditions
described below.

Potable water produced in the fuel cells is pumped into the CM at a
flow rate of approximately 1.5 pounds per hour. The water flow through
the hydrogen separator to a check valve. on the WATER CONTROL PANEL
(352). and to the inlet ports of the POTABLE TANK INLET and WASTE
TANK INLET valves (panel 352). The hydrogen separator consists of a
series of tubes (made of 25 percent silver and 75 percent palladium) through
which the water flows, encased in a can which is vented to space. Hydrogen,
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in both the dissolved and free states, passes through the walls of the tubing I
into the can and flows overboard. The separator is installed in the right­
hand equipment bay behind the waste management panel, and is connected
into the system through flexible hoses and quick-disconnects, which are
accessible through a door at the bottom of panel 252. The check valve at
the inlet prevents loss of potable water after CM-SM separation.

The POTABLE TANK INLET is a manual shutoff valve used for
preventing the flow of fuel cell water into the potable system in the event
the fuel cell water becomes contaminated. The pH HI talkback (panel 3)
shows a "barberpole" when the water pH factor exceeds a value of 9.

The WASTE TANK INLET is an in-line relief valve, with an integral
shutoff valve. The relief valve allows potable water to flow into the waste
water tank whenever the potable water pressure is 6 psi above waste water
pressure. This pressure differential will occur when the fuel cells are
pumping water, and either the potable water tank is fUll, or the POTABLE
TANK INLET valve is closed; or when the waste water tank is completely
empty and the glycol evaporators are demanding water for cooling. In the
latter case, the water flow is only that quantity which is demanded. The
shutoff valve provides a means of blocking flow in case the relief valve
fails. If such a failure occurs, potable water can flow through the valve
(provided the potable water pressure is higher than the waste), until the II
two pressures are equal. Reverse flow is prevented by a check valve
downstream of the WASTE TANK INLET valve.

In the event that both water tanks are full at the time the fuel cells
are pumping, the excess potable water will be dumped overboard through
the PRESSURE RELIEF valve on panel 352. However, automatic dumping
through the relief valve is not desirable because the pumps in both the
potable and waste water systems discharge water intermittently, rather
than in a steady stream. Dumping water through the relief valve in spurts
results in some flash-freezing, which could result in a temporary blockage
of the dump line. To preclude this the PRESSURE r~ELIEF valve has been
modified by removing the poppet of one of the two relief valves, so that it
can be used as a dump valve, to dump water in a steady stream. During
flight the waste water tank quantity will be maintained below 75 percent by
manually dumping the excess water. This means that normally an ullage
will be maintained to receive the potable water, instead of dumping it
overboard.

Water flows from the control panel to the potable water tank, the
FOOD PREPARATION WATER unit (panel 305), and the water chiller.
Chilled water is delivered to the FOOD PREPARATION WATER unit; and
to the drinking water dispenser through the DRINKING WATER SUPPLY
valve (panel 304).

The water chiller cools and stores 0.5 pound of potable water for
crew consumption. The water chiUer is designed to supply 6 ounces of
50°F water every 24 minutes. The unit consists of an internally baffled
reservoir containing a coiled tube assembly which is used as the coolant
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conduit. The baffles are used to prevent the incoming hot water from
mixing with and raising the temperature of the previously chilled water.

The FOOD PREPARATION WATER unit heats potable water for use
by the crew, and allows manual selection of hot or cold potable water. The
cold potable water is supplied by the water chiller. The unit consists of an
electrically heated water reservoir and two manually operated valves,
which meter water in I-ounce increments. The insulated reservoir has a
capacity of 1.9 pounds of water. Thermostatically controlled heating
elements in the reservoir heat the water and maintain it at 154°F nominal.
Two metering valves dispense either hot or cold water, in I-ounce incre­
ments, through a common nozzle. The hot water delivery rate is
approximately 10 ounces every 30 minutes.

The DRINKING WATER SUPPLY valve on panel 304 provides a
means for shutting off the flow of water to the drinking water dispenser
(water pistol), in case of a leak in the flex hose.

The waste water and potable water is stored in positive expulsion
tanks, which with the exception of capacity, are identical in function,
operation, and design. The positive expulsion feature is obtained by an
integrally supported bladder. installed longitudinally in the tank. Water
collector channels, integral with the tank walls, prevent water from being
trapped within the tank by the expanding bladder. Quantity transducers
provide signals to the HZO QUANTITY indicator on panel Z. The signal
source is selected by the HZO QTY IND switch located below and to the
left of the indicator on panel Z.

Waste water extracted from the suit heat exchanger is pumped into
the waste water tank, and is delivered to the EVAP WATER CONTROL­
PRllv1AR Y and -SECONDARY valves on panel 38Z. When the tank is full,
excess waste water is dumped overboard through the water PRESSURE
RELIEF valve. The EVAP WATER CONTROL valves consist of a
manually operated inlet valve and a solenoid valve. When the inlet valves
are in AUTO, the solenoid valves control water flow to the evaporators.
The PRIMARY solenoid valve is controlled automatically when the GLYCOL
EVAP-H20 FLOW switch (panel 2) is in AUTO. and manually when the
switch is ON. The SECONDARY solenoid valve is controlled automatically
when the SEC COOLANT LOOP EVAP switch is in EVAP. There is no
manual control provided.

WATER-GLYCOL COOLANT SUBSYSTEM.

The water-glycol coolant subsystem consists of two independently
operated closed coolant loops. The primary loop is operated continuously
throughout the mission, unless damage to the equipment necessitates shut­
down. The secondary loop is operated at the discretion of the crew, and
provides a backup for the primary loop. Both loops provide cooling for the
suit and cabin atmospheres. the electronic equipment, and a portion of the
potable water supply. The primary loop also serves as a source of heat for
the cabin atmosphere when required.
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Coolant Flow.

The coolant is circulated through the loops by pumping unit consisting
of two pumps. a full-flow filter, and an accumulator for the primary loop;
and a single pump, filter, and accumulator for the secondary loop. The
purpose of the accumulators is to maintain a positive pressure at the pump
inlets by accepting volumetric changes due to changes in coolant tempera­
ture. If the primary accumulator leaks, it can be isolated from the loop
by means of the PRIM GLY ACCUM (panel 378). Then th.e reservoir must
be placed in the loop to act as an accumulator. Accumulator quantity is
displayed on the ACCUM PRIM/SEC indicator on panel 2. (The signal
source is selected by the ECS INDICATORS rotary switch on panel 2.) The
primary pumps are controlled by the ECS GLYCOL PUMPS rotary switch
on panel 4, which perll1its either of the pumps to be connected to either a-c
bus. The secondary pump is controlled by a three-position toggle switch
SEC COOLANT LOOP-PUMP on panel 2, which allows the pump to be
connected to either a-c bus.

The output of the primary pUll1p flows through a passage in the evap­
orator steam pressure control valve to de-ice the valve throat. The
coolant next flows through the GLYCOL TO RADiATORS-PRIM valve
(panel 377), through the radiators, and returns to the CM. The GLYCOL
TO RADiATORS-PRIM valve is placed in the BYPASS position; prior to
launch to isolate the radiators from the loop, and prior to CM-SM separa­
tion to prevent los s of coolant when the CSM umbilical is cut. During
space operations the valve is in the NORMAL position.

Coolant returning to the CM flows to the GLYCOL RESERVOIR
valves (panel 326). From prelaunch until after orbit insertion, the reser­
voir INLET and OUTLET valves are open and the bypass valve is closed,
allowing coolant to circulate through the reservoir. This provides a
quantity of cold coolant to be used as a heat sink during the early stage of
launch. After orbit insertion, the reservoir is isolated from the primary
loop (by opening the BYPASS valve. and closing the INLET and OUTLET
valves) to provide a reserve supply of coolant for refilling the loop in the
event a leak occurs. Refilling is accomplished by means of the PRIM
ACCUMR FILL valve (panel 379). Prior to entry, the reservoir is again
placed in the loop.

The coolant flow from the evaporator divides into two branches.
One branch carries a flow of 33 pounds per hour to the inertial measure­
ment unit (lMU), and into the coldplate network. The other branch carries
a flow of 167 pounds per hour to the water chiller, then through the SUIT
HI EXCH PRIMARY GLYCOL valve (panel 382) and the suit heat exchanger
to the PRIMARY CABIN TEMP control valve (panel 303).

The PRIMARY CABIN TEMP control valve routes the coolant to
either the cabin heat exchanger or to the coldplate network. The valve is
positioned automatically by the cabin temperature control, or manually by
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means of an override control on the face of the valve. The valve is so
constructed that in the cabin full cooling mode, the flow of coolant from
the suit heat exchanger (167 pounds per hour) is routed first through the
cabin heat exchanger and then through the thermal coldplates where it
joins with the flow (33 pounds per hour) from the IMU. In the cabin full
heating Illode, the total flow (200 pounds per hour) is routed through the
thermal coldplates first, where the water-glycol absorbs heat; from there
it flows through the cabin heat exchanger. In the interIllediate valve
positions, the quantity of cool or warIll water-glycol flowing through the
heat exchanger is reduced in proportion to the demand for cooling or
heating. Although the amount of water-glycol flowing through the cabin
heat exchanger will vary, the total flow through the therIllal coldplates will
always be total system flow. An orifice restrictor is installed between the
cabin temperature control valve and the inlet to the coldplates. Its purpose
is to maintain a constant flow rate through the coldplates by reducing the
heating mode flow rate to that of the cooling Illode flow rate. Another
orifice restrictor, located in the coolant line from the IMU, maintains a
constant flow rate through this component regardless of system flow
fluctuations. The total flow leaving the PRlMAR Y CABIN TEMP valve
enters the primary pump and is recirculated.

The output of the secondary pump flows through a passage in the
secondary evaporator steam pressure control valve for de-icing the valve
throat. The coolant next flows through the GLYCOL TO RADIATORS-SEC
valve (panel 377), through the radiators, and returns to the CM. The
GLYCOL TO RADIATORS-SEC valve is placed in the bypass position,
prior to CM-SM separation to prevent loss of coolant when the CSM umbil­
ical is severed. After returning to the CM the coolant flows through the
secondary evaporator, the SUIT HT EXCH SECONDARY GLYCOL valve,
and the suit heat exchanger to the SECONDARY CABIN TEMP control
valve (panel 303). The SECONDARY CABIN TEMP control valve regulates
the quantity of coolant flowing through the cabin heat exchanger in the
COOling mode (there is no heating capability in the secondary loop). The
coolant from the secondary cabin temp control valve and/or the cabin heat
exchanger then flows through redundant passages in the coldplates for the
flight critical equipment and returns to the secondary pump inlet.

Glycol Temperature Control.

The heat absorbed by the coolant in the primary loop is transported
to the radiators where a portion is rejected to space. If the quantity of
heat rejected by the radiators is excessive, the temperature of the coolant
returning to the CM will be lower than desired (45"F nominal). If the
temperature of the coolant entering evaporator drops below a nominal
43"F, the mixing mode of temperature control is initiated. The automatic
control (GLYCOL EVAP-TEMP IN switch, AUTO position) opens the
PRIMARY GLYCOL EVAP INLET TEMP valve (panel 382), which allows
a sufficient quantity of hot coolant from the pump to mix with the coolant
returning from the radiators, to produce a mixed temperature at the inlet
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to the evaporator between 43° and 48°F. There is no mixing mode in the
secondary loop. If the temperature of the coolant returning from the
secondary radiator is lower than 45 of nominal. the secondary radiator
inlet heater will be turned on to maintain the outlet temperature between
42° and 48°F.

If the radiators fail to radiate a sufficient quantity of heat, the
coolant returning to the CM will be above the desired temperature. When
the temperature of the coolant entering the evaporator rises to 48 ° to
50.5°F, the evaporator mode of cooling is initiated. The glycol tempera­
ture control (GLYCOL EVAP-STEAM PRESS switch, AUTO position)
opens the steam pressure valve allowing the water in the evaporator wicks
to evaporate. using some of the heat contained in the coolant for the heat
of vaporization. A glycol temperature sensor at the outlet of the evapora­
tor controls the position of the steam pressure valve to establish a rate of
evaporation that will result in a coolant outlet temperature between 38 ° to
45°F (an evaporator outlet temperature range of 41.5±5°F is acceptable
for a period of one hour following a transition from the mixing mode of
glycol temperature control to the evaporative mode). The evaporator
wicks are maintained in a wet condition by the wetness control (GLYCOL
EVAP-H20 FLOW switch, AUTO position), which uses the wick tempera­
ture as an indication of water content. As the wicks become dryer, the
wick temperature increases and the water control valve is opened. As the II
wicks become wetter I the wick temperature decreases and the water valve
closes. The evaporative mode of cooling is the same for both loops,
except that there is backup control for the primary loop only. The
PRIMARY GLYCOL EVAP INLET TEMP valve can be positioned manually
when the TEMP IN switch is in the MAN position. The steam pressure
valve can be controlled remotely by placing the STEAM PRESS switch to
the MAN position. and using the INCR/DECR switch to position the valve.
The water control valve can be opened remotely by placing the H20 FLOW
switch to ON. The secondary evaporator is controlled automatically when
the SEC COOLANT LOOP switch is in the EVAP position; placing the
switch in RESET causes the control to close the secondary steam pressure
valve. The OFF position removes power from the control.

ECS Radiator Control.

Each coolant loop includes a radiator circuit (figure 2.7-2). The
primary radiator circuit consists basically of two radiator panels. in
parallel with a flow-proportioning control for dividing the flow between
them, and a heater control for adding heat to the loop. The secondary
circuit consists of a series loop utilizing some of the area of both panels,
and a heater control for adding heat to the loop.
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The radiator panels are an integral part of the SM skin and are
located on opposite sides of the SM (panel I in bays 2 and 3; panel 2 in
bays 5 and 6). With the radiators being diametrically opposite, it is
possible that one primary panel may "see" deep space while the other
"sees" the sun, earth, or moon. These extremes in environments, pro­
vide for large differences in panel efficiencies and outlet temperatures.
The panel seeing deep space can reject more heat than the panel receiving
external radiation; therefore, the overall efficiency of the subsystem can
be improved by increasing the flow to the cold panel. The higher flow rate
reduces the transit time of the coolant through the radiator, which
decreases the quantity of heat radiated.

Flow through the radiators is controlled by a dual flow-proportioning
valve assembly, four radiator isolation valves, and a solid~state electronic
controller. The flow-proportioning valve assembly (figure 2.7-3) consists
of two vane-type proportioning valves each driven by an individually con­
trolled torque motor. The assembly has a common inlet port, and each of
the valves has two outlet ports, one going to the supply lines for radiator
panel No. I, and the other going to panel 2. A radiator isolation valve is
installed between each of the valve outlet ports and the supply line for each
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Figure 2.7-3. Space Radiators Flow Proportioning Valve
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of the radiator panels. The controller not only contains the circuits for
controlling the position of the flow-proportioning valves. it also contains
radiator isolation valve selection logic, a failure-sensing logic, and
redundant power supplies.

Power is supplied to the controller through the two FLOW CONT
switches in the ECS RADIATORS switch group on panel 2. Placing the
PWR-MAN SEL MODE switch in the PWR position, routes d-c power to
the A UTO-1-2 switch. which is used for selecting the operating mode of
the controller. When the AUTO-I-2 switch is placed in the AUTO position,
and the PWR-MAN SEL MODE switch is in PWR, 28 vdc is applied to the
No.1 power supply of the controller through the internal automatic trans­
fer circuit. The output of the power supply goes to the No. 1 operational
amplifier which controls the No. I flow-proportioning valve; the failure
sensing logic circuit, which controls the electrical state of the auto trans­
fer circuit; and to the control circuit for the four radiator isolation valves,
which will position the valves for operation on the No. I flow-proportioning
system. Three temperature sensors are located in the outlet line from
each of the primary radiator panels. The first pair of sensors are con­
nected to the temperature bridge of the No. I operational amplifier, the
second pair to the No.2 amplifier, and the third pair to the failure­
sensing logic amplifier.

During operation, if a difference in radiator panel outlet temperature
occurs, the flow-proportioning valve will be positioned to increase the
coolant flow to the cooler radiator panel. At a temperature differential of
I 0 ~F the flow-proportioning valve will be "hard over," diverting approxi­
mately 95 percent of the flow to the cold radiator. The failure-sensing
logic is D1onitoring radiator panel outlet temperatures and the magnitude
and polarity of the now-proportioning valve torque motor current. 1£ a
temperature differential of 15~F occurs, and the torque motor current is
less than 90 percent of D1axiD1urn or of the wrong polarity, the failure­
sensing logic will trigger the autoD1atic transfer circuit. The transfer
froD1 the No.1 to the No.2 system is effected by removing the input power
from the No.1 power supply and applying power to the No.2 power supply.
The output of the No.2 power supply then causes the radiator isolation
valves to be positioned for operation with the No.2 flow-proportioning
valve, and applies power to the No.2 operational aD1plifier. The failure­
sensing logic does not operate with the No.2 system.

When the A UTO-I-2 switch is in the I or 2 position, power is applied
to the corresponding power supply, which will set up the system for oper­
ation as described previously, except for the failure sensing and transfer
circuits. Transfer in this case is by means of the A UTO-1-2 switch.
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In situations where the radiator inlet temperature is low and the
panels have a favorable environment for heat rejection, the radiator out­
let temperature starts to decrease and thus the bypass (flow through the
PRIMARY GLYCOL EVAP INLET TEMP valve) ratio starts to increase.
As more flow is bypassed, the radiator outlet temperature decreases until
the -20"F minimum desired temperature would be exceeded. To prevent
this from occurring, an in-Hne heater upstream of the radiator is auto­
matically turned on when radiator mixed outlet temperature drops to
_15±lDF and remains on until -10"±O.5"F is reached. The controller pro­
vides only on/off heater control which results in a nominal 450 watts being
added to the coolant each time the heater is energized. Power for the
controller comes from the ECS RADIATORS HEATER switch in the
PRIM 1 or PRIM 2 position. Switching to the redundant heater system is
accomplished by the crew, if the temperature decreases to -20"F.

If the radiator outlet temperature falls below the desired minimum,
the effective radiator surface temperature will be controlled passively by
the selective stagnation method. The two primary circuits are identical,
each consisting of five tubes in parallel and one downstream series tube.
The two panels, as explained in the flow Proportioning control system, are
in parallel with respect to each other. The five parallel tubes of each
panel have manifolds sized precisely to provide specific flow-rate ratios
in the tubes, numbered 1 through 5. Tube 5 has a lower rate than tube 4, II
and so on, through tube I which has the higher flow. It follows, that for
equal fin areas the tube with the lower flow rate will have a lower coolant
temperature. Therefore, during minimum GM heat loads, stagnation
begins to occur in tube 5 as its temperature decreases; for as its tempera-
ture decreases, the fluid resistance increases, and the flow rate
decreases. As the fin area around tube 5 gets colder. it draws heat from
tube 4 and the same process occurs with tube 4. In a fully stagnated con-
dition, there is essentially no flow in tubes 3, 4, and 5, and some flow in
tubes 1 and 2, with most of it in tube 1.

When the CM heat load increases and the radiator inlet starts to
increase, the temperature in tube 1 increases and more heat is transferred
through the fin towards tube 2. At the same time, the PRIMARY GLYCOL
EVAP INLET TEMP valve starts to close and force more coolant to the
radiators, thus helping to thaw the stagnant portion of the panels. As
tube 2 starts to get warIner and receives more flow, it in turn starts to
thaw tube 3, etc. This COInbination of higher inlet temperatures and
higher flow rates quickly thaws out the panel. The panels automatically
provide a high effectiveness (completely thawed panels operating at a high­
average fin teInperature) at high-heat loads, and a low effectiveness
(stagnated panels operating at a low-average fin temperature) at low-heat
loads.
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The secondary radiator consists of four tubes which are an integral
part of the ECS radiator panel structure. Each tube is purposely placed
close to the hottest primary radiator tubes (i.e., the number 1 and the
downstream series tube on each panel) to keep the water-glycol in the
secondary tubes from freezing while the secondary circuit is inoperative.
The "selective stagnation" principle is not utilized in the secondary
radiator because of the "narrower" heat load range requirements. This is
also the reason the secondary radiator is a series loop. Because of the
lack of this passive control mechanism, the secondary ECS circuit is
dependent on the heater control system at low-heat loads and the evaporator
at high-heat loads for control of the water-glycol temperature.

The secondary heater control receives power through the ECS
RADIATORS HEATER switch in the SEC position. The secondary heaters
differ from the primary in that they can be operated simultaneously. When
the secondary outlet temperature reaches 45 OF the No. 1 heater comes on,
and at 42 of the No. 2 heater comes on; at 44 OF No. Z goes off, and at
45 OF No. I goes off.

ELECTRICAL POWER DISTRIBUTION.

The electrical power required for the operation of the environmental
control system is 28 volts de and 115/200 volts 400 cycles 3-phase ac.
(See figures 2.7-4 and 2.7-5.) The larger motors of the system utilize
ZOO-volt 3-phase power, whereas the smaller motors and control circuits
operate from a single phase of the ac at 115 volts. Except for the post­
landing ventilation system, those components using 28 volts de will receive
power from the fuel cells before CSM separation and from batteries after
separation. The postlanding ventilation system will operate from batteries,
exclusively.

ECS PERFORMANCE AND DESIGN DATA.

The following table provides performance and design data for system
components that operate automatically without direct control. Components
that operate in response to crew control are described in AOH, Volume I,
section 3. Components are identified by the AiResearch item number and
nomenclature.

ENVIRONMENTAL CONTROL SYSTEM
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Item Performance
Number Nomenclature Location Type Function Characteristics

1.8 Debris trap ECU Mechanical filter Prevents debris Filtration = 0.04 in.
with integral from entering Pres~ure drop = 0.25 in.
bypass the suit H20 max.

compressors, Bypass valve cracks at
O. 5 in. H20 max.

I. 10 Suit ECU Centrifugal Circulates gases Normal Operation = 35
compressor blower (2) through the suit drn with 0.38 psi

circuit. pressure rise at 5 psia;
33.6 dm with 0.27 psi
pressure rise at 3.5 psia.

1. 29 Suit heat ECU 2 pass, suit gas Cools suit gas and Cooling = 2100 Btu/hr total
exchanger to water-glycol removes excess minimum.

heat exchanger, water to control
and water hUInidity.
separator

1. 31 Suit flow LHFEB Venturi tube (3) Lindt the flow of Choked flow,: 0.7 lb/minute
limiter gas to anyone suit 02 max. at 3.5 psia and

in case a suit 70°F.
becomes torn in a
depressurized
cabin.

2.6 Primary ECU Evaporative heat Cools water-glycol Heat transfer,: 7620 Btu/hr,
(2. 7) (secondary) exchanger (2) by evaporation of Steatn water content ~

glycol waste water into I percent max.
evaporators low-pressure

steam with mini-
mum water carry-
over into steam
duct.
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Item Performance
Number Nomenclature Location Type Function Characteristics

2.20 Space radiator 81M Electrically Controlled by flow- Actuation tUne = 17 sec
isolation actuated, rotary proportioning =ax. for full rotational
valves shut-off valve controller, or by stroke.

(4) flow control Power req. = 8 va max. at
switches to 115 v, 10. 400 cps.
isolate space
radiators.

1----
2.29 Glycol LHEB Tank with Contains reserve Capacity 0 8.2 Ib WIG at

reservoir oxygen- supply of W /0; 70°F.
pressurized substitutes for
bladder for failed aCCUlTlulator.
W /0 expulsion
at zero G

2.39 Back pressure ECU Electrically Controls "steam" Actuation time =58 sec
valve actuated pinch pressure in WIG =ax. full closed to full

valve evaporator. open.
Power req. =8 va (0.07a)

at 115 v.

2..48 Glycol LHEB Centrifugal Circulates W /G Inlet pres s =7. 5 psig. Pwnp
pUIIlping unit inlpeller Dlotor through the ~ = 34 psid with 2.00-

driven through primary and/or 2.40 Ib/hr flow rate.
Dlagnetic cou- secondary coolant Power requirements = 115v,
pUng (two loops. 30. 400 cps, 52. W Dlax.
primary, one
secondary)



'"•••.
n

S?­•

",.•"..•

~..
•

Item Performance
Number Nomenclature Location Type Function Characteristics

3.2 Cabin heat LHFEB Plate !in, sand- Used to control Heat transfer rate:
exchanger wich construc· cabin gas Primary heating =Z36 Btu/hr.

tioD, cabin gas- temperature. PriInary cooling = 89Z Btu/hr.
to~water glycol Secondary cooling = 1132-
heat exchanger Btu/hr.

3. Z8 Cabin LHEB Two fiow- Maintain cabin at Hi pressure lock-up = 5.2
pressure 351 liInited, normal pressure psia nominal.
regulator absolute pres- (nonemergency} Control range = 5. Z to 4. 8.

sure regulators and shut-o!! Total range =5. Z to 3.5 psia.
with integral during depres- Demand How =O. 7 Ib/hr each.
repressurization surized cabin
valve (emergency).

4.Z5 Hi press LHEB Spring-loaded Allows Oz How in Flow =0.75 Ib/min at 5 psid.
Oz check umbrella one direction

only.

4.3S Oz filter LHEB Mechanical Provides filtering 10 microns nominal.
for Oz supply to ZS microns absolute.
water accumu-
lators and demand
regulator.

5. 10 Potable Aft Cylindrical tank Stores drinking Capacity =36 + 3. ·Olb
water tank Compart- with pressurized water. HZO at ISO·F.

ment bladder

5.14 Water chiller ECU Heat exchanger Utilizes 45- W /G W /G now =167 lb/hr.
to cool drinking W /G temp 45°F
water. Water in =ISO-F.

Water out = SS-F max.
With above inlet conditions

and 6 £1 oz H20 withdrawn
in 10 sec. max. at 24 min
intervals .

•
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Item Performance
Number Nomenclature Location Type Function Characteristics

5. 15 Waste water Cylindrical tank Stores water for Capacity = 56 + 3, -Olb
tank with pressurized evaporative H20 at 150°F.

bladder cooling.

5.29 Evaporator LHEB Normally closed Controls water Flow capacity 24 Ib/hr
water control 382 solenoid valve in flow to primary H20 at O. 5 psid
valves series with two- and secondary Power requirement = 6 va
(primary and way selector WIG evaporators. at 28 vdc.
secondary) valve

5.33 Water filter LHEB ECU Filter cartridge Filters waste Filtration - = 10 microns
(primary and plus bypass water at inlet to absolute
secondary) valve that opens primary and Bypass relief ~ 3 psid

for clogged secondary WIG
cartridge evaporators.
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2.8. 1
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SYSTEMS DATA

SECTION 2

SUBSECTION 2.8

TELECOMMUNICATION SYSTEM
(CSM 106 & SUBS)

INTRODUCTION.

The comInunications subsystem is the only link between the space­
craft and the manned space flight network (MSFN). In this capacity, the
communications subsysteIn provides the MSFN flight controllers with data
through the pulse code modulated (PCM) telemetry systeITl for monitoring
spacecraft paraIneters, subsystem status, crew blomedical data, event
occurrence, and scientific data. As a voice link, the cOITlmunications
subsystem gives the crew the added capability of comparing and evaluating
data with MSFN computations. The communications subsystem, through
its MSFN link, serves as a primary means for the determination of space­
craft position in space and rate of change in position. CM-LM rendezvous
is facilitated by a ranging transponder and active ranging system. Through
the use of the television camera, crew observations and public information
can be transmitted in real time to MSFN. A means by which CM and LM
teleITletry and voice can be stored in the spacecraft for later playback, to
avoid loss because of an interrupted communications link, is provided by
the co:m:m.unications subsystem in the form of the data storage equipment
(DSE). Direction finding aids are provided for postlanding location and
rescue by ground personnel.

The following list sUlTlITlarizes the general telecornrn functions:

Provide voice communication between

• Astronauts via the intercom

• CSM and MSFN via the unified S-band equipment (USBE)
and in orbital and recovery phases via the VHF / AM

• CSM and extravehicular astronaut (EVA) via VHF/AM

• CSM and LM via VHF / AM

• CSM and launch control center (LCC) via PAD COMM

• CSM and recovery force swimmers via swimmers umbilical

• Astronauts and the voice log via intercomrn to the data
storage equipment

TELECOMMUNICATION SYSTEM

II
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Provide data to the MSFN of

• CSM systeITl status

• Astronaut biomedical status

• Astronaut activity via television

• EVA personal life support systeITl (PLSS) and biolTled status

• LM systelTl status recorded on CSM data storage equipment

Provide update reception and processing of

• Digital information for the conunand lTlodule cOITlputer (CMC)

• Digital time-referencing data for the control timing
equiplTlent (CTE)

• Real time commands to relTlotely perforlTl switching functions
in three CM systems

Facilitate ranging between

• MSFN and CSM via the USBE transponder

• LM and CSM via the rendezvous radar transponder (RRT)

• CSM and LM via the VHF/AM ranging systelTl

Provide recovery aid

• VHF beacon for location

Provide a tilTle reference for all time-dependent spacecraft sub­
systeITls except the guidance and navigation subsystem.

FUNCTIONAL DESCRIPTION.

The functional description of the T/C systeITl is divided into four
parts: intercoITlmunications equipment, data equipment, radio frequency
equipment, and antenna equipITlent. All of these functional groups of
equipment interface with each other to perform the system tasks. In the
functional descriptions of these parts, such interfaces will be apparent.
The equipment that falls into each group is shown in figure Z. 8-1.

TELECOMMUNICATION SYSTEM

Mi61:Iion Ba6ic Date 15 April 1969 Change Date 15 Oct 1969 Page -'2".-'8,,-:.=.2



SMZA-03-BLOCK Il-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

,
00

N

•
",
00.-
"

E•~
•>-

'"•
"o.­~•o.-
3

~

~II

!

I
[]

1.
~'

•n
i,

••,
~'

••,
•

••" .
Il'j

111!111,Mii 11

II ~ ~
§ i:; ~
b! ~

iii I"
Ii!!'!! ;1

11'1

ll~~' t-•

~i0h1E. EJ L-IEf ~" :i---r -- r --,-----.......-------

J"l!: "
- "

1111100
[11. 'J .1' .--,, ,

tl )1 '~' I
t II> ,I I

I!§~' Ii, I -, Il' '1',:=-0 I I
0: .. 11_ I I

~ e,~g I I

It'. 1~1i! t! : I
~ > -T..l
, " I I

I I
I I
I I

l:~' I !

IIIIi:;;' I j
ill! I I

I I l,
o II I ;~i:I 1-,

I I
I I ,

111~lj·I I I

I I I
I
I
I
I
I

, ~
I
I
I I I

.: I I ! I

~ ~~!~1 I I ~!I i , • • •~ ~ ~l ~ II 3.1
• ! ~l !!I i'J• -,

~~ ;~I!.\ ,\ ;\

TELECOMMUNICATION SYSTEM

Mis sian Basic Date 15 April 1969 Change Date Page 2. 8 - 3



2. 8. 2. 1

2.8.2.1.1

2. 8. 2. I. 2

2.8.2.2

2. 8. 2. 2. I
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Intercommunications Equipment.

General.

The functions performed by the intercommunications equipment can
be sUlnmarized as providing the means for each astronaut to interface or
isolate hilnself to or from the

• Intercomm for astronaut-to-astronaut communications

• Pad comlnunications for astronaut-to-launch control center
comlnunications

• VHF/AM for astronaut-to-MSFN, EVA. or LM communications

• USBE for astronaut-to-MSFN comlnunications

• Data storage equipment for a voice log {via intercomml

• Swimmers umbilical during recover'y (.... ia intercorrun).

Equipment.

The equipment that falls into the intercommunications grouping is
listed as follows;

• Personal communications assembly

• T-adapter cable

• Communications cable

• Audio control panels (MDC-6. -9, -10)

• Audio center

• Swimmers umbilical cable.

Data Equipment.

General.

The functions of the data equipment can be summarized as providing

• Information gathering and encoding (telemetering) of critical space­
craft and astronaut parameters

TELECOMMUNICATION SYSTEM
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• Conditioning of instrUITlentation inputs for cOITlpatibility with the
te leITletry equipITlent

• Storage and playback capabilities of CSM and LM teleITletering data,
voice log, and scientific paraITleters

• Decoding and distributing of up-data to the proper switching or
inforITlation receiving systeITls

• Frequency and/or tiITle code signals to other spacecraft equipITlent

EquipITlent.

The equipITlent that falls ullder the data grouping is as follows:

• Central tiITling equipITlent (GTE)

• Signal conditioning equipITlent (SCE)

• Pulse code modulation (PCM) teleITletering equipITlent

• Television (TV) caITlera

• Data Storage Equipment

• Up-data link (UDL) equipITlent.

Radio Frequency Equipment.

General.

The functions performed by the RF equipment can be sUITlITlarized as
the transmission and reception of

• Voice inforITlation between

GM and lv1SFN
CM and LM
eM and EVA
CM and recovery forces

• Telemetering data

Between CM and MSFN
From LM to CM to lv1SFN
From EVA to CM to MSFN

• Television frOITl GM to MSFN

TELECOMMUNICATION SYSTEM

II
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2.8.2.4

2.8.3

SMZA·03·BLOCK 11-(1)
APOLLO OPERATlONS HANDBOOK

SYSTEMS DATA

• Ranging and beacon (BeN) information

Pseudo-random noise ranging signals from MSFN to CM to
MSFN

Double doppler ranging signals from MSFN to CM to MSFN

X-band radar signals from LM to CM to LM

VHF ranging signals from CM to LM to CM

VHF beacon signals from CM to recovery forces.

Equipment.

As shown in figure 2.8-1, the equipment that falls into the radio
frequency grouping is

• VHF/AM transceivers A &: B

• Digital ranging generator

• Unified S-band equipment (primary and secondary xponders and FM
xmitter)

• S-band power amplifiers (primary and secondary)

• VHF beacon

• X-band xponder (rendezvous radar)

• Premodulation processor.

Antenna Equiprnent.

The antenna equipment can be divided into three groups: VHF
antennas and ancillary equipment, S-band antennas and ancillary equip­
ment, and beacon antenna. Their overall function is to propagate and
receive RF signals {rom and to the RF equipment. The ancillary equip­
ment includes two RF switches, 2 triplexers, and the servo-drive system
for the high-gain antenna (figure 2.8-2).

MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

To facilitate this presentation, the functional divisions established
in the previous section will be retained. In many instances, however,
when an operational mode is being explained. interfacing equipment of
another division will be discussed to present a complete picture.

TELECOMMUNIcA nON SYSTEM

Mission Basic Date 15 April 1969 Change Date Page ~2~.~.8~-~6~



SMZA-03-BLOCK II-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

III

'"SIIRVIV41

."".,

."
RI:CO\IERY

'"

VHF RECO\I£RY

~~l

"'Me,
<17 n

,,,
L

,
,., ,
""\

,,
"COl' ,,,,

c·, .:",
~:.'.,,,,

___-1

"
TR1PUXER

"'. "'..
" "
~,~

't'HF RECOIIERY
AlIT NO. l lm RIOfff

••

~ 8 C D HI CAIN

MOO...

~17 I lIP·DAI~ liNK I '<,. '\7".."
45" u1::ts IlU"I I

Il£NDEVOOS I IRADAR I
----,

XPONDfll
r--- I """ f1 Kl ~ "I •

• I roo I
,.

'----'- , I ' "'" , I O~IN,
I ! K16 sam I

, 3", ,
r{~~~

, ,,
I I

, ,r1• • I .,

I
,, • RESET RTC " I ,

• I
, ......

L...... I :~ SWITCH

U I "'. ~I (;~IH_ c

1[, TRtPlOC£R

- - !!!"rk" mI. 5

~
,

·~e~ell·
" "

UNIFIED S·B~D

I:QUlPIWfT

"' , .-.

'2$ VOC

Figure 2.8-2. Antenna Equipment Switching

2.8.3. 1 Intercommunication Equipment.

2.8.3.1.1 Personal Communications Assembly (CoInm Carrier).

As shown in figure 2.8-3 the personal communications asseInbly
(comm carrier) contains redundant earphones and microphones. The
comm carrier can be worn with the space 8uit, flight coveralls, or con­
stant wear garment. When used with the space suit, the comm carrier is
interfaced with an integral wiring harness in the suit. A T-adapter cable
is required when the comm carrier is worn with the flight coveralls or
just the constant wear garment to interface to headset with the COInITI

cable.

TELECOMMUNICATION SYSTEM
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Figure 2.8-3. Personal COlTununications Assembly

Three lightweight headsets are also available for use in the GM.
They have a single earphone and microphone with a lightweight head
clamp and connecting cable.

T-Adapter Cable (Figure 2.8-4).

The T-adapter cable is used when the astronaut is wearing his
flight coveralls or just his constant wear garment to connect the personal
communications assembly and biomed preamplifiers to the COtnfll cable.
An integral cable assembly performs this {unction when the astronaut is
in his space suit 50 no T-adapter is necessary. Besides handling the
audio signals to and {rom the corrun carrier, the T-adapter must handle
16.8 volts needed by the microphone preamps and biomed preamps.
The output o{ the biomed preamps is also routed to the corrun cable.
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COl'TUl1unications Cable (Electrical Umbilical Assembly).

The COI'TUl1 cable has several functions not the least of which is pro­
viding the path for audio signals to and from the comm carrier. It also
provides the necessary path for the 16.8 volts required by the microphone
preamps in the comm carrier and the biomed preamps. The output from
the biomed preamps also is carried by the comm cable.

Separate from, but related to, the audio signals from the comm
carrier are the control functions of the coI'Tul1 cable control head. This
control head contains a self-centering rocker switch which, when
depressed on one side or the other, initiates specific functions in the
intercommunications equipment. The I'COM side of the rocker switch is
depressed when the intel'communications equipment is configured in the
manual (PTT) mode of operation and communications over just the inter­
com is desired. The XMIT side of the rocker switch can be used for two
different functions. Normally it is used to enable communications over
the intercom and RF equipment in any of the three operational modes of
the intercommunications equipment, The XMIT side of the rocker switch
can also he used as a sending key in the S-band key mode of operation.

Figure 2.8-4 shows the comm cables interface with the connectors
on the left-hand forward equipment bay (below panel 301) and the T-adapter
cable.

Audio Center Equipment.

The audio center equipment accomplishes the necessary audio signal
amplification and switching to provide the capability of the following:

• Intercorrununication between the three astronauts

• Communication between one or more astronauts and extravehicular
personnel in conjunction with any or all of three associated radio
frequency links, or two external intercom hardlines

• Recording of audio signals in conjunction with tape recording
equipment

• Relaying of audio signals.

The audio center equipment consists of three electrically identical
sets of circuitry which provide parallel selection, isolation, gain control,
and amplification of all voice communications. Each set of circuitry
contains the following components (figure 2.8-5):

• Isolation pad, diode switch, and gain control for each receiver
input, and intercom channel.

TELEGOMMUNICATION SYSTEM

Mi8sion Basic Date 15 April 1969 Change Date Page__--=2:...:::8;:.-'-IO~



SMlA-03-BLOCK 11-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

• Isolation pad and diode switch for each transmitter modulation
output and intercom. channel.

• An earphone amplifier and a microphone amplifier.

• Voice-operated relay (VOX) circuitry with externally controlled
sensitivity.

The equipment operates with three remote control panels to form
three audio stations, each providing an astronaut with independent control
of all common functions. Each station has the capability of accommo­
dating a second astronaut for emergency operation. Provision is made in
each station to enable voice transmission over any or all transmitters by
means of a voice-operated relay (VOX) circuit or push-to-talk (PTTl
circuit. A 'lhot mike" is so incorporated as to maintain continuous inter­
crew communication using the INTERCOM/PTT mode, and to require
PTT operation for eternal transmission. Enabling a TRANSMIT function
also enables the corresponding RECEIVE function. Sidetone is provided
in all transmit modes.

Audio signals are provided to and from the VHF/AM transmitter­
receiver equipment. USBE (via the PMP), the PAD COMM. and intercom
bus. The PAD COMM, intercom bus, and all transmitter-receiver equip­
ments are common to all three stations.

Inputs and outputs are controlled by the VHF/AM, S-BAND, PAD
COMM, and INTERCOM switches on the audio control panels. Each of
these switches has three positions; T/R, OFF, and RCV. Setting any of
the switches to T /R permits transmission and reception of voice signals
over its respective equipment, RCV permits reception only, and OFF
disables the input and the output. The POWER switch of each station, in
either AUDIO/TONE or AUDIO, energizes the earphone amplifier to
permit monitoring. The AUDIO/TONE position also enables the audible
crew alarm to be heard, if triggered, at the respective SC station. Each
SC station can be isolated from the alarm by selecting the AUDIO or OFF
position. The operation of the microphone amplifier in each station is
controlled by the VOX keying circuit or the PTT pushbutton on the comm
cable or on the rotation controller. The VOX circuit is energized by the
VOX position of the MODE switch on each audio control panel. When
energized, the VOX circuit will enable both the intercom and accessed
transmitter keying circuits. The INTERCOM/PTT position permits acti­
vation of the PAD COMM, VHF/AM, and S-band voice transmission
circuits by the PTT key while the intercom is on continuously. The PTT
position permits manual activation of the intercom or intercom and trans­
mitter keying circuits by depression of the I'COM or XMIT side of the
COITlmunication cable switch. respectively.
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Six potentiometer controls are provided on each audio control panel:
VOX SENS, PAD COMM, S-BAND, INTERCOM, VHF/AM and MASTER
VOLUME. The VOX SENS control is used to adjust the sensitivity of the
VOX circuitry, determining the amplitude of the voice signal necessary to
trigger the VOX keying circuit. The PAD COMM, S-BAND, VHF/AM,
and INTERCOM volume controls are used to control the signal levels from
the respective units to the input of the earphone amplifier. The MASTER
VOLUME controls the level of the amplified signal going to the earphones.

The intercom bus connects to the recovery interphone (swimmer
umbilical), and the prernodulation processor which in turn routes the
signal to the data storage equiprnent for recording.

An AUDIO SELECT switch on each audio control panel allows the
astronaut to access himself to the normal audio center circuits for that
station, or through a selection of the BACKUP position, access himseH
to the audio control panel and audio center of another station. In the

BACKUP position the cornmander is accessed to the LM pilot's panel
and audio center, while BACKUP for the CM pilot accesses him to the
commander's panel and audio center. The LM pilot is accessed to the
CM pilotls panel and audio center if he selects the BACKUP mode.

A SUIT POWER switch on each panel controls application of power
to the respective astronauts personal communications assembly micro­
phone preamplifiers and the biomed preamplifiers contained in his con­
stant wear garment.

It is important to note that most signal processing done by the audio
center is of preparatory nature. In order for any audio signal to be trans­
rnitted or received, the RF equipment must be in the proper operational
mode.

SWUnmers Umbilical Cable.

The swimmers umbilical cable is deployed with the dye marker in
the recovery phase of the mission. It provides a hard-line connection to
the spacecraft intercom bus for the recovery force swimmers. Actual
deploytnent is accomplished by activating the guarded DYE MARKER
switch on MDC-8 which provides 28 vdc to a pyrotechnic actuator.

Intercommunication System Interfaces.

Figure 2.8-6 illustrates the interfaces between the intercomrr'IUni­
cations group and the other telecommunications equipment. One interface
shown that is not readily apparent is the signal path used in the relay mode
of operation. This mode of operation ties the VHF AM and S-band equip­
ment together to provide a three-way conference capability between the
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MSFN, eM and LM, or EVA. The intercommunications equipment enters
this process when the received MSFN voice signal (S-band or voice) is
routed to the microphone input of the CM pilot. Then, through proper
switching, this signal is routed to the VHF AM transm.itter for relaying
to the LM or EVA, In the relay mode, the CM pilot1s microphone is not
usable. The return relay is accoITIplished by adding the VHF/AM received
voice to the normal S-Band down voice channel.

Another function not too obvious is voice log recording and playback.
The intercomm bus of the audio center is connected through the premodu­
lation processor to the data storage equipment (DSE). Any time the DSE
is recording, the conversation on the intercoITIm bus will be recorded as
well, in some instances, as the received voice from the VHF / AM equip­
ment. There are no provisions to monitor this recorded voice in the SC.

Data Equipment.

Instrumentation Equipment Group.

The SC instrumentation equipment consists of various types of
sensors and transducers for providing environmental, operational status,
and performance rneasurements of the SC structure, operational systems,
and experimental equiprnent. The outputs from these sensors and trans­
ducers are conditioned into signals suitable for utilization by the SC
displays, presentation to the PCM TLM equipment, or both. In addition,
various digital signals are presented to the PCM TLM equipment, includ­
ing event information, guidance and navigation data, and a time signal
from the CTE.

Many of the signals emanating from the instrumentation sensors arlo!
of forms or levels which are unsuitable for use by the SC displays 01'

PCM TLM equipment. Signal conditioners are used to convert these
signals to forms and levels which can be utilized. Some signals arc
conditioned at or near the sensor by individual conditioners located
throughout the SC. Other signals are fed to the signal conditioning equip­
ment (SCE), a single electronic package located in the lower equipment
bay. (Refer to paragraph 2.8.3.3.5 for signal conditioning equipment.)
In addition to conditioning many of the signals, the SCE also supplies
5-volt d-c excitation power to some sensors. The SeE can be tUl"lllo!d on
or off with the POWEH-SCE switch on MDC-3. This is the only control
that the crew can exercise over instrumentation equiplnent for operational
and flight qualification measurements. These two instrumentation groups
are discussed in paragraphs 2. B. 3.3.2 and 2.8.3.3.3

Operational and Flight Qualification Instrumentation.

Operational measurements are those which al'e normally required
for a l·outine mission and include threc categories; in-rli~ht manaAemcnt
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of the BC, m.ission evaluation and system performance, and preflight
checkout of the SC. The operational instrumentation sensors and trans­
ducers are capable of making the following types of measurelnents:
pressure, temperature, flow, rate, quantity, angular position, current,
voltage, frequency, RF power, and " on _o ££l1 type events.

Flight qualification measurelTlents may vary between SC, depending
on mission objectives and state of hardware developlTlent. These lTleas­
urements will be pulse-code lTlodulated along with the operational
measurelTlents and translTlitted to the MSFN.

Data EquiplTlent Interfaces.

Figure 2.8-7 illustrates the major interfaces between the units that
make up the data equipment and their interfaces with the RF equipment
group.

Central Timing Equipment (CTE).

The CTE provides precision square-wave timing pulses of several
frequencies to time-correlate all SC time-sensitive functions. It also
generates and stores the real-time day, hour, minute. and second mission
elapse time (MET), in binary-coded decimal (BCD) format for trans­
mission to the MSFN. (See figure 2.8-8. )

In the prill1ary or normal mode of operation, the comlTland module
computer (CMC) provides a 1024-kc sync pulse to the CTE. This auto­
matically synchronizes the CTE with the CMC and provides a stability of
±2 x 10- 6 parts in 14 days. In the event of sync pulse failure, the CTE
automatically switches to the secondary mode of operation with no titne
lapse and operates using its own crystal oscillator at a stability reduced
to ±2. 2 x 10-6 parts in 5 days.

The CTE requires approximately 20 watts of 28-vdc power for its
two redundant power supplies. Each one is supplied from a different
power source and through separate circuit breakers. These circuit
breakers, CENTRAL TWlliG SYS-MN A and - MN B on MDC-225, pro­
vide the only external means of control for the GTE. The two power
supplies provide paralleled 6-volt d-c outputs, either one of which is
sufficient to power the CTE.
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The timing signals generated by the CTE, and their applications, are
listed in the CTE outputs charts.

CTE OUTPUTS

Signal

5lZ-kc sq wave

5lZ-kc sq wave

Destination

PCM

PMP

SYNC of internal clock

Modulating signal for
S-band emergency key
transmission

6 4-kc sq wave EPS
inverters ( 3)

10-cps sq wave Digital event
timer

I-cps Sq wave PCM

1 pulse per ECS
10 minutes

Z5-bit parallel PCM
time code output

Serial time code Scientific data
output (3) equipment

Z. 8. 3. 3. 5 Signal Conditioning Equipment (SCE).

Sync of 400-cycle a-c
power

Pulse digital clock

PCM frame sync

Discharge water from
astronaut suit

Time correlation of
PCM data

Time correlation of
data II

The signal conditioning equipment (SCE) is contained in a single
electronics package located in the LEB. (See figure Z. 8-9.) Its functions
are to convert various kinds of unconditioned signals from the instrumen­
tation equipment into compatible 0- to 5-volt d-c analog signals, and to
provide excitation voltages to some of the instrumentation sensors and
transducers.

The SCE contains the following modules:

• DC differential amplifier assembly
• DC differential bridge amplifier assemblies
• AC to DC converter assembly
• DC active attentuator assembly
• Power supply +ZO vdc, -ZO vdc, +10 vdc, +5 vdc
• Redundant power supply - +ZO vdc, -ZO vdc, +10 vdc, +5 vdc.
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Figure l.8-9. Signal Conditioning Equipment

The only external control for the SCE is the 3-position SCE switch on
MDC-3. The NORMAL position energizes the primary power supply and
an error detection circuit. If the primary power supply voltages go out of
tolerance, the error detection circuit automatically switches the SCE to
the redundant power supply. The SCE will not autOlnatically switch back
to the primary once it has switched to the redundant unless power is
interrupted.

The AUX position provides for manual switching between the power
supplies. This is accomplished by repeated selection of the AUX position.

The SCE requires l8-volt d-c power input and consumes about
35 watts.
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Figure 2.8-9 shows graphically the input and outputs of the SCE and
its redundant power supply.

Pulse-Code Modulation Telemetry (PCM TLM) Equipment.

The function of the PCM TLM equipment (figure 2.8-10) is to con­
vert TLM data inputs from various sources into one serial digital output
signal. This single-output signal is routed to the PMP for transmission
to the rvtSFN or to the DSE for storage. The PCM TLM equipment is
located in the lower equipment bay. Input signals to the PCM TLM equip­
ment are of three general types: high-level analog, parallel digital, and
serial digital.

Two m.odes of operation are possible: the high (normal) bit-rate
mode of 51. 2 kilobits per second (kbps) and the low (reduced) bit-rate
mode of 1. 6 (kbps). Operational mode is selected by placing the TLM
INPUTS-PCM switch on MDC-3 to HIGH or LOW, as applicable. When the
switch is in the LOW position, the high-PCM bit-rate can be commanded
by the MSFN via the UDL equipment. The PCM requires about 21 watts of
3-phase IIS/ZOO-volt 400-cps a-c power. Internal signal flow of the PCM
is shown in figure Z.8-10.

The analog multiplexer can handle 365 high_level analog inputs in
the high_bit_rate mode. Four of these signals, 2ZAI_4, are sampled
at 200 SPS; 16 signals, 12AI-16, are sampled at 100 SPSi 15 signals,
SIAl-IS, are sampled at 50 SPS; 180 signals, llAI-180, are sampled
at 10 SPS; and 150 signals, IOAI-lSO, are sampled at 1 SPS.

These analog signals are gated through the multiplexer, the high­
speed gates, and are then fed to the coder. In the coder, the 0- to 5-volt
analog signal is converted to an 8-bit binary digital representation of the
sample value. This 8-bit word is parallel-transferred into the digital
multiplexer where it is combined with 38 external 8-bit digital parallel
inputs, and 5 internal ones, to fonn the majority of the output format.

The external digital parallel inputs fall into three groups. The first
group contains two 8-bit word inputs sampled at ZOO SiS at the high-bit
rate only. The second group contains a single 8-bit word input sampled at
50 SiS at the high bit rate and 10 SiS at the low bit rate. The third, and
largest, group contains 35 eight-bit word inputs sampled at 10 SiS at the
high-·bit rate and one SiS at the low-bit rate. The remaining inputs to the
digital multiplexer are internal and come from the coder, sync format,
and programmer of the PCM.

This digital parallel information is parallel-transferred into the
output register where it is combined with the digital serial input, and then
outputted serially into the data transfer buffer. From here the information
is passed on to the premodulation processor for preparation for transmis­
sion over the RF equipment.

II

TELECOMMUNICATION SYSTEM

Mission Basic Date 15 April 1969 Change Date Page ~2~.~8_-~2"_1



>..
a....
.... '"a;::

'" 0'"
0< .. ~
'" Mo...

~':'M
~

....._....

a 00zo
> "'"';! ~:;=

z-a-..
a
a

"'

L__J~-+l1 VDC fR(W CSE

SYNC SEUCT
4 DIG PAll:r 50 SPS NOII:MAl

I ,-_I_'PS_'_[_"'_"_'-,

REDU(IO

NO'MAl

/CT034OX"'-
~~C)

~

I' 35'
50 SPS 10 SPS

1

l~ )),
10 SPS I SPS

PARAWl
DIGITAL
INPtJTS

-----...
200 'PS

PO""SUPPlY

••-
~

ANALOG DATA

l~M~U~LT~'~'}~:===tP:'OG:RAMM::[:'J:==::!-1 TRANS
PLEXER

DRIVERS BUfFERS

"..",mer:--l
IPPS

SIlKC

31"''''1f~=INPUT \_
NO. I l~

l PHASE!,~•
INPUT 1......
NO. 2 l~l----l

~
t POol liT \
IRAn CHANGf.1

10D,. /
~

"'Oo11l6~

(llr;: ~5<to )

11M'

H:b
CALIBRATOR

I
I 150'
I I SPS,
,

50'1 SPS

IlEOOCEO I dMAl

~.,
2OO'PS
~

~

".,tOO SPS
~ HIGH
~ LMl.ANAlOG"., MUlTl-

I SOSPS PUXERI~

50' '-ISPS : 10 SPS

•••.
o•

..•••.
n

a•~• ...- M
~ ....
> M

0
• a-- ;::- ;::
~

~ c:
~ z
0 0,. >• ...• -., a•
a z
• '"" ~• ...

M
;::

..•.,
•

N

m,
N
N

Figure Z~ 8-1 o. PCM Block Diagram

CO-2046C



2.8.3.3.7

SM2A-03-BLOCK II-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

The PCM receives 512-kc and I-cps timing signals from the central
timing equipment. If this source fails. the PCM programmer uses an
internal timing reference. The timing source being used is telemetered.
Two calibration voltages are also telemetered as a confidence check of the
PCMs overall operation.

The PCM requires about 21 watts of 3-phase 400-cycle power for its
redundant power supplies.

Television (TV) Equipment.

The TV equipment consists of a small. portable TV camera that can
be hand-held. or mounted in the locations shown in figure 2.8-11. Its
function is to acquire real-time video information for transmission to the
MSFN. The camera is connected to a 12-foot cable for use throughout the
CM. The cable is connected to the power connector J395 and coax connec­
tor JI2Z on the aft side of the right-hand forward equipment bay. See
figure Z. 8-12 for physical dimensions.

The camera is controlled by an ON/OFF switch on the camera handle
and an automatic light control switch on the back. Power is supplied to
the cameras ON/OFF switch through CB13 located on RHEB-225 when the
S-BAND AUX TAPE/VOICE B4 switch (MDC -3) is in the OFF position
and the S-BAND AUX TV/SCI switch (MDC-3) is in the TV position.
Power required by the camera is 6.75 watts at 28 volts de.

The composite video signal is sent from the camera to the premodu­
lation processor where it is then sent to the S-band FM transmitter and its
associated power amplifier for transmission to the MSFN and to the 8M
umbilical for hardline communications before lift-off.

The color TV equipment consists of a small. portable color TV
camera that can be hand-held, or mounted in the locations shown in figure
2.8-1ZA. One of the camera functions is to acquire real-time color video
information for transmission to the MSFN. The camera's primary function
is its use during rendezvous and docking operations. During this period of
operation it will be mounted at the right-hand rendezvous window. A TV
monitor is used with the color TV camera for astronaut viewing of TV
operations. See figure 2. 8-12B for details of camera and monitor. The
color TV camera is compatible with the present black and white TV system
in relation to power connections and switch controls.

TELECOMMUNICATION SYSTEM
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Data Storage Equipment (Figure 2.8-13).

The data storage equipment provides for the storage of data for
delayed playback and/or recovery with the spacecraft. Information is
recorded during powered night phases, and when out of communication, is
then played back (dumped) when over selected S-band stations.

• Location: lower equipment bay.

Electrical Power Requirements.

• Voltage input; lI5-vac 3-phase 400-cps and/or 28-vdc
• Power input: 40 watts nominal, 70 watts maximum (3 seconds).

Tape Transport Characteristics.

• Tape speeds: 3.75, 15, and 120 ips

• Operational stability: Stable in less than 5 seconds

I. 2.15--.1
r--nvPI~

! ,k
1.92 OIA

LL

J 7.00 .
6lflTVPJ-t" \-

i~-I· .- - f-- U EJ-

1--,.,,,,. 020 71

II

-
-11.26 l--

.94
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ANGLE lENS

• " ""

AUTCYI\ATlC
LIGHT CONTROL
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Figure 2.8-12. Television Camera
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Figure 2.8-l2A. Color TV and Monitor Locations

• Single directional: A rewind mode is provided.

• Automatic selection: Tape speed determined by data rate.

• Remote control: Complete remote operation possible via
Up Data Link

• 2250 feet of tape giving record times of 2 hours at 3-3/4 ips
and 30 minutes at 15 ips

Channels. Fourteen parallel tracks: four eM PCM digital data,
and one of digital clock, one LM PCM data, one CM-LM voice, three
scientific data, and four spare tracks. Spare tracks are available for
flight qualification data.

TELECOMMUNICATION SYSTEM
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Figure Z. 8-13. Data Storage EquiplTIent

CO-211IA

Digital Channels.

a. Input paralTIeters, serial to parallel conversion of the digital
input is performed by the data storage equiplTIent electronics:

• Single serial NRZ, 51. 2 kbs data train, and one 51. 2-kc digital
tilTIing signal, recorded speed at 15 inches per second

• Single serial NRZ. 1.6 kbs data train, and one 1. 6-kc digital tilTIe
signal, recorded at 3.75 inches per second

b. Output paralTIeters. parallel to serial conversion of the digital
output is perforlTIed by the data storage equiplTIent electronics.

c. The playback rate of CM PCM is 51.2 kbs for data recorded at
3.75 ips or 15 ips. Playback speeds are 120 ips and 15 ips respectively.

The various operational capabilities and attendant switching posi­
tions are shown in the following list.

TELECOMMUNICATION SYSTEM
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RECORD PLAYBACK REWIND

C'M LM/CSM C<M L.M!CSM
MOC_l Sw;'~hu CM ,eM l_SClo PCM Voice LM PCM )_SCIo PCM Voice

S_BAND AUK TAP£ Norm~lly Norm~lly Norm~lIy Normally TAPE TAPE TAPE TAPE Namally
0« 0« 0« 0« 0«

S_BAND AUK TV ",. Off 0" TV "'A "'A T~p. aw Tape ow Tap.. ow Tape aw "'A
overr,de override overdde o~ccdd.

VHF/AM A Normally Normally Normally Normally NIA NIA ",. NIA NIA
SIMPLF.X SlMPLF.X SIMPU;X SIMPW;X

VHF/AM RCV only D DATA ",. NIA 0« ",. N" NIA N" NIA

TAP£: RJ;:CORDF.R/ N" r:./A ",. N" LM PCM KWANUJ FCMlANLG rcM/ANLC NIA
PCM/ANLC

TAP£ RF.CORDF.R/ RF.CORD RECORD RECORD RF.CORD P~' PUY ,~, p~, Normally
RECORD 0«

TAPE RF.CORDI';RI PWO PWO PWO FWD ~'WD after FWD alter FWD art"r FWD af'er REWIND
FWD R£WIND REWIND REWIND REWIND

TLM INPUT/PCM ",. ",. Hillh or ",. NIA "'A NIA ",. ",.
'ow

Operational Switching (Figure 2.8-14).

External +28 vdc from the FLT BUS is applied to the TAPE
RECORDER - FORWARD/REWIND switch. With this switch in the
REWIND position, the tape transport will reverse at 120 ips. The
FORWARD position of this switch will also run the tape transport in the
forward direction at 120 ips if PLAY or RECORD is not selected. The
FORWARD position of the TAPE RECORDER - FORWARD/REWIND
switch supplies the excitation to the RECORD/PLA Y switch in the
FORWARD position. In the RECORD position, the record and erase
circuitry is enabled and power is applied to the PCM-HIGH/LOW switch.
The recording speed in the HIGH position is 15 ips and in the LOW
position the speed is 3.75 ips. In the PLA Y position, the reproduce
circuitry is enabled and power is applied to the PCM/ANLG/LM PCM
switch. The play speed in the PCM/ANLG position is internally
selected, whereas the play speed in the LM PCM position is only at
120 ips.

All of the preceding switching functions may be accomplished by the
use of real-time cormnands from the MSFN through the up-data (UDL)
equipment.
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Figure 2.8-14. DSE SiIJ1plified Switching Circuits

2.8.3.3.9 Up-Data Link (UDL) EquipIJ1ent.

The function of the dDL equipIJ1ent is to receive, verify, and distrib­
ute digital updating inforIJ1ation sent to the SC by the MSFN at various
times throughout the mission to update or change the status of operational
systems. The UDL (figure 2.8-15) consists of detecting and decoding
circuitry, a buffer storage unit, output relay drivers, and a power supply.
The UDL provides the means for MSFN to update the CMC. the CTE, and
to select certain vehicle functions. Up-data information is transmitted to
the SC as part of the 2-kmc S-band signal. When this signal is received
by USBE receiver, the 70-kc subcarrier containing the up-data informa­
tion is extracted and sent to the up-data discriminator in the PMP. The
resulting composite audio frequency signal is routed to the sub-bit detec­
tor in the UDL which converts it to a serial digital signal. The digital
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Figure Z.8-15. Up-Data Link Equipment

output from the sub-bit detector is fed to the remaining UDL circuitry,
which checks and stores the digital data, determines the proper destina­
tion of the data, and transfers it to the appropriate SC system or equip­
ment. The UDL has three controls: two are on MDC-3 under the UP-TLM
bracket and the third on MDC-Z. The first, a two-position switch, is the
DATA-VOICE BU switch. In the DATA position, the 70-kc subcarrier
information is routed to the UDL equipment for normal processing. The
VOICE BU position routes the 70-kc subcarrier information to the UDL
equipment and audio centers, thus providing an alternate path for voice
information to be sent in case of failure of the 30-kc subcarrier
discriminator.
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The second switch is the CMD RESET/NORMAL/OFF switch.
The center, NORMAL, position applies power to the UOL and permits
normal operation. The upward position perforrns a real-time command
reset function and keeps power applied to the power supply. This resets
all RTC relays except those relays affecting the system A abort light and
the crew alarITl, so the affected equipment will resume the operational
mode dictated by their control switches on the MDC-3. The OFF position
removes the power {roln the UDL equipment. The UDL consumes about
12 watts of 28-vdc power.

The third control, on MDC-2 by the DSKY, is labeled UP-TLM
ACCEPT-BLOCK. This two-position switch blocks or routes the UDL
message in the command module computer.

The following list gives the real-time commands and their functions.
Some functions require two separate commands.

BLOCK II UDL REAL-TIME COMN1ANDS

Real-Time Commands

01
00
07
06
05
04
02, 17
03, 12
03, 13
02, 16
22, 27
Z3
22, 26
32, 37
33, 37
32, 36
42, 47
43, 46
43, 47
42, 46
52, 57
53
52, 56
62, 67
63, 66

Functions

Abort Light (Systern A) On
Abort Light (System A) Off
Abort Light (System B) On
Abort Light (System B) Off
Crew Alarm On
Crew Alarm Off
Spare
Spare
Spare

*Spare
S-Band Ranging On
S-Band Ranging Off

*Astronaut Control (S-Band Ranging)
S-Band PCM Mode On
S-Band PCM Mode Off

*Astronaut Control (S-Band PCM Mode)
S-Band P.A. High On
S-Band By-Pass Mode
S-Band p. A. Low On

*Astronaut Control (S-Band P. A. Mode)
Tape Playback PCM/Analog Mode
Tape Playback LEM/PCM Mode

*Astronaut Control (Tape Playback Mode)
Tape Recorder Record Mode
Tape Recorder - Off Mode

*Resets previously set relays so that equiprnent returns to rnode shown on
control panels.

TELECOMMUNICATION SYSTEM
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Real-Time Commands

63, 67
62, 66

72, 77
73, 76
73. 77
72. 76

6'
64, 71
64, 70
41, 45
41, 44
40, 51
40. 50

7'
74

Functions

Tape Recorder - Playback Mode
*Astronaut Control (Tape Recorder

Playback/Record Selection)
Tape Recorder Transport Forward
Tape Recorder - Power Off
Tape Recorder - Transport Rewind

*Astronaut Control (Tape Transport)
PCM Data Rate Low
PCM Data Rate High

*Astronaut Control (PCM Data Rate)
S- Band Tape Mode
S-Band Tape Off
S-Band Back-Up Down Voice

*Astronaut Control (S-Bandl
D OMNI Antenna ON
Astronaut Control (S- Band Antenna)

2.8.3.4

2. 8. 3. 4. 1

*Resets previously set relays so that equipment returns to lTlode shown on
control panels.

RF Electronics Equipment Group.

The RF electronics equipment group includes all T/C equipment
which functions as RF transmitters or receivers. The antennas used by
this equipment are lTlentioned only briefly in this paragraph. Refer to
paragraph 2.8.3.5 for more information on the antennas.

VHF / AM Transmitter-Receiver Equipment (Figure 2.8-16).

The VHF/AM transmitter-receiver equipment provides the
capability for the following:

• Two-way voice communications with MSFN, LM, EVA, and
recovery forces.

• Relay of two-way voice from either LM or EVA to MSFN (via
S-band/MSFN link)

• Ranging with the LM

• Reception of PCM data from LM

• Reception of biomed from EVA.

TELECOMMUNICATION SYSTEM

II

Miseion Dasic Date 15 April 1969 Change Date Page "2".C8"·C3;;,:,.1



SM2A-03-BLOCK IT-(I)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

~ 17 ~ r7

VHF

~
TRIPl.EXER

,--- ',,------ SWITCHING -- -r=-•KEYING
CIRCUITS

"A" "A" ~--_..! "8" "B"
TRANSMITTER RECEIVER I TRANSMITTER RECEIVERI

296.8 MHz 296.8 MHz -4 DIGITAl RANGING 259.1 MHz 259.1 MHz
GENERATOR

I (106 & SUBS)
I
I Js C~CI I

I1M OR EVA VOICE

CM
I I RELAY 1M VOICE uR EVA LM DATA

VOiCE
~ ___ .... ____.VOICE & DATA
,

MAIN DISPLAY PREMODULATlON LM
DATA

AUDIO CENTER STORAGE
CONSOli PROCESSOR DATA EQUIP

RELAY MSFN VOICE

CO-2125

Figure 2.8-16. VHF-AM Block Diagram

The equipment is contained in a single enclosure consisting of 11 sub­
assemblies, 2 coax relays, and Z bandpass filters mounted within a three­
piece hermetically sealed case in the lower equipment bay.

The equipment group provides two independent VHF/AM trans­
mitters and two independent VHF/AM receivers. One transmitter and
receiver will provide for transmission and reception of voice communica­
tions on a preassigned frequency of 296.8 me. One transmitter and
receiver will provide for transtnission of voice communications or
reception of voice communcations and data on a preassigned frequency of
259.7 me. Complete isolation of the receiver circuits up to the final
common outputs is provided. A short or open on any output will not
degrade the other outputs.
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Various modes of operation are possible in both the simplex and
duplex configurations:

• Simplex A Transmit and receive on 296.8 me for voice only

• Simplex B - Transmit and receive on 259.7 me for voice only

• Duplex A - Transmit on 296.8 me and receive on 259.7 me for
voice and biomed data

• Duplex B - Transmit on 259.7 me and receive on 296.8 me for
voice and ranging

• Receive A Receive on 296.8 me only

• Receive B Receive LM data on 259.7 me only

• Relay - Interfaces with S-band system for relay to MSFN.

These modes may also be used as a backup VHF recovery beacon
transmitting on 296.8 or 259.7 me.

The VHF/AM transmitter-receiver is controlled by the VHF-AM
controls on panel No. 3 of the main display console (S43, S44, and 571).
The DUPLEX-o{f-SlMPLEX switches activate the receivers and trans­
mitters by applying 28-volt d-c power. About 6 watts of power are
required in these modes with the transmitter in standby and about 36 watts
when keyed. In the OFF position, no power will be supplied to the equip­
ment. The RCV ONLY B DATA/OFF/A switch activates the receivers
only. When the A position is selected, about 2 watts of 28-volt d-c power
are supplied to the 296. 8-mc receiver. When the B DATA position is
selected, about 2 watts of 28-volt d-c power are supplied to the 259. 7-mc
receiver and the LM data amplifier.

After being selected, the VHF/AM transmitters can be enabled
either by voice-operated relay (VOX) or by manually depressing the XMIT
switch on the corom cable or rotational controller. The squelch control
varies the level of squelch sensitivity and is located on panel 3 of the
main display console.

The transmitters and receivers interface with the main display
console (power control), the audio center (audio inputs, outputs and PTT
functions), and'the triplexer (RF inputs and outputs). The equipment is
connected through the triplexer and antenna control switch to either of
the VHF omniantennas in the service module or the VHF recovery antenna
No. 2 in the command module.
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Digital Ranging Generator (VHF Ranging).

The function of the VHF ranging system is to aid lunar rendezvous
of the CSM with the LM. This is a backup system and will be needed only
if the LM radar fails, or the LM propulsion system would prove incapable
of effecting rendezvous. This system uses the existing VHF/AM equip­
ment, and incorporates the use of a digital ranging generator (DRG).

• Location: Lower Equipment Bay

• Electrical Power Requirements

Voltage input:
Power input:

28 vdc
25 watts

• Mechanical Characteristics

Weight:
Volume:

7.0 pounds
200 cubic inches (approximately)

2.8.3.4.3

The DRG generates a tone for transmission over the VHF I AM
259. 7-mc transmitter, and receives the turn-around range tone from the
LM via the VHF/AM 296. 8-mc receiver. A range tracker, in the ORO,
will compute the range by comparing the difference between the trans­
mitted and received tone, and display this range, real-time, on the entry
monitoring system (EMS). In addition, the range data will also be sent to
the command module computer (CMC), at a rate of once a minute,
initiated by a command from the CMC. This information will be displayed
on the DSKY. Both displays will be shown in units of l/IOO-nautical mile.

This system is activated by turning on the VHF RANGlliG switch,
on MDC-3. This switch applies +28-vdc power to the DRG, as well as
applying a ground to the keying circuit to key the VHF/AM 259. 7-mc
transmitter, for ranging tone transInission. If the TRACKER alarm light
on the DSKY comes ON, this indicates that the data on the DSKY is
incorrect. At the saIne time the display on the EMS will be reset to read
zero. To restart ranging, the VHF RANGING-RESET-NORMAL switch,
on the commander's audio center panel, is put to RESET, the acquisition
phase is started, and tracking will be established.

Unified S-Band Equipment (USBE).

The USBE (figure 2.8-17) consists of two transponders, an FM
transmitter, and power supply contained in a single electronic package
in the lower equipment bay. The USBE will be used for voice communica­
tions, tracking and ranging, transmission of PCM data, and reception of
up-data. The USBE also provides the sole means for transmission of TV.
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The USBE tracking method employed is the two-way or double­
doppler method. In this technique, a stable carrier of known frequency
is transmitted to the SC where it is received by the phase-locked receiver.
multiplied by a known ratio, and then re-transmitted to the MSFN for
comparison. Because of this capability, the USBE is also referred to as
the S-band transponder.

For determining se range, the MSFN phase-modulates the trans­
mitted carrier with a pseudo-random noise (PRN) binary ranging code.
This code is detected by the se USBE receiver and used to phase-modulate
the carrier transmitted to the MSFN. The MSFN receives the carrier and
measures the amount of time delay between transmission of the code and
reception of the same code, thereby obtaining an accurate measurement of
range. Once established. this range can be continually updated by the
double-doppler measurements discussed earlier. The MSFN can also
transmit up-data commands and voice signals to the SC US BE by means of
two subcarriers: 70 kc for up-data and 30 kc for up-voice.

The USBE transponder is a double-superheterodyne phase-lock loop
receiver that accepts a Z106. 4-mc, phase-modulated RF signal containing
the up-data and up-voice subcarriers, and a pseudo-random noise (PRN)
code when ranging is desired. This signal is supplied to the receiver
(figure 2.8-18) via the triplexer in the S-band power amplifier equipment
and presented to three separate detectors: the narrow band loop phase
detector, the narrow band coherent amplitude detector, and the wide band
phase detector. In the wide band phase detector, the 9. 531-mc IF is
detected; and the 70-kc up-data and 30-kc up-voice subcarriers are
extracted, aITlplified, and routed to the up-data and up-voice discrimina­
tors in the PMP equipment. Also, when operating in a ranging mode, the
PRN ranging signal is detected, filtered, and routed to the USBE trans­
ITlitter as a signal input to the phase modulator. In the loop-phase
detector, the 9. 531-mc IF signal is filtered and detected by comparing it
with the loop reference frequency. The resulting d-c output is used to
control the frequency of the 19. 0625-mc voltage-controlled oscillator
(VeO). The output of the VCO is used as the reference frequency for
receiver circuits as well as for the transmitter.

The coherent amplitude detector (CAD) provides the automatic gain
control (AGC) for receiver sensitivity control. In addition, it detects the
amplitude modulation of the carrier introduced by the high-gain antenna
system. This detected output is returned to the antenna control system
to point the high-gain antenna to the earth station. An additional function
of the eAD is to select the auxiliary oscillator to provide a stable carrier
for the transmitter, whenever the receiver loses lock. The AGC ~ircuitry

also supplies a signal to the S-BAND ANT S-meter located on the lower
right on MDC-2. A received rela:tive signal strength is indicated by this
meter.
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Figure 2.8-18. S-Band Receiver

The USBE transponders are capable of transmitting a 2287. 5-mc
phase-modulated signal. The initial transmitter frequency is obtained
from one of two sources: the VCO in the phase-locked USBE receiver or
the auxiliary oscillator in the transmitter. Selection of the excitation is
controlled by the CAD. If ranging has been selected, the up-link informa­
tion is routed from the receiver wide band detector to the phase modulator
in the transponder transmitter (figure 2.8-19). The phase lTIodulator also
can re,ceive premodulated CSM voice and PCM data from the PMP in a
normal mode or backup voice in event of a lTIalfunction. The phase lTIodu­
lato'r signal is amplified to 3 watts by a power alTIpliCier and sent into a
X30 variactor lTIultiplier, where lTIuch of this power is dissipated. The
final power output through the power cOlTIbiner is about 250 mw. About
20 watts of 3-phase 400-cycle a-c power and 2 watts of 2S-vdc power are
required by each transponder.
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Figure Z. 8-19. S-Band PM Transmitter

The USBE also contains a separate FM transmitter which operates
at 2272.5 mc (figure 2.8-20). This separate S-band transmitter permits
time-shared scientific, television, or playback data to be sent to the
MSFN while voice, real-time data, and ranging are being sent simultane­
ously via the transponder. The transmitter veo receives modulation
from. the FM mixer or TV output of the PMP. The frequency modulator
signal passes through two stages of amplification and then is sent through
three multipliers, X2, X3, and X5 respectively. A ferrite circulator is
used on the output of the final multiplier to preclude reflected power from.
feeding back and degrading the signal. The output power is approximately
100 mw. The USBE FM transmitter requires about 8 watts of 3-phase
400-cycle a-c power and I watt of 28-vdc power.
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Figure 2.8-20. S-Band FM Transmitter

Operational configurations of the USBE are controlled by the S-band
switches on MDC-3. Individual functions are described in the Controls
and Displays, section 3, while control circuits involved with the USBE are
shown in Figure 2.8-21.

S-Band Power Amplifier Equipment.

The S-band power amplifier (PA) equipment (figure 2.8-22) is used
to amplify the RF output from the USBE transmitters when additional
signal strength is required for adequate reception of the S-band signal by
MSFN. The amplifier equipment consists of a triplexer, two traveling­
wave tubes for amplification, power supplies, and the necessary switching
relays and control circuitry. The S-band PA is contained in single elec­
tronics package located in the lower equipment bay. Each power amplifier

TELECOMMUNICATiON SYSTEM
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Figure 2.8-21. Unified S-Band Switching

requires about 15 watts of warm-up, 45 watts at low-power and 90 watts
at high-power of 3-phase 400-cycle a-c power and about 2.5 watts of
28-vdc power.

All received and transmitted S-band signals pass through the S-band
PA triplexer. The 2106. 4-mc S-band carrier, received by the SC, enters
the S-band PA triplexer from the S-band antenna equipment. The tri­
plexer passes the signal straight through to the USBE receiver. The
2287. 5-mc output signal from the USBE transponder enters the S-band PA
where it is either bypassed directly to the triplexer and out to the S-band
antenna equipment, or amplified first and then fed to the triplexer. There
are two power amplifier modes of operation: low power and high power.
The high-power mode is automatically chosen for the power amplifier
connected to the FM transmitter.
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Figure 2.8-22. S-Band Power Amplifier Control and Power Switching

Power for the power amplifier comes from the telecomm group
circuit breakers I and 2. Separate 3-phase liS-volt 400-cps power
sources are employed to drive each traveling wave tube and its attendant
power supply. Figure 2.8-22 shows the controlling circuits involved with
power distribution to the power amplifier.

2.8.3.4.5 Premodulation Processor Equipment.

The premodulation processor (PMP) equipment provides the inter­
face connection between the airborne data-gathering equipment and the RF
electronics. The PMP accomplishes signal modulation and demodulation.
signal mixing, and the proper switching of signals so that the correct
intelligence corresponding to a given lTlode of operation is transmitted.
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These modes, which are listed in this
operational spectrum (figure 2.8-25).
of 12. 5-watt at 28-volt d-c.

section, are shown on the S~band

The PMP uses a maximum power

Command Module Normal S-Band Down Voice. The input voice signal
from the audio center equipment is pre-emphasiz;ed, clipped, and fre­
quency modulates the 1250-kc voice VCO. The voice subcarrier may be
frequency-multiplexed with the PCM/PM I024-kc subcarrier for PM
transmission via the USBE (unified S-band equipment).

Voice Conference Between LM or EVA/CSM/MSFN.

The received VHF/AM LM or EVA voice is amplified and linearly mixed
(time-shared) with the real-time CSM voice for frequency modulating the
1250-kc voice VCO. The received S-band up-voice 30-kc subcarrier is
demodulated and parallel outputs are provided for input to the audio center
equipment and for the navigator's m.ike input to the navigator's audio
center. With the navigator's audio control panel positioned for VHF/AM
VOX transmission to EVA or LM, the relay of MSFN voice may be accom­
plished, The above provisions give a conference capability between LM
or EVA, CSM, and MSFN.

Command Module Backup S-Band Down Voice. The input voice signal
from the audio center equipment is pre-emphasized and clipped. The
voice signal is then routed directly to the USBE, bypassing the voice
modulator, for base band phase-modulation (PM) on the S-band carrier
transm.ission to MSFN.

Recorded CSM Intercom/LM Voice. An AGC circuit is provided to proc­
ess LM voice which is linearly mixed with the input voice signal from the
CSM intercom bus. An isolation amplifier is used at the CSM INTERCOM/
LM voice output for recording in the DSE (data storage equipment).

MSFN to CSM S-Band Normal Up-Voice. The MSFN up-voice is PM/FM
voice via S-band. The received, frequency-modulated 30-kc subcarrier
from the USBE is bandpass-filtered and demodulated in the PMP. The
output voice signal is low-pass filtered and routed to the audio center
equipment input.

MSFN to CM S-Band Backup Up-Voice. The MSFN backup up-voice is
PM/FM voice via S-band. The MSFN voice is switched from the 30-kc
subcarrier to the 70-kc subcarrier and linearly mixed with the up-data.
This bypasses the up-voice detector in the PMP.
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CSM INTERCOM/ LM Voice Playback. The playback-to-record ratio may
be either 32:1 or 1:1 dependent upon the CSM PCM recorded bit rate. The
input signal from the DSE is limited. filtered. and frequency-multiplexed
with the three scientific subcarriers and stored PCM data on the l024-kc
subcarrier for FM transmission via the USBE.

Command Module Television. The CSM television camera input signal is
a direct dc-coupled output signal to the USBE for FM base band transmis­
sion. An additional isolation amplifier attenuator circuit is provided for
ac-coupled output to the spacecraft umbilicaL

Real-Time Telemetry.

Command Module PCM Data. The CSM PCM data input signal biphase
modulates the l024-kc subcarrier. The subcarrier is filtered and
frequency-multiplexed with the voice 1250-kc subcarrier. The output
signal phase-modulates (PM) the carrier for transm.ission via the USBE.

EVA Biomedical Data Relay Via S-Band. The relay of EVA biomed wilt
be accomplished simultaneously with CSM or EVA voice in the same
manner as described in the voice conference mode.

MSFN to CSM S-Band Up-Data. The up-data signal is processed the same
as up-voice except the subcarrier center frequency is 70 kc and the output
is routed to the up-data link decoder.

Scientific Analog Data. Three real-time scientific analog telemetry inputs
frequency-modulate three subcarrier oscillators. The three real-time
subcarrier signals are mixed and the composite signal frequency­
modulates the S-band carrier for FM transmission via the USBE.

Recorded Telemetry.

CM PCM Stored Data. The CSM stored PCM T LM data biphase modu­
lates the auxiliary I024-kc sine wave subcarrier. This subcarrier is
frequency-multiplexed with the playback of scientific data and LM/
INTERCOM voice for modulation of the S-band FM modulator and trans­
mission to MSFN.

LM Stored Data. The LM stored data is played back at 32:1. linearly
attenuated and directly modulated base band on the S-band FM carrier.

Scientific Stored Analog Data. The stored scientific analog data frequency­
modulates three subcarrier oscillators (SCO). The SCOs are frequency­
multipiexed with the stored PCM/TLM l024-kc subcarrier and the LM/
INTERCOM voice playback signal. The composite signal frequency­
modulates the S-band equipment.
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CM to MSFN Emergency Key. To provide a keyed output Cor emergency
key communications, the 5lZ-kc CTE clock input may be keyed by
depressing the XMIT side of the rocker switch located on the astronaut's
comrn cable. The key closure controls a gated amplifier Crom which the
keyed signal is routed to the USBE. A 400-cps sidetone is also keyed by
the PTT. This signal is mixed into the PMP up-voice output circuitry and
routed through the audio center to the earphones. The S-BAND-T/R
switch on the audio control panel is set to T/R or REC.

Redundancy.

CM Backup S-Band Down Voice. The CM voice input is pre-emphasized,
clipped, and routed directly to the S-band for PM transmission, bypassing
the PMP voice modulator.

CM Auxiliary PCM Telemetry Subcarrier Modulator. The real-time PCM
TLM input may be switched by S54 (AU X position) to the auxiliary biphase
modulator with the output being switched to the PMP PM MIXER output
for S-band PM transmission and to the FM mixer output for S-band FM
transmission.

MSFN to CM S-Band Backup Up-Voice. The MSFN voice is placed on the
70-kc up-data subcarrier. This enables the use oC the 70-kc subcarrier
for time-shared voice and data.

Auxiliary Power Supply. The PMP has redundant switchable regulators
to provide power to all PMP circuitry. When switch S54 is in the AUX
position, the auxiliary +18-volt d-c regulator is in use. Alsothe auxiliary
I. 024-mc biphase modulator which normally handles stored CM PCM data
is switched to handle real-time CM PCM data.

PMP Operational Modes and Output Levels. Output signals are provided
in combinations and levels as described in the following. Control panel
switches, used to achieve the various modes are illustrated in the block
diagram (figure 2.8-23).

Primary Power Control. When S54 switch is in the NORMAL position,
power is supplied to all PMP circuit .. y from the normal +l8-volt regu­
lator. When switch S54 is in AUX position, auxiliary +18-volt regulator
is used. Also the auxiliary 1. 024-mc biphase modulator which normally
handles stored CM/PCM data is switched to handle real-time CM/PCM
data.

Scientific Data Output to DSE. The three R/T scientific analog data
signals are supplied to the DSE through the PMP except when switch S37
is in the SCI position.
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Figure 2.8-23. PMP Data Modulation Levels

When 537 is in the SCI position, the three R/T scientific analog data
signals are applied directly to the FM mixer in the PMP for transmission
via the S-band FM transmitter.

Intercom! LM Voice Output to DSE. The intercom and LM voice output is
supplied for DSE recording at all times power is applied to the PMP.

Up-Voice and Up-Data Output. When switch 538 is in the DATA position,
the up-voice signal from the 30-kc demodulator is supplied as an output to
the audio center. The 70-kc demodulator supplies an up-data output to the
up-data link decoder.
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When switch S38 is placed in the BU VOICE position, the 70-kc
demodulator output is switched to the up-voice output terminals. as an
output to the audio center.

Television Signal Output. The television signal input is provided as a
direct output. Coaxial terminals having 100-ohm ±5 percent impedance
are used. This channel will pass frequencies from dc to 500 kc with no
more than O. 5-db attenuation.

A TV umbilical output is also provided through an isolation ampli­
fier. Output voltage is no greater than the TV input signal and is no less
than one volt peak-to-peak. for a 1. 9-volt peak-to-peak input signal at
1000 cps. Frequency response in the band from 10 cps to 500 kc is no
more than 3 db below the peak response. This output is protected against
open or short circuit conditions.

FM Output. Signals supplied to the FM terminals for transmission on
USBE are:

• Real-titne scientific data
• Stored CM LM voic e
• Stored LM PCM
• Stored scientific data
• Stored CM PCM data
• Television
• Auxiliary real-time CM PCM data.

These signals are selected by appropriate combinations of switches
536. S37, and S49.

PM Output. Subcarriers are selected by suitable configurations of
switches. Subcarriers selected for phase modulation of the USBE are:

• 1. OZ4-mc biphase modulated by real-time CM PCM data

• 1. Z5-mc VCO frequency modulated by:

CM voice, or
CM voice and LM!EVA voice and biomedical data

• 5lZ-kc emergency key signal.

These signals are selected by appropriate combinations of switches
533, 534, 536, and S44. Switch positions and the output level of each sub­
carrier are shown on figure 2.8-23.

The overall functions of the PMP are summarized in figure 2.8-Z4.
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Figure 2.8-26. VHF Recovery Beacon Equipment

VHF Recovery Beacon Equipment.

The VHF recovery beacon equipment (figure 2.8-26) provides line­
of-sight direction-finding capabilities to aid in locating the se during the
recovery phase of the mission. The 3-watt beacon signal emitted is an
interrupted 243-mc carrier, modulated by a IOOO-cps square wave. The
signal is transmitted for 2 seconds, then interrupted for 3 seconds.

Manual control of the equipment is provided by the RECOVERY­
VHF-BCN, two-position ON/OFF switch on MDC-3. The beacon requires
a maximum of IO-watt of 28-vdc power.

TELECOMMUNICATION SYSTEM
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Figure 2.8-27. RRT Block Diagram

The output of the VHF recovery beacon equipment is fed to VHF
recovery antenna No.1, which is deployed automatically when the main
chutes are deployed.

2.8.3.4.7 Rendezvous Radar Transponder.

The transponder (figure 2.8-27) is located in the command and
service module (CSM) and performs the function of receiving the LM
rendezvous radar (RR) X-band CW signal, and retransmitting (back to the
LM) a phase-coherent signal.

The 240-milliwatt return signal is offset in fundamental carrier
frequency from the received signals and contains the same modulation
components phase-related with respect to the received signal.

TELECOMMUNICATION SYSTEM
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The transponder is a part of the LM radar subsystem which consists
of a rendezvous radar in the LM, the transponder in the CSM, and a
landing radar mounted in the descent stage of the LM. The landing radar
and the descent stage are left on the lunar surface when the lunar explora­
tion is completed.

During the descent to the lunar surface, the LM and CSM maintain
continuous radar contact through the rendezvous radar-transponder link.
During the latter part of the descent phase, the landing radar measures the
altitude and velocity of the LM with respect to the lunar surface,

At the end of the lunar stay, the rendezvous radar in the LM is used
to track the transponder in the orbiting CSM to obtain orbital parameters,
which are used to calculate the launching of the LM into a rendezvous
trajectory.

In the rendezvous phase, the LM and CSM again maintain radar con­
tact to obtain information needed for midcourse correction, rendezvous,
and docking operations. By accepting the weak rendezvous radar trans­
mitted signal, as discussed in preceding paragraphs, and by retransmitting
(back to the LM) the phase-coherent return signal, the range capabilities
are greatly increased.

Performance Characteristic.

Range. Operates with the rendezvous radar (RR) in a closed loop track­
ing system at LOS range between 50 feet and 400 NM.

Range Accuracy. The transponder will retransmit each of the range tones
received from the rendezvous radar at the following maximum
phase shifts:

III
Tone Frequency

200 cps
6.4 kcs
204.8 kcs

Max. Deg. Phase Shift

±o. 69 0

±l. 0 0

'3'

Range Rate Accuracy. 1/4 percent or 1 foot per second (whichever is
greater) based on an LGC sampling period of 100 milliseconds.

Angular Coverage. Angular coverage over a solid angle of 160 0 by 105°.

Acquisition. Acquires the rendezvous radar with a detection probability
of 98 percent in a period of l. 3 seconds with a signal equal to
or greater than -123 dbm at the transponder antenna.

TELECOMMUNICATION SYSTEM
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Mode Activation.

Signal Search Mode. The transponder will be in the signal search mode at
all times that the transponder is in an ON condition and no signal
is being received from the rendezvous radar.

Transponder Mode. The transponder will be in its transponder mode at
all times that a signal is being received from the rendezvous
radar. Signals equal to or greater than -123 dbm which fall
within the transponder frequency range are automatically detected
and acquired by the transponder.

Self-Test Mode. The transponder will be in the self-test mode when the
self-test enable signal is applied to the transponder assembly.

Standby Mode. The transponder will be in standby mode when the heater
position is selected for the 24 minutes it takes to warm the filters
to 160°::1:1 of.

Antenna Characteristics.

Coverage. Gain is maintained over a solid angle of 160° x 105°.

Polarization. Linear with cross-polarized components 20 db down from
the main component.

Transmit Energy Characteristics.

Power. Greater than 240 milliwatts.

Frequencies. Signal search, 9792.0 mc ::1:25 kcs and swept ::1:104 kc
minimum.

Transponder mode equal to the received frequency times 240/241.

Received Signal Characteristics.

Frequency. 9832.8 mc ::1:30 kc offset by a doppler frequency within the
range of ::1:49 kc with maximum rate of change of 500 cps2.

Signal Level. At antenna terminals. -123 dbm to -18 dbm.

Self Test.

Self-Test Oscillator. Provides 40.8 mc for receiver testing and is
coupled into the receiver preamplifier.

TELECOMMUNICATION SYSTEM
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Self-Test Enable. From control/display tl2 vdc ±10 percent and current
of 20 ma ±10 percent.

Self-Test Enable Supply. From transponder to the control/display
assembly self-test switch t25 volts ±10 percent.

Receiver Self-Test Output. From transponder to the control/display
monitor meter, panel 101.

Monitor outputs to the control/display panel:

2.8. 3.5

AGC monitor
Frequency lockup

search
Transponder mode

Transmitter Power. 2. 5±0. 4 volts
(5 volts dc maximum).

Electrical Requirements.

Operating voltage

Emergency periods not
exceeding 5 seconds

Transients limits not
exceeding 5 minutes

Power Requirements.

Maximum input power
excluding heater

Antenna Equipment Group.

o to 4. 5 volts
0:0.4 volts dc

4.5 volts dc ±IO percent

dc for specified minimum power

Normal 25 to 31. 5 volts

t20 to t25 volts dc
+31. 5 to t32 volts dc

t50 volts for 10 usec at 10 pps
repetition rate.

-100 volts for 10 usec at 10 pps
repetition rate.

60 watts at +28 vdc

II

2.8.3.5.1

The antenna equipment group contains all the SC antennas and
ancillary equipment used in the T/C system. For the antenna locations,
see figure 2.8-28.

VHF Omniantenna Equipment.

The VHF omniantennas and ancillary equipment consist of two VHF
scimitar antennas, a VHF triplexer, a VHF antenna switch, and the
necessary signal and control circuits. The function of this equipment is
to provide capabilities for radiation and pickup of RF signals in the VHF
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Figure 2.8-28. Antenna Locations

spectrum. The VHF/AM transceivers, which work through this equip­
ment, operate at 296.8 mc and 259.7 mc. Provisions are also made for
the checkout of the PLSS communication equipment through this equipment.

The VHF triplexer is a passive, three-channel filtering device which
enables three items of VHF transmitting and receiving equipment to utilize
one VHF antenna simultaneously. The three-channel filters are co:rnposed
of two tuned cavities each, which function as bandpass filters. No power
is required by the device and there are no external controls.

The VHF scimitar antennas, shown in figure 2.8-29. are ornni­
antennas with approximately hemispherical radiati.on patterns. Because of
its characteristic shape, this type of VHF antenna is called a scimitar.
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Figure 2.8-29. Scimitar Antenna

These two VHF antennas are located on opposite sides of the service
module. One is located near the +Y axis and is called the right VHF
antenna; the other is located near the - Y axis and is called the left VHF
antenna. Because of their approximate hemispherical radiation patterns,
full omnidirectional capabilities can be obtained only by switching from
one antenna to the other. This is accomplished with the VHF ANTENNA
remote control switch on MDG-3 for VHF communications.

S-Band High-Gain Antenna.

The high-gain antenna is provided for use with the unified S-band
equipment to provide sufficient gain for two-way communications at lunar
distances, To accomplish this. the antenna can be oriented manually or
automatically toward the M$FN stations for maximum operational
efficiency.
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The antenna also has three modes of operation for transmission and
two for reception. The nominal gain and beam widths of these modes are
listed as follows:

Mode Gain Beam Width

Wide-Transmit
Wide - Receive
Medium - Transmit
Medium - Receive
Narrow Transmit
Narrow - Receive

9.2 db
3.8 db

20.7 db
2Z.8 db
z6.7 db
23.3 db

40'
40'
lL P
4.5 0

3. 9'
4.5 0

Figure 2.8-30 shows the antenna in both the deployed and nondeployed
state. Actual deployment takes place during transposition and docking
phase of the mission when the SLA panels are opened. After deployment,
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Figure 2.8-30. High Gain Antenna
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the positioning circuitry is enabled. Manual controls, position readouts,
and a signal strength meter are provided on MDC-Z to allow normal
positioning of the antenna for initial signal acquisition. After acquisition,
the antenna is capable of automatically tracking the RF signal within the
travel limits of its gimbaling system. The propagation and reception mode
is selectable on the same panel.

The antenna itself is made up of a four-parabolic dish array whose
attendant feed horns are offset 10 degrees for the desired propagation
pattern and a cluster of four feed horns enclosed in the center enclosure.
In the wide mode, the center feed horns are used for transmission and
reception of signals. In the medium mode, one of the parabolic dish­
reflector antennas is used for transmission and all four of the dish antennas
are used for reception of S-band signals. The narrow mode employs the
four parabolic dish antennas for transmission and reception of S-band
signals.

Z. 8.3.5.3 S-Band Omniantennas.

The function of the four S-band omniantennas is to transmit and
receive all S-band signals during the near-earth operational phase, with
a backup capability to support the high-gain S-band antenna in the lunar
sequence. Locations are shown in figure 2.8-28 at Xc = 20.766 and
45 degrees off the +Z, -Y, -Z and +Y axis.

VHF Recovery Antenna Equipment.2.8.3.5.4

in.
The antennas

loaded cavity.
are flush-mounted, right-hand polarized helical, and
They are rated at 15 watts cw at 2100 to 2300 mc.

II
There are two VHF recovery antennas, No. 1 and No.2, stowed in

the forward compartment of the SC. Each antenna consists of a quarter­
wave stub, 11 inches long, and a ground plane. They are automatically
deployed 8 seconds after main parachute deployment, during the descent
phase of the mission. (See figures 2.8-31 and 2.8-32.)

VHF recovery antenna No. I is connected to the VHF recovery
beacon equipment. VHF recovery antenna No. 2 is to be used with the
VHF/AM transmitter-receiver equipment and is connected to the VHF
antenna switch with a coaxial cable. An access hatch is provided to allow
either of the VHF recovery antennas to be used with the GFE survival
transceiver. This require"s that the coaxial cable from one of the antennas
be manually disconnected at the triplexer and reconnected to the survival
transceiver.

TELECOMMUNICATION SYSTEM
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Figure 2.8-31. VHF Recovery Antenna No. 1

Electrical Power Distribution.

Electrical power distribution for the intercorrununication, data,
instrumentation, RF and antenna equipment is summarized on
figure 2.8-33. In most cases, the power circuit for each piece of equip­
ment was covered in the respective functional description. The majority
of the circuit breakers for the telecommunication system are located on
MDC-225.

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

VHF-AM.

a, Sim.ultaneous selection of DUPLEX A and B gives the same opera­
tion as selection of SIMPLEX A and B,

b. Only LM PCM teiernetering data can be received only on RCV B
DATA.

TELECOMMUNICATION SYSTEM
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Figure 2.8-32. VHF Recovery Antenna No.2

PMP.

a. When UP TLM/VOICE BU is chosen, the output of the data dis­
criminator is sent to both the audio center and the up-data link equipment.

b. Low-bit rate PCM data can be transmitted with down VOICE BU.
If only VOICE transmission is desired, the PCM switch must be at OFF
and the T LM INPUT PCM switch must be at HIGH for the best circuit
margins.

c. Selection of the AUX PMP power supply precludes the transmission
of recorded data from the data storage equipment. Real-time PCM is
available for transmission over both the S-band transponder and FM trans­
mitter in this mode.

d. To transmit real-time PCM over the FM transmitter, S-BAND
AUX TAPE and PMP AUX POWER should be selected.

TELECOMMUNICATION SYSTEM
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DSE.

a. Selection of the record speed in the DSE is made by the PCM HIGH­
LOW switch. If PCM HIGH is selected, the record speed with be 15 ips.
A PCM LOW selection changes the record speed to 3-3/4 ips.

b. Selection of the DUMP speed is automatically made by the DSE
electronics through monitoring of the bit rate on the recorded CM PCM
CLOCK track. High-bit rate PCM is dumped at 15 ips (1:1) while low-bit
rate PCM is dumped at 120 ips (32:1). A failure of the speed select
electronics causes automatic dumping at 120 ips.

c. The DUMP speed of recorded LM PCM is always 120 ips. If the
LM PCM was recorded with LBR CM PCM, it can be dumped at a 32: 1
ratio. An 8: I dump ratio is used if LM PCM was recorded with HBR CM
PCM.

USBE.

The S-BAND NORMAL - XPONDER switch, when switched between
PRI and SEC, should be held momentarily in the center, off, position to
allow the internal power relay to follow the desired configuration change.
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SECTION 2

SUBSECTION 2.9

SEQUENTIAL SYSTEMS

INTRODUCTION.

Sequential systems include certain detection and control subsystems
of the launch vehicle (LV) and the Apollo spacecraft (SC). They are uti­
lizedduring launch preparations, ascent, and entry portions of a mission,
preorbital aborts, early mission terminations, docking maneuvers, and
SC separation sequences. Requirements of the sequential systems are
achieved by integrating several subsystems. Figure 2.9-1 illustrates the
sequential events control subsystem (SECS) which is the nucleus of sequen­
tial systems and its interface with the following subsystems and structures:

• Displays and controls
• Emergency detection (EDS)
• Electrical power (EPS)
• Stabilization and control (SCSI
• Reaction control (ReS)
• Docking (OS)
• Telecommunications (T!C)
• Earth landing (ELS)
• Launch escape (LES)
• Structural

Sequential Events Control Subsystem.

The SEeS is an integrated subsystem consisting of twelve controllers
which may be categorized in seven classifications listed as follows;

• Two master events sequence controllers (MESC)
• Two service module jettison controllers (SMJG)
• One reaction control system controller (RCSC)
• Two lunar module (LM) separation sequence controllers (LSSC)
• Two lunar docking events controllers (LDEe)
• Two earth landing sequence controllers (ELSC)
• One pyro continuity verification box (PC VB)

The relationship of these controllers and their sources of electrical
power are illustrated in figure 2.9-2. Five batteries and three fuel cells
are the source of electrical power. The SMJC is powered by fuel cells;
however, battery power is used for the start signal. The RGSG is powered
by the fuel cells and batteries. The remaining controllers of the SEGS are
powered by batteries exclusively.

SEQUENTIAL SYSTEMS
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Figure 2.9-1. SECS Interface

MESC, ELSC, LDEC, and PCVB Locations.

Four controllers of the SECS are located in the right-hand equipment
bay (RHEB) of the CM. (See figure 2.9-3.)

SMJC Location.

Installation of the redundant controllers on the forward bulkhead of
the SM in sector 2 is illustrated in figure 2.9-4. The fuel cells, which
supply power for the SMJC, are also located in the SM.

RCSC Location.

The location of the RCSC in the aft equipment bay of the CM is
illustrated in figure 2.9-5.

LSSC Location.

Redundant controllers are located in the spacecraft LM adapter
(SLA) just forward of the LV instrumentation unit (IU); this location is

SEQUENTIAL SYSTEMS
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Figure 2.9-4. SMJC Location

SECTOR 2 •

SfQ-503

2.9.1.6

near the attachment point of the LM to the 10. For missions that require
dual launchings, the LSSC will be installed on the LV which is utilized to
launch the LM. Figure 2.9-6 illustrates the location between the hinge
line of the SLA and the attachment plane of the 10.

Origin of Signals.

The SECS receives manual and/or automatic signals and performs
control functions for normal mission events or aborts. The manual sig­
nals are the result of manipulating switches on the main display console
(MDC) or rotating the Commander's translation hand control counter­
clockwise, which is the prime control for a manual abort. Automatic
abort signals are relayed by the emergency det.ection system (EDS).

SEQUF.NTIAL SYSTEMS
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GENERAL DESCRIPTION.

In several instances, normal mission events are initiated rnanually
with no provisions for autornatic control. In other instances, autornatic
control is provided with manual control included for backup 0 r override.
In addition to the control functions, the sequential systerns incorporate
visual displays which allow the flight crew to monitor parameters asso­
ciated with the LV.

Launch Escape Tower Assernbly.

The apex section of the boost protective cover (BPC) (figure Z. 9- 7)
is attached to the LET legs and also to another section of the BPC which is
described in Section 1, Spacecraft. The LET is fabricated from welded

SEQUENTIAL SYSTEMS

Mission Bask Date 15 April 1969 Change Date Page ~2~.~9~-~5'_



SMZA-03-BLOCK II-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

• •
,

•

FIBERGLASS

STO lORD MOUNTS
APPROX 1-1/2" SQ
X 1" HIGH-Wrrn
1/2" STEM __~c....1'-

TOP VIEW

•

,
I,LA

I,

-

• i •
I

-HINGE Uti:. XA • 583.2

VIEW A

I"'l n f'...... , ,
'-

,
• ,

, ,

, ,
,-' 0, • 0

~ U L::

SEQ-505

Figure 2.9 - 6. LSSC Location

titanium tubing which is insulated against heat of rocket motor plumes.
Two Saturn V dampers, one of which cannot be illustrated in this perspec­
tive, interface with a tower arm of the mobile launcher. Switches in the
tower arm are tripped by the dampers, and clamps are mechanized to
secure the LET legs to prevent sway caused by wind loads.

Circuits of the SECS integrate the MESC. ELSC, and LDEC pro­
viding manual and/or automated controls for initiating ordnance devices
which are utilized in the following:

a. Breaking frangible nuts which retain the LET legs to the CM
structure.

b. Igniting the launch escape motor (LEMI, tower jettison motor
(TJM), and pitch control motor (PCM) as required for nominal mission
or abort maneuvers.
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c. Deployment of the canards as required to orient the launch escape
vehicle (LEV) with the aft heat shield forward during LES aborts. This
orientation contributes to efficient parachute deployment.

A Q-ball, which is a customer-furnished iteITl, interfaces with the
sequential systems to monitor LV angle of attack at or near the MAX Q

region during ascent.

Ballast is installed to control the CG location of the LEV. The
amount of ballast required is contingent on individual LEV weight and
balance data.

Probe Passive Tension Tie.

A passive tension tie is incorporated on SC that are equipped with a
docking probe. The tension tie is illustrated in figure 2.9-8, and attaches
the docking probe to the apex section of the boost protective cover. During
LES aborts the LET is autoITlatically jettisoned and ordnance which sepa­
rates the docking ring from the CM is initiated by relay logic of the MESC
and LDEC; therefore, in this sequence the docking probe is jettisoned with
the LET because of the tension tie. When the LET is jettisoned during a
nominal ascent the docking ring ordnance is not initiated and the tension
tie is snapped from the docking probe by thrust from the T JM.

Xc • II

,~,

IAWMII«IM HON:YCOMBI

'UMP(~ (roMU

BOOST COVT'~

VIEW A
SEQ·S48A

Figure 2,9-8. Probe Passive Tension Tie
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Docking Probe Retraction.

On SC so equipped, docking probe retraction requires pyro
power from the SECS. Burst diaphragms are used to contain
nitrogen in four high-pressure cylinders which are included within the
docking probe. The nitrogen is used to retract the probe, and the
diaphragms are ruptured by plungers which are activated by ordnance
devices. Mechanization and control of the docking probe is included in
Section 2.13, Docking and Crew Transfer.

S-IVB/LM Separation.

After transposition and docking, the crew will connect the umbil­
icals which will mate the CM and the LM electrical circuits, section 2.13.
This electrical interface will enable the utilization of the integrated
LDEC and LSSC for S-IVB/LM separation. The LM legs are secured to
the SLA by clamps which are unlatched by ordnance devices.

Separation of the GSM From the LV.

When the command service module (CSM) is to be separated from
the LV either for nominal mission or abort requirements, the MESG and
LDEG are utilized (figure 2.9-9). Manual controlled or automated circui.ts,

o •

SEQ-542C

Figure 2.9-9. Normal GSM/LV Separation
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whichever are utilized, will initiate explosive trains that will sever and
jettison the SLA panels (figure 2.9-10).

2.9. Z. 6 CM-SM Separation and SM Jettison.

Prior to the entry phase of a nominal mission, the MESC and LDEC
will be utilized to separate the CM from the SM and the SMJC will
automate jettisoning the SM (figure Z. 9- 11).

2.9.2.7 Forward Heat Shield (Apex Cover).

Section I includes a description of the forward heat shield structure;
automated and manual controlled circuits for jettisoning this heat shield
are included in the integrated MESC, ELSC, and LDEC. Mechanization
of apex cover jettison is accomplished by the use of thrusters and a
drag parachute. Figure Z. 9-12 illustrates pressure cartridges installed
in a breech. When gas pressure is generated by the pressure car­
tridges, two pistons will be forced apart and a tension tie will be broken.
The lower piston will be forced against a stop and the upper piston will be
forced out of its cylinder. The piston rod ends are fastened to forward
heat shield fittings and the apex cover is forced away from the CM. Only

LOYotR
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SPRING
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'l':l\.o~-:uppn
IT HINGE
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),
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CORDNANCEI
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PUU APART
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ITYP I PLACES)

Figure Z.9-10. SLA Panel Jettison
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Figure 2.9-11. Normal CM-SM Separa~on and SM Jettison

ROD £NO

'lli
IN'o{R
CYLINDER --l-F

PLAt[~ ..­

""..CYlINO€R

i
SPRI....-+r"'""
",_-""'L
PISTON-/r"
O-RING
tENSION TIE

PISTON
O-RING

."

ROTATtO IS(/'

-----=-.

-~"-., .,.,

ROO £NO

ST-59OA

•

Figure 2.9-12. Forward Heat Shield Attachment and Thruster Assembly
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two of the thruster assemblies have breeches and pressure cartridges
installed and plumbing connects the breeches to thrusters mounted on
diametrically opposite CM structural members; this constitutes
redundancy.

Figure 2.9-13 illustrates the forward heat shield separation augmen­
tation system. The mortar deployed drag parachute, as the name implies,
is used to drag the apex cover out of an area of negative air pressure
following the CM and will prevent recontact of the apex cover with the CM,
Lanyard-actuated switches are used to initiate mortar pressure cartridges.
A lanyard-actuated electrical disconnect will deadface the electrical
circuitry involved after the drag parachute has been deployed.

ELS Equipment.

The apex cover must be jettisoned before the ELS equipment may be
utilized. Figure 2.9-14 illustrates how the ELS equipment is installed
beneath the forward heat shield. All parachutes are mortar-deployed to
insure that they are ejected beyond boundary layers and turbulent air
around and following the CM. An RCS engine protector prevents damage
to CM RCS rocket engines by parachute risers. Parachute risers are
also protected from damage by parachute riser protectors, which are
spring-loaded covers over the LET attachment studs. The LES tower
electrical receptacles are used to connect LET interface wiring, and the
mating parts of the receptacles are pulled apart when the LET is jetti­
soned. A sea recovery sling will be removed from stowage by members
of the recovery team. Three uprighting flotation bags are installed under
the main parachutes. A switch is provided for the crew to deploy the sea
dye marker and swimmer umbilical any time after landing.

ELS Parachutes.

Eight parachutes are used in the ELS parachute system (figure 2.9 -15).
The drogue and main parachutes are deployed in a reefed condition to
prevent damage from transient loads during innation. The ELSC will
automate the deploY,ment of these parachutes when activated by relay logic
in the MESC. Switches are provided for the night crew to disable the
automation and deploy the parachutes by direct manual control.

Reefing System.

The drogue and main parachutes are reefed with lines rove through
reefing rings, which are sewn to the inside of the parachute skirts and
reefing line cutters (figure 2.9-16).

When the suspension lines stretch, a lanyard will pull the sea r
release from the reefing line cutter, and burning of a time-delay
compound will be started (figure 2.9-17). When the compound has burned,
a propellant will be ignited and a cuttcr will bc drivcn through the reefing
line.
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Figure 2.9-13. Forward Heat Shield Separation Augmentation System
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Figure 2.9~17. Reefing Line Cutter •
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Each of the drogue parachutes has two reefing lines with two cutters
per line to prevent dis reefing in case anyone reefing line cutter should
fail prematurely because a single reefing line cut in one place will disreef
a parachute. Each of the three main parachutes has three reefing lines
with two cutters per line. The time delay of four of the cutters on each
main parachute (two lines) is 6 seconds. At this time the main parachutes
will be allowed to open slightly wider than when deployed. The time delay
of the remaining two cutters on each main parachute is 10 seconds. At
this time the parachutes will be allowed to inflate fully.

Reefing line cutters are also utilized in the deploynlent of two very
high frequency (VHF) antennas and one flashing beacon light during descent.
These recovery devices are retained by spring-loaded devices which are
secured with parachute rigging cord. The cord is rove through reefing
line cutters and the sear releases are pulled by lanyards secured to the
main parachut~ risers.
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Design Criteria.

Dual redundancy with manual backup has been employed in the design
of the sequential system critical circuits. This ensures that in all cases
the effects of a component failure, in the prime failure mode, will not:

a. Prevent system operation when required
b. Cause inadvertent system operation.

Circuit Concept.

In most Apollo applications, premature operation of an ordnance
system is hazardous to the crew and could cause loss of mission objectives.
Identification and correction of single points of failure, therefore, are
prime objectives in the SECS circuit concept. Elimination of single fail­
ures is accomplished by the addition of series contacts (dual) in each firing
circuit. The probability of prematu:re operation of an ordnance device
has been greatly reduced by the utilization of series elements. On the
other hand, the reliability of the firing network to operate has been
reduced. The overall firing circuit reliability is enhanced by the use of
redundant firing circuits. Each circuit is independent of the other with

each output controlling its own ordnance component. Each of these redun­
dant circuits is contained in independent systems which are designated
systems A and B. Figure 2.9-18 illustrates one of the redundant systems
of a typical firing network. This illustration also shows that some control
circuits for sequential events utilize the same circuit concept.

FUNCTIONAL DESCRIPTION.

The origin of signals and functions of the sequential systems are
illustrated in figure 2.9-19. Launch escape system (LES) aborts may be
executed from the launch pad, or during ascent, until launch escape tower
(LET) jettison. Prior to lift-off, LES abort signals are initiated by manual
control only because the automatic abort circuits of the EDS are activated
at lift-off. Thereafter LES aborts may be initiated by manual control or
by automatic control during the period that the EDS automatic abort circuits
are active. LE$ aborts are categorized as modes lA, IB, and IC aborts.
Service propulsion system (BPS) aborts are categorized as modes 2, 3,
and 4 aborts and may be initiated after the LET has been jettisoned. No
provisions are made to initiate BPS aborts automatically.

Normal Mission Functions.

In addition to control for aborts, the sequential systems provide for
the monitoring of vital LV parameters and control for other essential
mission functions as follows:

a. Sensing and displaying LV status;
1. Thrust OK lights for all booster engines
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Figure Z.9-18. Circuit Concept

II

Figure Z. 9-19. Sequential Systems Functional Block DiagraITl
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2. Angular rates excessive
3. IU guidance failure
4. S-ll stage second plane separation (S- V launch vehicles only)
5. LV propellant tank pressures
6. Angle of attack.

b. Receiving and displaying abort requests from ground stations.
c. Jettisoning of the LET:

1. Initiate ordnance devices that separate the LET from the CM
Z. Ignite TJM.

d. Separation of the CSM from the S-IVB stage:
1. Enable controller reaction jet on/off assembly which provides

automatic control of SM RCS engines. (Enable SM RCS/SCS. )
Z. Initiate ordnance devices that separate the SLA:

(a) Initiate cutting and deployment of SLA panels
(b) Separate SC/LV umbilical
(c) Separate LM/GSE umbilical.

e. LM docking probe retraction on SC so equipped.
£. Separation of LM from S-IVB stage:

1. Initiate ordnance devices that separate the LM legs from
the SLA

Z. Deadface LM pyro separation power
3. Initiate SLA/ LM umbilical guillotine.

g. Separation of the LM docking ring on 8C so equipped.
h. Separation of the CM from the SM.

1. Start SMJC:
(a) Lock up fuel cell power to SMJG
(b) Start -X jets of SM RCS
(c) Start +roll jets of SJvf RCS
(d) Stop +roll jets of 8M RCS.

Z. Deadface CM-SM umbilical power.
3. Pressurize CM RCS
4. Transfer electrical power from SM RCS engines to CM RCS

engines and deadface SMJC start signal
5. Transfer entry and postlanding battery power to main d-c

buses (main bus tie)
6. Initiate separation ordnance devices:

(a) CM-SM tension ties
(b) CM-SM umbilical guillotine

7. Deadface eM-SM separation pyro power (pyro cutout).
i. Deployment of ELS parachutes:

1. Activate ELSC
2. Disable controller reaction jet on/off assembly which inhibits

automatic control of CM ReS engines (Disable eM RCS/SCS)
3. Jettison apex cover
4. Deployment of apex cover drag parachute
5. Deployment of drogue parachutes
6. Release of drogue parachutes
7. Deployment of pilot parachutes of the main parachutes.
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j. Deployment of recovery devices:
1. Two VHF antennas
2. One flashing beacon light.

k. Burning of CM RCS propellants and pressurant.
1. Postlanding functions:

1. Release of main parachutes.

Mode IA Abort.

The fWlctions of a mode IA abort are:
a. Relay booster engine cutoff (BECO) signal to the IU
b. Reset and start the commander's event timer
c. Separation of the CM from the SM.

1. Deadface CM-SM umbilical power
2. Pressurize CM RCS
3. Transfer electrical control from SM RCS engines to CM RCS

engines
4. Transfer entry and postlanding battery power to main d-c buses

(main bus tie)
5. Initiate separation ordnance devices:

(a) CM-SM tension ties
(b) CM-SM umbilical guillotine.

6. Fire LEM and PCM
7. Start automated rapid propellant dump (CM RCS propellant and

pres surant jettison):
(a) Initiate oxidizer dump
(b) Initiate interconnect of A and B fluid systems
(c) Close propellant shutoff valves
(d) Initiate fuel dump
(e) Initiate helium dump (purge).

d. Deploy canards II
e. Deployment of ELS parachutes:

1. Activate ELSC
Z. Disable controller reaction jet on/off assembly which inhibits

automatic control of CM RCS engines (Disable CM RCS/SCS)
3. Jettison LET
4. Separate LM docking ring on spacecraft so equipped
5. Jettison apex cover
6. Deployment of apex cover drag parachute
7. Deployment of drogue parachutes
8. Release of drogue parachutes
9. Deployment of pilot parachutes of the main parachutes.

f. Deployment of .recovery devices:
1. Two VHF antenna s
Z. One flashing beacon light.

g. Postlanding functions:
1. Release of main parachutes.
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Modes IB and IC Aborts.

The functions of the modes IB and IC aborts are the same as those
for a mode IA abort with the following exceptions:

a. Firing of the PCM is inhibited
b. Automated rapid propellant jettisoning is inhibited. Propellants

and pressurant of the CM RCS are disposed of as in a nominal entry and
landing procedure.

c. Enable controller reaction jet on/off assembly which provides
automatic control of CM RCS engines (Enable CM RCS/5GS).

Modes 2, 3, and 4 Aborts.

The functions of the sequential systems portion of an SPS abort are:
a. Relay BECO signal to the IU
b. Reset and start commander's event timer
c. Initiate CSM direct ullage (+X translation)
d. Relay signal to 5CS to inhibit pitch and yaw rate stabilization
e. Separate CSM from the LV:

1. Initiate ordnance devices that separate SLA:
(a) Initiate severance and deployment of SLA panels
(b) Separate 5C/LV umbilical
(c) Separate LM/GSE umbilical.

f. Enable controller reaction jet on/off asseInbly which provides auto­
matic control of SM ReS engines (Enable SM RCS/SeS).

OPERATIONAL DESCRIPTION.

Figure 2.9-20 illustrates the operation and functions of the integrated
sequential systems and zone references to this illustration are used in
subsequent paragraphs. This is an operational/functional diagram and
should not be misconstrued as an electrical schematic since many details
of the electrical system are not included, i. e., ground returns are not
shown except for the clarification of unique circuits. Also, initiator
firing circuits are not complete in the operational/functional diagram.
Figure 2.9-18 illustrates that normally closed contacts of firing relays are
utilized to short the initiator to ground and that all initiator firing circuits
are protected with fusistors. All initiators are grounded by relay logic and
fusistors are incorporated even though the operational/functional diagram
does not illustrate this feature. Generally, only one of the redundant sys­
tems is illustrated, which in this instance is system A; however, the
redundant system is included when the two are not identical. Numerous
crossover networks are illustrated where vital functions are concerned; in
these instances, systems A or B components will activate and/or initiate
the discrete requirements. Interface with other systems is limited to the
effect the interfacing system has on sequential systems.
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Figure Z.9-Z0. Sequential Systems Operational/Functional Diagram (Sheet 1 of 3)
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Figure 2:.9-20. Sequential Systema Operational/Functional Diagram (Sheet Z of 3)
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Logic Power. (Zones 43-A and -B)

The source of logic power for the sequential systems is entry and
postlanding batteries A, Band C which are described in Section 2.6,
Electrical Power. Utilization of the circuit breakers in these power
circuits is also described in the electrical power section.

Arming Sequential Systems Logic Circuits. (Zones 38 and 39-C and D)

Three circuit breakers are utilized in the system A sequential
systems logic arming circuits, and their counterparts (not illustrated) are
utilized in the system B circuits. The system A circuit breakers are ELS
BAT A (CB 45), SEQ EVENTS CONT SYS LOGIC A BAT A (CB 3), and
SEQ EVENTS CONT SYS ARM A BAT A (CB 1). The SEQ EVENTS
CONT SYSTEM LOGIC switches i and 2 (Sll and S15) are two pole
lever-lock switches and their function is SECS logic arming. When
either of these switches is closed, the MESC LOGIC ARM relays will
be energized in systems A and B and the MESC logic buses of both
systems will be armed if the breakers of systems A and B have been
closed.

Pyro Power. (Zones 38 through 43-£ and -F)

Normally the source of pyro power is pyro batteries A and B;
however, entry and postlanding batteries may be used as backup sources
of pyro power. Closure of SEQ A or B circuit breakers (CB 16 or 17),
zone 41-£, will complete battery power circuits to pyro system A or B.
The condition of the pyro batteries may be determined by the use of a
d-c voltmeter (MID) and selector switch (S27), zones 40, 41-E, and -F.
1£ the voltage of either of the pyro batteries should be too low for crew
safety, entry battery power may be utilized. Opening the appropriate
PYRO/SEQ circuit breaker and closing the appropriate BAT BUS TO
PYRO TIE circuit breaker (CB 18 or 19), zones 41-D and -E, will
execute the selection of backup power.

Arming Pyro Buses. (Zones 38 and 39-£ and -F)

The system A SECS pyro buses are armed with a motor switch in
the LDEe primarily for power conservation. When the motor is driven
to either position, power is not required to hold the switch contacts in
the selected position. The PYRO ARM switch (SI0), zone 38-C, is
used to control the LDEC motor switch (KI), zones 39, 40-E, and -F.
Contacts of the motor switch control power to the LDEC, RCSC, and
MESC pyro buses. Pyro power for the ELSC is derived from. the MESC
pyra bus.
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SIVB/LM Separation (Zone 39-F)

Two circuit breakers are incorporated in the pyro power systems
that are required to separate the LM from the SIVa stage. When
mission requirements include this function, it will be necessary to
close the SIVa/LM SEP, PYRO A, and/or PYRO a circuit breakers
(CB 3 or CB 4).

Main Parachute Release (Zone 37-E)

Two circuit breakers are incorporated in the pyro power systems
that are required to release the main parachutes from the CM. This is
a design change to eliminate the hazard of main parachute release
during descent. Closure of MAIN RELEASE, PYRO A and/ or PYRO B
circuit breakers (CB 48 or CB 49), should be accomplished as a post­
landing operation only.

EDS Bus Changeover. (Zones 36, 37-A, and -B)

Battery C provides an alternate power source for the automatic
initiation of an abort in the EDS and LET separation functions. These
circuits are normally powered by batteries A and B. This is accom­
plished by the EDS bus changeover circuits in each MESC. Closure of
the EDS POWER switch (S1), zones 37-A and -B, energizes EDS
CHANGEOVER relays. When these relays are energized, battery A is
coupled to system A and battery B is coupled to system B. In the event
of a power failure in either system A or B, the relay logic will remove
the existing battery and couple battery C to the system which had a
power failure.

Lift-Off.

The lift-off originated in the IV, zones 34-A and -C, is the result
of two L/V events:

a. Thrust commit activates lift-off enable circuitry when the first
stage LV engines are producing the required level of thrust.

b. Disconnection of the IU umbilical will drop out lift-off holding
circuits, which, in turn will switch the lift-off signal power to the CSM.
The umbilical will be disconnected at the instant of actual lift-or£.

If the appropriate circuit breakers and switches are in the configu­
ration intended for a nominal launch the lift-off signal will initiate five
events, zones 29 through 3Z-C and -D:

a. Reset and start event and mission timers (two each).
b. Start the automatic PROPELLANT DUMP AND PURGE DISABLE

timer
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c. filuminate the white LIFT OFF light
d. Provide power to illuminate the red NO AUTO ABORT light in the

event the MESC automatic abort circuits are not enabled
e. Enable the MESC automatic abort circuits by energizing the AUTO

ABORT ENABLE relays.

Emergency Detection System.

The LV EDS monitors critical parameters associated with LV
powered night. Emergency conditions associated with these parameters
are displayed to the crew on the MDC to indicate necessity for abort action.
An additional provision of this system is the initiation of an automatic abort
in the event of certain extreme time critical conditions, listed as follows:

a. Loss of thrust on two or more engines on the first stage of the LV.
b. Excessive vehicle angular rates in any of the pitch, yaw, or roll

planes.

Concurrent with abort initiation (either manual or automatic), the
system provides BECO action except for the first 30 seconds of night in
the case of a S-V LV. Range safety requirements impose the time
restrictions.

EDS Automatic Abort Activation and Deactivation. (Zones 35 and 36-C
through -E)

The EDS automatic abort circuits in the CSM are activated automati­
cally at lift-off and deactivated automatically at LET jettison. Switches are
provided on the MDC to deactivate the entire automatic abort capability or
the TWO ENGlliES OUT and EXCESSIVE RATES portions of the system
independently. Deactivation of the two automatic abort parameters are
also accomplished automatically in the IU just prior to inboard engine II
cutoff (IECO) as a backup to the manual deactivation by the flight crew.

Launch Vehicle Status.

The electrical circuits that provide illumination power and control
the LV status lights are in the IU. The LV RATE light. zones 24 and 25,
will illuminate when LV roll, pitch, or yaw rates are in excess of pre­
determined limits. To indicate lose of attitude reference in the IU guidance
unit, the red LV GUID and the LV RATE lights illuminate during £irststage
boost, then only LV GUID will illuminate. The yellow LV ENGINES lights
illuminate when a respective LV operating engine is developing less than
the required thrust output. The engine lights provide four cues: (l) igni­
tion, (2) cutoff, (3) engine below thrust, and (4) physical stage separation.
A red Sll SEP light will illuminate at Sll first-plane separation and is
extinguished at second-place separation on vehicles launched with an S-V
booster. Each of these status lights has an A and B redundant circuit
operation with separate lamps in each circuit.
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Abort Request Light. (Zone 31-E)

The ABORT light, is a red lamp assembly containing four bulbs
that provide high-intensity illumination. Two bulbs are in system A,
and two are in system B. The ABORT light is illuminated if an abort is
requested by launch control center for a pad abort or an abort during
lift-off via up-data link (VOL). The ABORT light can be illUlninated after
lift-off by the range safety officer transmitting a DESTRUCT ARM
COMMAND, zone 33-E. An abort may also be requested via UDL from
the manned space flight network (MSFN). The ABORT lamps, systems A
and/or B may be extinguished by UDL reset cornrnands; however, the
flight crew can extinguish the lamps in system B only with the UP
TELEMETR Y COMt>.1AND switch (S39)' zones 27 through 30-E and -F.

Launch Vehicle Tank Pressure Monitor.

A time-shared display is used to indicate LV propellant tank
pressures and SPS gimbal position, zones 30 and 3l-E and -F. The
LV/SP5 IND selector switch (S53), zone 32-F, is used to select the
parameters to be displayed. Meter movement selector switches and
operational power circuits are included in section 2. 3.

LV Auto Abort Logic.

The EDS will automatically initiate an abort signal when two or
more first stage engines are out, zone 34-0, or when LV excessive
rates are sensed by gyros in the IU, zones 34-C and -0. These abort
signals will energize an ABORT BUS which will energize AUTO ABORT
INITIATE relays, zones 33 -G and _D. When the AVTO ABORT
INITlATE relays in the IU are energized, the auto abort voting relays
in the MESC are deenergized, paragraph 2.9.4.7. Three matrices of
relay contacts, each of which constitutes 2 of 3 voting logic, are in the
abort signals to the ABORT BUS and the functions of these relays are
automatic abort deactivate, paragraph 2.9.4.5.1, zones 34-C and -D.
The source of power to energize the AUTO ABORT DEACTIVATE
relays is in the IU, zones 36-G, -D and -E, and may be controlled by
switches in the CM. If the 2 ENG OUT switch (S64), zone 36-E, is
placed in the OFF position, the 2 ENG OUT AUTO ABORT DEACTIVATE
relays will be energized and the 2 engines out signal from the first
stage will be inhibited from initiating an automatic abort. If the LV
RATES switch (565), zone 36-0, is placed in the OFF position, the
EXCESSIVE RATES AUTO ABORT DEACTIVATE relays will be
energized and the abort signals from the IV gyros will be inhibited
frolTl initiating an automatic abort.

MESG Auto Abort Voting Logic.

When the EDS bus changeover circuits are energized (para­
graph Z. 9.4. 3), three hot wire loops are established between the CM
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and LV. Power from the EDS buses 1, 2, and 3 energize the EDS
ABORT relays I, 2, and 3 in the MESC, zones 31 and 32-A and -B.
The three legs of EDS bus power are through three matrices of relay
contacts of the AUTO ABORT INITIATE relays (paragraph 2.9.4.6),
zones 33-A through -D. When an automatic abort is initiated in the IU
the EDS ABORT relays in the MESC are de-energized, this constitutes
three abort votes in the MESC. The MESG A 2 of 3 voting logic is
illustrated with matrices of EDS ABORT relay contacts, zones 30 and
3l-A. The automatic abort signal through this voting logic is described
in paragraph 2.9.4.14.

Launch Escape Tower Physically Attached.

One of the requirements for the automatic abort circuits to be
enabled is to have the LET physically attached to the CM (figure 2.9-7).
Another requirement is logic power to the circuits associated with
tower attaclunent. The power may be from the EDS bus changeover
circuits (paragraph 2.9.4.3) or from the MESC LOGIC bus (para­
graph2.9.4.1.l). The LET PHYSICAL SEPARATION MONITOR
relays, zone 25-F, have ground wires routed through the tower legs.
One pair of contacts of these relays is in the holding circuit to the
AUTO ABORT ENABLE relays (paragraph 2.9.4.7.2), zone 31-0.
An automatic abort is impossible after the tower has been jettisoned
because the AUTO ABORT ENABLE relays will have been de-energized.

Auto Abort Enable.

The last requirement for an abort initiate signal to be automated
is to have the MESC automatic abort circuits enabled. If the EDS
switch (S67), zone 29-0, is in the AUTO position, a lift-off signal
(paragraph 2.9.4.4) from the IU will enable these circuits. Relay
logic in the automatic abort enable circuits are designed to establish
holding circuits on battery bus power. These holding circuits are
required to maintain the automatic abort circuits in an enabled state
since the lift-off signals are discontinued from the IU at IEGO. For
the holding circuits to be established, power must be made available
from the SECS LOGlC CB3 (paragraph 2.9.4.1. I), and the LET must
be physically attached and electrically mated (paragraph 2.9.4.7. l).
Normally closed contacts of the system B AUTO ABORT ENABLE
relays are installed in the negative return of the red NO AUTO ABORT
light. Therefore, when the automatic abort circuits are enabled, the
red NO AUTO ABORT light will not be illuminated. The LIFT OFF
and NO AUTO ABORT lights are combined in an illuminated pushbutton
(IPB) which is the only illuminated switch in this group. Illumination
of the red light would be the indication that complete enabling of both
systeITls had not been established. If the white LIFT OFF light should
not illmninate at lift-off, the most probable cause would be a failure of
both lift-off signals in the IU. In this event, the IPB should be depressed
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momentarily to allow the automatic abort circuits to be enabled from the
alternate battery bus power source; neither of the lights would be
illuminated in this instance.

2.9.4.8 Normal Ascent.

Figure 2.9-21 illustrates the normal ascent for S-V launch vehicles.

AT + 42 seconds, the ABORT SYSTEM PRPLNT switch (563), zone
20-B, will be changed from the DUMP AUTO position to the ReS CMD
position. The DUMP AUTO contacts of the switch are in series with con­
tacts of the PROPELLANT DUMP AND PURGE DISABLE timer which
was started at lift-off (paragraph 2.9.4.4), Additional information relative
to this time delay and procedural switching is included in section 2. S, RCS
and paragraph 2.9.4.14.5.

2.9.4. 8. 1 Angle of Attack Monitor. (Zones 35 through 37-E and -F)

,.
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A Q-ball (figure 2.9-22) mounted above the LES motors, provides
an electrical signal input to the LV AOA/SPS Pc indicator and an electrical
signal input to ground control via telemetry. The Q-ball has eight static
ports for measuring AP which is a function of angle of attack. The pitch
and yaw AP signals are electronically vector-summ.ed in the Q-ball and
displayed on the indicator. The indicator is monitored for the LV AOA

ORBIT
INSERTION

T 1- 11'43"

T 1- 3'17"
T 1- 3'13"
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T ... 2'44"

T ... 2'43"
T ... 2'42"
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T • 0 1

Figure 2.9~21. Event Profile, Normal Ascent S-V LV
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Figure 2.9-22. EDS Q Ball

function during ascent when the LV is at or near the max Q region. This
is a time-shared instrument with the service propulsion syste!n (SPS),
and the ISO-percent graduation is because of SPS start transients. Use
of the scale during the LV AOA period will be as a trend indicator only
with abort limits established in mission rules. •2.9.4.8.2

2.9.4.8.3

EDS Automatic Abort Deactivate.

The entire automatic abort capability or a portion of the circuits
!nay be deactivated by the flight crew prior to staging (paragraph 2.9.4.5.1).
If the EDS switch (867), zone 29-D, is switched to the OFF position, the
entire EDS automatic abort capability will be deactivated (para-
graph 2.9.4.7.2). If the 2 ENG OUT switch (S64) and/or LV RATES
switch (S6S) are switched to the OFF position, the appropriate automatic
abort parameter will be deactivated (paragraph 2.9.4.6). Automated
switching in the IU SWITCH SELECTOR, zone 3S-E, will also deactivate
the two automatic parameters as a part of the staging sequence.

Extinguish LIFT OFF and NO AUTO ABORT Lights.

Just before IECO, the LIFT OFF ENABLE INHIBIT relay contacts
in the IV are opened, zones 34-A and -C. This interrupts EDS bus power
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which is required to illulTIinate the laIllps of the LIFT OFF and NO AUTO
ABORT displays. If the EDS switch (S67) is used to deactivate the EDS
autolTIatic abort circuits (paragraph Z. 9. 4. 8. 2), the NO AUTO ABORT
laIllps will have been illuIllinated and will be extinguished at this time.
When the EDS bus power is interrupted by this IU relay logic, the lTIission
and event timers, which were started at lift-off, will continue to operate
because of internal holding circuits in these units.

Launch Escape Tower Jettison

After staging, the LET is jettisoned (figure 2.9-23). Normally, both
of the TWR JETT switches (S66 and S96), zone 26-F, will be used to
initiate this function; however, either one of the switches will initiate
systenu A and B tower jettison circuits. Each of these switches, No. I
and 2, are double pole switches and systelTI A logic or EDS change­
over power will enable one of the poles of each switch. Moreover, one
pole of each switch will activate the circuits of systeIll A and the other
pole systeIn B. The frangible nuts which attach the tower legs to the CM
are illustrated in figure 2.9-24. Each nut assem.bly includes two detona­
tors, one initiated by systeIn A circuits, and the other by systeIn B. The
tower jettison circuits will also ignite the T JM. The cue which the flight
crew will use when initiating LET jettison is the S-lI SEP light. Utilization
of the event tilner in conjunction with the visual light cue will enable the
crew to jettison the LET at the correct time. If the T JM should fail to

S[Q-541D
Figure 2.9-23. NorlTIal Tower Jettison
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Figure 2.9-24. Tower Separation System

ignite, an alternate method may be used to jettison the LET. The LES
MOTOR FIRE switch (S3l). zone 19-C, will ignite the LEM which is
flight-qualified to jettison the LET. If this alternative should be necessary,
it is vital that the detonators of the frangible nuts shall have been initiated II
before the LES MOTOR FIRE switch is depressed. The TWR JETT
switches are the only controls that will initiate the detonators of the
frangible nuts.

'.9.4.9 Separation of the Spacecraft From the Launch Vehicle.

The next maneuver that the sequential systems will be utilized to
perform is CSM/LV separation (figure 2.9-25). Closing the CSM!LV SEP
switch (S35), zone lO-B, will energize the CSM!LV SEPARATE relays,
which will fire initiators of the explosive trains that sever and jettison
the SLA. panels. The same explosive train will separate the CSM!LV and
LM/GSE umbilicals.

2.9.4.9.1 Enable Automated Control of the SM RCS.

The CSM-LV SEPARATE relay will, in addition to initiating the
explosive train, energize the RCS ENABLE ARM relays, zone 8-A,
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Figure 2. 9~25. Adapter Separation System

which, in turn, will energize the latching coils of the RCS ENABLE
relays, zone 7-A. This relay logic will enable the controller reaction
jet on/off assembly which couples the" SCS jet selection logic and SM RCS,
section 2.5, RCS.

2.9.4.10 Docking Probe Retraction.

This system is designed for two retractions with backup for each.
Since there are four retraction cylinders, however, four retractions are
possible under ideal circumstances.

The DOCK PROBE RETRACT PRIM and/or SEC switches (52 and
53), zones 13~E and ~F, are armed when four conditions are satisfied.
These are:

a. The appropriate buses are energized and the appropriate circuit
breakers are closed, zones 15~E and ~F.

b. The EXTEND/REL switch (51), zones 14-E and -F, is in the
RETRACT position.

c. The latch indicating switches in the docking ring latches are closed
(system A and/or B as required).
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d. The capture latches sensing switches are closed (probe head
latched in LM drogue).

When these conditions are satisfied, the DOCK PROBE RETRACT switches
may be utilized to energize the LM DOCKING PROBE RETRACT No.1
and 2 relays as required. Contacts of these relays will fire the initiators
and retraction will be executed.

Separation of LM From S-IVB.

Pyro powe r circuits to the LSSC include a circuit breaker which is
described in paragraph 2.9.4.2.2. The S-IVB/LM SEP PYRO A circuit
breaker (CB3), zone 39-F, must be closed to complete the system A LSSC
pyro circuit. The LOEC is also required in this automation.

Closing the S-IVB/LM SEP switch (5108), zone 18-E. will start the
following sequence:

a. The LM/SLA SEP (LM LEGS) relays of the LSSC, will be ener­
gized and their contacts will fire the initiators of the frangible links which
retain the LM legs.

b. The nonlatcmng relay and the latching coils of the latching relay of
the LM!SLA SEP INITIATE relays in the LSSC will be energized after a
time delay of 30 milliseconds.

c. The LM/SLA SEP (GUILLOTINE) relays of the LSSC. will be
energized after a time delay of 30 milliseconds.

Contacts of the LM/SLA SEP INITIATE relays will deadface LSSC
pyro power which was utilized to fire the frangible links of the LM legs.
Contacts of the system B LM/SLA SEP INITIATE relays are in the
system A deadfacing circuits for series/parallel redundancy; system A
contacts are utilized in system B (not illustrated) for the same reason.

LDEC pyro power fires the umbilical guillotine through contacts of
the LM!SLA SEP INITIATE relays in the LDEC and the LM!SLA SEP
(GUILLOTINE) relays in the LSSC. Deadfacing of LDEC pyro power is
accomplished when the switch is allowed to return to its maintain position
and the relay coils are de-energized. The contacts of the nonlatching
relays will return to their initial state but the contacts of the latching relay
will not revert to their initial positions.

LM Docking Ring Separation.

Logic power through the momentary contacts of either of the
CSM!LM FINAL SEP switches (S109 or SIl2), zone 26-0, will energize
the LM DOCKING RING FINAL SEPARATION relays in the LOEC. These
are the firing relays for the ordnance which severs the docking ring from
the CM tunnel.
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Nominal Pre -entry and Descent.

Arming the SEeS is the first requirement of the sequential systems
preparatory to a nmninal entry and descent (paragraphs 2.9.4.1 and
2.9.4.2). If mission rules require a checkout of the eM Res prior to
eM/SM separation, it is vital that electrical control of the RCS be
placed in the SM RCS configuration prior to initiating the separation
(paragraph 2.9.4.13.2). Figure 2.9-26 illustrates a nominal pre-entry
and descent profile.

2.9.4.13.1 CM/8M Separation Control.

When either of the CM/SM SEP switches (5110 or 5111), zones 24-C
and -D are closed, logic power will start the automated sequence of
CM/8M separation. Each of these switches, No. 1 and 2, is a double­
pole switch with one pole controlling system A components and the other
pole controlling system B components. When either or both of these

I 2 3 4
j. I • • i

I. ARM SECS CTLMI
2. TRANS RCS CONTRCl. TO CM
3. PRESS. CM RCS ITLMI
~ TRANS RCS CONTROl. TO SMr INITIATE CM-SM SEP

- 6. CM-SM UMB OEADFACED
.... I" 7. RCS CONTROL TRANS TO CM

... 1. 7" ::
CM-SM SEPARATED ITLMI
CM-SM SEP PYRO CUTOFF

:::, Z4K' .4" 11.12
10. ARM ElS 13II. BARD LOCK-IN (ELSC ACT,) 1. 6"
12. CM RCSISCS DISABLED 14
13. APEX COVER Jrnl SONEO ITLMI
14. DROGUE CHUTES DEPLOYED ITLMI :::,lOK'- 15
15. OROGUE CHUTES RELEASED & PILOT

CHUTES DEPLOYED lTLMI 16
16. BURN RCS PROPEllANTS 17
17. PURGE CM RCS
18. REUASE MAl N CHUTES ITLMI SPLASH OO\YN 18.19
I'. SAFE SECS

SEQ-532J

Figure 2.9-26. Event Profile, NominalPre-Entry and Descent

SEQUENTIAL SYSTEMS

Mission Basic Date 15 April 1969 Change Date 15 Oct 1969 Page 2~.~9,--3~8;;.



SM2A-03-BLOCK 11-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

switches are utilized for CM/SM separation, they should be held closed
for approxinlately 0.1 of a second to allow the tinle-delay relay logic to
function properly (paragraph 2.9.4.13.5)'

2.9.4.13.2 Jettisoning the SM. (Zones 19 through 22-E and -F)

A nlanually initiated CM/SM separation signal will start the SMJC
with logic battery power through contacts of the RCSC nlotor switch (Sl),
zone 23-E. The nlotor switch nlust be in the SM control position for the
start signal to activate the SMJC (paragraph 2.9.4.13). Latching relays
are utilized to couple fuel cell electrical power to the SMJC and to
energize the nlanual coils of the SM RCS -X engines. Fuel cell power
to the SMJC is through contacts of nlotor switches, zones 23-E and -F,
which are described in Section 2.6, Electrical Power. The control
circuits in the SMJC constitute a crossover network; either systenl A

or B will ene rgize the nlanual coils of both of the SM RCS redundant
engine systenls. The troll engines will be started 2.0 seconds after
the SMJC is started and will operate for 5.5 seconds. The -X transla­
tion engines will continue to burn until the propellants are depleted or
the fuel cells are expended, whichever occurs first.

2.9.4.13.3 Deadfacing the CM-SM Umbilical.

Closure of either of the CM/SM SEP switches will energize the
CM/SM DEADFACE relays to the MESC, zone 23-C. These relays are
utilized to initiate the ordnance devices of the CM-SM electrical circuit
interrupter (figure 2.9-27) and the SM circuit interrupter (figure 2.9-28).
These relays may be considered as pilot relays to the automation of other
CM-SM separation functions which includes interface with the CM-RCS.

2.9.4.13.4 Separation of the CM FrOnl the SM.

When the CM-8M SEPARATE relays in the MESC are energized
after a tinle delay of 0.1 second, ordnance devices required for CM-SM
separation are initiated. These are the guillotine blades of the CM-8M
Unlbilical assenlbly (figure 2.9-29) and three tension ties between the
CM and 8M structures (figure 2.9-30). The time delay is required in
this circuit so that the guillotine blades will cut wires which were
deadfaced (paragraph 2.9.4.13.3).

2.9.4.13.5 PyroCutout.

The pyro cutout circuits are incorporated to elinlinate the possi­
bility of draining pyro power through wiring which nlay have one or two
strands shorted by wnbilical blades, or any other high resistance short.
Fusistors afford protection against "dead shorts" (figure 2.9-18 and
paragraph 2.9.4). The PYRO CUTOUT relays, zone 20-B, are
energized 1.7 seconds after the CM-8M 8EPARATE relays. Contacts
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Figure 2.9-27. CM-8M Electrical Circuit Interrupter

~KI'~lZl

of the PYRO CUTOUT relays are in the logic circuits to the CM-SM
DEADFACE relays, zone 23-0. Contacts of the PYRO CUTOUT relays
are also in the pyro circuits to the initiators that are expended in the
separation sequence, zones 20 through 23-C and -D. This relay logic
is an arc suppression system since electrical energy is removed from
initiator firing relay contacts at the time they return to their normal
state. When the CM/8M 8EP switch is released it will return to its
normally open state and all relays in this logic, including the PYRO
CUTOUT relays, will be de-energized.

2.9.4.13.6 CM ReS Interface.

Any time a CM-8M separation signal is initiated in the ME8C, a
signal is automated for the initiation of two CM RCS functions. These are:

a. Fluid systems pressurization, zones 21 through 23-A and -B.
The system 1 CM-RCS PRESS relay logic provides firing circuits to
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Figure 2.9-28. SM Circuit Interrupter

Figure 2.9-29. CM-SM Umbilical Assembly
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Figure Z.9-30. eM-SM Separation System
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one of the HELIUM SQUIB ISOLATION valves in each of the redundant
fluid systems of the CM RCS (Section 2.5, ReS).

b. Transfer electrical control from the SM RCS to the eM RCS,
zones 18 through 20-A and -B. RCS CM-SM TRANSFER relay logic in
the RCSC will drive the transfer motor switch to the SM position.
Moreover, contacts of the motor switch are utilized to deadface the
SMJC start signal, zone 23-E. There is a time delay of approximately
50 milliseconds in this deadfacing function which is explained as the time
it takes the m.otor switch contacts to change state.

2.9.4.13.7 Main Bus Tie.

Relay logic of the RCSC, zones 11 through 13-C and -D, will couple
ENTR Y AND POSTLANDING batteries A, Band C to the main buses pro·
viding certain circuit breakers and switches of the electrical power
system. (Section 2. 6) are in the correct position for this autom.ation.

2.9.4.13.8 Arm. ELSC.

Closure of the ELS LOGIC switch (S44), zone 10-0, will com.plete
logic power circuits to redundant transistorized switches in the MESC.
These solid state switches function as a pair of AND gates, each of
which requires two inputs to em.it. One of the inputs is satisfied when
the logic power circuits are completed.

2.9.4.13.9 Activate ELSC.

Logic power circuits to the ELSC, including ground returns for the
com.ponents in this controller, are not com.pleted until the ELSC
ACTIVATE relays in the MESC are energized, zone 8-C. The solid
state switches (paragraph 2.9.4.13.8) control the logic power required
to energize these relays. Assmning that the ELS switch (S63), zone 8-E,
is in the AUTO position, closure of the 24,000 FT BARO SWITCHES will
satisfy the second input to the solid state switches. Logic power in this
instance is derived frozn a point between the ELS LO,JIC switch and the
solid state switches. It is wired, through a resistor, to a point between
the redundant baro switches. Both baro switches will be closed at the
same tizne, and the reduced logic power, because of the resistor, will
be sufficient to trigger the solid state switches; however, the reduced
logic power is not sufficient to energize relay coils of the ELSC. When
the ELSC ACTIVATE relays are energized, another crossover network
is established; system. B relay logic will establish holding circuits to the
systern A relays; moreover, system B relay logic can energize systern A
relays.

2.9.4.13.1024,000 it Baro Switch Lock Up.

In addition to activating the ELSC (paragraph 2.9.4.13.9), closure
of the 24,000 FT BARO SWITCHES will energize the 24,000 FT LOCK

SEQUENTIAL SYSTEMS

Mission Basic Date 15 April 1969 Change Date Page o'"o"9C-_4C3;;.

II



SM2A·03-BLOCK 1I-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

UP relay in the ELSC, zone 7-D. This relay logic, together with the
system B counterpart, will establish logic power holding circuits which
bypass the 24,000 FT BARD SWITCHES.

2.9.4.13.11 Disable CM RCS/SCS.

A signal is relayed to the unlatching (disable) coils of the RCS/
5CS ENABLE relay, zone 7-A, when the ELSC is activated (para­
graph 2.9.4.13.9). This relay logic disables the controller reaction jet
on/of! assembly (Section 2.5, RCS).

2.9.4.13.12 Apex Cover Jettison.

When the ELSC has been activated (paragraph 2.9.4.13.9), the
first function that will be automated is apex cover jettison (figure 2.9-31).

L APEX COVER Jffil SOOED AT 24, IlXI FT
+.4 SEC mMl, DROGUE CHllT!S DEPLOYED REEFED
AT 24. (OJ FT +2 S£t:; mMl,. DROGUE CHUTE SINGLE STAGE OISREEF
10 SEC

< MAIN CHUTE DEPLOYED REEFED VIA
PILOT CHUT£S AND DROGUE CHUTES
RElfAS£D AT lD.1lXI FT mMl

>. MAIN CHUTE INInA/. INflATION
< MAIN CHUTE FIRST STAGE DISREEF

6 SEC
7. VtF RECOYERY ANTENNAS AND FlASHIMG

BEACOO DEPlOYED B SEC

• MAIN CHllT! SECOOD STAGE DISREEF
10 SEC

•• MAIN CHUTES REIlASEO mMl

MAIN
CHUm
OISREEFEO

SPLASH OaNN VnOCITlEs,
3 CHUTES ~ J2 FT/SEC
2 CHUTES - J6 FTlSEC

DROOUE
CHUTES
01 SREEfED

OROGUE
CHUn:.S
REEfED

S£O-5470

Figure 2.9-31. Earth Landing System. Normal Sequence
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The APEX COVER JETTISON relays in the MESC are energized after a
time delay of 0.4 second, zones 5 and 6-E. The holding circuits of these
firing relays are one of the numerous crossover networks described in
paragraph 2.9.4. The ordnance devices which are initiated in this
function are described in paragraph 2.9.2.7. In addition to initiating the
ordnance devices, this relay logic will also arm lanyard-actuated
switches, zone 5-F, which are used to deploy the apex cover drag para­
chute. The lanyard pulls holding pins from the switches which, because
of spring loading, will close circuits. Closure of these switches will
energize the DRAG PARACHUTE DEPLOY relays in the MESC which
initiate the drag parachute mortar.

2.9.4.13.13 Deployment of Drogue Parachutes.

The DROGUE IGNITER relays in the ELSC and PCVB, zones 4 and
5-0, are energized by ELSC ACTIVATE relay logic (paragraph 2.9.4.13.9)
after a time delay of Z seconds. Another crossover is established in
this relay logic wherein the systems A and B PCVB relays cross-couple
each other with holding circuits. Moreover, each system initiates
ordnance devices of both systems.

2.9.4.13.14 Deploytnent of Main Parachutes and Release of Drogues.

Closure of the 10,000 FT BARO SWITCHES, zone 6-C, will energize
the PILOT CHUTES AND DROGUE RELEASE relays in the ELSC and
the PCVB. The PCVB relays in this logic are again cross-coupled,
systems A and B, into crossover holding circuits. The ordnance initiator
circuits are aleo arranged into a crossover network.

2.9.4. 13. 15 Burning of the CM RCS Propellants.

Switches in the CM RCS, zones 40-C and -D, are used to energize
the direct coils of ten CM RCS jets, zones 15 and 16-A. The correct
utilization of these switches is described in Section Z. 5, RCS.

Z. 9. 4.13.16 Release of Main Parachutes.

Closure of the MAIN RELEASE switch (571), zones 4 and 5-C, will
energize the MAIN' CHUTE RELEASE relays in the PCVB. These relays
are used to initiate ordnance which will drive cutter chisels through the
main parachute risers (figure 2.9-32).

II

2.9.4.14 Aborts.

Abort signals may be initiated manually by rotating the com­
mander's translation hand control counterclockwise into a detent. Two
cam-operated micro switches, zone 3l-B, are included in the control.
Batt. power through these switches will energize the BOOSTER CUTOFF
AND LES OR SPS ABORT START RELAYS in the MESC, zone 29-A.
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Figure 2.9-32. Parachute Disconnect (Flower Pot)

These relays may also be energized by an EDS automatic abort signal
(paragraph 2.9.4.7) through 30-millisecond time delays. The reason for
the time delays is to insure against spurious signals initiating an abort.
EDS bus changeover power (paragraph 2.9.4.3) is utilized to energize the
BOOSTER CUTOFF AND LES OR SPS ABORT START relays in the
event of an EDS automatic abort. Any abort signal will automate two
functions which are common to all abort sequences. These are:

a. BEGO, zones 27 and 28-A and -B, is inhibited by IU relay logic
until T + 30 seconds in the S-V LV configuration because of range safety
requirements.

b. Reset and start the commander's event timer, zone 27-0. It is
necessary for the EVENT TIMER START switch (556), zone 32-C. to be
in the CENTER ON position for this function to b~ automated.
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Abort Start. (Zones 27 and 28-C and -D)

Two pairs of LET PHYSICAL SEPARATION MONITOR relay
contacts (paragraph 2.9.4.7.1) are in the abort start relay logic. One
pair is normally closed and the other is normally open. The state of
these contacts at the time an abort is initiated will determine whether
an LES or SPS abort is automated in the sequential systems. When the
BOOSTER CUTOFF AND LES OR SPS ABORT START relays are
energized (paragraph 2.9.4.14), the LES ABORT relays mayor may
not be energized; if they are energized, an LES abort will be started
if not, an SPS abort will be started.

LES Abort Start.

Initially the sequential events of all LES aborts are identical. In
addition to the functions that are common to all aborts (para-
graph 2.9.4.14), separation of the CM from the 8M is automated. The
automated CM/SM separation sequence is the same as the manually
initiated separation sequence described under nominal pre-entry, entry.
and descent (paragraphs 2.9.4.13 through 2. 9. 4.13.7) with two excep­
tions which are;

a. The SMJC is not started when the separation sequence is started
by a LES abort signal, zone 24-0.

b. In an LES ABORT the CM/SM separation sequence includes the
firing of the LEM, zones 14 through 21-C.

Mode lA Abort.

A mode lA abort (figure 2.9-33) is initiated prior to the expiration
of the PROPELLANT DUMP AND PURGE DISABLE TIMER (TDl) in
the RCSC, zone 18-B. This time-delay relay logic is started at lift-off
(paragraph 2.9.4.4) providing two conditions are satisfied. These are;

a. The RCSC motor switch (Sl), zone 19-A. must be in the SM RCS
control position (as illustrated).

b. The CM RCS LOGIC switch (546), zone 40-0, must be in the
CM RCS LCX:aC position.

A pair of latching contacts. which are closed when the timer is
reset by GSE, are in series with the PRPLNT DUMP AUTO contacts
of the ABORT SYSTEM PRPLNT switch (863), zone 20-B. When this
switch is in the PRPLNT DUMP AUTO position, and before the timer
contacts are opened, the requirements peculiar to a mode lA abort may
be automated. These are;

a. The PCM is fired by the same relay logic that ignites the LEM,
zone 19-0. Logic power for energizing the PCM firing relays is derived
through the closed contacts of the PROPELLANT DUMP AND PURGE
DISABLE timer, zone 19-B.
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Figure Z.9-33. Event Profile, Mode lA Abort

b. The OXIDIZER DUMP RELAYS, zone 17-B, are energized
immediately with an abort initiate signal resulting in four CM RCS func­
tions: (1) closure of the PROPELLANT SHUTOFF valves, zone 14-A;
(Z) energization of the INTERCONNECT AND PROPELLANT BURN
relays, zones 16 and 17-A; (3) initiation of the OXID PUMP squib valves,
zone 13-B; (4) initiation of the HELIUM and OXID INTERCONNECT squib
valves, zones 13 and 14~A. The FUEL INTERCONNECT squib valve is
initiated by the B system relay logic of the SECS.

c. Five seconds after the abort initiate signal, the FUEL DUMP squib
valve, zone l4-B, is initiated by time-delay relay logic in the RCSC,
zone 16-B.

d. Thirteen seconds later, or 18 seconds after the abort initiate
signal, the FUEL AND OXID BYPASS RELAYS are energized, zone IS-B.
This time-delay relay initiates the squib valves which will purge the CM
RCS fluid systems in addition to depleting the pressurant, zone I3-A.

2.9.4.14.4 Canard Deploy and ELSC Arm.

Eleven seconds after the initiation of any LES ABORT, canard
deployment is automated, zones 25 and 26-C and -D. This relay logic
will also arm the ELSC, zone 10-0. Contacts of the CANARD DEPLOY
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relay are incorporated parallel to the ELS LCX:;IC switch (544) which
must be in the OFF position during the launch and ascent phases of a
mission. When arming of the ELSe is automated, through 3.0-second
time delays, the same functions which are described in para­
graph 2.9.4. 13. 8 will result.

2.9.4.14.5 ELSC Operation.

Functions of the ELSC may be initiated by baro switches time­
delay relay logic or direct manual control. Baro switches are opened
and closed by aneroid cells and are calibrated to close at approximately
24,000 and 10,000 feet during a nominal entry. During a nominal launch
and ascent the 10,000-foot baro switches will open at approximately
18,000 feet and the 24,000-foot baro switches will open at approximately
40,000 feet. This is the result of several variables which include space­
craft velocity, attitude, and aenospheric conditions. During a mode lA
abort, for example, closure of CANARD DEPLOY relay contacts,
zone 10-0, will not only arm the ELSC but will also activate it because
the 24,OOO-foot baro switches will be closed in this instance. When the
ELS ACTIVATE relays. zone 8-C, are energized, a signal will be
relayed from a point starting at zone 7-D to the LET JETTISON AND
FRANGIBLE NUTS relays, zone 26-F. This results in automatic LET
jettison and, if the spacecraft is equipped with a docking probe, LM
docking ring separation. zones 24 through 26-D and - E. Also, when
the ELS ACTIVATE relays are energized. a signal will be relayed
from a point starting at zone 7-E to the unlatching coils of the RCS
ENABLE-DISABLE RELAYS, zone 7-A. This disables automatic con­
trol of the CM RCS. Time-delay relay logic is incorporated in the
integrated MESC and ELSC, zones 6-C through -E, to automate the
required functions at the lower altitudes before the baro switches are
opened. The APEX COVER JETTISON relays, zone 5-E, will be
energized 0.4 second after the ELSC is activated. DRCX:;UE IGNITER
relays, zones 4 and 5-0, will be energized 2.0 seconds after the ELSC
is activated, or 1.6 seconds after the apex cover is jettisoned. PILOT
CHUTES & DRCX:;UE RELEASE relays, zone 5-B, will be energized
14.0 seconds after the ELSC is activated. or 12.0 seconds after the
drogue parachutes are deployed. If the ELS switch (S63), zone 8-E.
is placed in the MAN position. the automated functions of the integrated
MESC and ELSC will be disabled. This switching inhibits the solid
state switches (paragraph 2.9.4.13.8) which prevents activation of the
ELSC. In the event of a worse case abort, automatic deployment of
parachutes could result in landing in an unsafe area and direct manual
control of ELS functions would be required. The direct manual
switches, liones 6-B through" -E, may be used to jettison the apex cover,
deploy drogue parachutes, release drogue parachutes. and deploy the
pilot parachutes of the main parachutes.
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2.9.4.14.6 LES Abort Mode Switchover.

A configuration change is made in a portion of the SEeS when the
ABORT SYSTEM PRPLNT switch (S63), zone lO-B, is placed in the
RCS CMD position. Normally this switching is concurrent with the
expiration of the PROPELLANT DUMP AND PURGE DISABLE timer
(paragraph l. 9. 4.8). Requirements peculiar to a mode lA abort (para­
graph 2.9.4.14.3) are inhibited at this time and the requirements of any
other mode abort, or a nominal mission, will be automated as a part of
the CM/SM separation sequence. When the latching coils of the ReS
ENABLE-DISABLE relays are energized, zone 7-A, the controller jet
on/off assembly is enabled. This makes automatic control of the CM RCS
possible (section 2.5, RCS).

2.9.4.14.7 Mode IB Aborts.

Mode IB aborts may be categorized according to the altitude at
which the abort is initiated. Figure 2.9-34 illustrates the profile of an
abort initiated after abort mode switchover (paragraph 2.9.4.14.5) and
before reaching an altitude of approximately 30,000 feet. Figure 2.9-35
illustrates the profile of an abort initiated between the approximate alti­
tudes of 3D, 000 and 1 00,000 feet. Part of the ELSC functions (items 12
through 17, figure 2.9-34) are automated by time-delay relay logic (para­
graph 2.9.4.14.5) during mode IB aborts initiated at the lower altitudes.
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Figure 2.9-34. Event Profile, Mode IB Abort
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Figure 2.9-35. Event Profile, Mode IB Abort
'" 30,000 Feet to 100,000 Feet

All of the ELSe functions are automated by normal baro switch operation
(items 13 through 18, figure 2.9-35) during mode IB aborts initiated at
the higher altitudes. Manually initiated requirements during descent and
postlanding functions of mode IB aborts are the same as during a nominal
descent (paragraphs 2.9.4.13.15 and 2.9.4.13.16).

2.9.4.14.8 Mode lC Abort.

Mode IC aborts (figure 2.9-36) are initiated at a time when the
velocity of the LV is higher than the trim point of the canards. This is
between an approximate altitude of 100,000 feet and normal LET jettison.
The crew has the prerogative of jettisoning the LET shortly after the
abort is initiated and utilizing the CM RCS for orientation similar to
nominal entry maneuvers; or allowing the canards to orient the LEV
when the free fall velocity is reduced to the trim point. If the latter
option is elected there is a slight probability of an apex forward capture
and violent rotational rates when the canards become effective aerody­
namically. This slight probability can be avoided by imparting energy
to the falling LEV. The CM RCS may be utilized to maintain a +pitch
rate and this should be in excess of SO/sec. There is no upper limit
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Figure Z.9-36. Event Profile, Mode Ie Abort

of rates since the CM RCS is limited under these flight conditions.
Automation of ELSC functions during parachute descent and postlanding
functions are the same as a nominal descent.

2.9.4.14.9 SPS Abort.

Sequential systems functions during an SPS abort are designed to
separate the CSM from the LV with automation conducive to utilization
of the SPS as required. Firing the SPS is not a function of the sequential
systems. The way this propulsion system is utilized, or if it is utilized,
is contingent on time into the mission, and maneuvering requirements
for a safe recovery. Sequential systems automation is the same in all
SPS aborts, figure Z. 9 -37. This type abort may be initiated any time
after the LET is jettisoned until the CSM is separated from the LV. All
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Figure 2.9-37. Event Profile, SPS Abort

SPS aborts must be initiated manually because the EDS automatic abort
capability is lost when the LET is jettisoned (paragraph 2.9.4.8.4).
Moreover, jettisoning of the LET results in configuration change in the
abort start circuits (paragraph 2.9.4.14.1). ULLAGE relays in the
MESC, zone ll-B, are energized when the abort is initiated and the +X II
translation engines of the SM RCS are fired. The same signal that fires
the engines also inhibits pitch and yaw rate stabilization in the 5CS.
CSM-LV SEPARATE relays, zone 9-B, are energized after a time delay
of 3.0 seconds and the SC will be separated from the LV (paragraph 2.9.4.9).
RCS ENABLE ARM relays, zone 8-A, are energized after a time delay of
0.8 second and automated control of the SM RCS will be enabled (para­
graph 2.9.4.9. I). If the SC is equipped with a docking probe it will be
necessary to separate the LM docking ring (paragraph 2.9.4.12) at some
time conducive to the situation. CM/SM separation and descent opera­
tions are the same as during a nominal entry (paragraphs 2.9.4.13. I
through 2.9.4.13.16).
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PERFORMANCE AND DESIGN DATA.

The need is apparent in the sequential systems for one-shot, high­
energy. quick-response systems for rocket motor ignition, physical
separations, and deployment of earth recovery devices. To support these
needs, an electrical hot-wire initiator was selected as the standard
activation medium for the high-order ordnance systems required to satisfy
vehicle requirements. Range safety requirements dictate that electrically
activated ordnance components be capable of withstanding one watt and
one ampere for 5 minutes at the electrical-explosive interface without
firing or without degradation of initiator performance.

Apollo Standard Initiator.

The hot bridge-wire initiator, hereinafter referred to as the
single bridgewire Apollo standard initiator (SBASI), is illustrated in
figure 2.9-38. This device has a primary ignition charge that is ignited
by electrically heating a one-ohm bridgewire. The primary charge
ignites the main charge of the initiator, which, in turn, generates high­
temperature gasses suHicient to initiate the main charge of specialized
explosive device. The SBASI is designed to comply with the range safety
requirements recapitulated in paragraph 2.9.5. A current of 3.5 amperes
on the bridgewire will cause the SBASI to ignite in 10 milliseconds or
less when subjected to a temperature range of -65 to 300°F. A current
of 5.0 amperes on the bridgewire will cause the SBASI to ignite in
15 milliseconds or less from -260 to _65°F.

Compliance With Design Requirements.

The basic electrical design criteria for initiators are rigidly spec­
ified in the Air Force Eastern Test Range Manual, Range Safety Manual,
AFE TRM127-1 (l November 1966). In addition to the design criteria
specified in this manual, the following Apollo requirements have been
satisfied;

a. The electroexplosive devices are electrically shorted until they
are fired to prevent inadvertent ignition (figure 2.9-18, paragraph 2.9.4).

b. At least two individually operated switching circuits are incor­
porated between the initiators and their pyrotechnic battery terminals.
These are "arming" switches and "firing" switches which are illustrated
in figure 2.9-20.

c. Logic control circuits of ordnance firing circuits receive operating
power from a source other than pyrotechnic batteries.

d. All logic and pyrotechnic firing circuits are at least dual redundant.
e. All logic timing circuits will fail in the T :; a> mode.

Component Selection and Installation.

A portion of the high reliability achievement of the sequential sys­
tems is because basic rules in component deslgn, assembly and testing
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are closely followed. Carefully prepared specifications for components
include the expected maxima of shock, vibration, acceleration, tempera­
tures, margins, etc .• not only at the time and interval of use, but
throughout the whole flight. Relay contact environment has been con­
trolled by hermetically sealed cases and potting. Components are
screened 100 percent; that is, each relay is individually tested through
repeated cycling prior to acceptance. In the implementation of the series
contact circuits, the physical relays are mounted orthogonal to each other
to ensure the abnormal vibration or acceleration forces, which may be of
sufficient magnitude to prematurely close a given set of contacts, will not
be reflected into the same actuation plane of the other relay of the same
firing circuit. Verification of circuit integrity is important to ensure
that all circuit elements bave been properly assembled and installed.
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Resistance measurements can validate that circuit continuity is within
acceptable limits in order that the required current values to the SBAS!
can be guaranteed.

Firing Circuit Protection.

Fusistors are located in series with the output contacts of the firing
relays (figure 2.9-18). Thus individual protection of each pyrotechnic
firing circuit will prevent a current leakage path on any given firing line.
A continual discharge of pyrotechnic battery power is impossible in this
circuit design. These fusistors are specially designed to withstand high
acceleration and vibration levels. The resistance value of these devices
is 0.95 to 1.10 ohms at 25°C. The time-current operating characteristics
are reflected in the following tabulation:

2.9.5.5

Amperes

20.0
10.0
8. a
7. a

Induced Current Protection.

Seconds

0.03toO.17
0.20 to L 20
O. 30 to 8.00
0.40 to 20. 00

2.9.5.6

2.9.5.7

Consideration was given to the susceptibility of the firing circuit
wiring to other energy sources. Unprotected, the circuits leading to the
SBASI could act as receiving antennas, thus funneling more energy to
the SBASI than it could pick up by itself. To minimize RF pickup, the
electrical leads from the firing relay contacts are twisted (20 twists per
12 inches) and are shielded with the shield grounded at the firing relay
interface and at the case of the SBASI. Full 360-degree shielding is
provided between the shield and the SBASI case.

Pyro Arm Switch Lock.

The Range Safety Manual requires that a pos itive mechanical lock
be used in the ARM/SAFE actuation device to prevent movement from
the safe to the armed position. A device developed for this purpose is
illustrated in figure 2.9-39. Removal of the lock is accomplished by the
insertion of a key that is provided to the astronaut during the final pre­
launch preparations.

Tower Jettison Motor.

The TJM (figure 2.9-40) is intended to provide thrust capability,
under normal mission operation, to effect adequate separation of the
LES from the CM, while the latter is undergoing acceleration by the
second stage booster; and, under abort conditions, to achieve adequate
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2.9.5.7.1

separation of the LES from the eM after LEM burn out.
charge of the TJM consists of a case-bonded, star grain
polysulfide ammonium pe rchlorate formulation.

Thrust of TJM.

The propellant
employing a

The average resultant thrust over the burning time when measured
at sea level is reflected in the following tabulation:

2.9.5.7.2

Motor Temperature
(Degrees Fahrenheit)

140
70
20

Total Impulse of TJM.

Thrust Range
(Pounds Force)

31,200 to 36,000
29,400 to 33,900
28, 000 to 32, 400

The resultant impulse at sea level (calculated) over the action time
is reflected in the following tabulation:

2.9.5.7.3

Motor Temperature
(Degrees Fahrenheit)

140
70
20

Thrust Rise Time of TJM.

Total Impulse Range
(Pounds -Seconds)

35,900 to 37,700
35,800 to 37,600
35,700 to 37,500

2.9.5.7.4

2.9.5.7.5

2.9.5.8

The thrust rise time over a temperature range of 20 minimum to
140 maximum degrees Fahrenheit is between 75 and 150 milliseconds.

Thrust Vector Alignment of TJM.

The resultant thrust vector is in the pitch plane in the +Z direction
within ::l=30 minutes of yaw. It makes an angle of 3 to 4. 5 degrees to the
motor geometrical centerline.

Useful Life of TJM.

The TJM is designed for a storage life of 5 years in a temperature
environment from 25 to 105°F.

Launch Escape Motor.

The LEM (figure 2.9-41) in conjunction with the PCM, is intended
to provide capability for the safe removal of the crew, inside the CM,
from a malfunctioning LV at any time from access arm retraction until
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Figure 2.9-41. Launch Escape Motor

successful completion of second-stage ignition. The propellant of the
LEM consists of a case-bonded, eight-point star grain employing a
polysulfide ammonium perchlorate formulation.

Thrust of LEM.

Resultant thrust of the LEM will fall within the following limits
when corrected to a temperature 01 70"F and sea-level barometric
pressure:

a. Thrust will not be greater than 177. 000 pounds force (lbO. (This
is equal to 200,000 1bf at 120"F in a vacuum.)

b. Thrust between 0.2 and 2.0 seconds after firing, current applica­
tion will not be less than 135, 000 Ihf. (This is equivalent to 121, 000 lbf
at 20"F and sea-level barometric pressure.)

Total Impulse of LEM.

The minimum delivered total impulse of the LEM is 515, 000 pound­
seconds. The minimum delivered total impulse between 0.12 and 2 .. 00
seconds is 233,064 pound-seconds.

SF:QUF:NTIA L SVSTF:MS
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Thrust Rise Time of LEM.

The thrust rise time from the time of firing current application to
the time that the thrust reaches 90 percent of ignition thrust is between
50 and 120 milliseconds. These limits apply regardless whether one or
two igniter cartridges are used.

Thrust Vector Alignment of LEM.

The centerline of each nozzle forms an angle of 35 degrees ±15 min­
utes with the mean geometric motor centerline. The nozzles located in
the pitch plane have oH-sized throats to give a resultant thrust vector
oriented 2 degrees 45 minutes to the mean geometric motor centerline in
the -Z direction. The maximum angular deviation of thrust from the
nominal thrust centerline during the first 0.20 second of burning is
±15 minutes. During this same time period, the average roll moment
induced by nozzle alignment, internal ballistics, or any other cause will
not exceed 200 pound-feet.

Useful Life of LEM.

The LEM is designed for a storage life of 5 years in a temperature
environment from 25 to 105°F.

Pitch Control Motor.

The PCM (figure 2.9-42) in conjunction with the LEM, is employed
to place the LEV in the correct flight attitude for a successful escape
during mode lA aborts. The propellant of the PCM consists of a case­
bonded, 14-point star grain employing a polysulfide ammonium
perchlorate formulation.

Thrust of PCM.

Resultant thrust of the PCM will not exceed 3550 Ibf at 70°F and
sea-level barometric pressure. This is equivalent to 4000 lbf at 140°F
in a vacuum.

Total Impulse of PCM.

The total delivered impulse of the PCM will be 1750 pound-seconds
±3 percent at 70°F and sea-level barometric pressure.

Thrust Rise Time of PCM.

The thrust rise time from time of firing current application to the
time at which the thrust reaches 80 percent of maximum will be between
60 and 120 milliseconds at 70°F.
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Figure 2.9-42. Pitch Control Motor

2.9.5.9.4 Thrust Vector Alignment of PCM.

2.9.5.9.5

The PCM is designed so that the resultant thrust vector coincides
with the centerline of the motor chamber nlounting surfaces within
:1:30 minutes.

Useful Life of PCM. II
The PCM is designed for a storage life of 5 years in a temperature

environment from 25 to 105°F.

2.9.5.10 LES Igniter.

Two initiators are installed in each LES igniter (figure 2.9-43),
Boron pellets are ignited and they in turn ignite the main charge of
Pyrogen which spews name into the grain of the rocket motor.

2.9.5.11 Squib Valves

Hot gas pressure generated by the SBASI actuates the squib valve
(figure 2.9-44). The spool shears the ends of inlet and outlet plumbing
which is sealed initially. Sixteen valves of this configuration are
incorporated in the fluid systems of the CM RCS (section 2.5, RCS).
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2.9.5.12 Detonators.

One of the specialized explosive devices used in some of the Apollo
ordnance systems is the detonator cartridge (figure 2.9-45). The SBASI
is used in this application to ignite additional explosive charges which are
usually composed of lead azide and RDX.

2.9.5.12.1 LET Frangible Nuts.

In one application, the high-energy concussion of detonators is used
to break frangible nuts (figure 2.9-24). Two detonators are installed in
each nut and connected to firing circuits A and B. Normally both detona­
tors of each nut will fire and the nut will be broken into two parts: however,
if one detonator should fail, the nut will be spread enough for thread
clearance.

2.9.5.12.2 SLA Separation Ordnance System.

Confined detonating fuse is used to transmit detonation from detona­
tors to detonating cord which is installed along cutting planes of the SLA
(figure 2.9-25). Two detonators are utilized in this explosive train for
redundancy. One detonator is initiated by system A firing circuits and the
other by system B. Either of the detonators will activate the entire ord­
nance system. Umbilical separation disconnect plug assemblies are blown
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Figure 2.9-45. Detonator Cartridge Assembly
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apart disconnecting the electrical wiring between the LV and CSM. An
umbilical disconnect swing arm is activated, which is the interface
between the LM and the GSE flyaway umbilical on one of the SLA panels.
Eight panel thrusters are also activated to start deployment of the SLA
panels.

2.9.5.12.3 LM Separation System.

Frangible links retain the clamps which are used to secure the LM
legs to the SLA. Detonators are used to break the links and spring-loading
opens the clamps (figure 2.9-46). Either of the detonators will break the
frangible link. A pair of detonators is also utilized to activate guillotine
blades of the lower umbilical; these detonators are not sympathetic and
either guillotine blade will cut the wire bundle. Deadfacing in this instance
is accomplished by relay logic (paragraph 2.9.4.11).

SLA SEPARATION
SYSTEM

•• e·

TIE DWN
STRAP

'FLEXIBLE
PIX.¥URETHANE

CONNECTOR
.. , .

.. -..
FUNGI Bli LINK

lM

~mNG
j ..
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Figure 2.9-46. LM Separation System
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z. 9. 5. lZ. 4 CM-SM Separation System.

Redundant linear-shaped charges are used to cut three tension tie
straps which constitute the physical bond of the CM and SM(figure Z.9-30).
A detonator is used to explode each linear-shaped charge which is sym­
pathetic to the other. Either of the linear-shaped charges will cut the
tension tie strap it is mounted on; therefore, the sympathetic nature is not
required to meet minimum reliability requirements. The electrical­
explosive interface wiring to each detonator is also cut by the linear­
shaped charges.

Z.9.5.13 Pressure Cartridge Assemblies.

Solid propellant pressure cartridges (figure Z. 9-47) have several
applications in Apollo ordnance systems. The SBASI is used to initiate a
propellant charge. The size of the main charge required is contingent on
pressure requirements.

z. 9. 5.13.1 Electrical Circuit Interrupters.

Two types of circuit interrupters are actuated when the CM and SM
are deadfaced during the separation sequence. Two CM-SM circuit inter­
rupters (figure Z. 9-Z7) are mechanized by cams. Gas pressure forces a
piston to move into a locked position and the piston is connected to cam
forks. Inclined planes on the cam forks forces lift plates up which sepa­
rate the mating parts of electrical receptacles. Two SM circuit inter­
rupters will deadface battery power, together with ground returns, to the
SM main buses (figure Z.9-28). Gas pressure forces pistons against stops
and the pins of the electrical receptacles are pulled from the mating part.
The piston assemblies include the contact pins.

2.9.5.13.2 Canard Actuators.

Two gas pressure cartridges are used to actuate canard deployment
(figure Z.9-48). Hot gas on one side of a piston will cause the actuator
shaft to retract. A closed hydraulic system on the opposite side of the
piston dampens transient loads, and check valves in the fluid systems will
maintain the piston in its actuated position. The actuator shaft also
incorporates a mechanical lock in the actuated position.

2.9.5.13.3 Parachute Mortars.

Two drogue parachutes. three pilot parachutes of the main para­
chutes, and one drag parachute oC the apex cover augmentation system are
deployed by mortar assemblies (figure Z.9-49). Two sympathetically
initiated pressure cartridges are mounted on the breech assembly of each
mortar. A sabot, which is effectively a fiberglass piston. is incorporated
to protect the parachute fabric from hot gas. The covers of the mortars
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Figure 2.9-47. Pressure Cartridge Assembly
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Figure 2. 9~49. Parachute Mortar Assemblies

are riveted and, when the gas pressure causes the rivets to shear, the
parachutes are ejected with considerable force.

2.9.5.13.4 Parachute Disconnect.

Five chisels are used to cut the risers of the drogue and main para~

chutes (figure 2. 9~32). Gas-pressure cartridges are used to drive the
chisels through the risers immediately above the point where they are
swaged. Two initiators are used on each gas pressure cartridge.

II
2.9.5.14 Reefing Line Cutters.

Reefing line cutters (figure 2.9-17) are designed to sever any core­
less nylon cord with a breaking strength of 2000 pounds or less. The unit
is mechanically initiated and provides a time elapse between initiation and
the severing of the cord. The primer, time~delay train, and output charge
are hermetically sealed. A storage life of 3 years in a temperature
environment from 20 0 to 140°F is designed into the cutter. These cutters
will not ignite or fire when subjected to a temperature of 275°F for one
hour; however, a cutter is not required to perform after having been
exposed to this temperature.
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Parachute Subsystem.

The parachute subsystem will provide the means to decelerate and
safely land the CM, with a 13, ODD-pound recovery weight, following entry
from terrestrial orbit, lunar flight, or mission abort conditions. Deploy­
ment of the drogue parachutes will reduce the CM attitude to an oscilla­
tory, or stable, aft heat shield forward condition and will reduce velocity
to a point that will assure proper deployment and operation of the main
landing parachutes within the operational envelope illustrated in
figure 2.9-50.
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Figure 2. 9~SO. Parachute Design Envelope
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OPERATIONAL LIMITATIONS AND RESTRICTIONS.

Since the sequential systems include numerous controls for inanual
backup and/or intervention of automated functions, and since several of
the functions are time-critical. certain precautions should be observed.
Moreover, considerable versatility has been designed into the systems,
such as alternate electrical power selection. Serious damage could result
if correct procedures are not followed.

Alternate Selection of Logic Power.

It would be possible to couple a defective battery to a good one, and
serious damage to the electrical power supply could result if the circuit
breakers, described in paragraph 2.9.4.1, are not utilized properly. The
BAT C TO BAT BUS A and B circuit breakers (CBI5andCBZ4), zone42-R.
are included in the system to enable the utilization of ENTR Y AND POST
LANDING BATTERY C in the event of a power failure in either of the
ENTRY AND POST LANDING BATTERIES A or B. Ii the contigency
of alternate power utilization should occur, the defective battery should
be isolated before the appropriate BAT C TO BAT BUS A or B circuit
breaker is closed. Additional information on this subject is included in
section 2,6, Electrical Power.

Alternate Selection of Pyro Power.

If the circuit breakers described in paragraph 2.9.4.2 are not uti­
lizedproperly, serious damage to the electrical supply could result. The
potential hazard is the same as described in paragraph 2.9.6.1 except in
this instance the electrical power of the PYRO Systems, zones 41 through
43-D and -E, is concerned. The BAT BUS A and B TO PYRO B US TIE
circuit breakers (CBIS and CBI9) are included in the system to be used in
the event of a failure of PYRO BATTERY A or B. If such a power failure
should occur, the appropriate SEQ A or B circuit breaker (CB16 or CB 17)
should be opened before coupling the appropriate ENTR Y AND POST
LANDING battery to the PYRO power system.

Control for Arming Pyro Systems.

Battery power is required to arm or safe PYRO buses (para-
graph 2.9.4.3). It is therefore necessary to close the SECS ARM BAT A
circuit breakers (CBl), and/or its counterpart in system B, zone 39-C.
before the motor switch (KI) in the LDEC, zones 39 and 40-E and -F, can
be operated to energize or de-energize the PYRO buses. This feature is
designed into the system for power conservation during a mission when
the docking probe is being used. The procedures for the utilization of
battery power for control of PYRO power will consequently differ some­
what during the various phases of a mission.
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Status of Logic and Pyro Buses.

It will be necessary for the flight crew to verify the status of LOGIC
and PYRO buses, i. e., armed or safe, through the MSFN. Displays for
this status are not included in the CM.

Utilization of Controls for CSM/LV Separation.

When the CSM/LV SEP switch is used (paragraph 2.9.4.9), it should
be held closed for approximately one second (0.8 second minimum) for the
time-delay-relay logic to perform as it was designed.

Utilization of Controls for CM/SM Separation.

When the CM/SM SEP switches are used, they must be held closed
for O. I of a second for the time-delay-relay logic to perform as it was
designed (paragraph 2.9.4.13.1 I.

Manual Control of ELSC Functions.

Under certain entry conditions, erratic aerodynamic damping
coefficients, wind gusts, and shears, the CM may become unstable. U
this should occur, the apex cover and drogue parachutes may be manually
deployed early. This will stabilize and keep the CM in the proper descend­
ing attitude. See figure 2.9-50 for the drogue deployment design envelope.
The following precautions should be observed:

a. Manual initiation of drogue parachute deployment should never be
accomplished above 40, 000 feet during entry.

b. The CM RCS must be turned off prior to apex cover jettison.
c. Manual initiation of apex cover jettison must not be executed with

the LET attached.
d. Manual initiation of drogue parachute deployment must not be

executed with the apex cover on the vehicle.
e. Manual initiation of main parachute deployment must not be

executed prior to drogue deployment.
f. Manual initiation of main parachute deployment must be accom­

plished above 2500 feet.
g. Two circuit breakers are incorporated in MESC PR YO circuits to

the main parachute release ordnance devices. These circuit breakers
should not be closed until after the CM has landed (paragraph 2.9.3.4.2.3).

h. It is impossible to release the main parachutes with the ELS switch
in the MAN position. This switch must be in the AUTO position and the
l4-second time delays in the ELSC (TD 3 and TD 4), zone 6-C, expired
before the MAIN RELEASE switch is armed.
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SECTION 2

SUBSECTION 2.10

CA UTION AND WARNING SYSTEM

INTRODUCTION.

The caution and warning system (C&WS) monitors critical parameters
of most of the systems in the CM and SM. When a malfunction or out-of­
tolerance condition occurs in any of these systems, the crew is immediately
alerted in order that corrective action may be taken.

FUNCTIONAL DESCRIPTION.

Upon receipt of malfunction or out-of-tolerance signals, the C& WS
simultaneously identifies the abnormal condition and alerts the crew to its
existence. Each signal will activate the appropriate systems status indi­
cator and a master alarm circuit. The master alarm circuit visually and
aurally attracts the crew's attention by alarm indicators on the MDC and
by an audio tone in the headsets. Crew acknowledgment of an abnormal
condition consists of resetting the master alarm circuit, while retaining
the particular systems status malfunction indication. The capability exists
for the crew to select several modes of observing systems status and
master alarm indicators and of monitoring CM or SM systems.

MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

The C& WS consists of one major component, the detection unit. It is
located behind MDC-3, and therefore is neither visible nor accessible to
the crew during the mission. The balance of the system is made up of
visual indicators, aural alerting and associated circuits, and those
switches required to control the various system functions. Visual indica­
tors include the two uppermost fuel cell electromechanical event devices on
MDC-3, as well as all systems status and master alarm lights.

The detection unit circuits consist of comparators, logic, level
detectors, lamp drivers, and a master alarm and tone generator. Also
incorporated are two redundant power supplies that furnish regulated +12
and -12 dc voltages for the electronics.

Inputs to the detection unit consist of both analog and event-type
signals. The analog signals are in the 0- to 5-volt d-c range. Alarm
limits for these signals trigger voltage comparators. which, in turn,
activate logic and lamp-driver circuits. This causes activation of
the master alarm circuit and tone generator, illumination of applicable
systems status lights on MDC-2, and for certain measurements, activation

I
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of applicable electromechanical event indicators on MDC- 3: Several
event inputs are monitored by the C&WS detection unit. These signals
originate from solid state and mechanical switch closures in malfunction
sensing devices. Certain signals will directly illuminate applicable
syste01 status lights and, through logic circuitry, activate the master
alar01 circuit and tone generator. Other event signals directly i11u01i­
nate the system status lights, but require level detectors to activate
the master alarm circuit. One event signal, originating within the
detection unit, directly illu01inates the C!W light, but activates only the
MASTER ALARM switch lights of the master alarITl circuit. One event
signal, referred to as "CREW ALERT, " originates from ground stations
and enters through the UDL portion of the communications system. This
system status light can only be extinguished by a second signal originating
from the ground.

The master alarm circuit alerts crewmembers whenever abnormal
conditions are detected. This is accomplished visually by the illumination
of remote MASTER ALARM switch-lights on MDC-l and -3, and the
MASTER ALARM switch-light on LEB-122. An audio alarm tone, sent to
the three headsets, aurally alerts the crew. The output signal of the tone
generator is a square wave that is alternately 750 and 2000 cps, changing
at a rate of 2.5 times per second. Although the tone is audible above the
conversation level, it does not render normal conversation indistinct or
garbled. When the crew has noted the abnormal condition, the alarm lights
and the tone generator are deactivated and reset by pressing anyone of the
three MASTER ALARM switch-lights. This action leaves the systems
status lights illuminated and resets the master alarm circuit for alerting
the crew if another abnormal condition should occur. The individual
systems status lights will remain illuminated until the malfunction or
out-of-tolerance condition is corrected.

The C&WS power supplies include sensing and switching circuitry
that ensure unit self-protection should high-input current, or high- or
low-output voltage occur. Any of these conditions will cause the illumina­
tion of the master alarm lights and the C!W system status light. The tone
generator, however, will not be activated because of requiring the I2-volt
output from the malfunctioned power supply for its operation. The crew
must then manually select the redundant power supply to return the C&WS
to operation. This is accomplished by repositioning the CAUTION!
WARNING-POWER switch on MDC-2. In so doing, the C!W status light
is extinguished, but the master alarm circuit remains activated, thus
requiring it to be reset.

Incorporated into the C&WS is the capability to test the lamps of
systems status and master alarm lights. Position I of the CAUTION!
WARNING-LAMP TEST switch tests the illumination of the left-hand
group of status lights on MDC_2 and the MASTER ALARM switch­
light on MOe-I. Position 2 tests the MASTER ALARM switch-light
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on MDC-3 and the right-hand group of status lights on MDG-Z. The
third MASTER ALARM light is on LEB-Ill, and is tested by placing
the CONDITION lAMPS switch on LEB-Il2 to TEST.

The position of the CAUTION/WARNING - CSM-CM switch (MDC-Z)
establishes the systems to be monitored. Before separation and entry,
systems in both the eM and 8M are monitored for malfunction or out-of­
tolerance conditions with this switch in the CSM position. Positioning I
the switch to eM deactivates systems status lights and event indicators
associated with 8M systems.

The CAUTION/WARNING - NORMAL-BOOST-ACK switch (MDC-2)
permits three modes of status and alarm light illumination. For most of
the mission, the switch is set to the NORMAL position to give normal
C&WS operation; that is, upon receipt of abnormal condition signals, all I
systems status lights and Jnaster alarlTI lights are capable of illulTIina-
tion. During the ascent phase, the switch is set to the BOOST position,
so that although all other C&WS lights operate normally, the MASTER
ALARM switch-light on MDC-l will not illuminate. This prevents possi-
ble confusion on MDC-I between the red MASTER ALARM light and the
adjacent red ABORT light. The ACK switch position is selected when
the crew desires to adapt their eyes to darkness, or if a continuously I
illuminated systems status light is undesirable. While in this mode,
incoming signals will activate only the master alarm lights and the tone
generator. To determine the abnormal condition, the crew must press
either MASTER ALARM switch-light on the MDC. This illuminates the

II
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applicable systems status light, and deactivates and resets the master
alarm circuit. The systems status light will remain illuminated only as
long as the switch ~light is depressed. However, it may be re-called as I
long as the abnormal condition exists by again pressing either switch-light.

A stowable tone booster is added to the caution and warning
system to allow all three astronauts to sleep simultaneously with
the headsets removed. Stowage of this unit during non~use periods
will be under locker A3.

The unit consists of a power plug, tone booster, and a photo­
sensitive device which can be used on the left or right side of the command
module. The power connection is made to the UTILITY receptacle nn

MDC-IS or 16. The tone booster, which provides an audible signal, is
mounted by velcro pad to the left-hand or right-hand girth shelf. The
photo-sensitive device, which is sensitive only to the NlASTER ALARM
lamp, is mounted on the left- or right-hand crew couch so it monitors
the NlASTER ALARM on MDC-I or 3.

Since the MASTER ALARM is triggered by any caution/warning
monitored symptom, it will activate the tone booster until the MASTER
ALARM is extinguished by a manual reset. In the event of a caution/
warning system power supply failure, this unit will provide the audio
alarm.

Electrical Power Distribution.

The C&WS receives power from MNA & MNB buses. (See
figure 2.10-1.) Two circuit breakers are located on MDC-5. Closure
of either circuit breaker will allow normal system operation.

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

C&WS General Data.

With the CAUTION/WARNING - NORMAL-BOOST-ACK switch in
the BOOST position during ascent, the MASTER ALARM switch-light on
MDC-I will not illuminate should a malfunction occur. The master alarm
circuit reset capability of the light is also disabled during this time.
This requires the MASTER ALARM switch-light on MDC-3 to be used
exclusively for monitoring and resetting functions during boost. Several
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Figure 2.10-1. C&WS Power Distribution Diagram
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peculiarities should be Doted in regard to the CAUTION/WARNING ­
POWER switch. Whenever this switch is moved from or through the OFF
position to either power supply position, the master alarm circuit is
activated, which then requires it be reset. Also, switching from one
power supply to another (when there is no power supply failure) may cause
the C/W system status light to nicker as the switch passes through the
OFF position.

Should the redundant power supply also fail, the C&WS is degraded
to the extent that the complete master alarm circuit, as well as those
system status lights that illuminate as the result of analog-type input
signals. are rendered inoperative. This leaves only those status lights
operative that require event-type input signals. They inlcude the following
SM and CM lights: CMC, ISS, BMAG 1 TEMP, BMAG 2 TEMP, SPS
ROUGH ECO, PITCH GMBL I, PITCH GMBL 2, YAW GMBL I, YAW
GMBL 2, 02 FLOW HI, FC BUS DISCONNECT, AC BUS I, AC
BUS 1 OVERLOAD, AC BUS 2, AC BUS 2 OVERLOAD, MN
BUS A UNDERVOLT, MN BUS B UNDERVOLT, and CREW ALERT. I
The C/W light will be operative only while the CAUTION/WARNING -
POWER switch is in position 1 or 2.

The CAUTION/WARNING - CSM-CM switch must be in the CSM
position in order to conduct a lamp test of those system status lights
associated with SM systems. The status lights of CM systems may be
tested with the switch in either position. Circuit design permits a com­
plete lamp test to be conducted with the CAUTION/WARNING switch in the
NORMAL or ACK position only. In the BOOST position, all lamps except
those of the MASTER ALARM light on MDC-l may be tested.

Normally, each abnormal condition signal will activate the C&WS
master alarm circuit and tone generator. and illuminate the applicable
systems status light. One exception to this concept i~ when a system
status light has been activated by one of several signals and the MASTER
ALARM has been reset. Any additional out-of-tolerance condition or
malfunction, associated with the same system status light, will not activate
the MASTER ALARM unless the first condition has been previously
corrected.

Each crewmember has a power switch on his audio control panel
which will enable or prevent the tone signal from entering his headset.
The AUDIO-TONE position allows the signal to pass on to the headset
while the A UDIO position inhibits the signal.

System Status Light Data.

The following list provides the lamp trigger values and associated
information for all system status lights on MDC-2.
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eM

None SM

PAItT PRESS COZ meter (MDC,Zl CM

5yatem
Status Lights

BMAC I

BMAG 2;

C02 PP HI

PiTCH GMBL ,

YAW CMBL I

PITCH GMBL ,

YAW GMBL 2;

CR-YO PRESS

I

I

I

I
CLYCO TEMP LOW

I

leM R.eS l

eM Res 2;

ISM Res A

I

SM Res B

SM Res c

Trigg". Values

l. Any BMAG <168'.

2. Any BMAC :>172'.

Same"'8 BMAG I

At7.6mmHg

Overcurrent conditions
dependent on time and
temperature.

Sam" ... PITCH GMSL J

Overcurr ..nt conditions
dependent on time and
temperature.

Same U PITCH GMBL 2;

L Tank I 02 <800 psia

Z. Tank 1 02 >950 psia

3. Tank 2; 02 - Same ...
tank I 02

4. Tank l HZ <aD psia

5. Tank I HZ >270 psia

6. Tank 2; HZ - S,nne as
tank I HZ

I. He manf press <260 psia

2. He manl pre.. >330 psia

Same "" eM Res I

1. Pkg temp <75'F

2. Pkg temp >20S'F

3. Sec fuel ?~"SB <I-IS psia

4. Sec fuel press >Z15 psia

Sa"", as SM neg A

Same as SM HCS A

Olhe. Indi(:ati"n~

(Lights, Cauge•• Mete.s, ele.)

None

None

None

None

CRYOGENIC TANKS·
PRESStlHl:-0Z-1 meIer (MDC-Z)

CR YQGENIC TANKS ­
PRESStlRE-OZ-Z meter (MDC-Z)

CRYOCENIC TANKS ­
PRESSURE-HZ-l met"r (MDC·Z)

cn YQGENIC TANKS ­
plI.E$sunE-HZ-Z mNer IMDC-Z)

ECS HADlATOH TEMP - PlUM­
OUTLET meter (MDC-Z\

CM RCS - PRF-SS-MANF meters
jMOC-Z'

SM RCS - TEMP PKC meter
(MDC-Z)

SM ncs - PRF-SS-SEC-FUEL
meier (MDC-Z)

H"ma.k.

CM H activated. In.e BMAG
POWER switcn. sho<lld be
left it> WARM UP <lnlil
Hlltl is c><ting<liahe<l.

SM

CM Indication is for primary
waler glycol 5yst"m
only.

CM Lighl (<lnctional only
when CAUTIONI
WARNING - CSM-CM
switch is in CM pRsilion

SM

CAUTION AND WARNING SYSTEM
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SM2A-03-BLOCK ll-(l)

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

CM
System

Stat"s Lillhts

8M RCS 0

Tdggee Values

Same as SM RCS A

Othee Indications
(URhts. Ca"ges, Meteu, ete.) "SM Remaeks

I
FC , L HZ flow >0. 16 Ib/he

,. 02. flow:>1. Z7 Ib/he

,. Skin temp <360°.

•• Skin temp :>475'~'

S. Cond exh <IS5"F

6. Cond exh :>175'.

7. At pH (aetoe of 9

FUEL CELL - F'LOW-HZ-OZ
indicator (MDC -3)

FUEL CELL - MO[}UU; T£MP­
SKIN lodieator (MOC-3j

FUEL CELL - MODULE TEMP­
COND EXH indicatoe (MDC-3)

pH HI event ind'catoe (M[X>3)

SM Event indicatoes {elecl
meeh) pH HI, and FC
RAD TEMP LOW ace
activated at lamp trigger
val"e•.

8. Rad o"t temp below -30'F FC RAO TEMP LOW event
indkatoe (MDC-3)

l, Fuel tk He peeso <157 psi" SPS PRPLNT TANKS _ PRESS- SM
FUEL metee (MOC-3)

Same as FC I'-C ,
FC ,
[NV , TEMP HI

,NV , TEMP In

mv , TEMP '"
"''' PRESS

AC BUS I

AC OUS 2

FC BUS DISCONNEC

Same as .C I

At >190°F

Same as INV I TEMP H1

Same as INV 1 TEMP HI

Z. Fuel tk He pee.. >ZOO psia

3. Ox tk He press - Same as
r"el tank He peess

I. At 95,.3 vac <

Same as AC BUS I

l. Foewaed eueecnt :>75
amps

Z, Il.eveue current >4
amps for 1 to 10
second.

None

SPS PRPLNT TANKS - PR,ESS­
OXlD meter (MOC-3)

AC VOl.TS meter (MOe-3)

DC INDICATORS ­
Fe I, Z &. 3 {MDC-3.

CM

CM

Oveevoltage di.conneets
inverter from bu •.

8M DC AMPS metcc
(M!lC-3)

•

CAUTION AND WARNING SYSTEM
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SMlA-03-BLOCK 11-(1)

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

System
Status Light. Trigger Valuu

Other Indi<:Uiona
(Lighu, Gaugel, Meteu, etc.)

CM
0'
SM Remarks

lAC BUS I OVERLOAD I. 30 u 27 amp. for
\5"'5 .econd.

Z. III at 11 amp. for
5:1i:l aeconde

AC aus Z OVERLOAD Same u AC BUS I
OVERLOAD

AC VOLTS meter (MDC-l) CM

CMC 1. Lou of prime power

2. Scaler fail - If leelel'
atage 17 falb to produce
pubes

3. Counter fail - continuous
request. Or f.n. to
happen following incre­
ment request

4. SCADBL - 100 ppe .caler
stage >ZOO ppe

5. Parity faU • acceued
word, whol. address i.
octal 10 or greater, con­
tain. even number of one.

6. Interrupt too long Or
infrequent - 140 to 300 rna

1. TC trap - too many TC or
TCF Inltruct'on., or TCF
in.tructlon. too Infrequent

8. Night watchman _ compute
fal" to acceu "ddreu 67
within 64 to 1.92. second.

9. V r.ll - 4v .uppLy >4.4v
4v supply < 3 .6v

14v supply >16.0v
14v aupply <IZ.5v
Z8v .upply <ll.6v

10. If oscillator stopl

11. Stand by

CMC light illuminated
(LEB-lZll

RESTART It PGNS lighu Illumi­
naled if %'U1&rt and .undhy exist
in CMC

eM Items 5 through J I will
cau.e restart in the
CMC.

CREW ALERT Activated by real-Ume Non..
command from ground alatlona
through the UDL

N/A Sy.tem ItUuS Light muat
be extlnguilhed by
ground command

IMN BUS A
UNDERVOLT

MN BUS B
UNOERVOLT

At l6.l5±0.1 vdc

Same aa MN BUS A
UNDERVOLT

DC VOLTS meter {MDC-3} CM

CAUTION AND WARNING SYSTEM
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SMlA-03-BLOCK II-(ll

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

•

I

CM
System ether Indication. 0<

Status Lights Trigger V&\uu {Light•• Gaul".' Meters, etc. ) 'M Remark.

'" L IMU fdl ISS light ilhlm;nUed CM IMU fall signal inhibited
o. IG servo error >,L9 m1' (LEa-llZ) by CMC when in cOlI.ue

tor Z s"cond, align mode.,. MG serVO errOr
>2..'1 m1' for Z ... conds.. ex:: ,ervo errOT >2..9 m1'
(or Z _..conds

d. }zOO cps <50'".. 800 wheel supply <50~•

,. PIPA raU PIPA fail will aho ilIumimte PIPA fail .ignal inhibited
o. No pilla .. during PGNG light. and PROGRAM light by CMC except durlng

312..5-ml period on DSKY CMC controlled Iran.b._,. Ii both + and - pub... n"., or thruating.
occur during 3IZ.5-m.
period.. If no + and. pul.e•
OCcur between l.l8 to
3.84 uc:ond.

,. COU Can COU faU .ignal by CMC
o. COU fine error >1.Ov during COU urn ,,,od...

<m.,. COU <:o......e el'l'ol' >~.5v
<m... R.....d <:ount..1' limit
>160 <:p.

d. Co. (a - 01» <~.O ..... +14 d<: npply <50"io

C/W ,. At+ll.70r -11.7vd<: Non.. CM Alarm tone inopel'uivc.

,. At +11.9 or -13.9 vd<:

'" FLOW HI 1.0 Ib/hr fol' 16 .e<: 0, FLOW meter (MDC-~l CM

sun COMPRESSOR 6P a<:l'o" inlet and outlet SUIT COMPR 6P meter (MOC·2) CM
<0.22 p.i..

•

CAUTION AND WARNING SYSTEM
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2.1l.1

2.11.2

2.1l.3

2.11.4

SMlA-03-BLOCK ll-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

SECTION 2

SUBSECTION 2,11

MISCELLANEOUS SYSTEMS DATA

INTRODUCTION.

Miscellaneous systems data pertain to items that are not covered in
other systems. These items consist of timers, accelerometers (G-meter),
and up righting system,

TIMERS.

Two mission timers (electrical) and two event timers (electricall
mechanical) are provided for the crew in the comITland ITlodule. One mis­
sion timer is located on panel 2 of the MDC and the other on panel 306 in
the left-hand forward equipment bay. Each mission timer has provisions
for manually setting the readout (hours, minutes, and seconds), and the
capability of starting, stopping, and resetting to zero. The nUITlerical
elements are electroluITlinescent laITlps and the intensity is controlled by
the NUMERICS light control on panels MDC-8 and LEB-IOO. The event
tiITlers are located on MDC-I and -306 in the left-hand forward equipment
bay, and provide the crew with a means of ITlonitoring and timing events.
All timers reset and start automatically when lift-off occurs, and the
timer located on MDC-l will be automatically reset and restarted if an
abort occurs. The event timers are integrally illuminated by an internal
electroluminescent lamp and controlled by the INTEGRAL light controls
located on MDC-8 and LEB-IOO. (For further information, refer to section 3.)

ACCELEROMETER (G-METER).

The accelerometer or G-meter (MDC-I) provides the crew with a
visual indication of spacecraft positive and negative G-Ioads. This meter
is illuminated by an internal electroluminescent lamp and controlled by the
INTEGRAL light control on MDC-B. For additional information, refer to
section 3.

COMMAND MODULE UPRIGHTING SYSTEM.

The eM uprighting system is manually controlled and operated after
the CM has assumed a stable, inverted floating attitude. The system con­
sists of three inflatable air bags, two relays, three solenoid-control
valves, two air compressors, control switches, and air lines. The inflat­
able bags are located in the CM forward compartITlent and the air compres­
sors in the aft compartment. The c'ontrol switches and circuit breakers
are located in the crew compartment. The switches control relays which
are powered by the postlanding bus and the relays control power to the
compressors which are powered by battery buses A and B. (See fig-
ure 2.11-1.)

MISCELLANEOUS SYSTEMS DATA

II
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SMZA-03·BLOCK U-(l}
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA
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2.11.4.1

SMZA-03-BLOCK 11-0)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

Functional Description.

FLOAT BAG IL switch controls inflation of the air bag on -Y axis,
switch 2R controls inflation of the air bag on the +Y axis, and switch
3 CTR controls inflation of the air bag on the +Z axis of the eM. (See
figure 2. 11-1.) Each bag is 43 inches in diaITleter and has a capacity of
approxiITlately 24 cubic feet when inflated. 1£ the CM becoITles inverted
after landing, the crewmember at station 1 initiates filling of the three
bags by setting the FLOAT BAG 1 L, 2R, and 3 CTR switches to FILL
When the CM is uprighted, the three FLOAT BAG switches will be set to
OFF. A 4. 25±O. 25-psi relief valve is located in the inlet of each bag.
Backup relief valves set at 13.5 psi are located in the outlet of each
compressor.

MISCELlANEOUS SYSTEMS DATA

III
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2. 12. 1

SM2A-03-BLOCK ll-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

SECTION 2

SUBSECTION 2.12

CREW PERSONAL EQUIPMENT

INTRODUCTION.

This section contains the description and operation of Contractor-
and NASA-furnished crew personal equipment and miscellaneous stowed
equipment that is not described in other sections of the handbook. All
major items are identified as Contractor-furnished equipment (CFE) or
Government-furnished (NASA) property (GFP - synonymous with GFE). I

The crew equipment will be presented in the general order of opera­
tional usage. A brief outline is as follows;

A. Spacesuits (paragraph 2.12.2)
1. Intravehicular Spacesuit Assembly

(a) Biomedical Harness and Belt
(b) Constant Wear Garment (CWG)
(c) Flight Coveralls
(d) Pressure Garment Assembly (PGA)
(e) Associated Umbilicals, Adapters. and Equipment

2. Extravehicular Spacesuit Assembly
(a) Liquid-Cooled Garment (LCG)
(b) PGA with Integrated Thermal Meteroid Garment (ITMG)
(c) Associated Equipment

B. G-Load Restraints (paragraph 2.12.3)
1. Crewman Restraint Harness
2. Interior Handhold and Straps
3. Hand Bar

C. Zero-g Restraints (paragraph 2.12.3)
1. Rest Stations
2. Velcro and Snap Restraint Areas
3. Straps

D. Internal Sighting and Illumination Aids (paragraph 2.12.4)
1. Window Shades
2. Mirrors
3. Crewman Optical Aligmnent Sight (COAS)
4. LM Active Docking Target
5. Window Markings
6. Miscellaneous Aids

CREW PERSONAL EQUIPMENT

Mission Basic Date 15 April 1969 Change Date 16 July 1969 Page ~Z~.~I~Z~-_'_1
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SMZA-03-BLOCK ll-(I)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

E. External Sighting and Illumination Aids
1. Exterior Spotlight
2. Running Lights
3. EVA Floodlight
4. EVA Handles with RL Disks
5. Rendezvous Beacon

F. Mission Operational Aids (paragraph 2.12.5)
1. Flight Data File
2. lnflight Toolset
3. Cameras
4. Accessories & Miscellaneous

(a) Waste Bags
(b) Pilot's Preference Kits (PPKs)
(c) Fire Extinguishers
(d) Oxygen Masks
(e) Utility Outlets
(f) Scientific Instrumentation Outlets

G. Crew Life Support (paragraph 2.12.6)
1. Water
2. Food
3. The Galley System
4. Waste Management System
5. Personal Hygiene

H. Medical Supplies and Equipment (paragraph 2. 12.7)

1. Radiation Monitoring and Measuring Equipment (paragraph 2.12.8)

J. Post Landing Recovery Aids (paragraph 2.12.9)
1. Postlanding Ventilation Ducts
2. Swimmer Umbilical and Dye Marker
3. Recovery Beacon
4. Snagging Line
5. Seawater Pump
6. Survival Kit

K. Equipment Stowage (paragraph 2.12.101

On the following pages is an alphabetical listing of the stowable
Apollo crew personal and miscellaneous equipment that will be described
in this section. Miscellaneous spacecraft equipment that is mounted on
spacecraft structure internally or externally is described in this section
but is not listed in the following chart.

CREW PERSONAL EQUIPMENT
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SM2A-03-BLOCK 11-0)
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SYSTEMS OATA

Dimensions Total Wt
Wt Each

Item CFE GFP Qty L W H (Lb) (Lb) Paragraph

Adapter. CWG X 4 2.12.2
electrical. w bag

Adapter, contingency X 1 2.12.6
feeding

Adapter. gas sep X 1 1.5 N 2.12.6
drying

Adapter. urine hose X 1 5" 1"0 2.12.6
to UCTA

tJag. accessory X 3 0.60 0.20 2.12.5

Bag. helmet stowage X 3 0.99 0.33 2.12.2

Bag, PGA stowage X 1 32" 18" 2" 4.3 2.12.2

tl.lg. gas separator X 1 7" 4" 1.5" 2.12.6

Bags. temp stowage X 3 36" 13" 1" 5.1 1.7 2.12.5

Bag. tunnel hatch X 1 28"0 2.12.3

aattery. voice X 5 2.0" 1.8" 0.65" 2.12.5
recorder

~racket. 16mm OAe X 1 7" 0.7 0.7 2.12.5

Brush, vac cleaning X 2 1.63" 1.8"0 2.12.5

Cable. aux dump X 1 108" 0.2 2.12.6
nozzle htr

Cable. grounding X 1 2.12.5

Camera. 70 IIIll X 1 5" 4" 5" 4.04 2.12.5
electric Hasselblad

Camera. 16 IlID data X 1 7" 4" 2" 1.93 2.12.5
acquisition with
power cable

Cap. hose screen, X 3 1.00 0.20 2.12.2
w bag

Cap, gas sep nozzle X 1 1" 2.12.6

Cap, aux dump nozzle X 1 0.20 2.12.6
pressure

I
I

I

I

CREW PERSONAL EQUIPMENT
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SMlA-03-BLOCK II-(I)
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SYSTEMS DATA

Oimensions Total Wt
Wt Each

Item CFE GFP Qty L W H (Lb) (Lb) Paragraph

Cassette, 70 l1TIl X •
camera fi 1m

Clamps. UCTA X 3 0.03 0.01 2.12.2

Cloth, dry cleansing X • 2" 2" 2.12.6

Cloth. wet cleansing X 2" 2" 2.12.6

Communication cable X 2 74" 7.8 3.9 2.12.2
"I control head. w bag X 2 121 " 8.4 4.2 2.12.2

Communication carrier X 3 2.12.2
(snoopy he 1met)

Coupling, o~gen hose X 3 1.1 0.2 2.12.2
"I bag

Container, decontalli - X 1 2.12.5
nation. CU c.m
cassette

Container, decontami- X 1 2.12.5
nation. lSR

Container. decontami- X 1 2.12.5
nation. lSR (rock
box). large

Container, decontami- X 1 2.12.5
nation. 70 mm Hblad
mag

Container, Frozen X 1 2.12.6
Food

Cover. meter X 2 3"0 2.12.4

Cover. PGA elec X 3 2.12.3
conn protective

Coveralls. inflight X 3 9.7 3.2 2.12.2

Diaphragm, w cover X 3 3" 3"0 2.12.6

Dishes X 3 6" 5" 2.12.6

I

I

·Refer to spacecr"aft stowage list

CREW PERSONAL EQUIPMENT
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SYSTEMS DATA

Dimensions Total Wt
Wt Each

Item eFE GFP Qty L W H (Lb) (Lb) Paragraph

Uocking target, LM X 1 8" 8" 1.8 2.12.4
active

Uosimeters, passive X 9 0.18 0.02 2.12.8

[)oslmeters, personal X 3 1. 14 0.38 2.12.8

Ducts. postlanding X 3 0.60 0.10 2.12.9
ventilation (PlV)
w bag

Eartube, universal X 3 0.03 0.01 2.12.2

Exerciser. inflight X 1 1.22 2.12.5

Eyepatch X 1 2.12.4

Fecal collection assy X 30 8" 3" 1" 4.20 0.14 2.12.6

Fecal containment X 3 1.50 0.50 2.12.2
system

Fll ter. red (Hblad X 1 0.05 2.12.5
cam)

Filter. high density X 2 2.8 1.4 2.12.4
sun

Filter. Photar X 1 0.05 2.12.5
(HEC cam)

Fllter. QD gas &liq X 2 1.0 0.5 2.12.6

Flre extinguisher X 1 8.5" 5"0 7.5 2.12.5

Flight data file X X • 20.0 2.12.5
wlth locker R12

Food set X 1 40.0 2.12.6

Food set. w hygiene X 1 30.8 2.12.6
items

Food wanner X 1 10 6 7 2.12.6

Garment. constant X 6 Folded 6" 2" 5.6 0.8 2.12.2
wear (CWG) 12"

*Refer to spacecraft stowage list

CREW PERSONAL EQUIPMENT
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SYSTEMS DATA

Dimensions Total Wt
Wt Each

Item CFE GFP Qty L W H (Lb) (Lb) Paragraph

Gannent. 1iquid X 2 8.18 4.13 2.12.2
cooled

Glareshade. HOC X 3 2.12.4

Gl areshi e1d. X 2 2.12.4
floodltght w bag

Glo,es, IV (pr) X 1 2.12.2

Handholds X 2 2.12.3

Handbar X 1 2.12.3

Hand straps X 8 2.12.3

Harness. crewman X 3 2.12.3
restratnt

Harness assy. bio- X 3 3.3 1.1 2.12.7
tnst~ntatton

Headrest. pad X 3 3.0 1.0 2.12.5

Headset, lightweight X 3 0.9 0.3 2.12.2

Heel restratnt. pr X 3 4" 3.5 1" 3.3 1.0 2.12.5

Helmet. shield X 1 0.79 2.12.2

Hook. line snaggtng X 1 1.7 1.5 2.12.9
w bag

Hose. vac cleaning X 1 41.5" 2.12.5

Hose assy. oxygen X 2 72" 10.6 5.3 2.12.2
1 119" 8.2 8.2 2.12.2

Hot pad X 1 9" 4" 2.12.6

Hygtene. oral X 1 1.0 0.3 2.12.6
assell'Oly

IntervalOlaeter X 1 0.25 2.12.5

Ktt. EMU maintenance X 1 0.38 2.12.2

Ktt. medtcal X 1 7" 5" 5" 3.0 2.12.7

CREW PERSONAL EQUIPMENT
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SYSTEMS DATA

Dimensions Total Wt
Wt Each

Item eFE GFP Qty L W H (Lb) (Lb) Paragraph

Kit, pilot's X 3 1.5 0.5 2.12.5
preference

Lens. 5 mm (16 rom X 1 0.68 2.12.5
camera (with cover)

Lens, 18 QI1l (16 nrn X 1 0.56 2.12.5
camera)

Lens. 18 mm Kern X 1 0.44 2.12.5
(16 '" CiAl)

Lens. 75 mm (16 Pm X 1 0.53 2.12.5
camera)

Lens. 75 IlIll Kern X 1 0.50 2.12.5
(16 .., ca.)

Lens, 250 mm (70 mm X 1 6.2" 3.1" 3.1" 2.10 2.12.5
Hasselblad)

Lens. 500 lIIIl (70 ... X 1 12.5" 3.5" 2.12.5
(Hblad)

Life vest X 3 7.5 2.5 2.12.2

Magazines, 70 mm X • 3.82 11 3.6" 1.86" 0.76 2.12.5
camera film

Magazines. lunar X 1 1. 75 2.12.5
surface Hasselblad

Magazines. 16 RII1 X • 0.97 2.12.5
UAe

Masks. oxygen whose X 3 3.60 1.20 2.12.5

Meter, radiation X 1 1.60 2.12.8
survey

Mirror assy. internal X 3 4.25" 3.5" 2.12.4
viewing

Mirror. 16 IlI1l camera X 1 0.16 2.12.5
right angle

Monocular X 1 8" 0.75 2.12.4

*Refer to spacecraft stowage list

CREW PERSONAL EQUIPMENT
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SYSTEMS DATA

Dimensions Total Wt
Wt Each

Item CFE GFP Qty L W H (Lb) (Lb) Paragraph

Mount. 70 llIll Hblad X 1 g" 2.12.5

Penci 1 X 3 0.15 0.05 2.12.2

Penlights X 6 7" 1.5" 2.04 0.34 2.12.2

Pen. mark.er X 3 0.15 0.05 2.12.2

Pens. data recording X 3 0.15 0.05 2.12.2

Pouch. food retainer X 2 2.12.6

Pump, sea water X 1 1.60 2.12.9

QO, aux dump nozzle X 1 4" 1"0 0.20 2.12.6

QO. water (waste) X 1 4.5" 1"0 0.30 2.12.6
panel

Restraint. sleep X 3 10.8 3.6 2.12.3
station

Ring sight X 1 1.26" 1.2" 0.64" 0.08 2.12.5

Rollon cuff assembly X 3 2.12.6

Ropes. sleep X 5 10' 0.3"0 3.5 0.7 2.12.3
restraint tiedown

Scissors (large) X 3 8" 2" 1.62 0.53 2.12.2

Separator. gas X 2 6" 2.12.6

Shades. rendezvous X 2 13" 8" 2.4 1.2 2.12.4
window

Shade. side hatch X 1 10"0 1.4 2.12.4

Shades. side viewing X 2 13" 13" 3.4 1.7 2.12.4
window

Sight. crew optical X 1 8" 2"0 1.5 2.12.4
alignment (COAS)
w filter

Spacesui t. intra- X 1 35.61 2.12.2
vehicular

CREW PERSONAL EQUIPMENT
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Dimensions Total Wt
Wt Each

Item CFE GFP Qty l W H (lb) (lb) Paragraph

Spacesuit. extra- X 2 94.72 47.36 2.12.2
vehicular

Spotmeter. automatic X 1 7" 4" 0.94 2.12.5

Straps, utility X 13 12" 0.39 0.03 2.12.3

Strap. center couch X 1 0.2 2.12.3
DPS burn

Straps. center couch X 2 2.12.3
stow

Straps. control X 4 11 " 2.12.3
cable

Straps. drogue stow X 3 2.12.3

Straps. glaresnade X 4 5.5" 2.12.3

Straps. probe stowage X 2 2.12.3

Straps, cable routing X 3 5.5" 2.12.3

Sunglasses with X 3 0.6 0.2 2.12.2
pouch

Surviva1 rucksack 1 X :I 34.9 2.12.9
18" 6" 6"

Survi va1 rucksack 2 X 18.8 2.12.9

Tape cassette. X 5 3.9" 25" 0.4" 0.5 0.1 2.12.5
voi ce recorder

Tape (roll) X 1 6"1) 0.88 2.12.5

Timer. two speed X 1 0.4 0.4 2.12.5

Tissue dispensers X 7 8" 4" 3" 3.9 1.42 2.12.6

Toolset. inflight X 1 4.6 2.12.5

Towels. utility (pack X 3 2.49 0.83 2.12.6

Urine collection & X 3 1.29 0.43 2.12.2
transfer assembly

Urine hose X 1 120 M 1"0 1.30 1.30 2.12.6

CREW PERSONAL EQUIPMENT
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Dimensions Total Wt
Wt Each

Item CFE GFP Qty L W H (Lb) (Lb) Paragraph

Urine transfer X 3 12" 9" I" 1.3 2.12.6
system (Gemini)

Urine receptacle X 1 2.12.6
assy

Vacuum brush X 2 1.63" 2.12.5

Vacuum hose X 1 39" 2.12.5

Vacuum QU (cabin X 1 5" 1.5"0 2.12.6
vent)

Voice recorder X 1 5.3" 1.2 1.2 2.12.5

Watch with watchband X 3 0.45 0.15 2.12.2

Water metering X 1 9" 1.5 2.12.6
di spenser

I

II
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SPACESUITS (Figure 2.12-1).

A spacesuit is an enclosed unit that provides a creWlTIan with a life
supporting atmosphere and protective apparel in a space environment. It
will be considered in two conditions: intravehicular and extravehicular.

In the intravehicular condition, the apparel is called the intravehic­
ular spacesuit and consists of the bioinstrumentation harness assembly, a
constant wear garment (CWO), a pressure garment assembly (PGA) with
intravehicular cover (IC), and associated equipment (contained on or within
the spacesuit). The adapters and umbilical hoses that connect the space­
suit to the spacecraft systems are also described in this subsection.

In the extravehicular condition, the apparel is called the extravehic­
ular mobility unit (EMU) and consists of a fecal containment system, a
urine collection and transfer assembly (UCTA), the bioinstrwnentation
harness assembly, a liquid-cooled garment (LCG), communications soft
hat, an extravehicular spacesuit, a portable life support system (PLSS),
oxygen purge system (OPS), integrated thermal micrometeoroid garment
(ITMG). an extravehicular visor asselTIbly (EV visor), and as sodated
equipment contained on or within the EMU. The PLSS and OPS will not be
described in this handbook.

Spacesuit Assem.bly (Intravehicularl.

The intravehicular spacesuit is depicted in figure 2.12-1. The intra­
vehicular condition has two subconditions, unsuited and suited. In the
unsuited condition or "shirtsleeve environment," the creWYI1an breathes
the oxygen in the spacecraft cabin and wears a bioinstrumentation harness,
a communication soft hat for communication, a constant wear garment
(CWG) for comfort, flight coveralls for warlTIth, and booties for zero-g
restraint. A CWG adapter is used to connect the COlTImunications soft hat
(CSH) and the bioinstrumentation harness signals to the communications
cable. The comm cable attaches to connectors between panels 300 and
301 to complete the signal flow to the audio center.

In the suited condition, the crewtnan wears his bioinstrumentation
harness. a communication soft hat, a CWG, a pressure garment assembly
(PGA) with IC, and breathes oxygen within the garment. An oxygen hose
assembly delivers the oxygen to the suit and returns it to the ECS. The
corom cable connects directly to the PGA for telecommunications signal
flow. In this condition there are two ECS m.odes of operation, ventilated
and pressurhed.

CREW PERSONAL EQUIPMENT
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2.12.2.1.1 Bioinstrumentation Harness and Biomed Belt (Figure 2.12-2).

The purpose of the bioinstrumentation harness is to furnish the
biomedical signals to monitor the crews physical condition, and consists
of sensors, signa1 conditioners, a biomed belt, and wire signal carriers.
For a complete description, refer to paragraph 2.12.7.

Each creWInan will have sensors attached to his skin for the entire
mission. These sensors have wire leads encased in plastic with a small
connector at the other end. The connectors are inserted through the CWG
and connected to the signal conditioners in the biomed belt. The biomed
belt is cloth, has four pockets. and snaps in the corners to attach to the
CWG.

CREW PERSONAL EQUIPMENT
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There are three signal conditioners: one for ECG, one for the
impedance pneumograph (ZP), and one dc-dc converter which fits into
pockets on the biomed belt, located around the abdomen. The signal con­
ditioners are interconnected by a wire harness which has a 9-socket
connector.

Z.12.2.1.2 Fecal Containment System (Figure 2.12-1).

The fecal containment system (FCS) is a chemically treated under­
pant worn under the LCG during periods of extravehicular activity (EVA).
In the event of an uncontrolled bowel movement, the chemicals in the
underpant will neutralize the feces. At launch and entry, the fecal con­
tainment systems are stowed.

2.12.2.1.3 Urine Collection and Transfer Assembly (Figure 2.12-1) and
UCD Clamps

The urine collection and transfer assembly (UCTA) functions to
transfer the urine from the suited crewman to the suit during emergency
urinations. This condition could occur during a llhold" on the launch pad
or EVA.

The UCTA consists of a belt, shaped bladder, roll-on (external
catheter), and a tube leading to the spacesuit urine collection QD.

The UCTA is donned over the fecal containment system. When
doffing the UCTA, the UCD clamps are used to seal urine in the tube to
prevent leakage into the crew compartment. The urine in the UeTA can be
drained while it is in the spacesuit or after it is reITloved. For the pro­
cedure, refer to section 2.12.6.

2.12.2.1.4 Constant Wear Garment (CWG) (Figure 2.12-2).

The constant wear garment (CWG) is used as an undergarment for
the PGA and provides warmth for the crewman while unsuited in the shirt­
sleeve environment. As an additional purpose, this garment provides an
attach point for the biomed belt.

I

The CWG is a porous cloth, one-piece garITlent siITlilar to long
underwear. It has a zipper from the waist to the neck for donning and
doffing. An opening in front is for urination and one in the rear for
defecation, without CWG reITloval. There are snaps at the mid-section to
attach the biomed belt with signal conditioners, and pockets for film
packet passive dositneters at the ankles, thighs, and chest. It also has
integral socks.

CREW PERSONAL EQUIPMENT
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The CWG can be worn Cor 6 to 7 days before a change is required.
Three CWGs will be worn aboard by the crew with three being stowed in a
locker, allowing one CWO change each.

2.12.2.1.5 Flight Coveralls (Figure 2.12~2).

The flight coveralls help keep the CWG clean, provide additional
crewman warmth, and provide stowage for miscellaneous personal equip­
ment while in a shirtsleeve environment. It is a two-piece garment and is
stowed at launch and entry. Accessories include a pair of booties with
Velcro patches on the soles for restraint.

2.12.2.1.6 Communication Soft Hat, Lightweight Headset, and Eartube
(Figure 2.12-2).

The communication soft hat is worn at all times, in or out of the
PGA, for the purpose of communications. Alternate names for it is
communications carrier (comm carrier) or "Snoopy" helmet.

The comm soft hat has two earphones and two microphones, with
voice tubes on two mounts that fit over the ears. The hat or helmet is
cloth and has lacing to adjust the fit to the individual crewman. A chin
strap secures the hat to the head. A small pocket on the inside near the
right temple will hold a passive dosimeter film packet. An electrical
cable with a 21-socket connector will connect to the CWO adapter or PGA.

The lightweight headset is a single microphone and earpiece held on
the head by a head band. It can be used in place of the corom carrier
while in a shirtsleeve environment.

The universal ear tube attaches to the lightweight headset earphone.
The ear tube is a short length of plastic tube with an ear fitting that con­
ducts sound from the earphone to the ear. It is stowed in a pocket of the
in-flight coverall.

2.12.2.1.7 Constant Wear Garment (CWG) liT" Adapter (Figure 2.12-2).

Communications and bioinstrumentation signals are transmitted to
the communications cable by the CWO T-Adapter; it is used when in the
shirtsleeve environment.

The CWO T-Adapter has a 61-socket connector pull in the middle,
and two pigtails, one with a 9 -pin connector and one with a 21 -pin
connector.

There are three CWO "T" Adapters which are stowed when not in
use plus a spare.

CREW PERSONAL EQUIPMENT
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Z.IZ.Z.l.8 Communications Cable With Control Head.

The communications cable, or comm cable. transmits voice
communications and bioinstrumentation signals from the adapters and
crew to the spacecraft bulkhead connectors. It also carries electrical
power and the caution warning (C/W) system audible alarm signal.

The corom cable consists of a control head and a cable. The control
head has a 61-pin connector, a rocker switch and a 37-pin connector.
The cable has a 37-pin connector at one end and a 37-pin connector with a
lanyard pull at the spacecraft bulkhead end. The cables for the Commander
and CM Pilot are 74 inches long. The LM Pilot's cable is IZI inches in
length, which allows it to be used for crew transfer through the tunnel into
the LM. One spare control head and cable (IZI inches) is carried in the
event of a malfunction.

For further information and use of the comm cable, refer to AOH
section Z.8.

Z.lZ.Z.I.9 Pressure Garment Assembly (PGA) (Figure Z.lZ-3).

The major component of Ute spacesuit is the pressure garment
assembly (PGA). The A7L pressure garment assembly (PGA) provides a
mobile life support chamber that can be pressurized separately from the
cabin inner structure in case of a leak or puncture. The PGA consists of
a helmet. gloves. and torso and limb assembly. It requires an oxygen
hose for oxygen and electrical cable for telecommunications.

The blue torso has a neck ring for securing the helmet and wrist
rings for securing the gloves. It is constructed of Beta cloth (a fiberglass­
type material). A double zipper runs from the crotch area along the back
to the neck ring for donning and doffing. Snaps are located on the upper
chest for securing the life vest. The right wrist area has a pressure gage
with a range of Z to 5 paia. Two cables run laterally from the chest,
around the biceps, to the spine as an anti-ballooning device, and are
attached and detached at the chest. Two adjustment straps restraining
the neck ring are located in the front (sternal area) and rear (spinal area).

On the right chest area is a 61-pin telecorrununications connector.
When not in use and during stowage, the connector is protected by a PGA
electrical connector protective cover. The inside telecormnunications
harness splits to a 9-pin connector (bioinstrumentation) and a Zl-pin
connector (conununications). On the left chest area is a connector for the
PiSS liquid system. Inside, it has a supply hose and a return hose with
connectors that connect to the liquid cooled garment (LCG) when worn in
place of the CWG.

CREW PERSONAL EQUIPMENT
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Figure 2.12-3. Intravehicular Spacesuit

Two sets of oxygen hose connectors are located on the left- and
right-lower rib cage area. A set consists of a blue supply connector and
red return connector. The left connector set is normally for the PLSS
hoses and the right set for the eM ECS hoses. but the oxygen hose con­
nectors will fit either set. To prevent an alien object from entering and
damaging a spacesuit Oz hose connector, a PGA gas connector plug
(figure 2.12-3) is inserted when an 02 connector is not in use. The gas
connector plugs are color coded red and blue to match the 02 connectors.
To insert, fit the plug into the connector and press until it clicks. It
mechanically locks in place. To remove, unlock the plug by pressing the

CREW PERSONAL EOUIPMENT
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gold lockpin, then lift the locking tabs, rotate the locking ring, and pull
the plug. The intravehicular PGA or spacesuit has only one set of I
hose connectors on the right side as there is no extravehicular or PLSS
requirement.

I
Leg pockets are placed in accordance with the defined locations.

These are used to contain the nmnerous personal items. Additional pockets
are strapped on the legs to hold other miscellaneous items. The boots are
integral to the torso and the soles have Velcro patches for restraint. The
boot heels have partial steel plates to wedge in the couch footpan cleats for
restraining the feet. The gloves secure to the wrist ring with a slide lock
and rotate by means of a ball bearing race.

The intravehicular cover (IC) is for added wear protection of the
torso. It is also Beta cloth, with external teflon patches at maximum wear
points. The cover will be laced over the torso and limbs for operational
use and intravehicular (IV) gloves will be worn to protect the PGA gloves
when performing rough handling tasks. The PGA with the intravehicular
cover is comtnonly called an intravehicular spacesuit. The PGA with the
integrated thermal micrometeoroid garment (lTMG) is tertned the extra­
vehicular spacesuit. For tnission or operational purposes, the spacesuit
includes the PGA and the IC or ITMG.

The helmet is a plastic bubble. It secures to the torso neck ring
with a slide lock. A slot channel at the rear of the neck ring receives
oxygen from the torso ventilation duct and directs it to a one-half-inch­
thick foam plastic manifold. The tnanifold lays on the aft quarter of
heltnet, terminating at the top. Numerous slits in the manifold direct the
oxygen across the face, purging the helmet of carbon dioxide. On the left
side, near the mouth, is a feed port and a feed port cover. A contingency
feeding valve adapter is provided with the food set and will attach to the
feed port to provide a method of emergency nourishment. Only drinks will
pass through. The helmet shield (HS) (figure 2.12-3) is a plastic cover to
be used during intravehicular activities (remove/replace probe or tunnel
hatch) to prevent damage to the PGA helmet. Only one shield is provided
per spacecraft.

Additional subassemblies or accessories are donning lanyards for
doffing/donning, aneckdam for restricting water during post recovery
CM egress, and strap-on leg pockets for scissors, checklists, and data
lists.
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After attaining earth orbit, the PGA is stowed in two parts: torso
(with gloves) and the hehnet. The torso (with gloves) fits into an L-shaped,
expandable bag (3 PGA capacity), and is attached to the aft bulkhead and
the center couch by hooks. (See figure 2. 12-4). The helmet shield and
inflight coveralls are also stowed in the PGA stowage bag.

The PGA helmet stowage bag is made of Beta cloth. The "dome" end
is closed, and the open end has a draw string for closure. Four straps with
snaps and Velcro are attached for restraints (figure 2. lZ-5). At launch, the
helmet bags are collapsed and stowed. When the helmet is doffed it is
placed in a heltnet bag, the draw strings are tied and attached to the right­
and left-hand equipment bays by the snaps on the straps. For entry, the
helmet bags are again collapsed and stowed after the helmet is donned or
left on the stowed helmet in the event of an unsuited entry.

PGA Donning and Doffing. In the event the command module inner
structure loses pressure, the ECS can maintain a pressure of 3.5 psia for
15 minutes to allow the crewmen to don their PGAs.

To don the PGA, clear the legs and arms of obstructions, and verify
the zippers are run to the neck ring with lanyards attached and oxygen
hoses are connected. Place the legs in the boots and legs of the torso and
connect the bioinstrumentation and communication harness. Place arms
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Figure 2. 12-4. PGA and Helmet Stowage Bags
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in torso arms and the head through neck ring. Pull the lanyard connected
to the inner zipper and outer zipper to crotch, closing the stress relieving
and pressure seals. Connect and lock shoulder cables.

Don the helmet by connecting it to torso neck ring and rotate the neck
ring lock. Complete ~he donning by putting the gloves on and locking.
Adjust the ECS suit flow regulator.

To doff the PGA, remove the gloves and helmet, unzip from the
crotch to the neck ring, and withdraw neck and arms. Disconnect the
bioinstrUIIlentation and communication harness, and remove legs from the
torso.

Operational Modes. In the suited condition, there are two modes;
the normal or "ventilatedTt and "pressurized." In both cases, the helmet
is on and locked.

In the ventilated mode sometimes referred to as "vented, II the cabin
is pressurized at 5 psi and the suit is 5 .072 psi, or a positive pressure
differential of 2 inches of water in the suit. This state allows comfort and
maximUIIl mobility for the crewman. The flow rate through the suit will
be approximately 7 to 11 cubic feet per minute.

The oxygen is delivered by the oxygen supply hose, routed to the
helmet and midsection to be purged to the extremities, and returned via
ventilation tubes to the midsection return connector and oxygen hose.

In the event the cabin pressure decreases to 3.5 psia or lower, the
ECS will maintain 3.7 psia in the PGA. This mode is "pressurized," and
the flow rate will be more than 12.33 pounds per hour and less than
17 pounds per hour. The crewmen will have to overcome the pressurized
balloon effect and mobility will be more restricted than the vented mode.

Miscellaneous Personal EquLpment. Personal items of equipment
that are used many times and must be immediately accessible are stowed
in spacesuits, pockets or attachable pockets. These items must also be
transferred to the night coveralls after doffing the spacesuit. The
following is the nomenclature and description of these items.

• Penlight - Small, two-cell unit used for portable lighting

• Sunglasses with pouch

• Personal Radiation Dosimeter - A cigarette package shaped unit,
battery powered dosimeter which indicates accumulated dosage
(rads) by its register readout
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• Chronograph With Watchband - 'IAccutron Astronaut" watch featuring
sweep second hand, stopwatch control, and changeable time zone
dial

• Marker Pen - Felt-tip pen used for marking sanitation bag assem­
blies, refuse bags, and Log Book

• Pencil

• Data Recording Pens - Pressurized ball point pens for writing

• Scissors - Surgical scissors, used for cutting food bags, pouches,
etc.

• Life Vest - Attached to PGA during boost and entry; stows on the
PGA stowage bag during the remainder of the mission

• Slide Rule - Standard slide rule. 6 inches long, aluminum.

• Motion Sickness Bag - A plastic emesis bag in a sITlall wrapper.

PENLIGHT
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Figure 2.12-5. Personal Equipment
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2.12.2.2 Spacesuit Related Equipznent.

2.12.2.2.1 Oxygen Hose Assembly (Figure 2.12-6).

The oxygen hose assembly conducts oxygen to the PGA under pres­
sure {rom the EGS, and returns contaminated oxygen {rom the suit to the
EGS. A secondary use is to deliver oxygen from the EGS to the cabin
atmosphere.

The oxygen hoses are flexible silicon rubber hoses with a con­
voluted wire rein{orcement and 1. 25 -inch inside diameter. Each
assembly has two hoses, a double "D" section and connector at the EGS
end, and two separate connectors at the suit end (supply and/or return).
The assembly is covered with beta cloth and the hoses are {astened
together with keepers every 12 inches. Also, at 12-inch intervals along
the hose, cloth straps with {asteners {or securing the comm cable are
provided. When coupled together as a unit, the hose and cable is
re{erred to as an umbilical assembly.

The hoses {or the left and center crewman are 72 inches long and
the right crewman's hose is 119 inches in length.

:
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Figure 2.12-6. Oxygen Hose Assembly and Accessories
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When the oxygen hose is not connected to the POA, the ECS end will
remain attached to the valve at the left-hand forward equipment bay and
the oxygen hose will be stowed. Straps on the CM structure will aid in
routing the hoses across the forward bulkhead and right-hand forward
equipment bay.

Z. IZ. Z. Z. Z Oxygen Hose Coupling (Figure 2. 12-6).

To prevent fresh oxygen from returning through the exhaust or return
end of the Oz hose while the suit circuit return valve is open, a coupling is
placed over the return end. It is a 5-inch aluminum tube with a web seal
in the middle and hose connectors at each end. During an EVA, both

I nozzles (supply and return) are plugged into the coupling connectors, thus
sealing both nozzles.

2. lZ. 2. Z. 3 Oxygen Hose Screen Caps (Figure 2.12-6).

In the shirtsleeve environment, the crew compartment oxygen
returns to the ECS suit loop through the suit circuit return valve which
has a screen cover functioning as a preliminary debris trap. The screen
has to be cleaned periodically but the task is difficult because of obstruc­
tions. By placing the screen caps on the oxygen return nozzles (red),
placing the now control valves on panels 300, 301, and 302 in the
CABIN FLOW position, the return oxygen is split between the oxygen
hoses and the suit circuit return valve. The oxygen is screened for
debris at the cap screens, which is accessible and easy to clean but also
greatly reduces the flow. Therefore, the oxygen hose screen caps are
used to delay the cleaning of the suit circuit return valve. A screen cap
on an oxygen return hose nozzle (red) can also be used for vacuuming
debris in the crew compartment.

I
2.12.2.2.4

The screen cap is a £luorel tube with a monel screen (#30 mesh)
at one end and an internal ridge at the other. It slides over the return
nozzle and engages a groove to retain it. There are three screen caps
per spacecraft.

When the screen cap becomes clogged with debris, it can be cleaned
by using a small piece of utility tape to blot the screen. The tape can be
inserted in a utility bag, food bag, or waste bag for disposal.

EMU Maintenance Kit.

In the event the spacesuit POA is damaged, it can be repaired by
use of the EMU maintenance kit. The kit is approximately 8 x 6 x 1.5
inches and weighs 0.38 pound. There is one kit aboard the CM, stowed
in a locker on the aft bulkhead.
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Extravehicular Spacesuit (Figure 2.12-1).

The extravehicular spacesuit is identical to the intravehicular space­
suit with the exception of the oxygen connectors, the cover, and the
substitution of the LCG for the CWG. There are two sets of oxygen con­
nectors, on the left chest and on the right chest of the extravehicular space­
suit PGA. These are necessary because the commander (CDR) and lunar
module pilot (LMP) transfer to the LM ECS while CM oxygen hoses are
attached to their spacesuit.

The cover, or integrated thermal micrometeoroid cover (ITMG), is
similar to the IC but is thicker and heavier. It consists of an outer pro­
tective layer with scuff patches at the knees and elbows, seven alternating
layers of beta cloth felt (micrometeoroid protection) and silverized mylar
(thermal protection), and a liner. The ITMG is also laced on the PGA for
the mis sian.

2.12.2.3.1 Liquid Cooled Garment (LCG) (Figure 2.12-1).

The LCG is worn in place of the CWG when the CDR and LMP trans­
fers to the LM or performs EVA. The LCG contains small plastic tubes
(O.12S-inch diameter) sewn to a netting that covers the crewman's body
through which water circulates, absorbing body heat. The water is trans­
ported to the PLSS where the sublimator expells the heat. The LCG has a
thin cloth lining that prevents the hands and feet from entangling the plastic
tubes when donning.

Two LCGs are vacuum packed and stowed in a locker on the aft bulk­
head. They are fully charged with water and, when donning, must be
connected to the EV spacesuit multiple water connector. When the CDR
and LMP return to the GSM after LM or extravehicular activities, the LCG
must be disconnected, doffed, folded, and stowed in a locker.

2.12.2.4 Extravehicular Mobility Unit (EMU).

For clarity, the EMU will be briefly described. Most of the compo­
nents, other than the EV spacesuit, are stowed aboard the LM. As stated
in section 2.12.. 2, the EMU consists of a FCS, UCTA, bioinstrumentation
harness assembly, LCG, EV spacesuit, a PLSS, OPS, EVVA, EV gloves,
and a pair of lunar overshoes (LO).

The portable life support system (PLSS) is a "backpack" unit that
furnishes oxygen for breathing, cooled water for the LCG, and communica­
tions while the crew is on the lunar surface or performing EVA. It has a
4-hour oxygen supply and can be recharged from the LM. One of its LiOH
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canisters will be returned in the CM for analyzing. The PLSS water
subsystem is part of the heat exchanging system. The heat is lost by
sublimation. The communications system allows the lunar explorer to
communicate to the LM or CSM which will relay to earth.

Two PlBSs are stowed in the LM at launch. They will be donned
and checked out prior to EVA. One or both PLSSs will be left on the lunar
surface to lighten the LM ascent vehicle or left in the LM.

The oxygen purge system (OPS) is a small oxygen unit that furnishes
emergency oxygen to the crewman during EVA. It is about the size of a
2-pound loaf of bread and has a 30-minute oxygen supply. It attaches to
the top of the PLSS or in the stomach area by straps. Oxygen is delivered
through a hose into the PGA oxygen connector, purges the helmet with
oxygen, and exits through the suit outlet connector and purge valve.

Two OPSs are stowed aboard the LM at launch and both will be
returned to the LM from lunar exploration. If not needed for extravehic­
ular transfer, they will be left on the LM. If used for EVA transfer, the
OPS will be jettisoned.

The extravehicular visor assembly (EVVA) is a double-shelled visor
that fits over the PGA helmet and is used for EVA. The outer shell is
vacuum deposited gold plated. The EVVA is stowed aboard the LM at
launch and left aboard the LM in lunar orbit or jettisoned.

The EV gloves and lunar overshoes (LO) are used for EVA and lunar
exploration. They are aboard the LM at launch and are left aboard the LM
in lunar orbit or jettisoned.

CREWMAN RESTRAINTS.

"g" Load Restraints.

Z.lZ.3.1.1 Crewman Restrain Harness (Figure 2.12-7).

There are three restraint harnesses per spacecraft, one for each
crewman. The harnesses are attached to the crew couches. The restraint
harness consists of a lap belt and two shoulder straps interfacing the lap
belt at the buckle. The lap belt straps are connected to the seat pan and
back pan. This configuration provides adequate hip support. The shoulder
straps are connected to shoulder beam of the couch.

The lap belt buckle is a lever-operated, three-point release mecha­
nism. By pulling a lever, the shoulder straps and right-lap belt strap will
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Figure 2. 12-7. Crewman Restraint Harness Subsystem With Heel Restraints

be released. The strap ends are equipped with snaps which may be
fastened to mating snaps on the couch and struts when not in use. The
restraint harness buckle can be restrained when not in use by attaching it
to the translation or rotation control stow straps (figure 2.12-8). This
also prevents the buckles and attachments from floating free during zero-g
and striking a crewman or equipment.

Operation. The harness will be on and locked during all maneuvers
when g-loads are expected such as launch, delta V, docking, entry, and
landing. The harness can be tightened and loosened readily by adjusting
the length of the strap. Pull on the hand grip to tighten. To loosen,
rotate the adjuster I allowing it to unlock and the strap can be lengthened.

2.12.3.1.2 Handholds (Figure 2.12-9).

The function of the handholds is to aid in the maneuverability of the
crew. The handholds are aluminum handles bolted to the longerons .
There are two handholds, one on each longeron by the side windows,
located close to the MDC.
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Figure 2.12-8. Restraint Harness Buckle Stowage Straps

Z.12.3.1.3 Hand Bar (Figure 2.12-9).

The hand bar is located on the MDC near the side hatch and has two
positions, stowed and extended. A lever at one end releases the detent
for moving from one position to the other. The hand bar furnishes a place
to hold when ingressing or egressing from the CM side hatch. It will
support the weight of a suited astronaut in 1 g. In zero g during extrave­
hicular activity or transfer, the hand bar can also be used for ingressing
or egressing through the side hatch.

2.12.3.1.4 Heel Restraints.

During the CM landing, the legs and feet of the crewman may jostle
about unless restrained to the couch footpan. If in the spacesuit, the boot
heels and couch footpan interconnect and restrain the feet and legs. How­
ever, if entry and landing is in shirtsleeves, or innight coveralls, the feet
are held to the couch footpans by heel restraints.
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Figure 2.12-9. Handholds, Hand Straps and Hand Bar

The heel restraints are hollow aluminum blocks that attach to the
heels of the crewman's booties by means of straps and Velcro. The
restraints connect to the footpan in the same manner as the spacesuit
booties.

2.12.3.2 Zero-g Restraint.

2.12.3.2.1 Hand Straps (Figure 2.12-9).

The hand straps serve as a maneuvering aid during a g-load or
zero-g condition.
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The hand straps are of !luorel covered cloth and are attached by
brackets at each end. There are five hand straps behind the MDC and one
on the left-hand equipment bay over the ECS filter access panel and one
each on the foot x-x struts. These straps lie flat against the structure
when not in use.

2.12.3.2.3 Guidance and Navigation Station Restraint.

Two positions may be utilized at the G&N station: standing position
or center couch G&N position. The astronaut will restrain himself in the
standing position by fastening his booties or boots to the aft bulkhead and
using the handholds on the G&N console.

The astronaut will restrain himself in the center couch at the G&N
station by positioning the couch to a 170-degree hip angle and restraining
his feet in the couch footpans.

2.12.3.2.4 Sleep Station Restraints (Figure 2.12-10).

The crewman's sleeping positions will be in the right couch and
under the left and right couch wi·th the head toward the hatch. He will be
restrained in position by the crewman sleep station restraint.

-.
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Figure 2.12-10. Sleep Station Restraints
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The three restraints are beta fabric, lightweight sleeping bags
64 inches long, with zipper openings for the torso and 7-inch-diameter
neck openings. The two sleep restraints under the couches are
supported by two longitudinal straps that attach to the COZ absorber
stowage boxes on one end (LEB), and to the CM inner structure at the
other end. To restrain the foot end, an additional strap on each side
attaches to the COZ absorber stowage box brackets. The third
restraint, for the right couch is just the sleeping bag with no straps.

During the mission and shirtsleeve environment, a crewman can
unzip the restraint and slide in with his flight coveralls on. However,
if an emergency exists, and the crew are in their spacesuits, they will
be too large to enter the sleep restraint. In that case, the crewman
will lie on top of the restraint and hold himself in place by the strap
around the middle of the sleep restraint.

The sleep restraints will be rolled and strapped against the side
wall and aft bulkhead at launch. When needed, they will be unrolled
and attached to the COZ absorber stowage boxes near the LEB or placed
in the right couch. During preparation for entry, two sleep restraints
will be stowed in its stowed position against the side wall. The other
sleep restraint will be detached from the side wall and placed in the
center aisle, head end toward the LEB. Three spacesuits will be
stowed lengthwise in the restraint, alternating the head-boot directions.
The upper (or forward) spacesuit will be stowed with the helmet on and
protruding from the restraint neck ring. The spacesuits and the sleep
restraint will be lashed to the aft bulkhead using 5 ropes and brackets
on the aft bulkheads and lockers.

2.12.3.2.5 Flight Data Restraints (Figure 2. 12-11)

The purpose of the flight data restraint, or bungee system, is to
position and retain the flight data charts, maps, and manuals so the crew
can view them during the mission. The system includes long and short
data-retention snap assemblies (bungees), long and short data-retention
hook assemblies (bungeesl. Calfax adapter plates, data card clips, food
door clips, data book spring clips, temporary stowage pouches. and a
debris closeout with pockets.

The bungees (retention snap and hook assemblies) are O. 2S-inch­
diameter steel springs, the " short" being 4 inches long and the "long "
being 8 inches long. The short bungees will stretch to 14 inches, and the
long will stretch to 34 inches for use. Attached at each end of the bungee
spring is a 3-inch length of Beta cloth with a female snap or clip and a
snap. The snap-type bungee attaches to bonded male snaps (studs) on the
panels or closeouts so they lie parallel and close to the panel. The hook­
type bungees hook on doors or switch wickets, whichever is the most
useful. The manuals or charts are slid between the bungee spring and the
panel and will stay in place.
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There are four Calfax adapter plates that attach to Calfax fittings
adjacent to the G&N panel 122 with the use of the E tool. Each adapter
plate has two male snaps to which the snap-type bungees will connect.

A data card clip is a small, steel clip with a female snap on the rear.
It attaches to a male stud on the panels or closeouts and will hold data
cards.

The food door clips fasten to the Bl or L3 compartment door. Bungees
can be attached to and stretched between the clips for retention of flight
data.

A female snap on the data book spring clips fastens to anyone of
numerous male studs on the panels. The spring clip allows a rapid
exchange of manuals or data.

The number of restraints may vary from spacecraft to spacecraft.
The following list is approximate:

Snap bungees, sho rt
Snap bungees, long.
Hook bungees, short
Hook bungees, long.
Calfax adapter plate. left
Calfax adapter plate, right.
Data card clip.
Food door clip.
Data book spring clip

6
6
2
2
2
2
8
6
8

To verify the number, refer to the applicable spacecraft "Apollo Stowage
List (NASA document). II

Small, temporary stowage pouches (Z), 15 inches in length and have
female snaps that attach to studs, in the crew compartment. are made of
Beta cloth with a bungee-type closure, and have small plastic viewing
windows. The bungees, clips, and adapter plates are stowed in the
pouches prior to use and during entry.

The debris closeout with pockets has two purposes: to restrict debris
from entering the gaps after the lunar return containers (rock boxes)
replace the LiOH canisters in B5 and B6, and is the flight data temporary
stowage position after removing the data from the compartment. The
closeout is 42 inches long, has four pockets, is Beta cloth. and attaches
to the LEB with snaps. When removing LiOH boxes and installing the
rock boxes. remove only half of the closeout. When the temporary
stowage pouches are not being used, they can be stowed in the closeout
pockets with the flight data.
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Z.IZ.3.Z.6 Restraint Straps.

There are a number of straps used for restraint purposes during
zero g. The couch, probe, drogue, glare shield, control cable, and cable
routing straps have specific uses, whereas the utility straps have numerous
uses. Most of the straps are made of beta cloth and use snaps as a
restraining method. The snaps have a male (stud) and female (socket)
component.

Control Cable Straps (Figure 2.lZ-l2). The rotation control cables
exit the junction box on the aft bulkhead and are routed along the 22 attenu­
ator struts to the couch side stabilizer beams. The control cables are
held to the 22 struts by the control cable straps, two on each strut. The
straps are 1 inch wide and 11 inches long. Each has four snaps, a pair to
snap around the strut and a pair to hold the cable.

GREW PERSONAL EQUIPMENT

Mission Basic Date 15 April 1969 Change Date 15 Oct 1969 Page__~2"._1~2:..-;3~O;;;B



SM2A-03-BLOCK II-(l)
APOLLO OPERATrONS HANDBOOK

SYSTEMS DATA

CABU R£l'AINU STRAPS
1'*-0lI111l

\

CCU CABlE STRAP.,.,...

----" ..~
-~

CS·lJI~

Figure 2.12-12. Special Straps

Center Couch DPS Burn Straps (Figure 2.12-13). The center couch
has to be stowed for a LM OPS burn and EVA. For a LM DPS burn, the
seat and legpan is lowered to the aft bulkhead while the body support stays
hinged at the headbeam. The folded seat-legpan must be restrained to the
aft bulkhead by the OPS burn strap. The couch OFS burn strap is 29 inches
long, with one snap (stud) at one end and 6 snap sockets at the other end.
It attaches to a "0" ring on the Al stowage locker and around the knee
control handle. When not in use, the strap is stowed in a locker .
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Center Couch Stow Straps (Figure 2.12-13). During the preparation
for EVA, the center couch is reJl10ved froJl1 its center position and stowed
under the left couch. The center couch is restrained to left couch by the
two center couch stow straps.

The "upper I' center couch stow strap routes around the headrest
support bars and connects to itself. It is 24 inches long, has a "DII ring at
one end, a center flat rubber bungee section, and a snap-hook at the other
end.

The IIlower" center couch stow strap routes through two holes in the
center couch body support at the seatpan. It is 43 inches long, has a
12-inch bungee section, and a hook at each end which attaches to liD" rings
on the left couch body support near the seatpan. When not in use, the
straps are stowed.

Cable Retainer Straps (Figure 2.12-12). The cable retainer strap is
5.5 inches long with a back-to-back socket and stud at one end and a socket
at the other end. The socket/stud will attach to studs bonded on the struc­
ture and when the socket is attached to the strap stud/socket, it forms a
loop. This facilitates routing the TV camera cable and the translation
control cable. When not in use, the straps are left attached to a wall stud.

Drogue Stow Straps (Figure 2.12-14). When required, the probe is
stowed under the seatpan and the drogue under the backpan of the right couch.
The two drogue stow straps are attached to the right body support by one
strap each. When not in use, the free end of the straps are attached to the
couch also.

I
The outboard strap is 38 inches long with a 6-inch bungee section

also and a snap hook on the free end. When stowing the drogue, the strap
is threaded through the remaining two handles and the hook is snapped to a
ltD" ring attached to the hip beam by another strap.

Probe Stow Straps (Figure 2.12-14). The two probe stow straps are
identical. They are 26 inches long with a snap hook at one end, a right
angle hook at the other, and a 6-inch bungee section. To stow the probe,
position it under the seatpan with the probe pointing outboard. Attach the
right angle hook around the lap belt connector on the seatpan by pressing
the hook lever. Route the straps around the ends of the probe and snap the
hook end to the "D" rings on the right couch. When not in use, the probe
straps are stowed.
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Figure 2.12-14. Probe and Drogue Stowage Straps

Utility Straps (Figure 2.12-15). The utility straps are named for
their versatility. They are used for holding looped straps and cables in
stowage lockers or compartments and for restraining other equipment to
the structure during the mission.

The utility straps are 12.5 inches long with two studs and two sockets
positioned so as to form two loops when snapped. One loop will wrap
around a piece of equipment and the other loop around structure or will
attach to structure by the snap.
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Figure 2.12-15. Utility Straps

2.12.3.2.7 MDC Glareshade Straps (Figure 2.12-12).

FOR CABlE STOWAGE

CS-2373

The MDC glareshade straps retain the MDC glareshades in their R4
stowage comparbnent. The straps are 5 inches long with sockets at both
ends that snap onto studs bonded to the structure. One end of the strap
always stays attached.

2.12.3.2.8 Velcro and Snaps Retainer Locations

There are numerous i-inch sq!Jare patches of Velcro located in the
crew compartment. They are bonded to the structure and control panels in
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accordance with crew and crew support requirements. Each CM has a
"Velcro and Snaps Map" designating the location of all retainers. The
drawing number is V36-6300XX, the XX being the CM numerical designa­
tion plus 4. Example, the "Velcro and Snaps Map" for CM 112 is
V36-630016.

Tunnel Hatch Stow Bag (Figure 2.12-13).

The tunnel hatch must also be stowed when required. However, due
to some remotely flammable materials, the hatch must be stowed in a beta
cloth bag with a circumferential zipper. The bag is lashed under the left
couch by straps and remains there. When the center couch is stowed under
the left couch, the stow bag is collapsed between the couches.

2.12.3.2.10 Sleep Restraint Tiedown Ropes

During entry preparation for an unsuited entry, the spacesuits are
stowed in a sleep restraint and lashed down in the center aisle by ropes

A rope is a PBI (polybenzimidazole) fiber, 10-feet long, and has
plastic ferrules on the ends to prevent fraying. There are five ropes
stowed. Miscellaneous restraints are shown in figure 2.12-16.

(To be supplied at a later date.)

Figure 2.12-16. Miscellaneous Restraints
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SIGHTING AND ILLUMINATION AIDS.

Sighting and illumination aids are those devices, lights, or visual
systems that aid the crew in the accomplishment of their operational
mission. This hahdbook describes the internal sighting aids first and the
external second. The crew compartment floodlights and panel lighting is
described in the electrical power system section 2.6 of this handbook.

Internal Sighting and Illumination Aids (Figure 2.1 Z-l 7).

Internal sighting and illumination aids include window shades for
controlling incoming light, internal viewing mirrors, the crewman I
optical alignment sight for docking and aiming the data acquisition
camera, a LM active docking target for LM to CM docking, window
markings for monitoring entry, a monocular for lunar survey, and
some miscellaneous items such as floodlight glareshields, MDC
glareshades, and an eyepatch.

2.12.4.1.1 Window Shades (Figure 2.12-18).

The CSM has five windows: two triangular-shaped rendezvous windows,
two square-shaped side \\Iindows. and a hatch window. Periodically, the
light coming through these windows has to be restr.icted. This is accom­
plished by window shades (figure 2.12-18).

lMACTM
DOClC.tlC lARCH

II
CS'24O)A

Figure 2.12 -17. Internal Sighting and Illumination Aids
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The window shades are alUJninurn sheets held on by "wing" latches.
The shades are a.020-inch thick with a frame of 0.250 inch. The shade
has a gasket on the "light" side which seats against the window. Each win­
dow frarne has three wing latches. or two latches and a clip, that restrain
the shade on the window. The shades are stowed in a stowage bag in the
upper equiprnent bay.

2.12.4.1. 2 Internal Viewing Mirrors (Figure 2.12-19).

When the astronaut is in a pressurized spacesuit on the couch,
his field of vision is very limited. He can see only to the lower edge
of the main display console (MOC), thus "blanking out" his stomach
area where his restraint harness buckling and adjustment takes place.
The function of the internal viewing mirrors is to aid the astronaut
in buckling and adjustment of the restraint harness, locating couch
controls and spacesuit connectors. By positioning all the mirrors to I
view the MDC {rom the LEB, the CMP can periodically monitor the
instruments while in lunar orbit.

There are three mirrors, one for each couch position. The rnirrors
for the left and right astronaut are m.ounted on the side of the lighting and
audio control console above the side viewing window and fold. The center
astronaut's mirror is mounted on the right X-X head attenuator strut.

(To be supplied at a later date.)

Figure 2.12-19.
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The mirror assembly consists of a mounting base, a two-segmented
arm, and a mirror. The mirror is rectangular (4.25 by 3.5 inches). nat,
and steel with an aluminized surface. The two-segmented arm allows a
reach of approximately 22 inches from the mount. The arms have swivel
joints with a friction adjustment to position the mirrors in the desired
angles. The friction is adjusted with tool R, a torque set driver. The
mirrors are locked in position by a clamp during boost and entry.

2,12.4.1.3 Crewman Optical Alignment Sight (COAS) (Figure 2. 12-20).

The primary function of the crewman optical alignment sight (COAS)
is to provide range and range rate to the CM or LM pilot during the docking
maneuver. The closing maneuver, from 150 feet to contact, is an ocular
kinesthetic coordination of the astronaut controlling the CM with economy
of fuel and time.

A secondary fundion of the sight is to provide the crewman a fixed
line-of~sightattitude reference image which, when viewed through the
rendezvous window, appears to be the same distance away as the target,
This image is boresighted (by means of a sight mount) parallel to the
centerline (X-axis of the CM) and perpendicular to the Y-Z plane.

COAS Description. The crewman optical aligmnent sight (COAS) is
a collimator device, similar to the aircraft gunsight, weighing approxi­
mately 1-1/2 pounds, is 8 inches long and requires a 28-vdc power source.
The COAS consists of a lamp with an intensity control, reticle, barrel­
shaped housing, mount, combiner assembly, filter, and a power receptacle.
The reticle consists of a lO-degree circle (figure 2. 12-20), vertical and
horizontal cross hairs with I-degree marks, and an elevation scale (on
the side) of -10 to +31. 5 degrees, The elevation scale is seen through an
opening or window.

The COAS is stowed in a mount by the left side window at launch and
entry, and other periods as the mission requires. Two spare lamps are
stowed in U3. The COAS can b'e mounted on the right or left rendezvous
window.

COAS Operation. The receptacle is de-energized by placing switch
on panel 16 (right) or 15 (left) to the OFF position. If sighting at extremely
bright sunlight, the filter is unstowed, and installed between the barrel
and combiner by looping tether around the barrel, positioning the filter
approximately parallel with the combiner, and pressing onto barrel by
engaging clips. Do not slide filter on combiner frame or damage may
result to clips. Install COAS on the window mount and energize circuit
by placing switch to ON.

For the left window operations, the barrel index is matched with LW by
unlocking the barrel lock and rotating the barrel until the detent seats, For
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Figure 2. 12-20. Crewman Optical Alignment Sight System
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right window operations, use the RW index m.ark. There m.ay be a little
play when the detent seats. To duplicate the boresighted condition, the
barrel must be snugged or rotated against the detent. The direction of
rotation is on the sidewall near each COAS mount.

To turn lamp on, turn intensity control clockwise until the reticle
appears on the combiner glass at the required brightness. The actual
usage and visual presentations will be discus sed in paragraph 2.13.

Additional Uses. While photographing activities or scenes outside
the spacecraft with the 16 mm data acquisition camera, the COAS is used to
orient the spacecraft and aim the camera. The camera will be mounted in
the right window at a 90-degree angle to the X-axis, and will be shooting
out the right rendezvous window, via a right angle mirror assembly.

A constant angle on a star during a differential velocity maneuver
(MTVCl can be maintained by use of the elevation scale. The barrel lock
is lifted and turned so the barrel can be rotated, and will hold in an inter­
mediate position by friction. The elevation will be read on the elevation
scale using the horizontal "line" of the reticle as the index.

2.12.4.1.4 LMActive Docking Target (Figure 2.12-21).

After lunar rendezvous and acquisition, the LM approaches the CM
from the forward end. At 50 feet, the LM pitches 90 degrees for the final
approach, during which the LM CODunander will sight through the overhead
window, using the LM COAS for alignment. The LM overhead window will
align on the CM right rendezvous window. The LM docking target will be
placed in the CM right rendezvous window to function as a guide to the LM
Commander.

I The LM active docking target is a collapsible target of similar con­
figuration as the LM docking target but approximately half the size. The
base is 8 inches in diameter with green electroluminescent (ELl lamps
and a black stripe pattern on the front. The airplane, or stand-off cross,
is lit by a red incandescent lamp and its support strut folds for stowing.
When folding the strut, failure to slide the nut more than 1/2 inch from
the pivot point may result in damage to the face of the target. The
adapter support strut is removable, fits into the base slotted stud, and is
secured by a I-inch nut that should be hand tightened only. When assem­
bling the adapter support strut to the base, align the white indices on
the base and adapter.

The base has a power cord for connection to panel 16 near the
right-side viewing window. It operates on ac, and is powered from the
LIGHTING RUN/EVA!TGT-AC2 right CB on auxiliary cn panel 226.
The light is controlled by the DOCKING TARGET switch on MDC-16
and has three positions: OFF, DIM, and BRIGHT.
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Figure 2.12-21. LM Active Docking Target

For support during usage, the mounting support strut slides into the
right COAS mount on the right rendezvous window frame. The target is
stowed in U3 Locker on the side wall near the aft bulkhead and side hatch.

Operation. Remove the target from the U3 locker, extend the
strut, and lock in place with locknut. Remove the adapter support strut
from U3 and attach to the base. Verify right LIGHTING RUN/EVA/
TGT-AC2 CB on panel 226 is closed and the DOCKING TARGET switch
on MDC-2 is OFF. Insert target mount strut slide into COAS mount
until it seats fully. When fully seated, the power connector will he
mated.

To activate target, turn DOCKING TARGET switch to requested
brightness, DIM or BRIGHT. To deactivate target. turn switch to OFF.
To remove target and stow. reverse the installation procedure.

I

II
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Z.IZ.4.1.5 Window Markings (FigureZ.12-22).

The left rendezvous, right rendezvous, and hatch windows have
markings to aid the crew in monitoring the entry maneuver and also
function as a visual reference for orientation during a manually controlled
e'ntry. After SM separation, the CM will be oriented to a "bottom" forward
entry attitude with the crew1s heads and Z-axis pointing "down." The
X-axis will make an angle of approximately 31.7 degrees with the "aft"
horizon during most of the entry, so as the commander views the horizon
through the left rendezvous window, it will appear 31.7 degrees from the
X-axis. During the entry roll program, the actual roll can be approxi­
mated by markings on the window periphery that have been precalculated
by computers.

Being a method that requires a fixed-eye position to avoid parallax,
the 80th-percentile crewman eye position is used - his eyes are 15 inches
aft of the 31.7-degree mark on the inner rendezvous windows. If a crew­
man is other than the 80th percentile, he will have to adjust his head/eye
position.

Left Rendezvous Window Markings. The commander, viewing
through the left rendezvous window, has window marks that are yellow
epoxy ink applied externally on the glass. The index marks are every
5 degrees from -5 degrees to +35 degrees.

.,
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Figure 2.12-22. CM Window Markings
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Center (Hatch) Window Frame Markings. Entry begins at
400,000 feet (75 miles). When .05 g is sensed, the G&N system computes
the entry path to land at a certain location. The entry involves rolling the
command module to control the lift vector. The CMP in the center couch
can monitor the entry roll program. At 400,000 feet, the horizon will
appear across the 0" ROLL marks. As the CM is rolled, there are 55"
R&L, 90" R&L roll marks to compare to the horizon and estimate roll.

The black roll marks are on the hatch window frame.

Right Rendezvous Window Frame Markings. The LMP will also
monitor the entry but in a limited degree. The right rende zvous window
frame only has the 5" and 35" markings in black.

2.12.4.1.6 Monocular (Figure 2.12-23).

The monocular is used during lunar orbit to identify lunar points of
interest. It is one half of a 10 x 40 (8 power) binocular and consists of the
right barrel and the focusing mechanism. The monocular is 5.56 inches
long and weighs 0.75 pound.

2.12.4. 1.7 Couch Floodlight Glareshield (Figure 2.12-23A).

The glareshields are used to diffuse the light from the two couch
floodlights when they are required for operations. They fold open for
stowage and are held around the floodlights by snaps. The glareshields
are bronze screen coated with flourel and have tape hinges.

2.12.4.1.8 MDC Glareshades (Figure 2. 12-23A).

In the event the crew does not use the window shades to black out the
light, the MDC glareshades are used to shade selected vital displays on the
MDC panels 1 and 2.

The glareshades have a molded fiberglass base with sponge flourel
rubber panel sides. A Velcro hook is bonded on the base flanges as a
method of restraint. The shades are labeled DSKY, MISSION TIMER. and
EMS DELTA V.

Shortly after entering earth orbit, the glareshades are removed
from stowage and placed over the display keyboard (DSKY - panel 2),
mission timer (MISSION TIMER - panel 2), and the entry monitor system
display delta V/ranging (EMS DELTA V - panel 1). The displays have
Velcro pile for restraint. They are left emplaced the remainder of the
mission.
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2.12.4.1.9 Eyepatch (Figure 2.12-23).

During the preparation to use the sextant or telescope, the LMP or
other creWDlan must condition his eye for "night vision" when he anticipates
viewing the darkness. He will wear an eyepatch that will shut out ambient
light.

2. 12.4. 1 . 10 Tele scope Sun Filters (Figure 2.12 -23).

When sighting the G&N telescope toward the sun, the sun rays are
attenuated by the use of the telescope sun filters. There are two sun filter
assemblies, one that is used on the long eyepiece for suited operations,
and one that is used on the standard (short) eyepiece for unsuited or shirt­
sleeve operations.

The standard eyepiece sun filter is 3 inches in diameter. 0.6 inch
thick, and has an eyeguard or eyecup. The long eyepiece sun filter is
3.5 inches in diameter and 0.9 inch thick. Both filters have similar
mechanisms for attachment. They are rocker-arm levers 180 degrees
apart, that seat a shoe in a grove on the eyepiece.

To install the standard eyepiece sun filter. the eyepiece eyeguard
must be removed by unscrewing and stowing. Then, align the filter to the
eyepiece, press the levers, slide on eyepiece, release levers, and seat
the shoes. The long eyepiece filter installs directly on the long eyepiece
in the same manner.

2.12.4.1.11 Meter Covers (Altimeter and Accelerometer) (Figure 2.12-23A).

Reflected light from meters is another annoying occurrence to the
crew. To limit the reflection from the altimeter and accelerometer
(MDC-l) which are inactive most of the mission, the crew places covers
over them.

The covers are flat, circular, sheet metal, 3 inches and 4 inches in
diameter for the accelerometer and altimeter, respectively. They have a
ring on one side for handling and a patch of Velcro hook on the other side
for restraint.

I

2.12.4.2 External Sighting and Illumination Aids (Figure 2.12-24).

External illumination aids are those devices or lights located on the
exterior surface of the CSM that furnish the visual envirorunent to perform
operational activities. The aids will be described in the order of their
operational usage during a normal mission as follows: external spotlight
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Figure 2.12-24. External Illumination Aids

used during transposition and docking, running lights for CSM gross
attitude determination during lunar rendezvous, EVA handles and radiolu­
mines cent (RL) disks for lunar rendezvous CSM forward end identification
and EVA activities. EVA floodlight used during EVA and retrieval of
exterior paint samples. and the rendezvous beacon for backup to the
rendezvous radar transponder (RRT).
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2.12.4.2.1 Docking Spotlight (Figure 2.12-25).

During the transposition and docking phase of the mission (or siII1u­
lationl. the CSM separates from the spacecraft LM adapter (SLA) and
S-IVB, translates forward 100 to 150 feet, pitches 180 degrees, rolls
60 degrees. and translates toward the LM!SLA!S-IVB for docking. During
the translation toward the LM!SLA!S-IVB. it is desirable to light the LM
so the proper perspective is maintained and excessive maneuvering is
decreased, thus minimizing SM RCS propellant usage. The lighting of the
LM/SLA is accomplished by use of the docking spotlight.

The spotlight is mounted behind the left rendezvous window on the
door of a concealed compartment in the CM!SM fairing. The door is
spring-loaded to the deployed position and is held flush by a pin extended
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Figure 2.12-25. Docking Spotlight

CREW PERSONAL EQUIPMENT

Mission Basic Date 15 April 1969 Ch01ngc Date Page__-'2::..:;.1"2~-:4~9



SM2A-03-BLOCK II-O)
APOLLO OPERATIONS HANDB,OOK

SYSTEMS DA TA

(rorn an actuator. To deploy the spotlight/door, on MDC-2 (upper left)
place the EXTERIOR LIGHTS-RNDZ SPOT switch in the SPOT position.
The spotlight door initiator/actuator receives 28 vdc, its pin-retention
wire rnelts, pulling the spring-loaded pin and releases the door. The
sping-Ioaded door swings to the deployed position and is held there by a
hinge-brace. As the switch is placed in the SPOT position, it simultane­
ously applies 115 vac to the spotlight, turning it on.

When docking has been cornpleted and the spotlight is no longer
needed, the switch is placed in the OFF position, rernoving power from the
spotlight. The compartment door remains open, or deployed, for the
rernainder of the mission. If the spotlight is required again, place the
switch in the SPOT position.

The circuit breakers for the spotlight are on panel 226. The a-c
circuit breaker is labeled RUN/EVA/TGT-AC2 and the d-c circuit breaker
is labeled COAS/TUNNEL/RNDZ/SPOT-MNB.

2.12.4.2.2 Running Lights (Figure 2.12-26).

The lunar rendezvous and docking phase, or simulation, require!! a
"gross attitude" determination by the LM crew after CSM acquisition at a
distance of approximately 2000 feet. This is achieved by viewing the CSM
running lights.

The running lights consist of eight lights ',on the service module
exterior: two red, two green, and four amber. "'Four of the lights are on
the fairing, just forward of the SM forward bulkhead, and approximately
halfway between the axes. The remaining four are on the aft end of the SM,
6 inches forward of the aft bulkhead and also halfway between the axes.
The two lights on the upper right quadrant are green, the two lights on the
upper-left quadrant are red, and the four lights on the lower quadrants are
amber. The light fixtures contain four or six colored lamps and are wired
in series-parallel for redundancy.

When required or requested, the CM pilot can turn on the running
lights by placing the EXTERIOR LIGHTS-RUN/EVA switch on MDC-2
(upper left) in. the RUN/EVA position. A-C power is applied to the lights
via a transformer, stepping the power down to 3.6 volts. The lights are
turned off by placing the switch to the OFF position.

The circuit breakers for the rUIUling and EVA lights are on panel 226
and labeled LIGHTING-RUN/EVA/TGT-AC I and AC 2. The EVA flood­
light and docking target are also powered by AC I and AC 2.
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Figure 2.12-26. Running Lights

2.12.4.2.3 EVA Handles With RL Disks (Figure 2.12-27).

During the lunar rendezvous and docking phase, or simulation, after
the "gross attitude" has been determined by viewing the- running lights,
the LM must approach the CSM from the forward end of the CSM which is
accomplished by viewing the radioluminescent (RL) disks in the ring
handle. RL disks are also located in other EVA handles.

The EVA handles consist of a ring handle, an extendable handle, a II
hatch handle, and four fixed handles. The ring handle is a circular hollow
tube around the docking ring at station Xc = 108. There are eight supports,
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Figure Z.lZ-27. EVA Handles With RL Disks

located every 45 degrees, starting at any axis. Each support has an RL
disk on the forward side. An additional use of the ring handle during EVA,
in a docked configuration, is a handhold by the crew.

The remainder of the handles are on the hatch side of the eM
exterior. From forward to aft. on the forward heat shield is an extendable
(pop-up) handle that is collapsed until the boost protective cover is jetti­
soned with the launch escape tower. Fixed handles are located along-side
the right rende:l;vous window. hatch. and positive pitch CM RCS engines.
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The fixed handles are aluminum, oval~shaped tubes lZ inches long with a
support fitting at each end. The handles are used for EVA maneuvering.
The hatch has a s:maller fixed handle near the latch :mechanis:m that is
used for opening the hatch. All the handle supports are bolted into fiber­
glass inserts into the ablative :material. They :mayor may not burn off on
entry.

The handle supports have a small bar to which the EVA tether can be
attached. The handle supports also contain the RL disks for illumination.
The disks are approximately 5/8 inch in diameter. They are mounted in
0.730-inch-diameter retainers which are held in the handle supports by
spring clips. The RL disks are slightly radioactive and light (glow) in the
dark.

There are RL disks mounted in the hatch ablative material: two
adjacent to the latch drive and four adjacent to the pressure equalization
(du:mp) valve. These function to locate the latch and valve in the dark.

Z.12.4.2.4 EVA Floodlight (Figure 2.12-28).

During EVA, while the hatch area is dark, additional light is avail­
able from the EVA floodlight. It is boom-mounted and is located on the
SM fairing aft of the CM right-side viewing window. The cork-covered
boom is deployed as the boost protective cover jettisons with the launch
escape system, pulling a pin that holds the boom in its stowed position.
The light fixture is similar to the running lights; the exception is six white
la:mps wired in series - parallel.

The EVA floodlight is on the running lights circuit and is turned on
by the EXTERIOR LIGHTS-RUN/EVA switch on MDC·2 (upper left). The
circuit breaker is located on panel 226 and labeled LIGHTING-RUN/EVA/
TGT-AC 1 and AC 2.

2.12.4.2.5 Rendezvous Beacon (Figure 2.12-29).

In the event the LM rendezvous radar or the CSM rendezvous radar
transponder :malfunctions during the lunar rendezvous, visual tracking is
required as a backup. For night (lunar darkness) tracking, the LM crew
will use the alignment optical telescope (AOT) to view the CM rendezvous
beacon.

The beacon is :mounted on the CSM fairing approximately 10 inches
from the CSM u:mbilical fairing (+Z) in the - Y direction. The beacon bea:m
is canted forward so the center of the 120~degree beam is at an angle of
60 degrees fro:m the X (longitudinal) axis. The light has the brightness of a
third magnitude star, capable of being seen at 160-nautical :miles by tele­
scope or 60-nautlcal miles by the unaided eye. When turned on, the
rendezvous beacon will flash at a rate of 1 flash per second.
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Figure 2.12-28. EVA Floodlight

The light is controlled from the MDC-2 (upper left) EXTERIOR
LlGHTS-RNDZ!SPOT switch. The switch is placed in the RNDZ position
when the beacon is needed. The circuit breaker is located on panel 226
and is marked LlGHTING-COAS!TUNNEL!RNDZ!SPOT - MNB.
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MISSION OPERATIONAL AIDS (Figure 2.12-30).

Mission operational aids are those stowed devices, apparatus, and
paraphernalia the crew utilizes to perforzn the required znission. Norznal,
backup, and eznergency requireznents are accoznplished by these items.
Miscellaneous items that are not related to other spacecraft systems or
subsystems are also included and described in this category.

Flight Data File (Figure 2.12-31).

The flight data file is a mission reference data file that is available
to the crewmen within the coznmand znodule. The file contains checklists,
manuals, charts, a data card kit, and LMP data file. It weighs approxi­
mately 20 pounds.

CANoERAS

TO<X.SET

/
•-

Figure 2.12-30. Mission Operational Aids
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Figure Z.12-31. Flight Data File

2.12.5.1.1 LMPilot'sFlightDataFile.

The LM pilot's data file is an aluminum container and is stowed in
compartInent R3 in the RHFEB at launch and entry. The data file contains
a crew log, charts and graphs, systems data, and malfunction procedures.
It is attached on the right girth shelf near the LM pilot 1s right shoulder
after orbit for accessibility.

II
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2.12.5.1.2 Data File Clip.

The data file clip function is to attach the handbooks to the structure
for accessibility. It is a metal clamp (clipboard type) with a patch of
Velcro on one side.

2.12.5.2 Crewman Toolset (Figure 2.12-32).

2.12.5.2.1 General.

The crewman toolset provides multipurpose tools and/or attachments
for mechanical actuations and valve adjustments. The toolset contains the
following items: a pouch, an emergency wrench, an adapter handle, an
adjustable end wrench, a U-joint driver, a torque set driver, a CPC
driver, 3 jack screws. and a 20-inch tether. Each tool has a tether ring
and is designated with a letter of the alphabet. All tools are capable of
being used with a PGA gloved hand.

The adapter handle (tool E) is most often used. Therefore, if the
tool required is other than tool E, a placard will indicate the correct tool
and the direction of rotation. For specific tool usage, refer to tool usage
chart. During F~bruary 1969, a group of tools associated with the probe
were added.

2. 12.5.2.2 Toolset Description and Use.

Tools B, E, and V have small 5/32-inch and large 7/16-inch hex
drives silnilar to allen-head wrenches. The small drive is primarily used
for mechanical fastener and ECS valve operation. The large drive is used
for large torque requirements and connecting to drivers. Drivers, such
as tools L, R, and V, have 7/ 16-inch hex sockets that receive the large
drives.

Toolset Pouch. The toolset pouch is a tool retention device made of
beta cloth. The pouch has pockets with retention flaps and Velcro tabs.
For zero-g stowage, it has Velcro hook patches so it can be attached to the
CM structure. For launch and entry stowage, it rolls and fits into a
stowage locker on the aft bulkhead. The pouch will stow all of the tools.
However, SOIne crewman may elect to stow the adapter handle E in the
spacesuit, or in a more accessible compartInent.

Tool B - Emergency Wrench. The emergency wrench is 6.25-inches
long with a 4.25-inch drive shaft. The drive shaft has a large drive only.
The wrench is capable of applying a torque of 1475-inch pounds, and has a
ball-lock device to lock it in a socket. It is essentially a modified allen­
head L-wrench. An additional tool II is aboard the LM.
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Crewman Toolset Usage Chart

" "• • ~

0. - "' > > ~ •.•
N U .•

" - •• • Ul.... "' - • " • • Ul

'" "' '" •E = Emergency, or Backup, Tool Usage • • u • • > • "> > • ~ "
.• u ~

~ " ~
~

" - •P Primary Tool Usage .• .. • " ,. • • ~ "=
" " " • '" .. •Ul '" " 0

'" '"
,. • u " 0 ....0: " • ~ 0 u• • - ....~ • " • Ul Ul 0- " '"

..
• ~ • 0. c- o ~ a> -E " E • .- "

..,
" a> ..• "' " 0 , ..

~ ~Function ~ ~

Ul ..:l '" <: <: .... " ::E M -
Tool Designator B E F R V W 1 2 3 4

A. Environmental Control System X P

l. Open/close ECS valves on oxygen, water,
coolant control. girth shelf ECS, and
LHEB ECS panels.

2. Operate secondary cabin temperature valve X P
(LHFEB).

3. Operate CM/tunnel LM PRESSURE X P
EQUALIZATION valve (from LM side).

4. Unlatch/latch fasteners of access panels to X P
filter and coolant controls (LHEB).

5. Unlatch/latch fasteners of access panel to X P
cabin atmosphere r~circ system (LHFEB).

6. Position PRIM ACCUM FILL valve X P
OPEN/CLOSE.

7. Open hatch dump valve (from outside EVA). X P
8. Unlatch/latch fasteners of access panel to P

waste water line filter.

B. Guidance and Control System

l. R/R G&N handles (2) on G&N panel (LEB). X P
2. Adjust scanning telescope shaft and trunnion X E E

axis (emergency mode) (LEB Panel 121).
3. Open/close EMS pot GTA cover and adjust X P

EMS pot on MDC-l during prelaunch
checklist by backup crew.

c. Mechanical Systems - Inside CM

l. Install/remove survival beacon connector X P
(5/8) hex.

2. Any drive screw or fastener with a 5/32" X P
internal hex.

3. Adjust mirror U-joints. P P
4. R/R sea water access tube plug (LHEB). X P
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Crewman Toolset Usage Chart

" "• • ~

'" - .., > > ~ •," N 0 ," " ~ ," • '"H .., - " " • • " '" •E = Emergency, or Backup, Tool Usage • • g • • '" > .., '" • "> > :<J " ," 0 ~

~ " 0'
Primary Tool Usage ," • "

~ "
~ • 0' "P = ,"

" " " • '" • .. •" '" .. " 0

'" '" " • '" 0 " 0 H:I: ~ 0 0" • " ~ H- • " '" " ," • '" '" 0- " • '" 0' I'l '" 00 -•E " E • '~ " '" " ..• '" '" 0 , ," ..
~Function .< '" <: <: ::l - -'" H " M -Z

Tool Designator B E F R V W I 2 3 •
5. Tighten/loosen sea water teflon guide P

plug (3/4" hex).
6. R/R stowage lockers. X P
7. Manually remove forward tunnel hatch E E E

latch pivot pin.
8. Tighten lightweight headset mic boom. E E
9. Adjust window shade latches. E E

10. Backup for "R" tool. E E E
II. Manually release docking ring latches. E

D. Mechanical Systems - Unified Hatch

1. R/R bell crank. X E
2. Operate unified hatch latch drive (from X E

inside).
3. Isolate latch linkage. X E

•• Actuate latches (backup adjustment 11/16 E
flats).

5. Disconnect/remove hinges. X E

E. Probe and Tunnel Equipment

1. Remove nuts and bolts from ends of shock E E E
struts (emergency probe collapse and
removal).

2. Remove fairings from docking ring latches E E E
(prior to manual release of docking ring
latches).
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Tool E - Adapter Handle. The adapter handles are approximately
3.5-inches long and 1.5-inches in diameter. Each has a large and small
drive and fits all drivers. A ball detent will assist in maintaining contact
with the drivers. It is used similar to a screwdriver.

Tool F - End Wrench. There is one adjustable end wrench per tool­
set, a IO-inch crescent wrench. The end wrench is used to install and
remove the survival beacon connector and emergency activation of the hatch
latches.

Tool L - Cold Plate Clamp Driver. The CLP driver is 5 inches long
with a 7/3Z-inch hex at one end and the 7/16-inch socket at the other. It is
used to remove the waste water servicing plug on the water panel (352) in
preparation for partial dump of waste water tank.

Tool R - Torque Set Driver. The torque set driver is 4 inches long
with a 7/16-inch socket at one end, a shaft in the center, and a No. 10
torque set screwdriver at the other end. It is used primarily to adjust the
mirror universal joints that may come out of adjustment during vibration
loads.

Tool V - V-Joint Driver. The V-joint driver has a 7/16-inch driver
socket at one end and a universal joint with a small and a large hex drive
at the other end. The V-joint driver will rotate up to an angle of 30 0

• It
is used to gain access to the "hard to get at" fasteners.

NOTE

The following five tools (W, I, 2, 3, 4) are
referred to as "docking probe tools" but their
capability is greater than emergency probe
disassembly, The tools are all modified
SNAP ON tools and have Velcro patches for
restraint. The attachment tools have l/4-inch
drive sockets.

Tool Vi - Midget Ratchet Wrench. The midget ratchet wrench is
6.62 inches in length, has a 1/4-inch drive with an R/L ratchet con­
trolled by a pawl on one end, and a I-inch cylindrical handle on the
other. The handle has a 2-1/2-inch length of Velcro hook for restraint.
Its function is to drive attachment tools I, 2, 3, and 4.

Tool I - 3/B-Inch Socket. Tool I is 2 inches long, has a 1/4-inch
drive socket on one end, and a 3/B-inch 12-point socket on the other. It
is used to remove the nuts from the bolts that retain the shock strut to
the probe supports.
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Tool 2 - Screw Driver. A 1/4-inch fiat screw driver 2.8 inches
long is tool number 2. It is used to torque any slotted screws or bolts
and those listed in the tool usage chart.

Tools 3 and 4 - Number 8 and 10 Torgue Set Drivers. The
torque set drivers are 1. 6 inches long. The numbers 8 and 10 indicate
the number 8 and 10 torque set tips. They are used to remove number
8 and 10 torque set screws (some of which are listed in the tool usage
chart) and as a backup for tool R, the S-inch torque set driver.

Tether.
one end and a
tether ring to

The tether is a strap 14 inches long with a snap hook at
loop at the other. The hooks can be snapped into the tool
secure it to the crewman when moving about the eM.

Jackscrew. The jackscrew is approximately 4 inches long with a
wing nut on one end. The opposite end has a trunnion, about which a
lever rotates, and through which a hook shaft slides. When the wing nut
is turned clockwise, it draws the hook shaft into the barrel.

In the event the side hatch is deformed and the hatch latch
mechanism will not engage the hatch frame, the jackscrew is used to
draw the hatch to the position the latch mechanism will engage. If the
latch will not engage, the screwjacks will hold the hatch closed so that
it will withstand the thermal load of entry. However, it may not be
pressure -tight.

To use, engage the lever into the three catches on the hatch frame
(two on right, one on left). Next, engage the hook into the three catches
on the hatch and screw the wing nut clockwise, taking care to tighten
evenly in increments. That is, a couple of turns on one jackscrew, then
a couple of turns on the next jackscrew (next clockwise position), etc.,
until the hatch is snug.

Tool H - IO-inch Driver. The 10-inch driver has a 7/16-inch driver
socket at one end and a 9-inch shaft with a S/32-inch hex drive (small tip).
It is used to disconnect and connect the fasteners holding the food freezer
in its stowage position.

CREW PERSONAL EQUIPMENT

I

II

Mission Basic Date 15 April 1969 Change Date 15 Oct 1969 Page 2. 12-62A/2. 12-62B



2.12.5.3

SM2A-03-BLOCK 11-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

Cameras.

Two basic types of operational cameras and associated accessories
are furnished to facilitate in-flight photography: a 16 mm cine/pulse
camera and a 70 mm still camera. Photography assignments vary from
mission to mission and hardware requirements vary accordingly. Space­
craft crew equipment stowage lists re£lect camera equipment configuration.
Typical mission photography task assignments include the following:
synoptic terrain and weather studies, LM docking, crew operations, crew
EVA, and targets of opportunity. Later manned flights will provide for
specific scientific experiments and will require specialized equipment. A
brief description of the two basic operational cameras and their accessories
follows.

2.12.5.3.1 16 mm Data Acquisition Camera (Figure 2.12-33).

The data acquisition camera is a modified movie camera and is an
improved version of the earlier Gemini-type 16 mm sequence camera
equipped with new-type external film magazines which greatly enhance the
photographic capabilities. Primary use of the camera will be to obtain
sequential photographic data during manned £lights. It will be used for
documentary photography of crew activity within the CM and for recording
scenes exterior to the spacecraft. Bracketry installations at each rendez­
vous window facilitate use of the camera for CSM-LM docking photography
to recording engineering data. An additional hatch-mounted bracket
facilitates use of the camera for EVA photography. Camera modes of
operation (frame rates) are variable as follows: Time, 1 frame per second
(fps), 6 fps, 12 fps, and 24 fps. Shutter speeds are independent of frame
rate and include 1/60 second, 1/125 second, 1/250 second, 1/500 second
and 1/1000 second. Camera power is obtained from spacecraft electrical
system via panel-mounted 28-vdc utility receptacles. Camera operation
is manually controlled by an ON-OFF switch located on the front of the
camera. Camera weight, less film magazine, is 1.8 pounds. When
bracket-mounted at either spacecraft rendezvous window, the camera line
of sight is parallel (:t:2 degrees) to vehicle X-axis. Camera accessories
include a power cable, film magazines, lenses, right angle mirror, and a
ring sight, which are described in the following paragraphs.
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Power Cable. The power cable provides the necessary connection
between the spacecraft electrical power system and the 16 mm camera.
The cable is approximately 108 inches long and weighs approximately
0.23 pound. Built-in electricallaITlps are energized automati.cally during
camera operation and serve as visual indication that the mechanism is
working. Utility receptacles, 28 vdc, are located on spacecraft panels 15.
16, and 100.

16 nun Film Magazine. Film for each mission is supplied in pre­
loaded film magazines that may be easily installed andlor removed from
the camera by a gloved crew member. Film capacity is 130 feet of thin
base film. Total weight of magazine with film is approximately one pound.
Magazine run time versus frame rate is from 87 minutes at one frame per
second to 3.6 minutes at 24 frames per second. Each magazine has a
"film remaining" indicator plus an "end of film" red indicator light.
Future plans include fihn magazines of 400-foot capacity. Quantity and
type of film supplied is determined by mission requirements.

Lenses. Four lenses of different focal length, which are provided for
use on the 16 rnITl caITlera, are described herewith.

5 mm f/2 - an extreme wide-angle lens designed for wide-angle
photography. Primary use will be for close interior photography of crew
activity within the spacecraft and for EVA photography. Viewing angle of
80 degrees (vertical) by 117 degrees (horizontal) on a 16 mm format.
Weight of lens with protective cover is approximately 0.69 pound.

10 mm - (SEB 33100010) a medium wide-angle lens, the field of view
being 41.1 degrees x 54.9 degrees. It will be used for internal crew
activities and equipment when details are required. Focus is from 6 inches
to infinity with aperture openings from f 1.8 to 22. It is similar in size to
the 5 mm lens and has two spike-like handles for setting f stop and distance
with the gloved hands.

18 mm T/2 - (SEB 33100023) a lens of slightly wide-angle design
and high optical quality. Primary use is for vehicle-to-vehicle photography
while bracket-ITlounted at left or right rendezvous window. It is also the
widest angle lens that ITlay be used with the right-angle mirror. This lens
is usually stowed on the camera. Viewing angle of 24 degrees x 32 degrees
and weight is approximately 0.57 pound.

18 mm Kern - (SEB 33100018) the newest J8 ITlrn lens model for
general photography of intravehicular and extravehicular activities. It is
slightly larger and longer than the former lens and is distinguished by its
two spike-like handles for setting the f stop and distance with the gloved
hand. This improved lens has larger numbers for reading while in the EV
spacesuit.
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75 mm f/Z.5 - (SEB 33100078) a medium telephoto lens design with
excellent optical properties. Primary use is for photography of distant
objects and ground terrain. Usually used on the bracket-mounted camera.
Viewing angle of 6 degrees x 8 degrees, weight is approximately
0.53 pound.

75 mm Kern - (SEB 33100019) the newest 75 mm lens model for DAC
telephotos. This lens is similar in appearance to the new 18 mm lens,
having two bandIes for f stop and distance gloved hand settings and larger
printed numbers. It also has a sun shade.

I
Right Angle Mirror. This accessory. when attached to the bracket­

mounted 16 nun camera and lens, facilitates photography through the
spacecraft rendezvous windows along a line of sight parallel to vehicle
X-axis with a minimum of interference to the crewmen. It adapts to the
18 mm, 75 mm. and ZOO mm lenses by means of bayonet fittings.

Ring Sight. An accessory used on the 16 mm camera as an aiming
aid when the camera is hand-held. The concentric light and dark cir­
cular rings. as seen superimposed on the view, aid the user in deter­
mining the angular field of view of the sight. It is attached to the camera
by its shoe sliding into a C rail. It is also used on the 70 mm camera.

Data Acquisition Camera Bracket. This device facilitates in-flight
mounting of the 16 mm camera at spacecraft left or right rendezvous
windows. The bracket is a quick-disconnect hand-grip that may be attached
to a dovetail adapter at either rendezvous window. The camera attaches to
the bracket by means of a sliding rail. Two marked locating stops are
provided for correct positioning of the camera at a window, one for the
18 mIn lens and one for the 75 mm lens only. Bracketry alignment is such
that installed camera/lens line of sight is parallel to spacecraft X-axis,
±l degree.

16 nun Camera Operation. Remove camera bracket (grip) from
stowage and attach it to dovetail at appropriate rendezvous window. Unstow
16 mm camera and accessories as required. Attach selected lens. Install
right-angle mirror on lens (optional). Install ring sight on camera for
hand-hold use (optional). Install film magazine on camera. Determine
correct exposure. Set lens aperture and focus. Set camera mode (frame
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rate) and IIhutter IIpeed. Install power cable on camera. Install camera in
mounting bracket loptional) at window. On spacecraft MDC panels 15 and
16, verify UTILITY POWER receptacle switch is in OFF position. Mate
camera power cable to appropriate receptacle. Place switch to POWER
position and verify green operate light on camera is illuminated steadily Cor
approximately 3 seconds to indicate electrical circuit operation. Filming
operation can be started by prell sing the operate button (switch) on front oC
camera. To stop, press operate button again.

2.12.5.3.2 70 rom Hasselblad Electric Camera and Accessories (Figure 2.12-34).

The 70 rom camera is primarily used for high resolution still photog­
raphy, and is hand-held or bracket mounted and manually operated.
Camera Ceatures include interchangeable lenses and film magazines. The
standard lens is an 80 mm C/2. 8, a 250 mm £14 and 500 mm C/8 telephoto I
lens is provided for photography of distant objects. Two types of 70 mm
£ibn magazines are provided, one for standard-base £ibns, the other for
thin-base films. Camera acces80ries include filters and a ring sight.
Some specific uses of the camera are as follows:

• Verify landmark tracking

• Lunar landmark and mapping

• Record Saturn IVB separation

• Photograph disturbed weather regions Ihurricanes, typhoons, etc.),
debris collection on the spacecraft windows, SLA separation, LM
during rendezvous and docking, terrain of geological and oceano­
graphic interests, and other space equipment in orbit

• Act as a backup to the 16 mm lIequence camera

• Record in-cockpit operation, e.g., normal p08itions of suited
crewmen.

The 70 mm Hasselblad camera is dectrlcally operated. The
increased ease of operation and improved photographic quality distinguish
this camera from the earlier model still camera. A built-in 6.25-vdc
battery-powered, electric-motor-driven mechaniam advance II the fihn and
cocks the shutter whenever the actuation button is pressed. An accessory
connector permits remote camera operation and shutter operation indica­
tion for time correlation. All acce.sories for the earlier model caInera,
except fihn magazines, may be used on the electric camera. Weight of
the camera, with 80 rom lens and 2 batterie., without film Inagazine, is
4.04 pounds. The camera accessories are herewith described.
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Figure 2.12-34, 70 mm Hasselblad Electric Camera
and Accessories

80 rnm f/2.8 Lens. Standard or normal lens for the 70 mm camera
with 2-1/4 x 2-1/4-inch film format. Used for general still photography
when a wide angle or telephoto view is not required. Focuses from 3 feet
to infinity. Has built-in shutter with speeds from 1 second to 1/500 second.
Field of view, each side, is approximately 38 degrees x 38 degrees.

250 nun [/5.6 Lens. A telephoto lens that is primarily used for
photography of terrain and distant objects. It produces a 3X magnification
over the standard 80 mm lens. The relatively narrow view of this lens
necessitates careful aiming of the camera to insure the desired scene is
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photographed. A mount is available [or mounting the caITlera and lens at
the right rendezvous window to view parallel to vehicle X-axis. The lens
focuses from 8.5 feet to infinity, and has built-in shutter with speeds from
1 second to 1/500 second. Field of view, each side, is approximately
13 degrees x 13 degrees. Weight of lens is 2.06 pounds.

500 mm f/8 Lens. (Figure 2.12-34) The 500 mm lens is used for
telephotography such as lunar landscape, lunar mapping, and targets of
opportunity. It produces a 6x ITlagnification over the standard 80 mm lens
and its field of view is 7 x 7 degrees. The 500 mm lens focuses from
28 feet to infinity but because of mounting limitations in the crew compart­
ment and lens travel toward the window during focusing, its ITlounted
focusing capability is approximately 100 feet to infinity. The lens has a
built in shutter with speeds [rom I second to 1/500th of a second.

Photar 2A Filter. (SEB 33100050-206) The Photar filter replaces
the haze filter for Hasselblad Electric Camera and is used with color film
to produce good color rendition and improved contrast in photographs of
the earth. It can be used with the 80 mm and 250 mm lens.

Remote Control Cable. (Figure 2. 12-34) The function of the remote I
control cable is to actuate the shutter from the left couch while sighting
targets through the COAS in the left rendezvous window. The cable is
48 inches long with a handle and button at one end and a connector at the
other.

70 mITl Film Magazines. Two types of filIn magazines are used, one
for standard-base film.. the other for thin-base film. Either film ITlagazine
attaches to rear of camera and is locked in place by a lever-actuated
claITlp. The type 100 film magazine is for standard-base film and capacity
is laO 2-1/4 x 2-1/4 inch fraITles. The type 200 film ITlagazine is for thin­
base film and capacity is 200 2-1/4 x 2-1/4 inch frames. Each film. ITlaga­
zine contains gross-film indicators for frame count.

Lunar Surface 70 ITlITl Film Magazine. The lunar surface 70 mm
film magazines are standard 70 mm magazines that have a thermal pro­
tective coating. They are stowed in the 70 ITlm magazine LM transfer
bag.

70 ITlm Magazine LM Transfer Bag. The 70 mm ITlagazine LM
transfer bag is beta cloth, has a capacity of 3 magazines. and a flap cover
to restrain them. The magazine bag with exposed 70 mm magazines is
transferred from the LM to the CM for entry and retrieval.

70 ITlm Camera Mount for 80 and 250 mm Lens. For the purpose of
photographing parallel to the X-axis, the camera mount is used. It is
T-shaped. the stem being 7 inches long and the bar 6 inches. The stem
inserts into a socket ITlount along the right or left side of the hatch frame,
marked EHC MOUNT ATTACH (80 MM/250MM LENS, approximately
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7 inches frOIl1 the TV socket 1l10unt. The T bar portion has two quick
couplings (lower and upper) that attaches to the camera. The lower quick
coupling is for use of the call1era with the 250 111111 lens and will align the
call1era parallel with the X-axis. The upper quick coupling is for use of
the camera with the 80 mm lens and is pitched upward 12:l::2° from the
X-axis during prelaunch alignment to give the camera an unobstructed
view.

To use the mount, the 70 rom camera is assembled, adjusted, and
set. The camera can be attached to the appropriate mount quick coupling
by sliding it to the stop and locking by rotating the (flag) lever 90 degrees.
Failure to position the camera all the way to the stop before locking may
result in the window aperture obstructing the camera view. The stem is
inserted into the socket mount near the hatch frame until the latches snap
in. (Caution should be exercised because of the close proximity of the lens
to the window.) The intervalometer cable is then attached. The camera
is sighted by using the COAS and orienting the CSM X-axis toward the
target. To use the 80 mm lens, the COAS elevation scale is set to
tl2 degrees. The camera can be momentarily displaced (swung out of
the way) by pressing the latch levers and rotating until the latches res eat.

70 rom Camera Mount for 500 mm Lens. (Figure 2. 12-34) The
calTIera mount is L-shaped with a quick coupling on one end and a round
stem with a latch at the other. The mount stern will insert in the socket
marked EHC MOUNT ATTACH (500 MM LENS) adjacent to the right side
of the hatch frame on the girth ring. When installed with the camera, the
500 mm lens centerline will be aligned 10:l::1 degrees off the X-axis toward
the -Z direction.

For 70 rom camera operations using the 500 rrun lens, the lens is
attached to the c~mera and the settings are adjusted. The camera is
attached to the mount. The quick coupling is similar to the 80/250 mm
lens mount type. In addition, it has a positive latch with a button that
must be depressed to remove the camera frOIn the mount. The right
couch headrest is adjusted to the footward position when the mount is
attached to the girth ring socket.

To sight the camera using the COAS, the COAS barrel is rotated
to +10 degrees on the elevation scale. The COAS centerline is then
aligned parallel with the camera and lens centerline.

Intervalometer. The intervalometer is a remote control device for
taking sequential pictures. It is extremely useful (or making a strip map
(vertical stereo strip from rendezvous window, oblique stereo strip (rom
side windows, etc.). Its control box is 2.5 x 2. 5 x I inches and has an
ON/OFF switch. A 120-inch cable connects it to the camera accessory
connector. The intervalometer is preset at 20-second intervals and is
powered from the Hasselblad Electric Camera battery pack.
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2.12.5.3.3 Automatic Spotrneter (Figure 2.12-35),

This meter replaces the earlier model spotmeter and greatly
enhances the creWtn&n's ability to obtain accurate exposure information
with a Ininilnurn of expended time and effort. The unit is a completely
autOluatic CdS reflectance light meter with a very narrow angle of accept­
ance (one degree). The meter scales are automatically rotated to indicate
the correct camera shutter speed/lens aperture values for the selected
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Figure 2. 12-35. Spotmeters
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photographic subject. Brightness range is from 0.32 to 5000 foot-Iamberts,
with an extended range to 20,000 foot-Iarrlberts by use of accessory neutral
density filter. ASA range is from 3 to 25, 000 and the weight of meter is
1.9 pounds.
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2.12.5.4 Accessories and Miscellaneous Equipment

2.12.5.4.1 Temporary Stowage Bags (Figure 2.12-36, Sheet t) I
The temporary stowage bags are used for temporary stowage of srrlall

items and permanent stowage of dry refuse or "trash."

The waste bag, nicknarrled the "VW" bag, is a two-pocket unit. The
outer pocket is deep, about 3 feet by 1 foot by 3 inches and is held shut by
a bar spring. The inner pocket is flat, about I by I foot and is held shut
by a rubber bungee. The bags are attached to the girth shelf and LEB by
snaps.

The outer bag is for dry uncontaminated waste matter and the inner
bag serves as temporary stowage for small items.

There are three waste bags, one for each crewtnan. The Com­
mander's bag attaches to the left girth shelf, the LM pilot's to the right
girth shelf, and the CM pilot's, the LEB. They are stowed in a stowage
locker at launch and entry.

2.12.5.4.2 Pilot's Preference Kits (Figure 2. 12~36, Sheet 3)

The pilot's preference kits are small beta cloth containers
7 x 4 x 2 inches, and weigh 0.5 of a pound. Each crewtnan will pack it
with personal equipment or equipment of his choice.

2.12.5.4.3 Fire Extinguisher (Figure 2.12-36, Sheet I)

A fire in the cabin, or behind the closeout or protection panels, is
extinguished by a small fire extinguisher. One fire extinguisher, on locker
A3 near the LEB, is provided.

The extinguisher weighs 8 pounds and is about 10 inches high with a
7-inch nozzle and handle. The tank body is a cylinder with a dome, and is
made of stainless steel. The extinguishing agent is an aqueous gel
(hydroxymethyl cellulose) which expells 2 cubic feet of foam for approxi­
mately 30 seconds under 250 psi at 140°F. The expulsion agent is Freon
and is separated from the gel by a polyethylene bellows. The nozzle,
handle, and actuator button are insulated against sparking. As a safety
measure against overheating, a disk will rupture between 350 and 400 psi,
allowing the gel to expel.

To operate, pull the safety pin in the handle, point at the fire or
insert in a FIRE PORT, and press the button.
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l. 12.5.4.4 Oxygen Masks (Figure l. 1l -36. Sheet I)

In the event oC smoke, toxic gas, or hostile atmosphere in the cabin
during the shirtsleeve environment, three oxygen masks are provided for
emergency breathing.

The mask is a modified commercial type (OFP) with heads traps to
hold it on. A utility strap is attached to the mask muzzle for inflight
stowage. The oxygen is supplied at 100 psi through a flexible hose Crom
the emergency oxygen/repressurization unit on the upper equipment bay by
actuating the emergency oxygen valve handle on panel 600. The mask has
a demand regulator that supplies oxygen when the creWYIlan inhales.

The three masks are stowed in a beta cloth bag on the aft bulkhead
below and aCt oC the emergency oxygen/repressurization unit. The masks
are removed by pulling the center tape loop handle to disengage the snap
fasteners restraining the cover. For inflight accessibility, the oxygen
masks are stowed along the girth ring near the side hatch by attaching its
utility strap snap socket to a stud.

2.12.5.4.5 In!light Exerciser (Figure 2.12-36, Sheet 2)

An inClight exerciser. similar to the "Exergenie," is provided for
daily exercise. It will be stowed in a small beta cloth container inside a
stowage locker on the aCt bulkhead.

2.12.5.4.6 Tape Roll (Figure 2.12-36, Sheet 3)

A 6-inch diameter roll of I-inch wide tape is provided for utility
purposes.

2.12.5.4.7 Two-Speed Timer (Figure 2.12-36. Sheet 3)

The two-speed timer is a two-mode kitchen timer. It is used by the
crew to time short period events such as fuel cell purge. The face
markings are 0 to 6. The two modes are 6 minutes and 60 minutes and
are set by positioning a lever on the Cace to Xl or XI0. To operate. set
the mode, turn the pointer to the desired time setting, and an alarm bell
will ring when the time elapses.

2.12.5.4.8 Accessory Bag (Figure 2.1l-36, Sheet 2)

There are three accessory bags stowed in the PGA helmet bags at
launch. They will be used for utility purposes. The bags are beta cloth,
flat (I5 x 10 inches) and the open end has a drawstring closure.

CREW PERSONAL EQUIPMENT

I

I

I

I

I

II

Mission Basic Date 15 April 1969 Change Date 15 Oct 1969 Page__....;;Z~.~lZ'--7~3



SM2A-03-BLOCK 1I-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

12.12.5.4.9 Headrest Pad (Figure 2.12-36. Sheet 2)

During an unsuited entry, the crew will need pads on the couch head­
rest to ease landing impact to the head and to raise the head to the helmeted
eye position. Therefore, there are three headrest pads stowed at launch
that are attached to the couch headrests at entry.

The headrest pads are 5 x 13 x 2 inches and are a black £luorel
sponge. They have pockets on the ends to slip over the headrests and
restrain them.

12.12.5.4.10 Grounding Cable (Figure 2.12-36, Sheet 2)

Static electricity is generated by crew activity in the crew compart­
ment. The COz canisters must be grounded when removing them from the
stowage locker or compartment to the EGS filter. The canisters have a
jack in the center to receive a plug when removing and replacing the
canisters.

The grounding cable is sixty inches long with a plug at each end. It
is stowed at launch. When using, ground it by inserting one plug in a jack
on locker A3. The opposite end inserts into the COz canister jack.

12.12.5.4,11 Voice Recorder, Cassettes, and Battery Packs (Figure 2. 12-36, Sheet 3)

The voice recorder is a small (5 x 4 inches) battery-powered unit
used to record data pertinent to the crew log. The recording element
is a tape cassette. It is stowed with a battery and a cassette installed,
ready for operation. For the number of batteries and cassettes aboard
the spacecraft, refer to the stowage list or drawing.

2.12.5.4.12 Decontamination Bags (Figure 2. 12-36, Sheet 4)

When returning items and equipment from the moon, precautions are
taken to lTIinimize lunar contamination to the GM and earth. The items
are vacuumed, placed in decontamination bags (containers) aboard the
LM. and the outer surface of the bags vacuumed. The items with deconlami­
nation bags are then transferred.

The items requiring decontamination bags are the two lunar salTIple
return containers (LSRG), the contingency lunar sample return container
(GLSRC), 70 mm magazine container, and the lunar close-up camera
cassette. The PGA bag will be used for the CDR and LMP space suit
return container as it can be readily attached and detached from the CM
aft bu lkhead.

The decontamination bags are Beta cloth with zipper closures and
fit snuggly over the item and its container.

The decontamination bags are stowed in a CM aft bulkhead locker
and transferred into the LM after lunar rendezvous.
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Z. 12. 5. 4. 12A Vacuum Cleaning Hose and Brushes (Figure 2.12-36. Sheet 4)

The vacuum cleaning hose and two brushes are stowed in an aft
bulkhead locker of the CM at launch. The hose and one brush are trans­
ferred to the LM after lunar rendezvous to vacuum the return items. The
brush functions as a vacuum head and the hose is connected to the LM ECS
return hose during vacuuming. The vacuumed lunar dust and particles are
trapped in the LM ECS UOH canister. The brush and hose are left in the
LM at separation.

The vaCUUIl1 cleaning hose is siIl1ilar to the oxygen hoses, 41.5 inches
in length, and covered with a Beta cloth sleeve. It has a 90-degree elbow
at the brush end. The brushes fit on the elbow and have a screen filter on
the inside. One brush is left aboard the CM for utility vacuuming as
needed.

2.12.5.4.13 Flag Kit (Figure 2.12-36, Sheet Z)

The flag kit is a Beta c loth bag containing the American flag, which
is returned from the LM.

2.12.5.4.14 Containers (Figure 2. 12-36. Sheet 3)

Containers are located inside stowage lockers and compartments.
The aluminuIl1 type are usually boxes with a door entry for containment
of stowable items. The cloth or soft type, are Beta cloth, and have flap
closures held by snaps or Velcro.

CREW PERSONAL EQUIPMENT
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Utility OuUets (Figure 2.12-37),

The crew compartment has three electrical utility outlets of 28 volts
de. The outlets are disbursed for accessibility and are located near the
left side window (MDe 15), the right side window (MDC 16). and on the
lower equipment bay panel 100. Each outlet or receptacle has an adjacent
UTILITY switch with a POWER and OFF position. The circuit breakers
for the utility outlets are on panel 229 and marked UTILITY R/L STA {or
MDC 15 and 16, and UTILITY LEB for panel 100.

Scientific Instrumentation Outlets (Figure 2.12-37),

For supplying 28 vdc to scientific experiments. there are receptacles
on panels 162 and 163 of the LEB and panel 227 on the right girth shelf.
Each outlet has an adjacent switch with a POWER and OFF position. The
circuit breaker for the receptacles are on panel 5 and marked INSTRU­
MENTS/SCI EQUIP/NONESS/SEB-2 for panels 162 and 163. The CB for
panel 227 is on MDC 5 and marked NONESS/HATCH. The nonessential
bus 2 must be powered by the switch on MDC 5 marked NONESS BUS
MNA - OFF - MNB.

Panels 162 and 163 are behind the LEB closeout panels and compart­
ment BS, respectively. 1£ the mission does not indicate usage, the switch
will be safety wired to the OFF position.

CREW PERSONAL EQUIPMENT
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2.12.6 CREW LIFE SUPPORT

2.12.6.1 Crew Water.

2. 12.6. 1. 1 Drinking Water Subsystem. (Figure 2. 12-38).

The source of cold water for drinking and food preparation is the
water chiller, The line is routed to the cold water valve of the FOOD
PREPARATION WATER tank; and has a maximum pressure of 48 psi. a
minimum pressure of 18 psig, and a nominal working pressure of 22 to
27 psig. The crewman drinking water line is teed off, and routed through
a shutoff valve to the water dispenser located beneath the main display
panel structure.

The water dispenser assembly consists of an aluminum mounting
bracket. a coiled viton rubber hose with a QD, and a water dispenser in
the form of a lever-actuated pistoL The water pistol delivers approxi­
rnately 8 rnilliliters of water per second (ml/s) when actuated. It has a
QD at the bottom of the handle for connecting to the coiled hose. The
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Figure Z. 12-38, Drinking Water Subsystem
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handle contains a fire extinguishing valve that delivers water at the rate
of 38 ml/ s in a 60 degree cone when actuated. The pistol is identical to
the LM water pistol.

The uncoiled hose will reach 72 inches, and when the pistol is
returned to the ITlount, the hose will re-coil into the housing. The pistol
is stowed in the mounting bracket and is held in place by a retainer lever
or attached to the crew cOlupartment structure.

Operational Use. The shutoff valve on panel 304 is opened during
the countdown to activate the system. This is accoITlplished with the
valve handle. The shutoff valve will be open for the entire ITlission unless
the pistol or dispenser assembly develops a leak or malfunctions.

The pistol with the gas separator is placed in the mouth and the
actuator lever pressed.

After landing. the potable water supply will be used for drinking
until depleted. Then, the sea water can be converted to potable water
by a device in the survival kit.

I
2.12.6.1.2 Food Preparation Water (Figure 2.12-39).

The food preparation water is metered from the FOOD PREPARA­
TION WATER supply on the LHFEB (panel 305), and is used to recon­
stitute the food. It meters cold water at 50 G F and hot water at 154 G F to
I-ounce aliquots.

There are two syringe-type valves, and a water nozzle with a
protective cover and lanyard. The hot water tank capacity is 38 ounces
(slightly more than a quart) and is heated by 25- and 20-watt calrod
heaters controlled by three therITlostats. The thermostats are powered
through the POT H20 HTR, MNA and MNB circuit breakers on MDe-5.

I
I

2.12.6.1.3

To operate, remove nozzle protective cover by pulling and attach
gas separator slowly, engaging the bayonet fittings. Secure food bag and
cut protective cover from the food bag valve. Push food bag valve on the
separator nozzle, verifying the food bag valve is open. Pull the syringe
handles and release (I cycle) as many times for as many ounces of water
needed. Do not overfill as backpressure may cause the gas separator to
leak. When finished, pull the food bag valve off nozzle and replace cover.

Gas/Water Separation (Figure 2. 12-39A)

The swallowing of water with excessive gas is uncomfortable.
During the production of water by the fuel cells, hydrogen is in solution
and under a pressure of 64 psi which is partially removed by the hydrogen
gas separator prior to entering the potable water tank. As the pressure
is reduced to 25 psi in the potable water tank. the hydrogen and oxygen
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Figure Z, IZ-39. Food Preparation Water SysteITl

gases increase in volume and migrates through the bladder. Further
reduction of pressure at the water pistol outlet to 5 psi frees ITlore of the
hydrogen and oxygen frOITl solution. The function of the gas/water
separator is to separate the hydrogen and oxygen from the drinking w.ater
and food preparation water and vent it into the crew com.partment. Two
gas/water separators, a drying adapter, a nozzle cap, and a stowage bag
are provided.

The gas separator is a cylinder 6 inches long with a feITlale (inlet)
fitting at one end and a nozzle (outlet) at the other end. The inlet fitting
has a bayonet key and will fit and lock up the food preparation water nozzle
on panel 305 or fit on the water pistol barrel. The separator outlet nozzle
will interface' with a food bag or can be inserted in the mouth for drinking.

Water from the pistol or food preparation water unit enters the inner
chamber and is routed through holes in the upper end into the outer
chaITlber. The water flows along a teflon hypophobic membrane that allows
gas to permeate the membrane and pass through slots in the cylinder wall.

II
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At the outlet end the water passes through a hypophilic stainless steel fine
mesh screen chemically treated to transmit water readily. The water then
flows through the outlet nozzle.

Operation. The separator tnetnbrane has to be pre-wet before using.
Attach a separator to the water pistol barrel by rotating and pushing slowly
until seated. Caution should be exercised when handling the separator as
getting the outside surface of the metnbrane wet will cause it to leak and
lose its effectiveness as a gas separator. When seated, the water pistol
actuator is triggered in short bursts until water is observed at the outlet
nozzle. Ten minutes for membrane wetting is allowed. The gas separator
is carefully retnoved from the water pistol by twisting and pulling. The
food preparation water nozzle cover is removed and the pre-wet separator
is slid onto the nozzle. The bayonet key is engaged to the nozzle studs and
turned, to lock on the separator. The food preparation water unit is then
ready for use. Care must be taken when filling a food bag, to ensure the
bag is not folded or the sides stuck together and frotn excessive filling as
a slight backpressure will result in water breakthrough of the membrane
and destroy its effectiveness as a gas separator. After each use, water on
the exterior of the separator should be dried with a tissue (handy wipe).

For the water pistol, the pre-wetting procedure is repeated before
use. After each use of the water pistol separator, it is removed from the
pistol, the nozzle is blown through (backflushed). The water pistol is
removed and stowed before each SPS firing.

Before entry, the separators are placed in the stowage bag and
stowed.

Gas Separator Drying. In the event of water break breakthrough,
a gas separator must be dried. A gas separator adapter and a nozzle cap
are provided and stowed in the gas separators stowage bag.

The gas separator is removed from the food preparation water nozzle
or water pistol and dried carefully with a utility towel (caution should be
exercised as the tnembrane can be damaged with pencils or tools). The
nozzle cap is placed on the separator nozzle to seal it. Access is gained
to the QD panel behind WMS panel 252. The male QD cap is retnoved and
the gas separator adapter is attached to the panel aD. The separator
inlet (female) port is mated to the adapter tnale port. Cabin gas flows
through the tnetnbrane. through the separator inlet, and into the waste
water dump line to space. A ten-tninute flow for drying is allowed. The
separator, adapter, and nozzle cap are removed, the panel QD cap is replaced
and the panel is closed. The separator adapter, nozzle cap, gas separator
are stowed or the gas separator is pre-wet and used.
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The Galley System (Figure 2. 12-40).

The galley system provides for cold or aInbient stowage. heating,
and serving food. It consists of food, a frozen food container (freezer),
a food warmer (hotplate), a hot food holder (hot pad), stowage cOInpart­
ments and lockers.

2. 12. 6. 2. I Food.

The food furnishes a balanced diet of approximately 2500 calories
per day to each crew ITleITlber and is contained in food sets or separate
packages. The food sets are stowed in two prepacked food boxes for
cOInpartInents BI and L3. Oral hygiene assemblies for brushing the
teeth and spoons for eating are also included. Miscellaneous food packages
are stowed in aft bulkhead lockers and the freezer.

There are several forms of food such as freeze-dried food in bags,
wet packs, frozen food packs. dried fruit packs, beverages in bags, bread
packs, and canned food.

Wet packs are frankfurters or a ITleat and gravy cOITlbination such
as haITl, turkey, and beef. They are packaged in aluminum dishes with a
peel-away cover and are eaten with a spoon.

The frozen food packs are o.f the TV dinner type with a limited
selection of breakfast, lunch, and dinner. They are also packaged in
aluminum dishes with a peel-away cover and eaten with a spoon.

Standard dried fruits are vacuum-packed in plastic bags for cutting
open and eating.

Freeze-dried beverages and fruit juices
type of plastic bags as the freeze-dried food.
supplementary liquid meals in emergencies.

are packaged in the same
They can be used for

Bread is vacuu01-packed in plastic bags and are spread with haIn,
chicken, or tuna salad froIn cans which have plastic, snap off lids.

The freeze-dried food is usually a O1eat combination dish, soup, or
combination salad and is vacuum-packed in plastic bags. The food bag
has a one-way poppet valve through which the food preparation water
supply or gas separator nozzle is inserted. The bag has a second valve
through which the food passes into the ITlOUth. Approximately one-half
of the food is packaged in Kel F plastic bags to make one meal for each
astronaut. There are meal bags for breakfast, lunch, and dinner.
Cleansing cloths are also included for each Ineal. The meal bags have
red, white, and blue patches to identify them for the individual crewman.
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The freeze-dry food is reconstituted by adding hot or cold water
through the one way valve on the food bag neck. It is then kneaded by hand
for approximately 3 to 5 minutes. When reconstituted, the neck is cut off
with scissors and placed in the mouth. A squeeze on the bag forces food
into the mouth. When finished, a germicide tablet, attached to the bag, is
slipped through the mouthpiece to prevent fermentation and gas. The bag
is then rolled as small as possible, taped, and returned to the food stowage
compartment.

2.12.6.2.2 Frozen Food Container.

The function of the frozen food container (freezer) is to maintain
frozen food packs at a temperature of -IOO"F to +IS"F for 12 days,
opening a maximum of once a day for 2 minutes.

The freezer is essentially a large vacuum bottle. The capacity is
one cubic foot and will hold 24 food packs weighing a total of 18 pounds.
It is an oval shaped cylinder 18.6 inches' wide and 18 inches long and weighs
approximately 55 pounds without food. It has a 6-inch opening at one end
and 4 attachment fittings (Calfax) on the underside. The freezer is stowed
on the a.ft bulkhead for launch and entry, adjacent to lockers A4 and AS on
the +Z centerline. The freezer is removed and replaced with the use of
too Is E and H.

During the mission, the freezer is stowed in the upper equipment bay
(right) adjacent to locker U3 with two straps, the access door forward.
Once a day, the crew withdraws the desired frozen food packages and heats
them by placing them in the food wanner.

2. 12.6.2.3 Food Wanner (Figure 2. 12-40)

Another unit of the galley system is the food warmer, or hotplate.
Its function is to warzn foods frozn a frozen state to 1 30::1::10 "F in 20 minutes
or less. It is stowed in locker AS for launch and entry.

The food warmer consists of an enclosed electrical power unit,
three dishes, and a power cable. The oven unit is 9. 3 x 6.8 x 5.8 inches,
weighs 6 pounds, has a control panel, cover, and requires 300 watts to
operate. The warzner cover is spring-loaded open and when closed,
presses on the food and warming dish to maintain contacts in the dish well.
An interlock switch deactivates the heating circuit when the cover is open.
A moat around the edge of the dish well will collect ITlOisture from cooking
food packs. The wanner control panel has two lights, two switches, and
a receptacle, The receptacle receives the power cable connector. The
HEATING CYCLE switch has a LONG position to be used when warming
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frozen food packs (20 minutes) and a SHORT position for wet and dry food
packs (10 minutes). The RESET switch is momentary and starts the timer
and the warming cycle. The indicator lights are marked COMPLETED
and HEATING. A thermal switch provides automatic shutoff to prevent
the dish from overh'eating in addition to a timer shutoff. A strap with
snaps is attached to restrain the warmer in its using position on the right
side of panel lOin the tunnel area.

The warmer dishes are insulated steel bowls about 6 x 5 x I inches
with internal heating elements and external contacts and hold frozen, wet,
or dry food packs. One dish is stowed in the warmer and two are stowed
in a container on locker A3. After heating, they may be used to contain
the opened food pack during eating. The frozen food pack is designed so
its cover may be peeled back as the meal is eaten to contain the uneaten
portion.

Food Warmer Operation. The warmer, dish, power cable, and
holder are removed from stowage. The warmer is mounted to the right of
panel 10 by its strap and snaps. The FOOD WARMER switch on panel 201
should be OFF, and the power cable connectors attached to the receptacles
on the warmer and panel 201. The CABIN FAN 2 switch on panel 2
should be OFF as simultaneous operation may trip the CABIN FAN 2 ­
AC 2 circuit breakers (2 amps) on panelS.

The food pack to be heated is procured and placed in the warmer
dish; the cover is closed, and latched. The FOOD WARMER switch on
panel 201 is set to ON; the warmer HEATING CYCLE mode switch is set
to the applicable LONG or SHORT position; the warmer RESET switch is
momentarily set to RESET. The HEATING light should be on to indicate
the cycle has begun. The HEATING light will turn on and off 48 times as
the power is applied to the dish (power is applied intermittently to prevent
scorching the food). The dish and food will be warmed when the COM­
PLETED light turns on. The warmer dish and food pack are removed
using the holder. The moisture is wiped from the warmer dish well and
moat.

In the event the warmer dish gets soiled, a tissue is dampened and
the dish is wiped clean and dried with a utility towel.

During preparation for entry, the food wanner, dish, holder, and
power cable are disassembled and stowed.

The power cable is 34 inches long with a connector at each end.
The 90-degrec elbow end connects to the wanner receptacle and the
straight end to the panel 17 receptacle for electrical power.
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2.12.6.2.4 Hot Food Holder (Figure 2. 12-40)

To handle frozen and hot
provided. It is 9 inches long,
Beta felt, and fits either hand.
not in use.

2.12.6.l.5 Stowage (Figure 2.12-40).

food packs, a hot food holder (hot pad) is
fabricated of Beta cloth, insulated with
It is stowed with the food warmer when

Food is stowed in two areas: the food stowage compartment
(2125 cubic inches) in the lower equipment bay (LEB), and the food stowage
compartment (2947 cubic inches) in the left-hand equipment bay (LHEBl.
Combined, they offer approximately 5072 cubic inches of food storage
volume, which is sufficient for a 10.6-day mission.

The LEB compartment door is held closed with a "dog ear" latch
(squeeze latch). The door is held by a slide and bell-crank detent, and
acts as a food shelf. When opened, the door inner surface has patches of
Velcro hook. The food box, located inside, is fiberglass with an open end,
covered with Beta cloth held on by snaps. The cloth is detached to gain
access to the food packages.

The LHEB food compartment (L3l has two doors.
squeeze latch and is hinged at the top. The food box is
food box.

2.12.6.2.6 Contingency Feeding System.

Each door has a
similar to the LEB

In the event the cabin is depressurized, the crew will be in their
spacesuits and pressurized. Feeding will therefore have to be through
the helmet feed port with use of the contingency feeding adapter. However,
the backpressure from the spacesuit into the food bag may rupture the bag
so it must have a protective cover-the food restraint pouch. Only fluids,
primarily fruit drinks and punches will be drunk under these conditions as
the solid food is too large to pass through the adapter. This condition
could last five or less days.

The contingency feeding adapter and food restraint pouch are in a
Kel F package and stowed in the LEB food compartment 81.

Food Restraint Pouch. The food restraint pouch is a strong nylon
bag that fits over the food bag and prevents its rupture. While it contains
the food bag, it can be compressed, forcing drinks from. the bag, through
the adapter into the mouth of the crewman.

Contingency Feeding Adapter. Nicknam.ed the "pan" tube, the contin­
gency feeding adapter is a tube like device that inserts into, and opens, the
food bag valve. It also inserts through the PGA helmet feed_through port
and into the crewman1s mouth.
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Waste Management System and Supplies.

The function of the Waste Management System (WMS) is to control
and/or dispose of crew waste solids, liquids, and waste stowage gases.
The major portion of the system is located in the RHEB. The basic
requirements of the system are ease of operation, accessible supplies,
collection and stowage of feces. urine collection and overboard dump,
removal of urine from the PGA, urination while in the couches, venting of
waste stowage gases, and vacuuming waste liquids overboard. The WMS
contains a urine, fecal, waste stowage vent, and vacuum subsystem with
their associated supplies and equipment.

2.12.6.3.1 General Description (Figure 2.12-41).

The WMS contains a urine transfer system (UTS), or urine recep­
tacle, urine hose, a vacuum fitting, a fecal collection device, fecal stowage
compart:znent, a WMS panel with two ODl s , a control valve, a urine dump
line with a special dump nozzle and an auxiliary dump nozzle. Opening the
control valve on the WMS panel subjects the system to a 5-psi differential
pressure, crew compartment to space. The dump nozzle contains an exit
orifice of 0.055 inch that restricts gas flow to a maximum of 0.4 dm and
liquid flow to 1 pound per minute. The gas flow is limited to prevent
excessive loss of cabin oxygen during system usage. To prevent the forma­
tion of ice at the dump nozzle, which could block flow, the dump nozzle
contains two 5.7-watt heaters controlled from panel 101 (LEB). A switch
selects the dump nozzle heater to be enabled. Two 2-watt heaters are on
the urine line just inboard of the nozzle and are operating continuously.

The battery vent/waste water dump subsystem parallels the urine
dump line. It routes outgassing and emergency relief of fluids from the
batteries to the WMS panel (252), through the battery vent valve to the EGS
water panel 352 where the waste water vent line Tis into it. From
panel 352, it is routed through a 215-micron filter on the aft bulkhead,
through a penetration fitting in the sidewall, to the waste water dump
nozzle. The temperatures of both dump nozzles (0 to 100 degrees F) are
telemetered to earth to provide an indication of impending nozzle freezing.
In the event that either dump nozzle freezes or clogs, the dump lines can
be interconnected. To interconnect, open the door below panel 252,
exposing a flex line connected to a stowage 00. Disconnect the flex line
and connect to the 00 2 inches to the right marked TO WASTE WATER
NOZZLE. The interconnecting allows fluids to flow out the "open"
(unrestricted) dump noz?le.

The battery vent line contains a pressure transducer that has a read­
out on the SYSTEMS TEST meter (position 4A) on panel 101 (LEB). A
periodic check of the battery vent line pressure will indicate freezing or
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clogging of the waste water dump nozzle. (This is not likely to occur if the
waste water tank is drained periodically.) Place the BATTERY VENT
valve (panel 252) in the VENT position, thus sensing the battery vent and
waste water dump line. Plugging of the nozzle will be indicated by a rise
in pressure. If the waste water dump nozzle becomes plugged. intercon­
nect the urine dwnp line and check the urine dump nozzle. Insert the cabin
nitrogen purge (vacuum) fitting into the WMS panel aD. pressurize the lines
(5 psi) by opening the OVBn DRAIN valve (to DUMP). closing the valve,
and monitor the battery vent line pressure. H the pressure drops to zero.
the urine line and nozzle are clear. H the system remains pressurized.
both nozzles are plugged. The auxiliary dump system should then be used
and is described in subsequent paragraphs.

2.12.6.3.2 Urine Subsystem (Figure 2.12-42).

The urine subsystem has two contending urine collection devices for
collecting and transferring urine. the Urine Transfer System (UTS) and the
Urine Receptacle. The remainder of the urine subsystem is a 120-inch
flexible urine hose (capable of reaching a crewman in a couch). and a filter.

Gemini Urine Transfer System (UTS). The components of the urine
transfer system (UTS) are a rollon, receiver, valve with a manifold.
collection bag, and a 3/8·inch quick-disconnect (00). The rollon is a
rubber tube that functions as an external catheter between the penis and the
receiver/valve. The rollon is used approximately one day (5 to 6 urina­
tions) and then replaced. Ten additional rollons per crewman are in a
stowed rollon cuff assembly coded red, white, and blue. The rollon
attaches to the urine receiver. The receiver is a short tube that contains
a low-pressure differential check valve (0.038 psi), a low pressure differ­
ential bypass valve. and screws onto the valve manifold. The collection
valve has two positions, OPEN and CLOSED. and allows urine to flow into
the manifold. The other end of the valve manifold has a 3/8-inch aD and
the collection bag throat is teed into the manifold. The urine collection
bag is rectangular in shape with a capacity of approximately 1200 ccs.
Each crewman will have his personal UTS for sanitary reasons.

Urine Receptacle With Plenum. The urine receptacle is a relief tube
with a valve on the exit end. Both ends have threaded sections. The
diaphragm assembly will screw on the receiving (front) end and the plenwn
will screw on the exit (rear) end. The urine receptacle valve opens when
turned 90 degrees counterclockwise and closes 90 degrees clockwise. The
relief tube body has slanted holes downstream of the diaphragm and
upstream of the valve that allows gas to bypass the diaphragm when
attached to the penis. There is one urine receptacle per spacecraft.
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Figure 2.12-42. Urine Subsystem Components

The diaphragm assembly is a short cylinder with a stretched
diaphragm over the upstream or receiving end. The diaphragm has a
hole in the center through which the penis is placed. The diaphragm is
attached to a collar that moves along the outside of the cylinder and
stretches the diaphragm. The collar is moved by a wishbone fitting. The
diaphragm attaches to the receptacle by screwing. Eac:h crewman will
have his personal diaphragm marked L, C, or R. Eac:h diaphragm will
have a plastic: c:ap cover with a strap handle and a snap. The diaphragms
are stowed in a beta cloth container with compartments marked L, C. and
R.

II
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The plenUlTI chamber attaches to the receptacle exit threaded section
and is sealed with an O-ring. An enclosed cylinder with a capacity of
780 cc. it receives the urine froIn the receptacle. Attached to the bottom
of the plenum is an open end stand pipe with holes at the top, middle, and
lower end. This allows gas to always mix with the urine and assure an
adequate flow. The exit end of the plenum has a OD that attaches to the
urine hose.

The diaphragm-receptacle-plenum. or urine receptacle assembly
will receive and transfer urine at a tnaxitnum rate of 40 cc per second.
The urine subsystem has a capacity of 1200 cc at the rate of 40 cc per
second. The assembly will be stowed in an aft bulkhead locker for launch
and entry. During the mission, it will be stowed on the aft bulkhead cable­
way, by the WMS panel 252 with the aid of a strap. It should always be
stowed with a diaphragm and cover attached to restrict debris.

Urine Hose and Filter. The urine hose is silicon rubber with a Beta
cloth cover which will withstand a 6-psi differential pressure and is flexible
to facilitate easy routing and handling at zero g. The spacesuit urine QD is
located approximately 20 inches from the urine QD and is teed into the hose.
The panel QD end of the hose connects to a 2lS-micron (0.009 inch) filter
with a QD which mates with the waste management system (WMS) panel QD.
The urine is filtered to prevent clogging the O. OSS-inch orifice in the urine
dum.p nozzle. In the event the OVBD (overboard) DRAIN valve leaks, the
panel QD can be disconnected to prevent loss of oxygen.

Operation. Urine is dumped in one of the following ways; urination
and dum.ping simultaneously, urination and dumping separately, or draining
(dumping) the spacesuit urine collection and transfer assembly (UCTA).
There is also an auxiliary dump method which will be described later.

One of the two urine dump nozzle heaters should be on at all times
during the mission. The URINE DUMP HTR switch, on panel 101 of the
LEB. has three positions; HTR A, HTR B, and OFF. Select HTR A or
HTR B. The circuit breakers for this switch are the ECS STEAM/URINE
DUCT HTR MNA/MNB circuit breakers on MDC-S (lower center).

Urine Transfer System. Urinating and Dumping Simultaneously.
Connect the panel end of the urine hose (with filter) to the WMS panel 00.
Connect the hose urine QD to the urine transfer system (UTS) 00. Next,
turn the OVBD DRAIN valve to DUMP. Attach the UTS to the penis by the
rollon. Turn the UTS valve handle to OPEN (it will cover the word
"OPEN") and urinate. The receiver low pressure differential check valve
(0.038 psi) is opened. During this operation, 200 to 300 cc of urine will
flow into the urine hose and gradually fill the lines. When the flow

CREW PERSONAL EQUIPMENT

Mission Basic Date IS April 1969 Change Date 15 Oct 1969 Page__....:2c'c1C2C"_8c6;;.



SMZA-03-BLOCK 1I-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

decreases, the UTS bag will begin to fill. The 5-psi pressure differential
between cabin and space will cause gas and urine to dump overboard.
(With the penis connected, the bypass valve in the receiver prevents a
pressure differential on the penis). When urination is complete, roll the
rollon back onto the receiver and rem.ove the penis. Place the finger over
the bypass valve, thus sucking urine on the outside of the receiver into the
receiver flapper valve and preventing it from leaking into the cabin. Close
the UTS valve and allow the bag to completely vacuate. Then open the UTS
valve and allow a minute purge to clear the urine hose, and then close the
valve. Disconnect the UTS QD and stow. Turn the OVBD DRAIN valve to
OFF, remove the hose, and stow.

Urine Transfer System, Urinating and Dumping Separately. To uri­
nate and dump separately, unstow the UTS and attach to the penis by the.
rollon. Turn the UTS valve to OPEN and urinate. The urine will pass
through the receiver low-pressure differential flapper valve, through the
valve, and into the bag. When urination is complete, remove the UTS by
rolling the rollon back to the receiver. A little urine may be clinging to
the receiver. Attach a filter to the collection bag QD and then attach the
UTS and filter to the WMS panel aD. (This can be accomplished when
convenient.) Open the OVBD DRAIN valve and the UTS valve. When the
bag is empty (flat), allow 30 seconds for purging before closing the UTS
valve and OVBD DRAIN valve. Disconnect UTS aD from the filter aD and
stow.

Urinating Using the Urine Receptacle Assembly. The use of the
urine receptacle necessitates urinating and dumping simultaneously. To
use, obtain the urine receptacle assernbly frorn the rnission stowage
position and attach personal diaphragm. Remove diaphragrn cover and
stow. Connect the assernbly to the urine hose, rotate WMS OVBD DRAIN
valve to DUMP, and rotate the urine receptacle valve 90 degrees counter­
clockwise until it stops. The system is vented to space and has as-psi
differential. Open the diaphragm hole, insert penis. urinate, and remove
penis. When the plenurn ernpties, allow 60 seconds for the hose and lines
to clear, then close urine receptacle valve and OVBD DUMP valve,
respectively. Place cover on diaphragm, and stow.

Draining the UCTA While in the Spacesuit. To drain the spacesuit
urine collection and transfer assembly (UCTA) through the spacesuit urine
transfer aD, proceed as follows. Connect the UTS or urine receptacle to
the hose, and the hose to the panel 00. Then connect the hose spacesuit
urine aD to the spacesuit urine transfer 00. Position the OVBD DRAIN
valve to DUMP. The hose internal pressure is then zero and the spacesuit
pressure of 5 psi cornpresses the UCTA bladder, forcing the urine into the
urine hose and overboard dump line. When the bladder has been emptied, II
open the UTS or urine receptacle valve for approximately a minute to purge
the urine hose and line. After closing the UTS or urine receptacle valve.
disconnect the urine hose (rom the spacesuit and UTS or urine receptacle
and stow.
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Draining the UCTA After Removal From Spacesuit. It is difficult to
drain the UCTA while it is attached to a stowed spacesuit. Therefore,
remove the UCTA from the suit by verifying the rollon is clamped and
disconnecting the UCTA 00. The urine hose to UCTA adapter is a small
tube with a urine hose QD on one end and a UCTA QD on the other. (The
UCTA adapter is attached to the urine hose for mission stowage by a strap.)
Connect the adapter to the UCTA and the hose spacesuit urine 00. Attach
the UTS or urine receptacle assembly to the urine hose, and open the
OVBD DRAIN valve and the UTS or receptacle valve. Gas will now flow
through the urine hose. Gently compress the UCTA to force urine into the
urine hose. When the UCTA is empty, allow 60 seconds purge before
closing the UTS or receptacle valve and OVBD DRAIN valve. Disconnect
the UCTA froIn the adapter and attach to the spacesuit.

In the event the cabin is depressurized, and emptying the UCTA is
mandatory the UCTA is connected to the urine hose by the UCTA adapter.
After opening the OVaD DRAIN valve, the UCTA is firmly compressed.
forcing the urine into the hose, lines, and overboard through the dump
nozzle.

Auxiliary DUInp SysteIn (Figure 2. 12-43). An alternate method of
dUInping urine is through the auxiliary dUInp nozzle in the side hatch.
Before launch, the nitrogen purge fitting in the hatch is replaced with an
auxiliary urine dump nozzle. The nozzle body passes through the hatch,
protrudes slightly inside the hatch and has a pressure plug, electrical con­
nector, and a stowage cover. To prepare for use, remove the auxiliary
dump nozzle stowage cover with tool E (small tip). Carefully pull the wires
with the connector from inside the stowage cover. Remove the wires from
the slot enough to allow clearance for installation of the auxiliary dump
nozzle 00. With tool E (small tip) remove the pressure plug (about 20 inch­
pounds) and retain. Crew compartment oxygen begins flowing through the
dump nozzle. Immediately install the auxiliary dump nozzle 00 and hand
tighten. Stow the pressure plug and connect the auxiliary dump nozzle
power cable to the nozzle connector and to a utility connector on panels 15
or 16. Turn the UTILITY switch to POWER, applying 28 vdc to the two
5. 7-watt heaters in the auxiliary dump nozzle. Allow 5 to 10 minutes for
the nozzle to warm. The UTS can be dUITlped by connecting a urine filter
to the UTS QD and then attaching it directly to the auxiliary dump nozzle
QD. The 5-psi differential pressure will force urine from the UTS bag and
overboard through the heated nozzle. When the UTS bag is empty, open the
UTS valve for 10 to 20 seconds to purge.

Urination and simultaneous dumping through the auxiliary dump nozzle
can be accomplished by connecting the urine hose with filter to the UTS or
urine receptacle assembly and the auxiliary urine dump nozzle 00. Apply
the rollon or diaphragm to the penis, open the UTS or receptacle valve, and
urinate. When completed, remove the penis and allow a 10- to 20-second
purge before closing the UTS or receptacle valve.
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2.12.6.3.3 Fecal Subsystem (Figure 2.12-41).

The fecal subsystem consists of a fecal collection assembly, tissue
dispensers, stowage compartment, and a waste stowage compartment.

The fecal collection assembly contains a Gemini fecal bag and an
outer fecal emisis (FE) bag bound together with a plastic wrapper. The
Gemini fecal bag is a plastic sack with a flange at the opening and a finger
tube in the center. The flange has a surface of stomaseal tape for adhering
to the skin. There is a pocket on the outside of the lower end in which is
stowed a wet cleansing cloth and a germicide pouch. The outer FE bag is
used for stowage of the used fecal bags and is transparent. It has internal
and external seals at its mouth which makes it capable of containing a
differential 5-psi internal gas pressure.

The tissue dispensers contain tissue (Kleenex) for wiping, are
approximately 8 x 4 x 3 inches, and weigh approximately a half pound
a piece. Theyare stowed in an aft bulkhead locker, and one dispenser is
attached to the back of the center couch footpan so it will be available for
use.

The fecal collection assemblies are stowed in the RHIEB RIO com­
partment in the aft stowage box. The stowage box is fiberglass and has an
end door for greater accessibility.

The entry to the waste stowage compartment is through the door R 9
in the RHIEB. This compartment has a capacity of 1600 cubic inches and
is part of the Waste Stowage Vent System.

Operation. Retrieve a fecal collection assembly from stowage,
remove the wrapper, obtain the Gemini fecal bag, and remove protector
strips covering the stomaseal on the flanges. Press the flange to the
buttocks and defecate. The finger tube may be used to dislodge any feces
adhering to the buttocks. When finished, remove the fecal bag, wipe with
tissue, clean with a wet cleansing cloth, remove germicide pouch outer
cover and place in the fecal bag. Gently force gas out of the bag, seal the
flange opening, locate and rupture the germicide pouch by squeezing.
Place the used Gemini fecal bag into the outer FE bag, remove the pro­
tective strip from the inner stomaseal surface, press gas from the FE bag
and seal. Remove the protective strips from the outer stomaseal surfaces,
fold, seal, and knead thoroughly until the blue germicide permeates the
feces. Roll into the smallest volume and place in the waste stowage com­
partment. A split membrane inside the WASTE DISPOSAL door will
prevent the fecal bags from "floating" back through the door opening when
released.
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2.12.6.3.4 Waste Stowage Vent System (Figure 2.12-44).

In the event that several fecal bags rupture during the mission, the
waste stowage compartment could emit fecal odors. A bladder has been
placed in the compartment with an overboard vent system consisting of a
215 micron filter, check-relief valve, and a vent valve to the urine over­
board dump line.

During boost the waste stowage vent valve is open to purge nitrogen
from the crew compartment. However. the crew COll1partrnent pressure
decreases faster than the waste stowage compartment and at a differential
pressure of 2 psi, the check valve vents into the crew compartment.
During the mission, after the vent valve has been closed, if ruptured fecal
bags create an overpressure of 2 psi, the check valve vents, the crew will
sm.ell fecal odor and can 1l10ll1entarily turn the waste stowage vent valve to
VENT, venting the odor overboard at periodic intervals. Each entry of a

,.--
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Figure 2.12-44. Waste Stowage Vent System
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fresh fecal bag into the waste stowage compartment would be preceded by
an overboard vent action. The waste stowage door forms a pressure seal
when "closed." During entry, the crew compartment pressure increases
faster than the stowage compartment. A small poppet valve that opens
from 0.072 to 0.1 psi is in the waste stowage door and allows the pressure
to bleed into the waste stowage compartment.

2.12.6.3.5 VacuumOD (Cabin VentOD).

In the event waste liquids escape and pool on the aft bulkhead, they
can be "vacuumed" and dumped overboard by use of the vacuum 00 and the
waste management system. The vacuum 00 (V36-612547-11), also called
"cabin purge 00," is a 2IS-micron (0.0086 inch) filter with a QD and
90~degree elbow. The QD will mate to the urine hose.

To vacuum liquid, attach vacuum 00 to the urine hose. open WMS
OVBD DRAIN valve (panel 251) and use as vacuum cleaner.

The vacuum aD will be stowed when not in use.

2.12.6.4 Personal Hygiene (Figure 2.12-45).

Personal hygiene items consist of an oral hygiene assembly, utility
towels, and wet and dry cleansing cloths.

( C(;

CS-550IE

INGESTABlE GLM PACK

DRY a.EANSING CLOTH

4" X 4"

ORAL HYGIENE SET

CONS,UMABLE
TOOTH PASTE
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n EACH ASTRONAUTJ

BlUE

·C

UTILITY TOWELS

Figure 2.l2~45. Personal Hygiene Items

CREW PERSONAL EQUIPMENT

Mission Basic Date 15 April 1969 Change Date Page Z:.:.;.1"Z'--.:.9.:;.Z



SM2A-03-BLOCK 11-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

2.12.6.4.1 Oral Hygiene Set - Cleansing of Teeth.

The maintenance of oral health in space flight requires aids which
will cleanse the mouth of food debris and bacterial plagues. These aids
will be provided each crewrnember on an individual basis according to his
needs. The oral hygiene set consists of a toothbrush and consumable tooth­
paste or ingestible gum. The required set will be stored in the first dayls
food stowage compartment Bl. to be used for the entire mission.

2.12.6.4.2 Wet Cleansing Cloth.

Wet cleansing cloths will be used for postmeal and postdefecation
hygiene. The cloths are 4 by 4 inches, folded into a 2-inch square and
sealed in plastic. They are saturated with a germicide and water.

The cloths for postmeal cleansing are stored, along with the dry
cleansing cloth, in the food containers for easy accessibility. The post­
defecation cloths are part of the fecal collection assembly.

2.12.6.4.3 Dry Cleansing Cloth.

The dry cleansing cloths will be alternated with the wet cleansing
cloths for postmeal cleanup. They are the same size and texture; how­
ever. they do not contain water and a germicide. They are also packaged
with the food.

The wet and dry cleansing cloths will be placed in the food packages
and be part of the "FoodSet."

2.12.6.4.4 Utility Towels.

The towels are used for utility cleanup and use. They are 12 x 12
inches and similar to a washcloth. sterile, and packaged in plastic con­
tainers. The containers have Velcro patches and stow in an aft bulkhead
locker.

2. 12. 6. 4. 5 The tissue dispensers contain tissues (Kleenex) for utility-wipe
and clean-up purposes. The dispenser consists of a container and tissues.
The container is Beta cloth, approximately 9 x 4 x Z inches, weighs
1. 4 pounds with tissues, and has Velcro patches for restraint during the
mission. Approximately seven dispensers are stowed in aft bulkhead
lockers at launch.
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MEDICAL SUPPLIES AND EQUIPMENT.

The medical equipment is used to monitor current physiological
condition of the crewmen, and to furnish medical supplies for treatment
of crewmen in-flight medical emergencies.

The medical equipment is subdivided into two functional types:
monitoring equipment and emergency medical equipment. The monitoring
equipment consists of personal biomedical sensors assembly and a bio­
medical signal conditioner instrument assembly. The emergency medical
equipment is in the medical accessories kit. This kit also contains spares
for the bioinstrumentation equipment and harnesses.

Bioinstrumentation Harness Assembly (Figure 2.12-46).

The current physical condition is of great importance to the mission
rrLOnitoring flight surgeon. The heartbeat, by electrocardiograph (ECG)
and the respiration, via impedance pneumograph (ZP), are monitored
continually throughout the mission. The ECG and ZP are telemetered
continuously for all three crewmen simultaneously.

The bioinstrumentation harness is the crewman's personal harness
consisting of a sensors assembly and signal conditioner assemblies.

2.12.7.1.1 Personal Biomedical Sensors Instrument Assembly.

The personal biomedical sensors instrument assembly consists of
four or more electrodes (silver chloride). signal wire, and accessories,
such as paste and application tape.

The sensors (electrodes) are attached to the body of the astronaut,
using paste and tape, at areas of sparse muscles (to reduce artifact level).
and remain throughout the mission. The sensor assembly consists of two
harnesses, a sternal harness attached to the breastbone and an axillary
harness attached to ribs near the armpits. The harnesses terminate in
connectors that attach to the signal conditioners.

2.12.7.1.2 Biomedical Signal Conditioner Assembly.

Because of their weak signal level, the sensor signals have to be
amplified before being telemetered. Thus function is performed by the
signal conditioners.

The signal conditioners are 2.3 x 0.46 x 1.5 inches and weigh about
55 grams. They operate through a signal range of plus to minus 5 volts
and are powered by a dc-to-dc converter which requires 16.8 vdc. This
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Figure 2.12-46. Bioinstrumentation Harness

input power is supplied through the SUIT POWER switch on each of the
audio control panels (MDC 6, 9, 10). There are two signal conditioners
(ECG and ZP) and the dc to dc converter.

The signal conditioners fit into pockets in the bioinstrumentation
belt which snaps on the CWG at the stomach. Wire leads connect to the
sensors, which act as an electrode for the ECG and ZP conditioners. The
difference of resistance between two electrodes is measured. Muscle
activity (breathing) changes the skin resistance and this change is
amplified and transmitted to the telemetry system. Each signal condi­
tioner has an output connector that attaches to the harness leading to the
CWG adapter or spacesuit harness. III
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2.12.7.1. 3 Bioinstrumentation Accessories or Spares.

Spares will be located in the medical accessories kit. The kit has
spare electrodes, micropore discs, electrolyte paste, stomaseal disks,
and a sternal and axillary harness.

2.12.7.2 Medical Accessories Kit (Figure 2. 12-47).

The medical supplies are oral drugs. injectable drugs, dressings,
topical agents, and eyedrops. The contents of the medical kit are as
follows:

• Oral Drugs and Pills
Pain capsules
StilTlulant
Antibiotic
Motion sickness
Diarrhea
Decongestant
Aspirin

• Injectable Drugs
Pain injectors
Motion sickness injectors

• Dressings
Compress bandage
Band-Aids

• Topical Agents
Skin cream
Antibiotic ointlTlent

• Eye Drops

• Nasal ElTlollient

• Sternal harness

• Axillary harness

• Electrode Assemblies

• Thermometer

• Ph paper

• UCTA rollona

The kit is contained in a beta cloth bag with a cloth closure. Inside
are leaves with pockets and pouches in which the contents are stowed.
The lTledical accessories kit is stowed in the RHIEB in compartment R8.

In the event the astronauts have to evacuate the comlTland module
during the recovery phase. the medical kit will be relTloved from stowage
and carried overboard into the liferafts.
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Figure 2.12-47. Medical Accessories Kit
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RADIATION MONITORING AND MEASURING EQUIPMENT
(Figure Z.12-48).

The system devices that measure the radiation accumulated dose
received by the crew are the passive dosimeters and the personal
radiation dosimeters, while the Van Allen Belt dosimeter and the radiation
survey ll1eter 1l10nitor the all1bient stl ength of the radiation field. In
addition, the nuclear particle detection system ll1easures the particle flux
of the radiation field.

Passive Dosirneters.

Four passive dosirneters (filrn packs) are worn by each crewman
in form film packs which are processed in the laboratory after recovery
to determine total dosage received. The dosimeters are located inside
the communication hat by the temple and in eWG pockets on the chest. the
thigh, and the ankle. When e WGs are changed. the film packs must be
respectively switched (figure 2.12-48) .
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Figure 2.12-48. Radiation Monitoring and Measuring Equipment
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Personal Radiation Dosimeter (PRD).

Each crewman will wear one personal radiation dosimeter which is
battery-powered and the size of a package of cigarettes. The PROs
register readout indicates the accumulated dosage received by the crew­
man during the mission. The PRO is worn on the PGA or flight coveralls
at all times.

Radiation Survey Meter (RSM).

The radiation survey meter is used to determine the magnitude of
the iznznediate radiation field. It is a flashlight-like, self-contained unit
about 10 inches long and 2 inches in diazneter. The RSM has an ON-OFF
switch, direct readout dial calibrated in rads/hr, and is battery powered
and manually operated.

The RSM is clamped in a bracket mounted on the G&N signal condi­
tioning panel.

Van Allen Belt Dosizneter (VABD).

The Van Allen Belt dosimeter is designed to zneasure dose rates to
the skin and to blood-forming organs (depth dose measurement) in the
comznand module. The VABD consists of two individual dosimeters
(skin and depth), which have ionization chambers as sensors. The d-c
voltage outputs of the VABD are telemetered to ground real time, and
these voltage outputs are calibrated to dose rates (rads/hr).

The VABD and its filter module is mounted in the command module
on the girth ring between longeron No.4 (right side) and the hatch.

Nuclear Particle Detection Systerrl (NPDS).

The NPDS measures proton and alpha particle rates in seven differ­
ential energy bands and one integral energy band (8 channels; 4 proton,
3 alpha, and I integral proton). The instrument consists of a detector
assembly (DA), in the form of a telescope arrangement, and a signal
analyzer assembly (SA). The pulse rate from the DA at which particles
enter the various energy intervals are converted to d-c voltage levels by
ratemeters in the SA; the outputs of the ratemeters are then telemetered
to ground.

The NPDS is located in the adapter section between the command
module and the service module.

I

II
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POST LANDING RECOVERY AIDS.

The postlanding recovery of the crew and CM tnay last 48 hours.
The recovery aids will assist the crew in signaling the recovery forces
and survival.

Postlanding Ventilation (PLV) Ducts (Figure 2.12-49).

Shortly after landing, the POST LOG VENT VALVE UNLOCK
handle in the upper center of MDC-2 is pulled, unlocking the PLY valves
on the forward bulkhead. Then the POST LANDING - VENT HIGH switch
on MDC-IS is positioned to VENT HIGH, forcing air into the CM cabin.
The PLY ducts are unstowed and distributed. The crew installs the PLY
ducts on the PLY tnanifold. Each crewtnetnber places a head strap around
the back of his head, and lies in his couch. The PLV ducts direct the flow
of incoming air to the creWtnen. The right- and center~couch crewtnen use
the short ducts and the left-couch crewman uses the long duct.

The ducts are 3.2S inches in diaJTleter, 15 inches or 35 inches long,
and are tnade of cloth with stiffeners every 5 inches. One end has a head
strap and the other end an internal circutnferential strip of Velcro for
attaching to the PLY tnanifold. The ducts cotnpress, accordian style, into
sIIlall voluJTles that are stowed easily.

VELCRO

1 • LONG
2 - SHORT

STOWAGE CONTAINER
~-.

C'-1106 ~)

Figure 2.12-49. Postlanding Ventilation Ducts

CREW PERSONAL EQUIPMENT

Mh8ion Basic Date 15 April 1969 Change Oate Page__~2:..:;.1~2~-:..:.1~O;;.O



2.12.9.2

2.12.9.3

SM2A-03-BLOCK II-(I)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

Swimmer Umbilical and Dye Marker (Figure 2.12-50).

For daylight visual acquisition during the recovery phase, dye
marker is deployed, The CM equipment consists of a dye marker and
swimmer umbilical deployment mechanism located on the forward bulk­
head and a power control.

The swimmer umbilical and dye marker is spring~loadedand held
by a hot wire actuator pin. When the crew determines that the dye marker
is required, the DYE MARKER switch is activated to the DYE MARKER
position. The POST LAN DING switches are located on MDC-15. The DYE
MARKER switch is the center switch of the three POST LANDING switches.
The circuit breaker is on MDC-B and marked FLOAT BAG - 3 - FLT/PL.
The current melts the actuator hot wire, retracting the pin and releasing
the dye marker umbilical. It falls in the sea on the end of the l2-foot
swimmer umbilical; the dye colors 1000 square feet of sea for 12 hours.
When the pararescue personnel arrive, they uncap the swbnmer umbilical
and plug in a jack, connecting their headset-microphone to the audio center
intercomm system, allowing them to communicate with the crew.

Recovery Beacon (Figure 2.12-51).

In the event that crew and CM recovery are not effected during
daylight, there is a visual acquisition method for night operations. The
CM equipment consists of a flashing light (or beacon) located near the
tunnel that is turned on by the crew when needed.

Deployment of the beacon begins when the main parachute deploys.
A lanyard, attached to the main chute risers, actuates two reefing line
cutters that sever a cord holding the recovery beacon arm in the stowed
position. A spring rotates the arm in an upright (deployed) position and
a latch locks it in place.

The CM has a dual mode recovery beacon and the d-c power source
is the SC flight and postlanding bus. The POST LANDING switches are
located on MDC-15. Its circuit breaker is labeled FLOAT BAG 3 FLT!PL
and located on MDC-B.

For CM visual acquisition, the BCN LT switch is placed in the LO
position. The beacon will flash with a high intensity once every 4 seconds
or 15 flashes per minute (FPM). In the low (LO) mode, the operating
time is two 12-hour periods.

When the pararescue team is ready for deployment the request for
the high rate will be made. The BCN LT switch is then placed in the HI
position. The beacon will flash with a low intensity twice every second
or 120 FPM. In the high (HI) mode, the operating time is 4 hours.
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Figure 2.12-51. Recovery Beacon

2.12.9.4 Snagging Line (Figure 2.12-52).

In the event the CM lands beyond the recovery force helicopter
range, a recovery aircraft will drop a sea anchor device, consisting of
two sea anchors at the ends of a 600-foot floating line. The crew will
deploy a snagging line hook through the side hatch pressure equalization
valve port after removing the valve. The snagging line is restrained by
a plate bolted to the port. As the CM drifts over the sea anchor line, the
snagging line hook snags the line. and the CM drift speed is then retarded.
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Sea Water Pump (Figure 2.12-53).

The sea water pump is used for pumping salt water into the CM for
desalting and drinking in the event the CM drinking water system is
inoperable after landing and the survival hot water has been depleted. The
sea water pUJl1p is stowed in a beta cloth container in a locker on the aft
bulkhead.

The sea water pump consists of an intake hose, a guide fitting, a
bellows pump with one way valves, and a discharge hose.

To operate, retriev(, the steam vent line sea water pump from
stowage. Access to the sea water access plug is through a panel in the
LHEB. Tool E will remove the panel. With tool B, insert into hex plug,
torque CCW breaking the safety wire and remove plug. Insert sea water
pump hose iJl1Jl1ediately (as sea water Jl1ay be in the steam vent line) and
screw the guide fitting into the boss as tight as possible with the fingers.
To feed the intake hose through the fitting. unscrew the teflon guide plug.
When the hose is in the sea water outside the CM, tighten the teflon guide
plug. Obtain a desalting kit from the survival kit, operate the bellows
PUJl1P by hand and fill the kit bag.

Survival Kit (Figure 2.12-54).

The survival kits function is to provide the equipment necessary for
48-hour crew survival in the water after landing. There are some items
that can be used inside the CM such as the water and desalter kits.

The survival kit is stowed in the RHFEB structure in two rucksacks.
To remove, open the SURVIVAL KITS door and pull the rucksacks in­
board. The rucksacks will have an interconnecting mooring lanyard, and
a man-line lanyard.

2.12.9.6.1 Rucksack 1.

The rucksacks are cloth bags with a zipper for opening, and a strap
for handling. Rucksack I contains the following equipment.

Beacon Transceiver. The UHF beacon/transceiver is a hand-held,
battery-powered radio, fixed-tuned to a VHF frequency of 243 mc and
manufactured by Sperry Phoenix Company. The radio consists of a
receiver-transmitter assembly, a battery pack assembly. and quarterwave
antenna. The receiver-transmitter and battery pack assemblies mate to
form a water-tight unit measuring 8 by 4-1/2 by 3 inches. The antenna is
an 1l-1/2-inch-Iong tapered flexible steel tape, terminating in a coaxial
RF connector, and is norJl1ally stored in a retaining spool and clipped on
top of the radio unit.
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Figure Z. 12-53. Sea Water Pump

The radio is capable of line-of-sight operation in either of two modes
(beacon or voice) through use of either its own antenna or a suitably
connected remote antenna. The transmitter output is protected against
damage, while operating, due to accidental shorting of the antenna or sub­
mergence of the unit in salt water. In the beacon tnode, the transtnitter
operates unattended for periods up to 24 hours, to transtnit an interrupted
1000 cps tone, atnplitude-modulated 25 percent on the 243-mc RF carrier.
In the voice mode, the radio provides two-way AM voice communication
through use of an integral speaker-microphone and PUSH-TO-TALK
switch.

A spare battery and spacecraft connector cable is also included.
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Figure 2.12-54. Survival Kit

Survival Light Assemblies. The survival light is a three-unita-in­
one device as it contains three compartments. The whole device is water­
proof. The controls for the lights are on the bottom.

This first unit is a flashlight. The second unit is a strobe light for
night signaling. The third unit is a waterproof compartrnent containing a
fish hook and line. a sparky kit (striker and pith balls), needle and thread,
and whistle. The top of the unit is a com.pass. On one side is a folding
signal mirror.

Desalter Kits. The desalter kits contain a desalter process bag,
desalter tablets. and bag repair tape. The desalter bags are plastic with
a filter at the bottom. Approximately one pint of water is put into a bag
and one tablet added. After one hour, drinking water may be taken through
a valve on the bottom of the bag.

Machetes. The two machetes are protected with a cloth sheath. The
knives are very thin with razor edges. The back edge is a saw.

Sunglasses. For protection of the eyes against the sun and glare. III
three sunglasses are included. They are a polarized plastic sheet with
Sierra Coat Ill. a gold coating that reflects heat and radio waves.

CREW PERSONAL EQUIPMENT

MissioD Basic Date 15 April 1969 Change Date Page__~Z~.~1~Z~-~1~O"'7



SM2A-03-BLOCK ll-H)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

Water Cans. For drinking water there are three aluminum cans,
with drinking valve, each containing approximately 5 pounds of water.

Sun Lotion. Two containers of sun lotion are for protection of the
skin.

2.12.9.6.2 Rucksack 2.

Rucksack 2 contains the flotation gear in the form of a three-man
life raft with an inflation aseembly and COZ cylinder. In addition, it
contains a sea anchor, dye marker, lanyards, and a sunbonnet for each
crewman.

2.12.10 EQUIPMENT STOWAGE.

The numerous activities of the crew make housekeeping very
necessary. All equipment must be stowed at launch and entry, and
provisions must be made to restrain loose equipment during the mission.

Patches of Velcro hook are conveniently located on the CM interior
structure for stowage of loose equipment, which will also have patches of
Velcro pile. Mechanical fasteners (snaps, straps, etc.) will also be used
for mission restraint.

Movable or loose equipment is stowed in compartments and lockers
located in the equipment bays, on the crew couch, on the aft bulkhead, or
sidewalls. The compartments have load bearing doors, internal foam
blocks, or boxes to hold and position equipment. On the aft bulkhead,
rigid aluminum boxes or reinforced bags are provided for stowage.

Each spacecraft is stowed in accordance with its field installation
stowage drawing. Stowage differs from spacecraft to spacecraft because
of mission requirements and crew desires.
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SECTION 2

SUBSECTION 2,13

DOCKING AND TRANSFER

INTRODUC TION.

This section contains the information identifying the physical charac­
teristics of the docking system and the operations associated with docking
and separation.

Docking Operational Sequence.

The following sequence of docking illustrations and text describes in
general the functions that are performed during docking. These activities
will vary with the different docking modes.

After the spacecraft and third stage have orbited the earth, possibly I
up to three revolutions, the third stage is reignited (figure 2. 13-1) to place _
the spacecraft on a trans lunar flight.

Figure 2. 13-1, SIVB Ignition

DOCKING AND CREW TRANSFER

Missioo Basic Date 15 April 1969 Change Date 16 July 1969 Page 2~.~1_3_-_1

II



I

SM2A-03-BLOCK ll-(l)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

Shortly after trans lunar injection, the spacecraft transposition and
docking phase takes place (figure 2. 13-2). When the CSM is separated
from the third stage, docking is achieved by maneuvering the CSM close
enough so that the extended probe (accomplished during earth orbit)
engages with the drogue in the LM. When the probe engages the drogue
with the use of the capture latches, the probe retract system is activated
to pull the LM and CSM together.

Figure 2. 13-2. Transposition and Docking

Upon retraction, the LM tunnel ring will activate the 12 automatic
docking ring latches on the CM and effect a pressure seal between the
modules through the two seals in the CM docking ring face. After the two
vehicles are docked, the pressure in the tunnel is equalized from the CM
through a pressure equalization valve. The eM forward hatch is removed
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and the actuation of all 12 latches is verified. Any latches not automatically
actuated will be cocked and latched manually by the crewman. The LM
to CM electrical umbilicals are retrieved from their stowage position in
the LM tunnel and connected to their respective connectors in the CM
docking ring.

The vehicle umbilicals supply the power to release the LM from the
SLA. Once the hold-down straps are severed, four large springs located
at each attachment point push the two vehicles apart (figure 2. 13-3) and the
combined CSM/ LM continues towards the moon.

Figure 2.13-3. LM Removal

Once in lunar orbit. the tunnel is repressurized. The probe
assembly and drogue assembly are removed from the tunnel and stowed
in the CM. The pressure in the LM is equalized through the LM hatch
valve. With the pressure equalized, the LM hatch is opened and locked in
the open position to provide a passageway between the two modules.
(See figure 2.13-4.)

After two crewmen transfer to the LM, the CM crewman retrieves
the drogue from its stowage location in the CM. passes it through the
tunnel, and helps to install and lock it in the tunnel. The drogue may be
installed and locked by the LM crewmen, if they choose. The probe
assembly is then retrieved from its stowage location in the CM and
installed and preloaded to take all the load between the modules. This
accomplished, the LM hatch is closed by the LM crewmen. The 12 docking
latches are released and cocked by the crewman in the CM so that the
latches are ready for the next docking operation. The CM forward hatch
is reinstalled and checked to assure a tight seal. The modules are now
prepared for separation.
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The probe EXTEND RELEASE/RETRACT switch in the CM
(MDC-Z) is placed in the EXTEND position, energizing the probe extend
latch. The probe extends and during extension will activate a switch
energizing an internal electric motor to unlock the capture latches. After
the probe extends, the LM pulls away from the CM (figure 2.13-5) and
descends to the lunar surface.

Figure Z. 13-5. LM Separation From CSM

After landing, it will be several hours before the first man steps foot
on the moon. They spend the first couple of hours checking the LM ascent
stage. This completed, the cabin is depressurized and one of the crewmen
descends to the lunar surface and walks on the moon. Following a period
of crew transfer, the second crewman descends to the surface. They have
many tasks to perform, including sample collections, photography,
exploration of the lunar surface up to about 1/4 mile from the LM, and
erection of a station that will continue to send scientific data to earth after
they leave.
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Following cOIupletion of the lunar surface exploration the ascent
engine is fired using the depleted descent stage as a launch platform
(figure 2. 13-6).

Figure 2. 13-6. LM Ascent Stage Lunar Launch

After rendezvous and docking in lunar orbit. the LM crewmen
transfer back to the CM (figure 2. 13-7). After the CSM and LM pressures
have equalized the LM crew opens the LM hatch while the CM pilot
removes the tunnel hatch. The drogue and probe are removed and stowed
in the LM. Lunar samples, film and equipment to be returned to earth
are transferred from the LM to the CM; equipment in the CM that is no
longer needed is put into the LM, and the LM hatch is closed, the CM
hatch is replaced, and the seal checked.
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Figure 2. 13-7. Post Lunar Docking Crew Transfer

The LM is then released by firing the separation systeITl (detonating I
cord) located around the cirCUITlference of the docking ring, thus severing
the ring and separating the LM (figure 2, I3-B). This cOITlpleted. the CM
SPS engine is fired placing the spacecraft in a return trajectory toward
the earth (figure 2. 13-9).

Figure 2. 13-B. LM Ascent Phase Separation FrOITl CSM
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Figure 2.13-9. CSM Transearth Injection

2. 13.2 FUNCTIONAL DESCRIPTION.

The docking system is a means of connecting and disconnecting the
LM/CSM during a mission and of providing for intravehicular transfer
between the CSM and LM of the flight crew and transferable equipment.

The crew transfer tunnel, or CSM/ LM interlock area, is a passage­
way between the CM forward bulkhead and the LM upper hatch. The hatch
relationship with the docking hardware is shown in figure 2. 13-10. (The
figure does not show the installed positions.) For descriptive purposes
that portion of the interlock area above the CM forward bulkhead to the
docking interface surface is referred to as the CM tunnel. The CM tunnel
incorporates the CM forward hatch, probe assembly, docking ring and
seals, and the docking automatic latches. That portion of the interlock
outboard of the LM upper hatch extending to the docking interface surface
is referred to as the LM tunnel and contains a hinged pressure hatch,
drogue support fittings, drogue assembly, drogue locking mechanislTI, and
LM/CM electrical umbilicals.
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Figure 2. 13-10. Docking System - Major Assemblies II
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COMPONENT DESCRIPTION,

CM Docking Ring.

The docking ring is rrlOunted and bolted to the forward ring of the CM
tunnel. The docking ring is capable of withstanding all interface loads and
maintains the docked alignment of the modules.

The docking ring also serves as a support for the probe, the 12 auto­
matic docking latches (figure 2, 13-11), a pyrotechnic charge, passageway
for the electrical harness, and the two interface seals, A continuous wire
passageway and attachment covers are provided in the docking ring. The
passageway is covered by a protective cover with an opening to allow the
individual harnesses to enter or exit the passageway. The two concentric

DOCKING RING
LATCH HOOK

TUNNEl RING

OOCKING PROBE
ASSEMBLY

I

DOCKI NG PROBE~
ELECTR ICAL "
CONNECTiON I

LATCH TRIGGER

LATCH HANDLE

DKG-0210

Figure 2. 13-11. Automatic Docking Latches
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interface seals will enable pressurization of the crew tunnel and vented
spacesuit operation within the tunnel. The docking seals are round and
hollow; the inner seal is vented to the crew compartment pressure, and
the outer seal is vented to alTlbient pressure. The seals are of sufficient
size to allow for maximum warpage/waviness gap between the flanges. To
remove the docking ring and attached hardware during CSM/ LM final
separation, or should an abort be initiated, a detonating fuse (MDFl is
fired to sever the docking ring. During an abort, the severed ring and
attached parts will be pulled away from the CM by the launch escape
systelTl (LES). The charge is initiated by a switch on the main display
console (MDCl within the CM.

Docking Latches.

Twelve automatic locking latches are equally spaced about the inner
periphery of the docking ring. When latched, they provide a means of
effecting structural continuity and pressurization capability between the
CSM and LM in the docked configuration. The docking latches will auto­
lTlatically self-seek and engage the LM docking flange back surface upon
activation of the latch trigger mechanism when making contact with the LM
docking flange. Should a latch be inadvertently triggered, the latch compo­
nents will not prevent a successful LM and CM docking and sealing opera­
tions. A red button will protrude out of the handle indicating an unlocked
condition. Any three latches located approximately IZOG apart engaged
and latched will hold the CSM and LM together with the tunnel pressurized.
The individually triggered latch may later be rearmed and released
manually by the crewlTlan for CM to LM engagement. The latch lTlechanism
will exert a preload or hook pulling force of 2700 pounds minimum. This
preload force will retract the hook, seat the hook on the back of the LM
docking flange, accOlTlmodate for flange warpage/waviness, and COlTlpress
the docking seals. Release of the latch will be accomplished by the crew­
man pulling the individual latch handle for a double throw. The release of
the latch will also cock the latch for the next docking engagelTlent. Fairings
are installed in the area between the latches providing a smooth inner mold
line.

Docking Probe Assembly.

The primary function of the docking probe assembly is to provide
initial vehicle CSM/LM coupling and attenuate impact energy ilTlposed by
vehicle contact. The docking probe assembly (figure Z. 13-IZl consists of
a central body, probe head and capture latches, pitch arnu and tension
linkages, shock attenuators, ratchet assembly, support structure, exten­
sion latch and preload torque shaft, probe retraction system, probe
electrical ulTlbilicals, and the electrical circuitry necessary to accomplish
the functions described herein. The docking probe may be folded for
removal and stowage and is capable of being removed from either end of
the crew transfer tunnel.
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Figure 2, 13-12. Probe AsseIIlbly Docking System

2. 13. 3. 3. 1 Support Structure.

The probe is tripod-mounted to the docking ring by a support struc­
ture attached to the outer collar of the probe. The supports are designed
to collapse (fold) to allow removal of the probe from either module. (See
figure Z. 13-13.) Collapse of the probe consists of reducing the diameter
of the three lTIount legs to approximately 24-3/4 inches in diameter making
the probe small enough for passage. This is accomplished by unlatching
the collar with the ratchet handle and allowing the collar to slide aft
approximately 9 -1/4 inches on the probe cylinder. Connected between
each support leg and the probe cylinder is a semi-rigid shock strut
assembly (see figure 2. 13-13). The strut assemblies contain Bellville
washers which help in attenuating the high lateral loads. The washers are

III
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concave in shape and are arranged to provide a rigid strut in tension and a
high rate of spring action in cOlnpression. One of the support legs is
marked yellow to correspond with a matching color on the docking ring
socket fairing. The probe installation support strut is stowed on the
yellow support beam, whereas the other two support legs contain stowage
receptacles for the probe ulnbilicals.
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DlTENSION
LATCH PRElOAO
HANDlE

SHAFT

RATCHET HANnWRaEASE
ICM SI[lEt

CYLINDER

PITCH CONTROL YOH (3) SUPPORT BEAM OJ
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CAPTURE LATCHES OJ

P-4 CONNECTOR1YRLOW)

£XTI~Dt:t)

DKG-lIS8
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Figure 2. 13-13. Probe Operational Positions

Pitch Arms and Tension Linkages.

The pitch arms will make contact with the drogue surface during the
probe retraction cycle if the CM and LM tend to jackknife. The tension
links transmit the pitch arm loads and torque loads to the probe outer
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cylinder during an axial displacement. Together the pitch arms and I
tension linkage induce the required kinematics causing compression of
the shock attenuators, attenuating the loads necessary to meet the
docking requirements (figure 2.13-14).

ACTUA10R
A~S£/llSl-Y

SPRING

PISTON

CAPnJlll: ,
,. IATCII

ASSVol8lY

OlG-<lllH

Figure 2.13-14. Exploded View - Probe Assembly

2.13.3.3.3 Shock Attenuators.

The shock attenuators are piston, variable-orifice, fluid­
displacement type units (figure 2. 13-15). The attenuators are attached to
the probe assembly so that all axial loads or side loads will be attenuated
to or below the required level for the docking mechanism. The attenuator
cylinders are filled with a Orinite 70 fluid at a temperature of 70:l::3"F.
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Figure 2.13-15. Docking Probe Attenuator AsseITlbly

With the piston asseITlb1y extended a ITlixture of argon and heliuITl gas is
inserted through a plug located under the rod end. The gas is injected with
the aid of a hyperderITlic needle to a pressure of 30±3 psig at 70±S"F. The
purpose for pressurizing with gas is to provide an air spring and pressure
for attenuator extension. This stored energy within the attenuators will
cause the collar asseITlbly to move aft when released, pulling the support
structure frOITl its mount.

2.13.3.3.4 Probe Body-Extension Latch AsseITlbly.

The probe body consists of an inner and outer cylinder, sized to
allow a lO-inch maxiITlum travel of the inner cylinder (figure 2.13-12).
Attached to the probe body is an extension latch which will engage and
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retain the probe in the fully retracted position (figure Z. 13-16). The
large coil spring located within the inner cylinder will extend the probe
upon release of the extension latch.

Located within the preload torque shaft is a spring allowing the
extend latch to be free-floating and self-locking. This assures automatic
capture of the probe piston by the extension latch when the probe retracts.
An indicator is provided to indicate a fully engaged latch. The indicator
(red) protruding above the housing shows that the hook has not fully
engaged the roller on the probe piston. If this situation exists, the extend
latch assembly can be altered by applying a CCW ratchet torque extending
the latch assembly until the indicating pin retracts.

EXlEND LATCH
INDICAroR (RED)

ORANGE BAND

EXTENSION LATCH
ASSEMBlY

PllnOAD HANDLE

PRElOAD HANDL£

~y I(Ii

DKG-059

Figure Z. 13-16. Extension Latch Assembly
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Prior to separation in lunar orbit the probe is pre-loaded with the
extend latch assembly to maintain tunnel pressurization while the 12 dock­
ing latches are released and cocked. To preload the probe the ratchet
selector is positioned on the preload handle so that the ratchet will rotate
clockwise. The handle is ratcheted until the load limiter releases.

2. 13.3.3.5 Probe Head - Capture Latches.

The probe head is self-centering and is gimbal-mounted to the piston
of the probe assembly (figure 2.13-17). It houses the capture latches and
is designed so that the probe head will deflect toward the drogue socket
through all contact attitudes within the design parameters. The capture
latches will automatically engage the drogue socket when the probe head
centers and bottoms in the drogue. The capture latches are capable of

DKG·OIO~

Figure 2.13-17. Probe Capture Latch Assembly
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rerrlote and manual release from the CM side, and manual release from
the LM side. Release of the capture latches will perrrlit withdrawal or
insertion of the probe head assembly. Electrical release is accomplished
by switching power through probe umbilicals to motors within the probe
body (figure 2. 13-14) causing the torque shaft to rotate and allow release
of the latches. Manual releas.e of the capture latches from the CM side is
accomplished by a built-in release knob and handle on the CM side of the
probe. (See figure 2. 13-18.) In unlocking the capture latches, the capture
latch release knob and handle is pulled aft 1/2 inch and rotated 180 degrees
CWo This can be accomplished only with the probe piston in the retract
position. When the probe is being collapsed. the probe collar contacts the
release handle, which in turn will telescope and remain operable with the
probe installed or folded. (See figure 2. 13-19.) The capture latch release
handle must be rotated fully CCW to an indicating arrow tomakethecapture
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ORANGE ARROW

PRELOAD HANDLE

VIEWe
YEllOW ARROW

+z

, \, RATCHET HANDLE

-z

YElLOW BAND
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YElLOW ARROW
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RECEPTAClE lP4)

OKG-051G

Figure 2. 13-18. Aft View Docking Probe
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Figure 2. 13-19. Capture Latch Release

latches "cocked." This means the capture latches will capture when all
three latches have penetrated the drogue ring simultaneously. Release of
the capture latches from the CM side is accomplished by depressing the
capture latch release plunger approximately 5/16-inch below, flush with
the probe head by using tool B of the CM- LM tool set.

If the retracted position is selected on the RETRACT EXTD/REL
switch located on MDC-2, capture latch engagement will close a switch
within the probe, initiating operations of the retraction mechanism.
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Z. 13. 3. 3.6 Ratchet Assembly.

The integrated ratchet assembly provides a handhold for handling
the probe, assists in installing and removing the probe assembly, and
performs the ratcheting operation that slides the collar forward or aft,
extending or collapsing the probe pitch and support arms (figure Z. 13-20).
The ratchet assembly will lock/unlock the sliding collar by pivoting the
handle away from the probe centerline either from the CM or LM side.
The jack handle is stowed and locked by a lug which engages the handle on
the eM side. A release button is provided on the eM handle and a trigger
release on the LM handle to unlock the ratchet assembly.

Figure Z. 13-21 shows the various ratchet handle positions for probe
removal and installation. View A shows the jaCk handle and ratchet
assembly in the locked and stowed position. View B shows the 3D-degree
stroke required to unlock the sliding collar from the CM side. To unlock
the sliding collar from the CM side, grasp the jack handle at the CM end,
depress the slide release button, and pull the handle all the way aft.
Secondly, push the handle forward to the first detent and swing the handle
out 30 degrees froITl the probe centerline. In the last 5 degrees of pivot­
ing, the pawls are lifted from the rack, the collar will slide aft, and the
probe will collapse because of the spring and attenuators stored energy.
View C shows the unlocking operation from the LM side. First, depress
the release button on the LM side of the jack handle and push aft to the
first detent. Second, unstow the foldable lever by pulling on the handle
knob and rotate the lever upward against the stop. Third, rotate the
handle assembly inboard until the collar is released. Again hold the knob
until the probe folds. View D shows the 25-degree stroke used when
installing the probe. After the probe is locked in the drogue, unstow the
support strut located on the support beam, and position against the ledge
on the tunnel hatch seal ring. Pull the jack handle to its extreme aft
position. Grasp the support handle with the left hand and with the right
hand jack the probe collar forward extending the support legs into the
three support sockets in the CM docking ring. While pumping the handle,
maintain a thrust load on the tunnel ring through the support strut. The
maxim.um push force on the handle should not exceed 60 pounds for the
working stroke of 25 degrees. Installation is cOITlplete when the collar
uncovers a cross-hatched area on the probe conduit. To ensure the oper­
ator that the pawls are seated in the rack, a pawl indicator is located on
the ratchet rnechanism. (See figure 2. 13-20.) Operation is complete when
the indicating button is flush with the housing. With the probe installed,
stow the handle by holding it parallel with the centerline of the probe and
by depressing the button release while thrusting the handle toward the
probe head. The socket of the handle will lock on a lug and prevent further
handle ITlovernent.
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2. 13.3. 3.7 Retraction System.

The retraction system consists of a cold gas system pressurized
from four hermetically sealed nitrogen bottles located inside the probe
body (figure 2.13-22). Gas pressure is released when pyrotechnic igni­
tion is initiated manually by a crewman within the CM or automatically
by capture latch action, Releasing the nitrogen gas causes the inner
piston to retract. The retraction force is sufficient to draw the modules
together, compress the interface seals, and allow engagement of the
automatic locking latches.

The residual gas will be bled off by the astronaut allowing the
probe to extend when the extend-latch is energized. Pressure release
is accornplished by a manual relief valve located as part of the gas lTlani­
fold. This valve is opened by depressing a red thwnb button on the aft
.end of the probe. The button and pyro components are protected frorn
handling darnage by a protective cover.

2. 13.3.3.8 Probe Umbilicals.

Two rnicrodot connectors and harness assernblies are provided
for probe instrwnentation and probe logic power. The connectors are
installed normal to the docking ring so they are visible and can be
demated and mated from either the CM side or the LM side of the com­
bined vehicles (figure 2.13-23). The connectors utilize a notched
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Figure 2. 13-22. Probe Retraction SystelTl
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handle that will provide a positive grip for twist and pull action. Part of
the connector and the probe harness may protrude into the tunnel when
the probe is installed, but when the probe is removed the fixed portion
of the connector will be covered by a hinged protective cover. This pro­
vides a smooth surface for crewman passage through the tunnel. When
disconnecting or reconnecting the probe electrical connectors from the
eM side, the EXT/REL-OFF-RETRACT switch should be in the OFF
position, and CEZ on panel Z76 open, to assure that no instrumentation
power exists.

Z. 13. 3. 4 Drogue Assembly.

The drogue assembly consists of an internal conical surface facing
the CM. a support structure and mounting provisions that interface with
three mounts in the LM tunneL One of the tunnel mounts contains a lock­
ing mechanism to secure the drogue and prevent it from turning during the
docking maneuvers. Unlocking and removing the drogue may be accom­
plished from either end of the crew transfer tunnel. To aid in the removal
and installation, three handles are provided on the LM side (figure 2.13-24).
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Figure 2. 13-Z4. Drogue Assembly II
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Vehicle Urnbilicals.

Two electrical urnbilicals are installed in the LM tunnel at launch.
One end is attached to the LM connectors, the other end routed and
attached to stowage connectors on the LM tunnel wall. These stowage
connectors are physically clear of the drogue supports and probe supports
and pitch arrns. The connectors are accessible frorn the CM tunnel
between the drogue periphery and the LM tunnel wall. In this rnanner
GM connections can be accornplished after transposition and docking,
without requiring probe or drogue rernoval. (See figure 2.13-23.)

Forward Tunnel Hatch.

The forward hatch in the CM tunnel enables crew access to the
LM-CM interface and rnay be used for ernergency egress after postland­
ing. (See figure 2. 13-25.) The hatch is rernovable only into the crew
cornpartrnent. The reinforced flange on the forward tunnel ring for the
pressure seal and latch engagernent prevents an outward removal. The
hatch is retained at the forward end of the CM tunnel by six separate
jointed latches whose linkage is driven by an actuating handle from within
the crew compartment. A drive is provided on the LM side (outside)
opposite the actuating handle drive, permitting hatch removal by using
the B tool of the in-flight tool-set. A pressure equalization valve, which
can be opened or closed from either side, is provided on the hatch. This
valve is used to equalize pressure in the tunnel and LM prior to hatch
removal.

A single activating handle is provided to open or close the hatch.
This actuating handle is an integral part of the gear box and requires
only one hand for operation. Manipulating the actuating handle will extend
or retract the six latches (figure 2.13-26). The operating distance of the
handle is approximately 80 degrees. The working stroke to operate the
latches is only 60 degrees. The handle has a three-position selector
L-N-U (Latch-Neutral-Unlatch). A sturdy aluminum cover supporting
the insulation and covering the latches is provided to minimize the possi­
bility of condensation and ice formation.

An auxiliary means of latching is provided to operate the latches
should the gear box or actuating handle fail. To use this means of latch­
ing, the gear box is disconnected and the ring rotated to engage the
latches. To open the hatch from the outside (LM side), the B tool is
inserted in the drive opposite the gear box and rotated CCW. Total
rotational travel necessary to retract the latches is 167 degrees with the
first 30 degrees disconnecting the gear box. Two hand holds for handling
are attached to the ablator on the outside.

DOCKING AND CREW TRANSFER

Mission Basic Date 15 April 1969 Change Date Page__..;':;,..;1:;3..;-..;';:.8



SMZA-03-BLOCK 11-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA
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SEAL • • :I,~ ,
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ASSEM8lY

Figure 2. 13-25. Forward Pressure Hatch

2.13.3.7 LM Tunnel Hatch.

The LM hatch is not removable but is hinged to open 75 degrees
into the LM crew compartment. (See figure 2. 13-10.) A hatch operating
handle is provided on each side of the hatch on a common shaft. The LM
upper hatch is opened by rotating the handle approximately 90 degrees
clockwise from the CM side, counterclockwise from the LM side. Handle
rotation in the opposite direction is required to re-engage the latching
mechanism. A pressure dump (equalization) valve, manually operable
from either side, is provided in the LM upper hatch. This valve is
basically required for pressure dump capability from the LM cabin.

II
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,/ MATERIAL

TUNNEL

Ifl.-J1r-~:-::R ING

VIEW LATCHED VIEW UNLATCHED

DKG-03IA

2.13.3.8

Figure 2.13-26. Combined Tunnel Hatch Mechanism

Tunnel and LM Pressurization.

The pressurization system is necessary to equalize pressure
between the CM and LM after the two vehicles have docked. The controls
necessary to perform pressurization can be operated from either vehicle
by an unaided crewman. When tunnel pressurization is initiated from the
CM, it will also pressurize the LM. The system components for pres­
surizing the tunnel and LM from the CM, the eM tunnel from the LM,
and the plumbing for tunnel venting, will be covered in the following
paragraphs. Figure 2. 13-27 shows the system components and their
location.

DOCKING AND CREW TRANSFER
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Figure 2. 13-27. Pressurization SystelTl COlTlponents
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L.M CABIN DUMP VALVE

D£TAIL 0

SPRING

VIEW LOOKING UP & OUTBOARD

... , .......u ......,

LM L_
"',a. u

@\ I@ '00

0" .... ~ .",.,';:-:'

® ®

12

DKG-061
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2.13.3.8.1 Pressure Equalization Valve.

A pressure equalization valve is installed in the center of the for­
ward tunnel hatch to equalize pressure between the CM cabin and the LM
tunnel. The valve may be operated from either side. A hand crank is
attached for opening the valve from the inside. The handle has a 45- and
90-degree position. The handle placed in either position unlocks the
valve. (See figure 2. 13~28.) Approximately five turns retract (open) or
extend (close) the valve. The B tool is used from the LM tool box to open
the valve from the LM side (outside). An indicating pin is attached to the
valve showing the operator valve position. A green and yellow color
painted on the valve body coinciding with the pin indicates open or closed.

SHAFT ASSY

DKG-052

Figure 2.13-28. Pressure Equalization Valve
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2.13.3.8.2 LM!Tunnel Vent Valve.

The LM/tunnel vent valve is a four-way manually operated valve
located adjacent to the tunnel entry. (See figure 2. 13~27.) A T handle
is used to operate the valve and is accessible to a crewman at the lower
equipment bay. A differential pressure gage, together with the vent
valve, is capable o£ verifying pressure equalization between CM cabin
and LM tunneL Position 1 isolates the system. This position prevents
any airflow from the cabin to the LM!CM tunnel ring interface. (See
figure 2.13-29.) Position 2 opens the 1!4-inch line to the LM!CM ring
interface. This position may be used as a backup to the pressure equali­
zation valve in the hatch. Placing the valve in position 3 opens the
1!4-inch line to the LM tunnel and 6.P gage monitoring the pressure
differential between the CM cabin and LM tunnel. When the valve is

LOl_VIIrI. ~.

~'t• ...
M"~ #'=.. ..

POSITION 1
OFF

LM/CM
TUNNEl.

TO LM I PRESSURE
EQUALIUTION

VALVE

CM TUNNa

POSITION 2
LM PRESS

rt
POSITION 3
LMlCM ,6,P

POSITION 4
LM TUNNEL VENT

LM
PRESS

TUNNEL
VENT

OKG-024

Figure 2. 13-29. LM Tunnel Vent Valve
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in position 4 the LM tunnel will be vented to ambient. This position will
check and verify the sealing capabilities of the two hatches. After venting,
a check to see that the tunnel remains evacuated may be made by placing
the valve back in position 3.

2.13.3.8.3 LM Pressure Dump Valve.

The primary purpose of the LM pressure dump valve is to prevent
excessive cabin overpressure and to permit deliberate cabin decompres­
sion. (See figure 2.13-27.) There are two of these valves located in the
LM cabin. One valve is located on the fo.rward ingress-egress hatch and
the other on the overhead docking hatch (figure 2. 13-30). Two manual
handles are provided for operating the valve, one inside the vehicle and
one externally. The internal handle is a three-position handle (DUMP­
AUTO-CLOSE) handle which is detent locked in all three selections. When
the AUTO selection is made (view A) operation of the valve is by means
of the external handle (view DJ or the action of the servo valve.

Force exerted on the external handle is transmitted to the main
poppet and drives it off its seat regardless of the cabin differential at the
mount. The servo valve consists of a metering valve whose position is
controlled by the deflection of the servo valve diaphragm. One side of the
diaphragm is exposed to cabin pressure, while the spring side is vented
overboard to ambient. When the cabin-to-ambient pressure differential
reaches approximately 5.4 psid, the servo valve diaphragm will over­
come the servo spring and unseat the servo valve. This action will vent
the spring side of the main poppet to ambient, causing a pressure drop in
the chamber. As cabin pressure is still present on the bottom surface of
the main poppet. it will overcome the force of the main poppet spring.
Cabin pressure will now dump overboard reducing it to acceptable values.

Moving the internal handle to the DUMP position (view C) results in
a shaft motion which will pull the poppet off its seat. The CLOSE selec­
tion (view B) moves the manual actuation rod toward the main poppet,
increasing the load on the manual dose spring. This selection will be
used in isolating a leaky dump valve in flight.

In addition to positive pressure relief, the cabin dump valves will
relieve cabin negative pressure. U ambient pressures exceed cabin pres­
sure, the main poppet will open and equalize the pressure differential.
This condition could occur during docking when oxygen is supplied to the
LM from the CM ECS through the tunnel area.

2.13.3.9 Docking System Electrical Mechanical Schematic.

Figure 2. 13-31 shows schematically the overall electrical and
mechanical operation of the docking system hardware.
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Figure 2.13-31. Docking System Electrical
Mechanical Schematic II
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2.13.4 PERFORMANCE AND DESIGN DATA.

2. 13.4. 1 Design Data.

2. 13.4. 1. 1 Docking Latches.

Latch Description

Trigger set at 0.110 in.

Latch reach O. 165 in.

Minimum. requirements 2700 Ib
at 0.65 in.

No-back engages 0 to 0.007 in.

Latch stiffness 66,000 lb/in.

2. 13.4. 1. 2 Docking Probe.

Probe Description

Weight

83 lb

Size

In stalled 24 in.

Extended 34 in.

Folded 31 in.

Internal Spring

Piston extended 70 Ib

Piston retracted 130 Ib

Notes

Clearance between the rings.

Greater the translation distance
the higher the load applied.

Governed by nUlTIber of teeth on
the ratchet.

Linear stretch in the hook.

Notes

Capture latch release handle to
probe head.

10-in. piston stroke.

Collar slid all the way aft.

Spring force variance governed
by length of stroke.

I
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Strut Assell1bly

Piston extended Z40 lb

Piston retracted 8000 Ib

Attenuators

Piston extended 60 Ib

Piston retracted 300 lb

Z. 13.4.1. 3 Probe Pressure Systell1.

Pressure System Description

Manual Valve (Relief) &:
Automatic Relief Valve

Belville washers (concave)

Force variance governed by
nUll1ber of washer s and how
they are stacked (static).

Fluid filled

Force variance governed by
stored gas pressure (static).

Notes

Manually opened from back of
probe (red button)

Cracking pressure
Full flow pressure
Reseat pressure

350 psig
450 psig
300 psig

Flow Passages

Primary Orifice

*Cracking pressure could occur
when two bottles are discharged
simultaneously.

O. 093 minimwn diameter

Flow area 0.005 diameter

Secondary Orifice Flow area 0.013 diameter.
area effective when bypass
is open.

This
valve

Vent Valve Open pressure
CloBing pressure

15. 0 psig
15 to ZO psig

NZ is vented into the probe
cylinder.

DOCKING AND CREW TRANSFER
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2. 13. 4. 2

Filter

N2 Pressure Vessel

Performance Data.

5 micron (nominal)

5000 psi precharge
5.8in. 3

Bottles are checked by weight

2. 13.5

Refer to CSM/LM Spacecraft Operational Data book SNA~8-D-027

CSM (SD 68_447).

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

Refer to Volume 2 of the AOH and its malfunction procedures.

DOCKING AND CREW TRANSFER
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CONTROLS AND DISPLAYS

SECTION 3

CONTROLS AND DISPLAYS

(Controls and Displays Applicable to SC 106 and
Subs Unless Otherwise Noted)

INTRODUCTION.

This section identifies each control and display in the command
module, and lists panel and area location, item nomenclature, positions
and related functions, power source, and associated explanatory data.
Controls and displays are presented in a tabulated list in numerical order
by panel and area number. Panel numbers are those appearing on the
main display console drawing (figure 3-1). The area designations are
those alphabetical letters used for reference purposes only on the display
panel and, in most instances, designate a specific system. The following
is a detailed explanation of the columnar data presented in the tabulated
list.

Location

Area

Grid

Name and Position

Gives the location of a particular control or dis­
play by panel number.

The larger panels are further divided into areas.
In most instances, the area correlates to a
specific spacecraft system. This breakdown will
provide the user with a ready reference as to the
specific system contained on a given panel and
area.

Panels I through 16 (figure 3-1) have grid refer_
ence numerical marks horizontally (abscissa),
and alphabetical reference marks vertically
(ordinate) on the drawing. These grid location
marks provide a means of specifically locating a
switch, circuit breaker, light, gauge, etc., on
the main display console. There are no grid
location reference marks on the panels in the
equipment bays,

Gives the exact nomenclature of a particular con­
trol or display and the control positions, as
placarded on the panel.. In the absence of a
placard, a functional name is assigned and the
positions are described physically ("up," "down,"
etc).

CONTROLS AND DISPLAYS
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Function

Circuit Breaker

Power Source

Describes the function of each control in each
position.

Gives the name and location of the circuit
breaker(s) for circuit protection and for control~

ling the electrical power to each control and
display.

Identifies the immediate bus or source supplying
power to a particular control or display.

3.2 CONTROLS/DISPLAYS LOCATOR illDEX.

To aid in finding data within this section, a locator index precedes
the tabulated list. The index is subdivided into spacecraft systems. Under
each system is listed, in alphabetical order, all controls and displays
associated with that particular system with cross reference to the panel on
which the control or display is located. Where items, such as circuit
breakers, are associated with more than one system, such items are
repeated under each applicable system.

Panel, Area, and Grid Location

MDC

LEB

RHEB

LHFEB

LHEB

UEB

Main display console (panels 1 through 10, 12, 13, 15, and 16)

Lower equipment bay (panels 100, 101, 120, 121, 122, 140, 162,
163, and 180)

Right_hand equipment bay (panels 225, 226, 227, 229, 250, 251,
252, 275, 276, and 278)

Left_hand forward equipment bay (panels 300 through 306)

Left_hand equipment bay (panels 325, 326, 350, 351, 352, 375
through 382)

Upper equipment bay (panels 600, 601, and 602)

CONTROLS AND DISPLAYS
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The controls/displays locator index is subdivided as follows:

Page

Guidance and Navigation System

Stabilization and Control System

Service Propulsion System

Reaction Control System

Electrical Power SystelYl

Environmental Control System

T elecomumnications

Sequential Systems (ELS, LES, EDS, SECS)

Caution and Warning System

Miscellaneous Systems

Docking System

CONTROLS AND DISPLA VB

3_4

3-8

3-12

3-20

3-28

3_35

3_41

3_43

3_47
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GUIDANCE AND NAVIGATION SYSTEM - LOCA TOR INDEX

Panel Locator

Control/ Display Nomenclature Type Number Area Grid

ATTITUDE IHPULSE CONTROLLER Cont rol 122 LEB

ATTITUDE IMPULSE CONTROLLER - MARK REJECT Sw 122 LEB
UPLINK

eMe Lt 2 A C-32

eMe Lt 122 LEB

CONDITION LAMPS - ON/OFF/TEST Sw 122 LEB

DSKY (No placard)

Keyboard

eLR Key , e K-27

ENTR Key 2 e K~27

KEY RLSE Key , e L-27

NOUN Key 2 e L-24

RSET Key 2 e L-27

PRO Key , e K-27

VERB Key 2 e K-24

+ Key 2 e K-25

- Key 2 e K-25

0 through 9 Keys , e K-26

Register

COHP Aery Lt , e 1-26

NOUN Lt • Display , e 1-27

PROC Lt • Display 2 C 1-27

REGISTER 1 Display 2 e J-26

REGISTER 2 Display 2 e J-26

REGISTER , Display 2 e J-26

VERB Lt & Display 2 e 1-26

GUIDANCE AND NAVIGATION SYSTEM - LOCATOR INDEX
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Panel Locator

Control/Display NODlenclature Type Nwnber Area Grid

Status Lights

GIMBAL LOCK Lt 2 C 1-25

KEY REL Lt 2 C 1-25

NO ATT Lt 2 C 1-25

OPR F.RR Lt 2 C J-25

PROC Lt 2 C 1-25

RESTART Lt 2 C J-25

STBY Lt 2 C 1-25

TElfP Lt 2 C 1-25

TRACKER Lt 2 C J-25

UPLINK. ACTY Lt 2 C 1-25

DSKY (No placard)

Keyboard

CLR Key 140 LE'

ENTR Key 140 LEB

KEY REL Key 140 LEB

NOUN Key 140 LEB

RSET Key 140 LEB

STBY Key 140 LEB

VERB Key 140 LEB

+ Key 140 LEB

- Key 140 LEB

0 through 9 Keys 140 LEB

Register

COMP AeTY Lt 140 LEB

NOUN Lt & Display 140 LEB

GUIDANCE AND NAVIGATION SYSTEM - LOCATOR INDEX
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GUIDANCE AND NAVIGATION SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Number Area Grid

PROG Lt & Display 140 LEB

REGISTER 1 Display 140 LEB

REGIStER 2 Displsy 140 LEB

REGISTER 3 Display 140 LEB

VERE Lt & Display 140 LEB

Status Lights

GlHRAL LOCK Lt 140 LEB

kEY REL Lt 140 LEB

NO ATT Lt 140 LE.

OPR ERR Lt 140 LE'

PIDG Lt 140 LE.

RESTART Lt 140 LE.

STBY Lt 140 LE'

TEMP Lt 140 LEB

TRACUR Lt 140 LEB

UPLINK Ac:rY Lt 140 LEB

G&N-C(Jo{PUTER-MNA CB 5 0 M-57

G&N-t(ItPUTER-KNB c. 5 0 M-57

G&N-IKU-MNA C. 5 0 H-55

G&N-IKU-HNB C, 5 0 M-56

G&N-IMU HTR-HHA C, 5 0 M-57

G&N-nll HtR-MNB C. 5 0 M-57

G&N-QPTICS-HNA C. 5 0 M-58

G&N-oPTICS-MNB CB 5 0 M-58

G&N-POWER-ACI C. 5 0 M-55

G&N-POWER-AC2 C. 5 0 M-55

GUIDANCE AND NAVIGATION SYSTEM LOCA TOR INDEX
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Panel Locator

Control/Display Nomenclature Type Nwnber Area Grid

G/N POWER - lKU/OFF S. 100 • LE'

G/N PWR - AC l/OFF/AC 2 S. 5 E H-56

G/N POWER - OPTICS/OFF S. 100 • LE'

lMU CAGE S. 1 G F-IS

ISS Lt 2 A D-3J

ISS Lt 122 LBB

LV GUIDANCE - IV/CHC S. 2 F 0-2.

MARl< S. 122 LE'

OPTICS-CONTROLLER-SPEED - HI/MED/LO S. 122 LE'

OPTICS-CONtROtLER-COuPLlNG - DlRECT/RSLV S. 122 LBB

OPTICS HAND CONtROLLER (not placarded) Control 122 LE'

OPTICS-MODE - CHC/HAN S. 122 LE'

OPTICS-STAR ACQ Lt 122 LE'

PGNS Lt 122 LE'

RETICLE BRIGHTNESS Thumbwheel 122 LE'

SCANNING TELESCOPE Telescope 121 LE'

SEXTANT (Not placarded) Sext 121 LEB

SIlAFT Manual Drive 121 LEB

SHAFT ANGLE Iadicator 121 LEB

TELTRUN-SLAVE TO SXT/O-/2S- S. 122 LEB

TRUNNION Hanual Drive 121 LEB

TRUNNION ANGLE Indicator 121 LEB

UP TELEMETRY - ACCEPT/BLOCK S. 122 LEB

GUIDANCE AND NAVIGA TlON SYSTEM - LOCATOR INDEX
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STABILIZATION AND CONTROL SYSTEMS - LOCATOR INDEX

Panel Locator

Control/Display Nom.enclature Type Nwnber Area Grid

ACCEL G Meter 1 D 1-17

ALT 5ET Control 13 A C-7

ATT DEADBAND - MAX/MIN 5w 1 D K-16

ATT SET - IMU/GDC 5w 1 D J-17

ATTITUDE SET - PITCH Thumbwheel & 1 D P-14
Display

ATTITUDE SET - ROU. Thumbwheel & 1 D 0-14
Display

ATTITUDE SET - YAW Thumbwheel & 1 D Q-14
Display

>MAG I TEMP Lt 2 A C-30

BMAG 2 TEMP Lt 2 A C-30

BMAG MODE-PITCH - RATE 2/ATT 1 RATE 2/ 5w 1 D N-14
RATE 1

BMAG MODE-ROLL - RATE 2/ATT 1 RATE 2/ 5w 1 D N-13
RATE 1

BMAG MODE-YAW - RATE 2/ATT 1 RATE 2/ 5w 1 D N-15
RATE 1

BMAG POWER-I - OFF/WARM UP/ON 5w 7 > N-4

RMAG POWER-2 - OFF/WARM UP/ON 5w 7 > 0-4

CMC ATT - IHO/GDC 5w 1 D I-l6

CMe MODE - AUTO/HOLD/FREE 5w 1 D M-17

EARTH/LUNAR - EARTH/PWR OFF/LUNAR 5w 13 A C-'

EMS-MNA C> 8 K <-.

EMS-MNB C> 8 < <-7

ENTRY EMS ROLL up/OFF 5w 1 H P-16

ENTRY .05 up/OFF 5w 1 H P-ll,

ENTRY MONITOR (no plat".ard)

bV/EMS SET - lNC/DECR 5w 1 B G-22

STABILIZATION AND CONTROL SYSTEMS LOCATOR INDEX

Basic Date _~1~5~A=p~,~i~1~1~9~6~9,-_Change Date ________ Pa.ge --'3:::<-8



SM2A-03-BLOCK U-(I)

APOLLO OPERATIONS HANDBOOK

STABILIZATION AND CONTROL SYSTEMS - LOCATOR INDEX

Panel Locator

Control/Di8play Nomenclature

MODE__NORAMLISTBy/BACKUP
VHF RNC

crA

ROLL ATTITUDE INDICATOR (no placard)

RANGE/IJ.V

SPS THRUST

FUNCTION

VELOCITY

.05 G

FOAl 1 - ORB RATE/INRTL

FOAl 2 - ORB RATE/INRTL

FDAI (no placard)

FOAl (no placard)

FOAl/CPt POWER - OFF/l/2/80II1

FOAl-SCALE

FOAl-SELECT - 1/2-2-1

FOAl SOURCE - GMC/ATT SET/CDC

GDC ALIGN

OPI

LIGHTING - BaT/OFF/DIH

Type

Meter

Display

Lt

Indicator

Lt

Sw

Indicator

Indicator

Pushbutton

Indicator

Nwnber

I

I

1

I

1

1

1

I

13

13

I

2

7

I

I

I

I

I

13

Area Grid

B F-19

B £-22

B G-19

B H-21

B C-21

B E-19

B F-21

B G-20

A C-3

A C-4

o J-19

B F-26

B N-7

o J-15

o J-16

o J-17

o 0-15

E M-20

A D-3

B 0-7

o 1C-16LIMIT CYCLE up/OFF

LOGIC POWER 2/3 - up/OFF

MANUAL ATTITUDE-PITCH - ACCEL om/RATE
CHO/MIN IMP

MANUAL ATTITUDE-ROLL - ACC£t CHD/RATE
CMD/HIN IMP

~~~UAL ATTITUDE-YAW - ACCEL CMD/RATE
OlD/MIN IMP

1

7

I

1

1

o

o

o

K-15

1C-14

K-15

STABILIZATION AND CONTROL SYSTEMS - LOCATOR INDEX
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SM2A-03-BLOCK ll-(l)

APOLLO OPERATIONS HANDBOOK

STABILIZATION AND CONTROL SYSTEMS - LOCATOR INDEX

Panel Locator

Control/ Display Nomenclature Type NUInber Area Grid

MODE - OPR/SLOW - HOLD/FAST 5. 13 A D-5

ORDEAL-AC2 CB B A J-2

ORDEAL-MNB CB B A J-2

RATE - HIGH/LOW 5. 1 D K-17

ROT CONTR PWR-DIRECT l-MNA/MNB-QFF-MNA 5. 1 D H-15

ROT CONTR PWR-DIRECT 2-MNA/MNB-oFF-HNB 5. 1 D H-15

ROT CONTR PWR-NORHAL-l AC/DC-oFF-AC 5. 1 D H-13

ROT CONTR PWR-NORMAL-2 AC/DC-OFF-AC 5. 1 D H-14

ROTATIONAL CONTROLLERS Control (2) LH COUCH, RH ARMREST
(no placard) RH COUCH, LH ARMREST

SC CONT - CHC/SCS 5. 1 D H-16

SCS-AC 1 CB B A H-2

SCS-AC 2 CB B A H-3

SCS A/C ROLL - MNA CB B A 1-5

SCS Ale ROLL - HNB CB B A 1-5

scs BID ROlJ. - HNA CB • A 1-'

scs BID ROLL - HNB c. • A 1-'

scs CONTR/AUTO-HNA CB B A J-3

SCS CONTRIAUTO-MNB c. B A J-3

SCS CONTR/oiRECT-1-MNA CB • A 1-3

scs CONTR/DIRECT-1-MNB CB • A 1-3

scs CONTR/DIRECT-2-HNA CB • A 1-'

SCS CONTR/DIRECT-2-HNB CB B A 1-'

SCS-DlRECT ULL-MNA CB • A 1-2

SCS-DIRECT ULL-HNB CB • A 1-2

STABILIZATION AND CONTROL SYSTEMS - LOCATOR INDEX

Basic Date 15 April 1969 Change Date Page ~3,,-,,1""O



SM3A-03-BLOCK II-(l)

APOLLO OPERATIONS HANDBOOK

STABILIZATION AND CONTROL SYSTEMS - LOCATOR INDEX

Panel Locator

Control/Di.play Nomenclature Type Nwnber Area Grid

SCS-ECA/TVC-AC 2 ca 8 A 1-2

SCS ELECTRONICS POWER - OFF/ECA/GDC/ECA s. 7 a N-.
SCS-LOGIC BUS-KNA 1/2 ca 8 A J-4

SCS-LOGIC BUS-MNA 3/4 ca a A J-4

SCS-LOGIC BUS-MNA 1/4 ca 8 A J-5

SCS-LOGIC BUS-HNB 2/3 ca a A J-5

SCS-PITCH-MNA ca a A 1-7

SCS-PltCB-MNB ca a A 1-7

scs SYSTEH-KNA CB a A J-5

scs SYSTEK-HNB ca a A J-.

SCS-TVC-AC 1 ca 8 A 8-1

SCS TAW-KNA CB a A 1-7

SCS !Aw-HNB ca a A 1-7

SCS lVC-PITCH - AUTO/RATE CKD/ACCEL am s. I D D-I.

SCS TVC-YAW - AUTO/RATE CKD/ACCEL am s. I D 0-17

SIC CONDit/DRIVER alAS PWR-PWll SUP l-ACI/ s. 7 a D-.
OFF/AC2

SIG CONDit/DRIVER BIAS PWIl-PWR SUP 2-ACl/ s. 7 a D-.
OFF/AC2

SLEW - UP /DCNN Sw I3 A D-5

TRANS CONI'R PWll/OFF s. I D 1(-17

TIlAlfSlJUIOM CONnOLLER (TC) (no placard) Control Ul COUCH. LH AIlMIlEST

TVC SERVO POWEll-I - ACl/MHA-oFF-AC2!HNB s. 7 a N-a

TVC SERVO POWEJ.-2 - ACl/KNA-QFF-AC2/HlIB s. 7 a 8-a

6VCG-LK/CSH-cSK s. I J D-20

STABILIZATION AND CONTROL SYSTEMS LOCATOR INDEX
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SM2A-03-BLOCK II-(l)

APOLLO OPERATIONS HANDBOOK

SERVICE PROPULSION SYSTEM - LOCATOR INDEX

I

Panel Locator

Control/Display Nomenclature Type Number Area Grid

tJ,V THRUST-A - NORMAL/Orr Sw 1 E N-17

tJ,V THRUST-B - NORMAL/orF Sw 1 E N-18

LV a/SPS Pc Meter 1 E M-18

LV TANK PRESS - S-Il FUEL - S-IVB OXID Meter 1 E M-19

LV TANK PRESS - S-IVB rUEL Meter 1 , M-20

LV/SPS 1NO - a/Pc Sw 1 E P-17

LV/SPS IND - SII/SIVe/GPI Sw 1 E P-17

OXIO FLOW VALVE MAX/MIN INDICATORS Indicator 3 B K-42

OXID FLOW VALVE -INCR/NORK/DECR Sw 3 B K-42

OXID FLOW VALVE - PRIM/SEC Sw 3 B K-43

PITCH GMSL 1 Lt 2 A C-30

PITot GMBL 2 Lt 2 A C-30

fUG HODE - PRI/NORK/AUX Sw 3 B K-43

SPS ENGINE INJECTOR VALVES A-1 Indicator 3 B H-42

Sf5 ENGINE INJECTOR VALVES A-2 Indicator J B H-42

Sf5 ENGINE INJECTOR VALVES B-3 Indicator 3 B 11-43

Sf5 ENGINE INJECTOR VALVES B-4 Indicator J B 1l-43

SPS-GAUGING - AGl CB 8 0 L-3

SPS-GAUGING - AC2 CB 8 0 L-3

Sf5 GAUGING - !tNA CB 8 0 L-2

Sf5 GAUGING - !tNB CB 8 0 L-3

Sf5 GAUGING - ACI/OFF/ AC2 Sw 4 A N-57

SERVICE PROPULSION SYSTEM _ LOCATOR INDEX

15 April 1969 15 Oct (969 3-12Basic Date .:.- Change Date Page _



SMlA-03-BLOCK II.{I)

APOLLO OPERATIONS HANDBOOK

SERVICE PROPULSION SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Number Area Grid

SPS GIMBAL MOTORS-PITCH 1 - START/ S. 1 E 0-18
CENTER/OFF

SPS GIMBAL HOTORS-PITCH 2 - START/CENTER/ S. 1 E 0-18
OFF

SPS GIMBAL MOTORS-YAW 1 - START/CENTER/ S. 1 E 0-19
OFF

SPS GIMBAL MOTORS-YAW 2 - START/CENTER/ S. 1 E 0-19
OFF

SFS GIMBAL-PI'iCH Thumbwheel 1 E N-19

SFS GIMBAL-YAW Thumb"'heel 1 E N-20

SFS He VLV-l Indicator , B L-42

SFS He 'lLV-I - AUTO/OFF/ON S. , B H-42

SFS He VLV-2 Indicator , B L-42

SFS He VLV-2 - AUTO/OFF ION S. , B H-42

SFS He VALVE-MNA CB B D L-4

SFS He VALVE-MNB CB S D L-4

SPS-LINE HIRS - A/S/OFF/A S. , B M-43

SPS LINE HTRS-MNA CB 22' C RHEB

SFS LINE HTRS-MNB CB 229 C RHEB

SFS PILOT VLVS A MNA CB B D L-'

SFS PILOT VLVS B MNB CB B D L-7

SFS PITCH 1 - BAT A CB S D L-5

SFS PITCH 2 - BAT B CB S D L-5

SPS PRESS Lt 2 A C-33

SPS-PRESS INO - He/N2A/N2S S. , B M-44

SFS PRPLNT TANKS-PRESS-FUEL Meter , B F-43

SFS PRPLNT TANKS-PRESS-He/N2 Meter , B F-42

SERVICE PROPULSION SYSTEM LOCA TOR INDEX
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SM2A-03-BLOCK 11-(1)

APOLLO OPERATIONS HANDBOOK

SERVICE PROPULSION SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display NODlenclature Type Nuntber Area Grid

SPS PRPLNT TANKS-PRESS-oXID Meter 3 8 F-43

SPS PRPLNT TANKS-TEMP Meter 3 8 F-42

SPS THRUST - DIRECT ON/NORMAL Sw 1 E N-15

SPS QUANTITY - OXID UNBAL Meter 3 8 J-42

SPS QUANTITY - % FUEL Display 3 8 1-43

SPS QUANTITY - % OXIO D18play 3 8 1-43

SPS QUANTITY-TEST-l!CENTER!2 Sw 3 8 J-4J

SPS YAW 1 - BAT A C8 8 D L-'

SPS YAW 2 - BAT 8 C8 8 D L-'

THRUST ON Pushbutton 1 8 0-16

TVC GKBL DRIVE-PITCH - 1/AUTO/2 Sw 1 8 P-18

TVC GHBL DRIVE-YAW - I!AUTO/2 Sw 1 8 P-18

YAW CHBL 1 Lt 2 A C-JO

YAW CMBL 2 Lt 2 A C-JO

SERVICE PROPULSION SYSTEM - LOCATOR INDEX
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SM2A-03-BLOCK 1I-(1)

APOLLO OPERATIONS HANDBOOK

REACTION CONTROL SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Number Area Grid

ABORT SYSTEH-PRPLNT DUMP AUTO/RCS CMD Sw 2 E N-24

AUTO RCS SELECT A!e ROLL-AI-MNA/OFF/MN8 Sw 8 J 11-4

AUTO ReS SELECT A!e ROLL-CI-HNA/OFF/HNB Sw 8 J H-4

AUTO Res SELECT A!e ROLL-A2-HNA/OFF /MNB Sw • J H-5

AUTO Res SELECT Ale ROLL-C2-MNA/OFF/MNB Sw 8 J 11-5

AUTO RCS SELECT B/D ROLL-Bl-~fNA/OFF/HNB Sw 8 J 11-6

AUTO Res SELECT aID ROLL-UI-MNA/OFf/MNB Sw • J H-6

AUTO Res SELECT B/D ROLL-B2-HNA/OFF/MNB Sw 8 J H-7

AJJTO Res SELECT B/D ROLL-02-MNA/OfF/MNB Sw 8 J H-7

AUTO Res SELECT PITCH-A3-HNA/OFF/HNB Sw R J H-8

AJJTO Res SELECT PITCH-C3-MNA/OFF/HNB Sw 8 J H-8

AUTO RCS SELECT PITCH-A4-HNA/OFr/HNB Sw 8 J H-'

AUTO Res SELECT PITCH-C4-HNA/OFF/MNB Sw 8 J H-'

AUTO Res SELECT YAW-BJ-HNA/OFF/HNB Sw 8 J H-I0

AUTO Res SELECT YAW-D3-KNA/OFF/MNB Sw 8 J H-I0

AUTO RCS SELECT YAW-B4-HNA/OFF/MNB Sw 8 J H-11

AUTO RCS SELECT YAW-D4-MNA/OFF/MNB Sw 8 J H-11

BAT A PWR ENTRY 6 POST LANDING e8 250 8 RHEB

BAT B PWR ENTRY 6 POST LANDING e8 250 B RIlEB

CH RCS LOGIC - CM RCS LOGIC/OFF Sw 1 K 0-22

CH PRPLNT - DUMP/OFF Sw 1 K 0--22

eM PRPLNT - PURGE/OFF Sw 1 K 0-23

Qi RCS 1 Lt 2 A C-JO

CH RCS 2 Ct 2 A C-30

CH RCS He DUMP Pushbutton 1 K N-23

REACTION CONTROL SYSTEM - LOCATOR INDEX
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SMlA-03-BLOCK II~{ 1)

APOLLO OPERATIONS HANDBOOK

REACTION CONTROL SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type NUInber Area Grid

CM RCS-He TEMP Meter 2 I 8-28

Of RCS HTRS - OFF Sw 101 B LEB

CM RCS-PRESS-He Meter 2 I H-28

CM RCS-PRESS MANF Meter 2 I H-29

CM RCS - PRESS/OFF SW 2 I 1-29

CM RCS PRPLNT-l Indicator 2 I K-29

CM RCS PRPLNT-2 Indicator 2 I K-29

CM RCS 'RPLNT - l/CENTER/OFF Sw 2 I L-29

eM ReS PRPLNT - 2/CENTER/OFF Sw 2 I L-30

DIRECT ULLAGE Pushbutton 1 F N-16

PYRO A-SEQ A CB 250 A RllEB

PYRO B-SEQ B CB 250 A RllEB

PYRO A-BAT BUS A TO PYRO BUS TIE CB 250 A RllEB

PYRO B-BAT BUS B TO PYRO BUS ItE CB 250 A RllEB

RCS-LOGIC-MNA CB 8 C K-.

RCS-LOGIC-MNB CB 8 C K-.

RCS-CMD - ON/CENTER/OFF 5w 2 I K-28

RCS-CM HEATERS 1 - >lNA C8 8 C K-2

RCS-CM HEATERS 2 - >lNB CB 8 C K-2

RCS-SM HEATERS A CB 8 C K-3

RCS-SM HEATERS B CB 8 C K-4

RCS-SM HEATERS C CB 8 C K-3

ReS-SM HEATERS D CB 8 C K-4

RCS INDICATORS-CM/SH Sw 2 t G-33

RCS-PRPLNT ISOL-MNA CB • C K-5

REACTION CONTROL SYSTEM LOCA TOR INDEX
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SM2A-03-BLOCK II-{l)

APOLLO OPERATIONS HANDBOOK

REACTION CONTROL SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Nwnber Area Grid

RCS-PRPLNT ISOL-MNB CB 8 C K-5

RCS-tRNFR - CM/CENtER/SM Sw 2 I K-29

SM RCS A Lt 2 A D-30

SM RCS B Lt 2 A D-30

SM RCS C Lt 2 A D-31

SM RCS D Lt 2 A D-31

SM RCS HEAtERS A - PRI/OFF/SEC Sw 2 I J-28

SM RCS HEAtERS-B - PRI/OFF/SEC Sw 2 I J-29

SMReS HEATERS-C - PRI/OFF/SEC Sw 2 I J-29

SM RCS HEAtERS-D - PRI/OFF/SEC Sw 2 I J-30

SH RCS-HELIUM i-A Indicator 2 I F-30

SM RCS-HELIUM I-A OPEN/CENTER/CLOSE Sw 2 I G-30

SH RCS-HELIUM I-B Indicator 2 I F-31

SM RCS-HELIUM I - B/OPEN/CENTER/CLOSE Sw 2 I G-31

SM RCS-HELIUM I-C Indicator 2 I F-31

SM RCS-HELIUM 1 - C/OPEN/CENIER/CLOSE Sw 2 I G-31

SM RCS-HELIUM 1-0 Indicator 2 I F-31

SM RCS-HELIUM 1 - D/OPEN/CENIER/CLOSE Sw 2 I G-31

S. RCS-HELIUM 2-A Indicator 2 I H-30

S. RCS-HELIUM 2 - A/OPEN/CENtER/CLOSE Sw 2 I 1-30

S. ReS-HELIUM 2-B Indicator 2 I H-31

S. RCS-HELIUM 2 - B/OPEN/CENTER/CLOSE Sw 2 I 1-31

SM RCS-HELIUM 2-C Indicator 2 I 11-31

SM RCS-HELIUM 2 - C/OPEN/CENIER/CLOSE Sw 2 I 1-31

SM RCS-IIELIUM 2-D Indicator 2 I 11-31

RJ:.;ACTION CONTROL SYSTEM - LOCATOR INDEX
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SMlA-03·BLOCK 1I-(l)

APOLLO OPERATIONS HANDBOOK

REACTION CONTROL SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature

SM ReS-HELIUM 2 - D/OPEN/CENTER/CLOSE

SM Res IND - HE TK TEMP /PRPLNT Qty

SM RCS-PUSS-He

SM RCS-PRESS/SEC FUEL

SM RCS PRPLNt A - OPEN/CENTER/CLOSE

SM RCS PRPLNT B - OPEN/CENTER/CLOSE

SM RCS PRPLNt C - OPEN/CENTER/CLOSE

SM RCS PRPLNT D - OPEN/CENTER/CLOSE

Type

Sw

Sw

Meter

Meter

Sw

Sw

Sw

Sw

Number

2

2

2

2

2

2

2

2

Area Grid

I 1-31

I 1-30

I F-28

I F-29

I J-30

I J-31

I J-31

I J-31

SM ReS PRPLNT EVENT INDICATORS - PRIM
PRPLNt/A

SM RCS PRPLNT EVENT INDICATORS - SEC
PRPLNt/A

SM RCS PRPLNt EVENt INDICATORS - PRIM
PRPLNT/B

SM RCS PRPLNT EVENT INDICATORS - SEC
PRPLNT/B

SM RCS PRPLNT EVENT INDICATORS - PRIM
PRPLNT/C

SM RCS PRPLNT EVENT INDICATORS - SEC
PRfLNT/C

SM RCS PRfLNT EVENT INDICATORS - PRIM
PRPLNT/D

SM RCS PRPLNT EVENT INDICATORS - SEC
PRPLNT/O

SM RCS-PRPLNT QTY - He/TK/TEMP

SM RCS SEC PRPLNT FUEL PRESS - A/OPEN/
CENTER/CLOSE

8M RCS SEC PRPLNT FUEL PRESS - B/OPEN/
CENTER/CLOSE

Indicator

Indicator

Indicator

Indicator

Indicator

Indicator

Indicator

Indicator

Meter

Sw

Sw

2

2

2

2

2

2

2

2

2

2

2

I

I

I

I

I

I

I

I

I

I

I

1-30

K-30

1-31

K-31

1-31

K-31

1-31

K-31

F-29

L-30

L-31

REACTION CONTROL SYSTEM LOCATOR INDEX
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SM2.A-03·BLOCK II-(lJ

APOLLO OPERATIONS HANDBOOK

REACTION CONTROL SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Nwnber Area Grid

SH RCS SEC PRPLNT FUEL PRESS - C/OPEN/ 5. 2 I L-31
CENTER/CLOSE

SM RCS SEC PRPLNT FUEL PRESS - D/OPEN 5. 2 I L-31
CENTER/CLOSE

SM RCS-TEMP PKG Meter 2 I F-28

REACTION CONTROL SYSTEM LOCATOR INDEX
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SMlA-03-BLOCK iI-(ll

APOLLO OPERATIONS HANDBOOK

ELECTRICAL POWER SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature

AC BUS 1

AC BUS 2

AC BUS 1 OVERLOAD

AC BUS 2 OVERLOAD

AC INDICATOR - BUS l/BUS 2

AC INVERTER - AC BUS I - RESET/CENTER/OFF

AC INVERTER - AC BUS 2 - RESET/CENTER/OFF

AC INVERTER-l - MNA/OFF

AC INVERTER - AC BUS 1 - l/orr

AC INVERTER - AC BUS 2 - l/OFr

AC INVERTER-2 - HNB/OFF

AC INVERTER - AC BUS 1 - 2/0FF

AC INVERTER - AC BUS 2 - 2/0FF

AC INYERTER-3 - HNA/OFF/HNB

AC INVERTER - AC 8US 1 - 3/0FF

AC INVERTER - AC BUS 2 - 3/0FF

AC VOLTS

BAT A PWR ENTRY/POST LANDING

BAT 8 PWR ENTRY/POST LANDING

BAT C P\lR ENTRY/POST LANDINC

BAT C TO BAT BUS A

BAT C TO BAT BUS B

BATTERY CHARGE - OFF/AlBIc

BAT CHCR - ACl/AC2

BATTERY CHARGER-AC PWR

Type

Lt

Lt

Lt

Lt

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Meter

cs

cs

cs

cs

cs

Sw

Sw

cs

Nwnber

2

2

2

2

3

3

)

3

3

)

3

3

)

)

3

3

)

250

250

250

250

250

3

5

5

Area Grid

A C-3~

A C-34

A C-34

A C-34

E P-51

EO-50

E P-50

E N-49

E 0-49

E P-49

E N-49

E 0-49

E P-49

EN-50

EO-50

E P-50

EO-51

B RHEB

B RHEB

B RHEB

S RHES

B RHEB

EM-51

F 8-58

F 1-63

ELECTRICAL POWER SYSTEM LOCATOR INDEX
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SMlA-03-BLOCK II·( I)

APOLLO OPERATIONS HANDBOOK

ELECTRICAL POWER SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature

BATTERY CHARGEIl-BAT B CHG

BAT C BAT CHGR/EnS 2

BATTERY CHARGER-HNA

BATTERY CHARGER-HNB

BAT RLY BUS-BAT A

BAT RLY BUS-BAT B

CRYO PRESS

CRYOGENIC FAN MOTORS-TANK I-AC I - +A

CRYOGENIC FAN MOTORS-TANK I-AC 1 - +B

CRYOGENIC FAN MOTORS-TANK l-AC 1 - +C

CRYOGENIC FAN MOTORS-TANK 2-AC 2 - +A

CRYIXENIC FAN MOTORS-TANK 2-AC 2 - +B

CRYOGENIC FAN MOTORS-TANK 2-AC 2 - +C

CRYOGENIC-H2 HTR 1-HNA

CRYOGENIC-H2 HTl 2-HNB

CRYOGENIC-02 HTl 1-MNA

CRYOGENIC-D2 HTi 2-MND

CRYOGENIC-QTY AHPL I-AC I

CRYOGENIC-QTY AHPL 2-AC 2

CRYOGENIC TANKS-PRESSURE H2-I & 2

CRYOGENIC TANKS-PRESSURE 02-1 &2

CRYIXENIC TANKS-QUANTlty 82-1 & 2

CRYOGENIC TANKS-QUANTITY 02-1 & 2

Type

co

co

CO

CO

CO

CO

Lt

CO

CO

CO

CO

CO

CO

CO

CB

CB

CO

CB

CO

Meter

Meter

Meter

Meter

Nwnber

5

250

5

5

5

5

2

226

226

226

226

226

226

226

226

226

226

226

226

2

2

2

2

Area Grid

F 1-61

B RIlES

F 1-61

F 1-62

F H-62

F H-63

A C-31

A RHES

A RHEB

A RHEB

A RHEB

A RHEB

A RHEB

A RHEB

A RHES

A RHEB

A RHEB

A RHEB

A RHES

Q F-3]

Q F-38

Q F-39

Q F-40

ELECTRlCAL POWER SYS1EM _ LOCATOR INDEX
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SMZA-03-BLOCK Il-(l)

APOLLO OPERATIONS HANDBOOK

ELECTRICAL POWER SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Nwnber Area Grid

DC A.IofPS Meter 3 E J-49

DC INDICATORS - FUEL CELL/MAIN BUS/BAT ,. 3 E M-49
BUS/BAT CHARGER/BAT C/PYRO BAT

DC VOLTS Meter 3 E K-49

EPS-BAT su, A cs 229 F RHES

fPS-BAT BUS B CS 229 F RHES

EPS-tiN A-GROUP I CS 229 A RHES

EPS-MN B-GROUP I cs 229 A RHES

EPS-MN A-GROUP 2 CS 22. C RHES

EPS-liN B-GROUP 2 CS 22' C RHES

EPS-MN A-GROUP 3 CS 22' 0 RHES

EPS-1iN B-GROUP 3 CS 22. D RHES

EPS-MN A-GROUP 4 CS 229 0 RHES

EPS-MN B-GROUP , CS 22' 0 RHES

EPS-liN A-GROUP 5 CS 22. 0 RHES

EPS-HN B-GROUP 5 CS 22. 0 RHES

EPS SENSOR SIGNAL-ACl CS 5 F G-61

EP' SENSOR SIGNAL-AC2 CS 5 F G-62

EP, SENSOR SIGNAL-HNA CS 5 P G-59

EP' SENSOR SIGNAL-tiNB CS 5 F G-60

EP, SENSOR UNIT-AC SU, I CS 5 P 8-62

EP, SENSOR UNIT-AC SU, 2 CS 5 P 8-62

EP, SENSOR UNIT-DC SU, A CS 5 P 8-61

EP, SENSOR UNIT-DC BUS B CS 5 F H-61

ELECTRICAL POWER SYSTEM - LOCATOR INDEX
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SM2.A~03·BLOCK Il~{l)

APOLLO OPERATIONS HANDBOOK

ELECTRICAL POWER SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Number Area Grid

RHEB

A C-)J

A C-34

A C-34

A C-JJ

E G-46

D P-42

RHEB

RHEB

Fe 1

Fe 2

Fe 3

FC BUS DISCONNECT

FC RAD TEMP LOW

FC REACS VALVES - NORM/LATCH

FLIGHT/POST LANDING-BAT BUS A

FLIGHT/POST ~~ING-BAT BUS B

FLIGHT/POST ~~ING-BAT C

FLIGHT/POST LANDING-HAIN A

FLIGHT/POST LANDING-MAIN B

FUEL CELL-FLOW-H2/02

FUEL CELL HEATERS - l/OFF

FUEL CELL HEATERS - 2/0FF

FUEL CELL HEATERS - 3/0FF

FUEL CELL INDICATOR - 1/2/3

FUEL CELL MAIN BUS A-I - ON/CENTER/OFF

FUEL CELL MAIN BUS A-2 - ON/CENTER/OFF

FUEL CELL MAIN BUS A-3 - ON/CENTER/OFF

FUEL CELL MAIN BUS A-RESET/CENTER/OFF

FUEL CELL MAIN BUS A-I

FUEL CELL MAIN BUS A-2

FUEL CELL MAIN BUS A-J

Lt

Lt

Lt

Lt

Indicator

Sw

eB

eB

eB

eB

eB

Meter

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Indicat.or

Indicator

Indicator

2

2

2

2

3

3

275

275

275

275

275

3

3

3

3

3

3

3

3

3

3

3

3

E

E

E

E

E

E

E

E

E

E

E

E

RHEB

RHEB

F-44

J-44

J-4S

J-4S

1-47

K-46

K-46

K-47

K-4S

X-46

K-46

K-41

ELECTRICAL POWER SYSTEM - LOCATOR INDEX

Bas lc Date __'~S:..:A~p~,~i~l-,-19~6~9",--_ Change Date 3-23_______ Page --"-=



SM2A·03-BLOCK ll-( I)

APOLLO OPERATIONS HANDBOOK

ELECTRICAL POWER SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display NODlenclature Type Number Area Grid

FUEL CELL MAIN BUS B-1 ON/CENTER/OFF S. 3 E H-46

FUEL CELL MAIN BUS B-2 ON/CENTER/OFF S. 3 E H-46

FUEL CELL MAIN BUS B-3 ON/CENTER/OFF S. 3 E M-47

FUEL CELL MAIN BUS B-RESET/CENTER/OFF S. 3 E M-48

FUEL CELL MAIN BUS B - 1 Indicator 3 E L-46

FUEL CELL MAIN BUS B - 2 Indicator 3 E L-46

FUEL CELL MAIN BUS B - 3 Indicator 3 E L-47

FUEL CELL-MODULE TEMP-SKIN/COND EXII Meter 3 E F-45

FUEL CELL PUMPS 1 - ACI/OFF/AC2 S. 5 A H-54

FUEL CELL PUMPS 2 - ACI/OFF/AC2 S. 5 A H-54

FUEL CELL PUMPS J - ACl/OFF/AC2 S. 5 A H-55

FUEL CELL PURGE-I - H2/0FF/02 S. 3 E K-44

FUEL CELL PURGE-2 - R2/0FF/02 S. 3 E K-45

FUEL CELL PURGE-J - H2/0FF/02 S. 3 E K-45

FUEL CELL RADIATORS-l - NORMAL/EMER BYPASS S. 3 E 1-44

FUEL CELL RADIATORS-l Indicator 3 E H-44

FUEL CELL RADLATORS-2 - NORHAL/EMER BYPASS S. 3 E 1-45

FUEL CELL RADIATORS-2 Indicator 3 E H-45

FUEL CELL RADIATORS-J - NORMAL/EHER BYPASS S. 3 E 1-45

FUEL CELL RADIATORS-J Indicator 3 E H-45

FUEL CELL REACTANTS-l/CENTER/OFF S. 3 E H-44

FUEL CELL REACTANTS-l Indicator 3 E L-44

FUEL CELL REACTANTS-2/CENTER/OFF S. 3 E M-45

FUEL CELL REACTANTS-2 Indicator 3 E L-45

ELECTICAL POWER SYSTEM - LOCATOR INDEX
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SM2.A-03-BLOCK II-(l)

APOLLO OPERATIONS HANDBOOK

ELECTRICAL POWER SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display NOlTlenclature Type Number Area Grid

F'UEL CELL REACTANTS-3/cENTER/OFF 5. 3 E M-45

FUEL CELL REACTANTS-3 Indicator 3 E L-45

FUEL CELL I-BUS CONT CB 226 A RIIEB

FUEL CELL I-PUMPS-AC CB 226 A RIIEB

FUEL CELL I-PURGE CB 226 A RIlE'

FUEL CELL I-RAn CB 226 A RIIEB

FUEL CELL l-REACS CB 226 A RIIEB

FUEL CELL 2-BUS CONT CB 226 A RIIEB

FUEL CELL 2-PUMPS-AC CB 226 A RIIEB

FLJ::L CELL 2-PURGE CB 226 A RIIEB

FUEL CELL 2-RAn CB 226 A RIIEB

FUEL CELL 2-REACS CB 226 A RIIEB

FUEL CELL 3-BUS CaNT c. 226 A RIIEB

FUEL CELL 3-PUMPS-AC CB 226 A RIIEB

FUEL CELL 3-PURGE CB 226 A RIIEB

FUEL CELL 3-RAD CB 226 A RIIEB

FUEL CELL 3-REACS C. 226 A RIIEB

H2 HEATERS-l AUTO/OFF/ON 5. 2 Q G-35

H2 HEATERS-2 AUTO/OFF ION 5. 2 Q G-35

H2 FANS-I - AUTO/OFF/ON 5. 2 Q G-38

H2 FANS-2 - AUTO/OFF/ON 5. 2 Q G-39

H2 PURGE - LINE HTR/OFF 5. 3 D P-42

INVERTER CONTROL-l CB 5 F H-59

INVERTER CONTROL-2 CB 5 F H-60

INVERTER CONTROL-3 CB 5 F H-60

ELECTRICAL POWER SYSTEM LOCATOR INDEX
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SMlA-03-BLOCK lI-(1)

APOLLO OPERATIONS HANDBOOK

ELECTRICAL POWER SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature

INVERTER. POWER-I - MAIN A

INVERTER POWER-2 - MAIN B

INVERTER POWER-3 - MAIN A

INVERTER POWER-3 - MAIN B

C8

C8

C8

C8

Type Number

275

275

275

275

Area Grid

RHE8

RHE8

RHE8

RHEB

INV I-TEMP HI

INV 2-TEMP HI

INV 3-TEMP HI

LK PWR-cSM/OFF/RESET

Uf P'WR-I!MNB

Ui PWR.-2/HNB

MAIN A-BAT BUS A

HAIN A-BAT C

MAIN B-BA'l' C

MAIN B-BAT BUS B

MAIN BUS TIE-BAT Ale - AU'IO/OFF

HAIN BUS TIE-BAT B/e - AUTO/OFF

HN BUS A UNDERVOLT

HN BUS B UNDERVOLT

NONESS BUS - MNA/OFF/HNB

02 FANS-I - AUTO/OFF/ON

02 FANS-2 - AUTO/OFF/ON

02 HEATERS-l - AUTO/OFF/ON

02 HEAl'ERS-2 - AUTO/OFF/ON

02 PRESS IND - TANK l/SURGE TANK

02 VAC ION PUMPS -HNA

Lt

Lt

Lt

Sw

C8

C8

C8

C8

C8

C8

Sw

Sw

Lt

Lt

Sw

Sw

Sw

Sw

Sw

Sw

C8

2

2

2

2

5

5

275

275

275

275

5

5

2

2

5

2

2

2

2

2

229

A

A

A

L

F

F

F

F

A

A

F

Q

Q

Q

Q

Q

D

C-33

C-J4

C-34

E-31

0-63

8-63

RHE8

RHE8

RHES

RHE8

8-57

H-51

0-34

D-J4

H-58

0-39

0-40

0-36

0-37

0-37

RHE8

ELECTRICAL POWER SYSTEM LOCATOR INDEX
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SM2.A-03-BLOCK II-(l)

APOLLO OPERATIONS HANDBOOK

ELECTRICAL POWER SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Nwnber Area Grid

02 VAC ION PUMPS - MNB CB 22. 0 RIlEB

pH HI Indicator 3 E 8-44

SYSTEMS TEST Sw 101 A LEB

SYSTEMS TEST Sw 101 A LEB

SYSTEMS TEST Meter 101 A LEB

3-27_______ Page --=:....:..;
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SMlA-03-BLOCK 1I-(l)

APOLLO OPERATIONS HANDBOOK

ENVIRONMENTAL CONTROL SYSTEM - LOCATOR INDEX

Panel Loca.tor

Control/Display Nomenclature

ACCUM PRIH/SEC - QUANTITY (GLYCOL)

BAtTERY VENT - VENT/CLOSED

Type

Meter

Valve

Number

2

252

Area Grid

P J-37

BHEB

CABIN PAN 1 - l/OFF

CABIN FAN 2 - 2/0FF

CABIN PRESSURE RELIEF-CLOSE/NORKALI
BOOST ENTRYIDUMP

CABIN REPRESS-oPEN!OFF

CABIN TEMP - AUTO

CABIN TEMP - AUTO/HAN

CHLORINE INJECT PORT

elM PRESSURE DIFFERENTIAL

C02-ODOR ABSORBER A & B

C02 PP HI

CREWMAN ELECTRICAL UMBILICAL CONNECTOR - C

CREWMAN ELECTRICAL UMBILICAL CONNECTOR - L

CREWMAN ELECTRICAL UMBILICAL CONNECTOR - R

CRYOGENIC TANKS - PRESSURE-oZ 1 & 2

DIRECT 02 - OPEN

DRINKING WATER SuPPLY - ON/OFF

ECS-eABIN FAN l-ACI-fA

ECS-CA8IN FAN l-AC1-.8

ECS-eA.BIN FA.~ l-AC1-+<:

Sw

Sw

Valve

Valve

Thumbwheel

Sw

Fitting

Meter

Valve and
canister
assemblies

Lt

Connector

Connec.tor

Connector

Meter

Valve

Valve

CB

CB

CB

2

2

325

351

2

2

352

12

350

2

BETWEEN
300 &
301

BETWEEN
300 &
301

BETWEEN
300 &
301

2

7

304

5

5

5

P

p

P

P

A

A

Q

C

C

C

C

G-34

G-34

LHES

UlEB

K-40

K-38

UlEB

P-29

LHF.S

C-32

LHFES

LUFEB

UlFEB

F-38

P-fi

UlFEB

K-61

K-6l

K-6l

ENVIRONMENTAL CONTROL SYSTEM - LOCATOR INUEX
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SMlA-03-BLOCK ll-(l)
APOLLO OPERATIONS HANDBOOK

ENVIRONMENTAL CONTROL SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Nwnber Area Grid

ECS-CABIN FAN 2-AC2-+A CB 5 C K-62

ECS-CABIN FAN 2-AC2-.B CB 5 C K-62

ECS-CABIN FAN 2-AC2-+C CB 5 C K-62

ECS GLYCOL PUMPS S. 4 C 0-59
ECS GLYCOL PUKPS-AC1-+A CB 4 C P-61

ECS GLYCOL PUMPS-ACl-.B CB 4 C P-61

ECS GLYCOL PUMPS-ACl-+C CB 4 C P-t;l

ECS GLYCOL PUMPS-AC2-+A CB 4 C 0-.'
ECS GLYCOL PUHPS-AC2-+B CB 4 C 0-.,
ECS GLYCOL PUHPS-AC2-+C CB 4 C 0-.,
ECS-H20 ACCUM-HNA CB 5 C J-58

ECS-H20 ACCUH-HNB CB 5 C J-58

ECS INDICATORS - PRIM/SEC S. 2 p 1-33

ECS-POT H20 HTR-MNA CB 5 C J-57

ECS-POT H20 HTR-HNB CB 5 C J-51

ECS RADIATOR TEMP - PRUI/OUTLET Meter 2 P 1-35

ECS RADIATOR TEMP - PRIH/SEC/INLET Meter 2 P 1-3/i

ECS RADIATOR TEMP - SEC/OUTLET Meter 2 P 1-36

ECS RADIATORS Indicator 2 P J-33

ECS RADIATORS-CONT/HTRS-HNA CB 5 C I-58

ECS RADIATORS-CONT/HTRS-HNB CB 5 C I-59

ECS RADIATORS-CONTROLLER-ACI CB 5 C I-58

EC5 RADIATORS-CONTROLLER-AC2 CB 5 C I-58

ECS RADIATORS-FLOW CONT - AtTrO/1/2 5. 2 p J-33

ECS RADIATORS-FLOW CONT - PWR/CENTER/ 5. 2 p J-33
MAN SEL KJD£

ENVIRONMENTAL CONTROL SYSTEM - LOCATOR INDEX
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SM2A-03-BLOCK II-(l)

APOLLO OPERATIONS HANDBOOK

ENVIRONMENTAL CONTROL SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Number Area Grid

ECS RADIATORS-HEATER - PRIM l/CENTER! S. 2 P J-34
PRIM 2

ECS RADIATORS-HEATER - SEC!OFF S. 2 P J-35

ECS RADtATORS-HTRS OVLD-BAT A CB 5 C 1-60

ECS RADIATORS-HTRS OVLD-BAT B CB 5 C 1-60

ECS RADIATORS-MAN SEL - RAD l/CENTER/RAD 2 S. 2 P J-34

ECS-SECONDARY COOLANT LooP-ACl CB 5 C L-54

ECS-SECONDARY COOLANT LOOP-AC2 CB 5 C L-55

ECS-SECONDARY COOLANT LOOP-RAD HTR HNA CB 5 C 1.-56

ECS-SECONDARY COOLANT LooP-XDUCERS-HNA CB 5 C L-57

ECS-SECONDARY COOLANT LooP-XDUCERS-HNB CB 5 C L-57

ECS-TRANSDUCER-PRESS GROUPS I-MIlA CB 5 C J-61

ECS-TRANSDUCER-PRESS GROUPS l-HNB CB 5 C J-61

ECS-TRANSDUCER-PRESS GROUPS 2-MIlA CB 5 C J-62

ECS-TRANSOOCER-PRESS GROUPS 2-HNB CB 5 C J-62

ECS-TRANSDUCER-TEHP-MNA CB 5 C J-63

ECS-TRANSDUCER-TEMP-HNB CB 5 C J-63

ECS-TRANSDUCER-WASTE/POT H20-HNA CB 5 C J-60

ECS-TRANSDUCER-WASTE/POT H20-HNB CB 5 C J-60

EeS-WASTE H20/URINE-DUMP HTR-MNA CB 5 C K-58

ECS-WASTE H20/URINE-DUMP HIR-MRB CB 5 C K-58

EMERGENCY CABIN PRESSURE-QFF/l!BOTH!2 Valve 351 LHEB

EMERGENCY CABIN PRESSURE - PRESS TO TEST Valve 351 lJIEB

EMERGENCY CABIN PRESSURE - GSE TEST PORT Fitting 351 LHEB

EMERGENCY 02-0PEN/CLOSE Valve 600 UEB

3-30________ Page -'--.:..:.
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SM2A-03-BLOCK ll-(l)

APOLLO OPERATIONS HANDBOOK

ENVIRONMENTAL CONTROL SYSTEM - LOCATOR lNDEX

Panel Locator

Control/Display N01llenclature Type Nwnber Area Grid

EVAP WATER CONTROL-PRIHARY-AUTO/OFF Valve 382 LHEB

EVAP WATER CONTROL-SECONDARY-AUTO/OFF Valve 382 LHEB

FOOD PREPARATION WATER - COLD/HOT Valve 305 LHrEB

GLY DISCH-PRlM/SEC-PRESS Meter 2 P 1-38

GLY EVAP-H20 FLOW - AUTO/CENTER/ON Sw 2 p K-38

GLYCOL EVAPORATOR-PRIH/SEC-STEAM PRESS Meter 2 P 1-37

GLYCOL EVAP-STEAK PRESS - AUTO/HAN Sw 2 P 1(-37

GLYCOL £VAP-STEAM PRESS - INCR/CENTER/DECR SW 2 P K-37

GLYCOL £VAP - TEMP IN - AUTO/HAN Sw 2 P K-36

GLYCOL £VAl - TEMP IN Valve 382 LHEB

GLYCOL EVAPORATOR-TEMP-PRIM/SEC-oUTLET Meter 2 P 1-36

GLYCOL RESERVOIR-BYPASS-OPEN/CLOSE Valve 32. LHEB

GLYCOL RESERVOIR-INLET-OPEN/CLOSE Valve 32' LBEB

GLYCOL RESERVOIR-oUTLET-oPEN/CLOSE Valve 32. LHEB

GLYCOL TEMP LOW Lt 2 A C-32

GLYCOL TO RADlATORS-SEC-NORMAL/BYPASS Valve 377 LBEB

H20-QUANTITY Meter 2 P J-37

H20 QTY IND - par /WASTE Sw 2 p 1(-36

LH/CK PRESSURE DIFFENTlAL - PSI Meter 12 A P-29

LM TUNNEL VENT OFr/LH PRESS/LM-cM l!.P/LM Valve 12 A 0-29

TUNNEL VENT

MAIN REGULATOR (Oxygen) - "A" OPEN Valve 351 LHEB

MAIN REGULATOR (Oxygen) - "B" OPEN Valve 351 LHEB

02 DEMAND REGULATOR-l/BOTH/2/0FF Valve 380 LHEB

ENVIRONMENTAL CONTROL SYSTEM - LOCATOR INDEX
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SM2A-03·BLOCK n.(l)

APOLLO OPERATIONS HANDBOOK

ENVIRONMENTAL CONTROL SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature

02 FLOW

02 FLOW HI

02 PRESS IND - TANK l/SURGE TANK

OXYGEN-PLSS-ON/OFF/FILL

OXYGEN REPRESS PRESSURE

OXYGEN REPRESS FRESSURE RELlEF-AUTO/OFF

OXYGEN-S/M SUPPLY-QN/OFF

OXYGEN-SURGE TANK-DN/OFF

Type

Meter

Lt

Sw

Valve

Gage

Valve

Valve

Valve

Nwnber

2

2

2

326

602

602

326

326

Area Grid

S C-29

A 0-34

Q G-37

LHEB

UEB

UEB

LREB

LHEB

PART PRESS C02 Meter 2 p 1-40

PGA PRESSURE INDICATOR Meter LEFI' ARM 0 PRESSU E SUIT

PLVC - NORMAL/OPEN

PL VENT FLT /PL

POST LANDING-VENT - HIGH/LOW/OFF

POT H20 HTR - MNA/OFF/MNB

POTABLE TANK INLET-QPEN/CLOSE

PRESS-CABIN

PRESS-SUIT

Sw

CB

Sw

Sw

Valve

Meter

Meter

376

8

15

2

352

2

2

F

C

p

p

p

LHEB

M-5

C-19

K-32

LREB

1-40

1-39

PRESSURE EQUALIZATION VALVE

PRESSURE RELIEF (Water)-DUMP A/DUMP B/
OFF/2

PRIM ACCUM FILL-ON/OFF

PRIMARY CABIN TEMP H/C

PRIMARY GLYCOL TO RADIATORS-PULL TO
BYPASS

PRIM GLYCOL ACCUM-QPEN/CLOSE

PRIMARY GLYCOL EVAP INLET TEMP-MIN/MAX

Valve

Valve

Valve

Valve

Valve

Valve

Valve

C/M TUNNEL ~TCH

352

379

303

325

378

382

LREB

LHEB

LHPEB

LHEB

LHEB

LHE8

ENVIRONMENTAL CONTROL SYSTEM l.OCATOR INDEX
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SM2A-03-BLOCK II-(l)

APOLLO OPERATIONS HANDBOOK

ENVIRONMENTAL CONTROL SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nom.enc1ature Type Number Area Grid

REPRESS 02-0PEN/CLOSE Valve 601 UEB

SEC COOLANT LOOP - EVAP/CENTER/RES~T s. 2 P K-35

SEC COOLANT LOOP - PUMP AC l/CENTER/AC 2 s. 2 P K-35

SECONDARY CABIN TEMP-QFF /COOL/MAX Valve 303 LHFEB

SUIT/CABIN liP Meter 2 S C-28

SUIT CIRCUIT-HEAT EXCH - ON/CF~ER/BYPASS s. 2 P K-34

SUIT CIRCUIt-H20 ACCUM - AUTO l/CENTER/ s. 2 P K-33
AUTO 2

SUIT CIRCUIT-H20 ACCUM - 1 ON/CENTER/2 ON s. 2 P K-33

SUIT CIRCUIT RETURN-PULL TO OPEN/PUSH Valve 380 LHEB
TO CLOSE

SUIT COMPR 6P Meter 2 P J-36

SUIT COMPRESSOR Lt 2 A D-35

SUIT COMPRESSOR-l - AC1/OFF/AC2 s. 4 C 0-60

SUIT COHPRESSOR-2 - AC1/OFF/AC2 s. 4 C N-60

SUIt COMPRESSORS-AC1-~A CB 4 C P-60

SUIT COHPRESSORS-AC1-~B CB 4 C P-60

SUIT COMPRESSORS-ACl-1C C'
, C P-60

SUIT COHPRESSORS-AC2-~A CB 4 C 0-61

SUIT COMPRESSORS-AC2-~B C' 4 C 0-61

SUIT COMPRESSORS-AC2-~C C' 4 C 0-61

SUIT FLOW CONTROL Valve 30U LHFEB

SUIT FLOW CONTROL Valve 301 LHFEB

SUIT FLOW CONtROL Valve 302 LHFEB

SUIT HT EXCH PRIMARY GLYCOL - FLOW/ Valve 382 LHEB
BYPASS

ENVIRONMENTAL CONTROL SYSTEM - LOCATOR INDEX
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SM2A~03~BLOCK II~(I)

APOLLO OPERATIONS HANDBOOK

ENVIRONMENTAL CONTROL SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Number Area Grid

SUIT HT EXCH SECONDARY GLYCOL-FLOW/ Valve 382 LHEB
BYPASS

SURGE TANK PRESSURE RELIEF-oPEN/CLOSE Valve 375 LHEB

TEMP-CABIN Meter 2 P 1-39

TEMP-SUIT Meter 2 P 1-38

TOOL STORAGE Fitting 351 LIlES

URINE DUMP RTR - HTR A/OFF/HTR B 5w 101 LES

WASTE H
2
0 DUMP HTR HTRA/OFF/HTRB 5w 101 C LES

WASTE MANAGEMENT - OVBD DRAIN DUMP/OFF Valve 251 RHES

WASTE TANK INLET-AUTO/CLOSE Valve 352 LUES

WASTE TANK SERVICING-oPEN/CLOSE Valve & Fitting 352 LHEB

WATER ACCUHULATOR-l-HAN/OFF/RHTE Valve 382 LHEB

WATER ACCUHULATOR-2-HAN/OFF /RHTE Valve 382 LHEB

WATER & GLYCOL TANKS PRESSURE-REGULATOR- Valve 351 LIlES
SELECTOR INLET-BOTH/I/OFF/2

WATBR & GLYCOL TANKS PRESSURE-RELIEF- Valve 351 LIlES
SELECTOR OUTLET-BOTH/1/0FF/2

ENVIRONMENTAL CONTROL SYSTEM LOCATOR INDEX
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SM2A-03-BLOCK II-(l)

APOLLO OPERATIONS HANDBOOK

TELECOMMUNICATIONS - CONTROLS/DISPUYS - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Nwnber Area Grid

ADDIO CONTROL - NORM/BACKUP S. 6 • F-54

AUDIO CONTROL - NORM/BACKUP S. 9 • E-10

AUDIO CONTROL - NORM/BACKUP Sw 10 • Q-33

CENTRAL tIMING EQUIP - MN A CB 225 RllEB

CENTRAL tIMING EQUIP - HN B CB 225 RHEB

FLT BUS - MH' CB 225 RHEB

FLT BUS - MHB CB 225 RHEB

HIGH GAIN ANT - POWER/StBY/OFF Sw 2 R 0-39

HIGH GAIN ANT - SERVO £LEe - PRIM/SEC Sw 2 R 0-40

HIGH GAIN ANTENNA - BEAM - Sw 2 R H-38
WIDE!HED/~

HIGH GAIN ANTENNA FLt BUS CB 225 RHEB

HIGH GAIN ANTENNA GROUP 2 CB 225 RllEB

HIGH GAIN ANTENNA - PItCH Meter 2 R M-38

HIGH GAIN ANTENNA - PItCH POSItION Sw 2 R N-38

HIGH GAIN ANTENNA!S-BAND ANtENNA Meter 2 R M-39

HIGH GAIN ANTENNA - tRACK - Sw 2 R Ii-37
AUTO/MAN/REACQ

HIGH GAIN ANtENNA - YAW Meter 2 R Ii-40

HIGH GAIN ANtENNA - YAW POSItION 5w 2 R N-40

INTERCOM-T!R/OFF!RCV/VOLUHE Sw!thumbwhee1 6 • C-53

INTERCOH-T/R/OFF!RCV/VOLUHE Sv/ThUlllbwheel 9 • B-13

lNTERCOM-T/R/OFP!RCV/VOLUME SW!ThUlllbwheel 10 • P-35

KASTER VOLUME thumbwheel 10 • N-35

KAStER VOLUME Thumbwheel 6 • B-53

I

TELECOMMUNICATIONS - CONTROLS/DISPU YS LOCATOR INDEX

Basic Dilte 15 April 1969 Change Dilte _..:1"6"J::;u::;',,Y...,:.19,-6::.9,-__ Page ..:3'--.:3.:5_



SM2.A-03-BLOCK II~(l)

APOLLO OPERATIONS HANDBOOK

TELECOMMUNICATIONS - CONTROLS/DISPLAYS - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature

MASTER VOLUME

HODE - INTERCOH/PTT/OFF/Vox

HODE - INTEROOH/PTT/OFF/Vox

MODE - INTERCOH/PTT/OFF/VOX

PAD COKH - T/R/oFF/Rcv/VOLUME

PAD COHM - T/R/OFF/RCV/VOLUME

PAD - COHM - T/R/OFF/RCV/VOWKE

POM BIT RATE-HIGH/LOW

Type

ThUlllbwhee1

s.

s.

s.

Sw/Thumbwhee1

Sw/ThUlllbwhee1

SwlThumbwheel

s.

Number Area Grid

9 A A-13

6 A B-51

9 A A-12

10 A N-31

6 A C-51

9 A B-11

10 A P-31

3 C P-47

PCH TLM-GROUP 1

PeM TLM-GROUP 2

PMP POWER Fl.T AUX BUS

PHP POWER FLT PRIH BUS

POWER - AUDIO/TONE/OFF/AUDIO

POWER - AUDIO/TONE/OFF/AUDIO

POWER - AUDIO/TONE/OFF/AUDIO

POWER-PHP - NORM/AUX

POWER-seE - NORM/AUX

PWR AMPL

RNDZ XPNDR FLT BUS

RNDZ XPNDR - PWR/oFr/HEATER

RNDZ XPNDR - TEST/oPERATE

S BAND ANTENNA OHNI/A/B/c

S BAND ANTENNA ctlNl/O/HI GAIN

S BAND AUX-TAPE/oFr/DN VOICE BU

CB

CB

CB

CB

s.

s.

s.

s.

s.

Indicator

CB

s.

s.

s.

s.

s.

225

225

225

225

•
9

10

3

3

3

225

100

100

3

3

3

A

A

A

C

C

C

C

A

C

C

C

RIIEB

BHEB

BHEB

RIIEB

B-53

A-14

N-35

P-47

P-46

N-48

RHES

LEB

LEB

0-42

0-42

N-45

_______ Page 23-=-'3~.

TELECOMMUNICATIONS - CONTROLS/DISPLA YS
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SMlA-03-BLOCK II-(l)

APOLLO OPERATIONS HANDBOOK

TELECOMMUNICATIONS - CONTROLS/DISPLAYS - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature

S BAND AUX TV/OFF/SCI

S BAND FK XKI'R-DATA STORAGE EQUIP-GROUP I

Type

Sw

CS

NUInber

3

225

Area Grid

C N-4"

RIlEO

S BAND FH: XMTR-DATA STORAGE EQUIP-FLT BUS

S BAND NQRHAL-PWR AKPL - HIGH/OFF/LOW

S BAND NORHAL-PWR A~L - PRIM/OFF/SEC

S BAND NORMAL-MODE - VOICE/OFF/RELAY

S BAND NORMAL-HaDE - RANGING/OFF

S BAND NORMAL-MODE - POt/OFF /UY

S BAND NORMAL-XPNDR - PRIM/OFF/SEC

S BAND PWR AMPL/PHASE ~IOD XPNDR I-f'LT BUS

S BAND PWR AMPL/PllASE MOD XPNDR 2-FLT BUS

S BAND PWR A\fPL/PHASE HOD XPNDR I-GROUP 1

5 BAND PWR AMPL/PHAS£ MOD XPNDR 2-GROUP 2

S BAND SQUELCH-ENABLE/OFF (SC 106 & 107)

S BAND SQUELCH-ENABLE/OFF (SC 108 & subs)

S BAND-t/R/OFF/RCV/VOLUME

S BAND-T/R/OFF/RCV/VOLUME

S BAND-T/R/OFr/RCV/VOLUME

SIG COHO rLT BUS

SUIT - POWER/OFF

SUIT - POWER/OFF

SUIT - POWER/OFF

TAPE MOTION

TAPE RECORDER-FWD/OFF/REWIND

TAPE RECORDER - PCM/ANLG/LM PCM

CS

Sw

Sw

Sw

Sw

Sw

Sw

CB

C8

C8

C8

Sw

Sw

Sw/Thumbwheel

Sw/Thumbwheel

SwfThumbwheel

C8

Sw

Sw

Sw

Indicator

Sw

Sw

225

3

3

3

3

3

3

225

225

225

225

100

3

10

6

9

225

6

9

10

3

3

3

C

C

C

C

C

C

C

A

A

A

A

A

A

C

C

C

RHEB

N-43

N-42

N-43

N-44

N-44

N-42

RHE'

RHEB

RHES

RHEB

LE8

0-47

Q-31

0-52

C-11

RHEB

E-54

£-11

P-33

0-48

P-46

P-45

LOCATOR INDEXTELECOMMUNICATIONS - CONTROLS/DISPLAYS

Basic Date 15 April 1969 Change Date Page ..2.3:.-3=.7;.



LOCATOR INDEX

SMlA·03-BLOCK 11.(1)
APOLLO OPERATIONS HANDBOOK

TELECOMMUNICATIONS - CONTROLS/DISPLAYS - LOCATOR INDEX

Panel Locator

Control/Di8play Nomenclature Type Number Area Grid

TAPE RECORDER-RECORD/OFr/PLAY s. 3 C P-45

TELCOH-GROUP 1 - ACl/OFF/AC2 s. 4 B o-,B

TELCOH-GROUP 2 - ACl/OFF/AC2 s. 4 B N-58

UP TU'I - IU ACCEPT/BLOCK s. 2 J 1-29

UDL FLT BUS CB 225 RHEB

UP TLH-CM-ACCEPT/BLOCK s. 2 J 1-28

UP TLH-cMD - RESET/NORM/OFF s. 3 C N-47

UP TLM - DATA/UP VOICE SU s. 3 C N-46

VHF AM-A - DUPI.EX/OPF/SIMPLEX s. 3 C 0-45

VHF AK-B - UUPLEX/OFF/SIMPLEX s. 3 C 0-45

VHF AX-RCY ONLY - B DATA/onlA s. 3 C 0-4.

VHF AH: - SQUELCH A Thwabwhee1 3 C 0-43

VHF AM - SQUELCH B ThWllbwheel 3 C P-43

VHF AM - TIR/OFFIRCV IVOLUME Sw/thumbwheel 10 A Q-3'

VHF AM - r/R/oPF/RCV/VOWHE Sw/ThWllbwhee1 • A 0-'4

VHF AM - T/R/orF/RCV/VOtUME Sw/Thumbwheel 9 A D-13

VHF ANTENNA - SH/tEFT/RIGHT/RECY s. 3 A D-42

VHF BeN - ON/OFP s. 3 C 0-4.

VHF/CREW STATION AUDIo-t/CTR/R - CB 225 RHEB
rtr/POST LOG BUS )

VHF - RANGING/OFF s. 3 C 0-47

VHF MG-RESET/NORM s. 9 A E-12

VOX SENS ThUlibwhee1 • A B-51

VOX SENS Thumbwheel 9 A A-12

VOX SENS ThUtllbvheel 10 A N-32

TELECOMMUNICATIONS - CONTROLS/DISPLAYS

Baillie Date IS April 1969 Change Date Pas. ....,3.:·...3...8



SMlA·03·BLOCK n-(I)

APOLLO OPERATIONS HANDBOOK

SEQUENTIAL SYSTEMS - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Nwnber Area Grid

ABon Lt I I 1-22

AIIORT SYSTEM - LV RATES - AUTO/OFF s. 2 0 N-25

ABOKr SYSTEH: - TWR JETT ItOFF/AUTO s. 2 0 N-26

AB<lKr SYSTEM - TWR JETT 2/0FF/AUTO s. 2 0 N-26

AB<lKr SYStEH-2 ENG OUT - AUTO/OFF s. 2 0 1i-2S

ALTIMETER Meter I A C-22

APEX COVER JETT Pushbutton I I H-23

CANARD DEPLOY Pushbutton I I 1i-22

CSM/LH FINAL 5EP 1 s. 2 0 101-25

CSM/LH PINAL 5EP 2 s. 2 0 101-25

CSH/LV 5EP Pushbutton 1 I N-22

eM/SM 5EP - 1 s. 2 0 101-26

eM/SM 5EP - 2 s. 2 0 101-26

DROGUE DEPLOY Pushbutton 1 I 101-23

EDS - AUTO/OFF s. 2 0 101-24

EDS POWER/OPF s. 7 A H·'
EDS-I-BAT A. C8 8 8 L-3

!OS-2-BAT C C8 8 8 L-3

EDS-3-BAT B C8 8 8 L-4

ELS - AUtOIMAN s. 1 I 0-21

ELS BAT A C8 8 8 L-4

ELS BAT 8 C8 8 8 L-4

as LCK;IC s. 1 I 0-21

LAUNCH VEHICLE SII/SIVB-LV STAGE/OFF s. 2 0 0-24

LES HaroR FIRE Pushbutton I I 101-22

SEQUENTIAL SYSTEMS - LOCATOR INDEX

Basic Date _..;':.:5:....:;A:.tp::r.:.il:...:.,.:..,,6.:.'__ Change Date Page ..;3,,-;,:3:z...



SMlA·03·BLOCK ll-( 1)

APOLLO OPERATIONS HANDBOOK

SEQUENTIAL SYSTEMS - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Number Area Grid

LIFT OFF/NO AUTO ABORT Lt/pushbutton 1 I M-22

LV ENGINES 1 through 5 Lt 1 I K-22

LV GUID Lt I I J-22

LV RATE Lt 1 I J-22

MAIN DEPLOY Pushbutton 1 I N-23

MAIN RELEASE Sw 2 0 P-24

MAIN RELEASE PYRO A CB 229 0 RIIEB

MAIN RELEASE PYRO B CB 229 0 RIIEB

PYRO A - BAT A TO PYRO BUS TIE CB 250 A RIIEB

PYRO A - SEQ A CB 250 A RIIEB

PYRO B - BAT B TO PYRO BUS TIE CB 250 A RIIEB

PYRO B - SEQ • CB 250 A RIIEB

SII SEP Lt 1 I J-22

SIVE/LM SEP Sw 2 0 M-27

SIva/LM SEP-PYRO A CB 278 B RIIEB

SIVa/LM SEP-PYRO B CB 278 B RIIEB

SECS-ARM A-BAT A CB 8 I L-11

SECS-ARM B-BAT a C8 8 I L-11

SECS-LOGIC A-BAT A C8 8 I L-I0

SECS-LOGIC B-BAT B C8 8 I L-I0

SECS - LOGIC l/OFF Sw 8 I K-I0

SEes - LOGIC 2/0FF Sw 8 I K-I0

SECS - PYRO ARM A/SAFE Sw 8 I K-ll

SECS - PYRO ARM a/SAFE Sw 8 I K-ll

SEQUENTIAL SYSTEMS - LOCATOR INDEX

Ba:ilic Date _~1~5,-"A~p~,~i~1_1~9~6~9,-_Change Date _________ Pa.ge -",,-,,4"'0



SMU..03.BLOCK n.(l)

APOLLO OPERATIONS HANDBOOK

CAUTION AND WARNING SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Nwnber Area Grid

Ae BUS ! Lt 2 A C-34

Ae BUS 2 Lt , A C-34

Ae BUS ! OVERLOAD Lt , A C-34

Ae BUS , OVERLOAD Lt , A C-34

BMAG 1 TEMP Lt , A C-30

BMAG 2 TE20lP Lt , A C-30

CAUTION/WARNING - CSM/CM Sw , 0 F-35

CAUTION/WARNING - LAMP TEST Sw , 0 F-36

CAUTION/WARNING MNA eB 5 G G-62

CAUTION/WARNING HNB eB 5 G G-62

CAUTION/WARNING - NORMAL/BOOST/ACK Sw , 0 F-34

CAUTION/WARNING-POWER Sw , 0 F-35

eMe Lt , A D-33

eM ReS ! Lt , A C-30

CM RCS , Lt , A C-30

C02 PP HI Lt , A C-32

CREW ALERT Lt 2 A D-33

CRYO PRESS Lt , A C-31

e/w Lt , A D-33

Fe! Lt , A C-33

Fe' Lt , A C-34

Fe) Lt , A C-34

FC BUS DISCONNECT Lt , A C-33

GLYCOL TEMP LOW LIMIT Lt , A C-32

I

LOCA TOR INDEX

Basic Date

CAUTION AND WARNING SYSTEM -

15 April 1969 Change Date _-,'-"6"J:.;u,,!,,Y....:..'9:..6,,9,-__ Page -"-):.-4~'



SM2A·03·BLOCK U·( I)

APOLLO OPERATIONS HANDBOOK

CAUTION AND WARNING SYSTEM - LOCATOR INDEX

I

Panel Locator

Control/Di8play Nomenclature Type Number Area Grid

lNV 1 tEMP HI Lt 2 A C-33

INY 2 tE.KP HI Lt 2 A C-34

IHY 3 tEMP HI Lt 2 A C-34

ISS Lt 2 A 0-33

HASTEI ALARM Lt/Sw 1 c 8-17

HASTER ALAJUt Lt/Sw 3 F J-46

HAStER ALARH Lt/Sw 122 UB

HN BUS A UNDERVOLT Lt 2 A 0-3.

HN BUS B UNDERVOLT Lt 2 A D-34

02 FLOW HI Lt 2 A 0-3.

PITC:l CHBL 1 Lt 2 A C-30

PItCH CMBL 2 Lt 2 A C-30

SK RCS A Lt 2 A 0-30

SK RCS B Lt 2 A D-30

SH RCS C Lt 2 A D-31

SH RCS D Lt 2 A 0-31

SPS PRESS Lt 2 A C-33

SUIT COMPRESSOR Lt 2 A D-35

YAW CMlL 1 Lt 2 A C-30

YAW GHBL 2 Lt 2 A C-30

CAUTION AND WARNING SYSTEM - LOCATOR INDEX

15 April 1969 ISOctl969 3_42Bouie Date -'__-'--'-_Change Date Page -'-'~



SMZA~03~BLOCK ll~(l)

APOLLO OPERATIONS HANDBOOK

MISCELLANEOUS - LOCATOR INDEX

Panel Locator

Control/ Display Nomenclature Type Number Area Grid

BATTERY VENT Valve 252 >HE'

CABIN AIR CONTROL Louvre 303 LHFEB

COAS POWER - COAS POWER/OFF 5. 15 A S-16

COAS POWER - COAS POWER/OFF 5. 10 A C-48

DIGITAL EVENT TIMER (no placard) Display 1 I J-22

DOCKING TARGET - BRIGHT/DIH/OFF 5. • Recp 10 A C-45

EVENT TIMER - MIN-TENS/CENTER/UNITS 5. 1 L P-22

EVENT TIMER - MIN-TENS/CENTER/UNITS 5. 300 LHFES

EVENT TIMER - RESET/UP/DOWN 5. 1 L P-21

EVENT TIMER - RESET/UP/DOWN 5. 300 LHFES

EVENT TIMER - SEC-TENS/CENTER/UNITS 5. 1 L P-23

EVENT TIMER - SEC-TENS/CENTER/UNITS 5. 300 LHFES

EVENT TIMER - START/CENTER/STOP 5. 1 L P-22

EVENT TIMER - MIN/SEC Indicator 300 LHFES

EVENT TIMER - START/CENTER/STOP 5. 300 LHFES

EXTERIOR LlGHTS-RNDZ /OFF /SPOT 5. 2 K E-30

EXTERIOR LIGHTS-RUN/EVA-oFF 5. 2 K £-29

FLOAT BAG lL - FILL/OFF/VENT 5. 8 H K-8

FLOAT BAG I-BAT A C. 8 H L-8

FLOAT BAG 2R - FILL/OFF/VENT 5. • H K-'

FLOAT BAG 2-BAT B C, 8 H L-'

FLOAT BAG 3 eTR - FILL/OFF/VENT 5. 8 H K-'

Basic Date

MISCELLANEOUS - LOCATOR INDEX
15 April 1969 Change Date Page 3..-::;4...3



SMlA.03·BLOCK ll~(l)

APOLLO OPERATIONS HANDBOOK

MISCELLANEOUS - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Number Area Grid

FLOAT BAG )-FLT/PL C. a H L-'

FLOOD-DIM - 1/2 s. a H J-7

FLOOD-DIM - 1/2 s. 100 A LE'

FLOOD - FIXED/OFF/POST LOG s. a H J-7

FLOOD - FIXED/OFF s. 100 A LEa

INSTRUHENTS-ESS-HNA C, 5 • K-54

INSTRUHENTS-ESS-HNB C, 5 • K-54

INSTRUKENTATION POWER CONTROL ca 27. RHEa
OPERATIONAL-c81

INSTRUKENrATION POWER CONTROL ca 27. RHEa
OPERATIONAL-cB2

INSTRUMENTATION POWER CONTROL C, 27. RHE'
OPERATIONAL-C83

INSTRUMENTATION POWER CONTROL C, 27. RHE'
OPERATIONAL-CB4

INSTRUMENTS-SCI EQUIP-HATCH C. 5 • K-56

INSTRUMENTS-SCI EQUIP-NON ESS C. 5 • K-55

INSTRUMENTS-SCI EQUIP-SEB 1 C. 5 • K-56

INSTRUMENTS-SCI EQUIP-SEB 2 C. 5 • K-56

INTERIOR LIGHTS-FLOOD/orr/8RT s. 5 • I-55

INTERIOR LIGHTS-FLOOD/OFr/8RT s. a H 1-10

INTERIOR LIGHTS-FLOOD - DIM 1/2 s. 5 • I-56

INTERIOR LIGHTS-FLOOD - FIXED/OFF s. 5 • I-57

INTERIOR LIGHTS-INTEGRAL/OFr/8RT s. 5 a I-54

INTERIOR LIGHTS-INTEGRAL/orr/BRT s. a H 1-11

INTERIOR LICHTS-NUHERICS/OFF/BRT s. a H I-a

Basic Date

MISCELLANEOUS - LOCATOR INDEX

15 April 1969 Change Date Page -=.3;:-4""-4



SMlAM03-BLOCK II w (l)

APOLLO OPERATIONS HANDBOOK

MISCELLANEOUS - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature

LEB LIGlITS-FLooD/OFFIBRT

LEB LIGHTS-INTEGRAL/OPF/BRT

LEB LIGHTS-NUHERICS/OPF/BRT

LIGHTING-FLOOD-FLT!PL

LIGHTING-FLOOD-MNA

LICHTING-FLOOD-HNB

LIGHTINC-NUMERICS/INTEGRAL!LEB-AC2

LIGHTING-NUMERICS!INTEGRAL/L-HDC-ACI

LIGHTING-NUHERICS/INTEGRAL/R-MDC-ACI

LIGHTING-RUN-EVA-TRGT-ACI

LICHTING-RUN-EVA-TRGT-AC2

LIGHTING-COAS/TUNNEL/RNDZ/SPOT-MNA

LIGHTING-COAS!TUNNEL/RNDZ/SPOT-MNB

MISSION TlMER-HOURS/HIN!SEC

MISSION TIMER-HOURS!MIN/SEC

Type

Sw

Sw

Sw

CB

CB

CB

CB

CB

CB

CB

CB

CB

Indicator

Indicator

Nwnber

100

100

100

226

226

226

226

226

226

226

226

226

226

2

306

Area Grid

A LEB

A LEB

A LEB

B RHEB

B RHEB

B RHEB

C RHEB

C RHEB

C RHEB

o RHEB

D RHEB

D RHES

D RHEB

N £-34

LHFEB

MISSION TIMER - HOURS-TENS/cENTER/UNITS

MISSION TIMER-HOURS-TENS/CENTER/UNITS

MISSION TIMER - MIN-TENS/CENTER!UNITS

HlSSION TIMER - KIN-TENS!CENTER!UNlTS

MISSION TIMER - SEC-T£NS/CENTER!UNITS

MISSION TIMER - SEC-TENS/CENTER!UNITS

MISSION TIMER - STARTISTOP!RESET

MISSION TIMER - STARTISTOP/RESET

POST LANDING - BCN LT HI!BCN LT LO

POST LANDING - DYE MARKER

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Sw

2

306

2

306

2

306

306

2

15

15

N

N

N

N

B

B

E-35

LHFEB

£-36

LHPEB

£-36

LHFEB

LHFEB

F-36

8-18

8-18

_______ P.ge --=3_-4~5

MISCELLANEOUS ­
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SMlA-03-BLOCK II~( I)

APOLLO OPERATIONS HANDBOOK

MISCELLANEOUS - LOCATOR INDEX

Panel Locator

Control/ Display NOInenclature

POST LANDING - VENT HI/LOW/OFF

SCI INST - PWR}OFF

SCI INST - POWER/OFF

SCI/uriL - POWER/OFF

SUIT FLOW RELlEr-AUTO/OFF

SUIT TEST-PRESS/DEPRESS/OFF

Type

Sw

Sw & Reep

Sw & Reep

Sw & Keep

Valve

Valve

Nwnber

15

227

162

,.3
382

380

Area Grid

C B-19

RHEB

LEB

LEB

LHEB

LHEB

TlHERS-MNA

TlHERS-MNB

TUNNEL-LIGHTS/OFF

UPRIGRTING SYSTEH-COHPRESSOR I

UPRIGHTING SYSTEH-COHPRESSOR 2

URINE DUMP-UTR A/OFF/UTR B

UIILlTY POWER - POWER/OrF

UIILlTY POWER - POWER/OFF

UTILITY K/L STA

UTILITY LEB

UTILITY-POWER/OFF

WASTE H20 DUHP-KTR AlOFF/HTR B

WASTE STOWAGE VENT - CLOSED/VENT

C8

C8

Sw

CB

CB

Sw

Sw & Keep

Sw & Reep

CB

CB

Sw & Keep

Sw

Valve

229

229

2

278

278

101

15

,.
229

229

100

101

252

B

B

K

A

A

C

A

A

E

E

A

C

RHEB

RHEB

E-31

RHEB

RHEB

LEB

B-17

C-47

RHEB

RHEB

LEB

LEB

RHEB

MISc.:;ELLANEOUS - LOCATOR INDEX

Basic Date _~1~5,-!A~p~,~i~1...!:19~6~9L_Change Date Page ~3~-~4"'6



SM2.A·03·BLOCK ll.(l)

APOLLO OPERATIONS HANDBOOK

DOCKING SYSTEM - LOCATOR INDEX

Panel Locator

Control/Display Nomenclature Type Number Area Grid

DOCK PROBE·KNA CB 8 L K-7

DOCK PROBE-tiNB CB 8 L K-7

DOCKING PROBE INDICATOR A Ind 2 H D-28

DOCKING PROBE INDICATOR B lnd 2 H D-28

DOCKING PROBE-EXTD/REL/OFF/RETRACT 5. 2 H E-28

DOCKING PROBE-RETRACT-PRIH-I/CENTER/2 5. 2 H E-28

DOCKING PROBE-RETRACT-SEC-l/CENTER/2 5. 2 H E-29

DOCKING SYSTEM - LOCATOR INDEX

Basic Date _--,l~5~A""p~r~i~1~1~9~6~9~_Change Date ________ Page 3~-:.:4,,1C!1~3::.-""48
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Location
Name and Circuit Power

Panel Area Grid. Po.ition Function Breaker Source Remarks

MDe_1

, A c.n ALTIMETER Indicate. preslure altitude 0' Altimeter " monitored to vedfy
command module up 10 dep]oyYnent of drogue and main
60, 000 feet. parachutes al proper altitude.

Adjustable marker On the dial i. ael
prior to launch. Marker is u.ed as
reference for manual deployment of
main parachute. during an abort
below appro><in,atdy 10,000 feel.

, 0 Entry Monitor Panel EMS_MNA DC main The twO circuit breaker. both supply
(no placard) and MNB bUIes A t- O power to EMS. The)' are .eparated

(MOe.B) by diod....

, 0 G_22 IW/EMS SET .witch

/NCR o. Drives !IoV/RANCE di.play
in positive (increuingl
di""cl;on.,. Slew. velocity scroll up to
I inch in polilive (incre .. _
ing) direction.

(See /loV/RANGE display and
FUNCTION switch. )

DECR U.ed to slew VELOCITY .croll
right to left. Dr;ve. /loV/RANGE
di.play in negative direction
(decreasing).

, 0 E-19 FUNCTION switch o. FUNCTION .witch is used to
seleet de_ired EMS o?"rat;ng

OFF Deactivate. EMS except for SPS function.
THRUST ON light 00' roU ,. MODE _witeh will be '1sed in
attitude indicator. conjunction with FUNCTION

switch where required.
EMS TEST

, Teltl EMS for de.acceleration
<.05 G. (No lamp. illuminated.)

, De-accelerat;on ;>.05 G. 1.05 G
lamp .hould illuminate.)
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Location
Name and Circuit Power

Panel Area 1Grid Po.iTlon F=ction Br.....ker Source Remark.

MOe.1 (Cant!

, B E-19 3 De_acceleration <.262 G EMS_MNA DC main

•• .05 G lamp illuminates and MNB bu..,lI. A It B

immediately. (MOC_8),. T•• ."cand. I...ter bottom
lamp on RAJ i. illuminated... Enable. dewing of
IJ,V fRANCE display.

• EMS oy.tern t,.. t •.. AV/RANGE di.play drivu
10 zero *0, Z in 10 ae<;ond••,. VELOCITY u:roll drive.
right and left... G aeribe drive. down to
9 It in 10 ucond•.,. .05 G lamp on,

, De-acceleration >. l62 G... Dlumlnates . OS G tamp
'immediately.,. Ten tecond. later top lamp
on RAJ ia illuminated... G Ie ribe drive. lip to
0.22*0. I G.,. Enable. alewing ."roll to
37,000 fpll..

RNG SET Enablea alewing 4V/RANGE
di.pla.y 10 initial condition lI.ing
EMS/A V SET .witch. G .cribe
drive. vertically to ~O. I G.

Vo SET E"'able. dew;"'ll VELOCITY
.croll 10 initial condition uein,l
EMS}OV SET .witch.

ENTRY Operational po.ition for EMS
entry di.play function ••
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Location
Name and Circu,! Power

Panel Area Crid POlition Function Breaker So",r",", Remark,

MOC.l lContl

, B 1:.19 ov TEST Verine. correct o~nl.lion of: £MS-MNA OC main., SPS THRUST lamp. and MNB bu.... A t. B
b, ll,V di.play (and countdown (MOG_8)

electronic.). (See ll,V SET
position. )

<. Thr"lt off command.

lJ.V SET!V!iF .. Enable. us .. of EMS!<loY
RNC SET .witch to .lew

6V/RANGE di.play to
initial condition for 6V
TEST and SPS thru.t
monitoring.

b. Providu VHF ranging
information for <1V/RANGE
display.

ov COrrect pOlition for SPS thrult
monitoring (AY di.play).

, B r_l2 CTA twitch

ON Bi;u .;gnal uaed in ground t".t, EMS panel cover "annot be mounted
to nullify Earth's gravitation. when swileh i. in thi. pOlition.

OFe Blal .ign;>.1 i. removed.

, , ._19 MODE .wltch

NORMAL Normal poailion tor ENTRY.
OV. and TEST poaitiona.

STBY Inhibit. opecationa in aU but ':'V
SET, RNG SET, .", VO SET

poaitiona of F'UNCTION awitch.

BACKUP/VHF' .. A manual backup 10 aulO-
RNC malic. OS C tcig~er clrcu;u

that alarl acroll dcive and
RANCE inlegralor diaplay
dcive clccuila. Alto backup
to TVC MODES for velocity
monitoring.
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Location
Name and Circuit Powe~

Panel A~ea Grid Position Function B~eake~ Sou~ce Remarks

MDC-l (Cont)

, B F-19 b. Does not permit negat;"e EMS_MNA DC main
acceleration spikes into .., MNB bu.e. A t. B
countdown ci~cuit•• (MDC_8)

,. Enables VHF ranging
information to be displayed
On iN tRANGE diaplay.

, B i-J-Z I .V DISPLAY IPANEL .. Provide. "umerical readout .. D~;ve .ignal originates in f.:MS
of either range to go or tlV electronic. and logic.
remaining, depending On b. Readout unit. are nautical miles
po.ition of FUNCTION (range) and feet per .econd (ilV!.
.witch.

b. PrOvide. thrust off command

" RJEC ON-OFF '"' SCS
configuration.

,. Providea readout "'LM-CSM ranging during
rende~vou•.

, B H-19 Roll attitude indicator Drive .ignal for RAI i. obtained
(no placard) from yaw_GDC channels. Signal is

enabled when ENTRY_EMS switch
Pointer Indicates roll altitude (lift .. up Inot OFFl.

vector orientation). (Refer to .. Pointer 0" RAJ Ihould be (if not
Remark•• ) p~esent1yJ directed toward lamp

that is lit.
Top light If lit, approximately 10 seconds b. Drive signal from corridor

dter .05 G light comes ".. verification circuitry ,. EMS
indicate I de-acceleration electronics.
~.Z6Z G.

Bottom light If lit, approximately 10 seconds
after .05 G light cornel "..
indicates de_acceleration
=:. Z6Z G.

, B G_ZI SPS THRUST light When lit. indicate a ground on RJEC ON-OFf' logic circuitry
low .ide of the SPS bipropellant normally .uppU... ground to SPS
.olenoid control valv.. s and SPS bipropellant aolenoid control valve.
relays. and SPS relaya.

When not lit. indicates nO ground
is provided 10 SPS .olenoids.
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Loc;t,tion
Name and Circuit Power

Panel Are" Grid Po,ill"n Function Breaker Source Remark.

MOe.l ICont)

, B G-ZI .OS G light Provid.... when Illuminated, ,. EMS_MNA DC main
indication of de_acceleration ,.d MNB bu.... A&B
greater than. 05 G. (MOC-B)

, B F_Zl Velocity indicator Provide. a diapb.y of aceeler"_
(no placard) tion (C-scrlbe) veU'" ""Ioeity

{VELOCITY .crolll during
entry.

, 0 H_17 MASTER ALARM switch-light Red tillll! illuminatu 10 at.... l C/W_MNA MASTER ALARM light. on MOG.I.
crewman ,. LN couch 0' , MNB _3, and LEB.IZZ are .imultaneoualy
malfunction Or out_of_tolerance (MOC- 51 illuminated and an audio alarm lane
condition. Tbi. ,. lndic"ted " ..,nl 10 each headael when ,.,
by illumination of applicable C/W light ilIuminatu. Dinbled by
syst"m statUI lights On MDC.2. po"'!ioning CAUTION/WARNING_

NORMAL_BOOST -ACK 'w (MDC-ll

" BOOST pOlit:on.

CAUTION/WARNING switch (MDC-21
's set 10 BOOST during ucent phue
only. preventing Ihis MASTER
ALARM switch-light from illumi-
nating in order to avoid confulion
with adjac"nt red ABORT light.
Switch_light loses its reset function
during Ihis tim".

MASTER ALARM switch_light con_
tains an Integral pUlhbutton switch.
Pressing switch· light will re let
master alarm circuil, extinguishing
MASTER. ALAR.M lights and Ihutting
off audio alarm.

, D 1_ 17 ACCEL G m"t"r Mechanical de vic" ,,, mea.ur- N/A N/A
ing C_forees along ,0, SO
X_axi •.
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Locatioll
Name .."d Clrc"lt Power

Panel Area Grid Po,lllon FWlctlon Breaker Source Remark.

MOe_1 (Coni)

0 D K_16 ATT DEADBAND .witch

MAX Not wired. (Refer to Remark•• ) A ,ft4_degue electrical deadband is
normally part of ECA .ttitude
control loop•. Thi. de.db.nd ia in
addition 10 .witching amplifier dead-
band and Can be removed. (See
MIN position this .witch.)

MoN Switch... (relaya) the additional LOCle BUS DC main LOllic power I. routed directly from
(:t4 dellreu} electrical deadb,uld I tf_MNB o"ua A &0 B MDe_8 clre..;! brulceu to MDe-1
out of ECA attitude control loop LOGIC BU' .witche•.
in all three axe •. 1/l_MNA

0 D J-17 ATT SET .witch

oMU Total attitude lignall £rom IMU LOGIC BU' Lolli<: power I. a"pplied to Moe_l... routed to u,anlv" .. a '" 112:_MNA awitchu Crom SCS LOGlC BUS
ATTITUDE SET panel to LOGIC BU' circuit break,. •• vi,. LOGIC POWER
lenerale Euler errors. Thue Z!3.MNB 1./3 switch (MDC_7).
errOr lignall can be di.played (MOC.8)
On FOAt errOr nudle. if
adeeled. (See FOAI.SOURCE
and FDAI~SELECT • ..,llehe..)

GDC ,. Same concept ,.a tor IMU LOGIC BU' Logie power i, routed dire<:tly from
position except total attitude 3!4.MNA MDC_8 cirellit btu.ken to MOe-1
aignals are obtah,,~,d from LOGIC BUS .wltches.
CDC and Euler "rron are 1/4-MNB
I ..ander-red 10 body error a (MOC_B)
in CDC.

b. Thia polilion i' neces.ary
for GDC alignment, (See
GDC ALIGN puahb\ltton.)

ATTlT UD£: SET control panel Rotating thwnbwhul politionl N/A NIA ATTITUDE SET resolvera are used
.h,ft of .. resolver to electrical for function. lined under ATT SET
equivalent of anile reado",t on awitch and GDC ALTGN p",ahb",tton.
diaplay adjacent to thumbwheel.

0 D 0·1" ROLL
th......bwheei

'"' diaplay

>
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LocatioD
Name alld Circuit Power

Panel Area arid Po.ilion F ......c:tioD Breake.. Source Remark.

MDe.1 (Cont)

, D P_14 PITCH N'A N'A
thumbwheeL
and dhplay

YAW
thumbwheel
and .Ii.play

, D N-13 BMAO MODE .witch...

ROLL

RATE , .. Send. Z8 vdc to al/lnal LOGIC BUS DC main Logic: power ia auppli"d 10 MDC_l
conditioner. I/Z-MNA bu..,. A &< B switche. from 5CS LOGIC BUS

b. Rate e&gu BMAO in GA_l, LCX}!C BUS circuit break.. ra via LOGIC

b"' ..ate output ia 00< ZI3_MNB POWER Z/~ twitch (MDC_7).
utili>: ..d. Logic circuit. in (MDG-8)
ECA, EOA, and CDC, .elect
rate .ignah Crom BMAG In
GA_2 for <:ontrol, display,
and GDC drive.

ATT " .. Send. 28 vdc to 118"al
RATE 2 conditioner.

b. Enable. logk circuit. in
ECA, EVA, and GDC '0
that,.. BMAG in GA_2 auppU...

u;lr .ig"ala for "ontral
and di.play. and GDC
update.,. BMAG in GA_1 ,"0

pfovide attitude "frOr
aiina,a for control and
diaplay. (5"" FOAI-
SOURCE and SE:LE:CT
awitch"a. )
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Loe"Uol1
:-lam., ....d Circuit Power

Panel Area Grid Po,;tioo FWloction 8r"al<... Source Rema.rka

MDC_I IConl)

, D N_ll RATE: I R"le cal'" (eleci rie.Uyl SMAG 1.oolC BU' DC main Laaie power I_ routed directly from
I, GA.I ..... enable• lo,ie 1/4.MNB bu.". A .. B MOC·8 circuit bor".kerf to MOe.1
cirellilf In ECA, £DA, and CDC LOGIC B" .witch....
.0 thai Ihi. SMAG allppliu rate 1/l.MNA
information for control ." (MOC.8!
dhp'ay, and drive. CDC.

I D N.l~ PITCH

RATE , .. Scnda 28 vdc to .ignal LOGIC BU' 1.081<: power i ••upplied to MOe_ L
conditioner. 1!4.MNA .",Uehel lrom 5CS LOGIC BUS,. Rale changu BMAC in GA_I, LOG[C B., circuit bnaker. via LOGlC,., ... te output i. not 2/1.MNB POWER 2/3 .witch (MDC_7).
utlliud. Logic cire"IU in (MOe·B)
ECA, £DA, and CDC aelect
"ale ,lln,,1I from BMAC in
CA_l tor control, di.pl.y,
and CDC drive,

ATT " .. Send. Z8 vdc to .igna!
RATE: l conditioner.,. E:nablu 10Cic drcwtl in

ECA, EDA, and CDC .0
that:
I. BMAG ift CA_Z auppliu

rate aicna!a tor control
and di.play, and CDC
"pdate,

l. BMAC in GA_I ,~

provide attitude errOr
.iCnata for cont ...ol and
di.play, (See FOAI_
SOURCE and SELECT
.",itchea on MOC-I. J

RATE I Rate cacu (CllectricaUyJ BMAG LOGIC BU' LoClc po..... r i. routed directly from

'" CA-I, ~, en..ble. loalc 1!4.MNB MDC.8 circuit brul<erl to MDC_I
circui.ta in ECA, EOA, ~, LOGIC BU' .....HchCl ••
GDC .0 that thia BMAC .\lppllu 1/2.MNA
rate information tor conlrol and (MOC_8)
dilpl .. y, and drive. GDC.
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Locatioll

Pane~... rea
Name alld Cire,.it Power

Gdd Poaition FUlletion lheaker Source Remuk.

MDC_1 IContl

, D N-IS YAW

R"'TE l .. ~nd. 18 vde to .i,nal LOGIC BUS DC main Lo,ie ,-er h npplied to MDC.I
conditioner. l/4_MN'" bu......... B .witehu horn SCS LOGIC 8US

b. Rale ca,,,, 8M"'C in C"'_l LOGIC BUS circuit breaken via LOGIC
bo' rate output i. ." ll3-MNB POWER ll3 ....itch (MOC·?).
uliliud. Lo,ic drcuiU in (MDC_8)
ECA. ED.... and CDC lelect
rate ai,nt,lI (rom 8M...C in
C"'-l for control. di.play.
and CDC drive.

ATV " .. ~nd. Z8 vdc to .i,nal
R"'TE l conditioner.

b. Enable. lo,ie chcuiu In
EC"', EOA-, and CDC .0
Ihal:.. 8MAC in CA.l nppllu

rate .i,nah for control
and dl.play. and CDC
update.

l. 8M...C in CA.l m
provide attitude errllr

· .i,nall for conlrol and
di.phy. (See FDAI_
SOURCE and SELECT
.w;tchu on MDC.I.1

RATE , Rale ca,eI (electrieaUy) 8M"'C LOGIC BUS Lo,ic power h touted directly hom
In GA.I :and enabl.. 10,Ic I/t.MN8 MDC-8 elrcuil btuken 10 MOC-I
circuitl In £CA. £0.... and CDC LOGIC 8US .wltche •.
.0 Ihat thi. BMAC .uppliu rate IIl- MN'"
information ,., control .., (MOC.8)
di.play. and drlv.. CDC.
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LocaUon
Name a"d Circuit Power

Pa"el Area Crid Poaition FUIloction Breaker Source Remark.

MDC.I (Cont!

, 0 1- 16 CMC ATT .witch

,MU ,. Required in logic Uial SCS LOG'C DC main Switch ha. redUllodant polu and oUlput
e"able. body to Euler 3/"_MNA bu.e. A a. • contacts. IMU poeilion contach are
traneformation in CDC. 1/2_MNA tied togelher through i.olation diode ••

b. E"ablea motor excitation. to ,., SCS LOCIC BUS .oj euppliu power to
eilher or both FOAl ban., " 1/.oj_MNB One pole. The other ia aupplied from
FOAI/CPI POWER .witch ia circuit SCS LOGIC BUS I.
not OFF. (See FDAl/CPI breakera
POWER .witch On puel 7.) .urnmed

thro"gh
CDC NOI wired. diodu.

Refer to
Remark••
(MOC_8}

, 0 M_17 CMC MODE awitch Provide. di.crete. to CMC. NfA CMC

AUTO No di.crete. to CMC.

HOLD Providu discrelU to CMC. Inpul channel 31, bit ".
FREE Providu diacretu to CMC. Input channel 3i, bit ...

, 0 J.19 FOAl No. , 1M placard) Refe I' to AC bua I o. Power
Remarks, DC main L Rate .nd errOr meter. are

Rate Indicator. Power. b,... A .ervo-metric. Pot refer_
ence voltagea come. {rom

To, Diaplay of roll rale. EDA power aupply, which
obtains phaae A power

Fu right Diaplay o{ pitch rate. from AC I circuit breaker
through FOAr/CPt .witch.

Bottom Display o{ yaw rate. ,. Power to moto ... ia oblained
{rom EDA which oblains

Attitude error a-c power {rom FDAI/GPI
indicator. .witch supplied {rom AC I

circuit breaker, 28 vdc,
Top (below roll Diaplay of roll error. bus A from SCS. SYSTEM
rale indicator) MNA circuit breaker ,.

also used.
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Location

MDC_ I (CoM)

D J-19 Rllht (left
of pitch rate
Indicator)

Bottom (abo","
yaw rate
lndie.tor)

Euler aOlle indicator
(ball) (Gilnbal anale
repeater!

Creat
...mldrde.

Small drcle.

Roll bllr and
.cal"

F\lActioo

Di.play of pitch errOr.

Di.play of yaw errOr.

The great ."mldrde under
index indicate- pitch Euler
attltude,

Small eirele under index
Indicate. yaw Euler attitude.

Indicat"" roll Euler attltude
or, after .OS G, Indicate. roll
nahility aUitude "IF DRIVEN
BY GDC."

Circuit
Breaker

Refer to
Remark.,
Power.

Power
Source

AC bll' 1
DC main
bu. A

Remarks

b. Rate
l. Indicator con. ina of tri_

angula .. marker with .cale
marked at 0, :*1/5, 1<2./5,
'*3/5, :*4/5, and full .cale.
Full-.calc value depend. on
po.ition of FDAI_SCALE
.witch.

Z, Driv~ .ignall .r~ obtained
from EDA which obtain. rat~

information (rom BMAG. in
GA.2, normally. BMAG. in
GA-l will .upply ....te when
.elect~d by BMAG MODE
.witche.,

3. lndic:ato.... are ny_to di.play•.
c. Error

\, lndicator con.i.t. of needle­
type pointer and .cale
m.rked a' tollowa:
(al Roll .cale marked at

0, %1 n and full .cale.
(b) Pilch and yaw marked

at 0, *1/3, d/3, and
full .cale.

(c) Full .cale value
depend. on po.ition of
FOAl-SCALE ,witch.

2. Drive .ign.1I are obt.ined
from EDA. InPllt (,ollrce)
to EOA i••eteet.ble amons
the following,
(.J G&.N COU.
(bl BMAG. in GA-I
(cl ATTITUDE .et

r ...olver.,
3. FDAI.SELECT, FDAI­

SOURCE, .lId/or ATT SET
.witche. determine which
,ource i••eJected.

4. Indicator. are ny-Io
di.play"
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Locatio..
Name and Circllit Power

Panel Ar". Grid Po.ition feunction Bre.ke. Source Remark.

MDC.l (Cont)

, D J.t9 Rd,.. to AC bu. I ,. Ban
Remarl,., DC main ,. Si,n;tla to motor come from
Powe •. ...." .ervoamp in £OA. Sil"al

• OUrelO Ia .lther IMU 0 •
CDC a • • elected by panel
.witeh••. ISee FOAl.
SELECT, FOAl.SOURCE,
and/or ATT SET .wile-hu.'

FOAl .witch".

, D J.IS SCALE

ERR RATE

5 , Not wired. Full .cal,. on LOGIC BUS DC main 1.0,;., power i. 8\.ppli"d. to MOe_l
attitude ".ror indicato •• III of lfl_MNA bus... A .. B _wild.... from SCS LOGIC BUS
both FOAl" i. 5 delreu. F"U LOGIC BUS dr-clIit breaker. via LOGIC
ae.Ie On rate indie.to•• i. lfl·MNB POWER l.ll .witch (MDC.7).
I del per lee. (MCC."

1.o"c lilna1 to £0... th.t ..,Iectl-
ai,,,al now ,.in, .0 that fwl
."ale On ••Ie indicato •• (3) of
both FOAl. b 5 de. per IeC.

SO/15 50/10 1.o,lc ,il"..1 10 EDA that nl.clI LOGIC BUS

xain• .0 lhat ".U .cale indica_ 3f4.MNA
tiona On both FOAl, are: LOOIC BUS.. Roll errOr - 50 deX 1/4_MNB

b. Roll rate . 50 deX per lec (MOC-81
<. Pitch and ya'" errOr· 15 deX
d. Pitch and ya'" rate· 10 deX

per ••c.

, D J.16 SELECT LoXIe power i. obtained from SCS
10Xic po"'er circ\1it breake ...
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'"• Location• Na.me and Circuit P<:>wer
_.
n Panel Aual Grid Po.ilio.. f"Wlction Breaker So..rcc aemark.
0•"• MOC_l lCont)

I D J-16 III Lolic .11"1.1 to EDA Ih.t selech LOGIC BUS DC main NOTE- apecUic aOllte•• for bOlh FOAl•• l/4_MNA b ...e. A .. B
~ The allUre". for e.en FOAl .re' LOGIC BUS FOAl_SOURCE: .wilch h.. nO

> .. FOAl No. I 1/4_MNB function when thi. po.ition b
." IMU· COU. 8MAC. in (MDC_a) _elected.,- CA_l. IS.,. BMAC MODE-- switch.)

-<> b. FOAl No. l
a- GDC • 8MAC. in CA- 1 .
-<> SMAC. ill QA_l (if BMAC >

• MODE .wltchlnl aU hi ."ATT 1fRATE l po.monl. 0n ~ n r-,. z , Lo,l" .ia"a1 to GOA that inhibit. LOGIC BUS Lalle power il ...pplled to MDC· I 0 r- ~•, 0 .ig"ah to FOAl No. •• Sl.na! 1/4_MNA .wilch.. from SCS LOGIC 8US Z 0
~ Ii ... N

• • aolU'cU for FOAl No. l depe"da LOGIC BUS circuit bru.kau via LOCIC

~
0 >

0 r On po.itiona or FOAl. SOURCE l13_MNB POWER 2/3 .wlteh (MDC- 71 " •> '" 0• < and/or ATT SET .witeh... (MDC-8) (applicable 10 ...iteh po.ilion. £; '"
w:; n exdudin, rate .ouree. (5.. Z and Il. > •

D BMAG MODE .witeh. J > ... '"Z z r-• l50 I 1-o,ie .i,nal to EOA that inhibitl 0 0
r 0 iii "• .i,nail to FOAl 1"0. •• Si,na!

'"I .ouree. for 1'OAI No. I depend In
:t• On po.ilion. o! 1'OAI.SOURCE ." > -> r- -Z and/or ATT SET .witehe •• > Z •-• exdudin, rate 'Ouree. {See "' " -r

8MAC MODE .... iteh. J '" '"0
NOTE

0
I D J-17 SOURCE '"Thi.....iteh h .. no !Melion

." if 1'OAI_SELECT .... Iteh i,

• in the lIZ po.itlon.
~•

CMC Lolie .igna! to EOA that leleet. LOC1C BUS LOlie power i, ,uppU..d to MOC- I
IMU-attitude and CDU.error for IIZ_MNA ,witchu from SCS LOCtC BUS
di.pily on that {I o' " 1'OAI LOCIC BUS drcuit breaker. ",. LOCIC
, ...iteh uleeted. (Rder to not.. ZI3_MNB POWER Zf3 .witch (MOC-7).
applyini 10 SOURCE ' ... iteh. ) IMDC.8)
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LocatioQ

Panel IArea IGrid
Name a"d Cir<;llit Po",....
Po.iUoll FuactioQ Breaker Source Remark.

MOe_I (Cont)

, 0 J.17 ATT SET LOlie .ignat to EOA that .elect. LOGIC BUS DC main Loak pow", r ia a"pplied to MDG_ I
attitude ...1 aour"" for error 3/4-MNA bn..,. A &c B .,.,itehu from SCS LOGIC BUS
di.play on FOAl. Source for LOGIC BUS circuit breaker. vi. LOGIC
total attitude {ball drive) ,. Z!3.MNB POWER Z!3 .witch (MOG.7).

determined by position of ATT (MDC.S)

SET .witch. {Refer '0 nole
applying to SOURCE awitch.)

GOC Logic al,,,,.1 to EDA that ..,Ieeh
GDC.attitude and BMAC-error
for dl.play On th.t FOAl
.elected. (Refer to note apply-
ing to SOURCE .wltch. l

, 0 0_15 GDC ALIGN pu.hbutlon LOGIC BUS Group I Logic power i .. routed directly from
3/4_MNA main A MoC-a circwt breal<en to MoC_1

Normal Not wired. LOGIC BUS Group 3 twitehet.
I/.·MNB main B

Depre ••ed Logic tign.1 to CDC that .. "ablu (MoC_a) NOTE
ATTITUDE SET output to driv..
GOC. (Rde .. to Rema..k •. ) To obtain m ..anina:ful input to

GDC (wh..n .ligning), AT'!' SET
twitch mu.t b .. in CDC po.ition.

, 0 K_16 LIMIT CYCLE twitch LOGIC BUS DC m.in Logic pow.... i. rout..d dir ..ctly from
I/._MNB bute. A &. B MOC_a circwt b .....k .. r. to MOC_I

UP Not wir ..d. jR.. f .. r to Rem.rkt. ) LOGIC BUS twitchet.
l/Z_MNA

OFF lnhibito puudo_rat.. f....db.ck (MDC-8)

circuiU in ECA.

MANUAL ATTITUDE .witch...

, 0 K_15 PITCH

ACCEL GMD .. Logic .ignal to RJ£C
ON-OFF that di..blu CMC
.nd/or ECA (SCSI control
of RCS.

•• Logic .ignal to pitch BMAG
(attitude) uncag.. Logic '"ECA that inhibit. uncaging
of BMAC if SPS engine i.
not thru.ting.
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Location
Nam.. and Ci..cuit Pow....

Pan..1 A....a IGrid Po.ition Function B ....ak.... Sou..c .. R ..mark.

MOC·l (Cont!

I D K_14 RATE CMD Not wi ....d.

MIN IMP Logic .ignal to ECA that: LOGIC BUS DC main Logic: pow.... i... out ..d di ....ctly f ..om.. Oinblc:a pitch awitch,ng 1/4_MNB bu.... A I< B MOC_8 ci ..cuit b..eak..... to MOC-l
amplifi.... outpuh. LOGlC BUS .witch....,. Enabl... input to minimum. II2_MNA
impu!ae ci ..cuih from pitch (MDC.8)
b ....akout .witche. in RC (2).

o. Inhibit. ""caging of BMAG if
SPS engine h nOt u. ..uating.

I D K-14 ROLL

ACCEL CMD .. Logic .ignal to RJEC
ON-OFF that diublc:a CMC
and/or ECA (SCS) control
of RCS.,. Logic .ignal to ROLL BMAG
(altitude) ""cag" logic in
ECA that inhibit. ""caging:
of BMAG if SPS ..ngine i.
not th ..u.ting.

RATE CMO Not wi ..ed.

MIN IMP Logic "gnal to ECA that:.. m.abl.....oU .witchlng
ampH£e .. output••,. Enabh. Il\put to mil\'mum.
impu!a.. c:l .."uit. f ..om roll
b .... akout .wit"h... in RC (2).

o. Inhibit. unug,ng of BMAG
If SPS ..ngin .. ,. .0'
thru.ting.

I 0 K.15 YAW

ACCEL CMO •. Logic .ignal to RJEC
ON-OFF that diublc:a CMC
and/or ECA (SCSI control
of RCS.
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LocatioD
Name and Cire"'i' Power

P.....d Are.. Grid Po.ition F'\lQ(:lioll Bu'alter Source Remark.

MDC·I {Conti

, D K_IS o. Lotic .il..al to YAW BMAG LOCIC BOS DC main LOlie power is rouu:.d directly from
'aUitude) uncal'" 10lie ,. 1/4.MNB bu.... A&rB MDC.8 circuit breakeu to MOC_l
ECA that inhibiU unca,inc L<X:;IC BUS ....itch., ••
of BMAG if SPS en,ine i. IIZ_MNA
not thr"alin,_ (MCC.8)

R.ATE CMD Not wired.

MIN IMP Lo,le .i,..al to ECA that:.. Ol••bl... yawawitchinl
amplifier outputs.

o. Enable. input to mlnimwn

I
impul ... circuit. from yaw
breakout awitches in RC (21.,. lnlllbit. uncaging of BMAG
If SPS ""gin" i. not thrusHng.

, D K_ I? RATE: .,.,itch LOGIC BOS DC main .. Lo"e power ;. rOllted directly
1/4_MN8 bun. A &. B from MOe.8 circuit break",...

HIGH Logic "lnal to ECA Ihat: LOGIC BOS to MDC·I .witche •... Selectl low .i,,,al '_"I' ,. I/Z.MNA o. ,. HIGH po.;tion ECA i..... tate .., attitude (MOC.81 conti,uted fot:
ch.nneh in all .,.u (tolt. ,. Sw,tchin, .rnpHfiet de.d_
pitch, .nd y...). b.nd (.U ,"-"ul:

o. S<tlecu h"her .'8"'&1 ,.in Rate sZ de, pet ae.,
In toll manual control loop. Attitude H del
(Relet to Rematk•. ) ,. Maximum proportional rate

c<m'\f\'land capability:
Pitch and yaw s7 de,

per .ec
Roll ,j,ZO de, per .ec

LOW Not w;red. (Refe r to Rematl... I In LOW po.mon ECA ;. conti,ured
fot;.. Switchin, ampHtier deadband

(all a",e.l:
Rate sO. Z de, pet uc
Attitude sO. Z de8

o. M.ximum ptopottional rat.,
command capability 'an axe.'

sO.7 d"8 pet oec
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Name atld CiHuit Power

Panel Area Gdd Po.Won J""UlIctlon Br".k" .. Sour". Remark.

MOC·I ICont)

I 0 K-l7 TRAl"S CONTR

PWR ....pplin Z8 vdc, MNA and MNB to SCS CONTRI DC main
OX, .Y, *Z !rand.tional c:ontrol .... UTO bu.e ..... ~ B
&Wlleh.. & 11I.,0ul" eM-SM tnnd... MN.... , MNB
.when"•. (MDC_8)

OFF Remo"e. Z8 "de from tra... -
lational control .WiICh••.

I D M-l) ROT CONTR PWR

NORMAL-l

AC/OC Applin Z8 yde }.INA and MNS to SCS CONTR! AC bu. I Enabled ...hen SCS ELECTRONICS
breakout .... iICh... in """,bet I AUTO MNA. P ..... a SW ISS) b in ECA or CDC/EeA
rotation controllhrou,h armed I MNB po.ilion.

locked a ... ileh. Applin Zh ACI (MOC-8)
from Ihe ECA to 101a1lon control
Ira"aduce•. STAB

CONTR

OFF Rrmove. de and ae Yolta,,, 10
SYSTEM

..... ilch.......d tnn,ducer.
ACI

AC Only ACI applied ,. rotation
eonlrol trllnlldueer.

, D M_l~ NORMAL_2

Ac/oc 511 ...." de .. NORMAL.I, £CA/TVC AC bu, 2
Appliu 26" AC2 fro.... ,£CA (0 AC'
fOU.lion eOMrol tn,n'dueer,

OFF S•• NORMAL.IOFF.

AC Only ACl applied to ro(,Hon
eOMrol (ran,dueer,

>..
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LoclUion

Panel IArea
Name and CirCUit Power

Grid Po,ition Function Breaker Source Remark.

MOC_I {Conll

, 0 M_15 DIRECT_I

MNA/MNB Appliu 28 vdc. MNA and MNB SCS CONTR/ DC main
to direct .witche, in rotation DlRECT_1 bu.e. A I.t B
control I. MNA, MNB

(MOC-8)
OFF R ..mov... 28 vdc from dir..ct

.witche ••

MNA Appliu 28 vdc, MNA, to dir ..ct SCS CONTR/ OC main
.witcb... in rotation control L DlRECT-1 buoA

MNA
(MOC.8)

, 0 M_15 DtRECT_2

MNA/MNB Sam.. a. DIRECT_I, ..xc ..pt for SCS CONTR/ DC main
rotation control 2. DlRECT-2 bu.... A I.t B

MNA, MNB
OFF R ..mov... 28 vdc Irom direct (MOC-8)

awitche••

MNB Appli... 28 vdc. MNB. to direct SCS CONTR/ DC main
awitchea in rotation control 2. DIRECT.2 bu. B

MNB
(MOC-8)

, 0 M-16 SC CONT .witch

CMC .. Logic .ignal to ECA, RJEC LOGIC BUS DC main Logic power i••uppLied to MOC.I
ON. OFF, and SA/TVP logic 1/l_MNA bu.ea A I< B 'witch,.. from SCS LOGIC BUS
circuit•• Inhibi" SCS cOn_ LOGIC BUS circuit breaker. via LOGIC
trol functiona "IF TC ~ 2/3_MNB POWER 2/3 .witch (MOC-7).
NOT CLOCKWISE (CW). .. {MOC_8)

b. Logic aignal to normally NfA +28 vdc di.crHu to CMC CH 31_15
clo.ed clockwiae awitch in and PSA to ..nable TVC mode.
TC. Signal from TC to CMC
and PSA (28 vdcl.

SCS Logic .ignal (28 vdc) ,. ECA LOGIC BUS
and RlEC ON. OFF to enabl.. 3/4.MNA
SCS function•• Disablu CMC LOGIC BUS
function. in RJEC ON_OFF. 2/3_MNB

(MDC-8)
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~• Locatio"• Name and•.
Panel IArea IGridn Po,ition

0•"• Moe· ( (Cont)

SCS Tve .witche.
~

'" , D 0-16 PITCH
>
• AUTO
~
~

~

".,.
"

• RATE CMO
0,. ~• Z

"~ 0• •
0 •"• > ACCEL CMD
" <• n

0z• , D 0_11 YAW
D

"" AUTO
I
•>
Z

""
RATE CMO

..,
•~•

ACCEL CMD

Functiol1

Lolic .ignal {28 vdcl to ECA and
TVSA logic "ircuita. Thi.
-P0lition muat be _elected if SCS
AUTO Tve control in PITCH
i. de. ired, either a. backup to
CMC or .a primary .election.

Logic .ignal 10 ECA that muat
he pruent it MTVC_RATE CMD
TVe control i. de.ired in
PITCH, eithe .... b"ckup to CMC
Or •• primary .election.

Logic .ignal to ECA. Similar to
.bove (unction. hut inhibiU ..ate
(BMAOI "gnah.

Logic _;ina! (ZS vdcl to ECA
and TVSA logic clrcuits. Thi.
po.ilion muat be • .,Iected if
SCS AUTO TV conlrol ;n YAW
i. de.ired, either:.. backup to
CMC or a. primary .election.

Lolic ai/lnal to ECA that m"at
be pre... nt if MTVC-RATE CMD
TV control h de.ired in YAW•
either aa backup to CMC or a.
primary .election.

Lolic .;Inal to ECA. Similar
to ahov" function. hut inhibit.
rate (aMAC) aignata.

Circuit
Breaker

LOCIC aus
3/4_MNA

LOGIC aus
z/3_MNa
(MOC-8)

Power
Source

DC main
hu.... A&oa

Lollic power ia aupplied to MOC-l
.,.'itch... from SCS LOGIC aus
circuit hreakera via LOGIC
POWER <:/3 .witch (MDC_7).

,...,
0

0 ..
~0 b"... N

~
0 >.., ,., 0

f;; '"
W,,. ,.
'""

... ..
0 6 0

~ iii 0

'".., " -.. ,.
~,.

~
,-"' -

'" ~

0
0

'"



~• Loc'lt'on• N:une and;; CiHuit Power
P.'lf,l At•• Grid Po,ition f'unclLoll Breaker Source Remark.

"•;;
~I (ConI!

• V THRUST ....ilch" • TwO_poliHon tOll lIe .wilch I_rded
~ to OFF po_Ilion.
~ , E N-l7 .v THRUST.A

>
"

NORMAL Receives power from SP5 pilot SPS PILOT DC main NOTE•. valve MNA cirelli! breaker and VLVS.MNA ..... A-
~

appHea power fOr SPS ready (MDC-I) FCSM SPS A and f'CSM SPS a
~ .il"at to CMC••".blu p.....er .witehe. Ire not uled, each i.
~ IhrouI" FCSM SPS A .witch 10 pe.itioned and lOCked to ..
~ SPS thtUII o~.orF' 101le, and RES£ATJOVERRIOE polltio...

appHu ""ablin, powe r to SPS .. decal h placed oyer aU nomen_
,.
'0

< relay. and .olenold concrol clature of both awlleh" •. FCSM 00 > valve. that an, controlled by power lupply wire. are .towed. 0 t"
~ '"• z SPS Innlll ON-OFF 10,1.. A. 0 t" ;::,

0 Z 0
~ • .. N

• • Receive. power fr<nr> SPS "eliwn SPS He

'"
0 >

" > valve MNA circuil breaker, and VALVE MNA 0 ." ,
• applie. p......er to injeclor pre_ (MDC.S} f;; '"

0

" < '"
~

• valve A. ,
n >

,.
'"0 Z .. t"

~ OFF Removel power from FCSM SPS Provide I backup thrllat OFF com_

" (5 0
0 A 1.lIch and thrllat ON.OFF mand to any 4V mode of opo! ration

ill 0r lo,ic, r.om SPS relay. and by removinl power hom SPS relay I, "" In '"I lolenoid control valve., .. ady .olenoid conlrol valv,.. , and th .... t :z:• li,nal to CMC, and de.e".rgizel ON_OFF )o,ic. '0 ,. -t" ~

> injeclor prev.lve A. > Z
,

z

" .. " -r , E N_18 ., THR.UST-B '" ~
0

NORMAL R.eceiv.. power rrom SPS pilot SPS PILOT DC main 0
valve "'INS cirCllit bre.ke., .0' VLVS_MNB ...... '"appliu powu fa. SF'S re.dy (MDC.S)

'0 .ignal to CMC, e ..able power

• thro..gh FCSM SPS B ,witch to
~ SPS th ...at ON-OFF logic, a"d• .ppUu enablln, power to SPS

relayl ."d .olenold cont.ol
valvel that a.e co"t.olled by
SPS thr ..U ON-OFF logic S.
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Location
Name and CirCUli Power

Panel Area Grid Po.iUon FUDction B ....aker Source Remark.

MDG_1 (GO'll)

, E :'<_ 18 Receive. power from SPS helium S"'; H. DC main
valve circuit breaker MNB, ,., VALVE MNB bu. B
applies power 10 injector pre_ (MDG-B)
valve B,

OFF Remove- power from FCSM SPS Provid... backup thruu OFF com_
B switch and th"ut ON·OFF mand to any tJ.V mode of "peration
logic, from SPS relays and by removing power from SPS relays,
.olenoid control valvea, ready .olenoid control valve •. and thrust

• ignal to CMC. and de-e,,,,rllize. ON.OFF logic •
injector prevalve B.

, E 0-16 THRUST ON pushbutton Switch actuation applies SPS_ LOGle BUS DC main Pushbutton momentary contact-type

thru!!·on command to SCS iN 1/4_MNB bus~s A & B .witch do~. nOt contain a light. Und
mod~s thr .... t_on logic, which LOGlC BUS ;n SCS tN mode ••
~n~rgizu SPS rdays "., 1/2_MNA
sol~noid control valv~s. When {MDC.S) Logic power is routed directly from
pr~ssed. a lock-up circuit in MDC-S circuit break~rs 10 MDC_I

SCS logic lock. command in, .wHches.
thus pushbutton is not depre.~ed
throughout SPS thrusting period.

, E :\- Ii) SPS THRUST 'N/A Two_position toggle switch lev~r

lOCked in either pOlItion.

DIRECT 0:\ When 6,V THRUST "ORMAL.A,., tN THRUST NORMAL-8
are placed in Jl;ORMAL position,
applie s power ,. THRUST
DIRECT ON switch. T,o S"';

THRUST DIRECT ON switch
placed to DIRECT ON provides
.. ground to energize SPS relays
and solenoid control valve. of
SPS system A and groW1d to
energize SPS cdays and solenoid
conlrol valve. of SPS .ystem B.
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LocatioD

Panel IA~ea IGdd

Name and Cirellll Power

Po.it'o.. Function Bore_ker Source Remark.

MDC_1 (ContI

, E N.16 NORMAL Remove. groWld from SPS relay. N'A ", l1V THRUST NORMAL_A and_8

and aolenoid control valve•• awitch to OFF providu Ihru.t-of£
command by removing power to SPS
relay. and aolenoid•.

, E P_17 LV/SPS 'ND awitch N'A Two-po.ition toggle awitch which
enable. crew to aelect applicable

• Connect. output of Q_ ball <0 input to LVo/SPS F\:: indicator.

Lv.. /SPS Pc indicator. Switch i. placed in LV.. po. ilIon
prior to lift_off, and in the SPS Pc

'PS P, Connect. output of SPS engine po.ition at approximately I minute

combualion chamber pre.aur.. and 40 ...conda after lift_off.

..maor to LV..fSPS Pc indicator.

, E M.18 LV.. /SPS P, indicator Tlme_ahared indicator with input DC from Indicator range, o to 150 percent.

determined by poaition of S_IVB m
LV/SPS INC awitch.. LV. input: ", indicator Small changea in air preaaurea are

diaplaya a percentage of ~p aenaed through eight holea in the
meuured by the O-ball which O-balL The Indicator ia monitored
ia • function of pitch and yaw. from 50 aeconda to approximately

I minute and 40 aeconda after lif~-off.

b. 'PS Pc: ,b, indleator dia· INSTRU_ Injeetor ..anglO: o to 150 percen~

playa SPS char:uber preaaure MENTS which correlate. with 0 ~o 150 pai.
in percent from chamber ESS_MNA chamber preaaure.
preaau..e ~ranaducer On and MNB
injector of en,ine. (MOC-5)

, E P_17 LV/SPS IND awitch Provide a dilplay and control of ED' , EPS battery Two_poaitlon toggla awitch which
S_Il/S.lVB tank preuurea a< BAT A ••d buaea A ... B allowa crew to monitor S_Il/S_IVB

SPS gimbal poailion. EDS , tank preaaurea Or CPl. Placed in
BAT B SIl/SIVB poaiUon prior to 11ft-off.
(MDC_8) Placed ~o GPI al~er uparation from

S.IVB Or nrlier if dnired.
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Location
Nam.. and Circuit Power

Pan..11 Areal Grid Po.ition Function Breaker Sourc.. Remark.

MD -I 0 ,
, E P_l7 Slt/SIVe Appliet power 10 ]'elay. aUowing ED' I EPS battery FOAI/GPI POWER .witeh (MOC_7)

S-l1 fuel tank pre"1,1re to be di.- BAT A .., bu.e. A " e mu.t be on for the di.play to re.pond
di.ph.yed unlil naging of S_111 ED' , correctly; both po.ition. make entire
S_IVe, then S-IVe oXidizer tank BAT B di.play. active.
pre•• uTe until CSM separation (MOC-8}
from s_lve. s_lve fuel tank
pre•• ure i. di.ph.yed conlinu_
01,1a!y until CSM .eparation.

GPI Removes power from relay. SPS gimbal po.mon will be displayed
allowing SPS yaw and piteh gim_ if proper pow.. r .., .witch... ...
••1 po.ition 10 b.. di.played on positioned.
r ..dundanl SPS limbal position
meters.

I E M_19 LV TANK PRESS indicalors SCS ACI AC bu. I
and ACZ 0" "LV TANK PRESS (MOC-8)

'" FUEL/sIVe
OXID, sive FUEL

'n FUEL/ Indicate. S_II fuel pre. sUr" on
SIVB OXID redundanl readoult until .taging

of S_I1/S_IVe OCC1,1U, providing
LV/SPS INO .Wilch on MOC-l is
in sn/slve po.ition. Indicate.
s-Ive oxidizer pr.... ur .. o.
redundant readout. at S_Il/S_IVe
.taging, providing LV ISPS INO
.wilch on MDC·\ i. in SII/SIVe
po, ilion, until CSM .eparatea
from S-lve.

, E M_21 SIVB FUEL Indicat... s_lve fuel pre ••ur .. on
redundanl readouU at all limes
until CSM 'eparal... from S_IVe,
providing LV /SPS INO switch on
MDC. I i. in SIl/SIVe po,ition,
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Location
Name and Cire"it Po...... r

Pan",l Arca Crod Po.ition Fu.r..::tion Ihealu~r Source Remark.

MOe-1 (ContI

, E M_ZO SPS GIMBAL . IrIdical'" SPS "ngine gimbal SCS ACt AC b... , Yaw and pIlch indleaton .,. call-
PlTCHfYAW poaiUo<> On .ed.....dant .""douta ".. AC' ., ", brated In O. S' incremenu from _."

lor pilch and yaw in ....peCl;ve (MOC.i) •• .. ". R".ding of O' corrupondl
CSM pilch and yaw (bodyl un to yaw .imbal act ....!or po.ilion "ull
re.peclivdy, providing LV ISPS O(('CI of t1" to tY thrult '-"cIOr "ur-
IND ....itch On MOe_! i. in CPI .ng SF'S ,lIrult;"1I period •. Rudi"K
po.il;on. of O' corn.pond. to pilch gimbal

aclu'>lo. po,ilion null ofhe I of +2
10 +Z Ihrust ""cto, during SPS
thrufli", periods.

, E 0_ 18 SPS C1MOAL MOTORS .witchu SPS EPS battery Th.u.poaition to.':Jll" .",ilch with, E 0-1'1 !"ITCH , buseaA&<8 IIp!>'"r (START) po.ition .prinK-
PiTCH '. PITCH " f'ollr operaHondly identical BAT A loaded 10 retllrn .""ilch 10 cent~r
YAW '. YAW , .wit,hes. PITCH , posil;on when released. PITCH I
switchea BAT B and YAW I sW;lch... control gimbal

YAW , aclualor prlmaq' drive molors.
BAT A PITCH 2 and YAW 2 sWilchet control

YAW 2 gimbal aClllalor secondary drive
BAT B mOlo...

(MDC_8)
START Ener,i,,-es motor awitch in Ballery Bua A ,., YAW , "",

applicable Overcurrcnt relay, PITC'" I mOIOr awi"h and O..... rcllr.
which, '" IlIrn, applies +28 vdc renl rday, MN BUS A for "mbal
10 applicable ,.mbal acluator mOlors YAW I and PITCH I.
drive molor.

Battery B•• a for YAW 2 "",
PITCH 2 mOlor switch and overcur_
rent relay MN BUS B for limbal
mOlD.. YAW 2 and PITCH 2.

(No lille Applies +28 vdc to OvercurrlOnt START poailion provides gimbal
position sendng circuitry in applicabllO molor Itarting capability.
markcd) overCllrrlOnt relay.

Center position providlOs ,., OVer-
IIrrenl 'IOn.;ng. Dllring primaq'
hannel operation. an oVIOr<:urrent

~ill automatically call'e power to be
removed (rom primary drive motor,

nd ;tpplicable GMBL DR FAIL Ita'".
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Location

Panell Areal Grid
Name and Circu'l Pow,""
Po.ition Functlon areaker So"rce Remark.

MOe.1 ICOnl)

, E 0-18 ''''' E:PS battery indi(,alor illuminate. IMDC.Z). With, E 0·19 PITCH , b"..,. A " B TVC GMBl. DR .witch... in AUTO,
BAT A clutch command_ ... .witched to

PITCH Z • econd...y ch.""",l.
BAT B

YAW ,
BAT A

YAW ,
BAT B

(MOC.8)
OFF Ene ..,;It.. a motOr awHen in Durin• ••cenl, when GIMBAL

appiicllble o""rcurren! relay MOTORS Iwitchu '" are OFF,
which r.,mov....ZI vdc from el'lcine -po.ilionl"l i. mainuined
the current ..,nal". circuitry by appHcation or qu;cf(;enl current
and ll'mbal &"I\U,lo," drlv.. (6' tlO, _S rna' to the cl.."lro-
motor. macnet. of .xtend and ret ..act

clutchn when TVC I and rVe z
POWER .witc:ne. (MOC·11 are in
ACIJM:NA Or ACZlM:"'S politiona.

Ourinl .econd...y ope ••lio .... U
o ...e.eur.e...l i••e ....ed• • ulomati_
cally power .. .emoved rrom
uCOllda.y drive mOlo, ....d .ppH.
c.ble GMBL OR FAIL .Ulu.
I...dicato. H1umi","u IMOC_ZI.

, E N_ZO GIMBAL POSITION ''''' P.o...ide. di.pl.y .nd m.nu.1 SCS-TVC lAc bus I V.w thumbwheel i. c.libnled in O. 5 0
thumbwheeh control or .imb.l.d SF'S e .... lne ACI Or Z ... ia increm....u from _4 0 to +4', Rudin,

thrult .xi. ori .... t.tlo... with AC' i.play/ECA of O' co ••••po...d. to yaw ,imbal
...peci to SC body .xu wh.... (MOC-B) .nd actuator po.ition null off.et of +1 0 10
in the SCS AV mode, TVC SERVO +Y Ih.u.t v.eclOr du.in. SPS thruati ....

POWER , period•.
I E :-<-ZO YAW. PITCH Pr..... id .. manual ,.w ", pitch ." ,

thumbwhech Input command. to .e'pecti... e Pilch i ...dicalo, and Ihumbwheel a.e
engine .Imbal po.ition .......0. calibrlled in 0.5' I...erem..... t. from
ror all.nm..nt of SPS en.ine -< - to +<l0. R...dl ... a of O' cOrre_
thru.1 axil through SC CC. .pond. to pitch aeluator po.ition null
prior 10 SPS thrultina in SCS off'et of ,,- to H: th.u.t ...ecto.
mode. 0 ...1'1. durin. SPS thruuina period•.
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'"• Location
• Name and Circuit Po"." ...-
n Panel Are. Grid Po.ition Function Breaker Souree Remark.
0•"• MOC-l (ConI)

, E P.18 TVC GMBL DRIVE .witch... Two operationally identical NfA NfA Three_po.ition toggle .witch. Allow.- awitche., One for controlling c:r"", to aelect aped!ic chund for
~

pitch actuator control and TVC control or aUow. ,"ulomatic

> one for yaw actuato... control. control of TVC c:hanneh.

'"".- PITCH---<> , Allow. only clutch command. to Permit. checkout of primary gimbal

'" be appHed to primary ch.nnel of motor and primary channel. If
-<> gimbal actuator. overturren! h aenaed On primary

>gimbal motor there i. no .witchDver ..t to aecondary channel. l! h'analation 0
() ~ COntrol i. rotated dockwile, there i. () ,..,.

Z nO .witchover to aecondary chant",,1. 0 ,..
~•,

~
Z 0

M AUTO Allows primary gimbal motor LOGIC BUS DC main Logic power is routed directly from ... N

• " ~
0 >

0 • overcurrent relay to control 1!4.MNB busea A .. B MOC.S circuit breaken to MOC-I ;:J 0

• dutch commands to primary LOGIC BUS switch".. f;; "" < '"
~

• Or aecondary channel. Allows In·MNA 0
0 tranalation control. when (MDC.S) > > '"0 ...
Z rotated dockwiae. to switch Z 6

,..
" 0 00 dutch commands from pri:nary

~C ayatem to secondary syatern.
~

()
M !<
I

"
, Allowa only dutch commanda to LOGIC BUS Permita cbeckout of aecondary gimbal .. ~ -> be appUed to aecondary channel 3/4-MNA

,.. -Z
malar and aecondary channel. > ~

,
M of gimbal actuator. LOGIC BUS 0< --C 2/3-MNB Logic power b aupplied to MOC_I '" '" -(MDC-8) awitch". from SCS LOGIC BUS 0

circuit breaken via LOGIC 0
POWER 2/3 switch (MOC_7). '".. , E P-18 VAW

•'" , Allowa only clutch commands to PermlU checkout of primary gimbal• be applied to primary channel of motor and primary channel. If Over-
gimbal actuator. current is aenaed On primary gimbal

motor, there Is nO awltchover to
aecondary channel. If tranalatlon
control b rotated c1ockwiae. there la
no swltchover to aecondary channel.
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Location
Name and Clrcuil Po....er

Pan"l Area Grid Po,ition Function Breaker Source Remark'

MDC-l (Cont)

l E polS AUTO A11o,... primary gImbal motor LOGIC BUS DC main Logic pawn" 18 routed directly !rom
avercurrent relay to co..trol 1/4.MNB bUIU A &. B "'lDC_S eircuit break"..a to MOC_l
dutch com:nanda 10 primary Or LOGIC BUS .witch"••
aecondary channel, Ailowl IIl_MNA
tranal.Uon control when (MDe_8)
rotated dockwi... to .wltch
clutch command. from primary
.yatern to ."coRd& ..y .yatern.

, Allow. only clutch command. ,. LOGIC BUS PermlU checkout of Ihe .""o"da..y
be applied to .econdary channel 3/4-MNA &;imbal motor and .econdary channet.
of gimbal actuator. LOGIC BUS

ZIJ-MNB Logic power I_ luppUed to MDC-l
(MOG.S) .wHehn Crom SCS LOGIC BUS

circuit breaker. via LOGIC
POWER 2/3 awit<:11 (MDC_7).

l F N.16 DIRECT ULLAGE pu.hbuUon Provide. backup capability for MOln..ntary_contact pu.hbutton
initiating ullag .. (+X tranalation) .witch ....hich mu.t b .. h ..ld engag..d
prior to SPS burn•• until ullage i. compl.. ted... Energize• injector valve DIRECT Tranalation control provide. normal

dir ..ct coih of four +X SM ULLAGE capability for initiating ullag...
RCS ..ngin.... MNA and

MNB
(MDe-8)

o. Oi.abl,.. th.. pitch and ya.... LOGIC 8US
auto coil command .0 that 1/4.MNB
SCS Or C&N automatic hold LOGIC BUS
ar.. di.abl ..d. 1!2.MNA

(MDC·8)

<. Provid... enabling logic dgnal Logic pO'oV.. r i. rout..d dir ..ctly from
to SCS!SPS on_off logic. MDC_a circuit buak..... to MDC_l

DJRECT ULLAGE pu.hbuuon.
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Loeuion
Name and CirculI Power

Panel Area Orid Po.ition Funetion Br".I<"r Source Remark.

MDe•• (Coni)

, C pol S IMU CAGE .witch Provide. SC power to cal" 'MU Guarded awHch.
platform. OPERATE:

'"CAGE: Ca,n platform with.1I three Energ;"". ca,,, relay. '" ,..,.,
&nll". at 0·. ."rvO •••.,mbly.

OFF Cdown) Remov... d·c po....er from caS"
relay••

I H P.le. ENTRY .witch...

"" ROLL Send" 1011<: .i,..al to CDC th"t LOGIC BUS LoCk power i. routed mreetly rrom
enable. ya.... channel to drive 3/4_MNA MCC-' clteuit bu,,,ken to MOC.!
RSI On EMS dhplay. LOGIC BUS I",iteh,...

114_MNB
U, (MOC.S)

Dow" Not wired.

." G .witch

U, Provides loak ,1,,,&1 (Z8 vdcl,. ECA and CDC loSie: circ\1iu
to enabl•... Roll rale to r•• rate

cauplina in y.... control
dectronlc •.,. Electrieal ute c.,l"l of
BMAC, in CA.Z.

<. SwtU'Illnl roll and yaw rat"
BMAG .i,nall in CDC to
obtain ron .tabllity attltude
for dl.play On RSI and FOAL.,. Ditablin& of pitch. Input to
cee .", ... yaw CDC
output and th .. body to
Euler tran.farmatlon... Th.. (unctiona in c and d will
not occur if CDC ALIGN
pUlhbutton b pr......d.

,..
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, , 1_ 22 EVENT TIMER Digital event timer provides crew GROUP 4
with mean, of monitoring ,e' MNA
timing eventa. Event timer will MNB
Itart automati<;ally when lift_off TIMERS
occur •. MNA

MHB
/MDC_U9)

, , 1':_2.2 EOS Annunciator Auembly Providu LV .tal"s. EDS_l, -,
lno placard) BAT A

,e' B
(MOG_B)

Location

Moe_ I ICont)

,.
'1l
0
t"

'"t" it0
N

0 :>-
'1l ,
'" 0

'"
w

:>-
,
'">-l t"(5 0

Z ()

'" :-

'" ~:>- ~

z ,
tJ --'" -0
0

'"

Group 4, MN8, and timer., MNB,
circuit hreakerl in serie ••

Group 4. MNA. and Iimer., MNA,
cir<::uit breakers in seriel.

When annunciator allembly lighll are
illuminated for extended ~riod.,

temperature in exce •• of 150'F will
relult. Avoid body contact.

Timer loc .. tcd On MOC_1 will relet
..nd rell ..rt automltically H any abort
occur I.

Logic power ia .upplied to MOC_ l
.witch,," from SCS LOGIC BUS
circuit breakeu via LOGIC
POWER l/3 switch fMDC-71.

Light ServeS to alert crew of
e.nergency situation where abort i.
required immediately. Light il
backup to voice communications
from ground control. Redundant
bulbs are controlled hy redundant
command. through VOL, real· time
command .ystem.

DC m ..in
h ....e. A '" B

Power
Seurce

DC main
bus,," A " B

Battery
buulA&B
when EOS
POWER
switch il ON

Battery
u.etAI<a

when EDS
POWER
.witch il ON

EOS_I, _3
BAT A
BAT B

(MOG.S)

LOGIC BUS
1/2_MNA
LOGIC BUS
2/3_MNB
(MDe_B)

Circuit
Breaker

Sends logic .'gnal to EDA to
inhibit roU and yaw rate BMAG
aumming ;n EDA yaw rate aignal
now.

Function

Illuminates ....d to indicate that
abort hall. been ..eque.led by range
...fely office,. or ground control.

Name and
Po.ilion

ABORT lightI_ll

p_ 16H

Panel IA.... ,. IGdd

'"••_.
0
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~

~

:>-

"
_.
~

~
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>z,
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'1l•..•
LV RATE light lliumin..tel red when LV ..ngular

r ..tel exceed predetermined
limitl .

Indicate I n~ces.i1y for manually
initiated abort when u.ed in conjunc_
tion with angle_or. attack dilplay and
FOAl. Jlluminateo when an abort il
initiated automatically.

S-ll SEP light Illuminatet red to indicate fint_
stage jettison and extinguilhel
when second-stage inter stage
Ikirt is jettiloned (.econd plane
teparation).
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Locatioll.
Name aQd Circuit Powe..

P ...... l Arell Grid Po,ltloQ F1,lll.ctioD Break,. .. Sour"" Remark.

MDC-l leont)

, , K_ZZ LV GUID lighl Ilhunlnat"a red to indicate loa. of EDS. I, ., Battery
attitude ..eference in LV guidance BAT A bUle. A .. B
syatern. 00' B when EDS

(MOe_8) POWER
.wltch ia ON

I I K_ZZ LV ENCINES light. Lights are monitored for pouibHity
of having to manually inlliatto .bort

I llh,lmi1'lllt" " y"lIow to indicate afler auto aborl capab,iiity lIa. been
when No. I engine of any LV inhibited. Staging ..,quen"," mo,
atage ia operating below ita aho be monitored by til ..... light •.
predetermined levd of Ihru.l.

• Illumi...tu yellow 10 indicate
....1...'" No. Z engine of any LV
au.g" ia operatina below ita
predetermined level of thru.t.

, Dlurninat"a yellow to Indi<:ale
when No. 3 enalne of .ny LV
atage la o!'<'ullna below Iu
predetermined level or thru.l.

• mumln.tea yellow 10 Indi<:.te
when No. 4 engine or any LV
at.,e ia oper.tln, below iu
predetermined level of thruat.

, illuminate. yellow 10 indi<:.te
when No. S engine of any LV
atage I. oper.ting below iU
predetermined level of thruat.

, , L_lI LIFT_OFF .nd NO AUTO
ABORT awil<:h-lirhu

LIFT -OFF White li,ht illwninalu .t lifl-off UFT OFF/NO AUTO ABORT
and will be extinawahed al awit<:h_Hghl <:ombin.t1on ahould be
<:ornmen<:emenl of firal .I.ge preued if LlFT OFF Iighl do,," not
.taging during ••<:ent phue. "lluminate .t lift-off. (Refer to

m.UI1R<:tion pro<:edurea hI AOH.
olume l.l
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Locatio..
Nam~ and Circuit Po.~r

Panel Ar". Cdd PoilU.." FIla,,!I.... Breaker Source Remuk,

MOe·l lContl

, , K.2:1 NO AUTO ABORT S...itch·lilht ...m IUwnlnate red £08-1, ., BaUery Aftro.....1 _ill pre•• ....Heh-Habl
al lift-off ir either of LV_EDS BAT A b"a,..AIoB which will declrieaUy enable
1',,10 abort • .,.tema hal lIot been ~d • ....ben EOS LV_ E05 a"lom.llc abort .yatem.
automaticaUy enabled. (MDC·a) POWER If lilM alill doe. not 10 out, H

.witch i' ON indicate. that on" Or both or d... l
red .....dant £05 .yatem. la not
en..blood. In tllia ,.vent. crew m ..at
be prep.nd to Inltiale .. man...1
abort. If neee••• r.,.

, , M.ll LES MOTOR FIRE .....itch .. Backup Iwltch to jettiaon L£S SEO Battery LES motor .. normally '.utomat!.
IOWIU ill .,,,.nl tower jatt••_ EVENTS bUUI A .. B caUyl fired by MESC approxlm&tely
moto.. fait~d to II..it~. CONT SVS A O. I ...co"d foUowlnl abort i"IUaUon.

b. Back..p awitch to Hre launch ARM' It may ~ ....d for back"p for t_.. r
~u:.pe motor 0" US abort. BAT A j~UI.o" motor _Iy art.r "ormal

"'.T • m~.u of LET J.ula.... hal fall..d.
(MOC-B) Thi. I.....wnl"'that LET .eP1Ora-

t;o" "ut••r. r ••c:t....ed.

, I N.Z I CANARD DEPLOY .....iteh Back..p ...Iteh to deploy "."ard Pu.h.type ..... Iteh. Ca"ard ....ill
when It doe. not deploy normaUy (a..tomatic.lIy) deploy
."tom.. tic.Uy durlnl abort. " .eco"d. arter LE:S abort

initiation.

, , N_ZI CSM/LV SEP .witch .. S....ltch for normal CSM/LV P".h-tJ'pe ..... Iteh to "'P1Or.te SLA
.ep..r.tlon aft.. r a.e.nt ph..... ....hen SPS ..bort C..Mot b. InlU.. ted
or mi ••ion. (Rder to SLA .... Ith Comm..nder'. tranal ..tlon h ..nd
.ep.. ratlon m.ch."I.m i. co"trol. SPS ..U.,e arwl flrl"l ...o"ld
'ectlo" Z. , b~ m.n".1 f ....etlo"•.

b. B.ek..p ....itch for CSM/LV
...p..... t1o" if It doe. 00<

.~p.. r.t~ .uton,.tle.lly du.-
In, SPS .bort. (Refer to
SPS abort p.oc~duru.J

, I L.Z3 APEX COVER JETT .w't.,h B".,k..p .witeh to j .. tti.o" CM ELS A . Pu.h_type .wltch to jett'.on eM
.pex COver. BAT A .pex "over If ...tom.tle .yatem r.il.

ELS B . durin, .bort Qr e.rth I.ndlnll aft...
BAT B normd ml••lon.
(MDC-B)
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LocatloQ
Name aDd Clr.."it Power...., Au,.. Grid Po,itillfl Function Breaker Source Remark.

MDC-I (Conti

, , M_ll OROOUE DEPLOY awitc" Baekup aw;!ch 10 deploy droll". £1.5 A - Battery Pu.h.t~ .witch_ DroK"'" par••
pill.chlll.... BAT A b".... A .. a chute. will normally (aulomaticaUy)

£1.5 B - deploy Z uCOfIda .rIC .. Zot, OOO_foot
BAT B baro Iwitche. doae.
(MDe_8)

, , N_Z3 MAIl>: DEPLOY awitch Badu,lp aWilch to deploy main Pu.h.type .witch. Main para"h,,!,".
parachutl' On nOrmal dea"ent will normally (automatically) deploy
ph...... Switch for main when 10,OOO.(00t b"ro awitchea dOle
par",,;:hul" deploym.,nt ". durin, de.cent. Switch may alto be
mode IA LES al;lorU, if oplional uled to initiate manual deployment
lIule ia deaired. of main pa ..achule' .ul;.. equent to

aoort. ;nillat"d prior 10 4Z • .,cond.
aft"r UtI-off.

, , O-Z I £1.5 .witche.

LOGIC Provide. oallery voltage to ELS NfA Logic '''''lf~h i. po.itioned up during
logle arm circuitry. Circuitry entry or after SPS aoort to arm ELS.. automatically armed during logle drcuitry. Thi. circuitry i.
L£S aoort;( ELS_AUTO/MA1\ armed automatically On L£S aoortl.
....ilch (MDC_ZI i. in AUTO ELS i. controUed by baro .witch
po.ition. do.ure and time-delay relay. after

being arm.,d.

OFF Removc. ballcry voltage from S.... lIch .hould never be po.itioned up
ELS 101lc circwlry. durinC launch and a'cent cxcept a'

backup durinl LES aborl. LES
U.....cr. apcx co..c •• &:«'1 ~rachulc,

miChl ~ jclti.oncd.

AUTO .. Prepare. E1.5 tor automatic Normal po.ition of .wilch.
aclivate during LES aborl.

•• Allow• ELS 10 function
autom.lically during de.cent
of CM.

MAN Dhconncctl logic Armina S.... itch may be 'el 10 MAN po.illon
circuitry from ELS controlle •. att .... drogue parachut... d ... ployn>... nl

during .bort iniliat... d prior '"4Z arcond. aft... r lift_Off. Main para-
chut.... mull b ... dcployed manually
with MA1N DEPLOY pu.hbulton
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Location

Panel IArea IGr~ Nama ud Clr""'t Power
Po.ilioD F....ctio.. Breaker Source Remark.

MDC_) (Cont)

, , O.ll N/A Battery IMDC-llafter .witch i. u:t to MAN
hue.a A .. B po,ition. 11 main parachute. a.e

deployed manually, E1.5 .witeh m..at
he let b.c:k to AUTO to .lIow main
parachute 14· ...cond time delay. to
arm MAIN RELEASE ....ilch.

, , O.lO ll.'1 CO

L.M/CSM Enlble. body_ bending nile u in SCS DC main Power to awitch i, enabled through
5CS AUTO TVC control path. LOGIC BUS hu.u A&.. 8 LOGIC 213 powu' aWitch On pinel 7.

3/4_MNA
CSM CrIablu different fill".;ng in ZI3.MNA

SC AUTO TVC control path.

, K D_ll CM RCS LOGIC RCS LOGIC Two_po.ition toggle .wilch.
MNB

CM RCS LOG'C "ppHei power to eM PRPLNT (MOC.8) Switch mun b<o in up po.ilion betore
(up) DUMP .wilch on MOe_I. power ,. avail.ble to the CM

PRPLNT DUMP, PURGE, ..nd CM
Applies po.....er 10 O. to ,*Z.ucond RCS HTRS switche-, And circuitry
time delay. (from lift_off). If conlroUinl ..utomalic trander .,
an abon i. initiated durinl this enline firing commands from SM
time, automatically iniliat... RCS to CM RCS engines.
rapid o ..idiur dump, followed
S uconda later by rapid fuel
d ....... p, And followed 13 uc....d.
later by purle.

Applin power to relay contact
poinu that are closed upon
.eceipt of an abon siln,,1 (from
o to tower jellison) Or on eM SM
uparation .....hieh appHes po.....e.
..utomatically to RCS tran.fer
moto••.

Applin power to the CM RCS
HTRS .witch (LE8_I01J.
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Lo"...tion

Are. IGrid
Name and Circuit Power

Panel Po.ition F\Ulctiol\ Breaker Source Remark.

MOC-I (Cont)

OFF Remove. powe .. from eM Re' LOC<C DC main
PRPLNT DUMP and PURGE MNB II.". A &. B
.witch.... and eM Res HTRS (MOC-8)
.witch •• well •• RCS logic
elrcuitry for automatic RCS
Irander .

eM PR,PLNT •witch". Re, LOGIC Guarded two_poaiHon toggle switch
MNA and (."tival... expioaive_operated valv''')., K 0_22 DUMP Enabled by eM Res LOGIC MNB During normal entry, .witch i.

.wil<;l\. (MOe-8) placed to DUMP (up) position at main
parachute line 'IrO'kl\. Remaining

nUMP (up) EnerKior. ... r.,tay. 10 ener-gi ..... propellant. no then burned off

" eM Res engine_injector through 10 01 the IZ ReS enginea
valve. direct colh lor propel_ (excluding tPI. Dump .witch not

lant burn. utiHud in 0 to .2 .....ond aborts
(from lift-off), except a. a po••ible

Initiates two heliwn interconnIOct backup to initiate Interconnect .quib
.quib valve., ,,, fuel ;nter- valve ••
conned .quib valve, and one
oxidiur interconnect .quib
valve.

OFF Oe_energlze. rday. removing
power from CM RCS engine.
injector valve direct coila
anowing valve. to close.

, K O-Zl PURGE Guarded two· position toggle .witch.
Switch manually let to up position

PURGE (up) Energi:tes relays required to after eM RCS propensnlburn hal
initiate the two fuel &lid two been completed (approximately

oxidizer bypass squib valve. 88 lecond. after activation of DUMP
for purge. .witch, ,,, IO_engine burn ..,

lSS seconds for S-engine burn) to

OFF De_energizel relays. deplete the helium sOurce pres'ure
al well a' purge the .ystem. (Purge
operation approximately 14 lecond •• )
CM RCS LOGIC and CM PRPLNT
DUMP .witches muat both be in up
pOlition before purge operation can
be initiated.
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Locatio..

Panell Atea IGrid
Name and Circuit Po..."r
Po,iti ..n YWlctLoQ Breaker Source Remark.

MDe-1 leont)

, K C.l) RC' LOGIC DC main Switch will not be utilized in o "
MNA and buuI A &< B 42 ...cond aborh (from lift_offl.

MNB except a. '" po.alble backup to initiate
(MDC-a) _quib valve ••

, K N_23 CM RC' H. DUMP awltch Utilized ... backup to eM Pu'hbuUon lua..d..d .witch which
PRPLNT PURGE uliteh. provide. backup capability fOr

initiating helium purge operation
H. DUMP Enerllzea relaya required to ;n event of eM PR,PLNT PURGE
(pre.."d) initlat!! the two (ue! and two awilch Iailure (MOC.I).

oxidizer bypa•• squib valve.

for purg",

OFF (rel.......d) Oe-enu'gizea relayl.

EVENT TIMER .witch... TIMERS
MNA, L P_2l RESET/DOWN MNB

RHEB_229
RESET ET will u,."t to :zero and atop

countinl·

CENTER ET will count up wh"n runninl
or al"wing.

DOWN ET will count down wh"n running
or .l"wing.

, L P.lZ START/STOP EY"nt timer .b.rt.. automaticaUy
when lift.otf OccuU. SWilch ia

START Starn eyenl timer. momentary On towarda START
po.ition and maintained On In

CENTER No function. other two poaition•• Timer will
r"a"t and atart counting up if any

STOP Stop. eY"nt Umer. abort i. initiat"d.

, L P·ll M'N

TENS R=. MIN indicatinl drum '"tena.

CENTER No function.

UNITS Run. M'N indicatinl drum in
unitt.
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Location

Pinel IAre.. IGdd
Nam" and Circuil Powltr
Po.ilion Function Breaker Source Remark,

MDC •• IContl

, L p.2.) 'EC

TEN> R=. 'EC indieal,n, drum '" TIMERS DC main Control .wltch".. provide me..n. or
len•• MNA bun, A 10 8 runnin, eyent tim... to any deal red

MNB leltin, and In. _prlna-Ioaded to
GENTER No function. (RHEB_ZZ9) "enler po.ition. Indleat.. druma

o:.an be run up or down. depending
U!\1TS Run. SEC Indiclltinl drum in On po.i1ion of RESET /DOWN ....iten.

units.
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Location
Name and Cin:uit Power

Panel IArea Ierid Position Function Sreaker Source Remarks

MDC.Z----
LEFT PANEL System StatuI Light .. elw DC main Caution and warning lighta•• embliea

(Caution and Warning) MNA bus.,. A & B on panel 2. should be limited to 10
MNB minut". of operation with ..11 lamps
(MDe-51 on to avoid excesoive heating of lamp

...embHe •.

5CS ""tu' light.

, A C.30 BMAG_I TEMP Lilh! illuminate. when tempera- Yellow light •• BMAG POWER 0
lure of any gyro in GAl ",,, ..eed. switch mUll be in WARM UP or ON

I limit. of 170",*,1.·. position for light to operate (MDC-7).

, A C-30 BMAG-Z TEMP Light illuminate .. when tempera- BMAC POWER l .witch muat be 11\
ture of ."y gyro in CAl exceed. WARM UP or ON position for light

I limits of 170"sZ". to operate (MDC- 7 l.

SPS .tatu. light.

, A C_30 PITCH GMBL I or Z Indicate. over current hal 'iellow Hghta. Overcurrent condi·
occurred in primary or .econdary tion dependent on time and tempera-
drive motor of pitch gimbal tuce.
actuatoc.

, A C-30 YAW GMBL I or 2 Indicates ov.. rcurc ..nt haa
occucr..d in pdmacy or .econdacy
dciv.. motor of yaw gimbal
ac!uatoc,

RCS .tatu. light.

, A C·30 eM RCS 1, , I and 2 lighu ace identicd in All light. ace yellow. eM Res 0
opecation ,"ith their c...pective and 2 lighu will not illuminate when
• y.tem•. CAUTIONfWARNING mode .witch i •

in CSM po.ition. ReS INDlCATORS
lndicate. an underpre ..ure con· .dect .witch (MDC-2l will be utili:ted
dition in regulator manifold prior In conjunction with the following meter
to pr ....udzation of re.p..ctive to determine maHunction. within a
• yst ..m. .y.tem•

Indicate. over Or under pre ..ure eM RCS.PRESS.MANF
condition (belo," 260 p.ia or above
330 p.ia nominal) in regulator
n,"nHold of relpective prelluri-
zation .yst..m.
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LoC.lUloft
Name ."d Corellit Power

Paoel IAn. IGrid Po.moll. Fu.nctioD Br...... r Source Remark.

MDC_2. {ContI

, A 0·)0 8M ReS A, D, C.D A. D, C, OJ' D lI,ht, are Identical C/W DC main Yellow IIcht., Res INDICATORS
0_31 In opentlon wlthill their reapee- MNA b'ue- A &0 B ulect .wltch on MDC·Z will be

tlve qlla,h, MN. utilized in conjunction with the
(MOG_51 lollow!ng mete... to determine mal_

!nelle_l.a One of the follo..ina: {unctiona within .. particular Res

-. P.ck..... temperature bdow quad;
7S"F or above ZOS'F
(nominal). SM ReS.TEMP PKG

b. Secondary fuel pr•••ure
(SEC FUEL) balow 145 pll.. SM RCS-PRESS-SEC FUEL
or above ZIS pale (nominal).

EPS at&tu& Uehh

, A C_31 CR 'fa PRESS Indlcat". lank pre.,ur" • •• Yellow light wHl illuminate if either
Callow.; or both HZ tank, are ,boYI! or hl!low-. Hydro&I!n propl!r pr•••ur. limit•• Pr•••url! In

2Z0 pilI. or helow HZ tanka can he monItored hy mettlra
270 plla or ahoye on MDC.Z. (CRYOGENIC TANKS_

PRESSURE-HZ I and Z)

b. Oxy&en Yello,,", liaht will illllmLnatl! tr .Ither
800 pall. or helow Or both Oz tank. are ahoye or helow
950 pall. or ahove proper pre.aure limlta. Pre ••ure In

Ol tank. can htl monitored by met.. ra
00 MOC_Z. (CRYOGENIC TANKS_
PRESSURE-Oz 1 and Z)

ECS .tatu. Uaht.

, A C_3l COl PP HI bdlcat.. wh.o COz p.rtlal pr..- YeUow U,ht• Contlnuoua partial
• ure reach•• 7.6 mm HI. pr."ure ia dl.played by PART

PRESS _ COZ Indicator (MOC_l).

GLYCOL TEMP LOW Indicate. when water_llycollrom YeUow U,ht. Continuou. temperatu.rtl
primary .paee radiator outltlt h dhpl.yed by ECS RADIATOR
decre••e. to _30·F. TEMP.PRIM..oUT LET indicator

(MOC.Z),
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Location

P ..nel IArea IGrid
N.....e aod Cireui~ Power
Po.'~lo" FuDetion Break"r Soure" Rem.rk.

MDC_2 {ContI

RIGHT PANEL Sy.t"m Statu. Light. e/w DC main• (Cau~ion and Warning) MNA bu.". A It B>

" MNB

~
GltN .u.tu. lIghu (MDC-5)

• , A D-33 eMe The CMC .tatu. light will illumi_ aed light,• nate if the following occur.:, .. Lo.. of prim.. power. Item... through k w1l1 eau.e re.tart

0 b. Sealer fail _ if .ealer .~age in th .. CMC. Thh will aha ilIumi-
0 17 r.ih to produce puhu. nate ~he RESTART • PGNS Ught•
Z• ,. Coun~er faU - eon~inuou. on LEB_H2.
0 reque.u or raU to happenr

" following increment reque.t. The CMC ligh~ all. LEB_122 will al.o
I d. SCADBL _ 100 pp••caler be a"tivat ..d.

~ .tage ;>ZOO pp•.
Z <. Parity rau _ a""e....d word.

" who....ddr.... i. o"tal 10 orr
N

gr..uer, "ontain, ev..n
number. of one.,,. Int.. rrupt • too long Or ;nfre-
qu..nt - 140 m. to 300 m •.

g. TC trap _ too many TC or
TCF in.truelion. or TCF
inatruct;on. too inrr ..quent.

h. Nigh~ watchman _ comput.. r
falh to aCCe .. addr.... 67
within 64 ..." ~o I. n aec,,. V rail - 'Iv .upply '>4••v

'Iv .upply <3.6v
14v .l,lpply ;>16. Ov
14v 'l,lpply d2. 5v
Z8v aupply <22. bv

j. U o.dUator atopa.

•• Standby•
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pan~ll Area
Name and Circuil Power

Grid pglition r ....cHon Breaker Source Remark.

MOe-2 lConl)

, A D·}) ISS The ISS aUI". light will iUwni..a! CfW DC main R" light.
if the roUowinJ Oee\lr.: MNA bus". A &. B.. lMU fall: MNB lMU f.U ait".1 inhibited by CMC

I. 10 aervo error :>2. 'J mr (MOC.5) ..hen In co~o.r... alig .. mode.
for Z ...c.,. MG aervo error '2. 'J mr 1SS IIlht on L£B.!ZZ illso
for 2 ...c, ilIum.nated.,. OG aervo errOr :>2.9 mr
lor Z ..'c.

•• 3200 Cpl <:50"10•
5. aDO ",hed aupply <50'10.,. PIP" fail: PIPA rail dgnal inhibited by CMC
I. No pulu dllring 312.5 "xcept during CMC-controlled

maec period. t .....I.tlon Or thrusting.,. If both + !< • pula". occur
during 312.5 muc pI!riod. PONS and PROGRAM light on DSKY,. If nO + ... puls ... occur also llll,lminat ..d.
between l. 28 to 3.84 nc.

'. cou rail: coo rail aillnal by CMC durinl COU
I. COO fine errOr ,1.0 ~ero mode.

vrm •.

•• COO eoar.e error ,l. 5
vrmf.,. Read counter timit >160
ep•.

•• Cu. Ie • +) <:l. Ov.
S. ~14 de supply <5070.

SPS Itat". IilIhts

I • A C_ll

, A C-H SPS PRESS Indi<:-at•• oxidizer and/or fuel Y.llow Iilht. Continuoul pres lures
ulialle tank pres.ures (..ellulated are displayed by SPS PRPLNT
helium prellure.) are not within TANKS·PRESS_FOEL and OXlO
proper operatlnil ranile 057 to indicaeotf On MDC_3.
lOO plla nominal).
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Locatio"
Name and Circuit Power

Pan"l Area Cdd Po.ition F\ll\dion Br"ake .. Source Remuk.

MDC_Z (Cont)

EPS atat". light. C/W DC m;tin
MXA bu.et A" B

2 A C-H AC BU' , Indicatu lb. (011_1"1 condition. MKB The ydlow ._c bu. fail Hlhtl will not
exi,1 in any or the thu.e ph•••• (MIX:;-~) illuminate when aft""t" ._c bus

2 A C_34 AC BU' 2 of the r"_peetl,,. ,,·c but: nut .witch i. in the OFF po.ition.

'. Undervolta,e (95 "a" Or belo~

o. Ovenoll.,. (1)0 ....." Or abovcl lnvertcn wUl no! b. d'.conn."t"
rrom bua... on unclel'volt"'l_ condition,
but wHI be d'.connected from bu. Oft

ove..volta,e. Licht mutt be re..,t.

2 A D·H AC 8US I OVERLOAO Indicatea an overload ()I, l7 amp. Time Verau& overload I. 5;01 ...conda
total Cor 15*5 ."con,b Or ,t, for .hort circuit of 300_percent_rated

2 A 0.34 AC BUS z: OVER LOAD 11 amp. lor 5,01 aeconda) uiaU current per ph••• &nd 10 to ZO ..,c_

I on the respeclivl! a_c bus. onds for short drcuit of Z50_percent_

> rated current.
Z

2 A C_)) FC' l...cHcat,.. on. of the [oUo.... in' Event indicators fehc/mechl PH HI

N
conditions exht In the respective and F/C RAO TEMP LOW (MOC-))

2 A C_H FC2 fuel cell, are abo activat.d... HZ no.... rate above O. 161 Ib, A C_H Fel per hr. FUEL CELl.-FLeW-HZ and Oz and
o. Oz flo.... rat. above I. 276 Ib FUEL CEj..l.-MOOULE TEMP-SKIN

per hr. and CONO EXH meters on MOC-3
,. pH faclor or 9 Or OYer. Can be uud 10 detcrmlrle maUu.nctions
d. FC skin temperature belo.... in reapeclive fuel cell. FUEL CELL

)60'F Or aboy. 475·F. INDICATORS ..leclor ..... itch would

'. FC condenll!r exhauat tem_ be utilised In conjunction ....ith aboye.
perature below 150' F or
above 17.5'F.

<- FC outlet radiator tempera-
ture below _30·F.
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LocaHoD
Nun.. and Circuit Power

Pan"l Are. Grid Po.iUnn Fu.nCtiOD B.."",ker Source Remark.

MDC_Z (Cont)

, A C-33 Fe BUS DISCONNECT Indlcat" ... fuel "ell ha. been C/W DC main Yellow light illuminates whe" any
automatically dl.connected Crom MNA bu.... A&tB £uel cell i. aUlonatlcaUydiaconnected
doc main bu. Or doc main buae•• MNB from SM d_c bu. A and/or B. Qver_

(MDC.S) lo.d and reverse current unitl On
each fuel cell automatlcaUy dileOtl-
ne"t fuel cell output from b.a when
r"V"r,,' current >4 amp. Or forward
current >75 &mp. i ••""u,d. Lorn,
wUI not il1l,.m;nate when affect"d fuel
cell m.m bUI .witch i. in off po.ition,
Talk back indicators above FUEL
CELL-I, -'. and _) MAIN BUS A
and B '>Nitdlu Indicate a atriped
dhplay and which fuel cell i. dillcon_
nected from which bus.

, A C_H INY I TEMP HI indicates overtemperature (190' F Yellow light.
or morel exbh in respective, A C_H INY , TEMP HI inverter.

, A C-34 INY , TEMP HI

, A D_34 MN BUS A Indicates transient or sustained Yellow main d-c bus u.ndervo!tage
UNOERVOLT d_c voltage drop below Z6. ZS vdc lighh will not iUwninate when

on respective doc main bus. affected main b"s reset switch b in, A D_)4 MN BU' B off position.
UNDERVOLT

ECS status lights

, A 0-34 0, FLOW HI indica.tes when total ECS nxygen Red light illuminates at critical flow
flow reaches I Ib per hr for a rate which, if contin"ouB, indicates
period of time exceeding 16. S cabin leakage or oxygen s"bsyltem
seconds. l ....kage.

Cnntinuous Oz flo,", is displayed by

0, FLOW indicator (MOC_Z).

, A 0_35 SUIT COMPRESSOR hldicates suit compressor dilfer_ Red Ught.
ential preu\.\re below O. ZZ psia.

, A 0_)4 CREW ALERT Itatus light Activated by real_time cOTnmand System status light m"st be extin_
from ground station through gubhed by ground command.
UOL.
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l.oelltiOft
Name ....d ClrcIIlt Powe..

P...."l IArea ICrld Po,IUon FIlDCUOD Breake .. Source Remark.

MDC.Z (COl'lt)

, A 0.33 C/W .t.t""l Hght Indl<:atu when pawn npply C!W DC ml.ln Red. light. SwiteMng to red\lJldal\t
voltage (politlve or negative) II MNA buae. A" B power .up will extiniui.h .tUua light.
Gilt-ide of 11. 7 to 13. 9 volta MNB
normal range. (MDC-5) Audio portion of ...... ter alarm circuit

...111 not operate, a, lZ_volt tone
llenerUor power will be interrupted
by power .upply fl.llure. MASTER
ALARM Biht will I1lwnlnate.

, B F_Z6 FOAl No. 2. (no placard) Refer to AC bue 2. '. Power
Remark. DC main •• Rate &< error meter, are

Rat" Indicator. column, bu. B lervo....."tl'l<:. The pot rerer·
power. ..n<:o voUaaea come from

To, Dt.play o! roll rate. EDA powe.. lupply, which
obt.ln. Ph••e A power from

F.r rlgM DL.pl.y of plt<;.h rate. ACl <;.ir<;.ult bre.ker through
SCS INDICATORS POWER

Bottom Dhpl.y of y.w rate. .wlt<;.h.,. Power to the motor. h
Attitude error Indk.tor. obtained from the EDA whl<;.h

obt.ln••·e power from the
Top (belo .... roll rate Dhplay of roll error. SCS INDICATORS POWER
Indl<;.ator) ..... It<;.h .uppll.ed from ACl

c1r<;.ult bre.ker. l8VDCbu. B
RigM (left of pU<;.h D1.pl.y of plt<;.h error. from STABILIZATION
rate Indl<;..tor) CONTROL SYSTEM.SYSTEM

MNB c1r<;.ult bre.ker L••lao
Bottom (above y..... DI.pl.y of ya.... error. u.ed.
rue Indl<;.ator I •• R.te

•• lndk.tor eon.l.t. of • trl·
Euler angle 11Id!<:.ator (ball) .ngul.r marker with .<;..le
(glmb&1 .na1e repe.ter) m.rked.t 0, *I/S, ,*l/S. *3/S,

*4/S, .nd full .eale. Fon
Gre.t .emldr<;.le. The great .emidrde under Index .<;.&1e value depend. On pOli-

indk.t... plt<;.b Euler .ttitude. Uon of FDAI.SCALE .wit<;.h.,. Drive .Iinala are obt.ined
Sm.U c:lrdu The .mall drde under index from EDA ....hleh obt.ln. rate

Indk.te. y..... Euler .ttitude. In!orm.Uon from BMACI in
GA.l, norm.lIy. BMAC. In

Roll bua and .eale Indl<;..t.. roll Euler .ttitude or, CA·! wiH .upply r.te when
after .OS G, indi<;..tu roll .t.bility aeleeted by BMAG MODE
• ttltude, If drlvon by CDC. .wltehel •,. Indl.,.tore are ny~to di.pl.y•.
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Loc-.tloll

Pan,l IArea IGrid
Name ....d Circuit Po",,.r
Po,ition Fu.ncUon Breaker Source Rem....k.

MDC_Z (Cont)

Z • F.z6 Rete .. 10 AC bUI Z <. Error
Rem.rk. DC main "- Indicator conlil" of needle_
colwnn. "".. type poll'll'" and .cale marked
power. a. foUo...."

'.J Roll IU'" mark" at
O. d n . •nd full .cale.

(bJ Pil<;.h ..,d ya.. nu.rked al
O. ,*,/3. d/3. and fu.ll
'''ale.

Full-.".... value depen.h on
potition or FOAl.SCALI:
.witch.

z. Drive .llnah are obtained
(rom ED..... The input (.oureel
to the EDA II .electable
amon, th. follow'n.:
'.J C;"N CDU.
(bJ BMAO. In CA_1
(e:) ATTITUDE SET

....olv... t.
Tn. FOAI-SEl.ECT. FOAI-
SOURCE, and/or th. ATT
SET ."!Ichn determine
...hich &O\1 ..CI I••,l,cted.,. Indicato,. are ny-to dilplay•.,. Ball

"- Silln." to mOtor come from
urvoamp in £0..... The .llna.!
.oure. II elthe .. th~ IMU or
CDC &. ul.cled by p.n~l

.witch.. (ue FOAl. SELECT •
FOAI.SOURCE, and/or ATT
SET .wltch.. ).

DSKY (no placard) N'A N'A

Keyboard

, C K_Z7 CLR Pr~..lng th~ clear button will
blank th~ uahter b~ina loaded.

, C K.27 ENTR Thi. Inform. th~ CMC that the
aoumbl~d data i. complete andl
or execuu lh. d ••ired function.
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Location
Name and Circuit Pow"r

Panel Area Grid Poailion Function Breaker Source Remark,

MDC_l (Cont)

, C L-l7 KEY REL Releases the DSKY display a ini- N/A N/A
tlated by keyboard action 30 that
information supplied by a CMC
program may be displayed.

, C L_24 NOUN Set I compute,. to accept next two Prcning the nOWl button wHI initially
digitt .a noun code. blank the nOun window.

, C L.27 RSET Extinguiahes the statu. lamps that In thoa" areas where an errOr Or
are controlled by the CMC. malfunchon "xiatli, pressing the

reaet switch will not extinguish the
stah.. lampa.

, C K_27 PRO Informs routing requening the
operator8 ro:.ponse that the oper_
ator wishel the ....que.hng routine
to pro<;"ed withollt further inputt
from the operator; or place. the
CMC in the standby mode when
preued, upon requetl from the
CMC.

, C K_Z4 VERB Sets computer to accept next two Preuing verb button wHi initially
digits as verb code. blank verb window,

, C K_Z5 • Denotes data to foUow has positive
decimal value.

, C K_Z5 - Denotes data to follow has a nega-
tlve decimal value.

, C K_Z6 o through '1 Switches 0 to '1 used to enter data,
address codes, and action request
codes into the CMC.

REGISTER

, C I.Z6 COMP ACTY (light I CMC is engaged in computation.

, C I-Z7 NOUN (light I< display) A two.digit display, indicating On.board dat.. provides definition of
noun code selected. PROGRAM and NOUN digits.

, C 1.27 PROG (light I< display) A two-digit display, indicating
number of the program (m"jor
mode) presently in progress.
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Location

Panel IArea IOdd

Name and C;r.::ult Power
Po.iti .... FUllction Breaker Source Remark.

MDC_Z (Cont)

, C 1_26 REGISTER I (display) Di.playa contenta of .elected NIA NIA Oi.playa may be .elected manually
regiat" .. Or memory IDeation. or by CMC program.
Firat component of extended_
length data word, if applicable.

, C J-2& REGISTER Z (display) Di.playa content. of .elected
regialer Or memory location.
Second component of extended
data word, If applicable.

, C J_26 REGISTER 1 (dhpb.y) mapl.y. content. of aeledlO'd
regiater or memory location.
Third component of extended
data word, if applicable,

, C 1.26 VERB (light &0. dlaplay) A two_digit diaplay. Indicating On_board data provide. definition of
verb code .elected. VERB digit••

OSKY Statu. Light.

, C I_Z5 GIMBAL LOCK Gimbaled lock-light will Ulumi- Wuminatlon of Iightl warn. of
nate under computer control pending gimbaled lock condition.
whenever the middle gimlaled
angle of the platform exceeda
70 degre....

, C I-Z5 KEY REL Internal CMC program needa Requed for operator to pre.. KEY
OSKY circuitl to continue REL puahbutton.
program.

'. A ere'" keyatroke h made
....hen internal flaahing
diaplay h curnnUy on OSKY
(exceptiona: PRO. ENTR.
RSET).

b. Crew makea a keydroke 01'1
top of hh .elected mOl'litor
verb.

, C I·Z5 NO ATT Light will tUumi"ate ...hel'lever
the Inertial .ub.ydem h not in a
mode to provide .... attitude
referenee.
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Locatioll

Panel IAna IGdd
Name .....d Circuit Po...."r
Po,itioD F\l.Q.ctioll Breaker Source Remark.

MOC_Z (Conti

, C J.25 OPR ERR Litht ..ill mwninate when an NfA N/'
ille,.1 Iteyboa.rd entry b made
into the CMC.

, C 1_25 PROC Ll,ht Illuminate. when additional
tUDalOftl, o,.ration., or IMor_
rnaHon b ..eque.ted by computer
to complete apeciHc ope..aHOD Or
function.

, C J_2.5 RESTART Light will be iUumwted ..hen_
ever computer 10'" Into ..",tart
pro,ram.

, C J.ZS STBY Liaht will H illwnlnated whan-
eve.. computer ...bayatem I, In
Ilandby mode of operation,

, C 1-2.5 TEMP Ll,ht .ill illwnlnatl .haD"vel" Indicatea out or tolerance temper••
temperature or ,tabl" platform I .....". pl... Or mln..l. on .table
deviate. more than .t<S·F from platform.
nominal.

, C J_25 TRACKER L1lht iUuminatu whenever there
i, (,i1",... of One or optical COU.
or data eooc! dberet. not pre.ent
after readinl ranle hom VHF
DATA LINK (SC 106 only).

, C I.U UPLINK ACTY CMC i. recelvlnl data link infor.
matlon by up-telemetry.

A80RT SYSTEM .witche.

, 0 N.l5 , ENG OUT .witch

AUTO Acti"ate. EDS for a two-enlline LV-It!
out Ilutomatic abort capability by bauerie.
de-enerlllzin,l two-anlline o"t auto
abort deactivate relay•.

OFF Deaeti"at,"" £OS for a two_enlline The two-enlline out AUTO abort
out automatic abort capllbility by capability i. alao .hut off automaH-
"nerghlng two-engine out auto cally by IU prior to Itaginll'
abort deactl"ate relaya.
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Loc"t1"c.

Name and Circuit Po",,, ..
P.nel Ar•• Grid Po.ition Function Breaker Source Remark.

MOC.Z (ContI

, 0 N-Z6 LV RATES s ...;IC,h N/A LV.IU
h;atteriea

AUTO Activatea EDS for "xce•• ive rale.
automatic abort upabiHty by
de_ene ..,'.i", ",..,,,,,,Ive ratea
..,10 abort deactivate rday•.

0" Deactivate. EDS tor "xce ••lve Exces.ive r.t•••"to abort ".P"bLlily
ratu auton'latic abort capability i. also ,hut off a\llomiuiu.lIy by the
by enerabitl/l exce,.lve rate. lU prior to .U.II....
auto abort deactivate relay•.

, 0 N.l6 TWR JETT .....itche. Either .witch Initiate. normal SEQ £VE:'<TS >. Battery Three-po.ition tOllle ....itch with ..
I and 2 jetti."" 01 LES tOWle" aM .rm. CaNT SYS bua... A maintain po.ltion to AUTO and to

• .,stem. A and 8 oJ the SEeS A LOCIC B and B OFF and TWR JETT politlon It
abort c;rcultry for SPS abort. BATA ..ndB when the momenta~Hybein, .p~ln,-loaded to

(MDC.SI SECS OFF po.ltion. Afte~ LES tower hal
0" Remove. p<>"*'~ to .yU<tm. A .nd LOGIC/ bun manually jettltoned• ....ltd! will

B SECS ..bo~t dro;:uitry for LES EOSII<3 0" .prin, bad.. to neutral OFF potltion.
..bo~t. BAT A I< twitchet

BAT B a~e in the
AUTO P~ovide. fo~ ..... automatic tower (}oiDC.81 Lome

jetti........bnq..ent to any LES po.itiOl'l
..bo~t. (}oWC-SI,. EDS

ch"nge_
OVe~ b...
when the
EOS
POWER
.witch II
ON
(MOC-1)

, 0 M_l4 EOS Iwitch EOS I I< Batte~y Two.po.ition toUI, Iwitch. PrOvide"
EOS l buset A .. open Or clo.ed loop operation of EOS

AUTO Pre?"ru LV EOS a ..to ahort (MOG·81 ..utomatic abort enable ctrcullry.
circuitry for automatic enabllnK
at lift-off.

0" All auto abo.t capabllltiet a~e

di ..bted.,
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Locatio"
Name .nd Circuit Power

P.D.,I Area Grid Po~t;o.. Function Breaker Source Remark.

MDC-Z (CQntl

, D M-l? S.IVfl,/LM SEP ••itch initiate I "'J'&r&tion of LM from SEQ EVENT Sattery 'fhi. h .. tOl,le ...itch .-pri".-loaded
5- IVa au.ae. CONT SYS bus"a A to B to down po.itl ......

A ARM B
SATA.ndB
(MOC-8)

, D M_tS CSM/L.'d FINAL S£P .witches

Switches I and Z Either .wltch initiates ..bandon_
ment of LM or jettiaona the dock_
ina probe and ring subaequent to
SPS abort. Sackup to dod'il'li
probe fond ring automatic jcttiaon
durin. L£5 ..borta.

I
, D M_Z6 eM/5M SEP .witch... Swl~h I,,&rd. are diagonally ttrlpped

in yellow and black to caution aga!nlt
Switches I and Z Either twitch "ctivat,.. ayatemlA inadvertent .witch actuation.

and B to perform the followin.
function.:.. CM_SM de&d!~ce

b. CM_RCS pre••urize
,. CM-SM u~r~tion,. CM-SM ......r~tion pyro

co..trol cutout.

'. RCS control t ..~nsIeu
(providin, CM-RCS LOGIC
if In CM-RCS LOGIC),. SM jettilon controller IUrt.

, D O_l<f u..Ur,;CH VEHiCLE Iwitches '" EDS SWItch il p ..ovidf>d to c ..e .... on S-V
bUlel LV to enable em.rgency upna,ln,

S_ll/S_iVB onto the S~IVB In cale the S_U
p.rformance la out of tol" ..ancc.

LV STAGE initiates SoU to S_IVB naglna
a.quence o£ LV guidance pro_
,ram, in caae it II ..equl ..ed on
S-V LV durin, S_II boon.

DFF No function.
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Locatio..
Name and Circuit Power

PiOn,,) Are" Grid Po.it;on Functicn Breake.. Source Remark.

MOC-Z (Cont)

, D P~2.4 MAIN RELEASE switch Rei";.. ,,. main parachute from SEQ EVENT Battery Switch •• electrically enabled when
command module. CONT. SYS- buu,. A L B 10, OOO_foot ba..o .witchea cloa ..

A LOGlC S_ durinl norm.l de.cent and will
BAT At. rele..... parachutes when ,,,;:t""'t,,d.
BAT 8 Switch .hould never be moved to up
{Moe. g) {rdeanl position ""'til ..fter ..pl...h~

down. The awitch i •• pring_loaded
to the down po.ition.

, E N_Z4 PRPLNT DUMP AUTO .wltch

AUTO Enabln circuitry to 0 to 42 a"C- SEQ EVENT The 42- ..,<:ond timer', enabled by the

ond timer., and it .n abort ia CONT - SYS CM Res LOGIC awitch (MOC-I),

initiated from 0 to T + ~2 ucond. LOGIC A .tart at Hft*off. Auto dump capabU*
CM RCS oxidiz.. r ia dump..d BATA ity i. di.abl..d aft .. r T + ~2 seconda
followed !> ..,cond. later by CM LOGIC B by cr..w placing awitch to RCS CMD.
RCS fu..1 dump, followed 13 uc* BAT B
onda lat.. r by CM RCS purg.. of (MOC-8)
fu..1 and oxidiz.. r .yat..ma.

RCS CMD Diaable. auto oxidizer dump
circuitry at T + 42 a"cond••
Allow. RCS latching r"by to be
controll ..d automatically upon
LES abort dt"r T + 42 .econd.
to tow.. r jeUi.on, Or upon SPS
.bort or CM/SM ...paration.

, F 0*24 LAUNCH VEHICLE*GUIDANCE Selech control of launch vehicle IMU MNA &. 28 vdc_lU

awitch guidanc... MNB .",
(MOC*5j DC main

m Normal poaiUon for thi. awitch. GIN POWER bu.... A &. B
Allow. Saturn guidanc" ay.tem to IMU SWITCH
(unction norm.l1y and control
flight of apacecuft•

CMC Will initiat .. Saturn guidance take* S ....itching to thi. po.ition enabl...
over mode of PGNCS. manual attitude control of SIVB

through 11.e of rotation control, U.ed
only during non*thrusting mode ••

Switch can b.. guard..d in .. ith .. r lU
or CMC poaiUon.
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Loe:uloQ
Name and CircuIt Power

Panel Aro. Grid Po.itioo Function Breake .. Sollrce Remark,

MDC~Z (Cant)

DOCKING PROBE IwU<:h".

, H £.2:8 EXTD!REL!OFFI DOCK DC main
RETRACT PROBE buus A &< B

MNA '" MNB
EXTD/REL Appliel d-c powe.. to the probe (MOe-8)

extend latch rel...... ,olenoid,
capture latch r"lea... motor
and indiCaton.

OFF Removed d-c power.

RETRACT Appli... doc power to the Capeure latch .e"alni .wltch...
DOCKING PROBE.RETRACT. located In probe head will have to
PRIM and SEC .witch.... be dOled to power LDEC relay•.

RETRACT .witeh...

, H E_Z8 PRIM DC main
bu. A

1 Controh doc power from bu. to
pyrotechnic initiator On No. 1
nitrollen bottle.

CENTER OFF polition.

, Controh doc power !rom bu. to
pyrotechnic initiator On No. ,
nLtrolen bottle.

, H E_l9 SEC DC main
bu. B

1 Control. d_c power from bu. to
pyrotechnic initiator on No. ,
nitrogen bottle.

CENTER OFF po_mono

, Control. d_c power from bu_ to
pyrotechnic initiator on No• •
nitrogen bottle.
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Location

Paotel IAua ICrid
Nam" and Circuit Po .....er
Po.ilion Function Breaker Sou.,;,. Remark.

MOe_? (Cont)

PROBE indicatou

2 H 0.Z8 EXTD!RETR A Striped_line <liaplay indicatu DOCK DC main Probe inelieaHn, .""tcll,,& will open
probe in mot·;on. Gny di.play PROBE bu.". A ... B at (ull extend Or retract poaltion,.
;ndkatea completed mOvement. MNA

OTO/RLTR B Strlp<e<l-line dbplay Indi".'u DOCK
probe in motion. Gray dbpl.y PROBE
indkat•• completed movement. MNB

CM RCS indicator.

2 • H.Za He TEMP lndicat•• h.Hun> lank temperature L"lSTRU· Three indicatou .re identical in
of eM Res .yatem I Or Z, a. MENTS operation. £ach one con.ian of
.elected by ReS INDICATORS E55 d'Auonval_typa metn with fl.ed di.l
••itch. (Meta. '''na'': O' to MNA &. MNB and moyable pointer. Poinler move·
100"F. J (MDC.S) ment i. verlieal. a' ob.erve<! from

ereweaueh. E.1t.eh indln.tor i.
2 , H.18 PRESS·He Indieata. heHum tank pr.uure of eapable of aeeepl;in, input .i,nab

eM RCS .y"em I or Z. .. from CM or SM RCS. Di.playe<!
.eleeted by ReS INDICATORS information h determine<! by po.iHon
• wlteh. (Meier ran8e: o to SOOO of RCS INDICATORS .....Iteh .
p.ia. I

2 • H.l9 PRESS.MANF Indieale••elwatnr manifOld
p",uure of CM RCS I o. l aller
pre••u,;,.ation a••eleeted by
RCS V<D1CATORS .wlteh. (Metn
range: o to 400 p.la. )

2 , L.l9 CM RCS PRPLNT .... iteh.,. Two fu.netion.lIy ldenlieal flCS- PROP E.eh .....itch II three_po.iUon tOllle
•wilche •. Elch .wllCh eontrob ISOL .witeh .pring.loaded• aUowin, it 10
the Openinl Or do.lng of fuel Ind MNA fa. relu..n to center po.itlon alter pllcina
oxidlu. propelllnt holation vllve SYS I " il to ON or OFF po.itlon.. Eaeh
wilhin ill ....peetlve propelllnt MNB ,., valve eontlin, polltlon mlcro,witch
.y.lem. SYS 2 whleh eompletu circuit {or operlUng

{MDC.8) valve pol ilion event indieltor
meehlnl.m.
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LocatioD
Name and Circuit Power

Panel IAre. IGrid Po,itiD", Function Breaker Source Remark.

MDC_Z (Conll

, • L.n .. , Ene:li~e. propellant i,olat;on ReS.PROP DC main Place to ON prior to Iift.o!l; then to
valv," lolenoid. 10 open po.ilion, ISOL t........ A .. B CENTER.
m1lnetically latched open. UNA for

SYS I "",d
CENTER Remov•• _.,lenoid .lIcitation; MNB for

valve I rem.... in Ilu cotnrn.all<!ed SYS Z
po.ilion. (MDC.8)

OFF EDer",,"a propellant i.olation
valve lolenoid. to dOled po.ition;
.prln'.I....ded cloud.

, • K.l9 eM RCS PRPLNT·! " 2 event Striped-lin. di.play indkat... SM ReS Each indicator i. Iwo.poaitiOCl device
indicatou do.ed condition of valve. cOn_ HTRS B ..ith nrlpe<l-line di.pl• .,.. cO<ltrotllE'd

trolled by , ..itch located directly UNA for by power app!icalion U>d .ny d'aplay
belO'll' evei'll 'odicalor. Cny SYS I and by power remove<! action. B....
diaplay indicatu open condition. '" Res valvea mu.t be open before ,ray ia

HTRS A di.playitd.; either or both valvu
MNB for e1oae<!. diaplay will .how 'lripecl.
SYS l

, • K-ZI RCS CMD a..itch

ON Enulhe. l&tchin. relay arm coil SEQ EVENT EPS ballery Three_po.ition tOllle ....itch, .prinl_
applyin, power to enable control- co:-n SYS- bu"e. A a. B lo.ded to center po.ition. S...itch
ler ruction jet on.off ...embly ARM A aU...... manual enable_iohibit function.
throulh AUTO RCS SELECT BAT A to controller reaction jet on-oH
"witche". Af\M B a ••embly,

BAT B
CENTER 10110"" SECS to automatically (MOC.8) lnhibit_enable function. provide

coo..ol latchinl relay. direct control or backup c.pabllity to
SECS automatic control of RCS
latchinl relay.

OFF De_enerl'>;'" lau:hlnl rel.y .afe U LES aborl occun afUr T + 4l
call remo"ing power {rom cOn_ .econd., SECS automatically e1o.....
troller reaction jet on_off a ••em_ relay I ICcond after abor! initiation.
bly and AUTO RCS SELECT If SPS .bort occun, SECS '0110-
• wilehoe •. matically elo..... relay 3.8 ICcond •

&Iter abort initiation, ELSC b.ro
.witch input automatically caUle.
relay to open It apprOJ<lm.ttely
l4, 000 reet durlnl CM delcent.
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Location
Name :..ld Ci~cuit Power

Panel Area Grid Po.itio", F\Ulction Breake,. Source Remark.

MDC.2 (Cont)

, I G_33 ReS INDICATORS .""i~ch Selecu Inputs 10 propellant tern_ N/A N/A Six_po.ition rotary .witch. eM
perature, pre ..ure gaugea, eM .election of .witch, p",.it'ona I and ".election. I and Z function. arc permit monitoring command module
identical within their respective propellant .yatema I and Z. SM
syatema. SM .election. A, B, aele<:tion of awitch, po_irion. A, B,
e, and D function. are identical e, and D permit monilOring s"rvic"
with," their re.p"cti"e .yatem•. module prop"llanl .yalem. of quad.

A, B, e, and D.
eM _election

,. , Connect. eM Res ayalem I 1"
.'gnal outputs from temperatur ..
and pre ••u .... Iransducer. to
appropriate indicating device •.

8M .election

A, B, e, D Connect. SM RCS quad A (B, e,
and Dj .ignal output. from tem-
perature and preaaure tran.ducera
to appropriate indicating: devicea.

, I K-l9 ReS TRNFR .witch

eM Energizea motor aw,tch cau$ing RCS_LOGIC DC main Three-po.'Uon awitch••pring-loaded
the following: MNA L MNB buaea A " B to center poaUion. Switch provide.

" Connecta CM RCS engine. to (MOC.S) manual backup for automatic trander
controller reaction jet on_off function, or allowa trander prior to
a$aembl.,. automaHc .eparation aequence.

0, Remove. power from Handa·
tion control a. far aa tranala·
Uon maneuver. are concerned.

CENTER Enablea SEeS autom.tic control
of motor ,witch.

SM Energize. molor ,witch, cauaing Muat be in thi' po.Uion to .tart SM
contact a to cloae which connect jetti$on controller at CM·SM
SM RCS engine. to Ihe controller ,epa ration.
reaction jet on_oH •• aembly.
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Location
Name and CiHuit Power

Panel IArea. Grid Po.ilion Function Breaker Sourc .. Remark.

MDC-Z (Cont)

, I J -Z8 SM Res HEAT8RS Iwitches

A Res HTRS DC main Thermolwitch applies power to
A MNB bu. B "",\leT at llS'F and remov". powe"

PRIM Applie. power from doc main b". (MOG-B) trofT} heater at 134·F.
B to a high-te=perature thermo-
switch in ouad A which autoJTlati-
caUy contraJa quad A temperature.

OFF Remove. power from thermo_
Iwitch.

SEC Applie. power from doc main bUI
B to one high temperatu.,,- thermo_
.witch which automatically con_
troll qU;>.d A temperature.

, I J.l9 B ReS HTRS DC main Controlled at n.me temperature &.
B MNA bu. A in quad A.

PRIM Applie. power from doc main b". (MOC-B)
A to .. high-temperature thermo-
switch in quad B which automati-
cally controh quad B temperatu<".

OFF R"move. power !<om the<mo-
.witchea.

SEC Applie. power from d_c main bua
A to One high temperature thermo_
switch in quad B temperature.

, I J _29 C RCS HTRS DC main Controlled at aame temp"rature aa
C MNB bUll B in quad A.

PRIM IApplie~ power from d_e main bus (MDC.al
B to a high_temperature thermo·
switch in quad C which automati·
cally cont<oh quad C temperature.

OFF Removell power from thermo-
switches.

SEC !Applie. power from d_c main bUll
B to one high temperature thermo_
llwiteh in quad C temperature.
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Pa.n.~~Ar.... IGrid
Name and Cire,,;! Po..... r
Po,ilion Funclio.ll Breaker Source R..mark.

MOC-~ (Cont)

, , J.)O 0 ReS HTRS DC maio Controlled at ...me IlMnpe,.a",trc: a,
o MoNA »U.A In quad A.

PRW Appliea J>O""IOr from doC: main bu. CMDC-B)
A to .. Mln.temperature thermo_
• ..,Itch In quad 0 ....hich automati·
cally contrall q""d 0 tunperatllT

OFF Remove. power from thermo_
switche••

,"C Applin power from doc main bUI
A 10 one hilh temperature thermo.
.wltch in quad 0 tempera'"r".

, , C.lOI SM ReS HELIUM , .witche. Four functionally id"ntlc:d ReS·PROP DC main Each .wltch Is three-po. ilion tOl,le
C.3l .wltehe.. Each IwilCh contrail ISOL MNA bUlet A &- 8 ,"WIICh, .prinK_loaded, aUowlng It to

one helium i.alation valve In for QUADS return to center position afte~ poll-
HELIUM I half of parallel heU,.m 8. O. MNB tioni", 10 ON o~ OFF po.ilion. Each
p~euu~i..alion sy.tem. Each 01 fo~ QUADS yalye contain. po.ition mic~o.wltch

fou~ RCS quads contain. identical He which complete. <:ircuit for operatin,
.y.um•• (MDC-8) yalye po.ilion event indicator

mech.... i.m.
A, 8. C. 0

ON Energia,.. helium i.olation valve
.ohnoid to open po.ition and i.
ma,netically latched open.

CErnER Remoye••olenoid e"<:itation;
yalye remain. in Ian comm.nded
po.ilion.

OFF En.,r,iae. h.,lium holation valve
.olenoid to clo."'! po.ilion;
.prin, -loaded closed.

, I F-30J 'M RCS HEUUM I event Striped-line d;.play indicat... '" Re, Each indicalO'" i. two_po.ition device
F_31 indicatora doaed condition nf yalye Con- HTRS 8 with .triped_lin., di.play controH.,d

ttoll.d by .witch locat.,d directly MNA for by pow.,r application and gray dhplay
A. '. C. 0 b.,low event indicato.... C ....y QUADS B I< by pow.,r removal.

di'ph.y Indicate. open condillon. o .. nd SM
RCS HTRS A
MNB for
QUADS A &C
(MOC-8)
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Name a.nd Cl~cuit Power

Panel Area Grid Position Function Breaker Source Remarks

MDC.2. (Cont)

, I 1_301 'M ReS HELIUM , switch". Four functionally identical RC' PROP Demain Each switcl>. i. thre",.poaition toggle
1_31 switches. Each switch controll ISOL MNA bUies A &< B awitch. .pring_loaded, allowing it to

one helium isolation valve in for QUADS return tp center po.Uion after placing
HELIUM 2 half of parallel helium B &< D, MNB it to ON or OFF position. Each
preuurization syuem. Each of for QUADS valve eontaina position micro.witch
four 8M ReS quad. contain

" C
which complete. circuit for operating

identical "yatems. (MOe.8) valve po.iUon event indl<:ator
mechanism.

A, B, C, D

ON Energizes helium holation valve
solenoid to open position and h
magneticslly latched open.

CENTER Removes solenoid excitalion;
valve remains in iast commanded
position.

OFF Energizes helium isolation valve
solenoid to closed position;
spring_loaded closed•

, , H_301 'M RCS HELIUM l event Striped_line display indicates 'M RC' Each indicator is two-position device
H_31 indicators closed condition of valve con_ HTRS B with striped-line display controlled

trolled by .witch located directly MNA for by power application and gray display
A, B, C, D below event indicator. Gray QUADS B &. by power removal.

display indicates open condition. D and SM
RCS HTRS A
MNB for
QUADSA&.C
(MDC_8)

, I J_301 'M RC' PROPELLANT switches Four functionally identical RCS PROP Each switch i. three-po.ition toggle
J_3l .witche •• Each switch controlo ISOL MNA switch, spring-loaded, allowing it to

four i.olation valve. (two fuel • for QUADS return to center position after placing
two oxidizer I within each of B &. D, MNB it to OPEN Or CLOSE position. Each

'M ReS quad •• for QUADS valve contains microawitch which
HC completes circuit for operating valve

A, B, C, D (MDC_8) position event indicator.

OPEN Energizea two fuel and two oxidi_ Open in prelaunch.
zer propellant isolation valves to
open position and are magnetically
latched open.
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Panel IArea
Name and Circuit Power

Grid Po,ition Function Breaker Source Remarks

MOe.]. (Cont)

, 1 J _301 CENTER Remove .. solenoid "xcitation; ReS PROP DC main
J.31 valves remain in l.st commanded 1S0L MNA bus... A " B

padUan. for QUADS
B" 0, MNB

CLOSE Energi:..,. two fuel and two oxidi- for QUADS
",er prop"Uant i.olation valves to AL C
closed position and are .pring_ (MOG_g)

loaded closed.

, 1 1.301 SM Res PROPELLANT event SM RCS Each indicator i. two_position device
1_ H indicaton HTRS B MNA with atriped line diaplay controlled by

for SM ReS power application and gray diaplay by
PRlM PRPLNT Striped line di.play indicate- QUADS B" power removal from PRIM PRPLNT
A, B. C, D clo..,d condition of two prim...y D. SM ReS indicator •. SEC PRP1.NT indicatou

propellant isolation valves con_ HTRS A MNB otriped.llne display is controlled by
trolled by propellant switch for SM RCS power removal and xray display by
located directly below event QUADSA&r.C power application. Both valves musl
indicalor. Cray indicates two (MDC_8) be open before Xuy will be displayed
primary valves open. in cUe of PRIM PRP1.NT and/or

SEC PRP1.NT indicators; either Or, , K_301 SEC PRPLNT Striped line display indicales both valves closed in case of striped
K_31 A. B. C, D closed condition of Iwo Secondilry PRlM PRP1.NT and/or SEC PRPLNT

propellant isolation valves COn_ indicators.
trolled by propellant switch
located directly above event
indicalor. Cr;oy indicates Iwo
secondary v;>.lves ;>.re Open.

, , 1._3QI SM ReS SEC PRP1.NT FUEL Four function;>.}!y identic;>.1 RCS PRPLN
1._31 PRESSURE switches .witches. E;>.ch switch controls 1501. MNA

one secondary propellant fuel for QUADS
SEC PRPLNT FUEL pressure v;>.lve, which when B &- 0, MNB
PRESS opened allows regulated helium for QUADS

A. B, C, D pressure to Secondary fuel tank. AH
Each of four SM RCS quads con_ (MDC_B)
t;>.in identic;>.} system••

OPEN Energi""s secondary propellant Open in prelaunch 10 preasuri"e
fuel pres sur" valve solenoid 10 Secondary fuel tank 10 system regu_
open position and maxnetically lat"d pressure, th"n clo."d. Will be
latch open, opened in night when primary propel_

lanl fuel tank h;>.a expended i1& fuel
supply allowing preuure in fuel

(cont)
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Name and Circuit Power

Panel Are.. Grid Po,ilion FUDction Br....k .. r Source Remark,

MDC-Z (Cont)

, 1 L_301 Res PRPLN DC main manifold to drop, triuering applica-
L_31 !SOL MNA billet A & 8 ble SM Res A, 8, e or 0 <:: .....lio,,1

for QUADS w .....ning light along with SEC PRPLNT
8 & 0, MN8 FUEL pr........... readout on MDC.2.,
fOr QUADS inform,ng <:rew to open SEC PRPLNT
HC FUEL PRESS valve allowing U.nk to
(MDC·S) ..emain pr....urized for duration.

CENTER Remove. &ol"no,d excitation;
valve remain. in Lut commanded
po,ltion,

CLOSE Energize. secondary propellant
fuel pre••ur .. valve ,"'lenoid to
do..,d pOlltion; .pring_loaded
clo.ed.

SM ReS iodicatou INSTRO· Three indicator. arlO identk..l in
MENTS_ operation. Each one consi.ts of a, , F'.Z8 TEMP Indicate. temperature or pre.- ESS d'Ar.onval.type meter with a fixed

sure of SM RCS quad A, 8, C, 0' MNA I< MNB dial and movable pointer. Pointer
PKG 0, as selected hy the RCS INOl- {MOC-51 movement i. vertical, as ohserved

CA TORS ...... Itch. {Meter range: from crew couch. E.ch indicator i.
0" to 300"F.1 c'pable of accepting input .ignals

from the CM or SM RCS. Displayed, 1 F-Z8 PRESS Indicate. heliwn tank pre.sure of information is determined hy the
SM RCS quad A, 8, e, or D, .. position of the RCS INDICATORS

H. .ele<:ted by the RCS INDICATORS ...... itch.
......itch. (Meter range: o to 5000
p.la, I

, 1 F-29 SEG FUEL Indicates the primary fuel tank of Thi. method i. used to provide "n
th .. applicahle SM RCS quad has innlght update as to the ..mount of
....pended Its propellant as -..lected propellant remaining in the applicable
by the RCS INDICATORS .elec! SM RCS quad.
.wltch and inform. the crew to
open the appliclble SM RCS qUId
SEC PRPLNT FUEL PRESS valve
and return the SM RCS second.ry
f"'el tlnk to its normal regwated
pre. sure. (Meter range; (I to 400
1'.1... I
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Name and Circuit Po...."r

Panel Are. Grid Po,ilion F ......<:tion BUII.ker Source Remark.

MOC_l (Cont)

, I F·n PRPLNT OTY. He TK TEMP INSTR.U. DC main
MENT5_ bu,.,. A &. B

PRPLNT QTY IND It>dic:atn propellant quanlity ESS
runatninl In " from the heliwn MNA" UNB
I~ temperatuu/preuuu ralio (MOC.S)
lrUladue".. of SM ReS qll&d A. B •
C. Or 0 if Res INDICATOR
.elect ...itch on MDC_l h posi.
tloned 10 SM A, 8, C, Or 0 and
SM IlCS INO He TK TEMP ..
PRPLNT QTY ...Itch on MDC_Z
h tn PRFLNT QTY po.ition.
(Meta .. ran,., OloIOO·F.)

HE 7K TEMP IncUcate. h.liwn I.&nk temperature
from h.Hwn temperature 11'."'-
dllcer of SM ReS quad A, B, C. Or
o if ReS INDICATOR ..leu
_.itch on MDC.Z il poaltioned to
SM A, 8, C. Or 0 and SM ReS
INO He TK TEMP .. PRPLNT
QTY '.it.:.b On MDC.Z b in He
TK TEMP pOlltlon. Applieable
8M ReS quad helium Unk lemper.
ature it determined a• ••11 a.
be.U\lm .<>Ure. pr.....r" and
plotted on nomoaram.

Per<:ent of propellant quantity for
appU<:abl. quad <:an then be deter_
mined. Tbl. provld". alternate
method of determlnina propellant
qu.ntlty remalnina in SM RCS
quad. A, B, C, and D. (Met"r
ranae : o to IOO"F.)

, I 1_30 SM RCS IND He TK TEMP 10 Two_po.ltlon .wlt<:h.
PRPLNT Q'I"Y .wlt<:h

SM ReS lNO He TK Allow. heli\lm tank temperalur.
TEMP up po.ltlon tranldu<:"r of ",,<:h SM RCS quad

lA, B, C, and OJ to lran.mlt 10
RCS INDICATORS .el..<:t .wit<:h
on MDC_Z.
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P ..ne~Are.TCrLd
Name :lDd Circuit Power
P,,,it;on F ......"tio.. Breaker Source Remark.

MOC.2 (ContI

, , 1.)0 PRPLNT QTY AU...... hellwn tank temperaturel INSTRU· DC main
down po,ition pre ••url!; ralio Iran.dueer of each MENTS_ b...ea A & B

SM ReS qu.ad tA. B. C. and OJ to ESS
tranamit propellant qwt.ntlty MNA" MN8
remll.inine 10 Res INDICATOR (MDe_51
select ' ..itch On MDC_Z •

, I 1.29 eM Res PRESS ....itch SEQ EVENT S.ttuy SEQ EVENT CONT SYS PYRO ARM
SEQ CONT b... u A " B A • .,itch and PYRO ARM B • .,iteb

CM ReS PRESS Activate. two each helium iaol.· SVS - ARMA (MOC.8) for &<:tu-.l initiation of ''lulb
"p poaltior>. lion vaIv.. In both eM Res BAT A CD valve. when relay. are ener,i"ed by

.y.lema I and Z. ARM B eM Res PRESS placed to eM Res
BAT 8 e8 PRESS.

down po,ition O".enerliu,. rday. r.movill' (MOC_8)
power hom .quib valve•.

, J l-Z9 UP Tl..M .... itch (lU)

ACCEPT EDabt... decoded and accepted
UP Tl..M meaaa,e (rom MSFN to
pa •• fro.... up_data Hllk equipment
10 computer in in.trumentation
Wlit.

BLOCK Block. UP Tl..M m .......'e !rom
aUectin. the computer III
Inllrumentalion unil.

, J J-Z8 UP TLM (CM)

ACCEPT .. Enabl,.. decoded and accepted
UP Tl.M muu,e from MSFN
to p.. a !rom up_data link
equipment 10 CMC.

b. Enablu validation lI,nal from.
UOL equlp....ent 10 '0 10
telameterln, unit.

BLOCK .. Block. UP TLM meuage
from a!feCling CMC.

b. Block. valldatlon ",nal from
UOL equipment to talemeler-
ina unit.
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1.o<::.u;on
Name and Circuit Power

Panel IArea IGrid Po.ilion Function Breaker Source Remark,

MDC.Z (Coni)

, K £.29 EXTERIOR LIGHTS

RUN/EVA .witch RUN/EVA AC bu.". Exterior light .witch controls light
TRCT ." colored light. (4 amber, Z 8"""n,

RUN/EVA Furnish... power 10 <un.. ing lighto ACI "ACZ and Z red) located on "xterior surface
(external) and EVA floodlight. (RHEB-22(,j of service module.

OFF Removes power.

, K £-30 RNOZfSPOT ,witch COASt DC main 3-polition toggle awit<:h; center is
TUNNELl bu. A OFF.

RNDZ Applies power to "cndc~vo,.. R,NDZlSPOT
beacon. (RHEB_UI,)

OFF Remove. power.

SPOT Applies power 10 exterior .pOI_
light and exterior door rele....'
"""Ina!,, .. ,

, K E.31 TUNNEL LIGHT Iwiteh L1GHTING_ DC main Six fixture5 with two lamp5 each.
COAS! b'uuA ", B

TUNNEL LIGHT Applie5 power to light fixture TUNNEL!
located in eM tunnel. RN02!SPOT

MNA It MNB
OFF Remove5 power.

, L E_31 LM PWR LM PWR -l DC main
MNA'" LM bU5 B

CSM Energize5 relaY5 in L.M to connect PWR _ 'MN Controb power 50UrCe for LM
CM power llnd CM dc negative to (MOC-51 CONTlNUOUS.
L.M through two umbilical 5 =d
disconnect LM power from heater
circuits.

OFF Oi5connect power to LM. Does not open controlling relay5 in
LM.

RESET Momentary p05ition open. relay5
in L.M to disable CM circuit and
connect LM power to heater
drcuit5.
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Panel IArea
Name and Circuit Power

Grid Po,ilion Function Breaker So"rce Remark.

MDC_Z (Cont)

MISSION TIMER

, N E_34 Indicator Has capabilities to count up Group 4 DC main Timer provides pn>vioio"a for manual
miuion elapsed time. MNA & MNB bus". A •• setting. eount."p readout (houra,

minutea, ;>.nd seconds I, and rcaet to
~erO by remote cOntrol.

TIMERS Intt.:rnal timing puhe i. provided in
MNA & MNB case timing signal i. lost. Clock i.
(RHEB-2291 ","pable of timing from external or

internal timing ,ource without losing
minion lime.

Croup 4, MNA. and TIMERS, MNA,
circuit breaker. in aerie•. Group 4.
MNB. and TIMERS. MNB. eireuit
breakers in sequence.

, N E_35 HOURS .wileli

TENS Changes HOURS numerical read_ Mission timer can only dew up to
out in tens and hundreds. add t'me.

CENTER No function.

UNITS Changes HOURS numerical read_
out in uniu.

, N E.36 MIN switch

TENS Changu MIN numerical readout
in tens.

CENTER No function.

UNITS Changes MIN numeric ..1 re ..dout
in units.

, N £.36 >EC switch

TENS Ch..nges SEC numeric..1 readout
in tens.

CENTER No function.
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LoCltion

Panel IAni IOrid
Nlme and eirel,lil Po,",,,,,
Po.itlon Function Breake. Source Remark.

MDC·Z (ContI

, N £.36 UNITS CMDI•• SEC "um.rtcal n.dol,1~ Croup 4 DC main
in unit•• MNA" MNB bu..,. A to 8

, N f" .36 MISSION TLMEft TIMERS Upon receipt ollilt_oU .'a..... l. timer
.witch MNA" MNB will re,,,t to ".ro and .tart cQUlldnl

(RHEB.ZZ9J up with ,wil.l;h'" START po.illon.
START SUl.u. million timer. Timer may boa lloPPld at Ir>ytime by

.e1"cUna STOP. To ."..,1 tima...
STOP Stop_ mi••ion timer. momentarily hold .witch to RESET

po.irion.
RESET R"."tl mll.lon timer.

CAUTION!WAR,,',lNG .y.tern
,witch".

, 0 F'·35 CS~A/SM Select. SC .yllem. to be
monitored.

CSM Serore Icpar.. tion and entry, G!W MNB DC mroin
'yll"l'1l1 In both eM and SM an bu,,,. A It 8
monitored lor maU..,..,ctioft or
out-at-tolerance condition. with
thi. twitch ... CSM po,trion.

eM Alte. CSM ..pantlen, oDly RepoaitionLDg ..... tch to CM poddon
.yuem. in CM are monitored by abo preveM. SC uaNI IIghta and
placing .wlteh in CM poaitlon. eveftt irldicaton a ..oelatad .... t.h SM

.yltem (rom remaming aetivated after
a..paration.

, 0 f' _36 LAMP TEST Provide. eapabUlty to teat lampa C!W MNA NOTE
of ayltem ataNa and MASTER C!W MNB
ALARM lighU. (MDC.S) MASTER ALARM light on

LEB-12l ia tuted by plaeing
I (up) Tutl U1umlnuion of left_haDd CONDITION LAMPS awiteh on

group o( ltatua Hghtl On MOC_l LEB-Ill to TEST.
and MASTER ALARM awltch_Ught
on MOC-1.

CENTER f'ormal operuing po.itlon.

Z (down) Teau illumination of right_hand
group of ItUlla lia;htl on MOC-Z
and MASTER ALARM .wlteh·HgM
on MDC_3.

>
'"0() ,..

~0 ,..
Z 0.. N

'" 0 >
0 '" ,
f;; '" 0

'" ~

>
,

> '"Z .. ,..-tl 0 0
g Z ()

'" '"'"'" '" -,.. > -> Z ,
"' tl --'" '"00

'"



'"••o·

"•"•
-~
»
"
_.--~
'"~

<
0 >
~ 51
• 0,
~ "• •
" >:• <
"• 0

g
•0
""I
~z
""N

Location

Panel IArea
Name and Circuit Power

Grid Position Function Breaker Source Remarks

MDC_Z {ContI

, 0 F_H NORMALI BOOST I Permita three modea of statu," C/W MNA DC main
ACK and alarm light illumination. C/W MNB buses A 50: B

(MDC~5)

NORMAL For moat of the mi••ion. "'.
awitch is let to the NORMAL
po.ition to give normal CLW light
operation, upon receipt of abnor _
mal condition .ignah, to all
system status lighu and MASTER
ALARM .witch_light capable of

illumination.

BOOST During the ,..cent phase, "'. This prevents po••ible confusion on
switch is aet tothe BOOST posi_ MOe_l between the red MASTER
tion .0 that dlhough a.ll other ALARM switch-light and the a.djacltnt
C&W lighu operate normally, "'. red ABORT light.
MASTER ALARM .witch_li&ht on
MDe_l will not illuminate.

ACK Bre&k. normal power path to Synem natu5 can be illuminated by
5y.tem statu. lights. preuing MASTER ALARM Iwitch_

light .

, 0 F-35 POWER Select. C&cW power .upply No. I
Or No. Z.

, Selecu C&W power supply No. L

OFF Select. nO power .upply.

, Selecto C&W power 5upply :-;u. ,.
CABL"l FAN .witche.

, p G_H. , ECS_CABIN AC bu. I Cabin air fan. No. I and No. Z are
FAN 1 operated simultaneously to obtain

ON Applie. '-c power to motor of M, 'B, 'C adequate cooling.
1'0. 1 cabin air fan, directing air_ (MDC_5)
flow through cabin heat exchanger. Output of fan i. a. followl:.. Prelaunch mode - 171.45 dOl•

o. Normal mode _ 170.67 dOl.
o. Emergency mode _ 0 dOl (ian oil).
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Panel IArea IGrid
Name and Circuit Power
Po.itlon Function Breake .. Source Remark.

MDC_Z (Cont)

, p G_H OFF Remove. a-C power from motor ECS-CABlN AC bu. I In event of maUun<;t,on, fan No. t i.
oC No. l cabin air fan. FAN I turned of! and ran clo.ure eOver

M . ... .e manu;>.Uy positioned over outlet to
(MDC-5) prevent ba<:kilow.

, p C_34 , ECS-CA1HN AC bu. 2 C"b\n air fana No. 1 &nd No. Z are
FAN Z operated aiTnuhaneoudy to obtain

ON Appliea a_c power to motor of M . ... •e ..dequaU cooUng•
No. Z cabin air l&n, directil\g (MDe-51
airflow through c.bin heM Out?"t of fan i. a. follow.:
•:;xebanger. '. Prelaunch mode· 171,45 dm•

•• Normal mode _ 170.67 dm•
<. Emergency mode _ 0 dm (Ian oH),

OFF Remove. a-c power Irom motor In event oC malfun.ctlon, fan No. Z i.
of No. Z cabin air fan. .hut down and fan <:1o.ur .. COver h

manually po.itloned ov.,r outl ..e to
prevent backfiow.

CABm TEMP controh T ..mp.. rature controll,tnlt 'en.or i.
located at inlet to cabin air fans; al.o,, P K-38 AUTO/MAN switch ECS-CA8IN an anticipator (...n.or) Is locaeed at

FAN Z outl .. t of cabin air fans.
.e

AUTO Appli'" a-C pow.. r to cabin tem- (MOC-5 Cabin temperature control valve full
perature control unit to automat_ travel require. Z5 .econd. (max).
ically regulau temperatur .. of
wat"r-glycol fiow through cabin
heat e><changer.

MAN Remove. a-C power from cabin Manual control of cabin t ..mp..ratur ..
t ..mperatur.. control unit, per- control valve il required In event of
mitting manual ov.. rrld .. operation fallur .. of automatic control unit.
of the CABIN TEMP control valve There is • definite time lag in c.bin
(LHFEa':~03'by properly poli- t ..mper.ture relponle follow;nll a
tioning control knob. manual .djultm..nt: therefore, <:1ole

coordination b ..tw..en manual adjust-
ment. and the TEMP_CABIN Indicator
lMOC-ZII. not n ..c ......ry.
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Locatio"
Name and eire",t Power

P&nell Area IGrid Po,ition Functi,," arcaker Source Remarks

MDC.Z (Coni)

, P K_40 AUTO control None None

INCR (upward) Thumbwheel permih manual Cabin temperature can be .elected
adjustment of cabin temperature between 70' and SO·F. Numbeu on
automatic control unit. Higher thumbwhe,,1 do not corre.pond to any
the number selected. gre..ter the temperature.
proportional increas., in cabin
temper"ture.

, P t- 33 EC' INDICATORS switch Switch... output of primary and
..,eondary tranlducen to shared

PR<M SelecU primary ECS displays: indicators.

" ECS RADIATOR TEMP INLET
0, GLYCOL EVAPORATOR

STEAM PRESS

" GLYCOL DISCH PRESS
d, GLYCOL ACCUM QUANTITY
,. GLYCOL EVAPORATOR

OUTLET TEMPERATURE

'EC Select. secondary ECS displays:

'. GLYCOL EVAPORATOR
OUTLET TEMPERATURE

O. ECS RADIATOR TEMP INLET

'. GLYCOL EVAPORATOR
STEAM PRESS

d. GLYCOL DISCH PRESS.. GLYCOL ACCUM QUANTITY

, P 1- 34 ECS RAD TEMP PRIM/SEC _ Displays water-glycol tempera- EC' RAO DC main Indicator range H,O' to IZO'F.
INLET meter ture entering prilnary or see_ CQNT HTR bu.es A & B Temperature Sensor transducer out_

ondary space radiators. dependent MN8. put 0 to 5 vdc supplies power through
on position of ECS INDICATORS 5A for respective ECS RAD HTR control
selector switch two positions primary switches _ PRI I, OFF. and PRI Z,
(PRIM SEC). sys. ECS RAD-SEC QFF and SEC.

EC' RAO

'EC HTR
MNA,
5A for
secondary
sys.
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Au:TCrid
Na.me .....d Clrcu,t Po.." ..

P .....el Po.ition F"nctlon Breaker Source Remark.

MDC.Z (ContI

, P I· 35 ECS RAD TEMP PRIM- Djaplay•• i&"al OUlpllt of apace ECS DC ma'n Indicator nnl. -SO' to +I00"F.
OUTLET meter ..adiuor temper.tun••enaor, XDUCER buu,. A" B ~n.or Iran.duee .. output 0 10 29. S

primary. TEMP millivoltl to Indie-alor, PCM aIId
MNA uution and .....nina (eLY TEMP
MNB LOW LAMPI,,' -lO·F. Power .lIpply

....Iput to Ir....duc... ;t.mplifler;
Excitation. Z.7v, 300 cpa
Supply _ IS.1 \Ode
Bi••• 0.5"'0.2: we.

, P '-l6 £CS RAD TEMP SEC·OUTLET Oi.play. the ...tu-S!Yco) ECS RAO m,licator ...",,, 30' to 70' F.
meter t"mp<eut1>re at the OUTLET or SEC Temp<eral\lre ••"'Or trUllduce ..

the '"cond"ry apllee radiator •. outp"1 0 to 5 we. Supply ,ow... to
temp<eraeu.. " ••".u., ar>d readout
tbrOl>,h ECS RAD HTRS ute~tor

....it~h. OFF or SEC 11'.....1 ,oe. to

PCM.

ECS RADlATORS awit~hes

, P J.3. HEATER-PRIM

PROM , Selecu prim.ry he.ter control ECS RAD CB70 auppllea power to prim.ry
No. ,. CO:"lTJHTR inlet temperature aen'Or tbrou,h

MNB HEATER.PRIM awitch in.ll
po.ltiona,

OFF Diubl... huter controllers.

PRlM ,
Sele~ta primary he."r control ECS RAD
No. Z. CONTJHTR

MNA

, P J.35 HEATER_SEC

SEC Selecta .econd.ry healer SECONDARY DC main CB71 aupplle. po"'er to ucondary
controller. COOLANT bu. A radiator Inlet. and outlet. temper.-

LOOP RAD ture .enaors throu,h HEA T ER -SEC
OFF Dinble. ae~ondary huter HTR a",it~h in both poaltlona.

controller. MNA
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Locatio"
Name and Circuit Power

P...."I Atea Grid Po.ition rUDe!i" ... Bre.ker Source Remark.

MDC.l (Conti

FLOW CONT -AUTO

, P J_33 AUTO Placu rad'lltor flow proportion> ECS RAD DC main ECS RAOIATOR CONTROLLER ACI
ing control in AUTO mode. CONT/HTR bu.... A • 8 a.nd ACl. eireuit b .." ..ken aupply a_c

MNA. MNB power for ayltem op<!ration., Seleeu No. I f1 ..... proportlOllinc
control.

, Selecu No. Z flow proportlonina
control.

, P J.n FLOW CONT-PWR

PWR Appll.. power to AUTO .witch.

OFF

MAN SEL MODE: Applies power t? MAN SEL ECS RAD DC main
awitc:h. CONT/HTR "". A

MNA

, P J.]3 ECS RAClA TOR
INDICATOR (t.lk_bac);

ORAY Indicate. flow proportlon;"1 None
conuol No. I h in op<=ratlon.

, IT POWER .witch i. In PWR
po.ition, indicat•• flow propor.
tion'''' control No. Z ia in
operation.

, P J-14 MAN >EL ..... itch DC main Circuit breakeu ECS RADIATOR
b,,~e. A '" 8 CO:>lTROLLER ACI and AC1: ,,,pply

RAD , Clo.e. RAD 1: bolation valve •• a-c po...... r for v.lve operation,
MAN_SEL ..... itch col'ltroh fo"r. d.<
operated .olid_atate ..... itche. for

CENTER Clo.... RAD I and RAD 1: .....itchlng a-c po....e. to valve motor ••
i.olation v.lve ••

RAD Z Clo.... RAD I i.olation valve ••
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Location
Name and Ci~cuit Powe<

Panel Are .. G<id Position Function Breaker Source Remark.

MDC_Z (Cont)

, p J·37 ACCUM PRIM/SEC QUANTITY Providel quantity indication 0' PRIMARY DC main Indicator range (I to 100"', transducer
meter water Slrenl in primary and ECS XDUCER bUI"s A t. B output .ignal 0 to S vde operating.

secondaryaccumulator•• GROUP I Operating range (llo ZS psig .. ignal
MNA «0 MNB lIoes 10 indicator through ECS indi-

cator selector switch and to PCM.

S£CONDARY Secondary tn.nlduce," signal go", 10
Ees REDUN_ indicator Ihrough .elector .witch, 00

DANT PCM.
XDUCER
MNA &< MNB

, P 1_38 GLYCOL DISCH PRlMfSEC Oi.plays primary water_glycol PRIMARY Indicator range (I to 80 psi .. , primary
PRESS meter pumps output pressur ..s and SYSTEM ECS transdu<: .. r PT.2 .ignal go". through

...<:ondary wat .. r_gly<:ol pump XDUCER sel..<:tor .wit<:h to indi<:.tor. Tr.n.-
output pre.sure •• Group I ducer range 0 to S "dc.

MNA, >A
MNB, >A

sECm-WARY S..condary t ....n.duc.. r PT_1 .ignal

SYSTEM goes through 5electo.. "witch to
REDUNDANT indicator.
XDUCER
MNA, 5A
MNB, 5A

GLYCOL EVAP .witch""

, P K.38 ",0 FLOW "witch

AUTO '. Appli .. " a_c pow.. r to st..am ECS_ AC bu. 2
pre•• /w.. lne•• <:ontrol unil, LYCOL,. Closea circuit from control PUMPS_
unit to wat" .. control val"" for e'. OA
automatically regulating w.ter (MDC-4)
inflow to wilter-glycol
"vilporator.

OFF (center) Remo,",e. on...ource of a_c power W..ter control valve ia solenoid_
from control unit ilnd interrupts operated,
d_c power to water control v.l"e.
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Pan~l IA~ea.1 Grid
Name "'ld Cir"ui! Power
P<>aition Function Breaker SouTce Remarks

MDC-Z (Cont)

, p K-38 ON Man""l backup mode to apply doc ECS·POT DC main Switch p08160n is momentary. Clo$4)
power to solenoid_operated water HZO HTR b'..... A &. B coordination between switch actuation
control valve, which opens valve MNA &< MNB and eLY EVAP.QUTLET TEMP
and permits water to enler waler- (MOe-5) Indic:llor (MDC-2) i. neceuary to
glycol evaporator. obtain correct water_glycol tempera_

lure and/or to prevent flooding
evaporator.

, p K_37 STEAM PRESS group

, p K_37 AUTO/MAN switch ECS- AC bu. 1 Steam pre ••ure control valve full
CLYCOL travel required 58 ..,conda {max),

AUTO .. Removes a-c power trom PUMPS·
GLVCOL EVAP-STEAM AC'
PRESS_INCR/DECR .witch {MDC.4)
(MDC.2.).

O. Applie. a-c power to $le..m
pressure/wetne.s control unit.

<. Clo.es circuit (rom control
."ction to .te..m pressure
control "alv" to ..utom.. tic ..lly
regul ..te ste..m pressure '"""..por"tor.

MAN .. R"mov". One so"ree of a_c Switch po.ition ...I"ct. m .. nu..1 b ..ckup
power from .team pre"urel mode, permitting m ..nu..1 oper..tion of
w"tne•• <;ontrol unIt. ste..m pr".~"re control valve ..ctu.. tor

O. Open. circuit from control in "v"nt of .t"am pr.... ure control
section to ste..m preu"re ...ction malfu"ction.
control v.. lv".

<. Appli" ... _c pow.. r to GLYCOL
EVAP_STEAM PRESS_INCR/
DEeR .witch.

, P K_37 INCR/DECR .witch ECS-
GLYCOL

INCR Applie. a_c pow.. r to act"ator of PUMPS. Switch po.ition i. momentary. Until
.t ....m pre •• "re <;ontrol "alve_ AC10C motor-driven ste..m pr"••ur" "ontrol
which moves valve in c1os"d dire';- (MDC-~) valve reach". ih ma"imum lin,il,
lion and incr"".e. st"ampr".sure. .hort periods of Switch activation

re."lt in proportional increa."s in
ste..m pre ••"re• V.. I"e C,,11 travel
...quire. sa second. lm"",).

OFF (c"nter) Removes a_c power from valve
act"ator.
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Nam" ....d Circu,t Powe.

Grid Po.ition F ....ction B....k". Sou.".. R"...& ..k.

MDC_Z {ContI

Z p K.17 DECR AppHea I-e power to actuator or ECS· AC bu. I Switch poaition i. momentary. Until
neam pre.....e control v ....·•• GLYCOL moto.-ddven ateam pre••u.e control
which move. valve in open direc:_ PUMPS. ".Ive reIch... itl milJl:Unurn limit,
tlnn and decre...... Itu.m ACt .c .hort period. of ....itch activUion
pr......e. (MOe-.) re...lI in proportional de"r"I'''1 in

Itea.m pr•••ure. Val"," (wI travel
requite. 58 u"ond. (max).

Z p K." TEMP I'" .... itch £CS. Temperature control unit lenaOr ;.
GLYCOL located &1 Inlet 10 water-tlreol

AUTO "ppli,n I_e pow.. r to ....te •• &lyeol PUMPS. evaporator.
tempe.alure cannal ""ii, which ....Cl M
automatically ...guill.tea hmptl ••• (MOe.4) Water.,lycol ev..por..tor temperature
ture of cool..nt entering ev..por .. tor control v.. lve full tr ..vel require.
by mix''lg bot ..nd cold n.s .econdl (max).
w.t.. r.glycol.

MAN Removel ._c power from w.ter. M ..nual control of water_glycol ..v.p.
glycol t ..mp..r.ture control unit, or.tor temperature control v.lv.. il
permitting m.nu..1 override ope •• r ..qui .ed in event of failur .. of auto.
tlon of GLYCOL EVAP TEMP IN m ..tic control unit. Clole coordination
valv. IL.HEB_38lj. bet"'..en v.lv...djultfnento .nd OLY

EVAP·OUTLET TEMP and ECS RAD·
OUTLET TEMP indic..torl (MDC.Zj
i. " ..cel....y to obt.in correct ....t.r·
&Iycol temper.ture.

OL' EVAP PRtM/SEC

Z P 1_]7 STEAM PRESS meter Provide. indication of Iteam p ••• _ EOS DC main Normal Ite.m p.e ••ur.. oper.tinl
• ure in ...ater-Ilycol ev..po.ato•• XDUCER bun.A'" B ranle b O. 97 pli to O. 145 pli•.

PRESS
MNA, >A
MNB, SA

, P 1.36 TEMP.OUTLET meter P.ovidel temperlture indication ECS TRAl"S.
or wlter.glycol at outlet of water. OUCER
glycol evaporator. TEMP.

MNA" MNB
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Loc;ltion

P ....el! A....
Name and Circuit Power

arid Po.ition Function Breaker Source Ren....Tk.

MDC.Z (Coni)

, p J_l7 HZO QUANTITY meter Provide. quantity ;ndic_Hon to ECS-TRAN5_ DC main Capacity of polabl" tanlt II lEI lbt.
.......t ....ater lank or potable ....ter DUCER bu... , A " B C&pacily of .....te tank i. !>6 lb••
l&nk .... ulecl" by H20 IND WASTE/POT Indicator ranle 0 to 10O,".
.witch. H2:0 -

MNA, ,.
MNB. 5A

, P K." HZO OTY INO twitch ECS-TRANS-
DUCER

POT ~l"cu potahle ...ater tank <llan- WASTE/POT WATER_QUANTITY lndlu.tor I,
tity Iisnal for diaptay On WATER· HZO. .hared by 1_0 quntlty .I,nah.
QUANTITY Indica-tor. MNA to MNB

(Moe-S)
WASTE Selceu waite .....Iet t""lo ....antily

alenal for dhplay On WATER_
QUANTITY U>dlcator.

, p 1_40 PART PRESS COZ meter Providu partial p" ...\ln indica- E:CS-TRANS. DC main COz un.Or h located beh.'un inlet
tion or CQz i.....it <;:ire.. il DUC£R- b... A and outlet manifold I of I .. it circ.. it in
atmolpb.. r ... PRESS LH£8.

Group l
MNA COz partial pu....r .. normal m ..ta-
(MDC.5) balie oparatin, ran,.. h 0.0 to 1.6

mm H,. and th .. amar,ancy metabolic
oparalin, rallle h 7.6 10 15.0 mm H,.
Both ran,.. are for unlimited l.n,1.b
or tim...

COl PP HI Iy.tem .tat". Iithl
(MDC-ll Hlu.mlnatu at 7.6 mm H,.
Thh indical.. C02 le".1 haa daen to
..pper end of normal op..ntlnt ran,•.

, p H_lZ POT HlO HTR .",itch DC main SuppUe. po...er control to t ...o heatet.
b".e. A a. B (lOw a. lS... J: the heaten are con.

MNA S"ppli... 28 vdc to potable waur POTABLE trolled by th.rmOlwitchel.
tank heatert from MNA. H20 HTR

MNA

OFF R ..movel 28 vdc power from
potable ""ater tank heauta.

MNB SuppUu 28 "de to potable .... ter POTABLE:
lank hoaterl (rom MNB. H20 HTR

MNB
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Location
Name and Circuit Power

Panel Area Grid Position Ji"unction Breaker Source Rem:uka

MDC.Z (Cont)

PR£5S indicators (meters) DC main
buses A & B, P 1_39 'UIT PrOvides pressure indication of ECS-TRANS- Preuure measured at the compressor

suit circuit atmosphere, DUCER inlet.
PR=
Group I Normal Buil circuit operating range
MNA &< MNB indications are a. follows: 14,7 psia
(MOG_51 during prelaunch, 4.7 to 5.3 psia

during normal flight mode, 00'

3.7S"'O.ZS pai .. during emergency
flight mode.

, P 1_40 CABIN Provides pre••ure indication of ECS·TRANS_ Pre ••ure transducer i. located inside
cabin almosphere. DUCER LHFEB.

PRESS
Group 2 Normal cabin operaling range indica-
MNA I. MNB tions are .. S foUow.: 14.7 psia during
(MDC-$) preh.unch, ~.8 to 5.2 psia during

nornlal space night, and 0.0 psia
during emergency space night.

,"C COOLANT LOOP Switches

, P K·35 PUMP

AC , Supplies 200_"ac 30 power to EC' AC bus I
secondary coolant loop pump from SECONDARY
a_c bu. J. COOLANT

LOOP _ ACI
OFF Removes power from pump.

AC> Supplies 200_v;lc 30 power to ECS AC bus 2
secondary coolant loop pump (rom !SECONDARY
a_c bus 2. COOLANT

LOOP. AC2

, P K_35 EVAP

EVAP Suppliu 115- vac I II power to lEes Ae blls 1
secondary glycol evaporator ECmmARY OA
temperature control. !cOOLANT

LOOP _ ACI

OFF Removes pow"r from control.
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Location
Name and C,Tcuit Pow.,,.

Panel IAreal Grid Po.ition Function Breaker Source Remarks

MDC_l (ContI

, p K·}S RESET Supplies IIS-Vl'e Ie power to ECS AC bus I
motor of secondary glycol ev...po_ SECONDARY 'A
rator backpr"....,." control ".Ive COOLANT
to drive valve clo..:d. LOOP. ACI

, P 1:<-34 SUIT CIRCUIT switches

HEAT EXCH ECS AC b'a I Valve can be manually operated on
GLYCOL OB p.o.nel 382.

ON Applies power to drive the SUIT PUMPS
HT EXCH PRIMARY GLYCOL ACl0B
valve to the FLOW position,
allowing glycol to How through
auit heat exchanger.

CENTER Off pooition.

BYPASS Applies power to drive valve to
oppooit<: position, thereby
bypa"'ng the glycol around the
heat exchanger.

H20 ACCUM In automatic mode, IO·second pulse
signal fOT accumulator op~ration;.

r~c~i,,~d from CTE.
Z P K.)3 AUTO I!AUTO Z

.witch

AUTO I ". R~move. d_c power from ECS-HZO DC main
HZOACCUM-lON/ZON ACCtJM- hus A
.witch {MDC.Zj. MNA

b. Applie. d_c power to No. , (MDC.s)
cyclic accumulator control
unit to automatically time and
actuate No. I cyclic accwnu-
l ...tor valve (or 10 ...cend.
every 10 minute••

Cenur ". Removes d-c power from No. I ECS-HZO DC m ... in Switch position select. manual backup
...nd No. Z cyclic accumulator ACCUM_ buses A &0 B mode. permitting manual cyclic
control units. Applies d-c MNA &0 MNB accumulator valve actuation in evenl
powcr to I ONIZ ON switck. (MDC.s) both cyclic accumulator automatic

b. AppUc. d-c power to HZO control units .heuld fail.
ACCUM_1 ON!Z ON switch,
pcrmitting manaai control or
No. I or No. Z cyclic accumu-
lator valvc••

~
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Panel Area IGrid Position FUllC!io .. Breaker $our<:: .. Remarks

MDe_]. (Cont)

Z p K.33 AUTO Z .. Removes d-c pow"r from ECS - H2O DC main
H20 ACCUM_1 ON/2- ON ACCUM- bus B
switch. MNB

O. API'Ii.,. d_c power to No. Z (MDe_5)
cyclic accumul,.tor control
unit to automatic"lly time and
actuale No. Z cyclic acc\Ul\U-
lator valve for 10 second.
every 10 minute •.

Z p 1';-3) I ON/Z ON switch

, ON Back up switch position 10 apply ECS - H2O DC main Switch position is momentary to p .."-
d-c power 10 solenoid valve of ACCUM_ bus A elude p"..ibilily of expending oxygen
No. J cyclic ...::cumu1&tor, MNA needl"••ly. Switch may be operated
manually controlling oxygen now (MDe.5) when convenient or when .uit circuil
to acclUnu!8Itor. humidity l ..v ..l becom... uncomfortable.

OFF (c ..nter) R ..mov... power from both .01...
noid valv.. s, shutting off oxygen
flow to .. ither accumulator.

, ON Back up switch poaition to apply ECS • HZO DC main Thi. switch position i. mom..ntary to
d_c pow.. r to sol ..noid valve of ~CUM~ bus B preclude ponibility of expending
No. Z cyclic accumulator, NB oxygen n....dlessly. Switch may b..
manually controlling oxygen flow (MDC-S) operated wh..n convenient or when suit
to accumulator. circuit humidity l ..vel becomes

uncomfortable.

Z p 1-38 TEMP indicators (m..tert) ECS TRANS. DC main
DUCER buses A & B

SUIT PrOvides temperatu..... indication TEMP Temperatur... ensOr located in suit
of suit circuit atmo.pher... MNA & MNB heat exchanger outlet duct.

(MPC-S)
Normal .uit circuit operating range
indications are 4S' to SS·F during
prelaunch and in flight.

, P 1- 39 CABIN Provides averag.. temp.. rature S..nsor located n..ar inlet to cabin air
indica.tion of cabin atmosphere. bnt.

Normal cabin operating range indica·
tion. are SO· to 70'F during prelaunch
a.nd 70' to 80·F in flight.
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Loe"lorl
Name and CirCUli Power

Panel Are. Gdd Po.ition Function Br ..aker Source Remarks

MDC·Z (Cont)

, p ).)6 StilT CaMPR aoV meter Displaya differentia.] pr....ure ECS XDUCE Indicator ..",n,le 0.1 pll XDCR rani"
between the compressor inlel Croup I O·Z!> in. H20 output .i'.....1 to Indica_
.nd oUllet manilold •• MNA 5A tor. PCM and caution and ..... rnina

MNB 5A .)".tem.

CRYOG£;>;IC TAI'KS i"d,c"tors INSTRU· DC main Oiaplay. for Hz and O2 I.nk, :-':0. ,
{meterll MElSTATlOl": bu.... A " • and Z ope... te pdor to CSM separation

POWER only., 0 F.)7 H, PRESSURE GrCXlp Diap1&y HZ tanka Xo. I and :So.. Z CO:S1'ROL
pre••ur. and are uu'<l a. foUo...·.: OPERA- Inclic<>.lor {"",clion il cor.trolle<! by

Indicators I and Z ". Determine lank heater TlOXAL prel.ura (n.n,ducer. locale<! in Hl
performance. CB4TA:"KI tank. l"o. I and :"0. 1 outlet IinCl.

•• Detect le,k•. CBlTA:"K1 The.e tran.d\lcer. are aho connected
(RHEB-176J to C&<WS. Opentinlth.. CR YO PRESS

liCM on MDC.1 and 10 TIM. H,
opentin, ranle \I 11S to 160 p.i'.
Alarm triaaer valu... are 1ZO p.la
low and no p.i' blah.

, 0 F.l8 °1 PRESSURE Group

!l>dicalor I Di'play. pre .. \lre of Oz lank Wit~ 0l PRESS I~O .witch at TANK I.
:"0. I Or ECS aurae tank a. the indicator function i. controUed by
.elected by Oz PR £SS 1",0 .....itch a pr....ure Iran.d"eer located in <n
(MDC.Z) and i. "sed II followa: tank :"0. I OUtlel line. Tra".ducer

". O..termine tank h.ater aho eonnected to C&<WS. operatina
p.. rformanee. CR YO PRESS Haht On MOC.l. 0,

•• O..tect leak •. opentina nnae i. 86S to 9lS p.ia.
<. Verify ."rae tank pre.."re. Alarm triaaCf valu•• au 800 p.ia low

and 930 pda blgh. With Oz PRESS
Indicator l Oi.play. Oz tank "'0. 1 pr ....ur .. Ii\"D .w'tch al SURGE TA",K ;>oallion.

and i. uu,d a. folio"',: indicator di'play, ",nal from ECS

". Determin. tank healer .urae tank pre••ure tran.tl"c.. r.
performance.

•• Detect lu.k'. Indicator function if coni rolled by
<. Verif)' .ur,e tank pre..ure. pre ••ure tran,dueer located in 0l

tank i\"o. Z outlet Ii.,..
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Locatio"
Name and Circuil Powe ..

Panel IAre.. IGdd Po.ition Function 8r"ake. Source Remarks

MDC-Z (Cant)

, Q F_39 HZ QUANTITY Group HZ QUANTITY display rang" i. 0 to
100'\'.,

lndicator I Displaya quantity (Of. REMAINING) CRYOGENIC AC bus ,
of HZ in tank No. ,. SYSTEM _ 'C

QTY AMPL, _ ACI
(RHEB.U6i

Indicator Z Displays quantity (,. REMAINING) CRYOGENIC AC bus 1-
of HZ in tank No. ,. SYSTEM - 'C

QTY AMPL
Z _ AC2

(RHEB.U61

, Q F_40 O2 QUANTITY Croup 02 QUANTITY dhpby u.ng.. i. 0 to
100'1••

Indicator I Displays quantity (% REMAINING) CRYOGENIC AC bu. ,
of 02 in tank No. ,. OTY AMPL 'C, _ ACI

/RHEB-ZZ61

Indicator 2 Dhplaya quantity ('f. REMALt'llING) CRYOGENIC AC bus 2
of Oz in tank No. ,. OTY AMPL 'C

Z _ ACZ

(RHEB_226)

, Q G_38 HZ FANS • ..,itchu

I and Z Cantrall. a·c powe .. to HZ tanks CRYOGENIC RedWldant (an motors in ea<:h HZ tank
No. I and Z fan motors, FAN require 7W total.
respe<:tively. MOTORS

TANK I AC bus I
AUTO Applies a_<: ?Ower to conta<:ta on AC' - IlA, Switch at AUTO position will apply

motor .wit<:h whi<:h <:ontroh 311 IIB,IIC a-c voltage to HZ tanks No. I and Z
a_<: power to dr<:ulating fan TANK Z AC bus Z redundant fan motors when pressure
motors in HZ tank. No. I and Z. ACZ - itA, swit<:he. in both t ... nks ... re in ... low_

liB, llC pre.sure position at ZZ5 psia or lower,
OFF Dis<:onne<:to 311 a_<: power from (RHEB-n6J and wilt remove a-c voltage when

HZ ta.nks No. I and Z dr<:ulating either pres.ure swit<:h i. in a high.
fan motor •• pres.ure po. it ion at Z60p.ia or higher.

ON Controil 3' a_<: power dire<:tly Swit<:h at ON (manual) position
to <:ir<:ulating fan motor. in HZ bypasses the pressure switches,
tanks No. I and Z. applying a-c power dire<:tly to the

same redund ...nt HZ tank fan mota....
employed for ",ulomall<: operation.
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Name and Ci:r""il Power
Po.ition Function Breaker Saure" Remarks

MDC~2. {ContI

, Q G.35 HZ HEATERS switch"," Redundant heater elements in each H,
tank require 10 "'atls of ?Ower for

I and 2. Controls d_c power to HZ tank. eR YCX::;ENIC DC main each element 'lOW toull.
No. I and 2. heate .. elements, HZ HTR bus A

respectively. MNA
(RHEB.226)

AUTO Enables automatic pre••ure Switch at At/TO position will apply
switches 10 control d.c po...·.... '0 CRYOGENIC DC rnllin d_c voltage to HZ tanka No. I and l
HZ tanka No. I and Z heater HZ HTR bus B redundant heater elements when
elements. MNB pre.." .... switch..s in both tanka are

(RHEB.226} in a low-preuurc position at 225 pai.
OFF Disconnects d_c power from HZ Or lower, and removes d_.: voltage

tanks No. I and 2 heater when either pressure owit.:h i. in a
elementl. high_pre.,ure po,ition at 260 psia or

higher.

ON .controls d·c power directly to Swit.:h at ON (manual) position

HZ tank. No. I and Z heater I>ypaues the pressure switche,

elements. applying doc voltage directly to the
same redundant heater elementl
employed for a"tomatic operation.

, Q C_40 0z FANS owitches Redundant fan motor. in each 02 lank
require 41W total.

I and 2 Controls a_c power to 02 tanko CRYOGENIC AC 1>". 1
No. I and 2 ran motor., TANK FAN
respectively. MOTORS

TANK 1
AUTO Applie. ;l-C power to contacto On ACI - 0A, Switch ;It AUTO position ",,11 apply

motor switch which coniroll 311 'B. .C a_c power to 02 tanks No. 1 and 2
a_c power to circulating fan (RHEB_226) redundant fan motor. when pre ••ure
motor. in 02 lank. No. land 2. switches in I>oth tanks are in a 10w-

CRYOGENIC AC I>u. 2 pre ••ure position at 865 psia or lower,
OFF Di.connecto 30 a_c power from TANK FAN and will remove a_c voltage when

Oz tank. No• .."" 2 circulating MOTORS eithcr pre. sure s .....itch is In a high-
ran motor •• TANK 2 pre ••ure position at 935 psla or higher.

AC2 • !lA,
ON Controls 311 a_e power directly '8, .C Switch at ON (manual) position

to circulating fan motor I in 0z (RHEB-226J bypau,," the pressure Iwitches.
tanko No. 1 and 2. applying a_c power directly to the

same redundant 02 tank fan motors
employed for autom;ltic operation.
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Location

Are. IGrid
Name and Circuit Pl:>wer""'.. Po,ition Function Breaker Source R"marl..

MOC.Z (Cont)

, Q G_H Oz: HEATERS .,.,ltd.... RedU»d."t ",u.l"r element. in each
Oz tank ...eqlltre 77.5 "'.tta or power

I and Z eonu-ob d.c power to Oz tank, CRYOGENIC (or each dement (lS5W total).
No. I and Z heater clemenu, Oz HTR I
,upec:tlvely. MNA DC m .. in

0, HTR Z bu. A
AUTO Enabl•• automatic pre....re MN. DC m.it1 Switch at AUTO po_mOll _ill apply

....1"'''•• to control d_c power to (RH£B.ZZ6J bu. a d.c volt_Ie to Oz !.anh No. I arid Z
O2 ...tll.. No. I and Z heater redWldant heater element. when
demenu. pre ••ure .... lldle. in both tank......

on. lo.... ·pre........ position at 865 pll.-
OFF Dhconnecu d-c PO"'''''' from Oz Or lower, and will remove d_c voltale

tank, No. I and Z heatu when either pre .."re .witch i. in •
el,menu. hillh.pr ...ure po.ition .t 935 pai. or

blaher •

ON Controll d-c power directly 10 Switch .t ON (manu.l) po.ition
Oz I.nb No. I and 1; he.ter byp.... ' pre••ur...witcn... , .pply!na
elemente. d.c voh'ae directly \0 .&tn. r.d.... _

dant h ... ter e1emenu employed for
."toma.llc operation.

, Q G·)7 O 2 PRESS JND .witch INSTRU_ DC m.i.D
MENTATlO~ bu.e. A " •

TANK • Connect. O\1tput of 01; tank No. , PoWER T A."'K PRESSURE-l-Oz i ...:hcalor ,a
pre••"re trUl.ducer 10 Oz lanl< CO~TROL .hared by two pre••"re .I,nah.
No. I TANK PRESSURE indicalor OPERA-
(MDC·2). TIONAL Norm&.! po.ition of ....itch prior to

c•• CSM aeparalion except for Pflriocllc
(RHEB.276J aurae tanl< readow •.

SURGE TANK Connecte output of ECS SURGE JNSTRU. Normal ,o.ltion of .witch followln.
TANX pre••ure Iran&<lucer 10 Oz MENTS CSM aeparallon.
lank No. t TANK PRESSURE ESS - MNA
indicalor. and MNB

(MOC.51
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Pan"~Ar....
N........ and Ciu,,,it ~ ....,r

Orid P,;..itioll Fwoctlon Brell.ker Source Re..... rk.

MDC_Z lCont}

, R M.3? HIGH CAIN ANTENNA TRACK HIGH CAIN Flight bu. de
awitch ANTENNA AC bu. I 01'

FLT BUS" ,
AUTO Antenna continue. to poinl CROUP Z

toward. MSFN at..&tion ...tomaH.
uJly. provided M5f"N au.tion i.
within ~O de,r"... of uten".
borul.ht uti_, and is not poililing
beyond predetermined .can Hmlta.

MAN In manu.al mode, antenna con·
tinul' to point to po.ition ..at.I>.
lhhed by po.ition anglel ..t by
PITCH and 'lAW control..

REACQ In automatic: &cquiaition mode ot
opentlon. ...tenn. will perform
... In TRACK AUTO mod.. outlide
Ican limill and automatically
(intetl'la11yl ••itd> to MAN
(1'1'1""'\1&1) mode Upoll occ......"nce
of ,ca.n limill. AIlte...... will
remain in manual mode until it
baa arrived at indicated PITCH!
YAW po_ition and .ian&! i.
pr...ent.

With ....t ..nn. poaition..d .t man·
ually pre...t poaitiOfl•••nd with
ailnal punnt. mod.. of operation
r ...... rU automatically (internally'
to AUTO TRACK mod.. of opera·
tion. HI CAIN ANT SCAN LIMIT
I.mp di ..bled in REACQ pOlition.

, R M.l! HICH CAIN ANTENNA BEAM HICH CAIN Fliaht bua Thr..... po.ition .....mbly u.ed to
...itch ANTENNA ch.nle trackinll mod.... lniti.l acqui•

FLT BUS .iUon or primlry ground ItaUOn
(R.HEB.Z2SJ al...ayl Occurl in coar." tracking

mode, Logic and autom.tic .wltchins
allow. continued automaHc tracking In
Un. track mode. whene..er RF beam.
width ..lector .... itdl i. in medium Or
narrow tra".mit beam po.itlo". ww,
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Location

Panel IArea IGrid
Name and Circuit Power
Poslti<>n Funclion Breaker Source Hemarkl

MDC-l (Coni)

, R M.)$ RF b....mwidth selector switch in wide
transmit beam pOlitl<m, acquiaition
occurs and tracking continues in
co.. rae track mode. The three poai.
tiona are a" follows:

WIDE Selects wide RF beamwidth.

MED S"lecta mediW'l"l RF beamwidth.

NARROW Selects narrow RF' beamwidth.

, R M_38 HIGH CAIN ANTENNA PITCH Provides readout of antenna in High gain
meter (Des +90/0/-90) PITCH degrees {relative 10 the antenna

spacecrdt}. ..hetron'''.

, R M.39 S_BANO ANT (TUNE FOR MAX) Indicates S_band "ponder receiver S-band Indi""t... AGe only in phaU-locked
meter ACe level of .elected xponder. "'ponder condition using OMNI Or high gain

antennas.

, R M_40 HIGH GAIN ANTENNA >AW Provide. re"dout of "ntenn" In High gain
meter (Dcg 0 through 360) YAW degrees (relative to the antenna

spacecraft). electronic.

, R 1'1_ 39 PITCH-POSITION control switch Allows manual positioning of
HIGH GAIN antenna in PITCH
plane (relative to the spacecraft)
corresponding to settings '"degrees shown on panel.

, R N_40 YAW_POSITION control switch Allows manual positioning of
HIGH GAIN antenna in YAW plane
(relative to the spacecraft]
corresponding to settings in
degrees .hown On panel.

, R 0-39 HIGH GAIl'" ANT Pow£R Switch HIGH GAIN Flight bu. dc Thi. three_position assenlbly provide.
ANTENNA J 15 vdc, 400 Hz, and l8 vdc power to
FLT BU; the antenna equipment, and provides
(RHEB.ll5) the following functions:

POWER Electric..1 power to antunna "quipment.

STBY lS_vdc heater power to boom
components only.
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Locatioo
Name and Circuit Power

Panel Area IGrid Position Function Breaker Source Remarks

MDC-Z (Cant)

, R 0.39 OFF Both a-c and d-c Yoltages are
removed from all HGA equipment.

, R 0_40 HIGH GAIN ANT SERV ELEC HLGH GAIN <light bus dc Selects one of two redundant and
switch ANTENNA identical electronics servo auem-

FLT BUS bUes . Both are prOYided to increas"
(RHEB_U5) total reliability of electronics of

subsystem.

P>UM Selects PRlMARY electronics/servo
assembly.

SEC Selects SECONDAR Y electronics I
servo assembly.

, S C-Z8 SUIT CAB AP meter Display. dUference in pre .. ure INSTRU- DC main Indicator range +5.0 in. HZO to
·bootween .uit circuit and cabin. MENTS ESS buse. A h B -5.0 in. HZO suit pressure relative

MNA '" to cabin.
(MDC_5)

0'
INSTRU-
MENTS ESS
MNB >SA
(MDC-51..,
JNSTRU.
MENTATION
POWER
CONTROL
OPERA-
TIONAL 5A
(CBZ)
(RHEB-Z76)

, S C_Z9 0, FLOW met"r Provide, total rate of now indica- ECS TRANS_ Indicator range O.Z to 1.0 Ib/hr.
tion of o><Yllen supplied to ECS OUCER Signal goes to indicator, PCM, and
downstream of main regulator. PRESS to caution and warning lamp, through

Group I a 16.5-s"c time delay rejay.
MNA 5A
MNB 5A

, T C-36 POST LOG VENT VALVE N/A N/A Safetywire keeps postlandinll vent
UNLOCK handle valve in dosed position during

PULL Pul" safetywire from posHanding
minion. Do not pull until uprighted.

vent valve.

>
'0
0

(l C-
O C- O>
Z 0 ;::..
~ 0 N

0 '0 >
~

M •
"

0

> W

> •
Z .. '"tl 0 C-
tl ti 0- (l

'" '" ~'0
C- > -> Z -'" tl •-'" '" -0

0

'"



'"••_.
n

l?
"•

n
".•,
~•
~
"•

Location

P ..n ..~Ar...
Name and Circuit Power

Crld Po,ition F\lflctiotl Breaker Source Remark.

~

, A 0.42 VHF ANTENNA .... itch

RECY Connecu VHF re"overy .nl.. nna
No. 2 with Ihe TIC ...baystern.

SM LEFT Connecu left SM - VHF • .,tenna
into Tie sub.rue ....

SM RIGHT Connecu rI,ht SM_ VHF .nt.nn"
into TiC ...bay.U,m.

, 8 K.42 QXIO FLOW pooition indicalor. SPS DC main Two iel."t,,,.1 indi"ato,•. Each I,
GAUGJSG bua... A It 8 .. t ...o·conditi .... daviee controUed,

Upper indicator Max di.play indicat•• propellant MNA and AC bu, by telvo aClion. Whell plop<:lbnt
utilization val". if In incI ••,n MNB for I or Z utili.aHon ..alve I. in I\orma\
oxidi:ur flow rate poaition; IUY d·c powe .. ..>tid....... now rate po'ilion, IUY
diaplay indicatu it i, not. MDC_' ACt eliaplay _ill .pp..., In both ;odiu.lor., ACl wind....... lndk.tor. 're operative

Lower indic..or Min di.play indie..e. propellant Ihro"ah SPS only durina SPS THRUST. ON ••
.. tiH:c.ation valve i. in deereaaN GAUGING durina SPS OTY TEST.
oridi:c.er now rale po.ition; .ray ..... itch
di.play indie..e. it i. "01. IMDC-4)

, 8 K_42 OXID FLOW VALVE .",ileh Three_po.ition toa.le .",itch u.ed
a. required to re.ulue oridil'er

INCR Applin increa.ed .I.nal •• n_ rate to m.inlain proper
propellant utili ...ation valVA prepellallt uliliaalion. Remainina
PRIM or SEC mOlor .eh'cted propellant SPS unbalance may be
by VALVE .witch. determined by monitorlna

UNBALANCE motor or by
",ORM S ..pplie. norn... t .ianal •• calculationa, uliIi"in, information

propellant utiliution valve diaplayed In percent_OXIO and
PRIM Or SEC motOr nleeted percent_FUEL q ..antity di.play
by VALVE .witeh. windo"'a.

DECR Suppliu deerea.ed aianal •• Ma>limwn PU valve re.pon.e time
propellant utiliution valve from inerea.e to deerea.e po.ition
PRIM or SEC mOtOr leleeted i. U aeeond•• Valve io operative
by VALVE .",iteh. only d .. rina SPS THRUST ON or

durinll SPS QTY TEST.
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Name and Circuit Power
Panel Area Grid Po,it;oll FUllclion Breaker Source Remark.

MDC-3 ICont}

, B 1:\._43 OXID FLOW VALVE switch ,p, DC main Two_ po_ilion toggl .. .witch which
GAUGING bun. A t. B provide. manual ..,lecI;on of primary

PRIM AppHu powe .. to pro~l1ant MNA and AC bu. or a"coml:ary gatea '0 propellant
utilization valve primary 'e"vO MNB ,,. I or 2: "tHiu.tion val"e. Opeu.tive only
amplifier. 0-0 power during SPS THRUST ON Or during

MOe_8 ACI SPS Cry TEST.
>EC Appliu power 10 propellant 00 ACl

utilization valve secondary through SPS PU valve secondary /late i. <:apable
1,,"vo amplifier. GAUGING of adjuating for incu••ed,

switch decre....:d, or normal Or oxidl"....
(MOe-4} fiow area .."gardl" •• of primary

gate failure in any pOliti on.

, B K_43 PUG MODE switch Three.position toggle switch ;0
NORM position during normal

PRIM Applieo output from primary operation. This switch, when used
propellant quantity sensing in conjunction with TEST switch

system to propellant quantity (MDC-3), can be useful in isolating

indkating and warning devices. malfunction in prop"llant quantity
sensing .ystem.

NORM Applies outpUti from both pri-
mary and auxiliary sensing Primary system display will not

system. to propellant quantity chang" for 4. O~ 1. 0 .econds afte r

wa.rning devkes and output from SPS fir" .ignal Or during TEST I

primary propellant .ensing Or 2.

.yotem to propellant quantity
indicating device •• Auxiliary syotem will chang" di.play

0,",0 receipt of SPS {ire signal '0'
AUX Applieo output from auxiliary during r"c"ipt of TEST I or 2.

propellant u,nling .y.tern to
propellant quantity indicating
and warning device •.

, B H.42/ ,p, ENGINE INJECTOR INSTRU- DC main <Our identical indicatorl. Each is

H·4J VALVES indicators MENTS buse. A " • n""dl"_mov"m,,nt_type m"t". with

'" inputs suppli"d " position poten-

A< '00 l Provid". vioual indication of MNA tiomete,. located in valve actuatOr.., '0' , SPS engine main propellant MNB
valv"s op"n Or dosed condition (MDC-S) Ld, needle deflection indicates

(one o"idizer and One fuel valve CLOSE; right deflection indicateo

per pair and one indicator for OPEN.

each pair of valves I.
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Location
Name and Circuit Po",,,,.

Panel Area IGrid Position Function Breaker Source Remarks

MDed (Cont!

, • M~42 SPS He VLV , .., , Two operation"Uy identical SPS_He DC main £ad, switch ,. • three_way toggle
switche •. VALVE . bust. A & • switch. With Ihis swilch in AUTO

MNA ,,, position. valve openi,,/!: and clooing
AUTO Provide. lor automalic applica_ HELIUM , i. controlled automatically by CMC

tio" ..nd ... ",oval or pow... (rom and MNB for system or SCS or SPS THRUST
helium ;Solalion valv," solenoid . HELIUM , DIRECT ON. Complete manual

(MOG_8) control of valve poai!ion can be
OFF Remove. power from belium maintained by Uliliz;ng ON-OFF

isolation valve ,olenoid. switch positions.

ON Applies power to h.. lium isola_ Each switch conlrol$ helium flow to
tion v~lve $olenoid. ,.. M Iwo .edundanl pressure

regulator assemblies.

, • L_42 ,p, H. 'L' evenl indicalors Siriped line displa}' indicates Two identical indicators. Eaeh i. a
(IWO) closed condition " valve two_condition device wilh gray

conlrolled by switch localed display controlled by solenoid action.
direclly below indicalor. Gray and striped line display controlled
display indic..les open condilion by permanent magnet aclion.
of valve.

, • M_U SPS_ LINE HTRS 'PS LINE Crew will determioe from SPS
HTRS MNA propeUanllank$ lemperalure

A/. Applies power <0' ,p, and MNB meter {MDC.)I a. 10 when to
(l2 elements) tank leed line (MOC-ll9) place SPS heater$ to AlB Or A 0'

and bipropelhnt valve heat.. rs. OFF.

OFF R.. mov... power Irom all SPS
he ale r •.

A Appli... pow.. r to f> SPS tank
feed line . engine I....d line,
and blpropellant valve heaters.

, B M-44 SPS-PR£SS INO INSTR U_ Three.po$ilion loggl .. $wilCh used
MENTS 10 select SPS h.. lium Or nilrogen

H. Connects SPS helium Ilon.g.. E" .ank pres Sur" inpul 10 He TANK
tank pres lure oUlpul to He MNA PRESS or NZ PRESS Indicalor on
TANK PRESS indicalor {MOC-3L MNB MDC_3.

(MOC-5)
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Pr.... ur.. indicator dhplay i. In
p.ia, and ranI" is 0 to 5000 p.la.

£ach indIcator il calibrated in plia
with ran,e of 0 to JOO plla.

Two indicatort are id ..ntical in
oper.. tion. £ ..ch con.ilt. of
D'Ar.onval_type m"ter with fix..d
dial and movabl .. pointer. Pointer
movem..nt is v .. rl;cal a' ob.e-rv..d
from Cr"W couch.

T ..mp.. r"turf! Indicator dilplay is
in d .. lIr Fahrc:nh.dt and rang" i.
o to ZOO· .

Remark.

!d..ntical ;n operation but diff"r in
calibration...ach Indicator con.illl
of d'Ar.onvai_typ<o m .. t .. r wHh tix..d
dial and movabl .. pointer. Pointer
mov..ment i. v .. rtical a. ob... rv..d
from cr..w cow:h.

Powe ..
Source

OC main
bu.".A&B

Circuit
Brea-ker

INSTRU_
M£:-ITS

<=
MNA
MN6

(MOe-51

Indkates 5PS aaa.,ou. nilrolen
storage u.nlt pre,,"re or enllne
pneumatic: valv.. control ty"-
t .. rr. A Or B wh..n SPS TANK
PRESS awitch (MOC·)) il in
NZA Or NZB poaition.
reapeclivdy.

Connect. SPS C••.,o". nilro."n
stor-ag.. tank pr outp", 01
engine control val" v.tern A
to NZA PRESS indicator (MCC·ll.

'"dieatea Sf'S helium &loral"
tank pr,.••"." when SPS TANK
PRESS .... itch (MOC·'I i. in
He posHion.

F"nctio..

Provid.. constant monitoring of
SPS propellant line 'emP'"rature.

ConnecU SPS ' 0". nltrOll""
lIor",,, unk pr ur .. output of
en,inc control Ive ."tem B
to 8 PRESS i"diutor (MCC_ll.

Provide. con,tanl mon.torini of
SPS oxid••• , tank re• .,lated
helium pre ••ure.

Provide. conalanl monllodn, of
SPS fuel lank ululated helium
pre....re.

PRESS_OXlD

PRESS-NZ

PRESS-H..

PRESS. FUEL

Name and
Po.itloD

TEMP

SI'S PRPLNT TANKS m"lcrs

r.4)

f" -4Z

•

•

•

•

•

•
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Pane~Are.
Name and Circuit Power

Odd Po.ition Function 8rellker Source Remark.

MDC.' ICon11

, • J-42. SPS QUANTITY.OXlD UNBAL lrld;cate. unbalance of remain in, SPS DC main Indicator
"

arad,... ted 11\10 .l"
meter SPS propellant,. GAUCING blOu. A ... B major divhlon •• each npr.. ,,.ntina

MNA and AC bu. lOO pound. of propellant unb.lanee.
MNB '"' I or l Upper half indica!... ;ncn••ed

'-0 power oxiditer flow required; lower haH,
(MDC.al deere••ed flow. Indicator needle .t

o lhori.onu.t poaillonlindicate.
de.ired propellant raUo. Shaded
are. i. con.'dered normal unbalance.

, • 1--4) SPS QUANTITY di.play

Percent FUEL Oiail.1 counter di.play window Ollital di.play in o.ddlilU quantily
Indicat;"1 tOI,.1 Iud la ..k quantity (OXIO) window and r....1 quantity
re""',n;"1 in perc",nl. (FUELI .indow repreunt remai..•

ing ta"k q ....ntitle ••

Percent OXID Digih.l counler di.play window Since de.ired oxidi:ler/fuel ralio i.
indicatinglolal oltidi:ler lank I. 6; I, digital di.pl.y in bolh window.
quanlity .em.inin, ;n perc..nt. .hould be identic.l wl'Icn propcU..,t

'alio i. eo.reCI.

, • j • .o SPS QUANTITY_TEST .w;lch Th.e,,_polllion 10,,110 ...ileh, .prina:-
loaded 10 center po.ilion. TEST, (up) Appliu .imlliated ;nl'<'t 10 po.ition aUow. ,,. "i.ual cheek .,

prof""Uant quanlity ,alll;n, and p.oper electric.1 and mechanic.1
IItili:r.alion .yltem eontrol ""iI, ope ••lion or propellant indiclt'n,
c.uaina: di,ital di.play co.....t... device•. In addition 10 indicalo.
,", UNBALANCE indicator 10 check•• TEST po.ition m.y bl! uaed
f""ctlon rOt teal chl!ck. to .id in i.obtin, ~IlUJ'lclion in

either prim.ry Or .w<ili.ry propel I·
C ..nle. Normal opera.tlna: po.itlon ,", h,nl quantily .en.inll 'yltem.

remo"e. leal lIimul\.

T ...I or prim••y .y"em will ha"e to, (down) Applie••imul.letd hlpul ror 'ame be held for 4.0'1.0 .econd. bdo.e
pu.po.e. a. TEST (upl po.ition, chanlle in di.pl.y GeCU". Te.1 or
except in rIO".... polarity. """iliary 'y"em will .e.pond

immediately.
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Panel IAua rCtid
Name .or! Cir(:uit Po'&'er

Po,itl..." FlUlel;..." Breaker Souree Remark.

MDC_l ICont)

POWER .witche. PMP Flight bu.
POWER, e P.47 PMP FLT BUS
(MDC_ZZS)

NORM EDcrlir:ea primary ~er ...pply
of the PMP (pumoch,ol,Hi...
proce .....r).

OFF Sw;teh". PMP olf.

AUX Ener.;"". awdlh.ry power "'pply AUX ulect. not only awcilia ..y power
of PMP. .upply. but abo dlleonneeu play·

t.aclt CM/PCM line from reeorder
and connecu real time CM/PCM to
tran_ponder tranl-mittu· and, if DS£
PCM/ANLC.LM/PCM ,wilc:h i. i ..
PCM/ANLG, to Fid Iran,mitter.

• e P-46 SeE SIG COND Telc<:om I<
FLT BUS IUght bu.

NORM Encrvzea seE primary power (MDC_l2S)
."pplyand an error d.. tectlon
drclllt whleb ...tomaUcaUy
,witeh,.. SeE to udundant
power ."pply if prim....y POW'"
I"pply Yoltal"l '0 ...ut of
101",.....ce.

OFF Switch,.. SeE off.

AUX Provide. man..... l ,wltc/una o(
SCE power .uppUu by repe.ted
... lection o( thi. po.ition.

3 e N.'l1 POWER AMPL na. indicator Activated when S_band power S_band
amplifier ...Iected for .... e with power
xponder by PWR AM PL PRIM amplifier
SEC 'WilCh I. activated in it. equipment
hiah- or low-level power mode.
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Location

Panel IA~ea IGrid
Name .eo Circuit Power
Po.it'Dl1 Fw:>ction ar"llker Source R..ma..k.

MDC_3 (Cont)

5.BAND ANTENNA S-BANO Fliiht bu.
PWR AMPL, C 0_42 OMNI A, B, C PHASE

.witche. MODU_
LATED

A Selects omniantenna A which XPNDR
i. located between spacecraft
coordinate. ~Z and +Y, when
S-BANO ANTENNA OMNI-D
switch i. in OMNI position.

B Selecll omll.;anlenna B which
i. located between .pacec......!!
coordinate. - Y and +2, when
S_BAND ANTENNA OMNI_D
.witch b in OMNI position.

C Select. omni&nt"nna C which
i. located between spacecraft
coordinales _Z and _Y. when
S_BAND ANTENNA OMNI_D
.wilch i. In OMNt posinon.

OMN! Provide- power to S_ BAND RHES-US Power i. obtained through XPNDR.
ANTENNA OMNI A_ 8-C awitch CB " PR'" .., .witch.
to enable selection of omni·
antenna A, B, Or C.

D Select. omniantenna D which RHEB-US
is locat ..d b.. tw.... n .pacecraft CB "coordinate. -tV and _Z.

HIGH GAIN Selects high gain antenna and
disables selection of OMNI
antenna. A, B, and C.

S.BAND AUX .witche. PMP
..quipment, C N_4.5 TAPE Activate. FM 1ran.mitte • .,

USBE and connects oulpul 10
power amplifier NOT .elected
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Loc:oUon
Name and Circuit Powe<

Panel Area Grid Posilion Funclion Breaker Source Remarks

MDC_3 (Coni)

, C N-45 TAPE by S- BAND NORMAL PWR AMPL PMP
PRIM_SEC SWilch. Activales equipmenl
power amplifier in high_level
mode. Connects lape playback
f"nclions selected by TAPE
RECORDER PCM/ANGL_LM
PCM switch 10 FM transmitter.
Selection of this mode will Over-
ride S-BANO AUX TV Of"f" SCI
switch.

OFF Selects nO modes.

DN VOICE 8U Selects PM baseband voice
mode of transponder selected
by S_BAND NORMAL XPNDR
PRIM OFF SEC switch.

, C N_41> TV Activates FM transmitter of
USBE and connects output to
power amplifier NOT selected
by S_BAND NORMAL PWR AMPL
PRIM.SEC switch. Activates
power amplifier in high. level
mode_ Connects output of TV to
FM transmitter modulatOr.

OFF Selects nO modes.

SC, As TV except. R/T SCI channels
on their SCOs.

S_ BAND NORMAL MODE
switches

, C N·44 PCM Selects real time PCM biphase
modulator output for transmis_
sion via transponder selected
by S-BAND NORMAL XPNDR
PRl/I,i_OFF_SEC switch.

OFF Selects no modes.
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MOC-) ICon11

, C N·44 KEY Sclectl output of emer,,,ncy key PMP
_...bearrier for Iran. ponder "quipmenl
..,Ieclfld by S-DANO NORMAL
XPNDR PRlM.CF'F.SEC .witch.

, C N_44 RANGING Relran.mit, ....ceived .anlina S_band
';Inal vi.. t.an.pcmder ulected equipment
by S. BAND /,;,ORMAL XPNOR
PRlM.OF'F.SEC .witch.

OFF ~lectl nO mode •. Bru.k••i,,,.1 ....th betwun USB£
wide_band receiver Q\llp'" and
Iranaponder u ....mitter modlll.to•.

, C N.43 VOICE S<elecU voice mode ...beard...
output for Iranlmi•• ion vi ..
t.uuponder .elected by S.BANO
NORMAL XPNOR PRIM. OFF
SEC .",ilch.

OFF s.e,lectl nO mode••

RELAY Conneeu received VHF.AM voice
from LM or voice pi... data {rom
EVA 10 voice aubuui... lI.dl-
lator. Selectl voice .ubear.ie.
output for Iran.mi.,lon via
tran,ponder 'ltlec:led by S_BAND
NORMAL XPNDR PRIM-OrT.
SEC .wltc:h. Al.o pr••enu
output or up.YoIc:. Itubc:arri.r
demodulalor 10 audio c:enler
No. 2 mlc:rophw.e Input for
retay to LM or EVA yla
VHF-AM equipment.
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Location
Name • .,d Circuit Power

PaDel Area Gdd Po,ition Function Breaker Source Remark.

MOe_] (Coni)

S- BAND NORMAL - PWR
AMPL ,wild..,.

, C N••3 HICH Selecu hi.h-Ievel mode or op.n.
lion of power amplifier .elected
by S-DANO NORMAl. PWR AMPL
PRIM.SEC ....itch.

OFF Sclecu h~.. mode of op.tn.tion
{or the tranapotldar lelacted by
S.8AND NORMAL XPNDR
PRIM.OFF.SEC .witch.

LOW Select. low_level mode of opera-
tion of power amplifier lelecte<l
by S_ BAND NORMAL PWR AMPL
PRIM-SEC ...nl<:h.

, C N.42 PR<M Sel"cu No. I pown amplifier of
s_ BAND pow. r amplifier equip-
ment for operation with tran._
ponder ..lltcleo by S-BANO
NORMAL XPNDR PRIM-OrF-
SEC .witch.

'EO Selecu No. l power ampltrier or
S. BAND power amplifier equip_
ment for operation with tranl_
ponder ulected by S_BANO
NORMAL XPNOR PRiM-OFF.
SEC .wltch.

, C N_4Z _BAND NORMAL - XPNDR S_BAND Telecom When .witchl"l f.-om PRIM to SEC
.wltch PWR AMPL filght b". po.llion., operator aho"ld pau•• at

PHASE MOD off po.ltio" 10 pr.clude unwa"t.d
PRIM Actuate. No. 1 t.an_ponder of XPNDR actl"atlo" of both XPNDRS.

unified S-BAND equipment [MDC_U5)
(USBE).

OFF Switchu both tran_ponder. off.

SEC Act"ate. No. Z Iran. ponder of
the USBE.
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Location
Name and Circuit Pow"r

Pan"l Area Grid Po.ition F\l.-"ction Breaker Source Remark.

MDC_3 (Cont)

, C 0-48 TAPE MOTION flaS indicator Activated whenever data storage Data atora8e
equipment tape ia in molion. equipment

TAPE RECORDER .witche. S.BAND FM Telecom 5<
XMTR, night bus, c P-46 FWD Clos". power circuit to tape DATA Forward ape"d h determined by DSE

tn.napon for operation in [or_ STORAGE RECQRD_ PLA Y awit<::h, pes HIGH_
ward direction. EQUIP LOW awitch, and daU rate recorded

(MDC_ZZ5) On tape. RECORD in HIGH sivea

15 ip., RECORD in LOW 8iv..,.
3.75 ip•• PLA Y with HBR on tape
Siv... 15 ip5. PLAY with LBR on
tape give. lZO ip•.

OFF Cloa.. s power drcuH 50 tl\at tape
Iransport will be in stationary
po.ition. Cion. po.....er drcuit
.0 that DSE electron;c. are
di.abled.

REWIND Clo.el po.....er circuit to tape No record Or play in this polition.
tranlport for operation in
.u.....ind mode at IZO ipl.

, C P_45 PCM/ANLC (ANLG % Analog) Select. play_ OSE
back of recorded CSM PCM, equipment
CSM, and LM voice and theee
analog channe15 of .cientific
inltrUJnentaUon.

LM/PCM Selects playback of ..eco..der
LM PCM of CSM DSE ae 120 ip••

, C P_45 RECORD SelecU record mode. Supplie. power to peM high_Io.....
......itch which determine. recording
.peed.

OFF Select I no model.

PLAY Select. playback mode. Suppliea power eo PCM/ANLG LM
PCM .witch .....hich determines
playback .peed.
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'"• Location• Name and Circuit Powe..
_.

panell Are .. Iaridn P'>5ition Funct;on Breaker Source l'lelTla..k,
0•"• MOC.3 (Cont)

3 e 1'_47 peM Bn RATE
~

~ HIGH Selects normal PCM data mode peM

> equipment, Select. normal equipment

"
(IS ips) "peed for recording on

'"
DS~.

~

LOW Select. narrOw band TLM

'"'" (minimum bit ratel mode in

'" PCM equipment. Selects
dow 13-3/4 ips) speed for

,..
"< recording on OSE. 0

" > " t"'
'" Z UP TLM .witch... PMP 'elecom & 0 t"' '"• ;::, POWER. llight "0' Z 0
~

a ... N

• • 3 e N_"7 eMD RESET .Actuation reset. ,n 0' real FLT BUS

~
0 >

" time command relay. except (MDC.ZZ5) " ,
0 C

• > bank "A." Actualion does nol f;; '" 0

" < '"
~

• inlerrupt power to up-data link ,.. ,
n /UDL) equipment, "UP" throw ,..

'"0 Z ... t-O position being spring_loaded
0 (5 0a for .eturn to cenhr poailion.

ti nc 0
M - :>:
I

NORMAL Actuale. power '0 UDL '" :t
equipment. " ~" t"'

,..
> >- 6

,
z -M OFF Diublu power " UDL "' -C equipment. '" '"
"

0
3 e N-4b DATA Seleeu up_voie" '0' up_dala PMP

0

'"d"modulator for norma] "quipment
operation.

" UP_V01CE BU Switel,,,,, up_voie" 30-ke "ub- MSFN mu"t, in thi" mod" of opera-•~ earrier demodulator 10 output tion, time "hare up_data and voice• of up-data 70-kc demodulator information On 70_kc "ubcarTie •.
"nd connect_ to both audio cenler
"nd up-data link.
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P .....,l IAre. IGrid
Name ....d CiT ""it Power
Po.itioD f'lUlction Breaker Source Remark.

MDC·) (Conti

VHF AM .witch...

) e 0.45 VHF AM_A CREW night ..
STATION po_tland!"1

DUPLEX Sdecu VHF· AM 296.8-rn<: AUDIo-eTR ,", Provide. for voice conununic.t;ona
tra..amltter and 259. 7_me (MDC-US) bet...een CSM and EVA and uceptiot>
recelye .. for voie:," and blamed of voice and biam.ed data frorn EVA.
data communication. Reception of volu from. LM Or voice

pi". data from EVA for rday via
CSM S.band equ.ipment to MSFN.

OFF Selecl. no mode ••

SiMPLEX S.lect.. 296.8-me tran.mitte .. Provide. for voice only communlca.
and receiver for voice only tiona belween MSFN and CSM .tld
communication. between LM and CSM.

} e 0-45 \'HF AM·'

DUPLEX Selecll VHF.AM lS9. 7_me Provide. for backup voice communi·
tranamitter and l%. 8-me catlona between CSM and EVA.
reeeiver to receive voice.

OFF Selltcu nO modea.

SIMPLEX Selltcu VliT.A."ll59.7.mc Provide. for backup voice cornrn....l.
!ranaminltr and rece;ver ,.. cationa between CSM and ~.
volclt communication.

J e 0.<6 Rev ONLY VHF AM
equipmenl, DATA Sltlltcu VHF.AM l59. 7.mc PrOvide. for rltcltplion of low· bit

recaiver 10 receiv., low.bit nllt PCM rrom L."". and cbannela
nl., PCM. rltceiv.r output to PMP. After

dlppinl and amplilyinl, PMP
provide. LM PCM ai,,,al to OSE
only ror recordin"

OFF S.,lecu no mode •.

A SltlltcU VHF_AM 196.8_mc Provid.a for monitoring durl"l
ucltive( only. • .,covery phaae.
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Location

Pa",.ll An. IGrid
Name and Cin\lit Power
Po,iti"D FUI..;:tion Breuer Source Remark.

MOe-) ICont1

, e O.·U SQUELCH A Thumbwheel c:ontroh 5-k poten-
thumbwhul tiOm<lller •••embly 10 adjust

minim...... RF level req"';'red to
override aquelch acllon or
VHF_AM l%. S_me receive ••

, e P_,,) SQUELCH S Thurnb....heel controh S_k pote...
thumbwh..et Homet,. ••"embly 10 ad.j ... t

minimum RF level req .... red to
override .q~lch action of
VHF_AM 259. 7-me reeel"," ••

, e 0-" VHF SeN .....itch CREW Flight and
STATION postlandinc

ON Acl;vate. VHF b••con equipment. AUDlO_L b~

(MDC_lZS)
OFF rna.hle. aU pow." to VHf"

be.""ft.
, e o.·n VHF RA:-:Cl!'OC VHFfCREW

STATION
RAK"CING Activate. di,ita! ran,inc AUDlO·R

aene ••l0r. (MDC_US)

OFF o;..blu all power 10 digital
• alllil'li lene ••to •.

, e 0_47 S.BAND SQUELCH
(SC 108 and auba)

ENABLE Activate••quelch circuit II:
PMP up-link detector,

OFF Dinbl,...quelch circuH.

, 0 P.4l Fe REACS VALVE:S Bau,,,y
rday bu.

NORM (up) Maintainina ~witch dltconnecll Maintainina twitch providet holding
holdina voltage from reactant volUlle to open .olenoid of Fe
valve. of all three fu..1 cell.. reacunt valvet to prevent inadvert.

ent clo,ina of val Vet during laWlch,
atcent, and orbital intoertiQn,
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Location
Name and Circuit Powe..

Pa..,,1 Are. Grid Po,it'DlI Fune!i..,,- Br...k .... Source Remark.

MDC_3 IConl)

, D P_4Z LATCH (down) Maint.ininll: .witch appliu b.ald- .. FUEL Battery .. FUEL CELL I_BUS CONT
ina: voltall" 10 open .olenoid of CELL 1_ rday bu. circuit breake .. provide. eire\lil
.n FUEL CELL HZ .., 0, BUS protection and voltage for FUEL
r"a"lanl valv.... CONT CELL I and Z re."ta"t valv....

(RHES-
226)

b. FUEL b. FUEL CELL 3_BUS CONT
CELL 3- circuit breaker provide. ci .."uit
BUS protection and voUage lor FUEL
CONT CELL 3 ..e.dant valv.e-.
(RHEB-
2Z6)

, D P.'lZ HZ PURGE LINE HTR Maintaining .witch applin power .. FUEL DC main Maintaining twitch provide. c:apa-
to hydrogen purg.. line h....t ...... CELL I_ bu.... A " a bility to apply voltage 10 redundant

PURCE hydrogen purge line he..te .. to
(RHEB_ prevent frlOe"'ing during hyd ...ogen
ZZ6) purg".

OFF (downl b. FUEL
CELL Z_
PURGE
(RHEB.
ZZ6).

, E P_51 AC INDICATORS awitch Provid,., mean' of monitoring AC bua 1 Normal opIOrating rang" '0'
voltag" on AC hu,,.,. phases A, B. and C i, II5*Z vac.

aus , EFS
SENSOR,

'A Applies a-c phue A voltag,. SIGNAL _
from a-c bu, I to AC VOLTS Ac<
m .. tlO .... (MDC_ 5)

•a Appli.. , a-c pha... B voltage
from a-c bus t to AC VOLTS
mete....

OC Appli,.. a_c phue C voltage
from a_c bus t to AC VOLTS
metlO ....
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Location

Name " ...d Circuit Power

Pant'l Area Grid Po.ition Function Breaker Source Remark.

MDe_3 (Cont)

, E P-st BUS , EPS AC bus Z
SENSOR

OA Appli",s a-c phas", A vollage SIGNAL.
from a_c bus Z 10 AC VOLTS AC'
m"l", •. (MDC_5)

'B Appli". a-c phue B vollage
from a- c bu. 2: to AC VOLT5
meter.

'C Appliu a_ c phau C voltagc
from a-e bu. Z to AC VOLTS
meter.

AC INVERTER switches

, E N-H Switch , Contrah doc power to a-c INVERTER BAttery Circuit breaker ....ociated with
invert". No. I by actuating CONTROL. I relay bu. delivering power to AC INVERTER I
'" motor-driven awitch which (MDC_5) from doc main bus A is INVERTER
accomplish". actual .witching POWER_I _ MAIN A on main circuit

function. breaku panel (RHEB_Z751.

MNA Applies doc power III a-e
inverler No. L

OFF Diseonneelt d_e power from a-e
inverler No. l and disconnects
inverler I from a-e bus I and Z.

, E N_~'1 Switcl\ 2 Controls doc power to a-C INVERTER Circuit breaker associated with
inverter No. Z by actuating CONTROL-Z delivering power 10 AC INVERTER 2
a motor-driven switch which (MOC_5j from doc main bus B is INVERTER
accomplishes aclu:>.! switching POWER_2 _ MAIN B on main circuit
function. breaker panel (RHEB_2751.

MN8 Applies doc power 10 a-c
inverler No. ,.

OFF Disconnects doc power from a_c
inverter No. 2 and disconnects
inverter 2 from a-c bus land 2.
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Location

Panel IAtfl~ ICrld
Name and Circuit Pow.. ,.
Po.ition F\lftction Breaker Source R.em.rl..

MOe.) IContl

, E N-50 Switch 3 Conlroh doe pow"'r to :I·e INVERTER BeaU".. , t'\V"rte .. No. 3 can receive power
inverter No. ] by a"tuatinl CONTROL.] .... lay bu. from either doe main bu. It. Or doc:
One of two motor_,hlve" (Moe. 51 main bu. B. A••od.led c;rcull
.""itche. depend;n. on b,.. brealr.eu are INVERTER POWER.] -
",lecled. MAIN It. and MAIN 8 (RH£8.Z?S).

MNA Appliu d·c pow,or hom main
bu. It. to a'e invert.... No. ,.

OFF Di.connect. d·c power !t<nn a-e
inverter No. ] ..nd dl.conn.,,"
inverter] hom .,e: bu. I and 2.

MNB Appliu doc po"""" !rom main
bu. B 10 a-e inverter No. ,.

AC INVERTER

AC BUS t ,roup

3 E 0.49 Switch t Conlroh a-c output of inverler INVERTER Actuate. a motor-driven awitch
No. • to a-c bu. I. CONTROL•• wbich accompliabea act"al awitchina

(MOC.S) f.....clion.
ON Appiie. a-c outpul of inverler

No. t 10 a-c bu. t and di.· lnterlocklna circ"itry between AC
connecu inverter No. Z from INVERTER I. Z and 3 - AC 8US 1
a-c bu. I. .witch.. (MDC·3j prevenU mon..~ one inverter from beina

OFF Dieconnech a-c O\Itp"l of connected to a·c bu•• at Ihe aame
inverler No. I from a_c bue I lime.
and allowa lnverter No. Z to be
connected.

, E 0.49 Switch , Contro" I_C oulp,,1 of inverter INVERTER
No. Z to a_c bua I. CONTROL.Z

(MDC.5)
ON Applie. a-c outp..t of Inverter

No. , 10 a·c '0' t and di••
connecte invertar No. 3 from
a_c b..e I.

OFF Di.connect. I_C O..tpul of inverter
No. Z from a-c bu. t Ind allowe
inverter No. .) to be connected.
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.Location
Name and Cirell,t Power

Pa..Qel Area Crid Po.ilion Fu..ctioft Breaker Source Remark.

MDC.) (Cont)

, E 0." Switch] Conlrola a-c OUlput of inverter INVERTER Battery
No. J 10 a-C bu. I. CONTROL_] reillY bua

(MOC.SI

ON Appliel a·c OUlput of inverter
No. J to &-c bu. , and dia_
connecU inverter No. I (rom
a-c bu. I.

OFF Oi"connect. .., output of
inverter No. ltoa_c:bual
and aUow. '"verler I to be
connec:ted.

, E 0_50 RESET/OFF .witch Provide. cap.blUly of reutt;", EPS Reaeuina a-c bUI I over- .....d.rvolt.,e
a-c bu. I over_undervolt••", and SE:->SOR and overload .enainc ..n't aha turn.
overload .enlilla unit. Alao UKIT AC AC BUS I and AC BUS I OVERLOAD
rele••e. relay which r"connec:t. BUS , ca"tion and .atnina H,hu (MDC.2:1
<h. ope ..al.;", inverte .. to a-c oft. Circuil breaker ...oeiated with
bu. I, if il had bu",ltipped oft a_e rea,n 0.. a-c bu. t II EPS
d ..... to ov.rvoll.,•. SENSOR UNIT _ ....C 8US I (MOC.5).

RESET Momentary po.it;on r ....U .·c
bu. I ov.. r_und.rvoltag.. ~,

overload .... .,ng ....>11.

CENTER EIlert:i:r.., a-c bu. I Over_
....d .. rvoll.'••nd ov..rl~d
..n.I... unit.

OFF Oi.connect. a_c bu. I ov.. r·
....d .. rvolt.ge .nd overlo.d
.en.ina unit from .yu..m.

AC 80S Z group

, E P-ol9 Switch I Controh output of inverter INVERTER .... ctu.te•• motor_driv.n .witch
No. t to a·c bu. Z. CONTROL_Z which accomplilhe••ctuat Iwitchin,

(MOC- 5) function.
ON ....ppU.. outpul of I..verter No. ,

to a-c bu. Z .nd dl'connect. lnterlockinll circullry between AC
invcrte. No. 2 from a_C bu. Z. INVERTER I. '. • nd l ....C BUS2
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Location
Na.me and Circuit Power

Panel ArlO'" Grid Po.ition Function Breaker Source Rema..k"

Moe_3 (Coni)

, E P.49 OFF Obconnects outpul of inverter INVERTER Battery '"witch.... (MOe.)) prevent. mOre

No. I from a-e bu. Z and allow. CONTROL-Z relay bu. Ih." on. inverter from beiDi
inverter No. Z to be connected. (MOC_5) connected to a_c bu," Z al the ••me

lime.
Switch , Contrail output of inverter INVERTER

No. 2 to a,-c bua 2. CONTROL_3
(MOC_ 5)

ON Applica output of inverter No. ,
to a-c bua Z and diaconne<:u
inverter No. 3 from a-c bua Z.

OFF Disconnect" O\ltpul of inverter
No. 2 from ... c bua 2 and aUowa
inverler No. 3 to be connected.

, E P_SO Switch 3 Controla output of in"edu' INVERTER
No. 3 to ;o-c bu. 2. CONTROL_l

(MOC.S)
ON Appli,.. outpul of inverte .. No. ,

to a-c bua Z ..nd disconnects
inverter No. I from a·c bus 2.

OFF Di.connects output of inverter
No. 3 from a-c bu. "2 and allows
inverter No. I to be connected.

, E P_SO RESET/OFF switch Provide. capability of re.etting EPS Re.etting a-c bus "2 over_undervoltage
a-c bus 2 over_undervollage and SENSOR and overload .ensing unit aho turns
overload .ensing unit. Abo ONJT - AC AC BOS 2 and AC BUS "2 OVERLOAO
rdea.es rday which reeonnecU BOS "2 eaution and warning lighu (MOC_2)
the operating inverter to a-c bus (MOC-SI OFF. Circuit breaker auociated

No. , if it ha. been tripped 0" with reSet On a-c bus Z i. EPS
due to overvoltage. SENSOR UNIT _ AC BOS"2 (MOC.S).

RESET Re.ets a·c bus "2 over-
undervoltage and overload
sensinll unit.
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Locallon

Pa."e~Area
Name and Circuit Power

Grid Po,ition FUftelion Breaker Souna, Remark.

MOC.) fContl

, E P.~O CENTER Ene'.'""a a·c bu. Z O".. r- EPS Batlery
unde.v"lIale and o ...... loa<l SENSOR relay bu.
.enain. unit. UNIT. AC

BUS'
OFF Oiaconnecl' a·c bu. Z Over· (MDC_5)

undervolu.t" lind ovedoad
• .,,,al"l unit from the .yllem.

, E 0·51 AC VOLTS mele. Indicate. a-c volU,.. of EPS A. selected Meier function. in cOIIj..,,,I;on with
.ehcted 'OUree ilnd ph...... SEl'o'SOR by AC AC INDICA TORS .witch. AC

SIGNAL . INDICATORS VOLTS mete. u.nJ.. ia 90 10
AC I, AC' ."";teh 130 vac.
(MDC-51

, E M_S. BATTERY CHARCE awitch Control•• _c and d_e power to BATTERY DC main Switch "Cl~te. b;Ulery chil.le. input
batta.)' charter. ... aellOcu CHARGER b ..lu A'" B power cont.ol .elay, to"tlnl A'C And
bAn",.y to be chA'I..d. MNA AC b". d·c th.O\llh ...Iay conlAcU 10 bAtt...y

MN8 I 0. 2 cha·ac •. C" ••enl n ...... i. 0.4 amp.
OFF Di.conn..cU ",Ieclrical power AC PWR when .. b ..n ....y .. f"lIy ch"'led.

f.om b ... lle.y cha'I"". (MDC.51 MAIN 8US TIl: ....itch.. (MDC.5) for
aelected balte ..y m".t be orr boro.e •
balte.y can be cha'ied. AC power
for the balte.y cha'I"" i ••elected
f.om a·c b". I Or a·c b". 2 by the
SAT CHCR ACI.AC2 ••ilch
(MDC-5).

A Controll ... ·c ... nd d.c power 10 8AT A BAT RU SUS. 8AT A CB
baue.y cha'ae...nd .o"te. (MDC_51 (MDC.5) .ho"ld be opened when
o"tp,,1 of balte.y cha ••e. to ch""ainl ent.y batte.y A.
..ntry batt"ry A th.u batt",.y
b". A.

B Control ..... ( and doc pow",. to BAT B BAT RLv BUS . BAT B CB
batt"'.y charae ....nd .out",. (MDC.5) (MDC.SI .hould be open.d when
o"tp"l of batt".y char.er to ch...ging ent.y batl"'.y 8.
entry batt",ry 8 th." baue.y b". 8.

C Control. a·c And d.c pow". to BAT CHGR
balte.y ch•••e. .., .oute. BAT C
oUlp"t of batte.y ch.arge. to (RHt:8.250)
ent.y batte.y C.
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Loc.. tion
Name and Ci~cult Po....., ..

Panel Area Grid Po.ition F\>JIctiQn Breaker Source Remark.

MDC_3 (Coni)

, • K_4'l DC VOLTS meier lndicllt... doc vollale of ,elected "'a selected Meter funclio... in conjunclion .-ith
10... <: ... unll, Or bu••

" DC
DC INDICATORS .witch. DC VOLTS

IXDlCATORS mele .. ...... .. 20 to 4S ""<.
.... itch Sdcctabl.. aoure... an MAIN eus

A and B, BAT BUS A and B, BAT
CHARGER. BAT C. and PYRO BAT
A and B.

, • J-4') DC AMPS meier Ind.,;"t". d-c. curr~,"1 of .elected Met.. r r"nclion, in conjuncHon ....illl
aoure•. unil. or bu•. DC INDICATORS .witch. DC AMPS

met,. tang" ;. o " '00 ampere.,
I) to 5 amper". expanded acale i.
bllltotry charger output. Selectable
10ute'" are FIe I, '. '. BAT BUS
A and B. SAT CHARGER, ..,
BAT C.

, E M-4'l DC lJl:OICATORS .witch s"lech power aouree. bill, 0' In aOme c ••e., only cur reM or volt_
unit to t>. monitor ..d b)' DC .1" h iltdie.t..d by DC VOLTS .ltd
VOLTS .ltd DC A."'lPS m .. t .. n. DC AMPS m .. t .. n. In other c .....,

bOlh volt·I" .., cur ....nt ...
FUEL CELL indic.t..d. Th.......... Iilt ..d in th..

hU'lctlon column a ••ocialed with ...ch, Appll... output of fuet c ..11 No. , fUel cell po.ition. The DC VOLTS meter ....11
11\""'1 to DC AMPS m .. t ..... No. , .....d .Ii,htly t>.lo.... 20 vde wh..n

not in u .... n. DC AMPS mete .., Appli... output of f....1 c .. l1 No. , Fu..l e .. l1 wUl n.d aerO ampere ....hen Itot
.h""'t to DC AMPS m.,ler. No. , e_necl.,d 10 an inpul.

, Appli.,. Outpul of fuel eell No. , Fuel c .. ll
.h""t to DC AMPS m .. t .. r. No. ,

MAIN BUS

A AppUu voltag.. of doc main <PS DC main
b,.. A to DC VOLTS met.. r. SENSOR bUI A

SICNAL _
DC BUS A
(MDC-S)

B Appli.,. volug.. of doc main <p, DC main
bUI B to DC VOLTS meter. SENSOR bu. B

SIC:-lAL •
DC BUS B
(MDC-S)
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Location

Pan'l~Are..
Name ..nd CI~cuit Power

Grid Po.ilioD F\1DetioD Breaker Source Remark.

MDC_} (COrlt)

, E M-49 BAT BUS

A AppHu "ollalt of IN.uery but A Batte ty Battery Uued ejt'cuit bnaker control. d.c
to DC VOl.TS meter and output charier - bu. A II B "olta." Ind;cation .nd me,.. urement
of bauery A .hunt to DC AMPS BAT A_ for telemetry.
met"r. CHC

{MOC-51

B AppHea voltagc of battery bu. 8 Battery aattery
to DC VOLTS mete r and QUIP'" charge • . bu. a
of baUery B .hunt to DC AMPS BAT B -
mel.'. CHC

(MOe_S)

BAT CHARG£R Applin voltagc output ., Battery Ch.arger Cllrrent output will be
ballery charier 10 DC VOLTS charlCr aceordinll to chari" requi ....d by
mder ..nd curr",,1 Oulput ot battery (up to Z. 5 ampa).
banny charle ...hunt to DC
AMPS meier (Inner ."ale , •• ChuaH .. di.connected at an
5 ampl). ammltl .. Indication of O. « ampl.

BAT C Appliel both voltage and cu.. un! BAT C BaUe ..y C Lilted c; ..c"nl b ..eake .. controb d-c
oulpull of baUery C •• DC BAT CHGR voltaae indicalion aDd. mealurement
VOLTS and OC AMPS mete .... and EOS Z (0 .. telemetry.

(RHEB.HO)

PYRO BAT

A Appliea outpul voltale of pyro SEC A Py,. Since py..o balte .. iel a ..e not no..mally
bUI A 10 DC VOLTS mete ... (RHEB-Z50) baltery A connecl.d to • load. open ci ..cuit

vollaae will b. indicated on voltmet....
B Applies output vollale or py"o SEQ B Py ••

bUI B 10 DC VOLTS meter. IRHEB.HOI b.tte ..y B

, E 1_47 FUEL CELL INDICATOR .witch Selecll deliud ruel cell to be [)<,pendnt Indicllo", .110ci.ted wilh IWilch ....
moniloud by Ihe Iuel cell •• position .. rollows:
dilpl.y indic.to.... .. FLOW Indic.to... HZ Ind Oz,. MODULE TEMP indicators

1 Appll.. selected outpUll of fuel SKIN Ind COND EXH
cell No. Z to fuel ceU displly .. pH H'
;"diclto.. s. ,. FIC RAD TEMP LOW.
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Location

N'"ne ""d Ci~cuit Power
Panel IArea Grid P,uition Function Breaker Sou ..ce Remarks

MOe_3 (Cont)

3 E I-·n , Applieo s"le"led outpUll of fuel Dependent
cell No. 2 10 fuel "en display On po"it;on
indicalor •.

3 Applies selected output. of fuel
cell No. 3 10 fuel cell display
indicators.

3 E F_44 FUEL CELL meleu INSTRU_
MENTATION

FLOW group POWER
CONTROLH, Indicat". fiow rate of H2 into OPERA· Normal operatin,ll: .."nge (indicator

.. elected fuel ceiL TIONAL g ..<:cn band) .. 0.036 lb/hr to
CB 3 O. 163 Ib/hr. Alarm limit to caution
(RHEB~2761 and warning syotem is O. 161 Ib/h.

upper. Sen.ora (or tbe indicator
are localed in the FIe HZ inlet line ••
Fuel cdl to be monitored i ••elected
by FUEL CELL INDICATORS switch
(MOe_l),

0, Jndicatea fiow rate of 02 into Normal operating r"nge /indicator

selected ruel eeU. green band) ,. O. Z88 Ib/br '0
L. 304 lb/hr. Alarm limit to caution
and warning system is 1.27(, lb/hr
upper. Sensors for the indicator
are located in the FUEL CELL Oz
inlet line •. Fuel cell to be monitored
is selected by FUEL CELL
INOICATORS switch (MOC.3}.

3 E F_4S MODULE TEMP group SIG CONO
FLT BUS

SKIN Indicates .kin temperature 0' (RHEB.Z2S) Normal indication is 38S' to 4S0'F.

selected fuel cell. Alarm limits to caution and warning
.y.tem are 360'F lower, 41S"F
upper. Sensors for the indicator
are located in the pre ••uri",,,d por-
tion of the fuel cells. Fuel cell to
be monitored is selected by FUEL
CELL INDICATORS s".. itch (MOC-3).
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Loc~cion

Name and CIrcuit Power
Panel Area Grid Position Function B ..""ke .. Source Remark,

MDC_3 (Cont)

, E F_H COND EXH Indicat... tempeu.lure of selected "0 COND Condenser ..",haust operating range
fuel <:ell conde" ..,.. ""hault. FLT BUS ,. ISO"to l1S"F. Alarm limit. to

(RHEB_225) caution .., warning sy.tem ...
below l 50' Or above \7S'F. Senlora
for the indicator .... e located in the
exhault manifolds of the fuel cell
<:onden..,ra. Fuel cell to be moni_
tored i. aelect ..d by FUEL CELL
INDICATORS awitch (MDC_3).

FUEL CELL HEATERS .witch.,s Allows in_line t>eater circuit to
function normally., E J_44 , Fuel cell

No. ,
UP Activu"a in_lin" heater cir<:uil (Auto 00 . 385'*5'F)

for automatic:: operation. (Auto off· 390''''-5'F)

OFF Deactivate. in_line "eater Totally disables in-Une heater
circuit. circuit.

, E J.45 , Fuel cell
No. ,

UP Activate. in-line heater circuit
for automatic operation.

OFF Deactivate. in_line he.ter
circuit.

, E J_45 , Fuel cell
No. ,

UP Activate. in· line heater circuit
for automatic Ope ration.

OFF Deactivate. in_line heater
cir"uit.
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J E K.48

FUEL CELL group

MAIN BUS A

Switch... I, land 1

ON

CENTER

OFF

RESET awiteh

RESET

CENTER

Controh f...,l nih No. I, l
and 1 electdcal output to d·"
m.ill bu. A.

Momentary ....itch pOlition
conn.cta d"ctrl"al output of
... lected. ruel cell to doc main.
bus A.

Conn.eta Ca.W alarm and. Fe _
BUS OISCONS£CT Indicator
Ii,hl (MDC_ZI 10 ..,lo."ted. h.,,1
cdl motor _witch (no......1
po.il! .... of .witchl.

OiI"onnecU .. l .."ldeal output of
,et""led fud cell !rom doc mal..
b". A and dia"onn.c! C.. W .larm.
Aelivat... talkback indicator to
nriped po.ition.

Provide. capability of r .. uttina
d·" main bu. A undervoU.a"
_enalna eire..!t.

Momentary twitch politlon nl ..t.
doc main b". A unde .. voltalle
.cnaina unit and ellhl'laul.he.
DC unduvoltaae lamp.

ConnecU MN BUS A UNDER.
VOLT warnlnaliaht and battery
ulay bu. po",er to d·e bu. A
undervoltale un.ina drcuit.

FUEL
CELL I _

BUS CONT
fRHEB-ZZ6)

FUEL
CELL Z.
BUS CONT
(RHEB_ll6)

FUEL
CELL 1 ­
BUS CONT
(RHEB.ZZ6)

EPS
SENSOR
UNIT _ DC
8US A
(MDC.S)

Battery
relay bu.

When fuel cell main bu••wilcM.
a.u placed to ON po.ition, power
i. applied 10 • motor·driven .witch
localed in , power diltribulion box
in the 5/M. Thh accompli.be.
actu.al .w'itchin, function required
to apply output of .e1ected fuel cell
to d-c main bu. A. Only 0'110 F/C
BUS DISCONNECT .tatue 1IIht
(MDG.Z) for ,II three FC ••

DC main bu. A undervolta,e .en.;n,
circuit ener,iu. MN BUS A UNDER_
VOLT ",...ninll lillht (MDG_Z) when
d-c vollalle drop. baolo'" Z6. ZS "dc.
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Lo"ation
N..... '" and Circuit Pow",r

Panel Ar",a Grid Poaition Fu.."llo" Breaker Sourc", Rem.rk.

MDC·) (COlli)

, E K.48 OFF Di.con"ecll MN BUS A UNDER. EPS Battery
VOLT war"in, li,ht .nd battery SENSOR rel.y bu.
rell'y bu. power from d·e bu. A UNIT· DC
undervoh'le l",n.I", circuit. BUS A

(MDC.5)

, E J.46 Event Indicatorl '. FUEL Event Indic.ton function In, ."" , CELL I · conjunction with lhelr respective
BUS CaNT .witche. located directly below.

Striped-line Indicates when I.,lected FIC h (RHE8.2261
dllpll'y removed from d·e main bu. A.

Gr.y dl.pl.y !ndic.tel lelected FIC II
FUEL

"onnected to bul.
CELL 2 ·
BUS CaNT
(RHEB-ll6)

FUEL
CELL 3 -
BUS CaNT
(RHEB.l26)

FUEL CELL Iroup

MAll" BUS B

, E M·..61 Switchu '. '. ~, , Controll fuel celli No. '. '. When fuel "en m.in bu••witche.
M·n .nd 3 ""ectrlcd output to d-c are pll'ced to ON po.itlon, power

main bUI B. I. applied to a motor_driven .witch
located In • power dl.trlbutlon bOll

ON Momentary .wltch po.ltlon In the SM. Thi. aceompHlhu
cont>eCIl eiectrl"al output of .ct....1 1....ltchinl function requhed
seleeted fuel cell to d." main to .pply output of Ideeted fuel nil
bu. B. d-c m.ln bu. B. Only on FIC BUS

DISCONNECT .lItU. 111M lMDC.l)
CENTER Connecll CIoW .Iarm .nd FIC FUEL for III three fuel celli.

BUS DISCONNECT lndlc.tor IIlht CELL I ·
(MDC.l) to selected fuel cell BUS CaNT
motor Iwitch (nor.... l po.ltion of (RHEB.2l6)
.witch!.
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LocatioD
Nam.. ;tond Circuit Pow.. r

P;ton..1 Ar ..a Grid P,uition F\U'lction Break... Sou.ce Rcmark.

MOC-3 (Cont)

3 E M_<I7 OFF Oi.conned...Iectrical output of FUEL Batte ry
lelected f"el cell from d_c m;toin CELL 2. - relay bUI
bu. B, di.connect. C.W alarm BUS CONT
and activatel talkback indicator (RHEB-2.2.61
to .triped po.ilion.

FUEL
CELL 3 -
BUS CaNT
(RHEB_2.2.6)

3 E M-48 RESET .witch Provid... capability of re... tting EPS DC main bUI B und.. rvoilage .enling
d-c main bu. B undervoltage SENSOR circuit ..nergizes MN BUS B UNDER_
len.ing ci.cuit. UNIT - OC VOLT w ••ning light (MDC·2.l when

BUS B d-c voltage d.op. below 2.6.2.5 vdc.
RESET Momenta'y .witch polition ......t. (MDC_5)

d-c main bu. B unde.voltag..
...n.ing circuit.

CENTER ConnecU MN BUS B UNDER_
VOLT warning light ;tond b;tottery
rday bu. power to d-c bu. B
unde ..voltage len.ing eircut.

OFF Dilconnecu MN BUS B UNDER.
VOLT wa.ning and batte.y .elay

0" power f.om d-c 0", B
undervoltage .en.ing eircuit.

3 E L_46 Event Indicator. '. FUEL Event indicaton function ,.
'. ,.d 3 CELL • - conjunclion with their .... p .. cHv..

BUS CaNT .witches located dire<:tly helow.
St.iped_line Indicate. when .elected f".,l c ..n (RHEB.2.2.6)
di.play i ••emoved f.om d-c main bu. B.

FUEL
Gray di.play Indicate I lel ..cted fuel cell il CELL 2. -

connected to bu•• BUS CONT
(RHEB.2.2.6)

FUEL
CELL 3 -
BUS CONT
(RHEB-2.2.61

>;g
() t" en0 t"
Z 0 ~... 0

N

~ >
" •

f;; '" 0

'" W

>
,

> ... ..
Z (5 t-
tl 0
tl Z ()
I;; cn

"" '"t" > t::
>- Z •.. tl -~
cn '"00

"



'"••_.
n

"•~•

-~
>
•---~
~

~

<
0 >,. 2•, C
~ "• •
"

r
>• <;; n
0
2•0
r
0
I
•>
2

"r
"

'tl•
~•

Location
Name ;lind Circuit Power

Panel Are. Qrid Po,ition F .....cllon Breaker Source Itemark.

MOC.) IContl

, £ K.<!S FUEL CELL PURC~ _witch,.. Accompli." pur,i". of nl"cleo! f"UEL DC main When pure;",lh" ulu:I..d r....,l cell,
fuel cell. CELL , . bu.". A 1. • Ih" Ci.W. "'ill alarm if the reacUonu

PURGE n_ rate incre....a beyor'ld the
S"';lehe. '. '. "n' , (RHEB.2Zb) ma,dmwn nor...... l now rale. 0,

purl" time (....itch ON) i. Z mlnutea
H, PURGE Open. pur,,, valve on H, .ide FUEL and HZ pur.," time Iswitch ONI i.

of .d.cleo! fuel cell to P"rJi" CELL 2 - 80 second •• Oz and HZ ..... lCimum
impuritie. from HZ eleetrode•• PURGE now rate. durin, pur,,, an 0.6 and

(RHEB.ZZ61 0.67 Ill/h.. """"" norm", n_
CENTER (oro Di.connecu power from .elected rah., re.pecl;vely.

FIe Oz Or HZ ...... '," ...1"., FUEL
clo,i", " .. Ive (normal a.itch CELL 3 -
poailion). PURGE

(RHEB_lZ61

'" PURCE Open. PUrllt ..alvlt on Oz .id"
of ."l,.ct"d h.,,1 c"U 10 purl"
impuriti". from Oz el"ctrod"•.

, £ 1-4S FUEL C£LL RADIATORS Control racli:uor ar"a "."d by FU£L Batl"ry
f",,1 c"lI. CELL I . r"by b".

RAO
Switch". '. '. ~, , IRHEB-ZZ61

NORMAL Mom"ntary .witch po.ition FUEL
opoorat". radialor ..al .." allowinl CELLZ -
",,, of lull radiator for r".p"C- RAO
Ii.." ,,,,,1 cell. o..-"n"rli"". (RHEB_2:2:6)
U.lkback indicator.

FUEL
CENTER Val .."a r"main In bat ."I""I"d CELL 3 •

po.ltion (normal .witch po.lhon). RAD
(RHEB_2:Z6)

EMER BYPASS Mom"ntary ,wilch position Thr"" radiator pan"l. On tZ axl,
opoo.at". radialor ..al .." 10 bypass a." bypa.."d who,n it i. d"'ired
3/8 of radiator. En".g''',., 10 r"laln h"" in '''el cell•.
talk-back indicator to ,trip"d
indication.
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LocaU.."

Areal Grid
Name and Circuil Power

Pinel Po,ilio.. F ....llction Br.,aker Source Remark,

MDC·] (COl'll)

, E H_45 Event Indicators '. FUEL Batlery

'. ,., , CELL • · relay bu.
RAD

Striped_line Indicltes EPS radiator panda 6, (RHEB_Ub)
display 7, and 8 bypuud.

FUE1.
Cra)' display Indicau,. full EPS "",diator panel CELL 2 ·

opeu.l;on. RAD
(RHED.2Z6)

FUEL
C£LL , ·
RAD
(RHEB.Z261

, E C-46 FC RAO TEMP LOW event C/. oe main Glycol ope ..atinl ranI" i. _50' 10

indicator M:'IA b .....,. A. B HOO'F. Fuel "eU to be monitored
MNB ,.• elected by FUEL CELL

Sidped_line Indicate, _elected ("el cell (MDC.5) L'ilDlCATORS Iwitc:h (MDC-li. Tb,
diaplay ,Iyeol t"mperu", .." ,t rlldi,tor FC RAD TEMP LOW evenl indiUlor

nutlet hal dropped 10 .lO·p or i. pari of the C&tW••
t" ••.

Gray di.play Indicatea adected r.... l cdl
alycol tempe,atu,e at ,adiator
outlet ia above .lO'F".

) E M.4S F"UEL CELL REACTANTS PrOvide. ON . OFF control ., B.tt",ry The.e aw;tche. cont,ol .ole,,"oid
,cactant flow 1HZ and OZI ,., "elay bu. valve. which accompli.h cont,ol
.e1ected fuel celli. of reactant flow.

Switches '. '. '"' ) FUEL Event indicator., located directly
CELL , · above thei ....peclive .",itche.,

0" Momenta.y .witch po.ition REACS di.plly .triped linu ",hen both
cOnnecU d.c powe. to .dected (RHEB.ZZI>I HZ and Oz .hutoU valve. a'e in
fuel cell 0, '"' H, .huto/! c10ted (abnormal) polltion.
valve actuato•• , d.ivinll valve. FUEL
to open po.ition. CELL Z · WARNINC

REACS
CENTER Valve. ""main ,. lut ..I.,ct.d (R,HEB_ZZI» Do not inadve.tently po.itlon

po.;tion (no.mal .witch po.ltion). R8ACTANT .w;tch•• OFF.
FUEL Lo.. of fuel cell will .... ult.
CELL 3 ·
REACS
{RHEB_ZZI>I
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Location
Name iUl.d Circuit Power

Panel Are. Crld Potitio.. FU'U:1ioft Sreaker Source Remark.

MDe-] (Coni I

3 E M_.S OFF Momentary awitc.h po.ilion 'UEL Battery
conne,,'- doc power to ... I..<:I"d CELL I - rclay bu.
fuel cell Oz and HZ .hulan REACS
"alve ."tUittou. dr;,,;n, ".1"". IRHEB-Zl61
to c10led po_itlon.

rUEL
CELL Z .
RUGS
(RHEB_ZZ6)

FUEL
CELL) -
RUGS
(RHEB.1261

3 i L.4S Lvenl Indical"" -. FUEL Lyent Indicator. f ....ctlon in
Z, ~d 3 CELL

-
- conj""ction with lheir tupeclive

BUS CONT ....Hehe. located directly below.
Striped.lin" In.dicalu whee" HZ and Oz .hllta!! (RH£8.Zl6)
diaplay vdy... a"e clo...d on .. I.cled

fuet cell. FUEL
CELL Z -

Gray dl_play Indicate. no...... l (open) poaition BUS CONT
of valv,". IJ'tHEB-ZZ6)

FUEL
CELL 3 -
8115 CONT
(RHEB.ZZ6)

3 E H.44 ,H HI ""ent ind'eator FUEL AC ,.,
CELL -, Z, I Or Z itA

Striped-line Indicate. pH factor (alkalinityl 3 - PUMPS _ A pH factor of 7 deai,natet pure
ditplay or wat,.. from ulecttd fuel cell AC water (water it potable with a pH

it over 9. (RHEB-ZZ6) r"etor below 9). Fuel cell to be
monitored la .. lacted by FUEL
CELL INDICATORS awltch (MOC-3).
The pH HI event indicator b part
of the CI<W••

C ..... y dilplay Indicatea pH ractor of water from GA pow,.. .upplied throu,h FUEL
.elected fuel eel! il below 9. CELL PUMPS .""itche. {MOC.S).
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Loc;ltion
Name and Circuit Power

Panel Area Grid Position Function Breaker Source Remark.

MOe_) (Cont)

, F J-41> MASTER ALARM .""ltchlisht R"d light illuminates to alert C/W PC main MASTER ALARM lights on MDC_l,
crewm..an '0 RH <;.ouch of a MNA bua"s A l0- B . '. and LEB IZl are simultaneoualy
malfunction Or out_nf_tolerance MNB illuminat..d, '0' .0 audio alarm
condition. This i. indicated by (MOe_5) lone i. sent to each headad.
illumination of applicable ays.
tern stalus lights on MDC-2. MASTER ALARM awitchlight con_

laina integral push••wileh. Pre•• ing
switch_light will reaet maater alarm
drcuit. extinguishins all MASTER
ALARM light., and shutting off audio
alarm. >
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Location
Name and Circuit Power

Pan.,l Area Grid PO.Won FunctioD Breaker Sollr<:" Remarks

MOG_4

• A N_S1 SPS GAUGING .witch

AC' Appli"a a_c power to the SPS_ AC bus I Three_po.ili".. toggle switch which
following: GAUGING control. application of a_c power to

AC1, propellant quantity utilization and

'. au.nUty gauging aystem AC' gauging Iy.tem control unit. Power
control unit .,,If-t,,se (MDC.S) for control unit lelf_teat circuitry i.
circuitry. applied directly by switch. Power

for propellant quantity meuuring,. Normally open contacts of circuitry <8 applied only when engine
SPS "nsine ignition relay•. ignition .."by. are energized by

engine firing signal.
OFF Remove. all a_c power.

AC' A;>plie- a.c power to the AC bu. Z
lollowing:

.. Quantity gauging ayatem
control unit self.ten
circuitry.

,. Normally open contacts of SPS
enlline illnition relays.

TELECOM switch... NfA AC bus I

• B 0·58 Group 1

AC' Connects a.c bu. ,electrical
power into Group ,circuit
breakers.

OFF Disconnect. a.c power from
Group 1 circuit breakel'S.

AC' Connects a.c b"s Z electrical AC bus Z
power into Gro"p 1 circuit
breakers.
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N"me .....d CircUit Power

Panel Area. C"'d Po.ition Function Breaker Source R.em"rk.

MDC_4 (Cone)

• B N.S8 Group Z NfA AC bus 1

ACI Connects a_c bus 1 electrical
power into Group Z brea.ker••

OFF Disconnects power from Group Z
circuit breakeu.

ACZ Connects a_e bus Z electrical AG bus l
power into Group Z circuit
breaker••

, C 0-59 EGS GLYCOL PUMPS Only one water_glycol pump can be
selector switch o~rated at a. time, with second

pump for standby redundancy.

PUMP 1

ACZ Appli". a_c power to motor of ECS. AC b,,. 2
No. I water_glycol pump (rom GLYCOL
bu. No. Z. PUMPS_

ACZ

fA
'B
'C

(MOe_ ..)

ACI Applies a_c power to motor of EGS_ AG bus I
No. 1 wder.glycol pump from GLYCOL
bus No. 1. PUMPS_

ACI
fA
'B
'C

(MOe_4)

OFF Removes a_c power fro", motors
of water_glycol pumps.

PUMP Z

ACI Applies a·c power to motor of
No.2 water_glycol pump from
bus No. 1.
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Location
Name and Circuit Pow.,r

Panel Are. Grid Po,ition Function Breaker Source Remark'

MDC_4 (Cont) Ae' Appli". a+c po .....e .. to motor of EGS_ AC bu. 2
No. 2 water_glycol pump from GLYCOL
bu. No. ,. PUMPS-

Ae'
OA

'8.e
(MDC_4)

• e P-61 ECS GLYCOL PUMPS
circuit bre..kera

Ae' Pn>tecU wire circuit to AC bu. I
following:

IlA (2 amp) liB _ suit circuit heat exchanger.
liB (2 amp) ilC _ glycol primary evaporator
lie (2 amp) st"am pre ••ure manual

control and lNCR_DEGR
selection.

'A _ glycol temperature control
valve.

OA, Sand C to glycol pumps ,
and 2.

• e 0_61 Ae' Protect. wiring circuit to AG bu. 2
following:

IlA (2 <lmp) IJA _ to ,"utomatic water_glycol
liB (2 amp) H20 flow and glycol evap_
Ie (2 amp) orator steam pres,uTe

controller •.

'A, Band C _ to glycol pump. ,
and 2.

• e 0-60 SUIT COMPRESSOR

SUIT COMPRESSOR I
.witch

Ae' Applies I;_C power to motor of ECS_SlfIT AC bus I Output of each compresso r is ••
suit compressor No. 1 irom bus COM. follows:
No. L PRESSORS

Ae' '. Prelaunch mode _ 32.7 cfm I;nd

OA AP ot O. 7 to O. 9 psi.

'8 O. Norm;ol mode _ 35 efm and AP

'e of 0.3 to (I.'" psi.
(MOC_4) o. EmerKeney mode _ 33.6 efm.., PoiO.2toO.3psi•

>
"0() '"0 '" ~Z 0

~ 0 N

~ " >

'" •f;; 0

'" W

> > •
Z ... '"" 5 '"" iii 0- ()

"' 0: '""'" > -Z -)- ,
'" " -
"' '" -

0
0

'"



'"••_.
0

"•"•
-'">
"
_.--0<>
e-
o<>

() •>,. z•,
"" •• •

" ">• .,
:; n

0z•0
r

"I
•>z
""•

w,-g:

Location
Name and Cir,;uit Power

1"".. ,,1 Arc. Grid Position Function Breaker Source Remark.

MDC·4 (Cont) OFF Removes <l-t power from motor. AC bus I
of luit compre ••or•.

AC' Applies a·e powu· to molOr of ECS-SUIT AC bus l
auit compte ••or No. I from COM_
bUI No. ,. PRESSORS

ACZ

'A,.
'C

(MDC-4]

• C N·!>O SUIT COMPRESSOR l
.witch

AC' Applies a-c power to motor of ECS-SUIT AC bu. 1
suit compre••or No. Z from COM-
bUI No. 0. PRESSORS

AC'
OA
'B
'C

{MOC-4}

OFF Removes a-c power from motor
of IUil compre ••or.

AC' Appii". ;l-e power to motor of ECS-SUIT AC bus l
.!lit compTe••or No. Z from COM-
b,.. No. ,. PRESSORS

AC'
OA
'B
'C

(MDC-4)

>
'1l
0

() t"
0 t"

~Z 0
~

'"
0 N

0 '1l >
>;; '"

,

'"
0
W

" > ,
Z ~ '"-" 0 t"

"
Z 0

'" ()

'" :t '"'1l
t" > I::
" Z ,
"' " -
'" '" -0

0

'"



SMZA-03-BLOCK 11-(1)

APOLLO OPERATIONS HANDBOOK

CONTROLS AND DISPLA YS

••
i•
"

• •• •, .
£l

•.':: u,.
• •• •-.Uo

,§

]

], "
• 0";; 0.. "- '"
E ~ '" =zo.. :1.::••.~

O'u_
l-o ';_ 0

=' "~
" 0

"•

~
' -o -
~ ~ 8... « ~I

j •
0; U
, 0
~ .

••U
<

"3 N·,2·
q, .
o·-"~~-.• •
'~ ~·'.-.o •• •
• EE 0

• 0

"'2i:ii:ii:

III---
<OU----

~

o•,
•
u

•

N

••U
<

'3 ....:
;~..- ,, .'N
"~~
'0: ..
'i ~
• •-.• •• •
" E
• 0• •

C:ii:C:

III---«U---
~

•

"u
•

MAIN DISPLAY CONSOLE_PANEL"

Basic Date 15 April 1969 Change Date Page 3-167



til••-o
~
"•

­~
>
."

"•.--'"'"'"
&1•o
~•

w,­'"Q>

Loc~ti<>",

Name and Circuit Power
Panel Jhe,," Grid Po.ition FUllctio... 8reaker Source Remarks

~, A N-S4 FUEL. CEL.L PUMPS Two ~r.II.1 pwnp motor. arc
...och.~d with each fuel cell. e..

Switch I II capable of aelectinll; a-c bu. FUEL CELL motor dr-ina HZ circ"latina pu.mp and
No. I. a·c but No. Z. or oCf for I_PUMPS _ ...",t... aeparatioD centrifuge. O<h,.
fuel can No. t pump motor. and AC IRHED_ motor dt"ivea Ilyeol circ"laMa pump •
pH Un'Or. Connects p......er ZZ61 Switch•• are locaced betwilen bu. and
f."to. correction box to .-c bu. I circuit breaker•.
Or a·c bus Z.

AC' Control. 3D a-c po....er from a-c AC bu. I
bl,l. No. l to fu~.l cdl No. l pump
mOlon and &A to pH aenao••
Connectspo",.r factor correction
box to a·c bus 1.

OFF Disconnects a-c power from pum
motor. and pH aenaot al'ld power
r..ctor correction box from iII11
.-c bulel.

AC' COlltroil l' .·c power from I-C AC bUI l
bul No. l to fuel cell 1\0. I pump
mOtOr••nd iliA to pH .",n.or.
Conne<:II!>O"""r flaClor correctioo
box to .-c bu.1 Z.

, A H-:;4 Switch Z iI c.pllble of ulectina .-c bu. FU£L C£L:'"
1\0. I, .-c bu.1 No.Z, or orr for Z-PUMPS
f\1el cell No. Z pump motorl .nd AC (RHE8.
pH lenlor. Connect. power ll6)
r.clor correction boJ< to .-c bul I
Or Z.

AC, Controil 3' I·C pow",r from I-c AC bu. I
bu. No. I to fuel cell No. l pump
motorl .nd 'A to pH senior.
Connectlpow",," f.clor correction
box 10 .-c bu. I.

OFF Oi,connecll I-c power from pump AC bu' l
mOlOtl .nd pH • .,n,or ...d po",.,r
rl<:tOr correction box from all .C
bu.....

AC' Controll 3' a-c power from .·c
bUl No. Z to fud cell No. 2 pump
mototl .nd fA 10 pH .", .. IOr.
Conn.cta pow.,r r"ctor correction
box to I-C bu. Z.
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Locuion
Name lind Circuit Power

Panel A.rea Grid Po.ilioll Function Breaker Source Remarka

MDC.S (Cont)

, A H-55 Swlteh , I. capable of aelectUla •• f; bu' FUEL CELL
No. I, a-c bu. No. Z. or oU (0. )-PUMPS -
!uel cell No.3 p!.1rnp motou and AC (RHE8-
pH &enaOr. CO......cl. po...e. Zl61
ea<:IO. correction box to a_e bu. ,
0. a·c bUI l.

AC> Control. " a_c p-.. from a-e AC bu. I
1>0". No. I to fuel edt No. ) pump
motor.......d fA to pH ••nao••.
Ccmnec:ta power ractor correction
ba>< to &-c bu. I.

OFF DiaC;Qn.IlecU .-c p_at {rOtt> p<>m
motor. and pH 'enaOr and power
factor corrt'Ctlon b_ from .·c
b ... I atld Z.

Ae' Cantrall 3' a-e po...... (rom .·c AC bu. Z
bus No. Z to fuel cell No. 1 pump
moton and 'A to pH ._.or.
Connects power Uctor correction
bo.>< to .-f: bua Z.

, B 1·55 INTERiOR UGHTS

FLOOD rheouat LIGHTING. DC maiD
FLOOD b,.. a

OFF R..mov•• po....... !rorn t..'vt pilot'. MNa
floodlla ht•. (RHEB_ZZ6)

aRIGHT lndicaUl. m ...lmum floodHaht Rh.o.tat c:or>t..ol m.y 1M ..dju.t.d fo ..
bdlhm••• lul. be........c:h..d. d...I ...d brllhm... of prlm...y ..nd/o..

• .. c:ond...y Uahtlna d.p.nd..nt on
po.ition of DIM I-Z .....It<:h...

, B [-56 FLooD-DlM .witc:h LIGHTING- DC main P ..ovid... c: ........ c:ap.blHty of .hiltlnl
FLOOD bu. A prlm... y Or .ec:o..d ...y l.mp. to, Appll.....heouat c:ont .... l to LM MNA v.rlabl .. FLOOD \laht .witc:h.

pilot'. prlm.ry floodllaht I.mp. MNB
.nd on_off c:nntrol to .ec:ond...y (RHEB-Z26l
lamp•.

, Appll... rheoata! c:ont ..ol to LM
pilot' ....c:ond.ry floodllaht lampe
and on_off c:ontrol to prlm.ry
lamp•.
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Location
Name and Circuit Power

Panel Are .. Grid Position Function Breaker Source Remarks

MOe_S lCont)

; B 1- 51 FLOOD-FIXED .witch LiGHTING- DC main Secondary when DIM "witch on I.
FLOOD bus A Primary when DIM switch on 2.

FIXED Turns ON lamps not controlled by MNA
rheostat. (R,HEa-Z26)

OF< Remove. power.

; B I-54 INTEGRAL rheostat LIGHTlNG- AC bu. , Integral lighting .yuem controls £L
NUMERICSI 'B lamp. behind "omen(:\Uure On

OF< Remove. power from LM. pilot'. INTEGRAL "pptical>le panel •.
area pa.neh. 3,4,5,6, lb. 2.75, R_MDC_ACI
and 229. and right part of CBH Mechankal scop prevenu moving
pand 2. switch Co OFf.

BRT Indicate. maximum brightness
has been reached.

INSTRUMENTS circuit breakers

; B K_54 E5S_MNA AppLiu d_e pow"r from bus MNA N/A DC main
(IS amp! to the four operational instruroen- bus A

tation breakers located on
panel 176.

; B K_54 ESS_MNa Appliu d_e power from bus MNa DC main
(15 amp) to the four op"rational instrumen_ bus a

tation br"akeu located on
panel Z16.

; B K_55 NONESS Applies doe power from noness DC main
(15 amp) bus MNA or MNB to SEH <:ireuit busAorB

breskers I and Z snd HATCH
drcuit break"rs.

SC< EQUIP

; B K_SI) SEa I Applies doc power from noness
(1.5 ampl bus MNA or MNB to JS outlet on

LEB_16l.

; B K-56 SEa z Applies doc power from noness
(1.5 amp) bus MNA Or MNB to a switch and

outlet On LEe panels 16l and 163.
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Lo<:ation

Panel IArea ICrid
Name and Circuit Power
Position Function Sreake .. Source Remark.

MDC-5 (ContI

, B K-56 HATCH Appiie. doc power from onnen N/A DC main
(7.5 amp) bu. MNA Or MNB to left_hand buo A or B

.witch and 'eft-hand outlet on
panel 2l7.

, C K_58 ENVIRONMENTAL CONTROL
SYSTEM cirCllit breaker.

; C K-61 CABIN FAN-l group Protect. wiring to 3~ "abin AC bu. 1
blowe. No. L

AC,
~A {Z amp}
"'8 {Z ampl
IlC (2 amp)

; C K_62 CABIN FAN-IllrouP Protects ciT<:uit to the following: AC buo 2:
cabin 311 blowe. No. Z, and ell to

AC' auto cabin t"m~rature control.
IlA (2 amp)
liB (2 ","mp)

lie {Z amp}

, C J-58 H20 ACCUM-MNA Protecu wiring to cyclic ""cum,,- GBIS DC main

IS amp) luor control No. L bua A

; C j.58 H20 ACGUM MNB Protect. wiring drcuit to <:ydic CB29 DC main
(5 amp) accumulator control No.2. bua B

, C J -57 POT H,O HTR MNA ProtecU wiring to following CB50 DC main
(5 amp) circuit.: manual control to bua A

glycol evaporator H20 How, .",
potable water heater A.

, C J ·57 POT H,O HTR MNB Protect. wiring to following CB5l DC main
(5 amp} circuit. : manual control to bue B

glycol evaporator H20 now, .",
potable waler heater B.

, C I_58 ECS RADlATORS_ ProtecU wiring to .pace AC bua ,
CONTROLLER_ACl radiator. flow proportioning 'C
(2 ampl control ay.tem.

; C 1·58 EC' RADLA TORS. ProteeU wiring to .pace AC bu. ,
CON1'ROLLER-AC2 radiator. How proportioning 'C
(2 amp) control ey81em.
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LocatlOli
Name and Circuit Power

Pa..el Atea Grid Po.ition Funetloll Breaker Source Remark.

MDC.S (Coni)

• C 1-58 ECS RAOIATORS- ProtolcU wi..in. drcuh to pri- CBSt DC main
CONT/HTRS-MNA ma..y and .ee_dary apac. ....A
(5 amp) ..adi.l.tor iIJlld heater cOtitrol

circuit•.

5 C I-59 ECS RAOIATORS. Protect. wtritl, eire..!t to DC main
CONT/HTRS.MNB primary and ncoada ..y apace .....
(5 amp) ..adi.l.tor alld heahlr control

eire"il"'.

• C '·60 ECS MOtA TORS Protect. wiriD, circuit to Battery
HT.RS OVLD- SAT A prima..y I ..adiator h•• t... _r- .... A
(10 amp) {SC 103 It l~d tocie circuit.
....bal

5 C 1-60 ECS RAOIATORS- Protect. wirin, circuit to Saltery
HTRS OVLD-BAT B primary 1: ....d .",c._da ..y radiator .....
(10 amp) (SC 103 a- heater overload IOCic clrellit.
ubi'

ECS-SECONDARY N/A
COOLANT LOOP
circuit breaker.

5 C L·S4 ACI (1: amp) Protecu eircuit .... rinl to; AC bu. I Tbue·pha.. I.nled-type circuit
5 C L-55 ACt (Z .mp) .. GLY PUMP SEC AC bu. Z bre"j,er, einlle cootrol r ...et.

b. GLYCOL EVAPORATOR. ()y.,rl~d On .ny ph.... trip••11 thr..e
TEMP ('A only). phlt......

• C L.57 RAD HTR MNA Protect. circuit wiri.., to th.. DC m.in
(5.mp) RAD HTR, ECS RADIATOR .....

TEMP_SEC.OUTLET indo .lId
ECS RADIATOR TEMP.PRlM
SEC INLET indo

XDUCERS ProteeU circuit wirinl to th,. DC m.in
followlnl: s"eond•• y wuer· bu.,.. A and

5 C L-57 MNA {5 .mp) alyeol pu.mp output, ueond.ry B
5 C L_57 MNB IS .mp} ev.porUor .te.m Ol,ltput ••eeon-

dary gLyeolaccuml,llator. qu.ntlty
.team pr""ura .en.or prlm.ry.
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Nam,. and Clrco,tit Po..."r

Panel Area Gdd Po,ition Fun.etlOll B ..eaker Source Remark,

MOe·S (ContI

, C K.S8 WASTE: HlO/URINE-CUMP Protect, circuit wi"!n, to ",ute N" DC main
HTR circuit breakeu ",ata.. , urine dump and It,.am ......

duct hel-Uu A.
MNA tS amp)
MNB (5 amp) Prote"U circuit ..... r1nc to ",•• te DC main

water. urine dump and .team bl,l18
duct heater. B.

, C J -61 ECS-TRA~SDUCER- Pl"otecU circuit widna: to the DC main
PRESS GROUPS. I (ollowUt.., bu..". A and.. GLY ACCUM-OUANTJTY 8

MNA (5 :t.mp) b. CLY OtsCH PRESS
MNB (5 amp) <. SUIT COMPR o,p

d. PRESS-SUIT lnl.t.

, C J-6Z ECS-TRANSDUCER.PRESS Prote"U elrcuh wtrinl to the
GROUPS-l circuit brlO",h"l followi"l leUou:.. CABIN PRESSURE

MNA 15 amp) b. GLYCOL EVAPORATOR-
MN8 (5 amp) STEAM PRESS

<. PART PRESS COz
d. OJ: rea outlet CPCM onlyl.. Oz FLOW

, C J -6] £CS. TR,ANSDUCER_ TEMP Prot.cta followinl circuit wtrinl'
Temperature Xducer pow.r

MNA (5 amp) .upply, cabin t.mperature,
MNB (5 amp) radiator U1mp.nture primary

outl.t, a .. it inl.t temperature,
at.am outlat tamperature (PCM
only), ao<l primary and aecondary
EVAP TEMP OUT.

, C J _60 ECS-TRANSOUCER- Protecu clrcult widn, to potable
WASTE/POT H2 O and waite watar q,uantity.

MNA (5 amp)
MNB (5 amp)
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Locatlolt
Name and Circuit P<>wc ...

Panel AT"" Grid Position Function Break.. r Sour"," Remarks

MOe _5 (Cont)

GUlDANCE/NA VIGATION
system carcuit break....

COMPUTER

5 D M_51 MNA (5 amp) Provides doc pow". from main NIA DC main
bus A and circuit protection to bu. A
energ;"" the CMC.

MNB (5 amp) Provides doc power from main DC main
bu. B and circuit protection to bu. B
eners:i>:" the CMC.

'MU CAUTION

5 D M_Sb MNA (25 amp) Provides power and protection DC main Thes.. breakers on not to be
lrc>m doc main bu. A to the bu. A energi>:..d unle•• the correspond-

inertial subsystem. ing IMU HTR circuit breaker. are
energized, 8. damage to the plat-

MNS (25 ampl Provides power and protection DC main form may result.
from doc main bus 8 to the bus 8
inertial subsystem.

'MU HTR CAUTION

5 D M_57 MNA (7.5 amp) Provide I d·c power from main DC main Then breakers must alwaYI b<
bus A and circuit protection to bus A energized or accuracy of the
energi.e the SUlndby thermal platform may be impaired.
control Iystem On the IMU and
the excitation to the gyrol and
accelerometer magnetic output
axil IUlpenlion,

MNB (7.S amp) Provides d-c power from main DC main
bUI B and circuit protection to bus B
energize the ltandby thermal
c:.ontrol syuem on the IMU and
the excitation to the gyrol and
accelerometer magnetic output
a"il IUlpenlion.
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Location
Name and Circuil Power

Panel Arca Grid PosHion Function Breil'ker Source Remarks

MOG-S (Cont)

OPTICS

; D M_SS MNA (5 amp) Provides doe power from main NIA DC main
bus A and circui, protection to bu. A
en.. cghe the optical subsyuem.

MN8 is amp) Provides d_e power from m .. in DC main
bus B and circuit protection to bus B
energize the optical 5ubsyuem.

POWER

; D M-SS AC, (l amp) AC' suppli"s power and prote<:- AC bus I
tion for the Gt<N lighting system
from" _c bu. I.

AC2 (2 amp) AC2 supplies power and protee- AC bus 2
tion for the Gt< N lighting system
from a-c bu. 2.

; E H-56 CIN PWR swiu:h Supplies power for Gl<N lighting.

AC' ACI ulects a-c bus I to supply GIN POWER AC bus 1
power for G&N lighting. AC,

OFF RefTlQv"s power f,om the G&N
lighting system.

AC' AC2 selec.u a-<: bus 2 to supply GIN POWE:R AC bus 2
power {or the GI.N lighting AC'
system.

; , H-5g BAT CHGR switch Provides means of .eleelion a-c BATTERY Swit<:h works with BATTERY
bus No. I Or a_<: bus No. , £0' CHARGE:R· CHARG£ selector swi.tch (MOC-3)
battery charger a-c power AC PWR to enable battery charger operation.
sOurce. (MDC-S)

AC, Connects 30 a_<: power from a-c AC bus ,
bus No. t to battery charger
during battery charging operation.

AC' Connects 30 a_<: power from a-c AC bus 2
bus No. 2 to battery charger
during battery charging operation.
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Location
Name ."d Cireu;t PIo"'e ..

PM..I Ar..a Grid Poeiti .... F ....ctio.. Brealte .. Source R"mark,

MOC-S ICont)

, F 1-61 BATTERY CHARGER circuit
hred:.....

BAT A CHG Appllee d'e p..-r hom ~tter, HIA &ttery
(10 amp) but A to MAL'" 8US TIE. BAT "'.. A

Ale ..rireh (MDC_51. to DC
INDICATORS .witc.h (MDC-)),
and to telemetry. Co=ect, OUt·
put or SATTER 'f CHARGE .witch
podUon A to b.J.n"ry bu. A for
techa ..." of entry battery A.

, F 1-61 BAT B CHC Appllu doc power trom ba.ttery aattery
{to ampl bu. a to MAIN BUS 1'1£ - BAT bu. B

BIC .wltch (MDC.5). to DC
INDiCATORS .witch (MOC-l>,
and to telemetry. Conne"t. Qut-
put of BATTERY CHARGE .witch
-po.ltlon B to battery bu. B for
rec:.harl" or entry battery B.

, F 1.(,1 MNA (5 amp) AppU". power from doc main t>..>, DCm",'"
A. throu~h an holation diode. to "".A
BATT£RY CHARGE selector
,witch (MDC-)) all<! doc contact.
of Ntte..y cha"I"" input-powe..
cont..ol ..,.la,..

, F '.6l MNS (S a:npj Appli•• POW'"'" f ..om d-c main bu. DC main
S, th ..OUlh an i.olati.... diode, to .... B
8ATTERY CHARGE aelecto..
awitch (MOC-3) and d-c contact.
of batte ..,. cha",e" input-p~..
cont ..ol ..ela,..

, F 1·63 AC PWR tl amp) Appli.. po...... f ..om a_c b... AC bu. I 311
No. I 0 .. I-e b... No. l to contactl
of batte .. y cha ..,e .. inp.. t·p.......e ..
cont ..ol ..elay.
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Locat;o"
Name and Circuit Power

Panel Are. Gdd Po,ilion FUflcti.. ll Breaker Source Remark.

MDC·S (Conti

S F H·6l BAT RLY BUS circuit &ttery
br.aker. "".A

BAT A (IS amp) AppU.,. doc p_" from b.attery N/A CB open.d whe.. <;ha"lina butolry A.
bu. A throulb:oo holation diode
to bJottery relay bu•.

S F H-6l BAT Bli5amp) AppHel d-" p..-r from battery Battery CB op."ed wben ct...-rama ballny B.
bu.. B thl'OUlft a .. I,olati.." diode "".s
to battery relay bu••

£PS SENSOR SIGNAL
circuit breake ...

DC croup

, F G.S9 MNA (5 amp) AppUe••1....1 ...d open.tina DC m,ain
voICol.&" Crom doc mau. bu, A to ""..
doc UDdervoltaa' ."nd"a unit.,
DC INDICATORS ,witch and
telemetry.

, F G.60 MNB IS amp} Applin .1.....1 and opentin& OC ~'"
voitolle from doc mau. bu. 810 bu. B
doc undervolta." .eo,in, \l.l1iu.
DC INDICATORS awitch and
telemetry.

S F G-61 AC ,roup AC but I 3.

ACI (2 amp) Appliu volta,e from a-e; bl.&.
No. I to &-e; over.",nder"oltag,
aenain, WIlt .nd [0 AC
INDICATORS ..nuh (MDC-3).

S F 0-62 AC2 (2 &mp) Appliu "oltage from a-e; bu. AC bua 2 3.
Nn. 2 to a-e; o"er·undervoltag,
.....ing unit ...d to AC
INDICATORS .w'te;h {MDC_3).
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Location
Name and C;ircuit Power

Panel Ar"al Grid Position Function Br"ak" • Source R"mark.

MOe-S (ContI

EPS SENSOR UNIT circuit
breake.s

DC BUS group

, C H-6! A (5 ampl Appliea d_e power from battery NIA Battery
relay b,,,. through MAiN BOS A- relay bu.
RESET Iwitch to d_e mil'n bus A
undervolta.8e .""aing unit.

a (5 amp) Applie. d_e pow" .. from batte"y
relay bus through MAIN BU' B·
RESET awit<:h to d_e main bu. B
undervoltage .ensing unit.

AC BUS group

, C H-6Z I (5 amp) Applies d_e power from battery Senaing unit i. inoper.. t'v," when AC
relay bUll through AC BUS l· BU' l-RESET .witch i. il\ the OFF
RESET switch to a-c bu. No. • position.
over_undervoltage .""sing unit.

, C H-6Z l {S amp) Applies d_e power from battery Sen.ing 1,UIit i. inoperative when AC
relay bus through AC BUS Z- BUS Z_RESET switch is in the O<r
RESET switch to a-c bus No. Z position.
over-undervoltage sensing unit.

INVERTER CONTROL circuit
breakers

, , H_S9 • Applies d-c power !com battery
(II) amp) relay bus to AC INV ERTER I dc

and a<:_I, and AC [NVERTER 3
ac_l switches (MDC_3).

, C H-61) , Applies doc power from battery
(II) amp} relay bus to AC [NV ER TER Z dc

andac-I, andAC INVERTER I
ac_l switches (MOC-)).

, , H-61) , Applies d-c power from battery
(II) amp} relay bus to AC lNV ER. TER. ) dc

and ,,"<:-1. and AC INVERTER 2
,,"c_2 switches (MOC_3).
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'"• Location
• Name and Circuit Power
_.
n

Panel 1Area I Gdd Po,ition Function Breake. Soure," R(,mark,
0•" MDC-S (Contl

"
MAIN BUS TIE switches BATTERY a"tte.y Aeroat". motor-driven switch which

CHARGER_ bus A accompli,he. actual ,witching- , F H_57 SAT Ale Allows manual control of bu. tift BAT A function.
~ motor .witch to: eHe
> '. Connect battery bu. A to doc (MOC-51

"
main bus A and battery C to_.
doc m&in bus B.- •• Disconnect BATTERY- CHARGE selector switch

'"~ posihol'l A (MDC-l) from

'" batte ry bu. A and position C
from battery C.•" > AUTO Connect entry baU,.,;". A and C AutomaticaHy connects enlry

" Z• to DC bus.... batteries A and C to the main d·e,
~ bUI'" at CSM separation. (Uud

~

" • only during prelaunch.l

0 >• < OFF Allow. manu"l control of motor
;;

0 .witches to:

~
.. Disconnect battery bu. A from

• d-c main bu. A and l>a.ttery C
0 fron> d·c main bu. B.r ,. Connect BATTERY CHARGEM
I .elector .witch po.ition A

• (MOC-3) to battery bu. A and>
Z po.ition C to l>a.ttery C.
M
r

H-57 BAT B/e Allow. manual control of bu. tie BATTERY Battery Actuate. motor_driven .witch which, F• molor .witch to: CHARGER- bu. B accompli.he. actual .witching.. Conneet b.ttery bu. B to d-c BAT B function.
main bu. B. and battery C to eHe
d-e main bu. A. (MDC-S)

" •• Di.connech BATTERY

• CHARGE ",lector .wilch
~

posHion B (MOC_3) from" battery bu. Band po.ition C
from battery C.

,..
"0" t-

O t- O>
Z 0 i'... 0 N

~ >
" •

!;; l'1 0

'" W,.. •>- toZ ...
0 t-O 0

Sl iii 0
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'"

AUTO Connect entry b.tterie. Band C
to d_c bu.e •.

Automatically connect. enlry
batterie. Band C to the main d_c
bu.". at CSM ."paration. (U.ed
only during prelaunch.)
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LoCaliolt
Name ""d Circ,.it Power

pallell At•• IGrid Po.ition F""'etioll Breaker Source Remark.

MDC·S (Conti

, F H_57 OFF Allo..... manu"l control of motor BATTERY Battery
...... teb to, CHARGER· "".B.. Di,connect battery bu. 8 BAT B

from d·c mal" bu. 8.ad eNG
bauery C from doc main (MDC-51
bu. A •

b. Co...... u BATTERY CHARGE
..lector .witch pOlitio"," B
IMDC.3) to butery INa B .nd
po_ilion C to battery C.

, F H-S8 NONESS 8US ..riteh Equ;pmeru ....oc:i.ted "';'!:h this
.witch ia,

MNA COtltleeU ..o.....er.tiai bu_ No. 0 OC ....in
i...d No. l. to doc main bu. A. "".A .. Special equipment bay

NCN
No. ,

E55OFF Di.connectl ..one.....tial bu••• b. Special equipment bay
BUSfrom doc mal.. bu.e •. No. Z
NO. Z

<. Special equiprneftt hatch
MHB C.......ecU ..Ofl......tial bua No. 0 DC main ,. None••ential inanu_ NON

and No. Z to d.c main bu. B. "".B mentali_ E55.. Voice rae-order BUS
NO. ,

, F G-63 LM PWR_I circuit breaker Protect. circuit to flrat ot two
wnbilicab providins: power to

MNB (7. S .mp} LM tbrouah LM PWR .w
(MDC-ZI.

, F H-lol LM PWR_Z circuit br~.k~r P ..o~cu eirc"it to ••cond ot two
umbilical. providina po...... r to

MNB (7.S amp} L.M throus:h L.M PWR .....
(MDC.ZI.

C.ution .nd Warning .y.t..m
eircuit br...ker.

, G C-6Z C!W.MNA Provide. circuit prot4ction 'nd • NIA DC m.a.in
(S .mp) po_r p.th from d-c m.ln bu. A bu. A

thru. diode to the c.utlon .nd
w.<nins: .y.t"m.
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Location
Name "lid Circuit Power

Panel Arca arid Po.itiD'" FUlIctio" Breaker Source Remad••

MDC-6----, A C_53 INTERCOM "witch Audio
center

T/R Enable"-, by a circuit closure, equipment
the h""da.,1 to ..eceive and Ira"a'
mit over the intercom ayatem.

OFF Selects no mode •.

ReV Enables, by a drcuH closure.
the headset to r .."eiv,", (only) the
output of the ilH"r"om .yHem.

VOLUME Ihumbwheel A thumbwheel-type control which
operates a 500k ohm potentiom-
eter is provided to adjuu the
audio levd from the intercom
bu. to the earphone amplUier.

, A C_Sl PAD COMM switch RHEB-US

T/R Enable•• by .. circuit cio.ute.
the head."t to re,aive and Iran._
mit over a hardUne intercomm to
launch operal.iona.

OFF Selects no mode••

ReV Enable., by a circuit closure,
the headset to receive (only) the
output of the hardllne intercomm
(rom launch operations.

VOLUME thumbwheel A tbumbwheei_type control which
operates a SOOk ohm potentiom-
eter is pro"ided to adjust the
audio Level from the hardllne
intercomm to the ea rphone
amplifier.
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Location
Name and CirCUit Power

Panel Area Grid Po.ihon Function Break",. Source Remark.

MOC-6 (Cont)

6 A 8-53 MASTER VOLUME Ihumbwh.,el A thumbwheel_type cOllnol which Audio
oper..t~s a Z. 5k ohm potentlom- center
eler l. provided to adjust the equipment
audio level from the ..arphone
amplifier to the .." ..ph""".

6 A 8_51 MODE switch CREW Flight and
STATION post-

INTERCOMI Appliea power to audio center AUDIO- L landing
PTT module. and provid ... hot mike (MDC.22Sj ,",

operation and VOX operatioll for
intercom and PTT operation
fOr RF t,."..sm.i •• ;on.

PTT Applies power to audio center
module and enables PTTope ..ation
for intercom and RF transmi••ion.

VOX Appliea power to the auclio center
module and provide. VOX opera-
tion (or both intercom and
RF tn.'umission.

VOX SENS thumbwh"ei A thumbwheel-type control which
operates a Zo;k ohm potentiom-
eter is provided to adjust the
sensitivity o( the voice.operated
relay in the audio center
module.

6 A 0_52- S-BAND switch Audio The VOICE mode includes not only
center the VOICE Or RELAY mode

TIR Enables. by a circuit closure. equipment positiolls, but sho the VOICE 80
the headset to receive and trans- positions of the S_BANO AUX and
mit over the S-band equipment UP TLM sections, aU with their
operating in the VOICS: mode. attendant limitations.

OFF Selects nO modes.

ReV Enable. by a circuit closure.
the headsel to receive (only) the
output of the S_band "quipment
operating in the VOICE mode.
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Name ..nd Circult Powe,.
Pa...el Ar•• Grid Po,itioll. FUDelion Breaker Source Remark.

MDC_6IConll

, A D.S2 VOLUME thwnbwhul A thumb....bu,l_type control .hh:h Audio
open.t•• :0. 500k ohm potentlom. center
tIter i. provided to ..dju.t the equipment
S-'W.nd rec.iver audio 1....1 to
the euphone ampHfln.

, A 0-S4 VHF AM .witch

TIR £ ....bl••• by circuit dOlure, "',
b••dau to ....ai.... 10M tra...mit
over the VHF AM equipment.

OFF Selecta DO mod•••

ReV En.-blu. by:o. elreult do.ure.
the beadut to neelye (only) the
OI1CPU! of the VHF AM receiver.

VOLUME thumbwheel A thumbwheel_typc control which
operate. :0. 500k ohm potentiom_
eter b provided to adj...! the
audio level from Ih. VHf' AM
receiver to the .....phone
amplifier.

, A £_54 SUIT twitch CREW Flight •
POWER Appliu power to the left ""0 tight STATION poatl:;u'dil'lg

hand nllerophon.. and tb, blomed
AUDIO_CDR ,."

pr..amplifi ..r. 1ft the .ult a .. oela_ and NAV

ted with audio control panel No.6.

OFF R..move. power from th.. left a ..d
right hand microphone. and th..
blom..d pr..amplifi..... In tha .uit
a ••odated whh aud,o control
panel No, ,.

, A F·H AUDIO CONTROL awitch

NOR.M Route. LM piLot'a audio alanaL.
through audio control panel No.6
and auodated audio mo<h>le.
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Location

P&..~~"ruTGrid
N....n. and Cit,;",i1 Pow~r

Po.ltion FUDction S ........ Source Remark.

MDC-6ICoIlI)

• A ~ -54 BACKUP Routel LM. pilot" I"dio .i.".b Allow. LM and CSM pUo~ to .han
throu,h cODtrol panel No. 10 ...<1 ,ama ."dio module and cOlltrol p"..d
•••ociated ludio "eoter module. .... ca •• ol malfunction.

• A 8·53 POWER IWilc:h CREW Flight and
STATION poulan,!;",

AUDIO/TONE Provid•• p..Unary pow... 10 the AUDIO-I.. ""......dlo center module and enable. (MDC.ZZS)
the audible crew alarm 1t'''''1 10
b-. h••rd at WI ••tronau! .tatian.

OFF Remova. aU power to the ludlo
centIOr module and disable, the
audible cre", alarm for thi.
IUron"l1lltation.

AUDIO Provide. primary powe.. 10 th,
audio center module but l.,v••
the ....dibla crew alarm circliit
diubl"d at thh at.arion.
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Location
Name and Circuit Power

Panel Area Grid Position Function Break.. r SoU"c," Remark.

MOe_7

, A M., EDS POWER/OFF switch EDS-I, 2, 3 Banery Closing of the EnS POWER switch
BAT A bu.... A, B. provide. power to the EDS display

ON Supplies entry battery A, B. and 'AT C and entry circuitry and also supplies power for
C power to the EDS b"u,. I, 3, ,., battery C EDS auto abort initi .. ting circuitry.
and l in the lU. 'AT ,

(MOe-S/

OFF Removes power rrom EOS buseo

'. 2. and 3 in the lU.

, , N·' BMAC POWER_l switch WARM ;,IP and ON poles of both
Bh-tAG POWER switches are tied

OFF No power supplied. together for d_e power switching.

WARM UP Supplies 28 vde to GA_1 for SCS_ DC main
heaten and electronic•. SYSTEM bus A

MNA
(MOC-S}

ON O-C power. same ..s in WARM SCS-ACI AC bus 1 3(t
UP, (MOe-8)

A-C power, supplies 3_ph:ue
power toCA.I.

, , 0·' BMAC POWEft-2 switch

OFF No power supplied.

WARM UP Suppli... 2a vdc to CA_2 for SCS- OC main
heate ... and electronics. SYSTEM bus B

MNB
{MOC-a}

ON O-C power, 'lOme as in WARM SCS_AC2 Cbus23G
UP. {MDC-8}

A·C power, supplies 3-phue
power to GA-2.
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Location

Panel IArca IGrid
Name and Circuil Power
Position Function Breake .. Source Remark.

MDC.7 (Cont)

, B N-6 SCS-.E:LECTRONICS POWER
.witch

OFF Not wired.

ECA .. Supplies ph..... A bus I power STABILI- AC bu. I 'A A-C powe,. to ECA is not only us"d
10 ECA. ZATION/ for ECA power supp!i1e8, demO<! ..el..

CONTR.OL .~. n is abo routed through Ira... •
SYSTEM- form"rs (in ECA) to provide roUllon
AC> controller (Re) Iransduce ...."ference.
(MOG-8) ACI gou to RG-I and ACZ to RC_Z.

o. Suppliu ph... e A bu. 2 po",e .. STABILl_ AC bu. 2 I}A

to ECA. ZATIONI
CONTROL
SYSTEM_
ECA/Tve.

AC'
(MDC-SI

<. SuppUea 28 vdc to ECA. STABILl- DC main bus
ZA nONI A and B
CONTROL
SYSTEM·
SYSTEM-
MNA and
MNB
(MOe-S)

GDCfECA .. Suppliu phas" A bu. I to STABILl_ AC bu. I (lA
GDC. ZATION/

CONTROL
SYSTEM·
AC>
(MOC.8)

o. Supplies phan A bu. Z to STABIU· AC bu. Z (lA
CDC. ZATlONI

CONTROL
SYSTEM_
AC'
(MOC·8)
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LoC~llo.ll

N;lme and Circuit Power
PQe! Are. Grid Po.iHon Fllnetlo.. ar.lIke .. Souree Rema.rk.

MOG_1 (ContI

, 8 N_' o. s."ppliu Z8 vde to CDC. STABIU. DC main
UTION/ bu. A and a
CONTROL
SYSTEM-
SYSTEM-
MNA and
""8
(MDC·S)

,. Suppli.. pha•• A bue I ~er STA8IU- AC bu. I 'A
to ECA. ZAnONI

CONTROL
SYSTEM-
ACO
IMDC-B).. SuppU.. piau A bu. Z po....... STABIU_ ChuaZ'A

to EeA. ZATIONI
CONTROL
SYSTEM.
EGAI
TVC_ACZ
(MOC_81

.. SuppUn 28 vde to ECA • STABIU. Demaio.
ZATIONI bua A and B
CONTROL
SYSTEM.
UNA and
MN8
(Moe-S)

, 8 N_' FOAl/CPt POWER ,witch

OFF Not wind.
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Location
Name and Circuit Power

Pan..l Area Grid Po.ition Function Br..ak.. r Sourc.. ft ..mark.

MDC-7 (Cont) , >. Suppliea 3-pha.e .·c power STABIl..I· AC bu. 1 Provide. power to electronlc. that
to EOA. ZATIONI drive indie.ton on FOAl No. ,., B N-' CONTROL Suppli... (through EOA) power to

SYSTEM_ .ervom.. tric potentiom ..ur. and
Ae, moton (baU) On FOAl No. ,-
(MOC·8)

Provides power to operateGPI
b. Supplies 2:8 vdc to EOA. STABlLl- DC maln meter movement•• {PITCH land

ZATIONI bua A YAW l}
CONTROL
SYSTEM.
SYSTEM.
MNA
(MOC·8}

, >. Supplies 3·ph..... -c power STABIl..!. AC bu. 2: Provide. po"'er to electronic. that
to EDA. ZATIONI drive Indieatora On FOAl No.2.

CONTROL Suppli... (through EDA) pow.. r to
SYSTEM- aervometdc potentiom .. t ..r. and
Ae' moto... (ball) on FOAl No.2.
(MOC.8)

b. Supplie. 28 vdc to EDA. STABllJ· DC maln Provide. po",er to operate the
ZATIONI bu. B redund.nt (pitch 2: and yaw 2} CPt
CONTROL meter movement••
SYSTEM.
~NB

(MOC-8)

BOTH Both functlon. for po.ition. Both FOAla are .ctive.
land 2: are provided. Total GP! di.playa active.

, B N_' TVe SERVO POWER 1 awitch

AC1!MNA >. Supplle. a-c pha ... A to STABILl- AC bu. I "A
both (pitch and yaw} prinlary ZATIONI
.ervO channeJa in TVSA. CONTROL

SYSTEM-
TVC-ACI
(MOC-8)

b. Supplies 2:8·vdc pcrw.. r STARtLl- DC maln
through TVSA to both ZATICN/ bu. A
(pitch and yaw) primary CONTROL
dutche. (through normally) SYSTEM·
do.ed relay contacts}. MNA

(MOC·8)

OFF Not wired.
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Location
Nam,. "-tid Circuit Powe..

Panel Area Grid Po.ttioll Function Breaker Source Remark.

MDC-.;-:(;ont ACz.!MNB <. Supplies a_c phase A to both STA81LI· AC bUI Z iJA
(pitch and yaw) primary ZATIONI
aervO channel. in TVSA. CONTROL

SYSTEM.

AC'
(MDC_B)

b. Supplies l8-vdc pow",. STABIU· DC main
through TVSA <" bolh ZATIONI bus B
(pitch and yaw) primary CONTROL
dut<:hu (through nO..n>.. lIy SYSTEM-
clo.ed relay contacts). MNB

(MOC-8}

, B N-8 TVe SERVO POWER Z awitch

AClfMNA <. Supplies a-c phase A to both STABtLI- AC bus I iJA
(pitch and yaw) secondary ZATlONI
." ..vo channeh in TV$A. CONTROL

SYSTEM_
AC,
(MOC-B)

b. Supplies l8-vd" power STABILt_ DC main

through TV$A (normally ZATIONI bus A
open relay contilcta) for CONTROL
both • .,condary clutches. SYSTEM~

MNA
(MDC.8)

OFF Not wi...,d.

AC2:!MN8 <. SuppUu ;<·c ph...e A to both STAaILl~ AC bus 2. lJA
(pitch ;<nd yaw) secondary ZATlONI
servo channels in TVSA. CONTROL

SYSTEM·
ECA!
TVC~AC2

(MOC~8)

b. S"pplies 28·vdc power STABILl~ DC main

thro"gh TVSA (normally ZATION! bus B

open reh.y contacts) for both CONTROL
second;<ry clutches. SYSTEM~

MNB
(MOC~8)
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Location

Panel IAre"
Name and Circu;1 Power

Grid Position Function Break" .. $Qurce Remarks

MOC-7 (Cont)

, B 0-' LOGIC POWER 213

.p Enables SCS logic buses Z and , 5GS LOGIC de .. to logic bus circuit breakers
to MOed switches. BU' Or MOe·l .witches that are enabled

3/4 MNA rom this switch.
1/2MNA
2/3 MNA

OFF Removes power to MOC_l
switches.

B 0-' SlG CONDR/DRIVER BIAS PWR
PWR SUP I

AC' Enables "nalog lignal condition_ 5CS ACI AC bus 1
ing power .upply in EDA and
_4V No. I power supply in RJ EC.

OFF Removes power.

AC' Same ". ACt position. 5CS AC2 AC bus 2

B 0-' SIG CONDR/DRIVER BIAS PWR
PWR SUP 2.

AC' Ena.b1es --tV No. 2. power supply SCS ACI AC bus J
and analog signal conditioning
power supply in the RJEC.

OFF Remove. power.

AC' Same as ACl !>'Jait'on. CS AC2 AC bus l
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LocatlOQ

Plllall A....
Name and Circuit Pow"r

Odd Po.itiOD Function Br.ak" .. Source aemark.

l!Q£.:.!

STABILIZA TION!CONTROL
SYSTEM circuit break" ...

8 A H.' AC> Suppliu: N/A AC bu. I 3'
(2 amp _ any ph••e) .. 3.phau p........ to:

L BMAC POWER_I .witeb
ION pOlitioQ),. FOAl/OPI POWER .witch
U ....d 80TH po.ilio...).

b. Pbau A power to:,. Tye SERVO POWEil-Z
.witch (ACJ/MiIl ... po.ilion),,. SCS EL£CTROflo.CS
POWER .witch I£CA and
CDC/ECA podtionll.,. SIC CONDR/DRIVER. B>AS
PWR - PWR SUPI.

8 A H.' AC' Suppliu: Cb,..ZJIiI
(2 amp - any phue) .. J-phaa" power 10:

L 8MAC POW£R..Z utiteh
(ON poallion!.,. FOAl/OPI POWER awitch
(2 and 80TH po.ilio"a].

b. Ph••• A p_r to:
L SCS ELECTRONICS

POWER, .witch (COC/£CA
po,itiotl).

l. TVC SERVO POWER I
(.witch AC2/MN8 po.iti .....).,. SIC COl';'OR/DRIVER StAS
PWR • PWR SUPZ.

8 A ,., DtR.ECT ULL circuit MNA to SM ReS e"alnn 84 .nd 03
bre_k.,rs ....hen DIRECT ULLAGE oepr..nd.

MNA • MNB C8 Applin Z8 vdc, MNA .nO MN8, Group 5 DC m.in bu. MNB to SM RCS enain.. A4 nd C3
(3.mp) to direct uU_S' pushbutton on MNAIoMN8 AOS ....hen DIRECT ULLAGE depre ..ed.

MDC.!. (MDC.ZZ9)
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Location

pane~AreaTGrid
Name and Circuit Power
Po.ition Function Breaker Source Remarks

MOC-8 (Cont)

8 A ,-, 'CS CONTR/DIRECT. I
circuit hreaker.

MNA (10 amp) Suppliu " ." po......... to ROT Group 5 DC main
CONTa PWR_1 awltch MNAI MNA bo, A
MNB and MNA positions. (MDC-ZZ9J

MNB IS ampl Suppliu " '""' 'OW,. <0 ROT Group 5 DC main
CONTR PWR-I awitch MNAf MNB bo, B
MNB pOlition. (MOC-2291

8 A ,-. 'CS CQNTR/DIRECT_Z
cireui! breake...

MNA (5 amp) Suppli... 28 vdc power to ROT Group 5 OC main
CONTR PWR_l awitch MNAI MNA bu. A
M NB po.ition. (MDC-22'1)

,
MNB '" amp) SuppH ... 28 vel .. power to ROT Gro\l? 5 DC main

CONTR PWR_Z switch MNAI MNB .bua B
MNB and MNB positions. IMDC-2291

8 A ,- , SCS Ale ROLL circuit breaker.

MNA '" amp) Supplie. 28 velc power to AUTO Group" OC m ... in With awitch... in po.ilion A, circuit
ReS SELECT Ale ROLL MNA bo' A breaker ".pplie, ..nabting voltage to
twitchet, MNA potitioM. lMDC.229) auto coUt on A_ I, C-2, C_I and

A_l, and te ..v", no [uncl,on aft....
CM_SM tepa..ation•

MNB (15 amp) Same at tbove, except MNB C ..oup 4 DC main With ,witche. in potition B, ci ..cuit
po,itions .upplied 28 vdc. MNB b., B break.. r 'uppH... enablinK voUage to

(MDC_l2.9l auto coib On A_I, C-2, C- I and
A-2, and t"rves nO function after
CM-SM separation.

e A '-6 'cs B/O ROLL circuit breakers

MNA '" =,1 Suppli... 28 vdc power to AUTO Croup 2 DC main With switches in potition A, circuit
RCS SELECT BID ROLL MNA 00, A breaker suppHe, enabling voltage to
twitches, MNA potitiont. lMDC-229l auto coib on SM RCS B_1, 0_2, 0_1,

and B-2, and when transferred to
CM RCS, auto coils II, 12,21 and 22.
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l.ocation
Name and Circuit Power

Panel Area Grid Po,ilion Function Breake. Source Remarks

MDC-8 (Cont)

8 A '·6 MNB S&me u MNA, e"cept MNB Group 2 DC main With .witche. in poait,on B. circuit
(15 amp) poailio"," supplied 28 vOc. MNB hua B breaker aupplie. e'labtinl: voluge to

(MOC-U'll autQ coils On SM ReSS-I, o-l, D·'
and B-2, and when transferred to
eM Res, auto coils ll, ". II and
n.

8 A ,., ,e' PITCH circuit breakers

MNA Supplies 28 vdc power to AUTO Group I DC main With '''''itch"s in pOlition A, circuit
(15 amp) ReS SEL.E:CT PITCH .witches, MNA bus A breaker supplies enabling volt"ge to

MNA positions. (MDC-l2'l1 auto coUs on C-3. A-4. A-3 and C-4,
and when tranderred to eM Res,
auto coils 13. Z3. 14 ..ndl4.

MNB &me:.. above, "xcept MNB Group 1 DC main With switches in po.ition B, circuit
(15 amp) posihonl .upplied 28 vdc. M:-IB bus B breaker.supptie. enabling voltage to

lMDC-229l auto coilo on C_3. A_4. A_3 and C-ol,
and when tran.ferred to CM RCS.
auto coilo 13.23, 14 and 24.

8 A ,., ,e, YAW circuit breaker.

MNA Supplies 28 vdc power to AUTO Croup 3 DC main With switches in position A. circuit
(15 amp) RCS SELECT YAW switchu. MNA bus A breaker supplies enabling voltage to

MNA positions. (MDC_ll9) auto coils on 0_3, B·4. B_3 and 0-4,
and when transferred to CM RCS,
auto coils 15, 25, 16 and 26.

8 A ,., MNB $ame a. above. except MNB Group 3 DC main With .witches in posilion B. circuit
(IS amp) positions supplied 28 vdc. MNB bus B breaker supplies enabling voltage to

IMDC-ll91 auto coils on D_ 3, B_4, B_3 and 0_4.
and when transferred 10 CM RCS,
auto coil. 15. 25, 16 and 26.
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LocatIon
Nun., and Cifcuit Power

PaDel Au,. Crid Po,ition FWIl;Hon Breaker Sollrce Remark.

MOC·8 (ContI

8 A '" SCS CONYR/AUTO (:ir<;:uie
br••ker.

MNA .. Suppliu 1.8 Ydc powu to ROT Croup I DC main
(5 ampl COSTa PWR NORMAL ·1 ~ MNA "". A

l awitehea, ""ClOG pOlitionl. (MDC-ll91

•• Suppli.. 18 vdc power to
TRANS COllr,R PWR .witch,
ON pOlition.,. Supplie. Z8 vclc power to SEeS
A for .uto ReS dd.,.r enable
po_to

MNB .. Same a. above. 01_P I OC~iD

15 anip) •• Same •• • boY•. M1"8 bua B,. Same •• ahove. exu'pt SEeS (MOC-Zl9)
B aupplied l8 \'de:.

8 A .., SCS-ECA/TVC-AC Z Suppliel ph... A to;

c:Ircuit breaker .. SCS ELECTRONICS POWER NtA AC b,... Z lilA
12 lUnpl lwiteb (EGA ..."d ODC/£CA

podtionll.

•• TVC SERVO POWER.Z
••';tch (AClIMN8 po.ltion).

8 A H.' ses_ TVC circuit breaker

AC< SuppU... a-c ph.... A power to NtA AC but I IIA
(Z ....pl Tve SERVO POWER_I Iwilch

(ACI/MNA po,;tion).

8 A H ORDEAL drc",it bru.keu

AC2 (2 Olmp) EnOlbUnt voltallU (or ORDEAL DC mOl;n
MNB (5 ilmpl operOltion. b",f 8

AC b",f 2
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Locatio""
Name and C,rcuit Pow"r

P ...."l Area Grid Po.iHoa FWllction Br"ak".. Source Remark.

MOC-8 (Coni)

SCS LOGle 8US circuit The ....peel..... 10lic bu... I ..pply the
bnakeu followinl • ..,iteh•• :

• A H MNA III C8 SuppUu 28 vde, MNA. to SCS DC main SCS LOGIC BUS NO. I
(l amp) 10lie bl.l, I a.lld 1011<: bu. l bu. A

th .......'h the SCS LOCIC PWR Ul SW NAME
.witch.

CMC ATT

MNA lf4 CB Suppliu Z8 vde. MNA. 10 SCS (iMU)
MANUAL ATT_

}
(3 amp) l"Iie bu., <4 and 10,ie bu. 3

ROLL (MIN IMPthrou.gh u.. SCS LOCtC PWR zn
MAKUAL ATT. •"witCh. PITCH ACeEL

• A J.S MN8 1/4 CB Stlppli.,. Z8 vele, MNB. ~SCS DC tnair>
MANUAL ATT. CMD)

YAW
(l amp) lo,ie bu. I and 4. bu. S

UMIT CYCI..£

MNB Z/3 CB Suppiie. 28 vdc, MNB, to SCS
(OFF')

ATT DE:ADBAND
(3 amp) IOlle bu. Z aDd 3 lbrouah th"

!'UN!SCS LOOIC PWR l/l awitch.
RATE (HIGH)
SMAC MODE.

ROLL (RATE II
SMAC MODE-

PITCH (RATE: "
SMAG MODE.

YAW (RATE II
DIRECT ULLAGE

(LOGIC ,UNCTION)
THRUST ON
TVC GMBL DRIVE.

PITCH (AUTO)
TVC CMBL DRIVE.

YAW (AUTO)
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Location
Name and Circuit Power

Panel Area IGrid Po> .ition Function Breaker Source Remark.

MOC-BIGon!)

, A ,., SCS LOGIC BUS (Cont) 5CS LOGIC BUS NO. l

SW NAME

FOAl SCALE (5-5)
FOAl SOURer: tCMCj
A TT SET \1M U)
SC CONTROL ICMCj
SMAG MODE - ROLL

(ATT lIRATE 2: I. RATE 2)
ENTRY .0Sg (OrFi
CLOCKWISE SWITCH

5CS L<X;IC BUS NO. :>

SW NAME

FOAl SELECT (l &. II
FOAl SOURCE (ATT SET I. GDCI
SC CONTROL (SCS)
BMAG MODE _ PITCH (ATT II

RATE Z I. RATE Z)
SMAG MODE _ YAW (ATT II

RATE 2 I. RATE 21
'I've GMBL DRIVE - PITCH \1.)
'I've GMEL DRIVI:: _ YAW (21

{"'TO'ses 'I've - PITCH RATE
scs TVC - YAW CMD I.

AGCEL
CMD)

6V CG-IC5M 4- LM)

SCS LOGIC BUS NO. •
SW NAME

CMC A TT (1M UI
FOAl SCALE (50115.50/10)
FOAl SELECT (BOTH)
A TT SET (CDC)
GDC ALIGN
ENTRY EMS ROLL (ON)
ENTR~' .058 ION)
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Location
Name and Circuit Power

Panel IArea IGrid Po.ition Fun.::!ion Break... Source Re=ark.

MDC_8 (Cont)

SCS SYSTEM circuit breaker Supplies 28 vdc to:

8 A ;-s MNA (15 amp) ,- SMAC POWER, _I s ..... itch DC main
(WARMUP and ON' positions). bu. A,- SCS ELECTRONICS POWE:R
switch (ECA and ODC/ECA
positions).

<- FDAI/C?l POWER switch
(l and BOTH positions).,- TVC SERVO POWER-I ,.,
-2 switches (AC1{M1':A
pooition/.

8 A H MNB (15 "mp) ,- BMA-G POWER _2 switch OC main
(WARMUP and 0;"< positions). ,", 8,- SCS ELE:CTRONlCS POWER
.witch (ECA and GDC
position.).

<- FOAl/CPl power switch {I and
BOTH positions).,- TVC SERVO POWER·) ,.,
-2 .witches (AClIMNB
positions).

EOS_I, '- 3 <;ircuit breakers

8 8 C·, BAT A (5 amp) Applies doc ?:)we. from battery EPS BAT &ttery bus A
bus A to Ens Pow£R switch eus A
(MnC-11. (RHEB-lZ9)

8 8 c·, BAT C (5 ampl Applies doc power from entry BAT C Battery bus C
banery C to EDS POWER switch BAT CHGRI
(MDC_1). EOS 2

(RHEB-250}

8 B c_, BAT B (5 amp) Applies doe power from battery £PS RAT aattery bus B
bus B to EDS POWER switch BUS B
(MDC_1). (RHEB-129)
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Name and Clrc:"it Po......

Panel Area Grid P,ultion Function a ....Jr.er SO....<:e R",.._..k.

MOC_8 (Conti

ELS-A, 8 drcuit break", ...

• B L-' BAT A 00 amp) Appli•• d·c power from ~tt" .. y "PS BAT B&ttuy bu. A
b.... A to the fallowin&: 8US A.. APEX COVER JETT .witch (RH£B.Zl91

(MCC_II.

•• DROCUE DEPLOY switch
(MDC-II... MAW DEPLOY ...n.teh
(MOe- !l.

BAT B (lO amp) AppUu d·c power from b&ttery "PS BAT aattery bu. B
bIJ.. B to the 101l0",lnl: BUS 8.. APEX COVER JETT awitch (RHEB.Zl9)

(MDC-ll.

•• DROOUE DEPLOY .witch
(MOC.I)... MAIN DEPLOY switch
(MOC.I).

REACT10:-; CONTROL SYSTEM
elrcuit br••Jr." .."

RCS LOO1C Thermal, p".h_pu.1I manu.l.l nut_
tYJl4 drcu;t br"akeu with the• C K-' MNA liS amp) Appli•• power trom doc main Grollp , DC main amper",,, ratin& of .:len denoted by II

bu. A to the foUowU>l: MNA ••• A whhe placard.. .. RCS TRNF'R .witch (MOC.Z) . (MCC_U'"

•• CM RCS LOCiIC .witch
(MDC-II... CM RCS HTRS .witch
(RHFEB).,. CM RCS He DUMP pushbullon
on MDC-I.

MNB II; amp) AppHes po...... r from doc main Group 5 tl8 vdc
bus B to the following: MNB DC maiJI... RCS TRNFR .witch (MOC.l) . (MOC-ll9l "".B

•• CM RCS LOCiIC switch
(MOC.I)... CM RCS HTRS switch
(RHFEB).,. CM RCS He DUMP pushbutton
on MOe.1.

•
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Locali""

Area ICrid
Na.me and Circuit Pawer

Puel Po.ition JC....ctio.. areaker So'uce Rema,k,

MDC·8 (Cont)

8M HEATERS dreu,t
breaker.

a e K·' A MN8 (7.5 amp) Appli.. pO-I from doc m .... CrO\lp ) tl8 vde Th.rmal puah·"",U mall".1 re ...t.~
bu. a to tbe foil""';"",: MNa DC maio dreuit breaker. with the ampen.&.. SM Res H£A TERS awitch, (MDC·ll':!) "".a nth"l of ...ell denoted by .. ",bit.

q~d A. placard.

•• 8M Res QUAD A .. C helium
and prop.U....t '."larion valve
;"diu.ton and eM Res
.y.tem 1: propellant pOilltian
indicator .nd eM Res SYS 2
propenant i,alation vdvel on
.. 0 to T + .2 aecond abort.

a e K·' S MNA (7.5 amp) Appllu power from d-c ma.ln bill Croup 3 DC m;dn
A to the followil\g, MNA bu. A.. SM Res HEATERS twitch. (MDC.2Z9)

quad B.

•• 8M Res QUAD A &. C helium
and propellant hOlation valva
iDdh:atou and CM RCS
'V.tem I propellant po.iUon
indicator .nd CM RCS SYS I
propella.. t i ...llotio.. valve. oro
• 0 to T t 4Z .ecood ahort.

a e K.' C MN8 (7.5 amp) AppUe. po.rer from d-c mai.. Group I DC main
bu. 8 to """d CHEATER .witch. "'N8 ~.8

(MDC.ZZ91

a e K·' o MNA 17.5 amp) AppUu power from d-c main Group I DC main
bu. A to quad 0 HEATER .witch. MNA •• A

(MDC·ZZ9)

a e K.' eM HEATERS circuit breaken SlIppHu Z8 vdc to I Z CM RCS I Group 5 pc main Provide. power to IZ CM RCS enlinu
e"llne dinct coil. for CM RCS MNA •• A .v.tem A providiq CM RCS HTRS

l·MNA (ZO ;unpJ heatinl_ (MDC-ZZ9) .witch placed to ON, o:n MDC·IOI,
CM RCS LOOIC .witch placed to
LOCIC on MDC- I and RCS LOCIC
bruker A on MDC-8 i. In.
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LocatioD
NiUne and Circuil Po"".. r

PaD.el Arca Grid Po,it,o" Function Breaker Source Remark.

MDC_8 (Cont)

• C K_' Z.MNB (20 amp) S1,lPPU... 28 vdc to 12 eM Res z Group S DC maln Provides power to 120 eM Res "nllin...
engine dire.;t coils for eM Res MNB bu. a aynem Z providi..g eM Res HTRS
heating. (MOC-ZZ9) .witch placed to ON. On MOG-IOI,

CM ReS LOGIC .witch placod to eM
BC' LOOIC on MOe_) aM ReS
LOGIC breaker B on MDC_8 i. In.

, C K_S PRPLNT {sOL Iroup
circuit breaker.

MNA (10 amp) AppUe. power from d-c maln bu. Group I DC main
A to the following: MNA bu. A.. 'M ReS quad. 8 and 0 (MDC.ZZ9)

HELIUM I, HELIUM Z.
'EC PRPLNT FUEL PRESS
switche. quad. Band D.

b. eM RCS-I PROPELLANT
awitch.

, C K_S • MNB (10 amp) Appliea po_r from d-c main Group I DC main Thermal. puahpuU manual re.et-type
bu. B to the following: MNB bu• .8 circuit breaker. with the .mperage.. 'M RCS quad. A and C (MDC-2Z9l rating of e.ch denoted by a whit<!:

HELIUM I, HELIUM 2. placard.
SEC PRPLNT FUEL PRESS
.witch... quad. Band D.

b. CM RCS·2 PROPELLANT
.witch.

, D L-' SPS circuit breaker.

GAUGING

, D L-3 ACI (2 ampl Applie. power from a-c bu. No. , AC bu. I lIC
to ACI of SPS GAUGING .witch
(MDC-4) •

• D L-3 AC2 (2 amp) Applie. power from a-c bu. No.2 AC bu. 2 'lIC
to AC2 of SPS GAUGING .witch
(MOC-4).
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Location

pane~AreaTGrid
Name and Circuit Power
Position Function Breake. Soun:" Remarks

MDC-8 {Conti

8 0 L-' MNA (3 amp) Applin doc power to the following Croup 4 DC main
propellant utilieation and gauging MNA bu. A
subsystem control unit <;:ire"it.: (MDC-2:Z91.. Self_tut.
o. Primary power supply only

when SPS engine ignition
drive. relay i. energized.

8 0 L-' MNB (3 amp) Applie. doc power to propellant Croup 4 DC main
uHlhation and gauging .ubayuem MNB bUB B
control unit when SPS engine (MDC_229)
ignition driver relay i. energized.

PITCH

8 0 L-' , - BAT A (15 amp) Applies power from battery bus EPS BAT Battery bu.
A to SPS CrMBAL MOTORS. BUS II A
PITCH I switch (MOC_I). {MOC-2:Z9J

8 0 L_S 2· BAT B (15 amp) Appli". power from battery bu. EPS BAT Battery bus
B to Sf'S GIMBAL MOTORS- BUS B B
PITCH l switch {MDC-Il. (MDC_ll'l1

YAW

8 0 L-' , _ BAT A {IS smp) Applies power from butery bus EP, BAT Battery b"s
A to SPS GIMBAL MOTORS_ BOS A A
YAW I switch (MDC_I). (MDC-l2'l)

8 0 L_' Z _ BAT B {IS amp) Applies power {rom battery b"s E'" BAT Battery bus
B to SPS GIMBAL MOTORS_ BUS B B
YAW l switch (MDC.I). {MDC-l2'jl

H. VALVE

8 0 L_' MNA {7.s ampl Applies doc power to the Group 4 OC main
following: MNA bus A.. J SPS HELIUM switch

(MOC-3).
o. .V THRQST_NORMAL_A

switch {or injector pre_valve
A_

o. I SPS HELIUM talkb;ock

indicator.
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LocatloQ

Palle-;fAna I Grid
Name aao Circuit Po........
Po.Hion FWlctloo Breaker Sollr"" Remark.

MDC-8 (Cont)

, D L-' MN8 (7.5 amp) Appliea d·., pow..' to th. Croup 4 DC nau.
followlDl: MNB "".B.. l SPS HELIUM awitch

(MDC.l).,. bV THRUST-N~L-8

• witch tor IlIjeclor pre-valve
B.,. l SPS HEUUM tatkback
iftdic:alor.

, D L_' PILOT VLVS

A_MNA (10 ampl SuppUu Z8 vele: to bV THRUST Group S DC IDalD bV THRUST NORMAL awitch placed
NORMAL ..riteb A. Supplin MNA bu. A to A. pOWiOr provided to SPS A batik
28 vde to FCSM SPS A awitch (M.DC-Zl:91 Ulrult Oft-o!! tOile. SPS relaya, aDd
which i. poaitiol>ed aad locked to 101&t10Id control valvea.
RES£TfOVERR1D£ po.ltioa.

, D L_' B_MN'S (10 amp) Suppllea 28 vde to /:IV THRUST Group S DC m.a.iD bV THRUST NORMAL .wilch placed
NORMAL ..,;,tch B. SuppUea MNB bu. B to 8, power provided to SPS B batik
28 Ydc to FCSM SPS B ,witch (MDe-2291 thruat o.. -off IOJle, SPS relay•• and
which i. poaUi_ed aDd locked to aoleno;d cOll.t"ol v.lv••.
RESET/OVERRIDE po.Uion.

, F M_' Pe VENT circuit bu.ker

YLT/PL (5 .mp) P"otect. circuit .irinl to p.,.t_ N'A Flilbt ..
I...dina vent ..... Ivel No. I .nd Z, ponlandinl
...d PLY BLOWER. ,.,

FLOAT &Ae circuit br••ker.

, H L_' I_&AT A (5 amp) AppU", d-c power from bat bu. A EPS BAT Battery
to nat baa control valve No. ,. BUS-A bua A

(Panel ZZ9)

, H L_' Z_BAT B IS amp) Appliea d·c power from bat bu. 8 £PS BAT Battery
to noa.t baa control ..... Iv. No. Z. BUS-B bua B

(Panel Z29)

, H L_' 3-FLT/PL IS amp} Applle. doc pow.r from night and 'Ught &.
poatlanding bu. to noat ball con- poatlanding
trol valve No. l. ,..
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Location

pan..~rAre..Tc;dd
Name and Circuit Power
Po,ition FuncUon BrIOaker SoI'TC" Remark.

MOe_S IContl

F'LClo'T BAG .,.,Uche.

• H K-' 'L POST- Ba.ttery Laver lock-type _witch.
UNDING "", A

FILL Start, two cornp.......... which FLOAT Flatati... bal No. I iI located on • '(
inllat••, No. L BAG, &.1<" U. forward c:ornparbnen! of eM.

BATA
OFF NeuU'at (0£0 podtion. (MOC-8J Soleaoid valve I.D "1.,1.l" mode.

VENT Oilconnech 28 vde (rom th. two Switch mUll remau. ill. VENT
comp.....o .. a and op.... v ..... t lifte pOlition durin, ta......d> and throu,hout
to noU.n"" ba, No. L fillht.

• H K_' ,. POST- &ttery Leve.. lock_typ. twitch.
UNDING "",B

FILL Start. two compte••o..a which FLOAT Flotation N., No. l i, toe.t..d ... the
i!>flate notati_ ba, No. l. BAG, tY ".Ili, ... th, forward cornparan....t

BAT B of th. eM.
(MDC-8}

OFF N."tral (oCO pOliti.... SoleDOid ..... lye ill " ••at" mod••

VENT DiIc:oMecU 28 vdc Crom me n.ro Switch mult nmain u. VENT po.iti ....
compte••o ..a aftCI opell' VCIlE litlc duri"a uUIlch and throuahout Qilht.
to f!ot&Ei.... t...1 No. l.

• H K-' 3 CTa POST- Flight .. Lever lock-type awitch.
lANDING poetlalldiDa

FILL Starta two cornpunor. wMch FLOAT "", f'lotatioll bal No. 3 i. loc.ted On +Z
inflate not&tion baa No. l. BAG, axia ill forward compartment of CM.

FLT/PL
OFF Neutral (off) poaition. (MDC-8) Solclloid valve in "aeal" mode.

VENT Di.coll.ll.ect. 28 vdc from the. two Switch mult remain in VENT poaitiOll
comprea.or. a"d ope". vent line durilla lauoch aod throuahout nlSht.
to f1ot&tioo baS No. l.

FLOOD !iSht••witch..

• H J-7 OW UGHTING DC maiD Provide. crew capabUity of .hifUng
FLOOD u."a A 10- B primary or ucondary lamp. to

DIM I Appll... rhaoltat control to prl- MNA variable FLOOD HaM .wltch.
mary f100dHghti a"d on-off MNB
control to .ccondary floodlight •. (RHEB-Z26l
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Location
Name and Circuit Power

P;t.nel Area Grid Po,itio.. Function Breake .. So\l.""" Remark.

MDC_8 ICone)

8 H ,., DW' Appliea rhcoatat "Dntra] to nc- LIGHTING DC main
ondary fioodlillhte and on-oft FLOOD bu... A 10 B
control to primary floodlight",. MNA

MNB
(RHEB-2Z6)

8 H ,., FIXED FLOOD DC main On-off control of flood-ligha not on
MNB bus B 10 Flight rb"oatat control.
FLT/PL .. poatlanding

FIXED Turn. on lamp. not controlled by (RH£8-226) b., ~eo...da",y when DIM ,witen i, on I;
..heDuat. primary when DIM switch h On 2 •

DFF Remove. power.

PooT LOG Connecu postl..",dillg bu. to Illuminatel lampa lo.:at"d On LH
commander'. light•. couch arm &l1d LH inne.. mold line.

INTERIOR LIGHTS .witch...

8 H I-II INTEGRAL rhaa.u.t LIGHTING AC bu. I 'A Integral IlghtiJI.g ayatem controh EL
NUMERICSI lamp. behind nome"clature of

OFF Remove. power from eom_ INTECRAL ..pplieabtIO paneh.
mander" MDC-I. 7. 8. 9 ...nd L MDC-AC·I
.tdt part of pa"el Z. (RHEB_ZZ6) Mechanicd ,top prevent. polition!ng

.witch to OFF. Control exerei,ed by
lnh,gul rheon.. t SC 103 4- ...b,. u.e of circuit bre..ker,.

R.move' power from com-
m ..nder'. MDC-t, 7, 8, 9, ".and left p8-rt of p8-nel Z (SC t03 4-
...b.).

BRT Bright Indic ..tu maximum
brlghtnlO" ha. been rIOached.
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Location
Name and Circuit Pow"r

Panel Area Cri<;! Po.ition Function Breake .. Source Remarks

MDC_8 jContl

8 H I-HI FLOOD rheostat Primary when DIM switch i. On l;
aecondary whe" DIM .,...itch i. on 2.

OFF RelTlove. power [rom com- LIGHTINC DC main
mander's rheostat controlled FLOOD bus A
floodlights. MNA

(RHEB-22i)}
BRT Indicate. maximum floodlight

brightneu haa been reached.

8 H ,., NUMERICS rheostat Numerics lighting system contrail
numerics Or fl;uhing nurnber. on

OFF Removes power from numerah LIGHTING AG bus , DSKYS, EMS, and timers.
in MDC-OSKY; EMS unge and NUMERICS/
delta V. and MDG miuion timer. INTEGRAL Mechanical stop p .. "vent. positioning

L MOC-AC-l switch to OFF. Control ""e ..d,ed by
BRT Indicates maximum brightn.... ~RH£e.2261 u.e of cirCUli breaker ••

hat been r ..ach..d.

, , K-IO SEO EVENTS COi"TROI:, 5EO Batt.. ry Lever lock-typ...witch....
SYSTEM (:VENTS bu.... A ..

CONT SYS
LOGIC switches A ARM B

8AT A and
~witches I and a BAT B

(MDC_S)
LOGIC Either switch en.. rgizes relay. in

both MESC which perform the
following:., Connects battery bu. A to the

M£SC A logic bu. A.
h, Conn..cU battery bu. 8 to the

MESC 8 logic bu. a.

OFF Remov.. s battery voltage from
MESC logic buses A and 8.
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Location
Name and Circuit Pow"r

Panel Arca. Grid Po,ition Function Breaker Source Remarks

MOC_B (Cont)

8 0 K-ll PYRO ARM switches ;EQ Battery Lever lock-type switche •.
EVENTS hua .. a A &0- B

Switch A CONT m Lock and guard assembly i. placed
A ARM 8 over switch... in SAFE position prior

PYRO ARM Energi:<"s motor switches in the BAT A «0 B to pyrotechnic devic" hookup to pre-
LDEG which perform the (MOe-8) vent inadvertent arming of pyro hua".
following:.. Connects pyro battery A to the Lock and guard •••embly mout be

MESC pyro bu. A. unlocked with key prior to hatch,. Connect, pyro battery A to the dose out and removed from eM
RCSC pyro bua A. during launch countdown.

o. Connect. pyro bUtery A to the
ELSe pyro b\u A.,. Connects py~o battery A to the
LDEC pyro bus A... COOJleets pyro battery A to
S_IVB/LM SEP PYRO A
circuit breaker On RHEB
panel 278.

I. Connects pyro battery A to
MAIN RELEASE PYRO A
circuit breaker. (RHEB-219l

SAFE Removes pyro battery power 0'=
system A pyro buses.

8 0 K-ll Switch a

PYRO ARM .. Connect. pyro battery B to the
MESC pyro bu. B.,. Connects pyro battery B to the
RCSC pyro bus B.

o. Connects pyro battery B to the
ELSC pyro bus B.,. Connects pyro batte~y B to the
LDEC pyro bus B... Connects pyro baltery B to
S-IV8/LM SEP PYRO 8
circui! breake~ On RHEB
panel Z78.

I. Conn"cts pyro battery B to
MAoN RELEASE PYRO 8
ci~cuit breaker. (RHEB-219l

SAFE R"movea pyro batte~y power from
.yst"m B pyro buse •.
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Po lition Function
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, L-ll

SEQ EVENTS GaNT SYS
circuit breaker.

ARM_A, B

BAT A (5 amp)

BAT B (5 amp)

AppUe. doc powe .. Irorn battery
bus A to the following awitches:
... SEQ EVENTS CONT SYS·

LOGIC .witch.. s land l
(MOG.S)

b. SEQ EVENTS CONT SVS.
PYR.O ARM &witche. A and B
(MOe-8)

c. LES MOTOR FIRE switch
(MOG-I)

d. CANARD DEPLOY switch
(MOe.l)

e. CSM/LV SEP .witch
(MOC.I}

f. eM Res PRESS switch
(MDC-Z)

g. RCS_CMD/ON/OFF switch
(MDC-Z)

h. eM-8M SEP Iw.tehu I and Z
(MDC-9l

i. CSM/LM FINAL SEP
Iwitchu 1 and 2. {MDC_Z)

j. SlVB/LM S£P switch
{MOC-ll

Applies d-c pow".. from b.. ttery
bu. B to the following .wilch... :
... SEq EVENTS CONTROL

SYSTEM_LOGIC Iwitches I
and 2. (MOe-B)

b. SEQ EVENTS CaNT SYS­
PYRO ARM Bwitches A and B
(MDe-S)

EPS BAT
BUSA
RHEB_ZZ9

EPS BAT
BUS B
RHEB-U9

Battery bus A

Battery bUB B
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Location
Name :..,,1 CIrcuit Power

Pan"l Area Grid Po,ilia" Function Breaker Source Remark,

MOe·8 jCont)

B , L-ll ,. LES MOTOR FIRE .witch EPS BAT BattIOry bu. A
(MOC-l). BUS B,. CANARD DEPLOY switch RHEB-Z29
(MOC-Il... CSM/LV SEP .witch (MOC-I) .

L eM Res PRESS switcb
(MDC.Z).

g. RC5-CMD/ON/OFF .witch
(MDC_2).,. eM/SM SEP ,witehu • and 2;

{MOC-91.
;. C$M/LM FINAL SEP

Iwitehu I a!\d 2. (MDC_Z).

j. Slva/LM SEP switch
(MOe_2).

B , L-IO LOGIC-A, B

BAT A liS amp) .. AppHu d·c power {rom EPS BAT Butery but A
battery bu. A to tile loaic A BUS A
bu. II> the rna. tel' event {RHEB-2.29J
''''Iuence controlle.. when the
SEQ EVENTS CONTROL
SYSTEM .witd..e. I Or 2
(MDC.S) are In the LOGIC
pOlition. The logic: bu. in
turn provid... power to the
ABORT SYSTEM_TWR
JETT .witche. I and 2 and,
d"ring LES aboru, to the
ABORT SYSTEM_PRPLNT
DUMP switch.

•• Arms the abort swit<:h in
commander'. translation hand
control.

,. Provides most of the power to
the LES and SPS abort
dr<:uitry.
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Loc"ti"n
Name and CirCII,t Power

Panel Area Gdd Position Function Break.. r Source Remarks

MDC·g (Coni)

8 , L-IO eAT Bl15ampl .. Appli... doC power from bal- E"S eAT Battery bUI
tery b'J8 B to logi<: B blls in eus e
master ""enl sequence con- (RHEB.HIII
troUe. when SE:Q EVENTS
CONTROL SYSTEM-LOGIC
switches I or 2 (MOe-8) arc
in LOGIC position. Logic blls
in turn provides power to
ABORT SYSTEM_ TWR JETT
switches I and 2, and dudng
LES ..borl •• provides power to
A80RT SYSTEM-PRPLNT
DUMP switch.

O. Arms abort switch in com-
mander'. translation hand
control.

<. Provide. most of power for
LES and SPS abort circuitry.

AUTO ReS S£LECT switches Alpha numeri"s at top of each switch

8 , H-< Ale ROLL_AI are SM engine n\lm~r•. Alpha

H_5 numeri"s below each .witch represent
MNA Applin Zg "dc, MNA, to RCS SCS A/C OC main first translationd capability that may

a"to coila. ROLL MNA b"" A be obtained from each engine and
(MOC-g, secondly n"mber8 for engine a on CM.

Applin 19 vdc. MNA. to enable SCS CONTR All A/C ROLL switch". aer"e nO
aolenoid driver. AUTO fun"tion after CSM separation.

MNA
(MDC~8l

OFF Remove. l8 vdc from a"to "oila
and "olenoid driver".

MNB Same as preceding except MNB SCS A/C OC main
to auto coil". ROLL MNB bu" B

(MOC_8)

Same a. preceding e"cepl MNe SCS CONTRI
to "olenoid drivers. AUTO

MNe
(MOC_g)

CI, Al, e2 Same ;u pre"eding.
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Locllt'on
N....... and Circuit Pow....

Panel Area Grid Po,ition f\lnctlon Breaker Source Remark.

MDC-8 (Cont!

8 J H.' BID R.OLL s..rne at precedin, excepl BID 50' BID DC m"in
H-7 ROLL circuit bUlIkeu lire ROLL bu.",. A to B", 01, BZ. D2 .. tUbed. MNA" hlNB

(MOe-8)

8 J H·8 PlTCH &me .. p.."cedl", uC<!pt PITCH SCS PITCH
H.' circuit breake,. are utHbed. MNA" MNB

A3, C3, "'4, C4 (MDe-BI

8 J H. , <AW Same ... a precedina: except YAW 50' <AW
H-Il circuit breaker. atlt utiHaed. MNA'" MNB

83,03.84, D4 (MDe-B)

EMS circuit breaker. Allo a ..ppliea power to SPS THRUST
O~ Illht _ EMS MDe-I.

8 K K-' MNA Provide. d.c power 10 EMS from Gr....p 3 DC main
(5 amp) hI",A U>d o;:i.<:...lt protection for MN. ""..

EMS. (Panel 1:2:9)

8 K K· 7 hlNB Providu doc P"""r to EMS !rom Croup 3 DC m.l"
(5 amp) MN8 and circuit protection !Ot MNB bu. B

EMS. (P."elll9)

8 L K.7 DOCK PROBE circuit Pow<ot to operate 'yl1..ml A to B DC maln
breaker. c:apl\lre LUc:h motor., T81 and bun. A .. B

temp TL.M.
MNA (10 amp)

MNB 110 amp)
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Lo<:.I;O",

Name .nd Circ.. i~ Power
Pall"l Are. Grid Po.Won Functloll. 8r".k" .. Source Remark.

~

• A B-13 INTERCOM .witch Audio cente ..
equipment

TIR Enable., by circuit clo.lIre,
head."t to ..ecel.....nc1 tranamit
Over Intercom .ratem.

OFF Select.. nO mode.

ReV Enabl.. , by circuit dOflOu,

h".d••t to n"llh-" (only) _tplOt
of intercom aY'au.m.

VOLUME thwnbwheel 'I'hwnbwbeel.type cOlltrol, ....hi.;b
open!..... SllO-k potelltiometer.
i. prond"d to adj'... t audio level
from mtolrcom bu.. to " ...plIo"e
amplifiu.

• A B.ll PAO COM.\( ...';'ub

TIR E_hl"., by circuit cloa...r., RHE8-US
h"ad•• t to recdve and Iran.mlt
ove .. h.ardllne iDtercomm to
u\lI'Ich openthnu.

OFF Sel"elf nO mod••.

ReV Enablell, by elrcult cla.lue.
h".dau to reed..e (only) Olltput
of bardli.." inurcomm from
I."nd. opa ..aU""•.

VOLUME thumbwh.. ,,1 Thumbwheel_typa control. whi<:h
operatol' a SOo-l< pOlentiometer,
l. provided 10 adjuet audio level
from hardline u,toIr<:omm 10
earphone ampllfier.

• A A-I) MASTER VOLUME thumbwheel Thumbwheel-lype <:ontrol, which
opente. a l.S..... potentlomet,r.
it provided to adjUI audio I,vel
from earphone amplifier to
earphone.
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Lo<:a.tion
Name and Circuit Power

Panel IArea Grid Po.ition Function Breaker Source Re=arka

MDC-9 (Contl

, A A-I Z MODE .witch CREW Flight and
STATtON po. Handing

INTERCOM!PTT Apptie. power to audio ",",nler AU01O-R ,",
module. and provide. hot mike (MOC_225)
op"ra.tion and VOX operation for
intercom and PTT operation for
RF tran.miuion.

PTT Appl;e .. powe .. to audio center
module and enable. PTT opera_
tion fGo. intercom and RF
transmission.

VOX Applie. power to audio center
module, and provid". VOX opera-
tion for both intercom and RF
t ..anami••ion.

VOX S£NS thumbwheei Thumbwh"el_Iype control, which
operate. a 25_k potentiometer,
ia provided to adjuot sensitivity
oC voice-operated relay in audio
center module.

, A C-ll , BAND Iwitch

T/R Enables, by circuit closure, Audio center VOICE mode include. not only VOICt:
headset to reeeive and tranlmit equipment or RELA Y mode positions, but dso
over S-band equipment operating VOICE BU pOlitionl of S BAND AUX
in VOiCE mode. and UP TLM .ections, aU with their

attendant limitations.

0'" Select. no mode.

Rve Enable., by circuit clo.ure, "'.
headset to recei"e (only) output
of S-band equipment operating in
VOiCE mode.

VOLUME Ihumbwheer Thumbwheer_type control,which
operates a 500_k potentiometer,
il provided to adjust S.band
receiver audio le"el to earphone
amplifier.
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Panell A're .. IGrid
Name and Circuit Power
Po'irian f\anction Breaker Soure" Remark,

MDC-9 (Cont)

9 A 0_13 VHF AM .witch. Audio center
equipment

TIR £n"bl"". by circuit clOIUTI.',
heads"t to receive and Iran.mit
over VHF-AM equipment.

OFF Select. no mode••

ReV Enables, by circuit cloa..,.e.
he.dlet to receive (only) output
of VHF·AM receiver.

VOLUME thwnbwheel Thulnbwheei-type control, which
operates a 500-1< potentiometer,
i. provided to adjust audio level
from VHr_AM receiver to ear_
phone amplifier.

9 A A_14 POWER switch CREW FHlht and
STATION po.tlanding

AUDIO/TONE Provides primary power to audio AUDIO_R ,.,
cenler module and enable. audible {MDC_ZZ5)
crew alarm .'gnal to be heard at
this a.tronaut .taHon.

OFF Remo....,. all power to audio
center module and di.able.
audible crew alarm for this
aaeronaut station.

AUDIO Provides primary power to
audio center module but leaves
audible crew alarm circuit
disabled at this station.
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Location
Name and Circuit Power

Pand A.-lOa Odd Po.Hion Function Breaker Source Remarks

MOC-" fConl}

• A E-ll sun ...II<,h CREW Flight 10
STATION poaUiUldin,

POWER Appliu powe r 10 Ih" left and AUDIO-R •••
dCht mlc:rophone p....unplifier (MOC.USI
in head"'1 ."" blomed pre_
amplifier In lult ...neiated with
audio conlrol puoe\ No. ••

OFF Remove. power from leet and
right microphone preamptifien

i' hudaet u, biom"d pre-
amplifier In ault "'Iodated with
audio control panel No.9.

• A £·]0 AUDIO CONTROL .witch

NORM ROlli•• CMDR'. audio .'gn&1o
Ihrough audio control panel
No. '" and luneiated audio
module.

BACKUP Rout•• CMDR'. audio .'gnal. Allow. CMDR and LM pHol 10 .hare
through ,,""Irol p&nel No. 6 ...me audio module and control panel
and ....och.ted audio module. in cau of m.U.....ction.

• A E.1l VHF RNC ( rUl ,ngl .",itch

RESET Initiate. an automatic traddn, Re.eu .li,ital ra"llinll tenerator.
phue.

NORM Initiate. an automatic tradtin, Allow. dltital ranling ,enerator to
pilau. develop ran"n,.
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Loc.tio..
Nam.. a ..d Circllit Pow.. r

P ...el Ar ..a Crid Po.ihon Fllllctlo.. Breaker Source Rem.rk.

MDC.IO

10 A P·lS INTERCOM .witch Audio center
eqllipmellt

TfR E ....bl••• by circuit clo.W'••
head.et to r.ceive .Dd tr.....mit
Over intercom .ynem.

OFF Sel.cta nO model.

RCV £!>able•• by clrCllit clo.lln.
h.adaet to recelv. (olily) output
of intercom .y.tem.

10 A P.lS VOLUME thwnnheel Thumbwhaal_type co..tro1 .....hid.
operat••• Soo.k pot.l>tiom.ter.
i. provid.d to adjll&t audio 1......1
from intercom bu. to ... rphone
.mplifi.r.

10 A p·lI PAO COMM ....itch

TfR E".hI••• hy circuit clo,"r., RHE&-22S
be.d..... to ....c.iv. and tr....mit
over h.rdline lIItercmnm to
launch operatiOlla.

OFF Sel.ct. "0 mod....

RCV £n.abl••• by circuit clo.ur.,
h••d ... t to r.c.ive 10..ly) OUtpllt
of h.rcUine il\tercomm from
lall.llcb op.r.tion•.

10 A p.)Z VOLUME thumbwheel Thumbwheel.type co..trol. which
operate•• SOO·k potelltlomet.r,
i. provided to .dJu.t .lIdio level
from hardline itltercomm to
e.rphone .mpllfier.
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Location
Name and Circuit Po .....er

Panell Area IGrid Pooition Function Breaker Source Remarks

MDC·IO (Cont}

" A N_3S MASTER VOLUMh Thumb.....heel_type control, which Audio center
thumbwheel operates Z.S-k potentiomet..r,

"
equipment

pro... ided to adjuot audio I.....el
from earphone amplifier to
earphone.

" A N_31 MODE switch CREW Flight and
STATION po.Uanding

INTERCOMfPTT Applies po~er to audio center AUDIO_CTR ,",
module, and provides hot mike (MDC_ZZ5}
operation and VOX operation for
intercom and PTT operation for
RI" tranomission.

PTT Applieo power to audio " .. nter
module and enables PTT opera-
tion for intercom and R,
transmission.

, VOX Applies power to audio center
module "nd pro...ides VOX opera_
tion for both intercom and R,
tr"nsmisoion,

,

" A N-n VOX SENS thumbwheel Thumbwheel-type contrOl, which
operates 25-k potentiometer,

"pro...ided to adjust o"nsiti ...ity of
...oice_operated relay in audio
center modul...

" A 0-31 5 BAND s .....itch Audio center VOICE mode includeo not only VOICE
equipment or RELAY mode pooitions, but also

T/R Enables, by circuit closure, VOICE nu pooilion. of S SAND AUX
heads.. t to rec .. i ... e and transmit and UP TLM s ..ctions, all with their
O"'er S_band equipment operating attendant lImitatlons,
in VOICE mod...

0," Selects no modes.

ReV Enables, by circuit closure,
headset to recei ...e (only} output
of S·band equipment operating in
VOICE mode.

o
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Location
Name and Circuit Power

Panel Are .. Grid Position Function Breaker Source Remarks

MDC·IO {ContI

" A 0-32 VOLUME: thumbwheel 1"humbwheel-type control, which Audio center
operates SOO·k potentiometer, is equipment
provided to adjust S-band
rece'ver audio levei to earphone
amplifie r.

10 A N_3S POWER switch CREW Flight ..nd
STA1"ION posUanding

AUDIO/TONE Provides primary power to ..udio AUOIQ-CTR ,.,
center module and enables audible (MOC-USI
crew alarm signal to be heard at
this astronaut atation.

OFF Removes all power to audio
center module and disables
audible crew alarm for this
astronaut station .

AUDIO Provides primary power to audio
center module but leaves audible
crew alarm circuit disabled at
thia atation.

10 A Q-3S VHF AM awitch !Audio center
equipment

TIR Enable., by circuit closurea,
headaet to receive and tranamil
Over VHF_AM equipment.

OFF Selects no modea.

ReV Enables, by circuit closure,
headset to receive (only) output of
VHr_AM receiver.

10 A 0_34 VOLUME thumbwheel Thumbwheel_type control, which
operates a SOO·k potentiometer,
is provided to adjuat audio level
from VHr_AM receiver to
earphone amplifier.
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Location
Name ...d Circuit Power

Ph.l Ar•• (iTid Po.ilion FWllcllon B..".ke .. Source Remark.

MOe-IO (Cont)

" A p.)) SUIT .witch CREW Flith! aDd
STATIOO poatlanding

POWER Applin power to ldt- and rlaht- AUDIO-eTR ....
hUla microph..". preampIU,,,ra • L
&fI.d thl! .ui! blomed pru.mpllflau (MOC.2Z5j
•••ociatecl with • ..010 COlIlrol

pa...' No. ".
OFF R"move, ~r !rOP'l left- and

rilbt-hand ml.erophoa. pnampli.
fi" .......d the luit blon>ed pre_
amplifie......oclated with audio
control panel No. ".

" A 0-)) AUDIO CONTROL switch

NORM Rout... CSM pUot" lO ..dio al,_b
thr .....ch audio cotllral panel
No. 10 ."d ."odated au.Ho
moduJ.e.

BACKUP Route. CSM pilot'. audio ';11>&" Allow. CSM pilot ar>d CMDR to lIun
throuJh c ....uol paDd No. 9 &flO earne a ..dio modu.la ..rod control panel
•••ociated audio ""..tel' module. in ca•• or m.UWl.ctl.....
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Locatioll

Pa"ell Are.
Name ,u,d Circuit Power

Crid Po.ition Function Bre.k",. Source Remark.

MDC-IZ

" • 0·Z9 l.M TUNNEL VENT valve N/' NJA M.nually controU"d valva.

OFF All porta clOOled.

LM PRESS Connect. eM "abu. 10 LM Nftll,el. &clr.up for prenuridq LM. Approx
10.S lor to puuuriu LM from 0 to
S paia.

LM!CM 6P Co....."t. LM t\UUlelto ;l)P ....,e. Uaed to dataI'm;"". dilfere"ce in
pre••ute berwe... eM cabl.1l and LM
tunnel.

LM TUNNEL Connect. LM t\lnDel to amhieftt. Uud for depren..daiA& LM tunael
VENT 10 check qll.AHty of eM for_I'd hatch

pr•••ure •••1.

" • p.l9 LM/CM Uulieabu ptenun differential R....,. .\.0 to +4.0 pdd.
PRESSURE benne.. LM tunnel au eM
DIFFERENTIAL c.b....

Il&UI"

MCC·ll

FOAl .witch.. Dud", lauDeh aDd eotry pha"'l
ORDEAL p.....1 II Itowed 1rI UE8

" • C·, , (U31. FDAI I ....d 2: ....hch•• m ..ar
be ill INRTL wil... ORDEAL pallel b

ORB RATE Enablel FOAl I (Moe. I) to dil. Howed.
play total attitude with nolpect to
local horhootal In the pitch ..,.11.
Inte rfacu ORDEAL w;th the total
attitude lourel On FOAl l.

INRTL '£oabl... FOAl I {MOC-I) to
dl8play inertial attitude in all
U"I. ORDEAL 18 bypa..ed.
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l.Qcation
Name and Circuit Power

Panel Area Grid Poaition Function Breaker Source Remarka

MOC-13 {ContI

" A C-< ,
ORa RATE Enabln FOAl 1: (MOC-ll to dia·

play total attitude with reapect to
local horizontal in the pitch a"ia.
Interracn ORDEAL with the total
attitude aource on FOAL l.

lNRTL Enabin FOAl l {MDC-l! to
diaplay inertial attitude in all
axea. ORDE:AL ia bypuaed.

" A C_; EARTH/LUNAR awitch

EARTH E,tabliah,.a \;Iaaic orbital rUe ORDEAL- DC main PWR OFF po.ition remove. power
for Earth orbit. AC2, bua B b'om ORDEAL but d"". not i.olate

MNB AC bu. 1: FDAIt trom ORDEAL'. angular biu.
PWR OFF Diublu power to ORDEAL. (MDC_8! FOAl I and 1: .witchea control inter_

face between ORDEAL and FDAb.
LUNAR E.tabli.he. b,uic orbital rate ORDEAL

for lunar orbit. ACl,
MNa
{MOC-8!

" A D_' UCHTiNC .witch Provide. panels E_L back- ORDEAL.
lighting. AC'

BRT, OFF, p"" (MDC-8)

" A 0_; MODE .witcb

OPR/SLOW Normal poailion wben operating
ORDEAL. Permit. dewing of
ORDEAL at .Iow rtte (16X
orbital).

HOLD/FAST Holda ORDEAL output conatant
except when setting up ORDEAL
initially via rut .lew (l56X
orbHal).
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Location
Name and Circuit Power

Pan.,l Area Crid Po.ilion Function Breilke,.. Source Remark.

MOG-13 (Cont)

" A D_' SLEW .witch

UP Provide. increuing ORDEAL
output to rDAI (ball drivu down)
at eithe .. I!>X or Z5!>X orbital
rate.

DOWN Provide. decr,,:uing ORDEAL
output to FOAl (ball drives up) at
either 16X or 256X orbital r&te.

" A c_ , ALT SET control Enable. ORDEAL output to be
varied with altitude. ORDEAL
output will b.e function of both
EARTH/LUNAR switch and ALT
SET controL

MDC_IS

" A 8-16 COAS POWER switch

COAS POWER Appli... 28 vdc to recepucle Panel 221> DC main
located on COA$ mount on left COAS/TUN/ bus A
r"nd,,~vou. window frame. RNDZ{SPOT

MNA

OFF Remov". power from left COAS
Tee,"pla"l".

" A 8_]7 UTILITY POWER receptacle
and switch

Receptacle Utility power receptacle for Panel Zl'1
16mm "equence camera and UTlLI'rY
auxiliary urine dump no:ule. R/L STA

POWER Applie. Z8 vdc to utility Panel 2.2.'1
receptac.le (panel 1~). UTlLfTY

R/L S'tA

OFF Remove • po....er from POWER
• witch.
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Remark.

Center poeilion (nOI mark~dl.

Power
Souree

Flight ..
poatlandina,..

Clre",!
Breue ..

PL VENT
FLTlPL
(MOC.I)

FLOAT
BAG 3
FLT!PL
{MOe.8}

F ....<:t.Oll

Applie. doc power to open both
PL vent valve. and ddve ra .. at
low rate (100 c!m).

Appli... d·c pow"r 10 o~.. both
PL vent valv,.. and dr,,,," fan at
hi,b ute (ISO dmJ.

V£.,.'\!T HI

LOW

DYE MARKER Applin doc power to mellinl
.... ire of actuator thaI cau..,a pill
10 ret .. lct and jettiaona dye
mark" .. ov"rboa..d frorn for_
.... rd compartment of eM dter
apl..hdown.

BeN LT LO Appllu d-c power to nuhing
b...con light for alow nub rate.

(off) Remove. power to lluhing
beacon IIlht.

BeN LT HI Appliee d.c power to nuhi".
b••con lilht for Cui nuh "ate.

(of0 Remove_ powl! r from dye
marker chcuitry.

Name .nd
Po.itio..

Dye marker .witch

B...COll H."1 .witch

POST LANDING awitch...

e 8-18

c

"

"

MDC.I S (Coni)

Pallel Ar".1 Grid

­'".g-
O

-"--'"'"'"

'"••
n

()
".•,
~•
"•:>

~
"•

~..•
OFF Appliu d-c pow~ .. 10 dou bOlh

PL vent velv~. and r~mOV~.

power (rom (en motor.
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Locatioll
:Same and C,rel"l Pow..r

Panel Ar". Grid Po.illon Function Breaker Sollree Remark.

:.1OC-lft

" A C.·H DOCKlXG TARGET
.,.·;t<,h .. re'ap~dc

B.UGHT AppH". II ~ va" to receptoocle. Panel ZZt, AC but l 08
RUN/EVA'
Tel' AC ,

DL~ AppHe. d.miniahcd "a" 00

recepUlcle.

OFT Removel :a.-c power from
rcccpUcic.

Receptacle Power <:onncction for LM "-clive
dockins target.

" A C-47 UTILITY POWER awitch and
receptacle

POWER. Applin 2:8 vde to utility P.""l ZZ'l DC main
recaptacle (panel 16). UTILITY !>".a A

R/L STA
OFF Remove. pow"r frorn POWER

awit<:h.

Receptacle l;tility p~.r cOnnectOr tor
16 mm '.q"ence "amcu. and
utiHty.

" A C-48 Co., POWER awitch

POWER AppH•• l8 vde to receptacle P"nel ZZ6 DC m ..in
located on COAS mount on richt COA.S/TUS/ "".S
rendezvoua window f.ame. RXDl.!SPOT

),\:-;6
OFF Rema"". power (rom rIght

COAS receptacle.
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Loco.tion
Name and Circuit Power

Panel IArea Grid Position Function Breaker Sollrce Remark.

LEB_IOO UTILITY receptacle and switch

A Receptilde (J5) Recept..cle lor 16mm ..'quence (Panel ZZ9) DC main Receptacle has seven jacka.
c&mera and utility. UTILITY bu. B

LEa

OFF Removes power from adjacent
receptade (lS).

POWER Provide. power to adjacent
rtlceplaclc (J5).

A FLOOD switches LIGHTING DC main
FLOOD buses A &r a

0,," MNA l<

. MNa, Applies rhen"at control to LEB RHEB
primary f1Qodlighu and on_off PANEL Zlb
control 10 secondary floodlighu.

, Applies rheoalat control to LEB Provides crew capability of .hilling
secondary floodllghu and on_off primary or secondary lamps to
contrQllO primary floodligbu. vari..ble FLOODLIGHT Iwitch for

LEB area illumination.

FIXED

'IXED Turns on lamps not controlled by LICHTh'lC DC main On_oH conlrol of floo<l.lights not on
rheostal. FLOOD bus B rheoual control.

MNB
OFF Remove. power. RHEB Secondary when DIM switch is On I;

PANEL 226 primary when DlM switch is on 2.

B GIN POWER switches

I
C/N_IMU DC main Swilch can be guarded in eilher IMU

MNA t- buses A t- a or OFF position.

'MU PrOvide. operating power 10 MNB
inerhal s"bsyU"'ITl. (MDC_S)

OFF Removes operating power from
in",rlial subsystem.

GIN_OPTICS
MNA t- MNB

I OPTICS Provides operating pow"r to (MDC.S)
optics subsy5lem.

OFF Removes operaHn~ power frorn
optics subsyslem.

o
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Panel IAreaTGrid
Name and C'''Cllil Power
Po,ition Function Breaker Source Rem.rkt

LEB_HlO (Cont)

C RNDZ XPNDR 8""it<oh RNDZ Fllght bus
XPNDR

PWR Provid1:$ power for rendezvous FLT BUS
transponder.

OFF Remove. power from rend,,:£vou8
transponder.

HEATER PrOvides heat to rendezvous HEATER po,ition mua! provide
tu.naponder for standby power. power to warm tone filten from

60· to 160'1'". This require. Z4-
minute minimum warmup time.

A LEB LIGHTS

NUMERICS rheos!..!

OFF Remove. power from numerals On LIGHTING AC bU8ZllA Numedc8 lighting system controls
p..nel 140 GttN DSKY. and "aution NUMERICS! numedc. Or U".hinS numbers On LEB
tt warning communicator. and INTEGRAL DSKY. ""ution &0 warning communi-
panel 306 miosion timer. LEB AC_l cators, and EL on panel 306 mission

(RHEB ZZ6) timer. Mechilnical stop prevents
BRT Indicates maximun> brightness positioning switch to OFF. Control

has been reached. exercised by circuit breake....

FLOOO rheostat LIGHTING DC main Primary when DIM switch is on
"FLOOD bus B secondary when DIM switch is on Z.

OFF Remove" power t ..om CM LEB MNB
rheo.t"t controlled floodlight. RHEB

PANEL ZZ6
BRT Indicatu maximum floodlight

brightne." has been r"ach"d.

INTEGRAL rheostat LIGHTING ACbusZ~A

NUMERICS!
OFF Remove" power to nomencl:lture INTEGRAL Integral lighting system controls EL

on panels 10, 100, 101, IZZ, ZZ5. LEB AC.Z lamps behind nomendature of
ZZ6, and event time.. On 306. (RHEB respective panels. Mechanical stop

PANEL ZZ6) prevents positioning switch to OFF.
BRT Indicates maximun> brightne"" Control exercised by un of circuit

has been reached. breakers.
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lAo:atlo"
Name and Circuit Power

P.""l Ar ... erid Po.itio" Fuftctlo.. Bre.k.r Source Remark.

LEBo_IOI

A SYSTEMS TEST meter IndicU'" d-c volta,,, of .elected [natrumen- Meter f..",'"tlonl I" conjuncti .... with
m ....u ........... ! poi nil. t:atiOD ,I,na1 two SYSTEMS TEST ....ilchu

,,_ditlon..... (alpb.. lHtie,t and numerlc.U lo<:Uld
directly below meter. Mete••a"."
i.O 10 S vd...

A SYSTEMS TEST ..7itcb Select. A. B. C. o. D ..."ticn, Two SYSTEMS TEST Iwltchu make
(alphakticdl of teat. po.,ibl_ m ....u...m .... ! i ..dieatioft'

for th" SYSTEMS TEST m"tu.
A ConfteCI. SYSTEMS TEST .witch

(ftume.icanand SYSTEMS TEST
meU,r to ..."110fl A.

B ConnecU SYSTEMS TEST .witch
(numuical) and SYSTEMS TEST
mete .. to .ae:tiOft 8.

e C<m.neeta SYSTEMS TEST _witch
(ll.umeriu.1) and SYSTEMS TEST
meter to .. ction C.

0 C<m.nectl SYSTEMS TEST ••itch
(numeric.l) .nd SYSTEMS TEST
met.. r to ...ction D.

A SYSTEMS TEST .wilch Select. four ,roup. of .ev..n
(numeric.1I m ....ur ..m ..nt•• d"p<IIndin, on

po.ition or SYSTEMS TEST
.witch (.lph.betic.l).

I -A NZ pr....un FC I NZ re,ul.tor out pre••ute 0 to
75 p.'••

I - B HZ prlO••ute Fe z

I - e HZ prlO••ure Fe'

I - 0 Oz prlO••urIO Fe, 02 u,ulalot out pte••urIO 0 III.
75 p.i•.

Z - A 02 pre..ur .. FC 2

Z - B 02 pre..ure FC 3
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Loc:atioQ.

P,.Ile1! A.... ICrld
Name aDd Circuil Po.....,r
Po.ilion F'Wletion Breaker Source Remark.

LEB·IOI iColll)

A , • C HZ p..e ...... Fe I lnatrumen· HZ relulato,. _t pre ....re 0 10

lalion .'lln&1 7'i pa.a.
conditioners, · D HZ p .." ..ure FC<

, · A HZ pre......e FC'

, · B R.d outlet tempe"alur" FC, Fe I n,di.tor outlel temperature
-50° to +lOO"F.

, · C Rad ouUet temperature FC'

, · D R&d outlel tamperatuu, FC'

'·A Batte ..y pre ••u ..a aaUery cornp&.rtnlent ma"lfold
pr•••u ..a 0 to 2.0 p.I...

• • B Batta ..y ..atay b.... Oto45vdc.

• • C No connection.

• • D LM p......., .. o to 10 amp••

, • A SPS OX temperature O' to+lOO°F'.

, • B

, • C -Pl. -so' to +50°"'.

, · D +YlS

6 · A CCWIZ

6 • B -PU

6 • c -YI/>

6 • D CWZl

, • A NONE Open contacta.

, • B NONE Open conlacta.
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Location

Pan~J IAre .. IGrid
Name and Circuit Power
Po.ition Function Breaker Source RefTlacks

LEB·lOl (Cont)

A , - e NONE Inotrumen- Open cont..et••
lation .ign..l, - D NON£: conditione •• Open contact•.

XPNDR._A XMTR power output Self test.

XPNDR- B AGG Self t".l.

XPNDR_C FREQ lockup Self teU.

XPNDR_D AGe Normal.

A RNDZ XPNDR

TEST Activate•• ,,[f-le,t a.cillator This i ... momentary poaition to
within RRT. enable lUling of RRT. (Not 10 be

lind during rende evou•. )

OPERATE Diu.bl"s .cU-test oscill"tor. Allows normal op"ration of RRT.
{Spring-loaded to this position.)

B eM Res HTRS switch ReS_ DC main
HEATERS ou",. A l< B

B eM Res HTRS Adivate, rdays which a.pply 1 MNA Two_po"ilion toggle "witch, used to
{upl t28 vde 10 direct coih of all CM Z MNB preheat aU CM RCS engine valve. if

RCS engine solenoid injector (MDC-tIl re'lui,ed in order to preclude propel.
valve di,ect coih. iant free~ing when system is

pre.surized prior to entry. Switch is

OFF Deactivates relays wMch remov" enabl"d by CM RGS L(X;IC switch

+2:8 vdc from the direct eoUs of (MOC.I) in the ON {up) position.

aU CM RCS engine solenoid
injector valv"s.
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Location
Name and C,rcu;t Power

Panel Area Grid Position Function Breaker Source Remarks

LEB_IIlI (Cont)

C UR-INE DUMP "-:CS- DC nlain
STEAM I bus A

HTR A Applies doc power to water/urine UlUN£ Heaters keep water/urine dump
dump no~de heater A (5.7",). DUCT no~de (aluminum) warm (0 prevent

HTR_MNA urine Or water from freezing and
OFF De-energi>;es power to water! dogging nozzle when dumped

urine dump nor. de heaters. overbo.. rd.

HTR B Applies doc power to water/urine ECS- DC main
dump 'louie heater B (5.7w). STEAMI bus B

URINE
DUCT
HTR_MNB

C WASTE H,O DUMP

HTR A Applies doc power to waste water EGS- DC main Heate.s keep waste water dump
dump 'louie lIeater A (5.7",). WASTE hus A no~zle (:alllln;.,um) warm 10 prevent

H,O waUe water from Cree~ing and
OFF o._energi~es power 10 waste URINE clogging the nozde when dumped

Waler dump nozde heaters. DUMP HTR overboard.
A

HTR B Applies d_c power to waste water ECS_ DC main
dump no~zle heater B {5.7w). WASTE bus B

H,O
URINE
DUMP
HTR B

LEB_I20 Blank panel SXT and SeT eyepiece stonge.
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Loc:Uion
Name and Circuit Power

Panel Area Grid Po.ition Function Bre..ker Source Remark.

L£B-llt

Scanning Tele.cope (no placard) Optical inatrument u."d prim. Til GIN. DC main Power lOr ...",tant i. routed {rom
lor acquiring targeu initially. OPTICS· bUleo A l- • busu through C/N-OPTICS ON and

MNA and OFF switch, 1000Ued On panel 100.
MN. The ."xtant has 1.8-degr"e field of

vIew with magnification of ZB.
Sc ...nninl tete-cope hu 60-degrec
field of view and magnification of one.
In event of power faUu.e .canning
tele.cope may be manually positioned,
u.ing ""lvc"lal tool.

Sextant (no placardl Optical ;nstl'ument utili~"d for Power fOr s"xtant i. routed from
making fin" angular busu through GIN. OPTICS ON and
mea.lIrem""t•. OFF .witch, located on panel 100.

Sextant has I.S_degree field of view
with magnification of 2S.

SHA'T ANGLE display PrOvides mechanical readout of NIA NIA
scanning telescope shaft angle.

Shaft Angle Manual Drive 'acilitates use of universal toni While manually positioning scanning
Acce.s (no placard} to position manually telescope telescope shaft. sngle may be read

shaft. out On shaft angle di.play.

TRUNNION ANGLE dl.play P1;"ovid... mechanical readout ".canJl.U1g tde.cope trunnion
angl...

Trunnion Angle Manual 'acilitates use of universal tool Whne manually positioning scanning
Drive Acce .. (no placard) to position manually telescope tele.cope trunnion, angle may be read

trunnion. out on trunnion angle display.

>
'"0() t"

'"0 t" l::z 0
~ N

"
0 >

0 '"
,

0; '" 0

"
W

>
,

> '"Z ~ t"-0 0 0
0 iJi n- ""' "''"t" > '"> ~

•-"' -"' ~

0
0

"



'"••e'
n

0•~•
~

~

:-

"e·-
~

'"~
'"

"" •'" l"l• ",
~ "• 0

tl S
• ~n• "2.;

~
<
I,
>
2
:<!
e
N
N

."•~•

Lo~a.tion

N..m" and Circuit Power
PanT) Area Crid Position Function Breaker Source Hemark&

LED-In

ATTITUDE l:\iPULSE Thi' 3-axis controller provides ':'IA CMC The controller i. used to apply one
CONTROLLER switch navigator with capability of Or any combination <>f pitch, roll,

space"."it minimum l=pulse or yaw ,!,inimum thrust impulse 10
control through CMC when the '?""""cr,,,!t. One pu!oe is
PGNCS i. in iree mode of produced each time the control is
operation. moved from the center position.

CONDITION LAMPS switch Provides means for checking M

condition lamps and enabling
condition lamp circuitry.

ON Supplies power to lower equip-
ment bay annunciator lamps.

O,F Removes power hom annunciator
lamp circuit.

TEST Lights navigation station master Ol.N ACI AC buses ,
warning and star acquired lamp•. and ACZ "'

CAUTIO}.; , WARK1NC lighu C!W M:\A DC main
(no pbcardl and M:\'B buses A '" B

(MOC_5)
CMC CMC StaNS liiht will illuminate

if the followini occurs:.. Loss of prime power .,. Scaler fail _ if Icder stage "fails to produce pulaes.
<. Counter b.il - continuous

r"'1ueota or fail 10 happen
following increment rcGu"st.

d. SCAOBL - 100 pps scaler
stag" ZOO pps.

o . Parity faU _ acce.sed word, Items e through k will cau.e restart
whose address is octal 10 in the CMC.
or greuer, contains even
number of ones.

<- Interrupt too long Or infre-
quent - J40 m. to 300 ms.,. TC trap - loo many TC Or
TCf" instructions or Te.
instructions too infrequent.
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Lo~~tion

Nam" ant! Cin:"it Po....er

Panel IAr".. IGrid Position Function Breaker Sou.c" Remarks

LEB-IZl (Cont)

h. Night walch".",.n - cOfTlputer CIW MNA OC Ina,n
falh to access addre•• 67 and MNB hUlel A !< •
within ,,"I oeconds to 1.92 (MOe-51
seconds.

L V fail· "Iv supply 4.4v
"Iv supply 3.6v

14\' supply 16.0"
14v supply IZ.5v
28" supply 22.6v

j. I! oscillator ataps.,. Standby.

ISS The ISS stat"s light .... Hl illumi-
nate if the foUowing occurs:.. lMU filii: IMU fail .ignal inhibited by CMC

L IG servo error 2.9 mr '0' when in c<>arse align mode.
l .ec.,. MG servo error 2.9 mr for
Z sec.,. OG aervo errOr Z.9 mr '0'
2. sec.,. 3200 cps 500;..

•• 800 wheel supply 50%.

h. PIPA fail: PIFA fail .ignal inhibited by CMC
L No puhe during 312.5 ms ""eept during CMC-controlled

period. lranslation or thrusting.,. If both t and· pulses
occur during 31l.5 ms
period.,. If no t ;lnd _ pulses occur
between l.l8 to 3.84 SeC.

o. CDU fail: CPU fail signal by CMC during CDU

<- CDU fine crrOr 1.0.. rms. zero mode.,. CPU cOarse errOr
l.5v rma.,. Read counter limit 160 cps.,. Coa Ie - \II l.Ov.

•• +14 de supply 50% .
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Location
Name and Circllit Power

Panel Area Grid Poaition Function Break" • Source R"ma.ka

LEB-I2l (Cont)

MASTER ALARM Red light illuminate a to alert C/W MNA DC main MASTER ALARM light. On MOC-l.
awitch.light c.e",man of malfunction or out- and MNB bua". A &< " _l, and LEB-122 ar" .imultaneou.ly

of_tolerance condition. Thi. i. (MOC_51 illuminated, and an audio alarm tone
indicated by illumination of i. oent to each headset.
applicable .yu"m atatu. lights
on MDC_2. MASTER ALARM switch_light con_

taina integral push •• witch. P<".sing
switch_hghl will re."t ma.ter alarm
circuit, e,.tinguiohing the MASTER
ALARM light. and shutting off audio
ala<m.

PGNS PGNS statuo light will illuminate Under prog<am contrOl, CMC inhibit.
if the following occura: PROG a.Ia<m for 10 oec after oyatem.. CMC reatart during operation. turn-on .

•• IMU temp 126.3'F ... IMU temp IH.l'F.,. Middle gimbal angle g<eate.
than 70'... Progrom alarm. Caused by
variety of .ituations in each
program.

Mark pushbutton Signals computer to record NIA CMC Used in conjunction with optical
SHAFT and TRUNNION angle. sightings.
and time.

MARK REJECT pushbutton Signals CMC to reject la.t mark.

Optics hand controUer Provideo electrical commands '0 N/A This is 5_position switch spring-
(no placard) optic••haft and trunnion d<ive loaded to center off po.ition.

motor.

OPTICS .witches

COUPLING

DIRECT Optics controller signals X and Y
drive shaft and trunnion control
directly.

RSLV Optico controller .ignals X and Y
are resolved into X and Y motions
in the field of view.
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Localio..
Name and Circuit Po...."r

P ...el A.". Gdd Po.iti .." F ......c:lio.. Breaker Source Remll.rka

LEB.1Zl (COl>.t)

SPEED Select. lain of optic" <:ontrolter NIA NIA
to liDe_oC•• laht moti .....

'" Provid<e. ma><imum drive rate of
line-oC-al,hl iJI. rupeet to optic.
controlle. di.placement.

MED ProYide. medb...... driv" .... te of
line-of-deht iD UlpeU to optiCl
<:0"11"011... d'_placem"nt.

LO Proride. minimum drive rate o£
line-or-Illht iD reaped to optic,
coauoller di.placement.

MODE Select. optic. moele ai operatiOlll..

CMC Optic. lU>der computed p.-alum
control.

MAN Qrltica under ... lrODllut'. ma"ul
cotllral ..a.". the optl",
controlle ...

ZERO

ZERO Optica driven to &ero .h&lt and
U'\t"""on.

STAR ACO light Thi. Hlht i, not .ctlv•.

TELTRUN

SLAVE to SXT Slave SCT trunnion axi. to SXT
ttllnnio...

O' Drive, SeT Ir\1nnlon to ze~o Zero pOlltlon ;1 parallel to SXT .hafe
independent of lextant. ..,.11.

W D~ivel seT t~unnlon to Thil il a fixed Z5·dell~ee Independent
Z5 dell~e.. ofbet f~om IIl.ft of .extant t~unnion po.it'on.
.x' •.
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Name and CiTC\I't Power

Pa.lle! Are.. Grid Po.ition FWlctlon Breaker Source Remark.

LE8.122 (Coat)

RETICLE BRIGHTl\'ESS AdjlliU b.;,bma•• of _.."tant ...d OIN AOJ AC b".." ,
thumbwheel ."a"nin, tel.acope • .,Ucle., ..... and ACl .,

tde.cope .n,'e cOl,lfttera.

UP TLM .....ilch There lire two up-telemetry ,witebe••
one 0>' LES·llZand the other on

ACCEPT Computer acceptl telemetrY fi"ta. M.DC_Z. Thu••witcb........ ..-iud
ill. uri.. _tid either .wit..h ill BLOCK

BLOCK C ......P\1tu' doe. I>ot ."<:ept poaitlOJl will block up-telemetry
",p-lel"m"lr, dIU., i.ftformat:ion i"to CMC.

LEB-laO

DSKY (no placard) N/A "fA
Keyboud

OLR Depr"•• loD of the clear button
will blartk ulluer beina l....dllld.

ENTR Intorm. CMC that •••embled
uta i, <:omp'_" ."d/or to
.".,cute de.iud rUDeII.....

KEY REL Rei"..... DSKY di,play.
initi,at"d by k,ybo.rd .ction .0
that inrormatlOl'l euppUed by
CMC proaram may be di.played.

NOUN Seu compute.. to accept neiltt two Prellh'a n.....n b....tton will Inilially
diaitl al nO.... code. blank nOl,lD window.

RSET Extlna......h... tatua limp. that In tho.e arl•• where errO" 0 ..
.... controlled by CMC. m.lfunetion exl.tl, prl••lna ..e.et

lwitch wHI not Ixtina",l.h at.tue
lempa.

PRO Info..m. ro.. tine ...q ....e.tina
ope"ator'. relpona. th.t ope ..ator
wi.h.. requlltlna .. outln. to
proceed wlthOl,l.t l .. rthe .. Input.
from the operator; or pl.c.' the
CMC In ltandby mod. when
pre••ed ...pan requ.et from
CMC.

>
'1l
0

n t"
~0 t"

Z 0.. N

'" 0 >
0 '1l •
1;; "' 0

'"
w,

> > 1lI
Z .. t"

" 5 0

*
z n
'" >:

" '" -t" > -> Z •--< " -'" '"00
>:



'"••-,
n

0•"•

~

~

:>

"-,~
~

~

~

~

c
0

() ,
0- M• •,
~ M
• 0

0
0 •• <"• M

2

"
~,
I•>
2
M
C

•0

'"•~•

~,
N
W

""

Loc,,-tion

Panel IArea
Name and Circuit Powe..

Grid Po.itin" F\,"cHon Breaker Source Remark.

LEB·140 (Cent)

VERB Set. "ampule .. to "-<:cept next ... NfA NfA Pre ••in~ verb button will ''';tidly
dijit. '118 verb code. hlank verb window.

, Denote. data to follow ha.
positive decimal value.

- Denote. dar.a to follow ha.
negative decimal value.

o through 9 Switch... 0 to 9 are used to enter
data, addre•• code, and action
..eque.t code. into CMC.

Registers

COMP ACTY (light! CMC i. energized in computation.

NOUN (light II< display) TwO-digit di.play indi.catinj On_board data provide. definition of
noun code selected. PROGRAM and NOON digit•.

PRo:> (light &, display) Two-digit di.play indicating
number of program (major mode)
preu.ntly in p~og~.. ss.

RE:CL'iTER 1 (display) Displays contents of selected Displays may be commanded
~egiste~ o~ memo~y location. manually o~ by CMC.
f"iut component or extended data
wo~d, if applicable.

REGISTER 2 (display) Displays contents of selected
~egiste~ o~ memo~y location.
Second component of extended
data wo~d. if applicable.

RECISTER 3 (display) Displays contents of selected
~egiste~ o~ memory location.
Tbird component of extended
datA word, if applicable.

VERB (light'" display) TWO-digit displ<.y indicating verb On_board data provides definition of
code selected. VERB digits.
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Name and Circuit Power
Panel Area Grid Position Function Breaker Source Rern:uks

LEB-140 (Coni)

Su.cus light. NfA

GIMBAL LOCK Gimbaled lock_light will ilIumi_ DSKY Illumination of light. Wil.n. of
nate under computer control p.-nding glmbded lock condition.
whenever middle glmbalcd angle
of platform ,,><ceed. 70 deg." ....

KEY REL Internal CMC program needt N/A Requelt for operator to pres. KEY
DSKY circuits to continue R£L puahbutton.
program.

A crew keyUroke ill made when
inlernal n.uhing display i.
currently on DSKY (eKceptions,
PRO, ENTR, RESET).

Crew makes keystroke on top 0'
his selected monitor verb.

NO ATT Light will illuminate whenever
;neni",l $"b.yu"m i. not in mode
to provide attitude rderence.

OPR ERR Light will illuminate when an
illegal keyboard entry i. made
into the CMC.

PROC Light illwninates when additional
(unctions, operations, or infor-
mation i. requested by computer
to complete specific operation or
function.

RESTART Ligbt will he illuminated when_
ever the compute. goes into
restart p.ogram.

STBY Light will be illuminated when-
eve. computer subsystem is '"standby mode of operation.
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Name and Circuit Power

P ...el Po.ition Function Br••ke .. Source Remark.

1.£8_1.0 Ie_I)

TEMP L1lht will Ill\ll>'lwte .menever NIA NIA u>'dl"atel out.-of-tolerance tempera.
~mper.h1re of .table -platform Nte, plu. or miD... , 0 .. nabt.
devia.tea mOre chan as of from plallorm.
..ornin.al.

TRACKER Ll.,ht will iUumiMte ....benne!"
there i. tailure of eme of th..
optical COU.

Data lood d'.crete Dol pre.ent
dter read!"1 rang" from VHF
DATA LINK.

UPLINK ACT):" CMC i. receiving data link
information by up-telemetry.

1.E8.16z

SCI INST POWER """"Pu.el" SCI EQUIP NON ESS
and a.it<:h SE8 Z Bu," 2:

(MOe-S) DC mail'
Receptac:le Po_r outlet. o., A ., 8

POWER Appliu l.8-Yd.c power to
receptad. OIl panel 162:.

0" Remov". power.

LEB-I6.1

SClIUTlL-POWER receptacle
and .witch

a"upload" Po.... outlet.

POWER Appllu 28_vdc power to
receptacle on panel 163.

OFF Remove. pnwer.
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LEB-180

S- BAND SQUELCH
(SC 106 & 107 only)

El\ABLE Activate. squdch circuit in PMP Removes unwant<'!d noise from S-band
30 KHz aubcarder demodulator E'luiprnent up-link signal.
of PMP.

OFF Diuble. .quel<:h <;ircuit.

LEB CB41 {on entry battery A case) Protects wiring h'orn entry Entry IOO-amp circuit breaker.
battery A to circuit breaker BAT battery A
A PWR ENTRY IPOSTLA:\'D1NG
(RHF.:B.250).

CB42 (on entry battery B c... e) Protecu widng from entry Entry lOO.amp circuit !>r.."ker.
battery B to drcuit brea.ker battery B
BAT B PWR E!'\TRY/POST_
LANDll'\G (RHEB_2501.

CB43 {on entry battery C case) Protecu wiring from ""try '~ntry 100.amp circuit breaker.
battery C to circuit breakec b.attery C
BAT C PWR EI-iTRY/POST-
LANDING (RHEB-lSO).
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Location
Name and Circ",t Power

Panel Area Grid Po,ition Function Breaker 50llrce Remark'

RHEB_Z2.5

TEL ECOMMUNICAT10NS
cirClli! breake ...

CENTRAL TIMING EQUIP
grollp

MNA (5 ampl Provide. d_c power from main Main b",. A
bu. A 10 CTE.

MNO " amp) Provide. doc power from main Main bll. B
b",. B to CTE.

VHF/CREW STATION
AUDlO grollp

L " ampl Provide. doe power from flight Flight &

'0' po.tlandlng ,", to Com_ po.t1anding
mander'. a"'dio center and ,",
microphone amplifier. the VHF
recovery BCN. and emergency
power to C5M pilot'. microphone
amplifier.

CTR (5 ampl Provide. d-c power from flight

'0' po. Handing bll' to CSM
pilot'. alldio center and micro-
phone amplifier, the VHF AM,
and emergency power to LM
pilol'. microphone ampli!ie r.

R (5 amp} Provide. doc power from !lillht

'0' ponlanding ,", '0 LM
pilot'. a"'dio cenler and micro_
phone amplifier, digital ranging
generator and eme rgency power
10 Commander', microphone
amplifier.

'LT BU' group

MNA I" amp) Provide' power from main d·c Main bu. A
bu. A to .he f1ighl bll'.
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Location

Panel IArea IGrid
Name and C;~cuit Power
Positi"n Function Breaker Source Remarka

RHEB_l25 (ConI)

MNa '" amp) Prov,des-power from main d-c Main bu. B
bus B to the flight bu•.

HIGH GAIN ANTENNA

,LT aus " amp) Provid". d-c power from tn." F\i~ht bus
flight ,., 10 the high gain
antenna circuitry.

CROUP 2. " ampl Provide. 0-< power from th" AC bu. ,
telecom group 2. bus to th" high ,", "gain antenna drcuilry.

peM TLM group

GROUP ,
" a.mp) Provides po"'e. from U'c group ,

tclccom 0-< bus to the PCM.

CROUP 2- I' amp) Provides pow... from the group 2.
tdecom a·c bus to the PCM.

PMP POWER

CLT aus

PRIM " amp) Provides d-c power to III" PMP Flight h,..
primary power supply.

AUX 15 amp) Provides d-c power 10 the PMP
auxiliary power supply.

RNOZ XPNDR

FLT au' " amp) P~ovide. d-c power f~om the
flight ,., to the RRT.
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Name "nd Circuit Power

Pa"el Area Grid Po.ition Function Break"r Source Remarks

RIlE:B_ZZ5 (ConI)

S_BAC'O 'M XMTR DATA
STORAGE EQUIP group

'LT BUB r; ...mp) Provides d~c power from the Flight bu.
flight bu. 10 the S_b..nd FM
XMTR, the nSE, and the TV
camera.

GROUP r (2 amp) Provides a·c pow"r from tl>" AC bus r
Group I tdecom a_e bus to the or 2 3lil
nSf; and the S- band FM XMTR.

S_BAND PWR AMPL!
PHASE MOD XPNDR

r

FLT BUS Provides doc power from the Flight bus

" amp) flight bus to the 5-b""d No. r
transponder alld No. r FA.

GROUP r Provides a-c power from the AC bu. r
(2 amp) Group I lclccom bus 10 the Or 2 30

S.band primary and PA.

,
FLT BUB Provides doc pow",. from the Flight bus
(5 amp) night bus to the S_band secondary

transponder and PA.

GROUP :: Provide. a-c power from the AC bus r

" amp) telecom Group 2 bus to the oc 2 30
S.band secondacy transpond~c

and PA.

5<0 CO:-<D

FLT BUS (5 amp) Provide. doc pow"r from the night bus
night bus to the SCE.

UDL

CLT BUS (S amp) Provides ,-< power (rom the
flight bus to the UDL <'quipment.
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Location
N~me and Circuit Pow."

Panel Area Grid Position Function Breaker Source Remark.

RHE:B.226

A GRYOGE~!C circuit bn,akers DC main bus

H.
112 HTR

, MNA IS amp) Applies power from doc main
bus A to HZ HEATERS 1 awitch
(MDC-21.

, :\11\'e IS amp) Applies power from ,-, main
bus B to HZ HEATF:RS 2 switch
(MOC-2).

A 0, HTR

, M1\A (I S amp) Appli... pow",. {rom ,., main
bu. A to 02 HEATERS 1 switch
(MDC-2l.

, MNB (l; amp) Appllu power from doc main
bus B to 02 HEATERS 2 !witch
(MOC-2}.

A Qn AMPL AC bus 1 (Ie

, AC ,
" ampl Applies power from a·c bU8

No. 1 (gC) to HZ and 02 1\0. ,
tanka signal conditioning bo>;c •.

, AC ,
" amp) Applies power from a-c b,,"

No.2 (<le) to HZ and 02 1':0. ,
tanka signal conditioning box"s.

CRYOCENIC FA!' MOTORS
lo; rcuil breakers

A "C , group

OA " amp) Applie. 3-C 0A power from 3-c AC bus , OA
bus 1\0. I to:
,- HZ FAl\S· , .witch (MDC-2).
0- Oz FAl'S_ , sw;tch (MDC_Z).
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P ..ne~Are:a I Grid
Name and Circuit P<>w"r
Position F,,",ction Break.. r Source Remarlta

RHEB.Hb (Gont)

A ,.
" amp) Appli....... 0: liB powe. from a-c AC bus ".

bus No. I to:.. HZ FANS- , switch (MDC.2}.
b. Oz FANS. , switch (MCC_ZI.

'C " amp) Applies a-c \Ie powe. from a-e AC bu. I 'C
bu. No. I to:.. HZ FANS. , switch (MCC_ZI
b. 02 FANS - , switch iMDC-2J.

AC , group

'A " amp) Applies a-c; \IA power from a-c AG bu. 2: 'A
bus No. Z to:

'. HZ FANS· , switch (MDC_ZI
b. 02 FANS. , switch (MDC_Zl.

OS " amp) Applies a·c IiIB pow... from a-c AC bus 2: tlB
bus No. Z to:.. HZ FANS - 2: switch (MDC_Z)
b. 02: FANS - 2: switch (MCC_Zl.

'C " amp) Applie. a-c lie power from a_c AC bus Z Ie
bus No. Z 10:.. HZ rANS - 2. switch (MDC_Zl.
b. 02 ,ANS - 2. swilch (MOC-Zl.

A FUEL CELL , circuit break"r.

PUMPS - AC .. Applie. 311 power from ~-c AC bus ,
" ampl bUI No. I or Z IlIe ....gll FC or ~ )11

PUMPS-I IWilCh 10 ca, '0'
10 Hzlwal"r I"p~eatoe and
glycol pump molo,," in fuel
cell l.

b. Provide I iliA powe .. to FC I
pH lenlOr probe.

<. Providel connection for FC ,
power fadoe cOrreclion
circuil to eithee AC bu•.
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Name and Circuit Powe ..
Po sition Function Breaker Source Remarks

RHEB_2.Z6 (Cont)

A REACS n' amp) Applies doc power from battery Battery
relay '0' to FUEL CELL relay bus
REACTANTS I switch (MOC-l).

A au' CONT n' amp I .. Appliu ,-. power (rom

battery relay bus to Fe 1
bus control through FUEL
CELL _ MAIN BUS A_I and
MAIN BUS B_1 switches
[MOC_ll.,. Provides power to 'c I
reactants event indicator... Applies pow"r to Fe REACS
VALVES swHch (MDC_31.,. Suppli ... Input to SYSTEM
TEST M E:T E:R (LEB 101,
aAT RU BUS voltage
and to telemetry.

A PURGE I~ amp) '. Applies power from doc DC main NOTE
main bus A 10 F'C I buses A '" a
purge valve. through A Ius.. (5 amp) proleO;OI. MAIN
'VEL CELL PURGE , au, a power to the PURGE
switch (MOC-3). VALVE CONTROL "witch.

o. Appli~s power to HZ PORCE
LINE HTR. switeh.

A RAD " amp) Applie .. power to FUEL CELL Batte ry
RADIA TOR.S- I .witch (MOe.3). relay bu"

A FUEL CELL Z circuit breakero

PUMPS - AC .. Applie. power from a·c bu. AC bus I

" amp) No. t Or Z through FUEL or Z HI
CELL PUMps·Z .witch to
ca, and to HZ water "ep and
glycol pump motoro in fuel
cell Z.

o. Provide ~A power to FC Z
pH 'en"or probe... PrOvide. connection of Fe Z
power faclor correeUon
circuilto either AC bus.
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Name and Circuit Power
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RH£B_226 (Co,n)

A REACS (10 amp) Appli"s doc power hom battery Battery
relay bus ,. FUEL CELL relay ,."
REACTA:\TS_2 ~witc;, (MDe_31.

A nu; CO:-':T (10 Ol,ffip) .. Applies doc power from
battery relay bus to rC 2

,." control through FUEL
CELL _ MAl", (IUS A.2 and
MAl" BUS B_2 switches
(MOe_3).,. Provides power 10 reac'ants
event 'ndicator.

A PURGE (5 amp) .. App!; ... power from doc main DC main KOTE
bus B to FC , purge valves bus B
through FUEL CELL Fuse (SA) protects MAlX
PURG£_2 s".,.:tel\ (MDG.3). BUS A PWR 10 the PURGE,. Applies power to HZ PURGE VALVE: control .witch.
LINE HT" swileh.

A RAD (5 amp) Applies power \0 FUEL CELL Battery
RADIATORS_2 ~w'tch (MDC-3f. reb;- bus

FUEL CELL , ciecui, breakecs

A PUMPS • AC .. Applicl powee from a-c bus AC bus ,
" amp) 11:0. I Or 2 through FC ."

PUMP_3 switch to CB, '0'
10 liZ watee sep and glycol
pump motoes in fuel cell 3.,. Provide. I,lA pow," r to FC 3
pH sen.Or probe.

o. Peovide. connect:on for FC ,
power factor coerection
eiecuit to either AC bus.

A REACS "0 amp) Applies cl-c power from batter;- Batt"ry
relay bus ,. FUEL CE:LL 3 . eeby bu.
RF.:ACTA"TS switch l:l-IDC-3L
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Panel IA~ea ICrld
Name and Circuit Power
Position Function Br"ake r Source Remarks

RHtB.226 ICon"

A BUS CQl\T ,to amp} ,. AppHea <I-e power Irom BalterI'
battery relay bUI 10 Fe 3 relay '0'
bus control through FUEL
CELL , MAIN BUS A '0'
MAl=-: Bc"S B switch,,"
(MOe_3).,. Provides powe. 10 rea"t",,,.
"vent indicat'H.

o. Appli". power 10 Fe R£ACS
VALVES awitch (l\IOC.3).

A PURGE (5 amp) Applie. pow... from d·e main DC main "on:
bus B to Fe purge valve. bo, B. through FUEL CI':LL PURGE-J <u.e (5A) protects MAIN
switch (MOe_3). BUS A power to the PURGE

VALVE CONTROL Iwilch.
A RAD /5 amp) Appliu powu 1<,> FUEL CELL Battery

RADIATORS_3 switch (MOC-3). relay '0'
LICHTING circuit breakers

B LJGHTI!'iC_ FLOOD group DC main
circuil breakere bus A

MNA '0; amp) Connects po.....,r from DC BUS A

'0 FLOOD rheoal&! ~witche~

(MDC.8). FLOOD FIXED switch
(MDC_ 5), and FLOaD rheostat
switch (LEB panel 100).

B MNB '0; amp) Connects power from DC nus 13 DC main
to FLOOD - nXED!OF'F!POST bo, B
LDG switch (MDC-S), FLOOD
rheostat .witch {MDC-.5!. '0'
Fl.ooD _ FIXED/OFF switch
(LE13 paM! laO).

B FLT/PL (5 amp) Connects power [rom postlanding Post!anding
bua to FLOOD - ,-IXED/OFF/ batteriea
POST LOG switch (MDC_a!.
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Location
Name and Cin,,,it Pow"r

Panel Area Grid Po.ition Function Breaker Source R"macks

RHEB_Z26 (Cont)

C LiCHTING (NUMERICSI NIA
INTEGRAL) group circuit
breaker.

LEB _ An I' amp) Connects AC BU' , ,. AC bus 2. lilA
INTEGRAL and NUMERICS
variable trandormers (LEB
panel 1001.

C L MDe . AC , Connects AC BOO , ,. AC bus , OA

" amp) INTEGRAL and NUMERICS
" ••iable trandormer. (MOC_SI.

C R MoC . AC , Connects AC BUS , ,. AC bus "B

" amp) INTEGRAL ""riable transformer
(MDe.5).

0 RUN/EVA/TRGT circuit
bnakers

AC ,
" amp) Connects AC BUS , ,. AC '0' ,

EXTERIOR LIGHTS - RUN/EVA
.witch on MOG-Z.

AC , I' ampl ConnecU AC BUO> ,. AC '0' ,
EXTERIOR, LIGHTS _ RUN/F;VA
.witch. on MDC_Z and DOCKING
TARGET .witch on MOe_16.

D LIGHTING COAS/TUNNEL/
RNDZ SPOT circuil

breakers

MNA " amp) Provides ciT,,"'1 p~ol"<:Iion for DC main
COAS swilc"c' onMDC-IS '0' A
and - 16: TUNNEL, R,NDZ,
SPOT switc..... On MDC_2,

MNB 15 amp! PrOvides ci~c"it protection for DC main
COAS switc"". .0 MOC-IS '0' •
and - 16: TUNNEL, RNDZ,
SPOT SWiICh.,. On Moe-t,
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Location
Name and Chcllil Pl>we~

Panel Area C~id PI>.iHon .....CI;O.. Bre.ke~ Soll~ce Remark.

RHEB-ZZ1

SC INST .....itcb and receptacle !'ON~£SS.... ,
PWR Appliee Z8 vdc po...·e· 0 HATCH DC main

receptacle. (CB ZSI bll'''' A .. B
(""OC-S)

OFF Remove' power.

RH£B-2Z9

A EPS_MNA. MNB _ CROUP 1
circllit breake ...

MNA 130 amp) Appli.,. po....er to MOC.8 cirellil DC main
break.r': bu. A.. STABILIZATION CONTROL

SYSTE:M- PITCH-MNA.

•• REACTION CONTROL
SYSTEM . SM HEATERS .
MNA_D.

<. REACTION CONTROL
SYSTEM _ PRPLNT !SOL _
MNA.

d. SCS _ LOGIC BUS 3/4 MNA... SCS - CONTR/AUTO MNA.

A MNB (30 amp) AppUu power to MOC_8 ci~cu.it DC main
br"aker.: '0' B.. STABIUZATJON CONTROL

SVSTEM_PITCH_MNB.

•• REACTION CONTROL
SYSTEM _ SM HEATERS _
MNB-C.

<. REACTION CONTROL
SYSTEM _ PRPLNT !SOL _
MNB.

d. SCS LOGIC BUS Z!3 MNB... SCS CONTR/AUTO MNB •
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Location
Na.me and Circuil Po...... r

Panel ArlO. Grid Po.ition Function Breaker Source Remark.

RH£B.lZ9 (Conti.
B TIMERS MNA .., M:sa

drew! bre.ke.s

MNA IS "mpl Conne".. pow"r {rom d·c main DC m ...in
bo. A 10 "v"nt timt:ra •• boo A
pand 306 ud MOe.I, and mil_
.ion timer On MDC.2.

MNS (5 amp) Connect. power from d- em.,.. DC main
bu. B 10 e"enl llmer ... MDC_l boo B
and LHEB.)06 and minion timer
LHEB.)06.

EPS • M:>:A. MNB . GROUP ,
circu.1 breake..

MNA (lO ampl Appliea po_r to MOC_S circuit DC main
C brc..kc',: boo A.. STABIUZ,ATJON CONTROL

SYSTEM _ SYSTEM Mo'o/A.
b. STABIl.lZATION CONTROL

SYSTEM _ AC ROLL MNA.

C Mt>;B UO amp) AppHea p......... 10 MDC_8 chcuit DC main
breaker.: bo. B.. STABIWZAT10N CONTROt.

SYSTEM . SYSTEM MNB.
b. STABILIZATION CO:-lTROL

SYSTEM.A/e ROLL-MNB.

<1'5 . MNA, M:s'B . CROUP ,
ci • .,uit h.~"k~rs

0 MNA '" amp) Applin power 10 MDC_8 circuit DC main
hreak~ ra: bo. A.. STABIUZATIO", COr-.:TROL

SYSTEM. YAW . M:"lA.
b. REACTIOr-.: CONTROL

SYSTEM_SM HEATERS-S
MNA.

,. SCS LOGIC !;IUS 1/2 M NA.
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Nlme aDd Circuit Power

Panel Arell Grid Po,itioll f"....ctiOll Breaker Source Remarlle

RHEB.2Z9 (Coni)

D MNB (30 ampl Appliu po... r 10 MDC.8 circuil DC main
breakere: b", 8.. STABIUZATION CO:--TROL

SYSTEM. YAW • MNB.
b. REACTION CONTROL

SYSTEM.SM H£ATERS.A
MNB.

<. SCS_LOGJC PWR.1/4. MNB.,. ORDEAL.MNB.

EPS _ MNA. MNB - GROUP 4
circuit brelOkari

D MNA (30 amp) AppHee powltr 10 MDC·8 dreuit DC rnaiD
breal<er': bu.' A.. STABIWZATION CONTROL

SYSTEM·B/D ROLL.MNA.
b. SERVICE PROPULSION

SYSTEM·GAUGING·MNA.
<. SERVICE PROPULSION

SYSTEM.He VALVE.MNA.,. EMS MNA... DOCK PROBE MNA.

D MNB 130 amp) Applilt. power to MDC_8 circuit DC main
bUlll<ltra: b", 8
,. SERVICE PROPUL.510N

SYSTEM·GAUOING· MNB.
b. STABILlATION CONTROL

SYSTEM· BID ROLL-MNB.
<. EMS MNB.,. SERVICE PROPULSION

SYSTEM.He VALVE.MNB,

'. DOCK PROBE· MNB.

EPS _ MNA, MNB - GROUP 5
circuit breaker,

D MNA (30 amp) Appllu power to MOC·8 circuH OC main
break.... : bua A.. REACTiON CONTROL

SYSTEM·RCS LOGIC·MNA.
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Loc~tion

A~e~ IG~id N~m" and CIrcuit Powe~

Pan"l Po.ition Function Bce~k",. Soucce Rema,.ks

RHEB_229 ICont)

D MNA '30 amp} 0. REACTION CONTROL DC main
SYST£M-CM HEAT£RS_l . 0", A
MNA.

,. SPS.PILOT VALVES_MNA.,. SCS_CONTR/DIRECT_I MNA... SCS.CONTR/DIREGT_2 MNA.
f. SGS_D1REGT ULL·MNA.

D MND '30 ampl Applie. powe~ to MDC_8 ei,.cuit DC m ...in
b~eak"rs: 0", B.. R£ACTiON CONTROL

SYST£M_RCS LOGIG.MNB.
0. R£;ACTION CONTROL

SYSTEM_GM HEATERS_2 -
MNB.

,. SPS_PILOT VLVS_MNB.,. SCS_GONTR/DlRECT I MNB... SCS-CONTR/DIRECT 2 MNB.
f. SCS_D1RECT ULL MNB.

D 0, VAC JON PUMPS circuit
break",..

MNA \5 amp) Connect. power from d·c ma;n DC m~in U.ed to di.able circuit wheo
bus A to 02 tank I "~c ion punlp. 0", A ncc"ss~ry.

MNB (S amp) Connects pow"r (com doc main DC m~in

bus B to O2 t~nk 2 "ac ion pump. 0", B

D MAIN RELl':A$E PYRO A ,., B
circuit bre~ke ,..

PYRO A " ... mp) Applie. SECS pyro bus A powec SEQ A Pyro Normally open during flight.
to system A main chute rel" .... e (RI'IEB_l50) batte ry Closed arter splashdown.
pyro circuit •. h"s A

PYRO B (5 amp) Appli". SECS pyro hus B power SEQ B Pyro
to system B main chute release {RHEB.250) b~ttcry

pyro circull •• '"' B
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Name and Ci~c:uil Po.....er

Pa""l Area Grid Position Function Breaker Source Remark..

R.HEB_229 CConl)

E UTILITY eircuit breakers

E R/L STA " ampl Appl;.,. 28 vde to UTILiTY .wHch N/A DC main

'0' <;onneeton "0 panch " 0•• A
and 16 and provide. circuit
protection.

LEB " amp) Appli". 28 vde to UTILITY ,"witch DC ma,n
and COnnector on panel \00 and bus B
provide. circuit protection.

EPS BAT BUS circuit breakers

F A ,20 amp) Applie. doc power from baHery Battery
0•• A 10 followinl( drcuit 0.' A
breaker. On MOe.S:.. SERViCE PROPULSION

SYSTEM_PITCH , _ BAT A.
o. SERVICE PROPUl.SIO~

SYSTEM. YAW , . BAT A.
,. SEQ EVENTS CONT

SYSTEM ARM A.BATA.,. SEQ EVENTS CONT
SYSTEM LOGIC A _ BAT A... ELS.BAT A.

f. EOS , . BAT A.,. ,LOAT BAC , . BAT A.

F B '20 amp) Applies doc power from battery Battery
0•• B to thc following circuit 0•• B
breaker. On MDC·S.
,. SERVICE PROPULSION

SYSTEM· PITCH 2 _ BAT B.
o. SERVICE PROPULSION

SYSTEM- YAW , . BAT B •
,. SEQ EVENTS CONT

SYSTEM_ ARM B _ RAT B.,. SEQ EVENTS CONT
SYSTEM LOGIC B _ BAT B... ELS _ BAT B .

r. EDS , . BAT B .,. FLOAT BAC 2 . BAT B.
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Location
Nam.. and CircuIt Power

Panel Ar.... Grid Position Function Breaker Souree Remarks

RHEB_2l9 (Cant)

C SPS LINE HTRS MNA and MNB Appliu ZS vdc to SPS LINE NfA DC main

1'" amp) circuit breske ... HTRS s,.,Jtch On MDC_S. buses A I. B

RHEB-Z50

Pyro battery circuit break.. rl

A PYRO A group

A SEQ A 1'" amp) Appli,," doc power from pyro NIA Pyro Must be opened i£ pyro battery A
battery A to SECS pyro bus A battery A fails.
when SEQ EVENTS CONTROL
SYSTEM switch A or B (MDC_a),. ,. PYRO ARM position.
Appliel pyro battery A voltage
to DC INDICATORS Switch.

A BAT BUS A TO Applies d-c power from battery Entry Normally open in flight. Closed only
PYRO BUS nE bUI A to above circuito. battery A if :pyro battery A !aila.
1" amp)

Colored yellow. Should not be
clos..d if SEQ A CB il closed.

A PYRO B group Pyro MUlt be opened if :pyro battery B
battery B faill.

A SEQ B ,,, amp) Appliu doc power from pyro
battery B to SECS pyro bUI B
when SEQ EVENTS CONTROL
SYSTEM switch A Or B (MDC_ SI,. ,. PYRO ARM positlon.
Appliu pyro battery B voltage
to DC INDICATORS switch.

A BAT BUS B TO Applies d-c power !rom battery Entry Normally open in flight. Closed nnly
PYRO BUS nE bus B to above circuits. batte ry B i! pyro battery B £..ill.

'" amp)

Color..d yellow. Should not be
clol..d if SEQ B CB il do..:d.
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LocOiltion

!'o:'o.rne and Circuit Power
Panel Are. Crid Position tunctlon 8r....k". Source Remark.

RHEB_lSO (ConI)

B BAT A PWR E;-;TR Y/POST Applie. d·c pow". from enlry £ntry
LAI'D1",C circuit breaker b.llte,y A to battery bus A. battery A
180 amp) lea 410'1 battery ""s.. between

b'tlterY A ;lnd Ihi. CB. 1

B BAT B PWR ENTR Y!POST Applies doc power from entry Entry
LAC"D1NC eircuit breaker battery B<o battery ,., B. ballety B
18O amp) (CB 42 on batte.y "as.. between

battery Band this CR.)

B BAT C PWR ENTRY/POST Applies ,., power from enlT)' Entry
LANOI"C c:rcuil break" r batteq' C to battery C circuits. battery C
180 amp) (Ce 43 00 battery cas.. betwe"n

battery C and this ce.l

B BAT C_BAT CHGR/EOS , Applies conn,,-<;tion from
circuit breaker (10 amp) battery C to:

,. BATTERY CHARGER selec_
tor switch, position C., DC l1'iD1CATORS selector
switch (BAT C).

<. EDS b,,, ,.
B BAT C TO BAT BUS A Applie. d-c power from entry Normally open circuit breaker that

circuit breaker (80 amp) battery C to battery bus A, provides backup in event of failure
of entry battery A.

B BAT C TO BAT BUS B Applies doc power from e",ry Normally open circuit breaker that
drcu;t breaker (80 amp) balter)' C to battery b". B. provide. backup in event of rail"re

of entry battery B.
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Location

Panel IArea
Name ilnd Circuit Power

Grid Po.Won I'unction Breake,. Source Remarks

RHEB-ZSI

WASTE MANAGEMENT pand N/A NfA

OveD DRAIN val ... e Thi. shutoff valve is manually
coni rolled by bar knob.

DUMP Connects WMS oYe.board dump Val"e ,. .., '0 DUMP poaitian

\in" from ... Ie<:tor vdve '0 for "'....
outside almo.phe ... , permitting
dumping urine and fecal odor.
overboard.

OFe Cloa ... WMS overboard dump Upon completion of dumping 0'
lin" to oulOide almo"ph" ..". venting operation, OVaD DRAIN

valve ia set to OFF posilion.

RHEB_Z5Z

Wa81e Management Acce•• N/A N/A

panel

BATTERY VENT Thi. valve i" manually operated
"alve with th .. selector.

VENT Permih gas"" generated by eM Normal position of "alve i" closed.
entry batte,,;e. to be vented into
waste wau'r dump line.

CLOSED Shut. off vent line of CM entry
bauerie •.

WASTE STOWAGE This vaive i. mAnually <;ontrolled
VENT valve by a bar knob.

VENT Conne<;ts waste stowage <;Om-
partmen< to urine overboard
dump Hne, permitting Ie<;al
odor from fe<;al bags to be
vented overboard.

CLOSED Restricts waste stowage com_

partment odor~ or overpressure.
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Location
Name altd Ci~c.. il Po",,,~

p ....."ll Are" Grid Po.Won Funcl;o" Br••ker Source Remark.

RH£9_Z7S

FLIGHT IPOSTl.ANDING ci rcuit The... circuit b."ak"u ...m.in
br...ker. diun.".cd durine n'lbl and are

.........d (p...hed in) durin, main

B'T BUS , Applie. doc powe .. from b<lue.y Batte ry chute de....,nt.

P. S amp) bUI A to (HaM and pottl.ndina 00, ,
b .....

BAT BUS B Appli... doc po",e. from ballery Battery
(7, S amp) bua B to night and po~tl..ndinll 00, B

b"•.

B,T C AppUu doc power from 80_amp Batt.. ry
(7.5 amp) B'T C PW, circuit br....k .. r '" bus C

flight and poslland;ng bu•.

MAIN A Appli... power from doc main DC main
nO amp) bus A 10 flilh! .nd po.tlanding 00' ,

bu•.

MAIN B AppU•• powe. from doc rnain DC main
00 amp) I.... 8 10 ni,hl and ponlanding 00, B

bu••

INVERTER POWER circuit
br....keu

, MAIN A AppU... p ......... from d-c main DC main

'" amp) 00' A to inv...t ... No. ,. 00' ,
1. MAIN B AppU... power from d_(: mairl DC rnain
(70 amp) 00, B 10 invert... No. ,. 00, B

, MAIN A Appli... powe. from d·c main DC main

'" amp) 00, , to inve.te. No. ,. 00, ,
, MAIN B Applie. powe. from d-c main DC main

'" amp) '0' B to inverle. ND. ,. 00' B
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Loc~tion

Name and Cl~cu;1 Pow....
Panel Area Grid. Politlon F'"ncllon 6 ....al"... Source Remark.

RH£B_275 (Conll

MAl:" A circlI" breaker.

BAT BUS A Appli... doc pow.. r from but",.y Bllttery
(80 .. rnpl bu. A to doc: main hila A thrO\llh bo' A

100,,1&1011 ot BAT Ale aus TIE

molar • ..,itch and ilolatio:>
diode.

BAT C ....ppliu d_e power trom bauery C Battery "OTE
180 amp! 10 d_e m .. in bUI A thrOll'" bo, C

contact. of BAT a/c BUS TiE: ;'\"ormally open In nlehl;
molar .... ilch .., halation do.e<l for "l'Ilr)" priOr to
diode. CSM a"par"tion.

MAIl' B <circuil breake ...

BAT C Appliel d_e power from baUery C Batteq"
180 amp) to d_e main bu. B thrOlllh bo, C

conlacU of BAT Ale 8US TIE
mOtOr • ..,itch and iaolation
diode.

BAT BUS B Applies doc ;><>wer trom baUery Batteq-

'80 am;» bUI B 10 doc main bUI B Ihrollll'h bo, B
coMac" of BAT SiC BUS TIE
motor .witch and i.olation
diode.
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Panel IAr..a
Name :md Circuit Power

Grid Position Function Bre ..ker Source Remarks

RHEB.Z76

INSTR UME:'i:TATIO:-< POW£R INST ESS DC main
CONTROL OPERATlO:>:AL MNA and OliUS A ~ B
drcuit breakers MNB

(MOe_5)

C"' Provides doe power to ..ssentia! CBI supplie. doe power for the
(5 amp} instrumentation. following instrumentation:

H20 Dump Temp CF 04(,IT

eM He Tk A Pren CROOOI?
eM He Tk A Temp CR 0OO3T
eM He Manif I Press CR 0035P
eM He Manit Z Press CR 0038P
Temp 16 Eng Inj Sys I CR, 2J03T
Tur.p 12 E:ng loj Srs , CR 2114T

C"' Provides doc power to '"sential CBl supplies doc power for the

" amp) instrumenhtion. following instrumentation:

Temp Crew Ablato. CA 18Z0T
Surf Lac lA

Temp Crew Ablalo. CA 182 IT
Surf Loc 4A

Temp Crew Ablato. CA 1822T
Surf Loc 7A

Temp Crew Ablator CA 1823T
Surf Loc lOA

Press Ball Comprtmnt CC OISSP
(Manit)

Dro~ue O"p Relay A CE OOOIX
Orogu" Dcp ReI")" B CEOOO2X
Main Dep R."l"y A CE ooon:
Main nep R.elay B CE 0004X
Main Chute Disc Relay A CE 032lX
Main Chute Disc Relay , CE 0322X

Suit Cabin Delta Preu CF" OOO)P
Surge Tank Pre." CF" OOOoP
H20 Ta"k.Clyeol Re. C." 0120P
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Lo~al'OD.

P.....ell Area ICrid
Name uod Circuit Power
Po...itio", Fu.>l<:tioll Breaker Sour"," R..mark.

RHEa-l76 (Cont)

CS> ICont) I:-lST ESS DC main Prim Glycol no:- Rate CF OlS7R
MNA .... bu.... A " • Prim £".p Inlet Temp CF 01811'
MNB Utine Dump N010ur CF 0<1601'
(MDC.51 Temp

Altro I EKe Axle , CJ 0060J
AItro Z EKG Axis , CJ aD6lJ
Aatr,,] EKG Axis , CJ 0062l
Aalro I Reapi. CJ OlOOR
Astra Z Reapi. CJ OlOIR
Aalro l Rupi. CJ OlaZa

CM X Axi' Aceel CK 00l6A
AM Y Axis Aced CK 0021,\
eM Z Axis Acee) CK 0028,0.
Do'imet". 1 Radialion CK JOSlK
Do.im"t... Z Radiation CK IOSZl<;
Oo.imet<: r Rate CK 10531{

eM He Tit e Pre.. eR aoozp
eM He Tit B Temp eft 00041'
eM He Mani! Z Pre.. eft OOl6P
eM H.. Mani' I Pre.. eft Donp
T,,,,,,p ,<I Ene Inj Sya I eft llOOT
Trmp 24 En, Inj 5y& l CaZllOT
Temp lS £nl Inj 5y. Z eft lltoT
Temp Zl Ene Inj Sy. 2 CR 2119T

Doe:kin. Probe Temp CS OllOT

c., Provide' d·c power to e ••ential CBl auppliu d·c power for the
{S ampl in,trounentalion. foll_in.lnalrurnenlation:

Temp Bay 2 Ox Tk Surf SA Z)77T
Temp Bay 5 Fuel TIt SA Z)79T

Surf
0" Trndr Line Entry SA Z400T

Sump Tk
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Loeation
Name and Ci~euit Power

Panel A.".. Grid Po.ilion Funetion B."ak"r Saure" R"mark,

RHEB_Z76 (ContI

CB3 ICont) INST <SS DC main Oz Tk Z Pc"" SO 0038P
MNA '"' b,ue. A &. B HZ Tk Z Pre.. SC 0040P
MNB FC Z NZ Pr.-eo SC Z061P
(MDC_5) FC 3 NZ Pre.. SC Z06ZP

FC Z Oz P.ess SC Z067P
FC 3 Oz P.".. SC Z068P
FC Z HZ Press SC Z070P
FC 3 HZ Pr",. SC Z071P
FC Z Rad Out Temp SC Z088T
.C 3 Rad Out Temp SC Z089T
FC <: Rad In T"mp SC 2091 T
FC 3 Rad In Temp SC Z092T
FC Z HZ Flow SC Zl40R
FC 3 HZ Flow SC Zl41 R
FC 2 Oz Flow SC ZI43R
FC 3 0z Flow SC Zl44R

He Tk Pre.. SP OOOIP
Ox Tk.. Preu SP 0003P
Position Fu/Ox Vlv I SP OOZZH

Po' B
Position Fu/Ox Vlv 3 SP 00Z4H

Pot 8
Po.ition Fu/Ox Vlv Z SP 00Z7H

Pot A
Position Fu/Ox Vlv 4 SP 00Z9H

Pot A
Temp Fuel Eng Feed SP 0048T

Line
T"n,p I Oxidiz"r Diatt SP 0054T

Line
SPS Prplnt Tanks N Z A SP ObOOP

Pre ••
Eng Chamb"r Pre ... SP ObblP
Fuel SM/£ng lntedaee SP 0930P

Pte.s

SM He T>A Pr" •• 5R 5001 P
SM He nc Pr"" SR 5003P
SM He Tk A Temp S. 50 131"
SM He Tk C Temp ,. 50151"
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Loc ...ti""

Name and Cireul1 Power
Panel Area Grid Po.ilion Function Breake. Source Remark.

RHEB.Z7o IConl)

CB) IContl I:>."ST ES' DC m ...in Oty SM Propellant S. SOlSa
M"A ,", bus". A A· • S~·. A
MNB 01)' SM Propdl.,,1 Sr. C ,. SOZ70
(MOe_51 SM Ene Package A '" 5065T

Temp
SM Ene Pack",,, C S' S067T

Temp
5M He Manf Sy. A '" 5729P

Pre ••
S~I 0.. ~hnr Sr. A '" 57)]P

Pre••
S:\l Fuel :\1.,,( Sr. A '" 5111P

Pre..
SM He "'b.n! Sr. C '" sallP

Pre ••
5M 0.. !l.hn! Sy_ C S. S8l0P

, Pre••
5M F'ultl Mant Sy. C S. S8llP

Pre••

Proton CI Rate Cha.. I " 08l0K
Proton Ct Rate Chan 2: ST OallK
Prot..... Cl Ra'" Chan) ST 082:ZK
Proto" C. Ru" Chan 4 " 0823K
Alpha C, Ra'" Chan I " OUOK
Alpha Ct Ru" eh." 2: ST QU1K
Alp!>.. Cl R.1e Chan 3 ST 08)2K
Proton In' .. g Ct R...e ST Gal8K

cO< ProvIde. doc power 10 " ••ential eaol _UPI'll ... doc power for the
'3 amp) ina ••umenl.';"n, follow,n, ;nll.umenl.llon,

T..mp a.y 3 0" Tk S.. d " 2378T
T..mp a.y 6 ,u,,1 Tk " 2J80T

Sur(
,u,,1 T."dr L,,,,· >.ntry SA HOlT

Sump Tk

0z Tk I Pru. SC 0037P
HZ T~ I Pr.. 11 SC OO19P
f'C I "Z Pru. SC ZObO?
FC 1 Oz Pr~1I SC Z066P
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Location
Name ~nd Circuit Power

Panel Area Grid P<>sition Function Breaker Source R"marks

RHEB.Z76 lConl)

es< (Cont) INST 'S> DC main CC< HZ Press se 20b'l?
MNA "., buses A & B CC< Rad Out Temp se 2087T
M",a Fe 1 Rad In Temp se 2091 T
(MOC- 5) Fe 1 HZ Flow se Zl39R

Fe J 02 Flow se Z142R

He Tk Temp SP 0002T
Fu Tko Pres. SP OOObP
Position Fu/Ox VI.' SP OQ23H

Pol B
POlit;on 1"'"/0,,, VI" 4 SP l1025H

Po. e
Po,ition 1"'"/0,,, VI" I SP 0026H

Pot A
Po,ilion Fu/O" Vlv 3 SP Q028H

POI A

He Tk Pre.. Disphy SP a03S?
if,"'p Eng VI" Body SP 0045T
Temp 0" Eng F .."d SP 0049T

Un"
Temp I 1"'u<:1 Distr SP 0057T

Un"
SPS Prpln! Tanks N SP ObOI?

B Press
0" 8M/Eng lot"r!:>." .. SP 0'l3l?

Pres.

8M He Tk B Pre.. SR SOOlP
8M He Tk D PU.I SR SOD.. ?
8M He Tk B Temp SR 5014T
$M He Tk 0 Temp SR 5016T
Qly 8M PrQpellant SR 502bO

Sy. B
Qty SM Propellant SR 5028Q

Sy. D
SM Eng Packas" B SR 5066T

T"mp
SM Eng Packas" D SR 5068T

T"mp
SM He Man( Sy. B SR S776P

Pee ••
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Loc ..Hon

Panel IArea IGrid
N"'rne and Circuit Power
Position Function Breaker Source Remarks

RHEB_276 rCont)

en< (Cont) !NST SOS DC rna,,, SM 0" Man! Sy. B SR S7aup
MNA .., busuAI<B Pre ••
MNB 8M Fuel Man! Sy. B SR 5734P
(Moe. 51 Pre ••

SM Ox Man! SY' D SR S8Z IP
Pre ••

SM Fuel Manf Sy. D SR SaZ3P
Pren

8M He M",,[ Sy, D ~lt Sa30P
Pre ••

Nude... Particle Det ST 0840,
Temp

Nuclear Particle Anal DT 0841T
Temp

RHEB.Z18

UPR1GHTlNG SYSTEM circuit
breakers

COMPRESSOR , Connects power icom batt.. ry Batt".y
(25 amp) bus A to motor through cOntrol 0", A

rdays.

COMPRESSOR , Connects power from ballery Battery
(15 ampl bus B 10 motor through control 0", B

r"l"yo.

SIVB/LM SEP circuit breakers

PYRO A Connect. power [rom SEeS pyco SEQ A
p.S ampl bus A 10 SIVB/LM separation circuit

relays. br"ak"r
(RHEB_Z50)

PYRO B Connects po''''"r from SECS pyro SEQ B
p.5 amp) bus B to SIVB/LM separation eire"';1

relay... breaker
(RHEB-ZSO)
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Lo<:aHon
Name and Cir<:lIit Power

Panel Area Grid Poaition Flln<:Hon Breaker Sou<<:e Rema<ka

LHFEB-300
LHFEB_301
LHF"EB_302

Suit flow <:onl<o} valve(a} NfA NfA

OFF Cloaea valve, ahutting off fiow Suit hoae may be <:onne<:ted or
of oxygen 10 and from auit dia<:onne<:ted only with valv<: in
<:onne<:tor. OFF poailion.

CABIN FLOW Partially opena valve, permitting Thi. valve position may be uaed fo<
oxygen How into <:abin (0< auil) <edu<:ed flow to PeA (auit <:onne<:tedl,
at <ate <:ompatible to <eqlli<e- or for normal flow to <:abin fo< Ihht_
ments of one <: reWman. aleeve mode {auit nol connected).

Suit hoae ia not dia<:onne<:ted !<om
auit <:onnector panel when going to
ahirtsleeve mode.

SUIT FULL Fully opens valve. permitting Wilh valv" in SUIT FULL FLOW
FLOW oxygen flow to suit at rate pOlition (auil <:onne<:ted). flow is

compatible to requirementl 0' .. rate 0' " Ib/hr minimwn.
One <:reWman. However, flow <ate will vary along

auit flow adjuument range from
SUIT FULL FLOW to CABIN FLOW
positiona.

Located between
LHFEB.300 ..,
LHFEB_301

CREWMAN ELECTRICAL Audio center Theae <:onnector5 provide a<:ce .. to
UMBILlCAL CONNECTOR(SI (31 equipment audio <:enter, alldio warning ayatem,

and providea path for crewman
R_L_C Theae <:onnectora interface with biomedical information to go to

<:rewman electrical IImbilicah. telemetcring unil.
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Name and
Position

Cabin air control louv.. r

PRIMAR Y CABI:':
T£MP control valve

H (hcat)

C (cool)

Function

Manually operated louver for
adjusting direction of ",ir£low
from cabin air fans.

Manual backup mode position of
cabin temperature control valve
to incr..a ... cabin temperature.

Manual backup mode poaition of
cabin lempe~atu.e control valve
to decr....... cabin temperature .

Circuit
Breaker

N/A

Power
Source

N/A

Rem..rk"

MOIOr_operated valve ill manually
controlled by integral knob. Rota_
tional movement from H to C ;.
approximately 1n turn.

Backup mod.. control knob is "scd
in ..VfOnt of malfunction of cabin
lemperalurt control components.
Thi" i" a dual valve On a .ingle
• haft permitting water_glycol now
to he"t "xchang,or to be regulated.
Rotation toward H (heal) poa,hon
r .. sulll in proportional inc rea"" in
cabin temperature by directing
warm water-glycol to cabin heal
exchanger. The ..e is ddinit" time
lag in cabin temperature respons"
following manual adjustment; there.
for ... close coordination betw.... n
manual adjustments and TF.MP_
CABIN indicator MOC-I is not
nec....ary.

Rotation towards C (coon position
resulu in proportional decre", ... in
cabin t ..mp.. rature by dir ..cting c(>ol
wat.. r-glycol to cabin heat
exchanger. Th.. r .. is definit" time
lag in cabin ten'pcrature re.ponu_
following man'!al adjustm..nt; th .. re_
fore. clo.e coordination between
manual adjustments and TEMP.
CABiN indiCiltor MOC-2 i. not
n""enary.
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p,"Il"11 Ar .. IGrid
Name and Circuit Powe.
Po,ition F"ullet!on Breake. Source Remark.

LHF'EB_)O) (Conti

SECO",OARY CABIN ':'1/\ NolA Manual control "alve.
TEMP valv"

OFF Prevents tlow of "'.I"._,ly<:ol
10 "abin heal ""chanl""

COOL Me.er. "'ater_,lyeo\ now Ihroll'1'I
cabin heal """hanler from OFF'
10 MAX.

MAX Full flo.... of secondary "'aler-
Ilyeol system Ihroulh cabi..
1'1... , "xchanle"

LHF'E8.)04

DRI:\KING WATER SUPPLY ""/A N/A Shutoff valve m ..nually controlled b,
,hutoH valve permanently ,nstalled knob.

ON Permits flow of pOtable ""ater to Normal po.ition of valve i. 0:-.
""aler delivery unit.

OFF Turna oU tlow o£ potable "':Her ,. Valve i. doaed in evenl of leak in
walet delivery unit. water del",.. ry unit.

LHFEB.)05

FOOD PR,EPARA TIO:-l WATER N/A X/A To aeIU:>le. pull on ayrinae-lype
aupply unil rinaer aripa.

COLD valve Upon a~lu.lion. permill metered Cold Or hot ",ater it metered at rate
amount o{ ~old willer (50'f"j ,. of I.OO*O.050un~e per valve act",a_
food reconat;lution nozzle. tion. Upon releale. valvel return

to doted poSItion.
HOT va,ve Upon activ.lion. permit. metered

amount of hot wat~r (15~*4'F) ••
food reconllitulion nozzle.
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Location
Name "tid Circu,t Power

Panel Area Grid Position Function Breaker Source Remarks

LHFEB_30"

EVENT TIMER Digil ..l event Iimer provides TIMERS DC "lain
crew with mean. of monitoring MNA and bus... A' B

MIN_SEC indica~or. and timing events. Timer will MNB
atart automatically whcn lift_ lRfIEB-U9l

0" Oceun.

EVENT TIMER awilches Control .witches provide mean. of
running event timer 10 any desired

MiN switch seUing .od ... spdng_loaded '0
center position. Indicating drums

TENS R=. M>N indicating drum '0 can be run up (>r down. depending
tena. 00 position "' RE:SET/UP/DOWN

switch.
CENTER No funclion.

UNITS R=. MIN indicating d,= '0
unit••

'EC awilch

TENS R=. 'EC indicating d.= '0
tens.

CENTER No function,

UNITS R=. 'EC indicating drum '0
unitt.

RESET IUP/DOWN

RESET ET relet. to ~ero and .top.
counting.

UP ET count. up when running or
.lewing.

DOWN ET count. down when running or
.lewing.
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Location
Name and Circuit Power

Panel IArea IGrid Po.it;on Function Breaker Source Remarks

LHFEB_306 (Cont)

START/STOP awitch TIMERS DC main Evenl timer AlarU automatically
MNA and buaes A &< B when lift_off oCCurS. Switch i.

START Starta event timer. MNB momentary 00 toward START
{RHEB_229J position. and maintained on '0

CENTf.:R No (unction. other two position •.

STOP Stops event time r.

MiSSlON TIMER - HOURS/ Ha. capabi!;tie' to count "' Timer prov;oe. provilion. '0'
MIN/SEC indicators mi••ion eh.p.ed tim". manual setting, COW1t_up readout

(hours, minutes, and secono.),

'0' reset 10 "erO by remote
control at lift_off.

Internal timing pul.e " provided in
ea.e timing si~nal i. lost. Clock
i. capable of timing from e"'ternal
Or internal t;",ing aOucce without
loaing mi .. ion time.

MtSSION TiMER awitch".

HOURS switch

TENS Change. hour numerical read_ MiSSiON TlM£R m only slew
out in tena. up to add tim".

CENTER No function.

UNITS Chang"s hour numerical cead_
out in uniu.

MIN "witch

TENS Change" MIN numerical read-
out in l"n'.

C"NTER No funetion.

UN1l'S Ch.ng... MIN numerical read-
out in W>it •.
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Locatloll.

Panel IAru IGrid
Name and Circuit Po....er
Po.ilion Function Breaker Source Remad••

LHFEB.}06 (ContI

SECOND .witch TIMERS DC main
MNA ".d bu.,.. A .. B

TE~'S Chanica a.,cond l'IwTleric:al read_ MNB
out in len•• (RHEB·ZZ9)

CE",,'-ER No funC:llen .

UXITS Chillnt... aecond numed".l read_
out in unill.

START ISTOP/RESET Upon recoolpt of !ift.off .'enal, limer
will fe ..,1 to aero and fla.1 COur'ltinl

START StarU MISSIO;"; TIMER. up wllh ....Iah in START po.llion.
Timer may be alopped at anytime by

STOP Slop. MISSIO!' TL'-tER. ...leehne STOP. To re • .,1 I1mer,
momentadly hold .witch 10 RESET

RESET Rueu MISSIOS TIMER. po.llion.

LHE8-3H

CABI'" PRESSURE RELIEF SIA X/A There are two cabin pre ••ure_
vah·... , relief valve. 111.1.1 normally operate

..."lomalicdly 10 pro";d.. po.illve
and ......Iive cabin pr~•• "re nlief.
The "pper manual c:onlrol flhcee_
valve po.ilio", and Ihe lower m.nual
c:ontrol ffour_v.lve po.ition) ,".
override their c:orr~lpondinl relief
valvel to CLOSE and NORMAL
pO.;lion., while only lower man"al
c:ontrol c:O" override ill c:orceapond_
in, relief valve to DUMP po.itlon.
Hon20nta\ pre •• ur" mull be applied
10 move c:ontrol. out of det.,M,
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Locatlol\

Panel IAI'''.
Name and Circuit Power

Grid Po,itioD Function Breaker Source Remark.

LHEB.3Z5 (Colltl

CLOSE Mll.nu.al o"""rlde polltion 10 clo.., 80th relief valV"" are doaed for
eitlt., .. cabin pre. lure· rehel prelaunch ched,oul and durin. eM
v.lv... Res propellant dump, where••

"ith". 0"10 Or both .ellet valve.
are closed 11\ nl,h, in event of
valve maUunctlon.

Jl:ORMAL M"nual override po_ition ,. NOrmal po.lli .... of c._IToh for
partially .euri.:t travel of elthe. fliahl period between .'cenl and
cabin pre ••ure_ .elief valve ,. enlty. Val..... are limited 10 the
"".tom.tic mode. p,arllally o ..... n po.ilion to prevent

rap>d c..bin d ..camp.....lon ,.
eVent valve. fan open.

BOOST E:-:TRY !'\eulral pOIlUon or averrid,. Except for lime required to dump
mecn.nlam '0 permit bolh "ab,n ReS propeUanu dunn. deleent.
pre •• urlt_rltlilt( vah,lt • f... both controh are normally .,u to
trav..1 in automatic modlt. 800sT E:-<TRY poaitiOl'l (or "cent

and Itntry pha.ea.

DUJ,.iP Manual ove rride po.ition o( Valv.. i. openltd to Int..ntlonally v ..nt
low.. r control to open cOrrlt.pond- cabin to out ..d .. almo.pnltrlt in Itv..nt
ina cabin pr.... urlt-relid valv... of contamination Or fire. M ..chanical

.ar.. ty latch muu be orr 10 ...1 I.. v .. r
in dump po. ilion.

PRIMARY GLYCOL TO Valv.. nmotely cOl'ltrolled InroUan
RADIATOR T .. leC..x· cable.

PULL TO 8YPASS DirltcU flow or pnmary alrcol
to bypa•• radiaton.

PUSH Dir.. cu flow or prlmaq· 81ycol
throu@h radialou.
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Name and
Position

CLYCOL RESERVOIR valve.

INLET valve

OPEN

CLOSE

BYPASS valve

OPEN

CLOSE:

OUTLET val ...",

OPEN

Function

P",.mih flow ofwate .. -glycQl
from system into .e'ervoir.

Shuts off flow of water_glycol
hom ayuem into ..""",.vo'r,

Open. byp",.. line permitting
flow around wate.-glycol
."s"rvoir.

CIos" bypass line thai permits
flow around wate._glycol
,,".cr-voir.

Permits flow of water-glycol
from outlei of ."servoi. into
system.

Circuit
Breaker

N/A

Po""" ..
Source

NtA

Remarks

Shutoff valve is manually controlled
by knob.

Val" .. is opened 10 dire,,! water_
glycol flow through reservoir during
prelaunch and ascent phil" • and
i. op"rated in conjuncliol. "',lh
GLYCOL RESERVOIR OUTLET and
GLYCOL RE"Ji:RVOiR a·iPASS
valv.. s.

Valv.. ;s clos..d upon completion of
asc"nt pbas.. to isolat" .ese.voi.
f.om syst ..m.

Sbmoff valv.. ;. man""lly connoll"d
by knob.

Valve ;s opened upon compl.. tion of
ascent phase to bypass and isolat"
.eservo;r rrom system. and ;s
operated in conjunction with
CLYCOL RE:S£RVOIR OUTLET
and CJ.YCOL RESERVOlR INLET
val v" •.

Valve is closed to direct wat"._gly"ol
flow tb.ough ."s".voi. during
p.<:laun"b a"d asce"t phases.

Sbutoff valve is manually controll..d
by knob.

Valv.. is open..d to direct water·
glycol now th.ough ." ....vo;r during
preL:r.uncb and .s,,"nt phases, and
is operated in conjunction with
CLYCOL RE5!::RVOIR INLET and
GLYCOL RESERVOIR BYPASS
"al"es.
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Area IGrid
Name and Circuit PI:>_er

P""'cl Po.itio.. FllDction Breaker Sourc: .. Rem", ..".

LH£8.Jl6 (Cont)

CLOSE Sh"u aU now of water-llycol N/A NfA Valve i. elo..,d upon c:omp.letion oC
from Gutld or re,ctvai! into "acenl plla... 10 i.o1:>.I .. reaervoir
ayate..... from aynem.

OXYCEN valv,.. Shutoff valve i. manually controlled

REPRESS PKGVALVE
by knob•

I
ON Permit. now from litre" l_lb Valve (urni.hu ) pound_ of o"y&en ..

oXYlen tank. into eM ,,>tYllen • redundant aupply to Ihe normal
aupply a"bayatem through check ,urlc lank quantity of l. 7 pounda.
valv••

OFF Shuh off flow between lhree l·lb
lank. and eM oxygen ...pply
aub.yatern.

FILL Permita now from eM oXYI"O
....pply ...b.yuem to byp"•• the
check valve and Ihue fill three
1.lb tank•. I! a1.0 allow. now
hom lhe. ."rl~ .~, 10 the
byp"•• check vdve d"rinl c"bin
repre••"riaation.

SM SUPPLY v"tve Sh"toff v"lve i. m"n.....Uy controlled
by knob.

ON Permit. now of oxygen to CM Norm.a.l po"ilion of v.lve i. ON.
from """ply in SM.

OFF 5h... I" off now of OXYlen to eM V.lve i. do..,d prior to CSM
hom "upply in SM. ,,~par.tion to prevent CM cntry

OXYlen ....pply from flowinl Over·
bo"rd i" ev."1 of check v"lve
f.i1ure.
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Location
Name and Circuit Power

Panel IArea Crid Po.ition Function Breaker Source Remark.

LHEB_32f> (Cont)

SURGE TAi'.'I< ... alve NfA N/A Shutoff valve i. manually controlled
by knob.

ON Permi.. flow of oxygen to and Normal position of valve ,. ON,
from surge tank. permitting surge tank to carry Qut

function of supplying additional
oxygen beyond the normal m ..ximun>
now capability from tile SM, ..,
for entry.

Set 0, PRE:SS l:-lD switch (MDC.Z)
to SURGE TANK to obtain indi<:ation.

OFF Shut. off now of oxygen to and Valve i. closed to preserve surge
from surge tank. tank supply in event cryogenic

oxygen I .."k pre.."r.. drop. '0
900 pllg Or below.

LHEB_350

COl-odor absorber A& • ~/A "fA Divert"'. valve linkage include.

divert",. valve mechanical interlock that a"ure~
cOver removal of only the canister
thaI has been isolated from 6111t

UP Shilts off 611it circuit flow to now.
cani~ler B and diverts full now
10 ea.nister A.

CeMer f'eutral position of valve
permitting equal suit cireuit
flow to each c"nioter.

Down Shuts off SIIi( cireuit flow '.canister A and diverts f IIIl
flow to canister B.
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OF.- lccw) Shut. off oxygen flow into cabin.

EMERG£",CY CABI:-;
PRESSUR£
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Location

Pan~J Area Crid

LHE:B- 351

Name and
Po.ltion

OXYC£:\' CO):TEl.OL PA:'lEL

CABI:" R E?RESS
manual valv"

OPEN (lOW I

Selector valve

BOTH

OFF

,

Function

Directs oXYlI"" into c"bin up to
Ihe maximum flow rat .. of 7.2 lb
per hr. Poppet_type val v" is an
independent unit of Ih" cabin
pre."ur.. regulator a .... mbly.

Directs regul""cd oxygen
(100*10 po;s:) to No. I and
No.2 emergency cabin pr... •
"ure res"lators.

Directo reguh.tcd oxygen
(100,,10 polg) to No. I
emergency cabin pre50ure
regulator.

Shuts off regulated "><ygen
(100;'10 psig) to No. I and
No.2 emergency cabin pre.­
sure regulators.

Direeu regulated oxygen
(100"'10 psigl to No.2
em.. rgeney cabin pr" .. ure
regulator.

Circu,t
Br"llker

NIA

Power
Source

NfA

Remarks

Shutoff ... alve is manually eontroll"d
by integral knob. Rota/io"al
",ovem"nl [rom OPE:=-< to dos" is
approximalely 3/4 turn.

Will pr","uri,," eM c"bin from
"ero to 5 psi,. in 75 to '10 minut"s.

Sel"ctor valve is manually con_
trolled by T·handle tool.

Both emergency regula/o" are
.elected for .imunaneoul usc
under normal condHions. [or
redundanc}' in event of "mergeney
deeompreuion a. re.ult o[ cabin
wall pundure.

Valve .et to po.ition I in event of
malfunction of 1'0. 2 emergency
regulator.

Valve is set to OFF position
whenever all crewmen are .uited.
With valve in OFF po, ilion. both
emergency regulator. an isolated
from re~ul ..ted oxygen ltupply.

Valve • .,t to pOlition 2 in eveI'I of
mallunetion o[ No. I emergency
regulator.
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Name and Circuil Po",,, ..

pa.nell Area ICrid Poailion Funchon Breaker Source Remarks

LHEB-3S1 (Cont!

PRESS TO Permit. N. , .., No. , NfA NfA With pushbutton pressed, the venta
TEST eme<gency cabin pr.... .,re 10 rderence ",,,s.ure chamben
p"shbullon regulator .. to hi; .imll.1tane_ of both regulators are dosed off.

ously ("ated for oper,HiDn"l This allo,,",s artHicial reference
verifieation. prenure to build up, which

resu!!. 1n regulator operation.
This leU may be .""ompHahed at
ground checkout Or during flight.

MAIN RE:CULATOR OireclS supply of oxygen from RegulalQr8 A and B are selected
valv". 8M 10 milio pre•• ure regulatora A for simultaneous use under

and B and relit! valves. normal conditions.

"A" OPEN Direct••upply of oxygen from
SM to m;ain pre••ur., regul;ator A
and relief ....alve.

"B" OPEN Directs aupply of oXYllen from
SM to main regulator Band
relief valv."

TOOL STORAGE Flu.h_mounted r",ceptac:le for
rcceptac:le atoring handle adapter (8_tool)

ua",d In po.ition;nll numerou.
manually o","rated .... '11 ...."' ••

WATER AND GLYCOL TANKS Selector .... al .... e " Manually
PRESSURE controla controlled by E_tool.

REGULATOR_
SELECTOR
INLET u.l ....'"

BOTH DirecU regulat"'d "xyg",n Both tank pre"ur'" regulator. ;are
(100:1:10 p.ig) 10 No. I and .elected for a;rnultan",ou. USe under
No. 2 lank pressure norMal condition. for redundaney
regulatora for reduction to '" evenl of One regulalor
20:l:2_p.ig tank preaaure. malfunctioning.
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Panel Are" Grid

LHEB_351 {ContI

Name and
Position

OFF

,

RELiEF.S£LECTOR.
OUTLET valve

BOTH

'unction

DirecU ""8u1a'''d oxygen
{IOO-"IO ps'g) to No. l lank
? ..e .. un regulator for
reduction to lOj,2_paig tank
pressure.

Shuu off ..egulated oxygen
{I00*-IO p.iglto No. I and
No.2 tank pressure
regulators.

Directs regulated oXYi:en
(100-" I (I psig) to No. 2 .ank
preasure regulalor for
redudion to 20'*2_p5;g tank

p""osllre.

Directs oxygen pre.Sun from
potable and ....aste waler tanks to
No. I and No.2 tank pressure
regulator relid valves.

Circuit
nreaker

NfA

Power
Source

N/A

Ren,arks

NOTE

If SE:LECTOR INLET valve
i. placed to position I or 2,
the SELECTOR OUTLET
valve shOuld be placed to
corresponding po,ition for
proper operation,

V"lve is .et to position I in event
of malfun~tion of No. l tank
pressure regulator,

With valve in OFT p'>sition, tank
pressud""tlon system is is"lated
hom regulated o"ygen ."pply.

Valve is set to position l in event
or malfunction of No. I lank
pressure regulator.

Selector "alve i. manually
controlled by E_tool.

Both 'ank pre ..ure-reJief ,'alve,
are selected for .im"ltaneou, "Be
under normal conditions for
redundancy in e"ent of one relief
v .. lve malfun~tioninll'

There is nO meter '0 indi~ate

pre •• udzation of potable and
....·.. s,,, water tanks and glycol
reservoir.
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Locat,on
Name and Circuit Po"".,,.

Pan"l Arca Grid Position Function Breaker Source Remarks

LHEB-3~1 IConl)

NfA N/A NOTE

If SELECTOR OUTLF;T valve
is placed to position ,or 2,
SELECTOR I~LET valve
should be placed to corre_
.pondi"g position for prope,.
oper.. tion.

, Directs oxygen pressur" (rom Valves sel to position , in eve'll of
potable and waste u'ate .. tanks 10 malfunction of :>:0. 2 tank pre••"re
:-10. , tank pre.s"re regulator regula lOr relief valve.
relief valve.

MF Shuts off oxygen pres.ure from With "alve in OFr pOlition, any
potable and wast" Water ';>.nks 10 increas.. in "xygen pre•• ure is
No. ,""d "'"0. 2 tank pre•• ure trapped and cannot be rdieved.
regulator relier valves.

, Directs "xI'gen pressure In".,.., Val"e set to posi'ion Z in e"ent of
potabl., and waste water .anks to malfunction of :-':0. , tank pressure
No. Z tank pressure '''Sulator regulator relief "al"e.
relief vah'e,

LHEB_3S2

WATER CO:'>:TR.OL PA"EL "fA :'>:fA

WASTE TA:\'K Shu.off valve is manually cont.olled
SER VIC1"G valve 0, £_tool.

OPEN Permits flow of water into wast., Valve ,. opened when used '"water tank from ground servic_ conjunctio" with adjacent WASTE
ins connection. TANK SERVICING connector.

c:LOSE Shuts off flov.' of water into "'ast"
wal"r tank from ground .ervic_
ing condition.
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Name "nd Circuit Power

Panel Ara. Crid Poalhon Function B.".k",. Source Remarks

LHE:8. Hl jeonl)

PRESSURE RELIEF' NolA ':OJA
.elector vah'c

DUMP A Permiu ""CCa' "'ate .. 10 ~
dumped o...erbo.ord manuaUy.

OUMP B Permiu exees...·.Ier to too,

dumped o .... rboard manuaUy.

OFF Shllt off flow of cxc.... potable With valve in OFF po.llion. """,ea.
and waste "'aU:,. 10 No. , "'d ""ater cannot b", dumped OYCrbollrd.
Xo. Z pre••ure rclid ...ah'"a.

, Di rcUa n ..... of ""cca' potable V.l"" aU 10 po_ilion l to provide
• nd ...... te water to !'Oo. , automatic pr........e telid I....etion.
pre........ rehef "'alve.

POTABLE TA","K Sh"toft valve
"

manually c:ontroU..d
INLET v.1 ..... b, £·1001.

OPE~ Perm;u now of ...ale .. from fuel "ormal po_itlon of ".Ive
"

OPE....
cell. i"lo potable ....1.... t...,k.

CLOSE Shutt off !low of ",,,Ie. from f"el Vdve .el 10 CLOSE: polltion 10
c .. 11l into potabl....... t... t ..nk. i ..ol .."" pot ..bl .. ",.. t... I.. nlo. in .......nl

w ..u. f.om fuel cell. b ..com...
conl:l,mmal..d.

WASTE TANK I1\"LET Shuloff f""ction of th,. .e1ief••h ....toff
val ...e v .. lv..

"
mllnu..Uy conl.olled by

T.kandl.. 1001.

AUTO Pe.mill now of water f.om tuel No.m..1 poaition of ...alve la AUTO.
cella into waite water tank when Jf potable water tank \I f"l1 Or walt ..
... Ii.. f valve diffe.enti ..1 p .....ur .. tank ia ..mpty • water trom fuel cella
reacke. b. 0.0.5 pai. will flow into walt.. water tank when

.elief valve .....che. 1>. OaO. 5 paid.

CLOSE Shu," o(f flow of water from fuel Valv .. ,., \0 CLOSE: poaition '0
c.. lla \0 diHerenti.1 pr ....ur .. _ event relief valve taila open.
relief val".. '0' waete water
tank.
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Name and
Position

OXYGEN SURGE TANK
PRESSURE RELIEF shutoff
valve

OPEN (eW)

CLOSE (CCW)

PLVC switch

NORMAL

OPEN

Function

Opens line (rOITl surge tank to
relief valve permitting relief
function.

Closes line from surge tank to
relief valve eliminating relief
function.

Applies d-c power to pendulum­
type attitude sensing switch of
PLY system during normal

postlanding ope rations.

Applies d-c power directly to
PLY valves, placing valves
in open position in event of
abnormal postlanding ope rations.

Circuit
Breake r

N/A

PL VENT
FLT/PL
(MDC-8)

Power
Source

N/A

Flight &
postlanding

bu'

Renlarks

Shutoff valve is manually controlled
by T - handle tool. Rotational
movement from OPEN to close is
1/4 turn.

OPEN position enables relief valve
to function when surge tank pres­
sure increases to I045±Z5 psig.

Valve is closed only if sur.ge tank
relief " .. lve fails open.

Switch set to NORMAL position to
permit normal operation of attitude
se .•sing switch (to close PLY valves)

when CM bec:oll1es inverted or tilts
beyond a specified limit.

Switch set to OPEN position in
event of attitude sensing switch
failure, or to aid crew to escape
fr01l1 inverted CM.
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Nam" and Cir""it Pow",.
Pan"l Area Grid Po silion Function a"""k".- Source Remarks

LHE:B_377

GLYCOL TO RADIATORS NfA N/A

'EO Manual control valve only.

NORMAL Direcu water_glycol flow 10 the NORMAL position CW rOlation,
oecondary space radiator.

BYPASS Directs water_glycol flow to
bypass the secondary apace
radiator.

LHEB.378

PR<M GLYCOL NfA NfA Shutoff valve i. manually controlled
ACCUM by us., of the adapter handle IE-toGIl.

0,<" Icc w ) Permiu flow of water_glycol Normal position of val"" i. 01'<''',
(rom sy.tern to ""' from permitting accumulatOr 10 carry
water_glycol accumulator. out fW'lction of damping .urges,

thermal expansions and maintain_
ing pump ;nl"t preasure.

CLOSE (ewi Shuts off flow of water-glycol Valve ia closed to isolate a lesking
from system to wate~-glycol accumulator {rom wner glycol
accumulator. system.

LHEB-379

PR1M ACCUM N/A N/A
nLL valve

ON Directs water-glycol flow into Manual control valve. ON position
prima~y system to make "' CCW. OF. posilion CW.
supply and rill accumulato~

from rc.,,~voir.

OFF holates reservoir from system
when r"s"rvo;r ;. ""' ;" li"".
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Name and
Po,ition

SUIT TEST " ..t""

PRES>

DEPRESS

OFF

O2 O£....'ANO
REGULATOR

80TH

,

F\1ftuion

Routu re,ulaled o>CYI"" 0_
(lOO_dO pdl) directly into awl
circuit throur;h pre••uri~.tion
orifi"e "t ma";mwn buildup
nle of 4 p.i. per minute for
PM/au;' circuil teltl.

Shuts aU Oz now to lUll c:i .ell;t
upon eompletton of tefl, per­
mirting reduction of pre ••ure
buildup al a"e ..",,, bl ....dor! "ale
of -4 pai, per m,nut...

Permiu tlorm&! Oz now to lu,1

circuit throUlh auit demand
pu".ure <elwalor.

OirIOcU ."Iul.ted oXYle"
llOOe*IO p.;,llo ~o. I ",II
demand preuure regulator.

Direct. re'\1la,,,d oX11"n
(IOOIlC! pll,) to ....0. I and
No. Z auit demand pre •• ure
regulator •.

Direct. "'Iul.led OX1,""
(lOO.,lll p.ig) to No.2 .uit
d"m..nd pr" .. ur" regul"lor.

CirCUit

Break"r

N/A

Po...",.
Source

N/A V..I"", i. op"uted by ..n inl"gral
lever.

With valve in PR.ESS po.ition, .uil
circuit will increa.e 4. I to 4. 5 p.i
..bove cabin pre,••ure. App..oxl_
mately 7S .econd. mu.t b", .lIow",d
for .uit circuit p .....u.'" to r"'ach
m...xim....... Thi. tell m ..y be
pcr!ormed .. t ,.ound ch"'cko;>ut Or
durin, Oight.

Approximately 75 lecond. mu.1 be
..Uowed fo. the iI.c .......d .uil
circuit p ..e ••ure to bleIOd b.ck 10
nomin.1 S. OoItO.) p.la.

Normal oo.ition of valve when not
conductinl PGA/.ui! circuit U,.I.
Valv.. mu.t nOi be .et to off po.i_
tion bdore 'U'I circu't ha. r .. turn ..d
to nornin.l p .....ur ...

Valv", i. manually controlled by
permanent knob.

V.. lv", .et 10 po.ition I in ev",nt of
malfunction of No.2 d ..mend
pr....ure .egulato•.

Both d ..mand p."' ..... r'" r"a ...lator.
.r", ."I..ct..d for .im... lun",o". "''''
und",r normal concHtion. for
.",dundancy in "v",nt of on...... g"lato.
m ..l!...nctioning.

Valve ... t 10 po.ition 2 In .. v",nl of
malfunction of No. I demand
pre ...... " r<:g ... lator.
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Location
Name and Circuit Power

Panel Are" Crid Pu ..ition Function Sreaker Source Remarks

Un:S.380 {Cont)

OFF Shuts 0" resulated oXYR"n NfA N/A Valve Sel 10 OFF poaition only
(100;,10 psig) to No. I and if both suil demand pren"r"
No. 2 suit demand pre "Sure rellulator. malfunction.
'''8u1 :;otor •.

SUiT ClRCUIT ShUIO!f valve ,. manually
RETURN VALVE controlled.

PULL TO Permiu flow of cabin ga..e. to The valve i. do...d whe" all tlHe"
OPEN enter .uil circuit for proceuing. ""Ironaut" are ouit..d.

PUSH TO Shuts oU flow of cabin gan.
CLOSE enuring I .. it circuit.

LI-IEB.382

COOLANT CONTROL PANEL N/A ro:.fA

EVA? WATER CONTROL Manually operated valve. only.

" .. lves (2)

PRIMARY and
SECO:-lDARY

AUTO Permits H 2 0 now into primary
and $econdary water-glycol
<ovaporalo.. by ope cation of the
water-glycol evaporator. auto-
matic control system••

OFF Manual .election to OFF position
prevents Water £Com entering
evapocalors.
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Location

Panel A~ea Grid

LHEB.3Sl (Cont)

Name and
Po.ition

PRIMARY GLYCOL EVAP
INLET TEMP valve

MAX (cw}

MIN Iccw)

SUIT FLOW REUEF valve

AUTO

OFF

Fu"ctlon

Manual backup mode potiUon
of water-glycol temperature
cont.ol valve 10 incr"" ...
temp"."t",,, of "'ater_glycol
"",,,.ing evaporator.

Manual backup mode position <>
of water_glycol tem!",ratu."
control valve to decreas..
temp".,.t"r" of water_glycol
'l:nte.ing ,"""potator.

Remove. override 'ever from
poppet valve, permitting auto_
matic pre •• ure_relief action
10 take place at a lloP of
5 (iO.6.•0. Z) inches H20.

Appliel override lever to poppet
valve, holding vahoe in cloled
po. ill on.

Circuit
Breake.

NfA

Pow,"r

Source

NfA

Remark"

MOlor_operated valve is manually
contrOlled by £_tool (PUSH TO
£NGAG£), Rot ..tional movement
from H£AT to COOL i. 90·,

Backup n,ode is us.,d in even< of
malfunction of water-glycol tem_
perature eo"trol components.
Rotation toward MIN position
results in proportional tempera­
ture increase by changing mixture
ratio of hot_to_cold water_gly"ol.
Clos" coordination betw.,,,n valve
adjustments and GLY £VAP_
OUTLET TEMP indicator is
nece ..ary to obtain corre"t
water_glycol temperature,

Rotation toward MIN po"ition results
in proportional temperature dec.e".e
by changing mixtu.e ratio of cold·
to_hot water_glycol. Clo.e
coordination bet ..... een valve adjust_
menU and eLY £VAP _ OUTLET
TEMP indicator is necessary to
obtain correct wa.ter_gly"ol
temperature,

Valve i. manually controlled by
£_tool.

Normal position of valve is AUTO
to maintain constant suit flow in
event of .uit cir"uit flow
resistan"e fluctuations.

Valve is ,nanuall}' closed in event
of its failure to clole when in the
automatic mode.
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Location

pan~ll Ar~a
Name and Circuit Power

Grid Position Function Breaker Source Remarks

LHEB-382 (Contl

sun HT EXCH PRIMARY GLYCOL AC 1. OB
GLYCOL valve PUMPS

lMDC-41

FLOW Permits water-glycol system CCW position permits flow through
flow through the luit heat suit heat exchanger: manuatty

~"changer. o"~rrid". PUSH TO ENCAGE.

BYPASS Pr~vents flow nf water_glycol Normally valve h electrically
through suit heat exchanger. operated from MDC.2.

SUIT H' EXCH Valve i. manually controlled. N/A N/A CW position BYPASS, CCW

SECONDAR Y GLYCOL position ,. FLOW.

valve

FLOW Permits secondary water_glycol
system flow through suit heat
e"change r.

BYPASS Direct secondary water_glycol
system now to bypa .. suit heat
exchange r.

WATER ACCUMULATOR Valves manually controlled by
selector valves ''I E_tool.

Valve ,
MAN Routes regulated oxygen Valve position is selected only when

(l00o:10 psiS) to No. I cyclic No. , accumulator h"s failed, ..,
accumulator, bypusing No. I solenoid shutof! valve cannot
solenoid shutoff valve. be operated automatically or by

manually selected electrical
impulse. Valve will then b,' posi_
bonrrl to MAN lor approximately
10 .econd. every 10 minute •.
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Location
Name and CircUlt Power

Panel Area Crid Position Function Breaker Source RefTlark.

OEB-bOO

EMERGENCY 0, VALVE N/A KIA

OPEN Permits oxygen to flow t<.> Supplie .. oxygen to crew through
emergency breathing oxygen oxygen mask. when cabin ga..e.
regulator. becofTle contaminated.

CLOSED Shull off now of oxygen to
emergency brealhing oxygen
regulator.

OEB.(,01

REPRESS Oz VALVE :-;/A N/A

OPE~ Dumps oxygen into cabin at "ery Can be used for repreuurizing
high flow rate (appro" 5.4 lb in the CM rapidly.
1.0 minute).

CLOSED Shut off.

UEB_b02 OXYGEN REPRESS PRESSURE Indicates pressure in o"ygen ":'/A N/A Range 0_ 1200 psig run ..
gauge repressurization tanks. 900,0,35 psig.

OXYCE":' RE:PRESS PRESSORE Manua.lIy opera'ed with E-tool.
RELIEF "alve

AUTO Permils relief or 02 e"cessi"e
pressure.

OFF Permits positive closing of
valve once it i. opened.
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Location

Panel Area Grid

LH armrest
LH cO'Kh

Name and
Position

Translation Controller (no
placard) control

Locking mechanism

LOCKED

ARMED

T_handle (Refer to
Remarks)

Push (X axis'

Pull 'x axi.)

Push tifTlb. of
T _handle to right.

Push lifTlbs of
T _handle to left.

Push limb. of
T _handlc up.

Push HfTlbs of
T _handle down.

Rot<t.te clockwise

Function

Mecbanically lock. control
T_handle so that translalion
commands (only) cannOI be
fTlade.

Relea.es mechanical lock on
T _handle.

Switch closures provide 'ogic
'ignat. for'

SC plus X_axis ac<:eleration.

SC minus X_axis acceleration.

SC plus Y-axi. acccleration.

SC minus Y-axi. acceleration.

SC minus Z_a",is acceleration.

SC plus Z_a",is acceleration.

a. Inhibit. CMC (if aclive).
Engage. SCS backup
.,onfiguration selected.
(Refer to Remark •. f

b. Transfers from SCS-AUTO
TVC (if a<olive) to
MTVC-RATE CMD.

Circuit
Breaker

NIA

Power
Source

DC main
busesA&B

LOClC BUS
l/Z_MNA
Z/3_MKB
(MOC-B)

a. Orientation of TC in .pacecraft
(SCl is .uch that .tem of
't'-handle is appro",imately
parallel to SC X a",is and limbs
are approximately parallel to
SC Z axis. Thi. information
will be used in defining ,notion.
and functions.

b. Acc"l"ration command switch"s
in TC rec"iv" pow"r from SCS
CONTR!AUTO M:\'A and MNB
circuit break"u through
TRA'\1SLATION CO:-<TR POWER
switch on MDC_I.

a. CW rotation o?en. a normaily
cloud switch which removes
Ct.K pow"r signal from SC
CaNT switcb (CMC po.ition).

b. Normall)' open switch is clos"d
and routeo SC:S LOGIC BUS Z
for a CW .ignal to ECA and
TVSA. and RH:G.
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Location
Name and Circuil Power

Pan"l Area Grid Po,ition Function Breaker Source Remark.

LN armrest (Coni)

LN couch (Conti

Rotate Abort initiation. Redundant EPS BAT Battery Power to (redundant) TC-CCW
count" .. c1ockwis.. switches close sending 28 vde nus A bu.". A &B switches routed from MDC-ll
(CCW switch) >0 and B cb circuit breakers and 'EO.. ME;SC A IMOC-2291 EVENTS CONT SYSTEM,. MESC B and SEa LOGIC , '0' , switches.

EVE:NTS
CONT
SYSTEM
LOGIC A
and B
(MOe.8f

RN arm..elt
LH couch

(Will .1'0 be used ROI;ltional Controller . No. , NIA

"' G>C control control 100 placardl
.Ulion in Lower
Equipment Bay) Locking mechanism

LOCKED Inhibits (mechanically I .n
functions "Keept PUlh_to_lalk
commun leations swile h.
Removes power from break_

00' switches.

ARMED An fundion5 rnech~n;cally

enabled. En~blea power to
breakout .witch",.

PU5h-to-talk trigger
,witeh

No' actuated (leu No fun<;tion.
than ; degree a
travel)
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LocAtion

Pilote' IArea. IC;~id
""arne and Cirelli! Power
Po,ition F"",,;!;on Sreaker Source Remark,

RH lI.m.".. IConl)
LH couch (Co:'ltt

Actuat"d Switch .ct ....tlon clof..... ,round ':oI./A N/A
IS 10 ZO d",reu Ih.oull" audio ceflte. 10 enable
travell commander', comm.... ication••

Hand control motion. Refe. 10 Remark •. Hand conlrol h •• rotation,,1 f .....dom
Inominal location. ,. about 3 axe. thai are paranel
E:ITHER direction) (approximu.. ly) 10 SC ."U. Motion.

about an ."i., or ax"a., will caUil ..
Rot..led aboul SC roc.tion••bout Ihc cortelpond;ng
Y-a'''1 axla. or Ue••

Lm ,h= .. Xo Inpu.1 ....he" under RCS
1.5 degre". control.

b. SuppHu proportional ".put malnitude 10 ",_troll,. ..
Haven Input 10 pitch MTVC
"I.."lronic...hen .elected.

1. .5 d"gru,s St...ko,,! .witch eetuallon that DC main The Z8.vdc bre.koul .wltch power I.
h.. ". (oU......in, f""ction. bu.e. A .. B routed Ihrou,b MOC.ZZ9 CROUP I
when MAXUAL ATTITUDE. AC bu. 2: drcuit bn.keu (M ...... and MNB). ".PITCH .witch i. io po.ilion MOC.S ST... BILIZ...TION CO:-<TROL
indicated (h•• no (unction SYSTEM CO:-<TROL/"'UTO circuit
for MTVC): brukcu (AiN....nd MNB). the ROT

CO:-<TR PWR NOR~1."'L 2: .....itch
("'C/DC po.iIion), and RHC.2:
LOCK/"'RM 'WilCh... "'CCEL CMO. Input AC volra,. ,., RC Ir.n.ducer{.)

(ZS vdc) 10 pilch-jel ",Iect reference i. oblained from an EC'"
lo,i" lhal cau'e' continuous tran.former lh.t

"
.witched {pri_

pilch a"celeratlon (ph.. Or muy) by SCS ELECTRONICS POWER
minua). .witch (ECA and CDC/ECA po.ition.)

b. RATE CMD. electrically .upplied from STABILIZ...TIONI
rale ca,'" pit"h aUltud", CONTROL SYSTEM ECA/TVC AC Z
BMAG (if unca,ed). Enabl... dr"uil bruker (MOC.8).
manual control loop In ECA.

<. MIN IMP. Input '" vdc) The 2:b nc (from the £G'" tran.-
to EC'" lh,r brina' .bout former) is lhen rouled to RHG_Z
one minimum Impul.e finn, vi. AG/OG .' AC po.iHon of the
of pilCh Jeu (plu. Or minu.). STABILIZATtO:-l CONTROL SYSTEM

CO:-lTR/AUTO NORMAL 2: .wltch.
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Locatlon
Name and Circuit Power

Panel Area Grid POaition Function Break". Source Remark.

RH armreU (Cont)
I.H couch (Cont)

1.5 to 10 SuppU.,. proportionally ilo N/A DC main
degr"". c"nlrol Iraveil increasing bus... A '" B

input to EeA for either Res_ AC bUI 2
RATE CMD control or MTVC.

" degree. A switch c10lure OCCur' " DC main The 28 vde direct awitch pow.... i.
thaI, H DIRECT RCS ia up bus A l"pplied via MDC-lZ9 Group 5
(noIOFF): &101' B circuit breaker" (MNA and MN8J,.. 28 "de i. supplied to direct MDC-6 SCS CONTR/DtRECT Z

coih on pitch jell (plu$ or cireuil breakers (MNA and MN"B),
minus). and ROT CONTR PWR DiRECT 2

b. Pitch (plul and minus) auto switch (MNA and a Or MNB
coil solenoid drivers are pODition).
disabled.

Rotated about
Z_axis

Less than .. ;';0 input when unde r RCS
I. 5 degrees control.

b. Supplies proportional
(input magnilude to
controller travel) input
to pilch MTVC dec-
Iro"ics whe" selected.

\. 5 degre... Breakout switch actualio" tha' DC main The 28 "de breakout switch power ,.
has Ih" following functions when buses A & B routed through MDC-229 Group I
MANUAL ATTITUDE . "W AC bus Z circuit breakers (MNA and M;>;B), th ..
switch is in position indicated MDC.S STABILIZATION CONTROL
(hao nO function for MTVC): SYST£M COr-TR/AUTO circuit

breakers (MNA and MNB). the ROT
CONTR PWR NORMAL 2 switch
(AC/DC position), and RHC_2
LOCK/ARM switch.

.. ACCEL C"ID . input AC vo\tas .. for RC Ir&nsducer(sj
IZ8 vde} to yaw_ j"t lel<'cl rderence il obtained from an
logic th"t cauS"s continuous ECA tr,,"dormer Ihat is switched
yaw acceleration (plu," Or (primary) by SCS ELECTRONICS
minu,"). POWER switch (ECA and CDC/ECA)
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Locat;on

Panell Area IGrid
Name and Circuit Powe,.

Po.'tion F"",ction Sreake,. Source Remarks

RH armrelt (Cont)

LH coueh (Cont)

•• RATE: GMD . electrically NfA DC main position.) supplied from
rate cage. yaw altilude bua... A &< B STABILlZA TION ICONTROL
BMAG (if uncaged). Enables AC bua Z SYSTEM E:CA!TVC AC Z circuit
manual control loop in ECA. breakn (MOe_B).

<. Mm IMP _ input (" "de)
to ECA that brings about The 26 vde ((rom the EGA tran.·

one minimum impula.. former) i. then routed to RHC-Z via

firing of yaw_jeu (pluo Or AcInG Or AG p"ail,on of the

min,.. ). STABILIZATION CONTROL
SYSTEM CONTR/AUTO NORMAL ,
.witch.

1.5 to 10 Suppliu proportionally (<0

degrees control travel) increasing inpIII
to ECA for either ReS_RATE
eMD control Or MTVC.

" d"grees A switch closure occurs so thai. DC msln The 28 vdc direct switch power i5

if DIRECT RCS is up (not OFF), bus A supplied via MOC.229 Group 5.. 28 vdc is supplied to direct &/01' B circuit breakeu (MNA and MNB).
coils on yaw-jeU (plus or MDC_8 SCS CONTR/DlRECT 2

minus!. circuit breakers (MNA and MNBI.

•• Yaw (plus and minus) auto and ROT CONTR PWR DIRECT 2
coil solenoid driver. are swUch (MNA and B Or MNB
disabled. positionl.

Rotated about
X axis

Le .. ,,~ .. No input when under RCS
1.5 degree. control.

•• Suppliu proportional /input
m ..gnitude to controller
t ....veil input to pitch MTVC
electronics when .elected.

,.
."
0

() t"'
0 t"' '"Z 0 ;::
~ 0

N

i3
,.

." ,
f;; '" 0

" ~,. ,,.
til

Z ...
tl 15 t-

O
i2 z ()

'"~

'" "'1l
t"'

,. --,. Z ,
>< tl --~ til

0
0

"



'"••;;.
0•~•

-~,.
""-~
'"~
(),.
• •"~• >
0 •
• •~ •• ~

.;
I
c

"n
0
c
n

"

'll•
~•

w,
N

~

Location

Panel Area Grid

RH armuat (Cont)
LH eoueh (Cont}

Name "nd
Position

1.5 degre".

1.510 10
degre".

1 t degreu

Function

Breakoul switcb actuation that
baa the following functions when
MANUAL ATTITUDE_ROLL
switch '8 in position indicated
{has nO function for MTVCI.

... ACCEL CMD • input
{28 vdel to roll_jet select
logic that caus". contirlUou8
roll &ccelero>tion {pl"8 or
min".l.

b. RATE CMD • ele<:lrically
rate cages roll attitude
BMAG (if uncagedl. Enable­
manual c.ontrol loop in ECA.

c. MIN IMP _ input (28 vde)
to ECA that bring, about
one minimum impub.. lidog
of roll_jeu (pin. Or minu.).

Supplies proportionally (to
control travel) increa.,ing
input to ECA for eHher ReS­
RATE CMD control or MTVC.

A awit<::h <::l08ur~ occur••0 that,
if DIRECT RCS i. up (not OFF),
a. 2a vdc i8 .uppUed to dirt<::t

<::oill on roll_j<::h (plu. or
minuol.

b. Roll (plu. and minul) auto
<::oil 801enoid driver. are
dioabled.

Circuit
Br"aker

N/A

Power
Source

DC main
bu.... ALB
AC bua 2

DC main
bus A
""or B

Remark.

The 28 vdc breakout .witch power 1a
routed tlorough MDC_l29 Croup 1
cir<::uit breake ... (MNA and MNBJ, the
MDC_a STABILIZATION CONTROL
SYSTEM CONTR/AUTO dr<::u;t
breake ... (MNA and MNBI. the
ROT CONTR PWR NORMAL 2
.wit<::h {AC/DC}, and the RHC.2
LOCK/ARM .witch....

AC voltage [or RC tran.ducer(l)
reference il obtained from an
ECA trandormer that i8 8wit<::hed
(primary) by SCS ELECTRONICS
POWER 8witch (ECA and CDC/
ECA pOlition.) oupplied from
STABILIZATION/CONTROL
SYSTEM ECA/TVC AC 2 dr<::uit
breaker (MOC-8).

The 26 vdc (from the ECA tranl_
former) ia then routed to RHC_2 via

AC/nc or AC poaition of the
STABILIZATION CONTROL
SYSTEM CONTR/AUTO NORMAL 2
owit<::h.

The 28 vdc dire<::t swit<::h power i8
lupplied via MDC_U9 Group 5
drcuit breake ... (MNA and MNBJ.
MOC_a SCS CONTR/DIRECT 2
drcuit breakers (MNA and MNB),
Ind ROT CONTR PWR DIRECT 2
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CONTROLS AND DISPLAYS

SM-2A-20138

* BEHIND HINGED PANELS

o FIRE EXTINGUISHER ACCESS PORTS

NOTE:
AREA IDENTIFICATION IS FOR REFERENCE ONLY,
AND IS NOlON THE SC MOC
(AREA "M" NOT USED ON PANEL 2
AREA "E" & "G" NOT USED ON PANEL 81

EFFECTl VITY
CSM 106 AND SUBS UNLESS OTHERWISE NOTED

@ CSM 106 AND 107

ill CSM 108 AND SU8S

Figure 3-1. Controls and Displays, SC 106 and Subs (Sheet 2 of 4)
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APPENDIX A

ABBREVIATIONS AND SYMBOLS

AB
AC
A/C
A/C
ACCEL
ACCLM
ACE

ACK
ACS
ACTY
AID
ADA

ADAP
AOJ
AESB
AF

AGC
AH
AM
AMPL
AMPS
AMS
ANAL
ANLG
ANT
ADA
ADH
ARS
ASA
ASCP
ASD
AS/GPI

ATT SET
ATT
AUTO
AUX
AVC

BARO

Aft bul khead
Alternating current
Audio center
A and C quads (RCS)
Accelerometer
Accumulator
Acceptance checkout

equipment
Acknowledge
Attitude control subsystem
Activity
Analog to digital
Angular differentiating
accelerometer

Adapter
Adjus t
Aft equipment stowage bay
Audio frequency/atmospheric
flight

Automatic gain control
Ampere-hours
Amplitude modulation
Amplifier
Amperes
Apollo mission simulator
Analyzer
Analog
Antenna
Angle of Attack
Apollo Operations Handbook
Attitude reference subsystem
Abort sensor assembly
Attitude set control panel
Apollo standard detonator
Attitude set/gimbal position
indicator

Attitude set
Attenuator/attitude
Automatic
Auxil iary
Automatic volume control

Barometri c

BAT
BCD
BCN
BID
BECO
BIOINST
BIOHED
BLWR
BMAG
B.O.
BPC
bps
BRT
Btu
BU
BUR
BURR
BURP
BURY

CAB
CA(OH)2
CAMR
CB
cc
CCW
C&O
CDF
CDH
CDU
CF
CFE

CFP
cfm
CG
CHAN
CHGR
CLR
CM
CMC
CMD
COAS

Battery
Binary-coded decimal
Beacon
Band 0 quads (ReS)
Booster engine cutoff
Bioinstrumentation
Biomedical
Blower
Body-mounted attitude gyro
Breakout switches
Boost protective cover
Bits per second
Bright
Bri ti sh thenna 1 uni t
Backup
Backup rate
Backup rate roll
Backup rate pitch
Backup rate yaw

Cabin
Calcium hydroxide
Camera
Circuit breaker
Cubic centimeter
Counterclockwise
Controls and displays
Confined detonating fuse
Constant delta altitude
Coupling data unit
Coasting flight
Contractor-furnished
equipment

Concentric flight plan
Cubic feet per minute
Center of gravity
Channel
Charger
Clear
Conmand module
Command module computer
Command
Crewman optical alignment
sight

ABBREVIATIONS AND SYMBOLS
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cal
CC»1M
CC»1P
COND
CaNT
CONTR
C02
CPC
cps
CRYO
CSC
CSI
CSt<
CSS
CTE
CTS
cw
CW
C/W
CWG
C&WS

DA
alA
DAC
DAP
db
DB
DC
D&C
OCT
O&CT
DDP
DEA
DEC
DECR
DEG
DEMOD
DET
DISCH
DlH
ON
DPST
DRG
OS
DSE
DSIF

DSKY
DU
OUP

Contingency orbit insertion
Corrmunications
Compressor. computing
Condenser/conditioner
Control
Control
Carbon dioxide
Cold plate clamp
Cycles per second
Cryogenic
Cosecant computing amplifier
Coelliptic sequence initiation
Command and service module
Computer subsystem
Central timing equipment
Computer test set
Clockwise/continuous wave
Not clockwise
Caution and warning
Constant wear garment
Caution and warning system

Detector assembly
Digital-to-analog
Digital to analog converter
Digital auto pilot
Decibel
Deadband
Di rect current
Displays and controls
Docked configuration transfer
Docking and crew transfer
Data distribution panel
Display electronic assembly
Decrease
Decrease
Degree
Demodulate
Digital event timer/detector
Discharge
Docking lock handle
Down
Double-pole single-throw
Digital ranging generator
Docking subsystem
Data storage equipment
Deep Space Instrumentation
Facil ity

Display and keyboard
Direct ullage
Duplex

E
ECA

EC&l
ECG
ECO

ECS

ECU
EDA
EDS
Ei9
El
ElEC
ElS
ElSC

[MER
Emg
EMS
EMU
ENC
ENG
ENTR
Eog
EOS
EPS
EQUIP
ERR
ES5
EV
EVT
EVA
EVAP
EVCT
E Vi sor

EXCH
EXH
EXT
EXTO

Fl
FC (F/C)
FCD
FCSD

FCSt<

Elevation angle
Electronic control
assembly

Error counter and logic
Electrocardiograph
Engine combustion/
engine cutoff

Environmental control
sys tem

Environmental control unit
Electronic display assembly
Emergency detection system
Voltage-inner gimbal
Electroluminescent
El ectroni cs
Earth landing subsystem
Earth landing sequence
controller

Emergency
Voltage-middle gimbal
Entry monitor system
Extravehicular mobility unit
Encode
Engine
Enter
Voltage-outer gimbal
Emergency oxygen system
Electrical power subsystem
Equipment
Error
Essenti a1
Extravehicular
Extravehicular transfer
Extravehicular activities
Evaporator
Extravehicular crew transfer
Extravehicular visor
assembly

Exchanger
Exhaus t
Extension
Extended

Fl ash
Fuel cell
Fecal containment system
Flight Crew Support
Division (MSC)

Flight combustion stability
moni tor

ABBREVIATIONS AND SYMBOLS
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FOAl

FE
FLSC
FM
FOY
FPS

FQR

FQTR

FS
FST
FUNCT
FWD

GA
G&C
9
9/Y
GOt
GET
GFP
GLY
GMBL
GMT
GIN (G&N)
GN2
GPI/FPI

GPI
GSE
GSOP

GTA
GUIO

h.
HBR
He
HEX
HF
HGA
HI
hp
HR
HT EXCH
HTRS
H2
H20

Flight director attitude
indicator

Fecal emesis
Flexible linear-shaped charge
Frequency modulation
Field of view
Feet per second/frame per
second

Flight qualification
recorder

Flight quaHf1cation tape
recorder

Fail sense
Free space transfer
Functional
Forward

Gyro assembly
Guidance and control
Gravi ty
Gravity vs velocity
Gyro display coupler
Ground elapse time
Government-furnished property
Glycol
Gimbal
Greenwich Mean Time
Guidance and navigation
Gaseous ni trogen
Gimbal position indicator and

fuel pressure indicator
Gimbal position indicator
Ground support equipment
Guidance system operations

plan
Ground test access
Guidance

Apogee altitude
High-bit rate
Helium
Hexagona1
High frequency
High gain antenna
High
Perigee altitude
Hour
Heat exchanger
Heaters
Hydrogen
Water

Hz

ICOU
ICS
IECO
IF
IGA
IGN
IMP
IMU
INCR (INC)
INO
INST (INSTR)
INY
IPB
ips
IRIG

ISOL
ISS
lU

JETT

KBS (KBPS)
ke
KHz
lone
KmHz
KOH

LAT
Ib/hr
1b mi n
LBR
LCC
LCG
LOEC

LOG
LEA
LEB
LEM
LES
LET
LEY
LGS
LHEB

LID
LLOS
LM

Hertz (cps)

Inertial coupling data unit
Intercommunication system
Inboard engine cut-off
Intermediate frequency
Inner gimbal angle
Ignition
Impulse
Inertial measurement unit
Increase
Indicator
Instrument
Inverter
Illuminated pushbutton
Inches per second
Inertial rate integrating
gyro

Isolation
Inertial subsystem
Instrument units

Jettison

Kilo bits per second
Kilocycle
Kilo Hertz (kilocycles)
Kilomegacycle
Kil omega Hertz
Potassium hydroxide

lati tude
Pounds per hour
Pounds per mi nute
low-bi t rate
launch control center
liquid cooled garment
lunar decking events
controller

landi ng
launch escape assembly
lower equipment bay
launch escape motor
launch escape system
launch escape tower
launch escape vehicle
lM guidance computer
left-hand forward
equipment bay

liquid
landmark line of sight
lunar module

ABBREVIATIONS AND SYMBOLS
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LflK
LO
Loe
LOI
LONG
LOR
LOS
LPH
LSB
Lse
Lsse
LT
LTG
LV

I1AN
MANF
MAX
me
Me
Mee
MeT
MOA
Moe
MDF
MERU
MEse

MGA
MGMT
MHz
MIN
MMH
mm Hg
flN A
MN B
Mse
MSO
t1SFe
MSFN
MSN
MT
MTve
flULTI

NAV
NB
NON
NORH
NPDS

Landmark
Low
lunar orbit coast
lunar orbit insertion
Longitude
lunar orbit rendezvous
line of sight
legrest pin handle
Least significant bit
linear shaped charge
lunar module separation
light
lighting
Launch vehicle

~lanua1
Manifold
Maximu"l
Megacycles
Midcourse correction
Mission Control Center
Memory cycle time
Motor drive amplifier
Main display console
Mild detonating fuse
Milli earth rate unit
Master event sequence
controller

Middle gimbal angle
Management
Mega Hertz
Minimum/minute
Monomethylhydrazine
11111 imeters of mercury
Main bus A
Main bus B
Manned Spacecraft Center
Monitor selection decoder
Marshall Space Flight Center
Manned space fl ight network.
Hission
"lission timer
Manual thrust vector control
Mul tiplexer

Navigation
Navigation base
None
Nonnal
Nuclear particle detection
system

NR

NRZ
N2
N2B
N2H4
N204

oeDU
DECO
OGA
01
Qt·'NI
OPR
ORDEAL

ose
OSS
OVLO
OXID
02

P
PA
PAM
PB
P/B
PC"!

PCVB

PF
PGA
PGNeS

PH
pH

PIPA

PKG
PL
PLSS
PLV
PlVC

North American Rockwell
Corporation

Non-return to zero
Nitroqen
Gaseous nitrogen
Hydrazine (fuel)
Nt trogen tetroxi de

(oxidizer)

Optical coupl ing data unit
Outboard engine cutoff
Outer gimbal angle
Orbit insertion
Omnidi rectiona 1
Operator
Orbit rate drive electronics
Apollo LI-1

Oscillator
Optics subsystem
Overload
Oxidizer
Oxy~en

Roll control axis
Power amplifier
Pulse amplitude modulation
Pushbutton
Playback
Pulse code modulation/pitch
control motor

Pyro continuity verification
box

Powered fl i ght
Pressure garment assembly
Primary guidance,
navigation and control
system

Phase
Alkalinity to acidity
content (hydrogen ion
concentration)

Pulsed integrating
pendulous accelerometer

Package
Postlanding
Portable life support system
Postlanding ventilation
Postlanding ventilation
control

Phase modulation
Premodulation processor

ABBREVIATIONS AND SYMBOLS
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POT
PP
PPK
pps
PRD
PRESS

PRF
PRIM (PRI)
PRN
PROG
PROP
PRPLNT
PRR
PSA
PSC
PSI
PSIA

PSID

PSIG
PSO
PH
PU
PUGS

PWR
PYRO

q
QTY

r
RAD
RAI
RC
RCOR
RCS
RCSC

RCV (RCVR)
REACQ
REACS
REC
RECT
RECY
REFSMMAT
REG
REL
RESVR

Potable
Partial pressure
Pi 1ot I s preference ki t
Pulses-per-second
Personnel radiation dosimeter
Pressure - pressurize ­
pressurization

Pulse repetition frequency
Primary
Pseudo-random noise
Program
Propellant
Propellant
Pulse repetition rate
Power servo assembly
Pressure suit circuit
Pounds per square inch
Pounds per square inch
absolute

Pounds per square inch
differential

Pounds per square inch gauge
Pad safety officer
Push to talk
Propellant utilization
Propellant utilization and
gauging system

Power
Pyrotechnic

Pitch control axis
Quantity

Yaw control axis
Radiator
Roll attitude indicator
Rotation control
Recorder
Reaction control system
Reaction control system
controller

Receive/Receiver
Reacqui re
Reactants
Receive
Recti fier
Recovery
Ref-to-stable member matrix
Regulator
Release
Reservoi r

REV
RF
RHC
RHEB
RHFEB

RJD
RJEC

R/L
RLSE
RLVDT

RLY
R-M
RNDZ
RNG
ROT
R/R
RRT

RSET
RSI
RSM
RSO
R/T
RTC
RUPT
RZ

SA
SBASI

SC
SCE

SCI
SClN
SCT
SCO
SCS

SEC
SECO
SECS

SEL
SENS
SEP
SEQ
SIG

Reverse
Radio frequency
Rotational hand control
Right-hand equipment bay
Right-hand forward
equipment bay

Reaction jet driver
Reaction jet engine ON-OFF
control

Right/Left
Release
Rotary linear variable
differential transformer

Relay
Reference and measurement
Rendezvous
Ranging
Rotation
Remove/replace
Rendezvous radar
transponder

Reset
Roll stability indicator
Radiation survey meter
Range safety officer
Real time
Real-time commands
Interrupt
Return to zero

Signal analyzer assembly
Single bridgewire Apollo
standard initiator

Spacecraft
Signal conditioning
equipment

Scientific
Scimitar-notch
Scanning telescope
Sub-carrier oscillator
Stabilization and control
system

Secondary
SIVB engine cutoff
Sequential events control
system

Select
Sensitivity
Separation
Sequencer/sequential
Signal

ABBREVIATIONS AND SYMBOLS
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SIM
SLA

SLOS
511
SMJC

SMRO
SNSR
SOV
SPEC
SPLH
SPS

SQ
SSA
SSB
SIS
STA
STAB
STBY
STO
SU
SUP
SW
SXT
SYNC
SYS

TB
TBO
TC
TELCG~

(TIC)
TEC
TEl
TEHP
TFF
TFL
THC
TIG
TJM
TK
TLC
TLl
TLM
TMG
TPAC

TPF

Simplex
Spacecraft lunar module
adapter

Star line of sight
Service module
Service module jettison
controller

Spin motor rotation detector
Sensor
Shutoff va 1ve
Specification
Seat pin lock handle
Service propulsion system/

sample per second
Square
Space suit assembly
Single side-band
Samples per second
Station
Stabil ization
Standby
Standard
Separation ullage
Supply
Switch
Sextant
Synchronize
System

Talkback
To be detennined
Translation control
Telecommunications

Transearth coast
Transearth injection
Temperature
Time of freefall
Time-from-launch
Translation hand control
Time of ignition
Tower jettison motor
Tank
Translunar coast
Translunar injection
Telemetry or telemetered
Thermal meteoroid garment
Telescope Precision Angle
Counter

Transfer phase final

TPI
T/R
TRGT
TRNFR
HE
HINT
TV
TVC
TVSA

TWR
TWT

UCO
UOL
UOMH

UHF
ULL
UNBAL
UPTL
USBE
USBS

V
VABO
VAC

Vc
VCO
VOC
VHF
VLV
VM
Vo
VOX

WIG
~lS

XCVR
XOUCER
XFHR
XLATION
XlUNAR
XMTR
XPNOR

(XPONOER)

Terminal phase initiation
Transmit!receive
Target
Trans fer
Time-to-event
Time to intercept
Television
Thrust vector control
Thrust vector position
servo amplifier

Tower
Travel ing wave tube

Urine collection device
Up-data link
Unsymmetrical dimethyl
hydrazine (fuel)

Ultra-high frequency
un age
Unbalance
Up-link telemetry
Unified S-band equipment
Unified S-band system

Velocity
Van Allen belt dosimeter
Vacuum/volts alternating
current

Circular velocity
Voltage control oscillator
Volts direct current
Very-high frequency
Valve
Velocity measured
Initial velocity
Voice-operated relay!
voice-operated transmission

Water-glycol
Waste management system

Transceiver
Transducer
Transfonner
Translation
Transl unar
Transmitter
Transponder

ABBREVIATIONS AND SYMBOLS
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Zinc

Differential pressure
Differential velocity
Roll axis designation/phase
Pitch axis designation
Yaw axis designation
Entry pitch attitude
Angle between local horizontal
and velocity vector

ABBREVIATIONS AND SYMBOLS
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ALPHABETICAL INDEX

The following index consists of all paragraphs. They are arranged in alphabetical
order and location paragraph numbers are given. This index includes material [rom

sections I through 3 only.

Title Para No. Title Para No.

A

1.3.2.7.9

1.3.2.7,8
1.3.2.7.2
1. 3. 2.7. 1

2. 3. ~. 4

I. 3. 2. 7.4

2.9.4.1.1

1.3.2,7.5

1.3,2.7,3

1. 3. 2. 7. 7

1.3.2.5.2
1.3.2.7

I. 3. 2. 7. 6

1. 3, 2. 5. 1

t. 3. 2. 3. 3
1.3.2.3.2

1, 3, 2. 5

1.3.2.7.10
1. 3. 1
t. 3, 3
t. 3. 4

2.9.5. 1
2.9.4. 13.8
2.9.4.2.1

Loose Equipment
Stowage .

Protection Panels
Crew Couches ..

CM Impact Attenuation
System

Foldable Couch
Structure

Crew Stations
Crew Life Support
External

Illumination Aids
Internal Sighting

Aids
Medical

Equipment
Mission Operational

Aids
Postlanding Recovery

Aids
Radiation Monitoring

Equipment
Restraints
Spacesuits.
Stowage and Internal

Configuration
Launch Escape Assembly.
Service Module.
Spacecraft LM Adapter

Apollo Standard Initiator
Arm ELSC
Arming Pyro Buses
Arming Sequential Systems

Logic Circuits .
Attitude

Configurations

I. 3. 2. 6, 2

1.3.2. 3, 1

1. 3. 2. 6. 3
1.3.2.3

2.4.2.5
2.9.4,5.3
. 2,9.4. 14

2.9. 3. 2
2.9.4.14.3
2.9.4.14,7

2.9. 3. 3
2.9.4.14.8

2.9. 3. 4
2.9.4.14. I

2. 6. 4. 1
2.3.7.5.1
. , 2, 11. 3
.2,12.5.4

2.9.4. 13.9

Chamber.

Mode 18
Modes 1Band IC
Mode IC
Modes 2, 3, and 4.

Abort Start . .
AC and DC Data • .
Accelerometer.
Accelerometer (G-Meter).
Accessories. .
Activate ELSC .
Active Docking Target,
LM.... 2.12.4.1.4

Aft Compartment . 1.3.22
Aids, Mission Operational .. 2.12,5
Angle of Attack Monitor.. 2.9.4.8.1
Antenna Equipment. . 2.8.2.4
Antenna Equipment Group. 2.8. 3. 5
Apex Cover Jettison . 2,9.4.13,12
Apollo Spacecraft Configuration I. 3

Command Module. . 1.3.2
Aft Compartment. 1,3,2.2
CM Mechanical Controls, 1. 3. 2. 6

Side Access Hatch 1.3.2.6. 1
Forward Access

Hatch .
Windows and

Shades..
Crew Compartment

Crew Compartment
and Equipment
Bays

Ablative Combustion
Abort Request Light
Aborts . .

Mode lA
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Title Para No. Title Para No.

2.5.7

2. 5.8

2.6.7

2. 5. 6

2. It. 4

2.9. 5. 2

. 2. 10. 3

2. to. 3. t

. 2.10.4
2. to. 4.1

2. 10.4.2
2. to. 4. I

I. 3. 2. 5. I

· 2.5.7. 3
2. 5. 5

2.9.4.13.6

2.9.2.6
2.9.4.13.1
2.9.5. l2.4
2.5.2.3.3

I. 3. 2
2.2.3. 2. I I

2.8.3.3.4
2.4.2. t. 4

2.5.2. 1.4
· 2.9.2.12

2. 12.2. l. 3
· 2. 13. 3. 1

2.12.2. l.8

Circuit Concept .
Clamps, UCD ..
CM Docking Ring.
eM Impact Attenuation

System
CM RCS

Electrical Power
Distribution .

Functional Description.
Interface.
Major Components/

Subsystems Description.
Operation Limitations and

Restrictions.
Performance and Design

Data .
CM-SM Separation and SM

Jettison.
CM-SM Separation Control
CM-SM Separation System
Combustion Chamber.
Command Module
Command Module Computer.
Command Module Exterior

Lighting
Command Module Uprighting

System
Communications Cable (Electrical

Umbilical Assembly) 2.8.3. I. 3
Communications Cable With

Control Head.
Compliance With Design

Requirements

Major Component/Subsystem
Description.

Electrical Power
Distribution.

Ope ratiana 1 Limitations and
Restrictions. .

C&' WS General Data.
System Status Light

Data ..
C&,wS General Data
Central Timing Equipment

(CTE) ..
Check Valve Assemblies

2.12.7.1.2

2.4.2. 3. 10

2.9.4. 14.4
. 2.10

2. 10. I
2. 10. 2

1.2. I. I
1.2.1.2
1.2.1.3

• 2. 12. 7. I
2.12.2.1.1

2. 1. 3
2. 3.4

2. 2. 4. 7
2. 1. 2
2.3. 3

2. 3. 2. 2. 3
2.8. 3. 1.4
2.9.4.7.2
2.3.4.3.2
2.3.4.4.2

2. 12. 5.4.8
2. 12.5.4. 1

2.9.4. I]. 15

2. t2. 5.4.10
2.12.5.3

2.12.5.].1
2. 12.5. 3. 2
Z. 9. 5. 13.2

2.9.4.13.10
2. 6. 3. 2
2.6.3.5

2.12.2.1.1

c

B

Bag. Accessory. .
Bags, Temporary Stowage
Baro Switch Lock Up,

24.000 Ft . .
Batteries ...
Battery Charger
Bioinstrumentation Harness.
Bioinstrumentation Harness

Assembly ..
Biomed Belt. .
Biomedical Signal Conditioner

Assembly
Bipropellant Valve AsselTlbly

Check Valves
Boosters

First Stage.
Second Stage
Third Stage.

Burning of the CM RCS
Propellants

Cable, Grounding
Cameras

16 mm.
70 mm.

Canard Actuators
Canard Deploy and ELSC

Acm
Caution and Warning System.

In troduc t ion.
Functional Description ..

Control
Control Subsystem (ACS).

I Error Display Mode.
Reference
Reference Subsystem
Set Control Panel (ASCPl.

Audio Center Equipment
Auto Abort Logic
Automatic Coil Comlnands
Automatic Control
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Title Para No. Title Para No.

2. 3. 7. l. 3

2. 12.3.2.7

2.6.3.3.1

2.12.6.1.1

2.12.7

2. 12.3. 2. 2

2. IZ. 3. 2.4

2. 12. 3. 2. 9

2. IZ. 3. Z. 8
2.12.3.1

2.12.3.1.1
2.12.3.1.3
2.12.3.1.2
2.12.3.1.4

Z. IZ. 10
2. 12. I

2. (Z. 7. 2
. 2.12.5

. Z. I Z. 7. I

2.12.7.1.1

.2.IZ.7.1.3

.2.12.7.1.2

. 2.1Z. 5.4
2. 12.5.4.8

2.1z.5.4. 14 1
Z. 12.5.4.13
. 2. 12.5.4. 3
2.12.5.4.10
. 2. 12. 5.4.9

Guidance and Navigation
Station Restraint 2. IZ. 3. 2. 3

Hand Straps. . 2. 12.3. Z. I
Restraint Straps 2.12.3.2.6
Sleep Restraint

Tiedown Ropes
Sleep Station

Restraints.
Tunnel Hatch Stow

Bag.
Velcro and Snaps

Retainer
Locations .

"g" Load Restraints.
Crewman Restraint

Harness.

Assembly.
Bioin s t rumentation

Accessories or
Spares..

Biomedical Signal
Conditioner
Assembly .

Personal BioITIedica1
Sensors InstrUITIent
ASSCITIbly . _ .

Medical Accessories
Kit..

Mission Operational Aids.
Accessories and

Miscellaneous
Equipment .

Accessory Bag.
Containers
Flag Kit

Fire Extinguisher
Grounding Cable
Headrest Pad .

Hand Bar . .
Handholds
Heel Restraints

Equiprnent Stowage
Introduction. .
Medical Supplies and

Equiprnent
Bioinstrumentation Harness

2. 13. 3

L.3.2.4

3. 1
2. 3. 2. 2

2.3.2
2.7.6. I

2.12.6.1.2
. 2. 12.6.2

2. 12. 6. 2. 2
2. 12.6.2. I

. 2. 12. 3
2.12.3.2

2.12,4.1.7
2.2. 3. 1.3
2.2.3.3.2

1.3.2. 3
I, 3. 2. 5
2.12.6

2. 12.5.2
. 2. 12

. 2. 12.6
2. 12.6. I

2.9.5. 3
2.2.4.10.5

2.2.3.2

1.3
1.2

2.12.2.1.4
2.12.5.4.14
2.12.6.2.3

I

Component Description,
Crew Personal Equiprncnt

Cornponent Description,
Power Plants.

Cornponent Selection and
Installation

Icomputer Mode Operation
Computer Subsystem. .
Configuration

Apollo Spacecraft
Launch Vehicle and Booster

Constant Wear Garment
I Containers
I Contingency Feeding System.

Controls and Displays.
Description

Controls and Displays,
Introduction .

Controls and Displays, SCS
Controls, Sensors, and Displays.
Coolant Flow
Corridor Verification

Indicators .
Couch Floodlight

Glareshield
Coupling Data Unit

I
Crew Compartment.
Crew Couches ..
Crew Life Support.
Crewrnan Toolset
Crew Pel'sonal Equipment

Crew Life Support ..
Crew Water .

Drinking Water
Subsystem.

Food Preparation
Water.

Food
Stowage.
Use.

C rewrnan Restraints.
Zero-g Restraint.

MDC Glareshade
Straps. .
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Title Para No. Title Para No.

2.12.6.3

2.12.5.6

2.12.5.3.1

2.l2.5.3.2

· 2. 12. 8

2.12.2.4

2.12.8.5
2.12.8.1
2.12.8.3

2.12.8.4
· 2.12.4

2,12.2.3

. 2. 12.4. I

. 2. 12.2. I

2. 12.2. t. I

2.12.4.1.3
2.12.4.1.9

2.12.4.2
2. 12.4.2. I

2. 12.4. I. 2 I

2. 12.2. 3. I

2.12.4.2.3
2.12.4.2.4
2. 12.4.2.5
2.12.4.2.2

2.12.4.1.7

2.12.6.4.2

2.12.4. I. 10
2. 12.4. I. 5
2.12.4.1.1

· 2. 12. 2

2. 12.4. 1. 4
2.12.4.1.8

2. 12. 4. I. II I
.2.12.4.1.6

Wet Cleansing
Cloth

Radiation Monitoring and
Measuring Equipment.

Nuclea r Particle
Detection System

Passive Dosimeters.
Radiation Survey Meter
Van Allen Belt

Dosimeter .. .
Sighting and Illumination Aids.

External Sighting and
llluITlination Aids .

Docking Spotlight
EVA Handles With

RL Disks
EVA Floodlight
Rendezvous Beacon.
Running Lights.

Internal Sighting and
Illumination Aids

Couch Floodlight
Glareshield

Crewman Optical
Alignment Sight.

Eyepatch
Internal Viewing

Mirrors.
LM Active Docking

Target.
MDC Glareshades
Meter Covers
Monocular.
Telescope Sun

Filters
Window Markings
Window Shades.

Spacesuits .
Extravehicular Mobility

Unit.
Extravehicular

Spacesuit
Liquid Cooled

Garment ..
Spacesuit Assembly

(Intravehicular) .
Bio inst rUITlentation

Harness and BioITled
Belt. •

2.12.6.3.1
2.12.6.4.1
.2.l2.6.4

2.12.6.3.2
2.12.6.4.4
2.12.6.3.5

2.12.6.4.2
2.12.6.3.3

2. 12. 6. 2. 3

2.l2.5.3.3
. 2. 12. 5. 2

2.12.5.4.1
2.12.5.4.7
.2.12.5.3

2. 12.6. 3.4

2.12.5.4.2
2.12.5.4.6

2.12.5.4.5
2. 12. 5. 4. 4

2.12.5.4.12

Battery
2.[2.5.4.11

2.12.5.5

Inflight Exerciser
Oxygen Masks .
Pilot's Preference

Kits.
Tape Roll .
Telecommunications

Switchguide
Temporary Stowage

Bags
Two-Speed Timer

Cameras.. •
16 mm Data

Acquisition
Camera •

70 mm Hasselblad
Electric Camera and
Accessories. .

Spotmeter,
Automatic

Crewman Toolset.
Description and

Use. 2.12.5.2.2
General. 2.12.5.2. I

Flight Data File . 2. 12.5. 1

Data File Clip 2. 12. 5. 1. 2
LM Pilot's Flight Data

File. 2.12.5.1.1
Scientific Instrumentation

Outlets.
Voice Recorde:t:,

Cassettes, and
Packs.

Utility Outlets
Waste Management

System and Supplies
Contingency Feeding

System
Dry Cleansing

Cloth .
Fecal Subsystem.
General

Description
Oral Hygiene Set.
Personal Hygiene
Urine Subsystem.
Utility Towels.
Vacuum QD
Waste Stowage Vent

System

I

I
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Title Para No. Title Para No.

2.6.5.2

2.12.12.2

2.12.2.2.2

2.12.2.1.3

2.9.2
2.9.2. 11

2.5.2. 1. 6

2.5.6. 1.6

2. 5. 7. 1
2.13.4.1

2. 5. 3. 1
2.4. 3. 1

2.9.5.12

2.3.7.1.4
2.3.7.3.3

.2. 5. 6. 2. 3

2.12.5.3.1
2.8.2.2
2. 8. 3. 3

2.8.3.3.3
2.12.5.1.2
2.8.3.3.8

2.9.4.13.3
2.3.7.2

2.3.7.2.2

2.3.7.5.5

2.8.3.4.2
2.8.4.3.3

2.9.4.13.11
2.2. 3.2.2.
2.3.2.3.1

2.9.4.13.14

2.9.4.13.13

Data Acquisition Camera,
16 mm

Data Equipment

Data Equipment Interfaces
Data File Clip. . .
Data Storage Equipment
Deadfacing the CM-SM

Umbilical . . . .
Delta Velocity Functions
Delta Velocity Indicator.
Delta V/Range-To-Go

Indicator. . . . .
t:.V / EMS SET Switch
t:.V /RANGE Display
Circuits. . . . .

Deployment of Drogue
Parachute . . . . .

Deployment of Main
Parachute and Release of
Drogues. . . . . .

Description, General,
Sequential Systems

Design Criteria
Design Data

eM RCS ..
Crew Personal Equipment
SM RCS
SPS , .••.

Detonators
Diaphragm Burst Isolation

Valve. . . . . . . . .
Digital Ranging Generator

(VHF Ranging) . .
Direct Coil Conunands
Disable CM RCS/SCS.
Display and Keyboard
Display Switching Interfaces.
Distribution Plumbing

Pressurization Subsystem
CM RCS .....

Pressurization Subsystem
SM RCS•.......

D

2.12.2.2.3
• 2. 12. 9

2.12.9.2

2.12.9.1
2. 12.9. 3
2.12.9.5
2.12.9.4
2.12.9.6

2.12.9.6.1
2. 12.9.6.2

2.12.9.2
1.3.2.7
2.6. 3. I

2.12.2.2.4

2.12.2.1.6

2.12.2.1.9
2.12.2.1.3

2.12.2.2.1

2.12.2.1.6

2.12.2.1.2
2.12.2.1.5

2.12.2.1.8

Communications Cable
With Control
Head

Communication Soft
Hat ...

Constant Wear
Garment. . . 2.12.2.1.4

Constant Wear Garment
IT"Adapter.. 2.12.2.1.7

Eartube. . . . 2. 12. 2. I. 6
Fecal Containment

System
Flight Coveralls
Lightweight

Headset . . .
Pressure Garment

Assembly . .
UCD Clamps..
Urine Collection

and Transfer
Assembly . .

Spacesuit Related
Equipment . .

EMU Maintenance
Kit ....

Oxygen Hose
Assembly .

Oxygen Hose
Coupling. .

Oxygen Hose Screen
Caps ....

Postlanding Recovery Aids
Dye Marker ...
Postlanding Ventilation

Ducts . . . .
Recovery Beacon
Sea Water Pump
Snagging Line
Survival Kit

Rucksack I
Rucksack II

Swimmer Umbilical
Crew Stations
Cryogenic Storage.
Cryogenic Storage

Subsystem
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Title Para No. Title Para No.

2. 13.5

2.6.7.3
2.6.7.4

2. 6. 2
2.6.2. I
2. 6. 2. 3

2.6.7
2.6.7. 1

2.9.4.5.1

2.6.7.2

2.13.4.1.3
. 2. 13.4.2

Z. 13.4. I. 2
2.13.3.3
2.9.2. 3

2.9.4.10
2.13.3.4

Z. 12. 6. 4. 2
2.8.4. 3

.2.12.9. Z

2.9.4.8.2
2.9.4. 3

2.7.7
2. B. 3. 6

2.10.3.1
2. 6

2.7.8
2.7.6.3

2.12.2.1.6

2. 13.4
2. 13.4. I

2. 13.4. t. I
2. 13.4. 1. Z

Operational Limitations
and Restrictions.

Performance and Design
Data .

Design Data .
Docking Latches
Docking Probe.
Probe Pressure

System
Performance Data

Docking Probe.
Assembly.
Retraction .

Electrical Power System . .
Command Module Exterior

Lighting . • . . •
Floodlight System
Integral Lighting

System.
Numerics Lighting

System. . . . .
Tunnel Lighting

Functional Description.
Energy Storage .•
Power Conversion

Eartube. .
ECS Performance and Design

Data...
ECS Radiator Control
EDS Automatic Abort

Activation and
Deactivation . .

EDS Automatic Abort
Deactivate.

EDS Bus Changeover.
Electrical Power Distribution

E

Drogue Assembly
Dry Cleansing Cloth
DSE
Dye Marker.

2.13.3.9
2. 13.3.4
2. 13. 3. 6
2.13.3.7

2.13.3.3

2.13.3.9
. 2. 13

. 2. 13. 3
2. 13. 3. I
2.13.3.2

2.5.6.2.5

2.5.2.2.4

2.13. L I

2. 13. 3. 8

2. 13.3.8. I
2. 13. 3. 5

2. 13. 2
. 2. 13. 1

2.13.3.8.2

2. 13. 3. 8. 3

2.13.3.3.5
2. 13. 3. 3.8
2.13.3.3.6
2. 13. 3. 3. 7
Z. 13. 3. 3. 3
2.13.3.3.1

.2.13.3.2
2. 13.4. 1. l

2.13.1.1

Pressurization
LM Pressure Dump

Valve . .
LMj Tunne I Vent

Valve.
Pressure Equalization

Valve . . • . •
Vehicle Umbilicals.

Functional Description
Introduction

Docking Operational
Sequence. • . .

Propellant Subsystem
CM RCS .•..

Propellant Subsystem
8M RCS.

Docking
Latches . • . .

Operation Sequence
System Electrical Mechanical

Schematic. . . . . .
Docking and Transfer.

Component Description.
CM Docking Ring
Docking Latches
Docking Probe

Assembly.
Pitch Arms and Tension

Linkages. ••• 2. 13. 3. 3. 2
Probe Body ~ Extension

Latch Assembly 2.13.3.3.4
Probe Head· Capture

Latches .
Probe Umbilicals
Ratchet Assembly
Retraction System
Shock Attenuators
Support Structure

Docking System
Electrical Mechanical
Schematic

Drogue Assembly.
Forward Tunnel Hatch
LM Tunne I Hatch
Tunne I and LM
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Title Para No. Title Para No.

2.9.4.8.3
.2.12.2.4
. Z. 12.2. 3

2. 12.4. 1. ')

2. 7

2.7.8
2.7.7
2.7.2

2.7.6
2. 7. 6. 1
2.7.6. 3

2.7.2, I
2.7. 2. 3
2.7.2.2

2. 7. I
2.7. 3
2.7.4

2.7.6.2
2.7.5

I. 3. 2. 3. 1

2.8.2.1.2

2.8.2.2.2

2. 5. 2. 5
2.4.2.10

2.5.6.3.6
2. 5. 2. 3
2. 5. 6. 3
2. 3.7. 1

2. 3.7
2.3.7.4

2.8.2.3.2
2.12.5.4.5
1.3.2.7.4

[. 3.2. I
I. 3.2.4

Thrusting Logic.
Thrust ON-OFF Control
Thrust ON-OFF Logic

Engine Assemblies.
Engine Assembly..
Entry Functions . .
Entry Monitor System
Entry Scroll .•••
Environmental Control Sys tern

lEGS)
ECS Performance and Design

Data . . . .. . ....
Electrical Power Distribution.
Functional Description .•

Spacecraft AtInosphere
Control. . .

Thermal Control.
Water Management

Introduction. • .
Oxygen Subsystem
Pressure Suit Circuit
Water-Glycol Coolant

Subsystem.
Coolant Flow. . .
EGS Radiator Control
Glycol Temperature

Control. .
Water SubsysteIn

Equipment Bays .
Equipment Data,

Te lecornmunications
System

Equipment, lntercomlnunications
System

Equipment. Radio
Frequency. .

Exerciser, Inflight ..
External Illumination Aids

Forward Compartment
SC Controls and Displays.

Extinguish LIFT OFF and NO
AUTO ABORT Lights.

Extravehicular Mobility Unit
Extravehicular Spacesuit
Eycpatch .. ....

2. 3. 5. 6
2.4.2.4

2.4. 2. 3. II

2.9.4.9.1
2.6.2. 1

2.6.5. 2
2.6.5. I

2.6.5
2. 6. 5. 3

2.5.6.3.5

2.6.3.3.1
2. 6. 3. 3. 2

2. 6. 3.4
2. 6. 3. 6

2.6.2.4
2.6.2.2

2.6. 1

2.6.3
2. 6. 3. 2
2.6.3.5
2.6.3. I
2.6.3.3

2.6.4
2. 6.4. I

2.6.6

2.9.5.13.1

2.3.4.2.5
2.9.4. 14.5

2.9.2.8
2.9.2.9
2.9.4.5
2. 3. 7. 5
2. 3.7. 3

2. 12.2.2.4

Power Distribution
Power Generation.

Introduction . . . .
Major Component/Subsystem

Description.
Batteries
Battery Charger
Cryogenic Storage
Fuel Cell Power Plants

Component
Desc r iption

Fuel Cell Loading
Inverters
Power Distribution.

Operational Lirrlitations and
Restrictions ..•.

Additional Data. •
Cryogenic Storage

Subsystem ..
Fuel Cell Power Plants

Performance and Design
Data ..

AC and DC Data
Systems Test Meter

Electrical Circuit
Interrupters ..

Electronics Control
Assembly (ECA)

ELSC Operation
ELS Equipment
ELS Parachutes
Emergency Detection System
EMS Functional Data Flow
EM..'i Switches . .
EMU Maintenance Kit
Enable Automated Control of

the SM RCS
Energy Storage
Engine

Ignition, Thrust On-Off
Logic.

Injector
Propellant Lines
Solenoid Injector

Tempe rature-Control
SysteIn • • . • • . .
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Title Para No. Title Para No.

F G

2. 3. 3. 3
2.12.2.1.2
2.12.6.3.3
2.12.5.4.3

2.9.5.4
2.12.5.4.13
2.12.2.1.5
.2.12.5.1

2. 1. I

2. 1. 1

2.1.4

2.2.3
2.2.3.2

2.4.2.3.3
2.4.2.3.6
2.4.2.3.4
2.4.2.3.1
2.4.2.3.5

Z. 3. 3. 2
2.4.2.8. I

2.2.3.2.1

2.2.3.2.2
2. 2. 3. I

2.2.3. 1. 2
2.2.3.1.1

2.4.2.3.7
2. 3. 5. 3

2. 3.7.3.4 I
. . . 2. I

2. 1. 3
2. 1. 2

2.3.2.2.4
2. 12. 3. 2. 7

2.7.6.2
2.4.2.3.8

GDC Configurations
Gimbal Actuator. .
Gimbal Position and Fuel

Pressure Indicator
(GP/FPI) .

Glareshade Straps, MDC
Glycol TeITlperature Control
GN2 Ball Valve Actuators.
GN2 Filters (CSM 108 and

Subs) . . . . . . . . .
GN2 Orifices . . . . . .
GN2 Pressure Regulators.
GNZ Pressure Vessels
GN2 Relief Valves . .
GN2 Solenoid Control

Valves. . . .
cpr Signal Flow . . .
GTA Switch .....
Guidance and Control.

Attitude Control. .
Attitude Reference
Guidance and Control Systems

Interface . . . . . . .
Thrust and Thrust Vector

Control. . . . . . . .
Guidance and Control Systems

Interface . . . . . . . . .
Guidance and Navigation Station

Restraints 2.12.3.2.3
Guidance and Navigation System. 2.2

Functional Description. .. 2. Z. 2
Introduction. . . . . . .. 2. Z. 1
Major COITlponent Subsystem

Description. . . . .
Computer SubsysteITl

Command Module
Computer

Display and
Keyboard

Inertial SubsysteITl
Coupling Data Unit.
Navigation Base. .

2.7.2

2.2.2
2.9.3
2.4. I

. 2. 10.2

2.11.4.1
2.13.2

2. 6.2

2.9.2.7
2.13.3.6

2.6.3.3.2
2. 6. 3. 3
2.6.5. I

2.5.6.2.2
2.11.4.1

2.5.3.3
2.8.2

2.3.7.3.2
2. 3. 2. 3

2.3.2.2.5
2.12.4.2.4

2.6.7. 1
1.3.2.5.2
.2.12.6.2

2. 12.6.2.2
2.12.6.2. 1

1.3.2.1

Fuel Tank. . . . . . .
Functional Description.

Caution and Warning
System . . . . . .

Command Module Up righting
System . . . . . . . .

Crew Personal Equipment
Electrical Power System.
Environmental Control

System . . . . . . .
Guidance and Navigation

System . . . . . . .
Sequential Systems
Service Propulsion System
SM RCS Electrical Power

Distribution. . . . . .
Telecommunication System.

FUNCTION Switch. . . . .
Functional Switching Concept .

FDAI Display Sources
Fecal Containment System
Fecal Subsystem. . . .
Fire Extinguisher . . .
Firing Circuit Protection

IFlag Kit
Flight Coveralls. . . .
Flight Data File . . . .
Flight Director Attitude

Indicator (FDAl)
Floodlight, EVA ....
Floodlight System . . .
Foldable Couch Structure
Food ...

Stowage . . . . .
Use .

Forward Compartment
Forward Heat Shield (Apex

Cover) . . . . . .
Forward Tunnel Hatch .
Fuel Cell Loading . . .
Fuel Cell Power Plants.
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Title Para No. Title Para No.

2.5.6.1.3

2.4.2.1,5
2.4.2.1.2
2.5.6.1.5
2.5.2. 1. 1
2.4.2.1.1
2.4.2.1.1

Z. B. 3. 3. I
2.6.7.2

2.8.3.2

2.2.4.4
2.2.4. 5
2.2.4.6
2.2.4. 3
2.9.5. 5

2.2.3.1.2
2.2.4.8
2.2.3. I

2.5.2.3.2
2.5.6.3.2
2.4.2.3.2

2.8.2. I
2.8.3. 1

1.3.2.7.3
2.6.3.4

2.4.2.1.6
2.12.3.1.4

.2.9.4.13.2

Helium Tanks .

J

Internal Sighting Aids
Inverters .

IMU Cage Mode .
IMU Goarse Align
IMU Fine Align
IMU Turn_On Mode
Induced Current Protection
Inertial Measurement Unit
Inertial Reference Mode
Inertial Subsystem
Injector. .

I

Injector Prevalves
Instrumentation Equipment

Group.
Integral Lighting System .
Intercommunication System

Interfaces . .
Inte rcommunications

Equipment. .

Jettisoning the SM ..

Heat Exchangers
Heel Restraints .
Helium Check Valve

Assembly . 2.5.6.1. 4
Helium Isolation (Squib-Operated

Valve) 2.5.6. I. 2
Helium Isolation Valve. . 2. S. 2. 1. 2
Helium Pressure Regulator

Assembly ....
Helium Pressure Relief

Valves.
Helium Pressurizing Valves.
Helium Relief Valve
Helium Supply Tank

2.2.4. 10. 3

2.2.4. 10.2
2.2.4. 1
2. 2. 4. 2
2.2.4.9

2. 2. 5
2.3.4.2.1
2.3.4.2.2

2. 3. 3. 1

. 1.3.2.6.2
1.3.2.6.1

2. 12. 5. 4. 9
2.12.2.1.6

2.2.4.10.1

2.2.4,10.5

2.2.4.7
2.2.4.4
2.2.4.5
2.2.4.6
2.2.4. 3
2.2.4.8

2.2.4.10

2.2.4. 10.4

2.2.3.1.4
2.2.3. 3

2.2.3.3.2
2.2.3.3.1

2.2.4

2. 12. 3. 1. 3
2. 12. 3. 1. 2
2.12.3.2.1

2. 3. 4. 2
2. 12. 5. 3. 2

Hand Bar .
Handholds
Hand Straps
Hardware Function (ACS)
Hasselblad Electric
Hatches

Forward Access
Side Access .

Headrest Pad .
Headset, Lightweight.

H

Power and Servo
Assembly ...

Optical Subsystem
Coupling Data Unit
Optics

Operational Modes
Attitude Error Display

Mode.
IMU Cage Mode
IMU Coarse Align
IMU Fine Align.
IMU Turn_On Mode
Inertial Reference Mode.
Manual Mode Operation

Computer Mode
Operation .

Manual Direct
Operation .

Manual R esolved
Operation .

Optics - Computer
Mark Logic

Slave Telescope
Modes.

S_IVB Takeover
Thrust Vector Control
Zero Optics Mode..

I Power Distribution. . . .
Gyro Assembly - 1 (GA-ll
Gyro Assembly - 2 (GA-2)
Gyro Display Coupler (GOG).
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Title Para No. Title Para No.

. . 2. 12. 5.4.2

2.9.4.7

2.12.7.2
1.3.2.7.7

· 2. 12.7

2.5.6.3.4

2.2.3.1.1
2.9.4.8
2.9.3. 1

2.2.3
2.4.2
2.6.3
2.8.3

2.10.3
2.3.4.4.3

2.2_4.10.11
. 2.2.4.10

2.2.4.10.3
2.3.5.5

2.14.4.1.8
• 1.3.26

2. II. 4
2. 11.4. I
· 2. I l. I

2. 11.2
2.12.4.1.2.
1.3.2.7.5
2.3.7.3.1

2. 12.4. I. 6

2.9.1.2
2. 12.4. I. II

2.12.5.4
. 2. 11

2. 11.3

Major Component/Subsystem
Description

Manual Cont rol
Manual Direct Operation
Manual Mode Operation .
Manual Resolved Operation
Manual Thrust Vector Control.
MOC Glareshades . . . .
Mechanical Controls, CM ..
Medical

Accessories Kit ...
Equipment . .
Supplies and Equipment

MESC Auto Abort Voting
Logic ..•....

MESC, ELSe, LOEC. and
PCVB Locations.

Meter Covers . .
Miscellaneous Equipment.
Miscellaneous Systems Data

Accelerometer (G-Meter)
Command Module Up righting

System . .
Functional Description

Introduction.
Timers.

Mirrors Internal Viewing
Mission Operational Aids
MODE Switch
Monocular.

NaVigation Base. • .
Nonnal Ascent. . .
Normal MislSion Functions
Nozzle Extension

CM RCS ..

N

2.9.4.5.4

I. 2. I. 3
2.9.4.5.2

I. 3. t
2.9.5.8

· 2.9.4.12
2. 12. 5. l. I
2. 13. 3.8. 3
· 2. 13. 3. 7

2. 13. 3.8.2
3. 2

2.9.4. I
1. 3. 2. 3. 3

2.9.1.5

2.9.4.14.6
2.9.4.14.2
· 2.9.5.10

2.9.5. 12. I
I. 3. 2. 7. 6

2.9.4.4
· 2. t2. 9. 4

2. 12.2.3. I

1.2
I. 2. I

1.2.1.1

2.9.2. I
2.9.4.7.4
2.9.4.7.1

1.2.1.2

L

K

Kits, Pilot's Preference

Docking Ring Separation
Pilot's Flight Data File
Pressure Dump Valve
Tunnel Hatch . . .
Tunnel Vent Valve.

Locator Index .
Logic Power. _ .•.
Loose Equipment Stowage.
LSSC Location. .

Launch Escape Assembly
Launch Escape Motor.
Launch Escape Tower

Assembly.....
Tower Jettison . .
Physically Attached

Launch Vehicle and Booster
Configuration. . . . . . •

Saturn V Launch Vehicle.
First Stage S-IC Booster.
Second Stage S-11

Booster
Third Stage S-IVB

Booster
Launch Vehic Ie Status
Launch Vehicle Tank Pressure

Monitor. . .
LES Abort Mode

Switch over . .
LES Abort Start
LES Igniter . .
LET Frangible Nuts
Life Support, Crew
Lift-Off. . .
Line. Snagging. . .
Liquid Cooled Garment
LM

M

Main Bus Tie .
Main Parachute R c1ease

2.9.4.13.7
2.9.4.2.3

Mission Basic Date 15 April 1969 Change Date! 16 July 1969 Page ~I_-~I.:.O



SM2A-03-BLOCK 11-(1)
APOLLO OPERATIONS HANDBOOK

Title

8M RCS. ••
SPS .

Nuclear Particle Detector
System

Numerics Lighting System

o

Operational and Flight
Qualification
Instrumentation

Operational Desc ription
Operational Limitations and

Restrictions
EPS. ..

Additional Data.
CPE.
C&WS

SPS •. ..
TS ..

Operational Modes
Optical Subsystem
Optics
Optics - Computer Mark

Logic
Oral Hygiene Set.
Origin of Signals.
Outlets

Scientific.
Utility. .

Oxidizer Tank
Oxygen Hose Assembly
Oxygen Hose Coupling
Oxygen Masks.
Oxygen Hose Screen Caps.
Oxygen Subsystem

p

Parachute Disconnect
Parachute Mortars.
Parachute Subsystem.

Para No.

2. 5.2. 3. 4
Z. 4. 2. 6

2.12.8.5
2.6.7.3

2. 8. 3. 3. 2
2.9.4

2.6.5
2. 6. 5. 3

2. ! 3.5
2.10.4

2.4.4
2.8.4
2.2.4

2.2. 3. 3
2.2.3.3.1

2.2.4.10.4
2.12.6.4.1

2. 9. I. 6

2. 12.5.6
2.12.5.5

2.5.6.2.1
2. 12.2.2. I
2.12.2.2.2
2. 12.5.4.4
2.12.2.2.3

2.7. 3

2.9.5. 13.4
2.9.5.13.3
. 2.9.5. 15

Title

Passive Dosimeters •• .
Performance and Design Data

Crew Personal Equipment
Electrical Power System.

Sequential Systems
Service Propulsion System

Performance Data
CM RCS
CPE.
SM RCS
SPS •

Personal Biomedical Sensors
Instrumentation Assembly.

Personal Communications
Assembly (Comm Carrier).

Personal Hygiene
Pitch Arms and Tension

Linkages.
Pitch Control Motor •
PMP.. .•••
Postlanding Recovery Aids

Postlanding Ventilation Ducts

Power Conversion.
Power Distribution. •

Power Generation •
Power and Servo Assembly
Pressure Cartridge

Assemblies
Pressure Equalization

Valve •.
Pressure Garment

Assembly .
Pressure Regulator

Assemblies

Pressure Relief Valves.
Pressure Suit Circuit.
Pressure Versus Temperature

Measuring System

Para No.

2. 12.8. I

2. 13. 4
2.6.4

2.9.5
2. 4. 3

2.5.7.2
2.13.4.2

2. 5. 3. 2
2.4. 3. 2

2.12.7.1.1

2.8.3.1.1
• 2. I Z. 6.4

2. 13.3. 3. 2
2.9.5.9
2.8.4. Z

1.3.2.7.9
2. 12.9

2. 12.9. J

2.6.2.3

2.2.5 I
2. 3. 6

2.6.2.4
2.6.3.6
2. 6. 2. 2

2. 2. 3. 1.4

2.9. 5. 13

2. 13. 3. 8. I

2. 12.2. 1. 9

2.4.2.1.3
2.5.2.1.3
2.5.2. I. 5

2.7.4

2. 5. 2. 4

Missiull Bask Dat~ 15 April 1969 Change Date 15 Oct 1969 Page --'IC-;;I~I



SM2A-03-BLOCK U-(l)
APOLLO OPERATIONS HANDBOOK

Title Para No. Title Para No.

2. 5. 5

2. 5. 6. 1

2. 5. 6. I. 2

Z. 5. 6. 1. 3

2. 3.4. 3
2. 5

2.5.6
2.5. 6. 3

2.5.6. 1.4

2.5.6.1.6

2.5.6.3.1

2.5.6. 3. 5

2. 5. 6. 3. 3

2.5.6.3.6
2. 5. 6. 3. 2
2.5.6.3.4

2.5.6.4

. . 2. 12. 8

1.3.2.7.8

. 2. 12.8. 3
2. 8. 2. 3

2. 13. 3. 3. 6
2.9.1.4

2. 5. 2. 3. 5

R

Radiation Monitoring and
Measuring Equipment

Radiation Monitoring
Equipment. • . • .

Radiation Survey Meter. • .
Radio Frequency Equipment.
Ratchet Assembly .
RC SC Location • . • . . .
RCS Electrical Heaters.
Reaction Control Subsystem

Interface . • . . . •
Reaction Control System (RCS)

CM RCS Functional
Description ....•.•

CM RCS Maj or Components I
Subsystems Description

Engine Assembly ...
Engine Solenoid Injector

Tempe ra tu re -C ont r 0 I
System

Engine Thrust ON-OFF
Logic . .

Injector.
Nozzle Extension

Propellant Jettison.
Propellant Solenoid

Injector Control Valves
(Fuel and
Oxidizer)

Thrust Chamber
Assembly

Pressurization
Subsystem .

Distribution
Plumbing

Helium Check Valve
Assembly .

Helium Isolation
(Squib-Operated)
Valve. .

Helium Pressure
Regulator
Assembly .

Helium Relief
Valve. • • • . . . 2.5.6.1. 5

2.4.2.9
2.4.2.9.3
1. 3. 2. 3. 2

2. 8. 3. 4. 5

2. 5. 2. 2. 2

2.4.2. 1
2. 5. 2. I
2. 5. 6. 1

2.5.2.3.1
2.5.6.3. I

2.4.2.2
2.5.2.2
2.5.6.2

2. 4. 2. 2. 1

2.5.2.2.1

2.8.3.3.6
.2.12.9.5

2. 9. 5. 6
2.9.4. 13.5

2.9.4.2

2.4.2.9.2

2.4.2.9.1

2.5.2.2.3
2.5.6.2.4

2.5.6.4

2. 13. 3. 3. 5
2.9.2.2

2. 13. 4. 1. 3
2.13.3.3.8

2. 5. 2. 2. 5

2. 13. 3. 3. 4

Q

Quantity Computing and
lndicating System Test

Quantity Sensing, Computing.
and lndicating System. . .

Pressurization Subsystem

Primary and Secondary Fuel
Tanks. . . • . • ••

Primary and Secondary
Oxidizer Tanks.

Probe Body - Extension Latch
Assembly . . . .

Probe Head - Capture
Latches .

Probe Passive Tension Tie
Probe Pressure System.
Probe Umbilicals
Propellant, In-Line Filters
Propellant Isolation Shutoff

Valve. . . . • .

Propellant Subsystem.

Propellant Jettison.
Propellant Solenoid Injector

Control Valves (Fuel and
Oxidizer) . . . . .

Propellant Tanks
Propellant Utilization and

Gauging Subsystem (PUGS).
Propellant Utilization Valve.
Protection Panels . . . .
Premodulation ProceSsor

Equipment. . . . .
Pulse-Code Modulation

Telemetry (PCM TLM)
Equipment. .

Pump, Sea Water
Pyro Arm Switch Lock
Pyro Cutout.
Pyro Power.
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Title Para No. Title Para No.

2.5.7

2.5. 1

2.5.8

2.5.2.4

2.5.4

2.5. 3. 3

2. 5. 3
2. 5. 3. 1
2. 5. 3. 2

2, 5. 2. I. 1

2.5.2,1.3

2,5.2.1.2

1.3.2.7.2

2. 5. 2. 2. 2

2.5.2.1.5

2. 5. 2. 2. 4

2.5.2.2.1

2.5.2.1,7
2.5.2.2

2.5.2.2.5

2.5.2.2.3

2.3.4.2.6
2. 12.9. 3
2.9.5.14
2.9.2.10

2.9.4.13.16
. 2. 12.4. Z. 3

I

Helium Isolation
Valve . . .

Helium Supply
Tank

Pressure Regulator
Assemblies

Pressure Relief
Valves

Secondary Propellant
Fuel Pressure
Isolation Valve ..

Propellant Subsystem.
Distribution

Plumbing . . . . .
Primary and Secondary

Fuel Tanks. . , . .
Primary and Secondary

Oxidizer Tanks. .
Propellant, In- Line

Filters . . . . ,
Propellant Isolation

Shutoff Valve.
SM RCS Operational

Limitations and
Restrictions. ,

SM RCS Performance and
Design Data. ,

Design Data ,
Performance Data
SM RCS Electrical Power

Distribution . . , .
Reaction Jet Engine Cor.trol

(RJ/EC) •••..
Recovery Beacon
Reefing Line Cutters
Reefing System
Release of Main

Parachutes
Rendezvous Beacon

Restraints
Crew Station

2.5,7.3
2. 5, 7. I
2.5.7.2

2. 5. 2
2.5,2. 3

2, 5. 2. 1

2.5.2.3,1

2,5.2.3,5
2.5.2.5

2. 5. 6. 2. 3

2.5,6.2,5
2.5,6.2.2
2.5,6,2.1

2.5.6.1.1
2.5.6.2

2.5.2.3.3
2. 5. 2. 3. 2
2, 5. 2. 3. 4

Helium Supply
Tank

Propellant Subsystem
Diaphragm Burst

Isolation Valve
Distribution

Plumbing
Fuel Tank. .
Oxidizer Tank
Propellant Isolation

Shutoff Valves ,. 2.5,6,2.4
CM RCS Operation Limitations

and Restrictions. .
CM RCS Performance and

Design Data .. , .
CM RCS Electrical Power

Distribution. ,
Design Data . . ,
Performance Data

SM RCS Functional
Description , . . .

SM RCS Major Component!
Subsystem Description

Engine Assemblies
Combustion

Chamber
Injector.
Nozzle Extension.
Propellant Solenoid

Injector Control Valves
(Fuel and
Oxidizer)

RCS Electrical
Heaters , .

Engine Thrusting Logic
Pressure Versus

Temperature Measuring
System...

Pressurization
Subsystem .

Check Valve
Assemblies . , . . 2.5,2.1. 4

Distribution
Plumbing . . . . . 2.5.2. 1.6
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Title Para No. Title Para No.

2.9.5.12.2

2.9.5.12.4

2.9.5. i2.3

2.9.5. 12. 1

2.9.5.2

2.9.3.4

2.9. I. I
2.9.1.3

2.9.5
2.9.5. I

2.9.2. I

2.9.3. I
2.9.1

2.9. 1 . 5

2.9.2.7

2.9.1.2
2,9. 1.6
2.9.1.4

2.9.2.5
2.9.2.4

2.9.3
2·9.3.2
2.9.3.3

2.9.2.3
2.9.2.8
2.9.2.9

2.9.5.3
2.9.5. 12

2.9.2.2
2.9.2.10

2.9.2.11Design Criteria.
Docking Probe

Retraction .
ELS Equipment.
ELS Parachutes
Forward Heat Shield

(Apex Cover)
Launch Escape Tower

Assembly
Probe Passive Tension

Tie
Reefing System.
Separation of the CSM

From the LV .
S-IVB/LM Separation

Functional Description.
Mode IA Abort.
Modes 1 B and I C Aborts.
Modes 2, 3, and 4

Aborts
Normal Mission

Functions. .
Introduction...

LSSC Location
MESC, ELSC, LDEC, and

PCVB Locations.
Origin of Signals .
RC SC Location
Sequential Events Control

Subsystem
SMJC Location. .

Performance and Design Data.
Apollo Standard Initiator.
Compliance With Design

Requirements.
Component Selection and

Installation, .
Detonators.

CM-SM Separation
System

LET Frangible
Nuts ..

LM Separation
System

SLA Separation
Ordnance System

2.3.7.5.3

2.3.7.5.4

2.3.7.5.6
2.3.2.2.1

2.3.2. I
2.3.5.4

2.3.7.1.5

2.9. L I
2.9

2.9.2
2.9.2.12

2.8.3.4.4

2.9.2.5

2.8.3.5.2
2.8.3.5.3

2.9.2.6

2.8. 3.4
2.3.7.1.2

2.5.2.1.7
· 2.9.4. I L

2.3.4.2.3
2. 12.9.6. I
2. 12.9. 6. 2
2.12,4.2.2

2.9.4.9
2.9.5.12.3

· 2. 12. 3. I
· 2. 12. 3. 2

2.13.3.3.7

2.9.4.13.4

s- Band High-Gain Antenna
S-Band Omniantennas ..
S-Band Power Amplifier

Equipment.

s

"g" Load •.
Zero .•.

Retraction Systeln
RF Electronics Equipment

Group. •
Roll Attitude Indicator
Roll Attitude Indicator

Drive .
Rotation Control. • •
Rotational Controllers (RC-I

and RC-2)
Rucksack I
Rucksack II
Running Lights

I
SCS Ha rdwa re
SCS Auto TVC
Scroll Assembly
Scroll Assembly G Axis Drive

Circuits. .
Scroll Assembly Velocity Axis

Drive Circuits .
Secondary Propellant Fuel

Pressure lsolation Valve
Separation of LM From S-IVB.
Separation of the CM From

the SM
Separation of the GSM From

the LV
Separation of the Spacecraft

From the Launch Vehicle
Separation System .
Sequential Events Control

Subsystem.
Sequential Systems.

Description, General
Circuit Concept.
CM-SM Separation and

SM Jettison.
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Title Para No. Title Para No.

2.9.5.4

2.9.5.9.2

2.9.5.13.1

.2.9.5.13
2.9.5.13.2

2.9.4.5

2.9.4.10
2.9.4.3

2.9.4.2.2

2.9.4.2.3

2.9.4.7.1
2.9.4.8

2.9.4.7
2.9.4.7.2

2.9.4.8.2

Z. 9. 4. 8. I

2.9.4.8.4
2.9.4.2

2.9.4.2.1

2.9.4.5.4
2.9.4.4

2.9.4.5.2

2.9.4.5.1

2.9.4.5.3

2.9.4.14.6
2.9.4.14.2
2.9.4.14.3
2.9.4.14.7
2.9.4.14.8
2.9.4.14.9

2.9.4.14.4
2.9.4.14.5

Canard Deploy and
ELSC Arm.

ELSC Operation
LES Abort Mode

Switchover .
LES Abort Start
Mode IA Abort.
Mode I B Aborts
Mode IC Abort.
SPS Abort.

Docking Probe
Retraction .

EDS Bus Changeover
Emergency Detection

System.
Abort Request

Light .
EOS Automatic Abort

Activation and
Deactivation .

Launch Vehicle
Status. .

Launch Vehicle Tank
Pressure Monitor.

Lift-Off .
MESC Auto Abort Voting

Logic
Auto Abort Logic
Launch Escape Tower

Physically
Attached. .

Normal Ascent.
Angle of Attack

Monitor
EDS Automatic Abort

Deactivate. . .
Extinguish LIFT OFF

and NO AUTO ABORT
Lights. . . • •. 2.9.4.8.3

Launch Escape Tower
Jettison ...

Pyro Power
Arming Pyro Buses.
Main Parachute

Release .
SIVB/LM

Separation

2.9.5.5
2.9.5.8

2.9.5.8.1

2.9.5.8.2
2.9.5.8.5
2.9.5.10
2.9.5.15
2.9.5.9

2.9.5.7.2
2.9.5.7.5

2.9.4
. 2.9.4.14

2.9.4.14.1

2.9.5.13.4
2.9.5.13.3

2.9.5.6
2.9.5.14
2. 9. 5. 11
2.9.5.7

2.9.5.7. I

Firing Circuit
Induced Cur rent

Protection .
Launch Escape Motor

Thrust of LEM.
Thrust Rise Time of

LEM 2.9.5.8.3
Thrust Vector Alignment

of LEM . 2.9.5.8.4
Totdl Impulse of

LEM
Useful Life of LEM.

LES Igniter
Parachute Subsystem
Pitch Control Motor.

Total Impulse of
PCM

Thrust Rise Time of
PCM 2.9.5.9.3

Thrust Vector Alignment
of PCM . 2.9.5.9.4

Thrust of PCM 2.9.5.9.1
Useful Life of PCM. 2.9.5.9.5

Pressure Cartridge
Assemblies.

Canard Actuators
Electrical Circuit

[nterrupters
Parachute

Disconnect.
Parachute Mortars.

Pyro Arm Switch Lock
Reefing Line Cutters
Squib Valves.
Tower Jettison Motor

Thrust of TJM ..
Thrust Rise Time of

TJM 2.9.5.7.3
Thrust Vector Alignment

of TJM 2.9.5.7.4
Total Impulse of

TJM
Useful Life of TJM.

Operational Description
Aborts

Abort Start . .
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Title Para No. Title Para No.

2.4.2

2.4.2.5

2.9.4.13.11

2.9.4.13. 16

2.4.2. 3

2.4.2.10
2.4.2.6

2. 4. 2. 1. 3
2.4.2.2

2. 4. 2. 2. 1

2.4.2.9

2.4.2.2.2

2.4.2. 1

2.4.2.1.5

2. 4. 2. 1. 4
2.4.2.1.6

2.4.2. I. 2
2.4.2.1.1

2.4.2.3.7
2.4.2.3.2

2.4.2.4

2.4.2.3.3
2. 4. 2. 3. 6

2.4.2.3.8

2.4.2. 3.4
2.4.2.3.5

2.4.2.3.9

2.4.2.3.10

Subsystem • . • • •.
Check Valve

Assemblies
Hea t Exchange r s •
Helium Pressure

Relief Valves•.
Helium Pressurizing

Valves. • . . . •
Helium Tanks • • •
Pressure Regulator

Assemblies
Propellant Subsystem.

Propellant Tanks •.
Tank Propellant Feed

Lines . • • • • .•
Propellant Utilization and

Gauging Subsystem
(PUGS). • • . • • . •

Bipropellant Valve
Assembly..•.

Bipropellant Ball
Valves••.•.

Bipropellant Valve
Assembly Check
Valves ..

Engine Propellant
Lines . . . •. 2.4.2. 3. 11

Gaseous Nitrogen (GN2)
Pressure Vessels. 2.4.2.3.1

GNZ Ball Valve
Actuators

GN2 Filters (CSM 108
and Subs)

GN2 Orifices
GN2 Pressure

Regulators. . . . .
GN2 Relief Valves.
GN2 Solenoid Control

Valves....
Injector Prevalves •

Engine Injector. • . •
Engine Thrust ON-OFF

Control
No:r.ozle Extension
Pressurization

.2.9.4.11
2.9.4.13.9

2.9.4.l3.12
2.9.4. 13.7

· 2. 9. 4. 13. 5

· 2.9.4. 13. 2

• 2.9.4. 13.4
L 3. 3

Z.4
2.4. I

2.9.4. 13. 12
· 2.9.4. 13.8

Logic Power. • . • . • 2.9.4. I
Separation of the Spacecraft

From the Launch
Vehicle. . • • . 2.9.4.9

Enable Automated Control
of the SM RCS •. 2.9.4.9. 1

Separation of LM From
S-IVB . . • . •

Activate ELSC •
Apex Cover

Jettison.
Arm ELSC
Baro Switch Lock

Up, 24,000 ft 2.9.4.13.10
Burning of the CM RCS

Prope llants 2. 9. 4. 13. 15
CM RCS Interface 2.9.4. L3.6
CM/SM Separation

Control • • •. 2.9.4. 13. I
Deadfacing the CM-SM

Umbilical . . 2.9.4. 13. 3
Deployment of Drogue

Parachute. . • . 2.9.4.13. 13
Deployment of Main

Parachute and Release
of Drogues 2.9.4.13.14

Disable CM
RCS/SCS

Jettisoning of the
SM •••

LM Docking Ring
Separation.

Main Bus Tie •
Pyro Cutout. •
Release of Main

Parachutes .•
Separation of the eM

From the SM. •
Service Module . . . • •
Service Propulsion System (SPS).

Functional Description.
Major Component/Subsystem

Description. . . . .
Ablative Combustion

Chamber ..••.
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Title Para No. Title Para No.

2.8.3.3.5

2.4.2.9.1

2.4.2.9.2

2.4.2.8
2.4.2.8.1

2. 3

2. 7. 2. I

2. 3.4.2

2. 3.4. 3

2.3.4.2.4
2. 3,4. 1

2.3.4.2.6

2.3.4.2.3

2. 3.4.2.2

2.3.4.2.5

2.3.4
2.3.4.4

2.3.4.4.3

2.3.4.2.1

2. 3. 2. 3. 2
I. 3. 4

1.3.2,7.1

. 2. 12. 2. 1

2.4.3.3
2.3.7. 2. I
2. 3. 7. 2. 3

2. 12.2. 1. 6
2.9.5.11

2.12.12.2
. . 2. 12. 2

2.12.5.3.3
2.12.4.2.1
2.9.4.14.9

2.4.2.7

Spacec raft Atmosphere
Control . . . . . .

Spacecraft Control Switching
Interfaces . . . . .

Spacec raft LM Adapter
Spacesuit .....
Spacesuit Assembly

(Intravehicular).
Spacesuit Related

Equipment. . .
Spacesuits.
Spotmeter. Automatic
Spotlight, Docking . .
SPS Abort. . . . . .
SPS Electrical Heaters
SPS Electrical Power

Distribution . . . .
SPS Thrust-On Indicator .
SPS Thrust-Off Conunand
Soft Hat. Communications
Squib Valves .
Stabilization and Control

System (SCS). . .
Attitude Control Subsystem

(ACS). .
Attitude Configurations

Manual Control
Hardware Function

lACS) ..••.
Electronics Control

Assembly (ECA) .
Gyro Assembly - I

(GA-I)...
Gyro Assembly - 2

IGA-2)••.•.
Rotational Controllers

(RC-I and RC-2) .
Reaction Jet Engine

Control (RJ I EC)
Translation

Controller. . .
Introduction . . . ,
Reaction Control Subsystem

Interface. . . . . . . .

2. 5. 2

2. 5. 4
2.5.3

2.4.3. 3

2. 5. 3. 3
2. 5. 1

2.4.2.9.3
2.4.2.7

2.4.4
2.4.3

2.4.3.1
2.4.3.2

2. 12. 4. 1. I
2. 13. 3. 3. 3

. 2. 12.4
2. 12.4. I
2.12.4.2
2.2.4. I
2.9.2.4

2.9.4.2.2

2.9.5. 12.2
2.2.4. 10.2
2. 12. 3. 2. 4

2.12.3.2.10
2.9.1.3

Signal Conditioning Equipment
(SCE) .

SLA Separation Ordnance
System . . . .

I Slave Telescope Modes.
Sleep Station Restraints.
Sleep Restraints Tiedown

Ropes. . .
SMJC Location
SM RCS

Electrical Power
Distribution. . . . . . .•

Functional Description ...
Major Component/Subsystem

Description . . . . .
Operational Limitations and

Restrictions. .
Performance and Design Data.

Quantity Computing and
Indicating System
Test...

Quantity Sensing,
Computing, and
Indicating System.

Propellant Utilization
Valve .

SPS Electrical Heaters
SPS Electrical Power

Distribution.
Thrust Mount

Assemblies.
Gimbal Actuator.

Operational Limitations and
Restrictions ..

Performance and Design Data.
Design Data . . .
Performance Data

Shades. Window. . . .
Shock Attenuators . .
Sighting and Illumination Aids

lnterna I
External

I S-IVB Takeover
S-IVBI LM Separation.
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Title Para No. Title Para No.

2. 3. 3. I

Z. 3. Z. 3

2.3.2. 3. I

2.3.7. Z. 2

2. 3. 5. 5
2. 3. 5. 4

2. 3. 5. 6
2. 3. 5. 3
2. 3. 5. t

2.3.7.3.3

2.3.7.5.7
2.3.7.3

2.3.7.5.2

2.3.7.5.5

2.3.7.3.2
2. 3. 7. 3. 4
2.3.7.3.1

2.3. 1
Z. 3. 6
2.3.5

2. 3. 7. I. I
2. 3.7.4

2. 3. 7. 5
2.3.7.5. 1

2.3.7.1.3

2.3.7.1.2
2.3.7.1.5

Corridor Verification
Indicators . .

Delta V / Range-To-Go
Indicator. . • . . . 2. 3. 7. 1.4

Roll Attitude
Indicator. •

Scroll Assembly
Threshold Indicator

(, 05G), ,
Entry Scroll .•.
EMS Functional Data

Flow .••.
Accelerometer..
.6.V/RANGE Display

Circuits.
Roll Attitude

Indicator. 2.3.7.5.6
Scroll Assembly G Axis

Drive Circuits . 2. 3.7.5.3
Scroll Assembly

Velocity Axis Drive
Circuits •..... 2.3.7.5.4

Threshold and Corridor
Verification
Circuits.

Thrust-Off
Function.

EMS Switches
.6.V / EMS SET

Switch.
FUNCTION

Switch.
GTA Switch
MODE Switch

Introduction. . . .
Power Distribution
Thrust Vector Control (TVC)

Engine Ignition, Thrust
On-Off Logic .

GPr Signal Flow
Introduction .
Manual Thrust Vector

Control. .
5CS Auto TVe • • . .

2. 3. 2
2. 3. 2. 2

2.3.7.2. I
Z. 3. 7. I

2.3.7.2.3

2. 3. 2. 3. 2
2. 3.2. I

2.3.7
2. 3.7.2

2.3.4.3.2

2.3.2.2.2

2.3.4.3.3
2. 3.4. 3. l

2. 3. 4. 5
2. 3. 3

2. 3. 3. 3

2. 3. 2. 2. 4
2.3.2.2.1

Automatic Coil
Commands.

Direct Coil
Commands.

General. . .
Translation Control.

Attitude Reference Subsystem.
FOAl Display Sources. .

Total Attitude and Error
Display Sources 2.3.3.3. I

GDC Configurations. 2. 3. 3. 2
Gyro Display Coupler

(GDCI '
Controls, Sensors. and

Displays .....
Controls and Displays.

Attitude Set Control
Panel (ASCP). .. 2. 3.2.2.3

Flight Director Attitude
Indicator (FOAL). 2. 3.2.2.5

Gimbal Position and
Fuel Pressure
Indicator
(GP/FPI)

Rotation Control
Trans lation

Control • • .
Functional Switching

Concept • . • • •
Display Switchlng

Interfaces •.•
Spacecraft Control

Switching
Interfaces •.

ses Hardware . .
Entry Monitor System

Delta Velocity Functions.
Delta Velocity

Indicator•.
SPS Thrust-Off

Command.
SPS Thrust-On

Indicator. .
Entry Functions
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Title Para No. Title Para No.

2.8.3.2

2. 8. 3. I

2. 8. 3. 6

z.8.3.3.3

Z. 8. 3. 1. I

2.8. 3. 1. 5
2.8.3.1.2

2.8.3.3.8

2.B.3.3.4

Electrical Power
Distribution

Interc ommunication
Equipment .

Audio Center
EquiplTIent. . . . . 2.8. 3. 1.4

Communications Cable
(Electrical Umbilical
Assembly). . . 2.8.3. I. 3

Personal Cornrnunications
Assembly (Comm
Carrier) ••.•.

SwimITlers Umbilical
Cable . . . .

T-Adapter Cable.
Inte rcomITlunication

System :nterfaces .
Central Timing

EquiplTlent (GTE)
Data Equipment

Interfaces .
Data Storage

EquipITlent .
In s t r ulTlentati on

EquipITlent Group 2.8. 3. 3. 1
Operational and Flight

Qualification
lnstrulTlentation. z. 8. 3. 3. 2

Pulse-Code Modulation
TelelTletry (PCM-TLM)
EquiplTlent. • .. 2.8. 3. 3. 6

Signal Conditioning
EquiplTlent (SCE) 2.8.3.3.5

Television (TV)
Equipment. 2.8. 3. 3. 7

Up-Data Link (UDL)
EquiplTlent. . . 2.8. 3. 3.9

RF Electronics Equipment
Group • . • • . . 2.8. 3.4

Digital Ranging Generator
(VHF Ranging) • . • 2.8. 3. 4. 2

Premodulation Processor
Equipment. • . 2.8.3.4.5

Rendezvous Radar
Transponder. 2.8.3.4.7

2.8. 3

2.8. 3.5

2.12.9.2
2.8.3. I. 5
2.10.4.2

2.6.6

2. 3.5.2

2.8.3.5.4
2. 8. 3. 3

2.8.3.5.2

2.8.3.5. I

2.B.3.5.3

2.B.3.1.2
2. 4. 2. 2. 2

2. 12. 5. 4. 6

1.3.2.7.10
2.12.10

2.13.3,3.1
2.12.9.6

2.12.5.4.12
2.8

2.8. I
2.8.2

2. B. 2.4
2.8.2.2

2.8.2.2.2
2.8.2.2.1

T

TVC Panel
Configurations

Stowage and Internal
Configuration

Stowage, Equipment
Support Structure
Survival Kit.
Swimmer Umbilical and

Dye Marker .••.
Swimmers Umbilical Cable
System Status Light Data
Systems Test Meter .

T-Adapter Cable.
Tank Propellant Feed Lines.
Tape Roll. • . • .

IT elcc01l11l1unications
Switchguide . . . . .

Telecom1l1unication System
Introduction. . . . . .
Functional Description.

Antenna Equipment
Data Equipment.

Equipment.
General.

Inte rcommunications
Equipment • 2. B. 2. I

Equipment 2. B. 2. 1.2
General 2.B.2.1.1

Radio Frequency Equipment. 2.8.2.3
Equipment 2. B. 2. 3. 2
Genera I. . . . . . . 2. B. 2. 3. I

Major Component/Subsystem
Description. . . . .

Antenna Equipment
Group • .

S-Band High-Gain
Antenna .

S-Band
Omniantennas

VHF Omniantenna
Equipment. .

VHF Recovery Antenna
Equipment.

Data Equipment
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Title Para No. Title Para No.

2.8.3.4.1

2.12.2.1.3
2.8.4.4

2.9.5.8.5
2.9.5.9.5
2.9.5.7.5

2. 12. 6.4.4

2.8.3.4.3

2.8.3.3.9
2. 12. 6. 3. 2

2. 12. 3. 2. 8
2.8.4. I

2. 12. 6. 3. 5
2.12.8.4

. 2.13.3.5

. 2. 13. 3. 8
2.12.3.2.9

2.6.7.4
2. 3. 5. 2

2. 3. 5
2. 12. 5. 4. 7
.. 2.11.2

Display
2.3. 3. 3. I
2.9.5.8.2
2.9.5.9.2
2.9.5.7.2

2.9.5.7
2. 3. 2. 2. 2

2.3.4.5
2.3".4.2.4Translation Controller

Tunnel and LM
Pressurization ...

Tunnel Hatch Stow Bag
Tunne I Lighting . . .
TVC Panel Configurations.

v

Unified S - Band Equipment
(US BEl .....

Up-Data Link (UDL)
Equipment. . ..

Urine Subsystem ..
Urine Collection and Transfer

Assembly .
USBE .
Useful Life of LEM.
Useful Life of PCM.
Useful Life of TJM.
Utility Towels ..

Thrust Vector Control (TVC)
Timer, Two-Speed ...
Timers. . . . .
Total Attitude and Error

Sources . . . . . .
Total Impulse of LEM
Total Impulse of PCM
Total Impulse of TJM
Tower Jettison Motor
Translation Control .

U

Vacuum QD ...
Van Allen Belt Dosimeter.
Vehicle Umbilicals ....
Velcro and Snaps Retainer

Locations . . . . . . .
VHF-AM .
VHF-AM Transmitter-Receiver

Equipment. . . . . . . .
Voice Recorder, Cassettes,

and Battery Packs . . . . 2. 12.5.4. 11

2.8.4
2.8.4.3

2.9.5.8.4

2.9.5.9.4

2. I. 4
2.5.6.3.3

2.4.2.8
2.3.7.5.7
2.9.5.8.1
2.9.5.9. 1
2.9.5.7. I
2.9.5.8.3
2.9.5.9.3
2.9.5.7.3

2.8.3.4.4

2.3.7.5.2
2.3.7.1.1

2.8.4.2

2.8.3.4.3

2.9.5.7.4
2. 2.4.2

2.8.4.4
2.8.4. 1

2. 12. 4. 1. 10
2.8.3.3.7

2.7.2.3

S-Band Power
Amplifier
Equipment.

Unified S-Band
Equipment
(USBEj

VHF / AM Transmitter­
Transmitter -Receiver
Equipment. . . . . 2.8. 3.4. I

VHF Recovery Beacon
Equipment. . . . . 2.8. 3.4.6

Operational Limitations and
Restrictions.

DSE.

PMP.

USBE •....
VHF-AM....

Telescope Sun Filters
Television (TV) Equipment
Thermal Control. . . .
Threshold and Corridor

Verification Circuits .
Threshold Indicator (.05 G)
Thrust and Thrust Vector

Control . . . . . . . .
Thrust Chamber AsselTIbly
Thrust Mount Assemblies.
Thrust-Off Function
Thrust of LEM.
Thrust of PCM. . .
Thrust of TJM ...
Thrust Rise TilTIe of LEM
Thrust Rise Time of PCM
Thrust Rise Time of TJM.
Thrust Vector Alignment of

LEM .
Thrust Vector Alignment of

PCM .
Thrust Vector Alignment of

TJM .
Thrust Vector Control . . .

I
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Title

VHF Otnniantenna
EquiplTIent. . .

VHF Recovery Antenna
EquiplTIent. . . . .

VHF Recovery Beacon

EquiplTIent. . .

w

Waste ManagelTIent SyatelTI and
Supplies. . . . . . . . .

Waste Stowage Vent SystelTI .
Water Crew ....

Drinking . . . . .
Food Preparation.

Water-Glycol Coolant
SubsystelTI. . . .

Water ManagelTIent.
Water SubayatelTI. .
Wet Cleans ing Cloth
Windows and Shades
Window Markings

Para No.

2.8.3.5.1

2..8.3.5.4

2.8.3.4.6

• 2. 12. 6. 3
2. 12. 6. 3.4
. 2. 12. 6. I

2.12.6.1.1
2. 12.. 6. I. 2

2.7.6
2.7.2.2.

2.7.5
2..12.6.4.2

I. 3. 2. 6. 3
2. 12. 4. I. 5

Title Para No.

IZero Optk, Mode

Z

2.2..4.8

Miasion Basic Date 15 April 1969 Change Date 16 July 1969 Page 1-21/1-2.2
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