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PREFACE 

THIS DOCUMENT IS DESIGNED TO SUPPORT 
THE CREW SYSTEMS FAMILIARIZATION 
COURSES 30815. 
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1.1 

SECTION ONE 

CONTROLS AND DISPLAYS 

Introduction and Description 

The LEM, with its many subsystems, is a manned vehicle, 
designed to support two astronauts from lunar orbit until 
the rendezvous with the CSM when the lunar stay is completed. 
Since the LEM is manned, the crew must be furnished data 
relative to the status of the subsystems, be warned of mal
functions, be provided with guidance and navigational read
outs, and once supplied this information, be able to take the 
required action. 

Many considerations and principals went into the layout 
and design of the controls and displays. Controls and displays 
relating to a particular function are generally grouped together. 
Thought was given to the O and 1/6 "G" environments to be en
countered, as well as to space suit limitations. As details 
are discussed in more depth, the philosophy of design and 
placement will be better understood •. 

Displays may be described as devices used to exhibit 
information. Several types are used in the LEM. The exact 
purpose for each will be covered in detail. Most of the LEM 
displays are lights, however, certain specially designed devices 
are used and will be described in detail later in this Study 
Guide. 

Controls are selected to ~uit their function. For instanre, 
a common toggled switch may be found in various configurations. 
There are two and three position toggles. Each position may be 
a 11Maintain 11 (MAIN), in which the toggle will stay in the posi
tion selected, a 11Momentary11 (MOM) where the lever is spring 
loaded to return to its original posit i on, or a 11 LOCK 11 , where 
a mechanical restraint must be released i n order to move the 
lever. Also, specially designed devices are used to control 
specific functions, as will be seen later. 
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- 1.2 Alpha Numeric Designators 

Every display and control is assigned an alpha numeric 
designator. These will indicate the related subsystem, the 
type of device, and a sequentially assigned number. 

1.2.1 First Designator 

1 ENGINE/THRUST CONTROIS 

2 EXPLOSIVE DEVICE (PYROTECHNICS) 

3 GUIDANCE AND NAVIGATION 

4 ELECT RI CAL POWER 

5 TO BE DEI'ERMINED 

6 CAUTION/wARNING 

7 ENVIRONMENTAL CONTROL 

8 REACTION CONTROL 

- 9 FLIGHT CONTROL 

10 PROPUISION 

11 STABILIZATION AND CONTROL 

12 ABORT GUIDANCE 

13 COMMUNICATIONS 

14 COMMUNICATIONS ANTENNAS 

15 AUDIO CONTROL 

16 LIGHTING CONTROIS 

17 RADAR CONTROIS 

18 HEATER CONTROIS 

NOTE: · In the Audio Centers, the letter 11 A11 suffixes the First 
Designator for the Commander's Controls, and the letter "B" 
for those of the Systems Engineer. 
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1. 2.2 Second Designator 

1. 2.J 

S - SWITCH 

M - DISPLAY (METER-DIGITAL DISPLAY-FLIGHT INDICATOR, ETC) 

DS - CAUTION/WARNING, COMPONENT CAUTION IlJDICATOR, OR 
LUNAR CONTACT LIGHT 

B - SYNCHRO 

R - THUMBWHEEL OR CONTINUOUS ROTARY SWITCH 

CB - CIRCUIT BREAKER 

FL - STATUS FLAG 

T - AUDIBLE WARNING TONE 

H - MANUAL CONTROL 

Third Designator 

The Third Designator is a numeral which has been sequen
tially assigned. 

EXAMPLE: Systems Engineer's Intercom Volume Control Thumbwheel 

.------- Audio Control 

.------ Systems Engineer 
15B-R-7 ___ Sequential Designator 

l Thumbwheel 
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1.3 Cabin Panel layout 

The LEM Displays and Controls are primarily located on 
panels in the forward section of the crew compartment. These 
panels are designated wi th Roman Numerals. The panel views 
shown in this section are for position and funct i on reference 
only and may not reflect the latest design changes. See panel 
reference section for the most up-to-date configuration. 

1.3.1 COMMANDER' S CENTER CONSOLE (I) 

Flight Control 

Warning Lights 

Main Propulsion 

Engine Thrust Control 

1.3.2 SYSTEMS ENGINEER 1S CENTER CONSOLE (II) 

Flight Control 

Caution Lights 

Environmental Control 

Reaction Control 
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I n 

FLIGHT CONTROL 

1. SHA" /TRUNION SWITCH 
2. COMMANDER'S ATTITUDE MONITOR SWITCH 
3. COMMANDER'S RATE/ERROR MONITOR 

SWITCH 
4. COMMANDER'S FLIGHT DIRECTOR ATTITUDE 

INDICATOR 
5. 6 V RESET SWITCH 
&. COMMANDER'S FORWARD VELOCITY /LATERAL 

VELOCITY-LOS AZIMUTH RATE/LOS 
ELEVATION RATE INDICATOR 

7. ELAPSED TIMER 
I. t.. V INDICATOR 
9. EVENT TIMER INDICATOR 

10. THRUST INDICATOR 
11. ALTITUDE/RANGE INDICATOR 

6 

12. THRUST /WEIGHT INDICATOR 
13. GUIDANCE CONTROL SWITCH 
14. MODE SELECT SWITCH 
15. ALTITUDE/RANGE MONITOR SWITCH 
1&. SYSTEMS ENGINEER'S FORWARD 

VELOCITY /LATERAL VELOCITY-LOS 
AZIMUTH RATE/LOS ELEVATION 
RATE INDICATOR · 

17. SYSTEMS ENGINEER'S FLIGHT DIRECTOR 
ATTITUDE INDICATOR 

11. SYSTEMS ENGINEER'S RATE/ERROR 
MONITOR SWITCH 

19. SYSTEMS ENGINEER'S ATTITUDE MONITOR 
SWITCH 

T30900-60 
FEB 66 

Fig. 1-2 



MAIN PROPULSION 
I 

1. HELIUM MONITOR SELECT SWITCH 
2. PROPELLANT TEMPERATURE/ PRESSURE 

MONITOR SWITCH 
3. DESCENT HELIUM REGULATOR # 2 SWITCH 
4. DESCENT HELIUM REGULATOR #1 SWITCH 
5. ASCENT HELIUM REGULATOR # 2 SWITCH 
I. ASCENT HELIUM REGULATOR # 1 SWITCH 
1. PROPELLANT TEMPERATURE INDICATOR 
I. PROPELLANT PRESSURE INDICATOR 
I. HELIUM INDICATOR 

~ "'"• • ~ uu• • 

:J 'J :J J 
9 ili i 
, • .., ,,.., I , • .., •·• 

- _.., • - r_ ..,--. .. -
LJ ..J : ::J 

~ ~: 
' - - ' 0 o : 

-- ··- __ _ ..... .! 
JJ -s·: 
.o . 

-"::---·, 

REACTION CONTROL 
II 

1. FUEL QUANTITY INDICATOR 
2. OXIDIZER QUANTITY INDICATOR 
3. TEMPERATURE INDICATOR 
4. PRESSURE INDICATOR 
5. SYSTEM A SWITCHES AND STATUS FLAGS 
I . SYSTEM B SWITCHES AND STATUS FLAGS 
1. THRUSTER PAIR SWITCHES AND STATUS 

FLAGS 
I. TEMPERATURE/PRESSURE MONITOR 

SELECT SWITCH 
t. QUANTITY TEST SWITCH 

10. QUANTITY MONITOR SWITCH 
11. CROSSFEED SWITCH AND STATUS FLAG 
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I n 

CAUTION and WARNING LIGHT.S 

1. COMMANDER'S MASTER ALARM SWITCH 
LIGHT 

2. WARNING LIGHTS 
3. CAUTION LIGHTS 
4. SYSTEMS ENGINEER'S MASTER ALARM 

SWITCH LIGHT 
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ENGINE THRUST 
CONTROL 

1. ABORT STAGE SWITCH 
2. ABORT SWITCH 
3. BALANCED COUPLES SWITCH 
4. X-TRANSLATION SWITCH 
5. ENGINE ARM SWITCH 
I . MANUAL THROTTLE SWITCH 
7. THRUST CONTROL SWITCH 

I 

9 

::: .... I .. _,_ 
@ o!o 
IWr~:r;½·ti 

. 1 .. . , .. ... . , 
. ' 

ENVIRONMENT AL 
CONTROL 

1. SUIT /CABIN TEMPERATURE INDICATOR 
2. SUIT ;CABIN PRESSURE INDICATOR 
3. PARTIAL PRESSURE C02 INDICATOR 
4. GLYCOL TEMPERATURE/PRESSURE 

INDICATOR 
5. Oz PRESSURE/HzO QUANTITY INDICATOR 
I. COz. PARTIAL PRESSURE LIGHT 
7. H2o SEPARATOR LIGHT 
8. 02 PRESSURE;H2 0 QUANTITY MONITOR 

SELECT SWITCH 
9. SUIT FAN SELECT SWITCH 

10. GLYCOL PUMP SELECT SWITCH 

II 

T30900-63 
FEB 66 

Fig , 1-5 



- 1.3.3 COMMANDER'S UPPER SIDE CONSOLE (XI) 

Circuit Breaker Panels 

1.3.4 COMMANDER'S CENTER SIDE CONSOLE (X) 

1.3.5 COMMANDER I S LOWER SIDE CONSOLE (VIII) 

Explosive Devices Panel 

Audio Panel 

1.3.6 SYSTEMS ENGINEER'S UPPER SIDE CONSOIE (XVI) 

Circuit Breaker Panels 

1.3.7 SYSTEMS ENGINEER'S CENTER SIDE CONSOLE (XIV) 

Electrical Power Control 

- l.J.8 SYSTEMS ENGINEER'S LOWER SIDE CONSOLE (XII) 

Audio Panel 

Connnunications Panel 

Connnunications Antennas Panel 
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- 1.3.9 LOWER CENTER PANEL (III) 

Radar Panel 

Stabilization and Control Panel 

Heater Control Panel 

Lighting Panel 

1.3.10 BOTTOM CENTER PANE L (IV) 

Primary Guidance and Navigation Control 

1.3.11 BOTT OM SIDE PANEL (V) 

Lighting Panel 

1.3.12 BO'l'TOM SIDE PANEL (VI) 

Abort Gui dance Control 

-
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1.4 Unique Displays 

1.4 .1 Caution and Warning 

In order that the astronauts may be made aware of an out
of-tolerance condition in any LEM subsystem without the necessity 
for continuous monitoring of meters, the Caution and Warning 
Electronics Assembly (C'wEA) was designed. The C\ 'EA is itself a 
part of the Instrumentation subsystem, but monitors all LEM 
subsystems and will register an indication to the astronauts if 
certain limits are exceeded. 

Failures or malfunctions are placed in one of two categories: 

Warning -- malfunctions which require immediate corrective action 
and affect crew safety. 

Caution -- gBnerally will indicate the occurence of one of 
several malfunctions in a given subsystem which will 
not require immediate repair or immediately affect 
crew safety. 

Caution and Warning indications are made by three methods. 
For either a caution or warning situation a 3000 cps tone is 
heard on each astronaut's headset and both Master Alarm Lights 
(6S2-6s3) are activated. These lights are mounted in a capsule 
which can be pushed to trigger a switch. Either of these 
switches, being pushed, will deactivate the tone and light for 
both astronauts. In addition to the tone and master alarm 
lights, an individual caution or warning indicator is lighted 
to denote the area of malfunction. This light remains on until 
the situation activating its circuit is corrected: at which 
time it is extinguished. The Warning Indicators (6DS1-6DS20) 
are mounted on Panel I and the Caution Indicators (6D21-6DS40) 
are mounted on Panel II. 
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6S2 

MASTER 
ALARM 

6S3 

MASTER 
ALARM 

MASTER ALARM LIGHTS (PANELS I AND II) 

60S/-60S5 6DS6-6DSIO 60S1 /-6D5!5 60S/6- 60S20 

CES AC RCS TCA CABIN 

ASC PRESS CES DC RCS A REG SUIT/FAN 

DES REG AGS RCS B REG 

DES QTY LGC DC BUS 

ISS 

WARNING LIGHTS (PANEL I) 

60S2/-60S25 60S26-6DS30 60S3/-6D535 60S36-60S40 

ASC HI REG INVERTER ECS 

ASC QTY BATTERY RCS o, OTY 

I ENG GIMBAL I RNDZ RDR HEATER GLYCOL 

I BURST DISC LOG RDR C/W PWR WATER QTY 

PGNS PREAMPS =7 

CAUTION LIGHTS (PANEL ll) 

CAUTION AND WARNING DISPLAYS 
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6-DS-2 ASCENT PROPUISION IDW PRESS WARNING LIGHT 

The (ASC PRESS) warning light is illuminated if either: 
(1) the pressure in either of two ascent helium tanks falls 
below 3000 psia prior to staging; or (2) if the blanket pressure 
in the fuel or oxidizer lines at the bi-propellant valves of 
the ascent stage decays below 120 psia. If illuminated by a 
low helium pressure, this light is extinguished by a signal 
from a deadface switch resulting from separation of the 
descent and ascent stages; if illuminated by low fuel or oxi
dizer pressure the light is extinguished only by restoration 
of pressure. 

6-DS-3 HI/LOW HELIUM REG OUTLEI' PRESS WARNING LIGHT 

The (DES RED) warning light is illuminated if the pressure 
within the descent helium lines downstream of the regulators 
rises above 260 psia or falls below 220 psia. The light is 
extinguished when nominal pressures are restored or staging 
is accomplished (deadface switch). This signal will be enabled 
by a delayed DE3 ENG 11 0N 11 command. 

6-DS-4 DESCENT PROPELLANT IDW QUANTITY WARNING LIGHT 

6-DS-6 

The (DES QTY) warning light is illuminated if, prior to 
staging, the fuel or oxidizer in the descent tanks falls below 
a quantity such that approximately 10 seconds of burning time 
remains. This low level signal is enabled only if a descent 
engine 11 0N 11 command is present. 

CONTROL ELECTRONICS SECTION AC VOLTAGE FAIWRE WARNING LIGIIT 

The (CES AC) warning light is illuminated if the AC 
voltage (single phase 28V 800 cps or three phase 26V 800 cps) 
in the Control Electronics Section of the STAB/CONT subsystem 
is out of tolerance. The light is extinguished when the Gyro 
Test Control switch (11-S-l) is actuated to either the POS R.T 
or NEG RI' position. 

6-DS-7 CONTROL ELECTRONICS SECTION DC VOLTAGE FAIWRE WARNING LIGHT 

The (CES DC) warning light is illuminated if the DC voltage 
of one or more of the DC power supplied (+15V, -15V, +4.3v 

+6V, -6V) in the Control Electronics Section of the STAB/CONT 
subsystem is out of tolerance. The light is extinguished when 
11-S-l is actuated to either the POS RT or NEG RI' position. 

18 
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6-DS-8 AGS FAILURE WARNING LIGHT 

The (AGS) Warning Llght is illuminated if: (1) a failure 
is sensed in any of the following AGS power supplies +28V, 
+12V, or 28V 400 cps, or (2) if a fail signal is generated by 
the AEA test assembly. The signals to illuminate this light 
are inhibited if the AGS Status Switch (12-S- 7 ) is in the OFF 
position. 

6-DS-9 I.GC POWER FAILURE WARNING LIGHT 

The (I.GC) Warning Llght is illuminated if a failure occurs 
in the I.Ge in: (1) the power supplies (+28V, +13V or +JV), or 
(2) the counter or (3) the scaler. The light is extinguished 
by either: (1) restoration of nominal voltage, or (2) placing 
the Guidance Control Switch (9-S-6) to the AGS position. 

6-DS-10 INERI'IAL SUBSYSTEM FAILURE WARNING LIGHT 

The (ISS) Warning Llght is ill1.uninated if a failue of any 
of the following occurs: the 3.2KG power supply, the 800 cps 
5% supply, the PIPA during main engine thrusting or the CDUo 
The light is extinguished by placing 9-S-6 to the AGS position. 

6-DS-11 RCS TCA WARNING LIGHT 

The (RCS TCA) Warning Light is illuminated if there is a 
primary coil connnand to fire a specific thruster, but no 
chamber pressure at that thruster. Additionally, a failure 
such that opposing co-linear jets are on simultaneously, 
illuminates the light. The light is extinguished when the 
isolation valve associated with the failed TCA is closed. 

6-DS-12 RCS 11A11 REGULATOR FAILURE WARNING LIGHT 

6-DS-13 RCS "B" REGULATOR FAILURE WARNING LIGHT 

The (RCS 11 A11 RED) Warning Light is illuminated if the 
pressure in the helium line of the pressurized RCS System 11A11 

rises above 205 psia or falls below 165 psia. The light is 
extinguished when the nominal pressure j s restored or if both 
helium regulator solenoid valves of System 11A11 (as operated by 
the System "A" Regulators #1 and #2 (8-S-2 and 8-S-3)) are 
closed. The (RCS "B" REG) Warning Llght for System 11 B11 is 
illuminated and extinguished in an identical manner as the 
(RCS "A" REG) Warning Llght. 
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6-DS-14 DC BUS VOLTAGE FAILURE WARNING LIGHT 

The (DC BUS) Warning Light is i lluminated i f a low voltage 
condition (~26. 5V) occurs on either the Commander's or the 
Systems Engineer's DC electrical bus. The li ght is extinguished 
by restoration of a nominal voltage conditi on . 

6-DS-16 CABIN LOW PRESSURE WARNING LIGHT 

6-DS-17 

6-DS-21 

The (CABIN ) Warning Light is illuminated if the cabin 
pressure falls below 4. 6 psia. The light is extirtgui shed when 
cabin pressure is restored to a level greater than 4. 8 psia. 
This indicator will not operate during periods of i ntentional 
cabin depressurization (i.e., when the ED-RESS posi tion is 
selected on the Atmosphere Revitalization Section Pressur~ 
Regulator Valves (7-H-l and 7-H-2), or if the Cabi n Repressur
ization Valve (7-H-J) is manually placed in the OPEN position. 

SUIT/FAN LOW PRESSURE WARNING LIGHT 

The (SUIT/FAN) Warning Light is illuminated if either: 
(1) the pressure within the suit falls below J.12 psia or (2 ) 
if the #2 suit circulating fan fai ls. If illuminated by low 
suit pressure, it is extinguished by restoration of a nominal 
pressure. If illuminated because of #2 fan failure, the light i s 
extinguished by deactivation of the Suit Fan~P Control Circuit 
Breaker (4-CB-120). 

HIGH He REG OUTLEI' PRESS CAUTION LIGHT 

The (ASC HI RED) Caution Light is illuminated if the 
helium pressure downstream of the regulators in the ascent 
helium lines is greater than 220 psia. The light is exting
uished when pressure is reduced to a nominal value. 

6-DS-22 ASCENT PROPELLANT LOW QUANTITY CAUTION LIGHT 

The (ASC QTY) Caution Light is illuminated i f the level of 
ascent fuel or oxidizer in the ascent tanks reaches a value such 
that approximately 10 seconds burning time r emains. The signal 
is intended to permit the crew to manually shut down the ascent 
engine to avoid possible explosive effects r esulting from deple
tion of either fuel or oxidizer before the other, and to indicate 
that ·ascent engine thrusting is not available for midcourse 
correction or rendezvous braking. These low level signals are 
enabled only if the ascent engine is on. 

20 
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6-DS-23 AUTOMATIC GIMBAL FAILURE CAUTION LIGHT 

The (ENG GIMBAL) Caution Light is illuminated if a differ
ence between the gimbal drive signal and gimbal response from 
the Y or Z-axis trim function is sensed. This signal is enabled 
only if the De scent Engine is armed. Additionally, the signal 
is disabled following staging (deadface switch). 

6-DS-24 DESCENT PROPULSION BURST DISC FAILURE CAUTION LIGHT 

6-DS-25 

6-DS-26 

Th.e (BURST DISC) Caution Light is illuminated if the burst 
disc at the descent propulsion helium tank is ruptured. The 
light is extinguished by separation of the descent stage (dead
face switch). This malfunction indication applies only if a 
supercritical helium pressurization scheme is adopted. 

PGNS FAILURE CAUTION LIGHT 

rhe (PGNS) Caution Light is illuminated if any of the fol
lowing conditions is sensed: (1) middle roll gimbal angle is 
greater than +60°; (2) deviations in IMU temperature are greater 
that +5° from-normal; (3) and 11 AND 11 of RNDZ RADAR OPERATE and 
RADAR-CDU FAIL; (4) the 11 AND 11 of RNDZ RADAR TRACK ENABLE and 
DATA NOT GOOD; ( 5) the 11 AND 11 of LDG RADAR DATA NOT GOOD and the 
landing radar antenna in the DESCENT or HOVER position; (6) a 
DATA GOOD signal with an ambiguous antenna position signal; 
(?) failure of some program check; (8) restart; (9) PIPA failure 
during periods when not thrusting. The light is extinguished 
either by selecting the AGS position on 9-S-6 by actuating the 
DSKY RESEI' pushbutton. 

INVERTER FAILURE CAUTION LIGHT 

The (INVERTER) Caution Light is illuminated either: 
(1) if the AC bus voltage is (112V or (2) if the AC bus fre
quency is <398 cps or )402 cps. The light is extinguished when 
within-tolerance conditions are restored, or if the AC Power 
Control Switch (4-S-14) is turned off. 

6-DS-27 BATTERY FAILURE CAUTION LIGHT 

The (BATTERY) Caution Light is illuminated if an over
cur~ent, reverse-current, or over-temperature condition occurs 
in any of the four descent or two ascent batteries. The light 
is extinguished when nominal conditions are restored or if the 
affected battery is turned off. 

6- DS-28 RENDEZVOUS RADAR DATA FAILURE CAUTION LIGHT 

The (RNDZ RDR) Caution Light is illuminated if a rendezvous 
radar data-not-good condition occurs. The light is extinguished 
when a 11Data Good 11 condition is restored, or if the rendezvous 
radar is turned off. This signal is enabled only if the Rendez
vous Radar mode switch (17-S-3) is in the AUTO TRACK position. 
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- 6-DS-29 LANDING RADAR DATA FAILURE CAUTION LIGHT 

The (LDG RDR) Caution Light is i lluminated if : (1) the 
landing Radar Range Data is not good, or (2) if the velocity data 
is not good. This light is not enabled until both range and 
velocity "data good" signals have been achieved . The light is 
extinguished when a "data good" condition is restored, or if 
the landing radar is turned off. 

6-DS-30 PRE AMPS POWER FAILURE CAUTION LIGHI' 

The (PRE AMPS) Caution Light is illuminated by an out-ol'
tolerance condition in either of t wo parallel redundant -4. ?V 
regulated supplies which power the RCS jet pre-amplifiers. This 
light is extinguished either by the stage deadface switch or by 
actuation of the Abort pushbuttonQ-S-13). 

6-DS-32 RCS FAIWRE CAUTION LIGHT 

6-DS-33 

The (RCS) Caution Light is illuminated if: (1) out-of
tolerance ratios of fuel and oxidizer quantities remain in the 
tanks of either RCS System 11A11 or "B", or (2 ) if the pressure 
of the helium tank in either RCS system drops below 1700 psia. 
If illuminated by an out-of-tolerance 0:vidizer/Fuel ratio, 
the light is extinguished by selecting the momentary ON position 
of the QTY TEST switch (8-S-6). If i lluminated by a low helium 
pressure condition, the light is extinguished by selecting the 
He position of the RCS Tanp/Press Monitor Switch (8-S-19). 

HEATER FAILURE CAUTION LIGHT 

The (HEATER) Caution Light i s illuminated by an out-of
tolerance temperature condition in: (1) any of the four RCS 
thruster quads, or (2) the S-band antenna assembly , (3) the 
rendezvous radar antenna assembly, (4) landing radar antenna 
assembly. The light is extinguished by positioning the Temp
erature Monitor switch (18-S-10) to the affected heater assembJ..y 
position. 

6-DS-34 C/w REG PCYl'lER FAIWRE CAUTION LIGHT 

The ( C/W PWR) Caution Light is illuminated if any one or 
more of the following regulated power supplies fail: +9V, 
+23V, +4V, -3V, - 2V, +2.3Vo The light is extinguished only by 
restoration of nominal power to the CWEA. Unlike the other Cflv 
lights, this light is undimmable. 
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6-DS-36 ECS FAILURE CAUTION LIGHT 

The (ECS) caution light is illuminated by any of the 
following malfunctions: glycol pump failure; CO2 parti al 
pressure greater than 7. 6 mm of mercury ; water separator 
failure; or suit fan #1 failure. The light i s extinguished 
by correction of the malfunction which illuminated i t as 
follows: restoration of glycol pump pressure as .a result 
of selecting #2 pump or selecting the EMER position i f #2 
has f ailed; or restoration of nominal CO2 partial pressure 
level; or restorat i on of nominal water separ ator speed; or 
selection of the #2 suit fan. 

6- DS-37 OXYGEN QUANTITY CAUTION LIGHT 

The (0
2 

QTY) caution light is illumi nated i f a low quantity 
condition \<135 psia) occurs in the descent oxygen tank, or i f 
a less than fullquanti ty condition (< 684 psi a) occurs i n 
ei ther ascent oxygen tank, or if a low quant i t y condition 
(<95 psia) occurs in ascent tank #1. The light is extinguished 
by momentarily positioni ng the O,./H

2
0 QTY MON swi tch (7-S-2) 

to the C/w RESEI' posi tion . The ffescent tank low quantity 
signal and the ascent tanks less than f ull s ignals are i nhibi
ted following staging (deadface switch). 

6-DS-38 GLYCOL FAIIDRE CAUTION LIGHT 

The (GLYCOL) caution light is illuminated by either of 
two malfunctions: (1) low glycol quantity i n the primary 
coolant loop; or ( 2 ) high glycol temperature in the primary 
loop as sensed at the glycol water evaporator outlet. Both 
si gnals are inhibited following selection of the SEX:: position 
of the Glycol Pump switch (7-S-3). If illuminated by the 
high temperature condition, restoration of the temperature 
to~ nominal level also extinguishes the l i ght. 

6-DS-39 WATER QUANTITY CAUTION LIGHT 

The (WATER QTY) caution light is illuminated i f the quantity 
remaining in the descent water tank falls below 10%, or if a 
less than full condition occurs in either ascent water tank, or 
if unequal levels occur in either of these ascent tanks. The 
light is extinguished by momentarily posi tioning 7-S-2 to the 
C/w RESET position. The descent tank low level signal and the 
ascent tanks less than full signals are i nhibited following 
staging (deadface switch). 
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1.4.2 Flag Indicators 

LEM Flag Indicators are of the "Leaf Spring Positioning 
Concept' ' (LSPC) type. The major consideration leading to the 
design of the I.SPC was an operational requirement specifying 
that the off flag must return to the viewing window in case 
of a complete power failure. This requirement necessitated 
the use of a spring strong enough to return the appropriate 
o·ff flag to a neutral position, and hold i t stable in this 
position under all environmental conditions wi th no power to 
the device. The I.SPC device draws no power i n an off position 
mode. The center flag will appear in the viewing aperture with 
no signal to the device. Cantilevered leap springs acting 
against a rectangular positioning block, positively retain the 
flag dial assembly in position. A signal from the electronic 
circuit sends current to the torquer coil, dri ving the dial 
against the stop and exposing the flag. Upon removal of the 
signal, the flag will return to the center position. 

For the three-position device, two i nputs to the electronics 
assembly are used. With an input at "A" and "B", the flag is 
driven against the lower stop. With inputs at "A 11 and 11 B11 , 

the flag is driven against the upper stop. The two-position 
device operates on the same principle as the three-position 
device except that current flows in only one direction through 
the circuit, and the dial moves only to expose a second flag. 
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1.4.3 "Servometric 11 Indicator 

The 11Servometric 11 concept employs the closed-loop rebalance 
principle to position a pointer in accordance with an input 
signal, as shown. An output from a feedback transducer mounted 
on the pointer is compared with the input signal. The result
ing error signal is amplified and utilized to drive the pointer 
(and transducer) to the correct position by means of a simple, 
direct-drive D1Arsonval type of torquer. The simplicity, low 
power, and low weight of meter movements are achieved without 
their open loop operation, poor dynamic stability under vibra
tion and acceleration, and cumbersome vibration isolation. The 
concept also provides the fast response, high accuracy, stability, 
mechanical ruggedness, and closed loop operation associated with 
servoed displays but without their bulk, weight, and mechanical 
complexity. ' 

The 11 Servometric 11 concept requires one moving element --
the torquer. This electromechanical element must move a pointer 
for display indication, operate from a DC input signal, and have 
an accurate position feedb~ck element. The type of concept 
selected was the permanent magnet DC torquer. These devices are 
somewhat similar in appearance to a D1Arsonval meter movement but 
their characteristics and construction are different in that the 
mechanism parameters are chosen to be compatible with the associ
ated rebalance potentiometers. Power to the moving element is 
brought in through flexible metal ribbons and no buflshes or slip 
rings are required. 

One torquer is required for each channel displayed (a dual 
indicating instrument requires two torquers). Two basic torquers 
are required in the four different LEM displays. They are the 
250 degree torquer and the 50 degree torquer. Both torquers 
operate on the same concept, but are constructed differently for 
the specific packages and dial displays. 

The 250° torquer is so named because it has an active rota
tional capability of 250°. It is designed to be packaged in a 
standard two-inch round display. The torquer uses the concept 
of an internal magnet, a center pole piece, ,and an external pole 
piece. The permanent magnet is charged with north and south 
polarity which is conducted into the pole pieces, which are made 
of high-permeability soft iron. The center pole is in contact 
with the north pole of the magnet. It distributes the lines of 
flux throughout the 250° air gap and acts like a unipole magnet 
of north polarity. The concept of design is based on maintaining 
a nearly constant level of flux density in all parts of the 
circuit. 
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The 50° torquer is a mechanism designed for use in the 
vertical scale displays and the Cross-Pointer . The torquer 
is designed using a concept utilizing two magnets. The circuit 
concept is especially suited for small angles of travel and 
develops high torques. The torque is high because two air gaps 
are provided so that two legs of the coil are in the magnetic 
field. The magnets and i ron pole pieces are all pie shaped to 
provide a magnetic field only in the arc of the coil swing. 
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1.4.4 Thrust/Weight Indicator 

The Thrust-to-Weight Ratio Indicator is an acceleration 
measuring device which will be mounted in the LEM instrument 
panel. The indicator will be read out by the pilot, the 
information to be used for monitoring descent engine perform
ance during lunar orbit checkout and X-axis acceleration of 
the ship during lunar landing. A moving pointer travels along 
a fixed vertical scale to indicate the desired reading. 

The Thrust-to-Weight indicator is only sensitive to accele
ration inputs along its axis of mass motion. A mass in the unit 
is constrained to linear motion and supported longitudinally by 
a constant rate spiral spring. The inertia force of the mass is 
balanced by the spring force. The displacement of the mass is 
proportional to the inertia force, and hence to the input accele
ration, under conditions of constant acceleration. Displacement 
of the mass is translated to pointer displacement, giving an 
output which is linearly proportional to input acceleration. 

The pointer assembly consists of an aluminun pointer which 
is epoxied to a plastic sliding block. The block slides in a 
track which is machined in the rre chanism frame and which constr
ains the pointer assembly, except in the direction motion. A 
hairpin-type spring is epoxied to the pointer. The spring ends 
serve as attach points for the pointer cord, and thermal con
traction of the cord is compensated for by deflection of the 
spring. Pulley bearing loads are thus kept at very low levels 
and friction is minimized. 
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- 1.4.5 Range/Range Rate Indicator 

The Range/Range Rate Indicator displays range and range rate 
by means of vertically moving tapes, reading against a fixed 
reference marker. Digital coding on the back of the display 
tapes is read by means of sensors, and in effect, the display 
tape and readhead comprise a digital encoder. 

Driving the tapes are stepper motors, controlled by the 
integral electronics. The integral electronics comprised mainly 
of microelectronic integrated circuits, for a special purpose 
digital computer, capable of recogniz ing which of the many inputs 
is being received by the indicator and comparing the input data 
against the tape feedback and generating an error word to operate 
the stepper motor. 

Fach tape drive consists of a stepper motor driving wrap-up 
spool to which the tape is affixed at one end. The other end of 
the tape is attached to another spool connected to the motor 
driven wrap-up spool by a constant tension spring gear. The 
utilization of a constant tension spring provides a tape tension 
that is relatively constant irrespective of the varying wrap-up 
d~ameters on the tape spools. Bearing mounted flanged rollers 
are used to guide the path of the tapes across the sensors. 
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1.4.6 Flight Director Attitude Indicator 

In order that the astronauts may monitor the LEM attitude with 
respect to a given reference axis, some form of attitude display is 
required. A system of servo-motor~, servo-amplifiers, and synchro
resolvers has been designed to di3play the LEM attitude on a panel 
mounted device. This device is the Flight Director Attitude Indicator 
(FDAI). Its primary display is a sphere , mounted to gimbal about 
three orthogonal axes and oriented so as to never present its gimbal 
points t o an observer. 

In addition to indicating the attitude of t he LEM, the FDAI 
incorporates six meters to indicate rate and error of roll, piLch , 
and yaw. The RATE indicators meter the rate of change of angular 
position and the ERROR neerUes indicate the deviation between t he 
programmed and the actuaJ attitude. The error needles can also be 
used to monitor the rendezvous radar antenna position with 
respect to the LEM axes . 

Between the sensing servos on the stable platform and the FDAI ball 
itself is a complex system of electronic and mechanical components. This 
unit, the Gimbal Angle Sequence Transformation Assembly (GASTA), was 
designed to operate in conjunction with the FDAI and to modify its input 
signals to the required c0nfiguration. This circuitry is necessary to 
transform the angular position of the stable plat.form gimbals to signals 
of the proper configuration to operate the FDAI ball properly. It is 
to be noted that the outer gimbal of the stable platform allows rotation 
about the X-axis, while the outer gimbal of the FDAI ball allows 
rotation of the ball about the Z-axis. A similar difference exists with 
the middle gimbals, which allow stable platform rotation about the 
Z-axis and ball rotation about the X-axis. The inner gimbals of both 
allow rotation about the same axis . The GASTA is also a signal 
conditioner which takes 26V, 800 cps signals from the Inertial 
Measuring Unit (IMU) of the Primary Guidance and Navigation System (PGNS) 
and converts them to 15V, 800 cps signals. 

Signals may reach the attitude indicator from the two possible 
sources . The primary source is the D1U ( stable platform) and t.he 
secondary source is the Abort Guidance System (AGS). The primary 
signals must be routed through the GASTA: but since the AGS ha~; :Lts own 
GASTA Function Unit, its signals are sent directly to the FDAI. 

The RATE meters are fed from the Stabilization and Control (S&C) 
rate gyros in either mode of operation . Inputs to the ERROR meters (when 
metering computer/ attitude error) are from either PGNS or AGS, depending 
on the mode selected. The Rendezvous . Radar (RR) shaft angle is fed to 
the PITCH ERROR needle and the RR trunnion angle is fed to the YAW 
ERROR needle (when metering RR). 
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1.5 Unique Controls 

1.5.1 Thrust/Translation Controller 

The translation controller is functionally an integrated 
translation and thrust controller used by the astronaut to commam 
vehicle translations by the reaction jets and to throttle the 
descent engine between 10% and 100% maximum thrust magnitude . 
Physically , it is a three-axis, tee-handle , le f t-hand controller 
mounted with its l ongitudinal axis approximately 28 ° from a li ne 
parallel to the vehicle Z-axis. Two controllers are i nstalh:d 
in the LEM, one avai lable for each astronaut. 

Due to the controller's mounting position , vehicle transla
tions correspond approximately to astronaut hand motions. Moti on 
of the controller to the left or r ight wi ll command translations 
along the Y-axis, and movement of the cortroller forward or back
ward will result in translations along the Z-axis. To afford the 
integrated thrust/translation control capabi lity , a manually 
operated two-position lever is located on the controller. 
Controller up or down motion will command translations along 
the X-axis when the lever is set to the JET'S position. With 
the lever i n the THROTTLE position, up or. down motion results i n 
varying the thrust magnitude of the descent engine . Regardless 
of lever setting, the controller has translation command capa
bility along the Y and Z axes. 

A pair of detent switches are located about each controller 
axis and a transducer is positioned along the longi tudinal axis. 
The detent switches provide a discrete signal to the I.GC when the 
astronaut moves the controller out of its neutral or detent posi 
tion. The discrete signal commands the computer t o issue trans
lational change commands in accordance with the controller motion. 
The transducer provides an electri cal output proportional to 
controller displacement when the lever is at the THROTTLE posi t 'Lm. 
These signals are routed to the descent engine throttle servo t o 
command proportional thrust magni tude control. 
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- 1.5.2 Attitude Controller 

Vehicle attitude changes can be commanded manually by the 
use of either one of the two three-axis, pistol-grip, right
hand attitude controllers. One attitude controller is used by 
each astronaut. The attitude controller is installed with its 
longitudinal axis approximately parallel to the LEM X-axis so 
that vehicle rotations will correspon to astronaut hand movements. 
Clockwise or counterclockwise rotation of the controller about its 
longitudinal axis will command vehicle yaw left or yaw right rota
tion about the X-axis . Forward or backward movement of the con
troller will command vehicle pitch-down or pitch-up rotation 
about the Y-axis. Movement of the controller to the left or right 
will command a roll-left or a roll-right rotation about the Z-ax:i:,; . 

A position transducer, a pair of detent switches, and a 
pair of limit switches are located about each controller axis. 
The t ransducer provides an electrical output proportional to 
controller displacements and is used to command proportional 
vehicle angular rates. The detent switches provide a discrete 
signal to the I.GC when the astronaut moves the controller out 
of its neutral or detent position. The discrete signal informs 
the computer to issue attitude change commands to the RCS via 
driver electronics in accordance with the controller displacement. 
Additional switches are used with the ATCA to command direct or 
pulsed reaction jet firing while the controller i s displaced off 
center. The limit switches at the "hardover" position are hard
wired to the secondary RCS jet solenoids and enable the astronaut 
to fire the reaction jets directly, regardless of flight control 
mode or controlling system. 

Mounted on the front of the attitude controller handle is 
a push button. This is the push-to-talk (PI'T) switch for the 
astronaut's audio system. 
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1.5.3 ECS Manual Controls 

/ 

The Environmental Control Subsystem (ECS) has a bank of manual valve and regulator 
controls located on a unit in the rear section of the crew compartment on the System 
Engineer's side. 

7-H-3 

ATMOSPHERE REVITALIZATION 
SECTION PRESSURE REGULATORS 

4-Position Faucets 

CABIN REPRESSURIZATION VALVE 

3-Position Faucet 

These controls (OPEN - NORM - ffiRESS - CLOSE), in 
OPEN position, permit unregulated flow of oxygen 
into the suit circuit. The NORM position regu
lates oxygen flow into the suit circuit to main
tain a pressure of 5.0 ± .2 psia. This mode is 
selected during normal pressurezed cabin opera
tions. The EGRESS position regulates oxygen flow 
into the suit circuit to maintain a pressure of 
3.7 ± .2 psia. This mode is selected during lunar 
egress operations and at any other time the cabin 
is unpressurized. The CIDSE position prevents 
oxygen flow to the suit circuit. The CIDSE posi
tion is selected only when one of the regulator 
valves fail open. The OPEN position is selected 
if both the normal or egress automatic regulators 
have failed to supply oxygen to the suit circuit. 

This valve (OPEN -AUTO - CLOSE), in the OPEN posi
tion, permits direct, unregulated flow of oxygen 
into the cabin from the oxygen manifold. The AUTO 
position enables the valve to respond to inputs 
from the cabin pressure sensor. The valve fully 
opens whenever cabin pressure drops past 4.6 psia, 
and closes as cabin pressure rises past 4.8 psia. 
If both 7-H-l and 7-H-2 are in any position other 
than NORM or EGRESS, the automatic mode of 7-H-3 
is disabled. The CIDSE position mode of 7-H-3 is 
disabled. The CIDSE position prevents oxygen flow 
into the cabir. ~rom the oxygen manifold. 
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3-Position Collar Controls 

This valve (OPEN-CL OSE ), in the OPEN position, per
mits flow of oxygen to the primary oxygen storage tark: 
in the PISS. The CLOSE position prevents flow of 
oxygen to the PLSS oxygen storage tank. 

These valves (OPEN-CLOSE), in the OPEN position, 
permit flow of oxygen from their respective oxygen 
tank to the oxygen manifold. The CLOSE position 
prevents flow of oxygen . In order for the ascent 
oxygen valves to be placed in the OPEN position, the 
descent oxygen valve must be placed in the CLOSE 
position. A mechanical interlock is in the system 
to prevent ascent oxygen from flowing to the empty 
descent oxygen tank. In the event that the Descent 
o2 valve will not close, an override of the mechanical 
interlock is provided so that the Ascent o2 valve can 
be opened. 

These controls (FACEPLATE OPEN - SUIT DISCONNECT -
FACEPLATE CLOSE) are located at the junction of the 
suit umbilical and the ARS and are rotatable collars 
with three positions . They are operated in conjunc
tion with a suit O flow control mounted directly on 
the suit which wilf be referred t o as the Body Flow 
Valve. In the FACEPLATE CLOSE position the Body Flow 
Valve will be in the open posi tion, thus permitting 
half of the sui t oxygen flow to pass directly into 
the body of the space suit at the waist and half of the 
flow to pass to the helmet and down over the astronaut's 
body surface and into ducts at the four suit extremities. 
From here, the oxygen will flow through the extremity 
ducts to the exhaust wnbilical. 

NOTE: When operating from the PISS, the Body Flow Valve 
on the suit wi ll be in the CLOSE position, thus 
allowing the PLSS flow to pass entirely to the 
helmet and then simi larly as above. There wi].. 
be no oxygen f low directly into the waist as before. 
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Code 

7-H-8 

Control/Indicator 

CABIN GAS DIVERTER VALVE 

2-Position 11 T11 Handle 

Function 
NGI'E: When operating from the PLSS, the Body Flow 

Valve on the suit will be in the CLOSE posi
tion, thus allowing the PLSS flow to ra,ss 
entirely to the helmet and then similarly as 
above. There will be no oxygen flow directly 
into the waist as before. 

The SUIT DISCONNECT position will prevent suit 
circuit oxygen flow to the space suit at the con
nector and the flow will bypass the suit and flow 
directly to he downstream portion of the suit cir
cuit. In the FACEPLATE OPEN position the Body Flow 
Valve will be in the CLOSE position. The suit cir
cuit gas flow will pass through the four extremity 
ducts and out intothe space suit. The gas will then 
flow over the astronaut's body surface and out the 
faceplate into the cabin, 7-H-6 controls flow through 
the CDR 1s suit and 7-H-7 controls flow through the 
SE 1 s suit • 

This control (PUSH: OPEN - PULL: CLOSE), in the 
PUSH:OPEN position, permits the gas flow in the suit 
circuit to pass into the cabin. This is done during 
open-face plate operation so that the suit circuit 
will provide sufficient air flow to maintain the 
oxygen level of the cabin within limi ts. This valve 
has provision for automatic closure by a signal from 
the cabin pressure sensor whenever cabin pressure 
drops below 4.6 ps i a. This valve will also close auto
matically whenever 7-H-l and 7-H-2 are in the EGRESS 
position. In the PULL:CLOSE position the gas flow 
in the suit circuit is prevented from passing into 
the cabin. 
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7-H-9 

7-H-1O 

7-H-11 

7-H-2O 

SUIT CIRCUIT RELIEF VALVE 

3-Position Faucet 

WATER SEPARATOR SELECT VALVE 

2-Position 11 T11 Handle 

CABIN RELIEF AND DUMP VALVES 

3-Position Bar Levers 

This control (OPEN - AUTO - CLOSE) prevents the 
over pressurization of the suit ci rcui t and the spare 
suit. The AUTO position permits the valve to be 
operated by an aneroid device in response to suit 
circuit pressure. The valve is fully open with a 
suit pressure of 4.4 psia or greater, and fully 
closed whenever the suit pressure is less than 4.1 
psia. The OPEN position manually overrides the auto
matic mode to open the valve fully. The CLOSE posi
tion manually overrides the automatic mode to close 
the valve fully. 

This control (PUSH: SEP 1 - PULL: SEP 2) permits the 
selection of either of two water separators which 
separates the condensed moisture in the gas and vents 
this water to the primary water bQiler. The PUSH: 
SEP 1 position selects the #1 separator and the PULL: 
SEP 2 position selects the #2 separator • 

These controls (CLOSE - AUTO - DUMP) provide the dual 
function of cabin depressuri zation and cabin pressure 
relief. There is one control on each LEM hatch. The 
normal position for this control is the AUTO position, 
which allows the valve to act as a pressure relief 
device. An aneroi d sensor wi thin the valve causes 
the valve to open at a pressure of 5,8 psia or greater, 
thus bleeding off excess cabin pre ssure. The CLOSE 
position permits manual overri de of the automati c 
position and serves to close and lock the relief valve 
so that no gas escape is possible in the event of 
failure of the automatic feature. The DUMP position 
also overrides the AUTO position and' permits the crew 
to dump the cabin pressure. A squeeze trigger on the 
Dump Valve Control handle must be depressed to unlock 
the control handle before i t can be moved to another 
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7-H-12 

7-H-13 

CABIN TEMPERATURE CONTROL VALVE 
MODULATING FAUCEI' 

DRINK WATER VALVE 

2-Position Faucet 

position. This same dump valve, also has a two
position control handle on the outside of the hatch. 
This outside handle has the legend, PULL TO DUMP and 
is spring loaded to close. Pulling and holding the 
handle out for approximately 90 sec. will dump the 
LEM cabin pressure. This "out" position of the out
side handle is comparable to the DUMP position of 
the inside handle. The spring loaded "in" position 
of the outside handle is comparable to the AUTO posi
tion of the inside handle. 

This control (MAX HEAT - NORMAL - MAX COOL) is used 
to regulate cabin temperature through adjustment of 
the temperature of the glycol supplied to the cabin 
heat exchanger. In the NORMAL position the tempera
ture of the glycol is automatically adjusted to main
tain a cabin gas temperature of 70 ± 5°F. Should 
cabin temperature exceed these limits or should a 
lower or higher temperature be desired, movement of 
the control in either the MAX COOL (clockwise) or 
MAX HEAT (counterclockwise) direction will automatic
ally divert glycol of higher or lower temperature 
respectively into the coolant flow by changing the re t 
point for regulation. 

This control (OPEN - CIDSE) is used to control water 
flow for drinking and food preparation . The OPEN 
position supplies water to the water hose and the 
CIDSE positi on prevents water flow to the water hose. 
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7-H-17 

WATER TANK SEI.ECT VALVE 

3-Position Fold-Out Hand Crank 

EMERGENCY SUIT BOIIBR VALVE 

2-Position Faucet 

CABIN GAS RETURN VALVE 

3-Position Faucet 

This control (DES - ASC - EMER) in the DES position 
selects the descent water tank to provide water for 
the primary water boilers, and for the PLSS and 
DRINK WATER VALVES for the period between manning 
and pre-lunar ascent. Upon manning, the primary 
water feed valve is opened allowing water from the 
descent tank to flow to the primary water boilers. 
The ASC position selects both ascent water tanks to 
provide water to primary boilers and water valves. 
To place 7-H-14 in the EMER posi tion a safety trig
ger near the handle must be manually tripped. This 
position: (1) prevents all water flow from water 
tanks to the primary water boilers, and water valves 
(2) diverts all water from the water separators to 
the emergency water glycol boilers and (3) ruptures 
the water isolation valve disc, thus providing an 
accumulator action for the emergency coolant system 
loop. 

This control (OPEN - CIDSE) provides an emergency 
means of cooling the suit circuit. In the OPEN posj,.. 
tion this valve allows water to flow to the emergency 
suit water boiler. The CLOSE posi tion prevents flow 
of water to the boiler and is the normal position 
fo r this valve. 

This control (OPEN - AUTO - CLOSE) provides for the 
return of cabin gas back into the suit circuit under 
normal operations or provides suit circuit integrity 
under rapid cabin decompression. In the OPEN posi
tion cabin gas is fed back into the suit circuit for 
revitalization. The AUTO position allows gas flow 
into, but not out of, the suit circuit. This is 
accomplished through the use of a one way check 
valve. The CLOSE posi tion provides an override of 
the one way check valve, thus insuring suit circuit 
integrity during unpressurized cabin operations. 
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7-H-18 

7-H-19 

7-H-22 

7-H-23 

7-M-24 

EMERGENCY GLYCOL BOILER VALVE 

2-Position Faucet 

CO2 CANISTER SEIBCT VALVE 

2-Position Bar Lever 

SUIT TEMPERATURE CONTROL VALVE 

Modulating Faucet 

PRIMARY CANSISTER VENT BUTTON 

SECONDARY CANISTER VENT BUTTON 

MOMENTARY PUSHBUTTON 

This control (OPEN - CLOSE) provides a f low of water 
to the emergency glycol water boiler to maintain 
temperature limits for the emergency glycol l oop. 
The OPEN position permits full water flow to the 
boiler. The CLOSE position prevents water flow to 
the emergency glycol water boiler and is the normal 
position for this valve. 

This control (PRIMARY - SECONDARY), in the PRIMARY 
position, allows the suit circuit gas to be fi ltered 
through the primary LiOH canister thereby removing 
CO and noxious gases from the suit circuit gas. 
Sefecting the SECONDARY pos:ition permits the suit 
circuit gas to be filtered through the secondary 
LiOH canister while changing the primary canister. 

This control ( DECREASE - INCREASE) permits the reg
ulation of suit circuit temperature by varying the 
temperature of glycol through the heat exchanger. 
When the handle is turned in the INCREASE direction 
(clockwise), glycol of higher temperature is diver
ted to the suit regenerative heat exchanger in order 
to increase suit circuit gas temperature. Turning 
the handle in the DECREASE direction (counterclock
wise) diverts glycol of a lower temperature to the 
suit regenerative heat exchanger i n order to decrease 
suit ~ircuit gas temperature . 

These pushbuttons (PUSH - TO VENT) are assoc i ated 
with the primary and secondary LiOH canisters re
spectivelyo When the button is depressed the gas 
within a canister is vented thus diminishing the 
internal pressure within the canister and fac i li
tating removal of the canister from the suit circuit. 
Note: 7-H-19 must be placed to the opposi t e canister" 
position fro~ the one which i s to be replaced befo re 
the push-to-vent p'.!shbuttons shottld be actuated. 
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7-H-25 PRIMARY WATER FEED 

2-Position Faucet 
( 

7-H-26 PISS WATER VALVE 

2-Position Faucet 

This control permits the flow of water from the 
water manifold to the pri mary water boiler. When 
the LEM is first manned, the valve is placed i n 
the OPEN position, thus permitting water feed to 
the primary water boiler. Placing the valve in the 
CLOSE position will shut off the flow of water to 
the primary water boiler. 

This control (OPEN - CLOSE ) supplies water for PISS 
recharging directly at unregulated descent water 
tank pressure. The OPEN position supplies water 
to the hose and the CLOSE position prevents water 
flow to the hose. 
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1.5.4 Alignment Optical Telescope (AOT) 

The Alignment Optical Telescope (AOT) is a unity power 60 
degrees field-of-view optical instrument similar to a periscope. 
The AOT is operated manually by the astronauts with mark commands 
initiated by the astronauts while viewing stars through the AOT. 
The AOT line-of-sight may be rotated to one of three viewing 
positions with a fourth position used for storage. The AOT is 
mounted in the forward part of the LEM with the shaft axis 
parallel to the LEM X axis and the center of the field-of-vi ew 
approximately 45° above the X axis and 60 ° to either side of the 
Z axis or on the XZ plane. The purpose of the AOT is to provide 
angular data from star sightings for use in stable platform 
alignment via the LG-C to a reference coordinate system. 

Mounted to the right side of the AOT is the computer control 
and reticle dimmer assembly. located on this control box is a 
thumbwheel which provides the astronaut the capability of 
adjusting the brightness of the AOT reticle light when taking a 
star sighting. The MARK-X and MARK-Y pushbuttons are also loca
ted on this assembly and are used by the astronaut to send dis
crete signals to the LG-C when making star sightings for an IMU 
inflight alignment. A REJECT pushbutton is also available should 
an invalid mark discrete be sent to the I.GC. 

3-S-22 EYEPIECE ADJUST LEVER This lever moves the eyepiece toward or 
away from the eye of the observer. 

3-S-23 MARK X SWITCH 

3-S-24 MARK Y SWITCH 

3-S-25 MARK REJECT SWITCH 

3-R-l RETICLE ILLUMINATION 
CONTROL 

3-H-l RETICLE CONTROL 

Depression of this pushbutton sends a 
signal to the I.GC indicating that the 
star is aligned on the X reticle position. 

Depression of this pushbutton sends a 
signal to the LG-C indication that the 
star is aligned on the Y reticle position. 

Depression of this pushbutton sends a signal 
to the LGC indicating that the last Mark 
signal was incorrect and no action is to 
be taken until a new Mark .signal is 
received. 

This continuous rotary (OFF-BRIGHT) 
controls the brightness of the AOT 
reticle. 

This continuous rotary control associa
ted with 3-M-7 rotates the AOT Reticle 
in order to measure the elevation angle 
of a ·star. 
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3-H- 2 

3-M- 7 

AZIMUTH CONT ROL 

AOT COUNTER 

Thi s six-position rotary switch (LR - L -
F - R - RR - CL) control s t he rotating 
pri sm. The prism can be rotated to 
cover any of five 60 ° sectors from left 
rear (LR ) , l eft (L) , forward (F) , r ight 
(R) and right r ear (RR). In t he CL 
posi t i on, t he rotat ing prism i s stowed 
under a prot ect ive cover . 

Thi s four-di gi t i ndicator displays , in 
degrees , the rotation of the Retic l e 
Cont r ol Knob . The extreme right digi t 
di splays tent hs of degr ees. 
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1.6 Controls & Displays Panel and Function Reference 

1.6.1 Panel I - (Engine/Thrust Control) 

Code Control/Indicator 

l-S-1 ENGINE ARM SWITCH 
J-POSITION TOGGIE 
LOCK-LOCK-LOCK 

l-S-6 X-TRANSLATION SWITCH 
2-POSITION TOGGIE 
MAIN-MAIN 

l-S-9 BALANCED COUPIES SWITCH 
2-POSITION TOGGIE 
LOCK-LOCK 

Function 

This three-position toggle (ASC - OFF - DES) pro
vides arming signals to the engines. The ASC posi
tion provides an arming signal enabling firing of 
the ascent engine while simultaneously signalling 
the LGC that the engine is armed. In the OFF posi
tion the arming signals are removed from the engine 
valves and the LGC. In the DES position the des
cent engine is armed and the LGC is notified that 
the engine is armed. However, regardless of the 
position of this switch, the appropriate engine 
will be armed if 1-S-lJ or l-S-14 are actuated • 

This two-position toggle (4 JEI'S - 2 JEI'S) selects 
the number of jets that will be utilized in X-axis 
translation maneuvers. This control can only be 
used with the AGS system. 

This two-position toggle (ON-OFF) selects either 
balanced pairs of RCS jets in a couple or unbalan
ced X-axis RCS jets for use in maintai ning pitch 
and roll attitude during the ascent engine thrust 
phase when the AGS is in the guidance loop. This 
switch is normally in the ON position (balanced 
couples) during the initial phases of lunar ascent. 
This provides maximum stabilization and control 
over any center of gravity thrust vector misalign
ment. After some minimum burn time (to be deter
mined) when the balanced couples operation is no 
longer required, the switch can be posi tioned to 
OFF to conserve fuel. 
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l-S-10 

l-S-11 

l-S-13 

Control/Indicator 

MANUAL THROTTLE SWITCH 
2-POSITION TOGGLE 
LOCK-LOCK 

THRUST CONTROL SWITCH 
2-POSITION TOGGLE 
LOCK-LOCK 

ABORT SWITCH 
GUARDED PUSHBUTTON 
MAINTAIN 

Function 

This two-position toggle (CDR -SE) selects the con-
troller which will be used for manual descent ~ 
engine thrust levei adjustment if its corresponding 
select lever is in the THROTTLE position. Thus, in 
the CDR position, only the Commander's Controller is 
enabled to adjust descent engine thrust level, and 
in the SE position only the Systems Engineer's Con
troller is enabled. 

This two-position toggle (AUTO - MAN) provides the 
capability of switching from automatic throttle con
trol (LGC) to manual throttle control. In the AUTO 
position, LGC command signals are summed with the 
manual command signals of the throttle selected by 
l-S-10 for descent engine throttle control. Only 
the LGC command signals are displayed on the Thrust 
indicator (9-M-7). In the MAN position LGC throttle 
command signals to the descent engine are interrupt
ed. The display shows manual throttle commands; and 
the descent engine throttle is fed only by the manual 
throttle command signals. 

This pushbutton is activated to initiate an abort 
using the descent engine. Activation of this switch 
causes the following events to occur at the appro
priate time: (a) a cbnnnand signal is sent to arm 
the descent engine, (b) a signal is sent via instru
mentation to telemetry indicating that the vehicle 
is preparing for an abort, and (c) a signal is sent 
to the LGC and AGS to compute and execute the abort 
trajectory by using the abort program. 
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Code 

1-S-JJ+ 

Control/Indicator 

ABORr STAGE SWITCH 
GUARDED PUSHBUTTON 
MAINTAIN 

Panel I - (Flight Control) 

Code 

9-S-l 

Control/Indicator 

ELAPSED TIMER SHAFT/ 
STOP PUSHBUTTON 
MOMBNTARY 

Function 

This pushbutton is activated to initiate an abort 
using the ascent engine. Activation of this switch 
will cause the following events to occur at the 
appropriate times: (a) a corranand 'signal is sent 
to the electro-explosive devices to pressurize the 
ascent engine, (b) a signal is sent to the LGC and 
AGS to compute and execute the abort trajectory 
using the abort stage program, (c) a signal is sent 
via instrumentation to telemetry indicating that 
the vehicle is preparing to stage for an abort, 
(d) the descent engine is shut down, and (e} an 
ASCENT ENGINE ON command is enabled which in turn 
fires the appropriate electro-explosive devices 
to initiate vehicle staging. At the same time the 
LGC will turn on the ascent engine and signal 
telemetry via the serial down-link that the ascent 
engine has been started. At some point in the 
Abort Stage sequence, electrical power is trans
ferred automatically from descent batteries to 
ascent batteries. 

Function 

Depression of this pushbutton will (a) stop the 
Elapsed Timer (9-M-10), (b) engage the setting gears 
(enable 9-S-15), and (c) set the seconds hand at 
11 0 11 • Depressing the button again will start the 
timer. 
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9-S-2 

9-S-3 

9-S-4 

Control/Indicator 

RATE ERR MON SWITCH (CDR) 
2-POSITION TOGGLE 
MAIN-MAIN 

ATTITUDE MON SWITCH(CDR) 
2-POSITION TOGGLES 
MAIN-MAIN 

ALT/RNG MON SWITCH 
2- POSITION TOGGLE 
MAIN-MAIN 

Functi on 

This two-position toggle (RNDZ RADAR - IDG RDR/ 
COMPTR) enables s ignal i nputs to the FDAI and the 
X-Pointer displays. In the RNDZ RADAR position, 
shaft and trunni on angles from the Rendezvous Radar 
are displayed on the pi tch and yaw error needles 
of the FDAI, and LOS Azimuth and Elevati on rates are 
displayed on the X-Poi nter display , (illuminating 
LOS. AZ and LOS ELEV). In the LlJG RDR/COMPTR position, 
vehi cle attitude errors are d:i.splayed on the FDAI 
error needles and forward and lateral veloci ties are 
displayed on the X-Poi nter di splay , (illuminating LAT 
VEL and FWD VEL) 9-S- 2 enables inputs to 9-M-l and 
9-M-2. 

This two-position toggle (PGNS - AGS) selects the 
source of Attitude data to be di splayed on the FDAI. 
In the PGNS position, vehicle total Attitude si gnals 
(after conditioning by GASTA) are sent to the FDAI 
ball and lGC Atti tude error s i gnals are sent to the 
FDAI pitch roll and yaw error needles. In the AGS 
position, the AGS total vehi cle att i tude s i gnals are 
sent to the FDAI ball and AGS atti tude error signals 
are sent to the FDAI pi tch, yaw and roll error 
needles. 9-S-3 enables signals to 9-M-l. 

This two-position toggle (RNG/RNG RT - ALT/ALT RI') 
selects the display legend on 9-M-9 and Rendezvous 
Radar range and range rate data or landi ng altitude 
and alti tude rate data to be displayed. In the 
RNG/RNG RT position Rendezvouf Radar range and 
rate data i s sent to the display. In the ALT/ALT 
RT positi on data from whatever source i s sel ected 
by 9-S-9 will be sent to the di splay . 
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Control/Indicator 

GUID CONT SWITCH 
2-POSITION TOGGLE 
LOCK-LOCK 

SHFI'/TRN SWITCH 
2-POSITION TOGGLE 
MAIN-MAIN 

MODE SEL SWITCH 
3-POSITION.TOGGLE 
MAIN-MAIN..:.MAIN 

Function 

This two-position toggle (PGNS - AGS) selects either PGNS 
or AGS for guidance control of the LEM. 

This two-position toggle (±50° - ±5°) selects the range of 
rendezvous radar shaft and trunnion angles to be displayed 
on the pitch and yaw error needles of the FDAI. In the 
+50° position a full deflection of the FDAI pitch and yaw 
needles indcates shaft and trunnion angles of +50° (or 
greater). In the ±5° position a full deflecti~n of the 
FDAI pitch and yaw error needles indicate shaft and trun
nion angles of ±5° (or greater) . Less than full deflection 
needle positions are linearly proportional to shaft and 
trunnion angles of less than ±50°or ±5° respectively. 

This three-position toggle (LOG RADAR - PGNS - AGS) selects 
radar or computer data for display on 9-M-2, 9-M-3, and 
9-M-9. In the LDG RADAR position radar Altitude, Altitude 
Rate, Forwar and Lateral Velocity data are enabled for di&
play. In the PGNS position I.GC computed Altitude, Altitude 
Rate, and Forward Lateral Velocity are displayed. In the 
AGS position AGS computed Altitude, Altitude Rate and Laterai 
Velocity data are enabled for display. The data from the 
source selected by 9-S-9 are displayed on the X-Pointers only 
when 9-S-2 and 9-S-7 are in the LDG RDR/CMPTR position respec
tively. When 9-S-2 and 9-S-9 are in the RNDZ RADAR position, 
no inputs from 9-S-9 are accepted to the X-Pointers. Data 
from the source selected by 9-S-9 is displayed on the Alti
tude/Range Indicator only when 9-S-4 is in the ALT/ALT RT 
position. When 9-S-4 is in the RNG/RNG RT position, no 
inputs from 9-S-9 are accepted to the Altitude/Range 
Indicator. 
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Code 

9-S-15 

9-ij-1 

9-M-2 

Control/Indicator 

ELAPSED TIMER SE!' SWITCH 
TWO CONCENTRIC FINGER TIP 
CONTROLS 

FLIGHT DIRECTOR ATTITUDE 
INDICATOR ( CDR) . . 

X-POINTER (CDR) 

Function 

These concentric controls are used to adjust the 
hour hand (outer control) and the minute hand 
(inner control) of 9-M-10. One revolution of 
the outer control turns the hour hand 15 hours. 
One revolution of the inner control turns the 
minute hand 60 minutes. The hands of this Elap
sed Timer can be set in either a clockwise or 
counterclockwi se direction . 

This indicator displays: (1) Vehicle Attitude, 
Attitude Rates and Atti tude Errors or 
(2) Vehicle Attitude, Attitude Rates and Ren
dezvous Radar Shaft and Trunnion angles, depend
ing upon the position of 9-S-2. The position of 
9-S-3 will select ei ther PGNS or AGS as the source 
of displayed vehcile Attitude and Attitude errors 
for 9-M-1. The attitude rate information dis
played on the three meters surrounding the ball 
is always obtained from the CES rate gyros. The 
shaft and trunnion angles are displayed respec
tively on the pitch and yaw error needles of 

9-M-1 when 9-S-2 is in the RNDZ RADAR posit:io n. 

This indicator displays: (1) Forward and Lateral 
Velocities, (2) lateral Velocities only or (3) Ren
dezvous Radar LOS Elevation and Azimuth Angular 
Rates. What is displayed on 9-M-2 is a function of 
the position of 9-S-2 and 9-S~9- Forward and lat
eral velocities are measured in the horizontal 
plane along the LEM Zand Y body axes when the 
source driving the display is the PGNS. When the 
landing radar i s the driving source the fo rward and 
lateral velocities are coincident wi th LEM Z and Y 
body axis velocities. When the AGS system is the 
driving source, lateral veloci ty is the only infor
mation displayed and is vehicle Y body axis velocity. 
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Code 

9-M-4 

9-M-7 

9-M-9 

Control/Indicator 

THRUST WEIGHT INDICATOR 

THRUST INDICATOR 

Function 

This indicator is a self-contai ned accelerometer 
which displays instantaneous X-axis acceleration 
in lunar "g" units (1 "g" = 5.23 ft/sec2). The 
instrument may be used to provi de a -gross check 
on engine performance since any given throttle 
setting will provide a specific acceleration when 
the vehicle has a given mass. 

This indicator displays descent engine chamber 
pressure (left pointer), or manual throttle com
mands or LGC thrust commands (right pointer) as 
switched by l-S-11. If the manual mode is select
ed by l-S-11, then the right pointer will indi cate 
either the CDR 1 s or SE 1 s throttle commands depend
ing on the position of the Manual Throttle Select 
(1-S-10). The display range is 0-100% thrust. 
Under normal operation of LGC conunand authority 
both pointers will be aligned at the same scale 
reading. A divergence be tween needle settings 
will indicate a malfunction or that the manual 
throttle authority is being introduced to enable 
a smooth transition to full manual control. If 
the latter is true, then the Thrust Control switch 
(1-S-11) will be switched to MAN when the LGC 
thrust command pointer reaches 10% thrust. After 
switching to MAN, both poi nters should be aligned 
if the system responds correctly. 

ALTITUDE/RANGE INDICATOR This indicator will display either Range/Range Rate 
information or Alt/Alt Rate information as selected 
by 9-S-4. The Range/Range Rate data are from the 
Rendezvous Radar. The Altitude/Altitude Rate i nfor
mation is from one of three sources; the Landing 
Radar, PGNS or AGS as selected by 9-S-9. When 
Landing Radar information is selected, true altitude 



.,, 
0 
;a 

-4 
;a 

► z 
z 
G') 

"1:11 
C: 
;a 
"1:11 
0 
V\ 
m 
V\ --.J 

oo 
z 
r-
-< 

9-M-9 

9-M-10 

9-M-11 

ELAPSED TIMMER 
3-POINTER CLOCK 

EVENT TIMER INDICATOR 
4-PLACE DIGITAL DISPLAY 

Panel I - (Main Propulsion) 

Control/Indicator 

10-S-l 

10-S-3 

10-S-4 

PROPELLANT TEMPERATURE 
PRESSURE MONITOR SWITCH 
3-POSITID N TOGGIE 
MAIN-MAIN-MAIN 

ASCENT HELIUM REGULATOR 
#1 SWITCH 
ASCENT HELIUM REDULATOR 
#2 SWITCH 
TWO 3-POSITION TOGGIES 
MOM-MAIN-MOM 

rate data are available if the LEM X axis is 
verticle. When either PGNS or AGS is selected 
inertially derived altitude and altitude rate data 
are avai lable for display. 

This meter will display time (up to 60 hours) in 
hours, minutes and seconds and is controlled by 
9-S-l and 9-S-15. 

This four digit indicator displays time in minutes 
and seconds. It is capable of counting up or down. 
The maximum time displayed is 59 minutes, 59 seconds. 
9-S-11, 9-S-12, 9-S-13, and 9-S~l4 control the opera
tion and settings of this display. 

Function 

This three-position toggle (ASC - ,,.DES 1 - DES 2 ) selects 
for monitoring on 10-M-3 and 10-M-4 the propellant 
tank pressures and temperatures. In the ASC posi
tion, ascent propellant tank pressures and tem
peratures are displayed . In the DES 1 position , the 
descent propellant #1 ~re displayed, and in 
the DES 2 position, the descent propellant #2 values 
are displayed. Propellant #1 values and propellant 
#2 values are in each case one fuel tank and one 
oxidizer tank temperature and pressure . 

Each of these three-position toggles (OPEN - CLOSE) 
controls a latch-type solenoi d-operated valve 
located upstream of each helium pressure regulator. 
The solenoid valves are normally in the opened posi
tion . Selecting the OPEN position will actuate the 
associ ated shutoff valve, opening i t and enabling 
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1O-S-4 
(Cont) 

1O-S-5 

1O-S-7 

1O-S-6 

DESCENT HELIUM RIDULATOR 
#1 SWITCH 
DESCENT HELIUM REGULATOR 
#2 SWITCH 
'IWO 3-POSITION TOGGLES 
MOM-MAIN-MOM 

HELIUM MONITOR SWITCH 
5-POSITION ROTARY 

helium to flow through the regulator. Selecting 
the CLOSE position will actuate the associ ated 
shutoff valve, closing it and isolating that leg. 
Positive feedback of the solenoid valve posi tion 
is provided by the status of 1O-FL-l and 10-FL-2. 

Each of these three-position to ggles (OPEN - CLOSE) 
controls a latch-type solenoid-operated valve up
stream of each helium pressure regulator. The 
solenoid valve associated with 1O-S-5 is normally 
in the opened position while the solenoid valve 
associ ated wi th 1O-S-7 i s normally in the closed 
positi on. Selecting the OPEN position will actu
ate the associated shutoff valve, opening i t and 
enabling helium to flow through the regulator. 
Selecting the CLOSE position will actuate the 
associated shutoff valve, closing it and isolating 
that leg. Positive feedback of the solenoid valve 
position is provided by the status of 1O-FL-3 and 
1O-FL-4. 

This five position rotary switch (DESCENT: PRESS, 
ASCENT: TEMP 1 - PRESS 1 - TEMP 2 - PRESS 2 ) 
selects for monitoring on 10-M-l, temperatures 
or pressures of ambient helium in ascent or descent 
tanks. In the DESCENT PRESS position, supercritical 
helium pressure is sensed in a corrnnon mani fo ld just 
downstream of the two tanks . Sel ect ion of the ascent 
switch positions permit monitoring of ambient helium 
temperatures and pressures in the ascent system. 
Pressures are sensed at two independent manifolds 
downstream of the tanks and upstream of the squib 
valves . 
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10-M-3 

10-~-4 

10-M-5 

Control/Indicator 

PROPELLANT QUANTITY 
MON SWITCH 
3-POSITION TOGGLE 
MAIN-MAIN-MAIN 

, HELIUM INDICATOR 
4-PLACE DIGITAL DISPLAY 

PRESSURE INDICATOR 

TEM:PERATURE INDICATOR 

OXIDIZER/FUEL QUANTITY 
INDICATORS 
TWO 2-PLACE DIGITAL 
DISPLAYS 

Function 

This three-position toggle (DES 1 - DES 2 -OFF) 
selects a pair of descent tanks for monitoring the 
percent of oxidizer and fuel quantities remaining in 
the tanks on indicator 10-M-5. Selecting the DES 1 
position enables the discrete outputs from the 
quantity gaging sensor probe of oxidizer tank 
#1 and fuel tank #1 to be displayed on 10-M-5. 
Selecting the DES 2 position enables the discrete 
outputs from the quantity gaging sensor probe 
of oxidizer tank #2 and fuel tank #2 to be displayed 
on 10-M-5. In the OFF position, DC power is removed 
from the gaging system and no digital tank quanti
ties are displayed on 10-M-5. 

This display indicates supercritical helium pressure 
in the descent system and the temperatures and 
pressures in the ascent system-as selected by 
10-S-6. 

This dual scale indicator displays fuel and oxi
dizer pressures for the ascent or descent propel
lant system as selected by 10-S-l. 

This dual scale indicator displays fuel and oxi
dizer temperatures for the ascent or descent pro
pellant system as selected by 10-S~l. 

These indicators display the percentage of usable 
oxidizer and fuel quantities remaining in the des
cent tanks only, as selected by 10-S-8. 
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1O-FL-l 

1O-FL-2 

1O-FL-3 

1O-FL-4 

Control/Indicator 

ASCENT HELIUM REGULATOR 
STATUS #1 
ASCENT HELIUM REGULATOR 
STATUS #2 
TWO 2-POSITION STATUS 
FLAGS 

DESCENT HELIUM REGULATOR 
STATUS #1 
DESCENT HELIUM REGULATOR 
STATUS #2 
TWO 2-POSITION STATUS 
FLAGS 

Function 

Each of these two-position flags (GREY - BARBERPOLE) 
indicates the open (GREY ) or closed (BARBERPOLE ) 
status of its respective latch-type solenoid-opera
ted valve, as controlled by 1O-S-3 and 1O-S-4. 

Each of these two position f lags (GREY - BARBERPOLE) 
indicates the open (GREY) or closed (BARBERPOLE ) 
status of i ts respective latch-type solenoid-opera
ated valve, as controlled by 1O-S- 5 and 1O-S- 7. 
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1.6.2 Panel II -
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9-M-6 

(Flight Control) 

ControlLindicator 

RATE ERR MON SWITCH (SE) 
2-POSITION TOOGLE 
MAIN-MAIN 

ATTITUDE MON SWITCH (SE) 
2-POSITION TOGGLES 
MAIN-MAIN 

FLIGHT DIRECTOR ATTITUDE 
INDICATOR (SE) 

Functi on 

This two-position toggle (RNDZ RADAR - LDG RDR/CMPTR) 
enables signal inputs to the FDAI and the X-Pointer 
displays. In the RNDZ RADAR positin, shaft and 
trunnion angles from the Rendezvous Radar are dis
played on the pitch and -yaw error needles of the 
FDAI, and LOS Azimuth and Elevation rates are 
displayed on the X-Poi nter di splay, (illuminating 
IDS AZ and IDS ELEV). In the LDG RDR/CMPTR position, 
vehi cle attitude errors are displayed on the FDAI 
error needles and forward and lateral velocities 
are displayed on the X-Pointer display, (illuminati~ 
LAT VEL and FWD VEL) 9-S-7 enables inputs to 9-M-6 
and 9-M-J. 

This two-position toggle (PGNS - AGS) selects the 
source of Attitude data to be displayed on the FDAI. 
In the PGNS posit i on, vehi cle total Attitude signals 
(after condi tioning by GASTA) are sent to the FDAI 
ball and LGC Attitude error signals are sent to the 
FDAI pitch roll and yaw error needles. In the AGS 
position, the AGS total vehicle attitu:ie signals are 
sent to the FDAI ball and AGS attitude error signals 
are sent to the FDAI pitch, yaw and roll error needles. 
9-S-10 enables signals to 9-M-6 . 

Indicator displays: (1) Vehi cle Att i tude, Attitude 
Rates and Attitude Errors or (2) Vehicle Attitude, 
Attitude Rates and Rendezvous Radar Shaft and Trun
nion Angles, dependi ng upon the position of 9-S-2 
and 9-S-7. The position of 9-S-10 will select either
PGNS or AGS as the source of displayed vehicle 
atti tude rate informati o~ di splayed on the three 
meters surro~nding the ball i s always obtai ned f r om 
the CES rate gyros. The shaf t 
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Code 

9-M-6 
(Cont) 

9-M-3 

Control/Indicator 

X-POINTER (SE) 

Panel II - (Environmental Control Subsystem) 

Code 

7-S-l 

Control/Indicator 

SUIT FAN SELECT SWITCH 
3-POSITION ROTARY 

Function 

attitude and att i tude errors f or 9-M-6. The 
attitude rate informati on d j splayed on the three 
meters surrounding the ball i s always obtained f rom 
the CES rate gyros. The shaf t and trunnion angles 
are displayed respect i vely on the pitch and yaw 
error needles of 9-M-6 when 9- S- 7 i s i n the RNDZ 
RADAR posi tion. 

This indicator displays: (1) Forward and lateral 
Velocities, ( 2 ) lateral Veloci ties only or (3) 
Rendezvous Radar LOS Elevation and Azimuth Angular 
Rates. What is displayed on 9-M-3 is a function of 
the position of 9-S- 7 and 9-S-9. Forward and lateral 
velocities are measured in the horizontal plane along 
the LEM Zand Y body axes when the source driving 
the display is the PGNS. When the landing radar is 
the driving source the forward and lateral veloci ties 
are coi ncident with LEM Z and Y body axis velocities. 
This is true only when the radar beams are coincident 
with the vehicle body axis. When the AGS system is 
the driving source, lateral veloc i ty is the only in
formation displayed and is vehicle Y body axis vel
ocity. 

Functi on 

Thi s three-posi tion rotary (1-2- 0FF) se l e cts either 
of two suit fans to c i rculate breathing oxygen i n 
the suit ci r cuit. In the nominal condi tion, fan #1 
is sel ected and operat ing . Fa i lure of the se l ected 
t an r esult s in illuminati on of t he S-ui t Ci rcuit Fan 
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Code 

7-S-l 
( Cont) 

7-S-2 

7-S-3 

Cont~ol/Indicator 

O?fH20 QTY MON SWITCH 
4=POSITION ROTARY 

GLYCOL PUMP SELECT SWITCH 
3-POSITION RCYI'ARY 

Functi on 

component light (7-DS-l) as well as acti vati on of 
the (ECS) cauti on l ight (6-DS-36 ). Selection of the 
2 position activate s the #2 fan and extinguishes the 
component light. Sel ecti on of the OFF pos i tion 
de-energizes the suit f ans. 

This four-position rotary (C/W RESET - DES - ASC 1 -
ASC 2 ) sel ects f or mo nitori ng on indicator 7-M-4 the 
quantities remaining in the descent or ascent oxygen 
and water storage tanks. Thus, in the DES position, 
descent oxygen quanti t y and quantity remaining i n tre 
descent water tank is di splayed on 7-M-4. In the 
ASC 1 position, quantity remaining i n the #1 ascent 
water tank is displayed on 7-M-4. A corresponding 
relationship exists between the ASC 2 switch posi
tion, and the #2 ascent oxygen and water tanks and 
the two indicators. Selection of the C/W RESET posi
tion routes a signal to the CWEA to extinguish either 
the (02 QTY) caution l ight (6-DS-37 ) or the (WATER 
QTY) caution light (6- DS-39 ) if i t i s i lluminated • 

Thi s three-position rotary (SEC - 1 - 2) selects 
either of two circulating pumps i n the primary 
coolant l oop, or the ci rculat ing pump in the emer
gency coolant loop. In the nominal condi tion, with 
the swi tch in the 1 posi tion , #1 pump will be opera
ting. Failure of this pump results i n the i llumina
tion of the (Glycol) component caution light (7-DS-3), 
and activation of the (ECS ) cauti on light (6-DS-36). 
The #2 pump must be selected by manually placi ng the 
rotary switch to the 2 position . Selecti on of the 
S.:&: posi tion acti vate s the glycol pump in the second
ary coolant loop. 
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7-M-5 

Control/Indicator 

CO2 PARTIAL PRESSURE 
INDICATOR 

CABIN/SUIT PRESSURE 
INDICATORS 

CABIN/SUIT TEMPERATURE 
INDICATOR 

OXYGEN/WATER QUANTITY 
INDICATOR 

GLYCOL TEMPERATURE/ 
PRESSURE INDICATOR 

Function 

This indicator displays the partial pressure of 
carbon dioxide in mm of Hg of the gas in the Atmos
phere Revitalization Section. 

This indicator displays cabin interior pressure 
in psia as sensed by an aneroid sensor on the 
cabin pressure sensor switch. This indicator dis
plays suit circuit pressure in psia, sensed down
stream of the suit gas supply connectors. 

This indicator displays the tanperature of the 
cabin interior in degrees Fahrenheit, sensed at 
the cabin heat exchanger. This indicator displays 
the temperature in the suit circuit in degrees 
Fahrenheit, sensed at the suit circuit regenera
tive heat exchanger. 

This indicator displays the oxygen quantity remain
ing in the descent oxygen tank or in either one of 
the two ascent oxygen tanks, as selected by 7-S-2 • 
Quantity is displayed in percent. Thi_s indicator 
displays the water quantity remaining in the descent 
water tank or either of the two ascent tanks, as 
selected by 7-S-2. Quantity remaining is displayed 
in percent. 

This indicator normally displays, in psia, the glycol 
pump discharge pressure in the primary coolant loop. 
However, following failure of the primary loop and 
sele.ction of the secondary coolant pump ( using 
7-S-3), this indicator displays secondary glycol 
pump discharge pressure. · This indicator normally 
displays, in degrees Fahrenheit, the glycol tempera-
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Code 

7-M-5 
(Cont) 

7-DS-l 

7-DS-3 

7-DS-6 

7-DS-7 

Control/Indicator 

SUIT CIRCUIT FAN 
COMPONENT CAUTION LIGHT 

GLYCOL PUMP 
COMPONENT CAUTION LIGHT 

CO PARTIAL PRESSURE 
co&,oNmT CAUTION -LIGHT 

. WATER SEPARATOR 
COMPONENT CAUTION LIGHI' 

Function 

ture in the primary coolant loop. However, followi!'ls 
failure of the prinary loop and selection of the 
secondary coolant pump (using 7-S-3) this indicator 
displays secondary coolant loop glycol temperature. 

This light illuminates to indicate a low .LP across 
the suit fan assembly which is caused by malfunction 
of the operating suit fan. Selection of the other 
fan, (using 7-S-l), extinguishes the light. It will 
illuminate again if the newly selected fan fails to 
develop the proper !... P within approximately 25 secorrl s, 
or if a subsequent failure occurs in the selected fan. 

This light illuminates to indicate a low /2P across 
the operating glycol pump. Once the operating glycol 
pump fails, the component caution light will remain 
illuminated until a normal 6 P is restored again. 

This light illuminates to indicate that the CO2 
partial pressure in the suit circuit exceeds 7.6 mm 
of mercury. The light also illuminat~s if the 
secondary canister is selected by 7-H-19. This 
light will remain illuminated until: (1) the primary 
canister is replaced by an unsaturated canister, (2) 
7-H-19 is positioned to the primary canister position, 
and (3) the CO2 partial pressure has been restored to 
a within-tolerance condition. 

This light illuminates to indicate a low speed or 
failure condition in the selected water separator. 
The light remains illuminated until the other water 
separator is manually selected (using 7-H-1O), and 
until it comes up to the desired speed. 
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Panel II - (Reaction Control Subsystem) 

Control/Indicator 

8-S-l 

8-S-6 

8-S-7 

8-S-9 

QUANTITY MONITOR SWITCH 
3-POSITION TOGGLE 
MAIN-MAIN-MAIN 

QTY TEST SWITCH 
2-POSITION TOGGLE 
MOM-MAIN 

MAIN SHUTOFF VALVE SWITCH: 
SYSTEM A 

MAIN SHUTOFF VALVE SWITCH: 
SYSTEM B 

TWO 3-POSITION TOGGLES 
MOM-ID CK-MOM 

Function 

This three-position toggle (SYS A - SYS B - OFF) 
selects either RCS System A or System B tanks for 
monitoring oxidizer and fuel quantities on 8-M-J. 
In the OFF position, DC power is removed from 
8-M-3 and no digital values are displayed • 

This two-position toggle (ON - OFF) is normally in 
the OFF (maintain) position. The ON (momentary) 
position is used in conjunction with e-S-1 and 
8-M-3 to test the propellant quantity gaging section 
of either System A or System B . 

Each of these three-position toggles (OPEN- -CLOSE) 
simultaneously actuates a pair of latch-type, solen
oid-operated fuei and oxidizer shutoff valves which 
control the flow of propellant downstream of the pro
pellant tanks. These valves are opened after check
out by moving the toggle to the OPEN position; how
ever, if a malfunction exists in one of the systems 
(either "A" or "B"), propellant flow in the malfunc
tioning system can be interrupted by moving the 
toggle to the CLOSE position. These switches are 
locked in the center position and momentarily held 
in the OPEN or CLOSE position. Positive feedback of 
of the solenoid valve position is displayed by 8-FL-5 
and 8-FL-7. 
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8-S-8 

8-S-1O 
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8-S-11+ 

8-S-15 

8-S-16 

8-S-17 

8-S-18 

Control/Indicator 

MANIFOLD SWITCH: 
SYSTEM A 
MANIFOLD SWITCH: 
SYSTEM B 
TWO 3-POSITION TOGGLES 
MOM-LO.CK-MOM 

THRUSTER PAIR SWITCH, 
QUAD #1; SYSTEM A 
THRUSTER PAIR SWITCH, 
QUAD #2; SYSTEM A 
THRUSTER PAIR SWITCH, 
QUAD #1; SYST!iM B 
THRUSTER PAIR SWITCH, 
QUAD #2; SYSTEM B 
THRUSTER PAIR SWITCH, 
QUAD #3; SYST!iM A 
THRUSTER PAIR SWITCH, 
QUAD #4; SYSTEM A 
THRUSTER PAIR SWITCH, 
QUAD #3; SYSTEM B 
THRUSTER PAIR SWITCH, 
QUAD #4; SYST!iM B 
EIGHT 3-POSITION TOGGLES 
MOM-MAIN-MOM 

Function 

Each of these three-position toggles (OPEN- -CLOSE) 
actuates a pair of latch-type, solenoid-operated fuel 
and oxidizer valves which ties the RCS propellant lines 
to a manifold which may be connected to the ascent 
tanks. These solenoid valves are normally closed. 
In the event of an RCS malfunction, the ascent system 
can supply fuel and oxidizer to either System 11 A11 jets 
or System 11 B11 jets or both. Opening these valves with 
8-S-2O in the CLOSE position will interconnect System 
A with System B for crossfeed operation. The status 
of the solenoid valves is displayed by 8-FL-6 and 
8-FL-8. 

Each of these three-position toggles (OPEN- -CLOSE) 
activates two latch-type, solenoid-operated TCA isoh
tion valves controlling fuel and oxidizer flow to a 
pair of TCA 1s. Activation of the switch provides a 
pulse to trigger the valve to the open or closed posi
tion. The valves are normally in the open position. 
The toggles can be used for emergency shutdown of the 
thrust chambers during flight. Positive feedback of 
the solenoid valve position is displayed by 8-FL-9 
through 8-FL-16. 



'Tl 
0 
;:,a 

-I 
;:,a 
)Ii, 

z 
z 
C, 

"'CII 
C 
;:,a 
"'CII 
0 
VI 
m 
VI 

0 z ... 
-< 

(X) 
I\) 

8-S-19 

8-S-20 

8-M-l 

8-M-2 

Control/Indicator 

TEMPERATURE/PRESSURE 
MONITOR SELECT SWITCH 
4-POSITION ROTARY 

ASCENT TIE SWITCH 
3-POSITION TOGGLE 
MOM-LOCK-MOM 

PRESSURE INDICATOR 

TEMPERATURE INDICATOR 

Function 

This four-posi tion rotary (He - PRPI.NT - FUEL MANF -
OXID MANF) is used to moni tor pr essure s and t empera
tures of Systems A and B on 8-M-l and 8-M-2. In the 
He position, it monitors the helium tank pressures 
and temperatures. In the PRPINT position, i t moni
tors the fuel and oxidizer tank pressures as sensed 
at the helium regulator outlet and the propellant 
temperature as sensed i n the fuel tank. The System 
A and B fuel and oxidizer mani fold pressures are 
monitored on 8-M-l i n the FUEL MANF and OXID MANF 
positions respecti vely. The temperature pointers 
on8-M-2 will deflect to the lowest graduation mark 
since manifold temperatures are not sensed. 

This three-position toggle (OPEN- -CLOSE) 
actuates a pair of latch-type, solenoid-operated fuel 
and oxidizer valves which enable the flow of propel
lant from the ascent tanks to the RCS subsystem. These 
solenoid valves are normally closed. In the event of 
an RCS malfunct i on, the ascent system can supply fuel 
and o.x:Ldizer. The status of the solenoid valves is 
displayed by 8-FL-17. 

This indicator di splays the pressure s in the helium 
tanks or at the fuel or oxidi zer tanks, or in the 
fuel or oxidizer manifolds of System A and B, as 
selected by 8-S-19. ' 

This indicator di splays the temperatures in the 
helium or fuel tanks of System A and Bas selected 
by 8-S-19. 
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8-F~ll 

8-F~l2 

8-F~l.3 

8-F~l.4 

8-F~l5 

8-F~l6 

Control/Indi cator 

OXIDIZER/FUEL QUANTITY 
INDICATORS 
TWO 2-PIACE DIGITAL 
DISPIAYS 

MAIN SHUTOFF VALVE STATUS: 
SYSTEM A 
MAIN SHUTOFF VALVE STATUS: 
SYSTEM B 
TWO 2-POSITION FLAGS 

MANIFOLD STATUS: 
SYSTEM A 
MANIFOLD STATUS: 
SYSTEM B 
T'WO 2-POSITION FLAGS 

THRUSTER PAIR STATUS, 
QUAD #1; SYSTEM A 
THRUSTER PAIR STATUS, 
QUAD #2; SYSTEM A 
THRUSTER PAIR STATUS, 
QUAD #1; SYSTEM B 
THRUSTER PAIR STATUS, 
QUAD #2 SYSTEM B 
THRUSTER PAIR STATUS, 
QUAD #.3; SYSTEM A 
THRUSTER PAIR STATUS, 
QUAD #4; SYSTEM A 
THRUSTER PAIR STATUS, 
QUAD #.3; SYSTEM B 
THRUSTER PAIR STATUS, 
QUAD #4; SYSTEM B 
EIGHT .3-POSITION FLAGS 

Functi on 

These indi cators di splay the percentage of oxidizer 
and fuel quantiti es remai ning i n either Syst em A or 
B tanks, as selected by 8- S-l. 

Each of these two-position f lags (GREY - BARBERPOLE) 
i ndicates the open (GREY ) or cl osed (BARBER.POLE) 
status of i ts r especti ve pai r of latch-type sol enoid
operated valves as controlled by 8- S- 7 and 8- S-9. 

Each of these two-posi tion f lags (GREY - BARBERPOLE) 
indicates the open (GREY ) or closed (BARBER.POLE) 
status of its respective pai r of latch-type solenoid
operated valves as controlled by 8- S-8 and 8-~10. 

Each of these flags (GREY - BARBERPOLE - RED) 
normally i ndi cates the open (GREY) or closed 
(BARBERPOLE) status of i ts respective ·pair of 
latch-type solenoid-operated i solation valves . 
In addition a third position (RED) will automati
cally appear (in conjunction with the RCS TCA 
warning light) to i ndicate a TCA f a i lure. In the 
event of such a fa i lure , the Thruster Pair switch 
associated wi th the r ed f lag would be actuated to 
the CLOSE positi on. Thi s action wi ll shut down the 
malfunctioning TCA and di splay the barberpole 
position. 
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Code 

8-Flr-17 

Control/Indicator 

ASCENT TIE STATUS 
2-P0SITION FLAG 

Function 

This two-positi.on flag ( GREY - BARBERPOLE) indicates 
the open (GREY) or closed (BARBERPOLE) status of the 
latch-type solenoid-operated fuel and oxidizer 
ascent interconnect valves as controlled by 8-S-20. 
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1.6.3 Panel III (Engine/Thrust Control) 

Code 

l-DS-1 
l-DS-2 

Control/Indicator 

WNAR CONTACT LIGHT (CDR) 
LUNAR CONTACT LIGHT (SE) 

Panel III (Flight Control) 

Control/Indicator 

9-'S-l"f 
9-S-JL8 

X-ffiDJll'Ei :SGAI1E SWJIT'CH 
((G]))lR) 
x~POINTER SCALE SWITCH 
(SE) 
TWO 2-POSITION 
TOGGLES 
MAIN-MAIN 

Function 

One light is located at the Commander's station 
and one is located at the Systems Engineer's sta
tion. Both illuminate red when the probe(s) on 
the vehicle's landing gear touch the lunar 
surface. They provide positive feedback to the 
crew that the descent engine should be turned off. 
The.s·e ll;ghts ,will ,extin,guish when either 1-8-3 or 
l-S-4 is aetua.ted. 

Function 

These two-position toggles (HI MULT - LO MULT) 
control the scale range of 9-M-2 and 9-M-3. When 
IDS rates are displayed, the HI MULT position 
will provide a scale of +20 mrad/sec., and the LO 
MULT position will illuminate the 11X.l 11 multipli
er to provide a scale of +2 mrad/sec. When 
horizontal velocities are-displayed, the HI MULT 
position will illuminate the "X 10 11 multiplier to 
provide a scale of +200 ft/sec. The ID MULT posi
tion will provide a-scale of ,±20 ft/sec. 9-S-17 
controls scale range inputs to 9-M-2; and 9-S-18 
controls scale range inputs to 9-M-J. 
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Panel III (Radar) 

Code 

17-S-l 

17-S-2 

17-S-3 

Control/Indicator 

MANUAL SLEW SWITCH 
SPRING LOADED 4-WAY 
CENTER OFF TOGGLE 

SLEW RATE SWITCH 
2-POSITION TOGGIB 
MAIN-MAIN 

RNDZ RADAR MODE SWITCH 
3-POSITION ROTARY 

Function 

This four-way toggle (UP - RIGHT -OOWN - IBFT) 
slews the trunnion and/or shaft servos position-
ing the Rendezvous Radar antenna for manual 
acquisition of the target and subsequent automa-
tic tracking. Two antenna slew rates are available 
through l7-.S-2. Target acquisition is determined 
from 17-M-l and AUTO TRACK is enabled through 17-S-3. 
The position of the Rendezvous Radar antenna (shaft 
and trunnion) can be determined from either the 
Commander's or Systems Engineer's FDAI (9-M-l or 
9-M-6) pitch and yaw error needles when the Rate/ 
Error Monitor switches (9-S-2 and 9-S-7) are 
positioned to RNDZ RADAR. 

This two position toggle (HI-LO) provides two rates 
for manually slewing the Rendezvous Radar antenna. 
The HI slew rate is 9°/sec. and the LO slew rate is 
1°/sec. The HI slew rate is used for _quick, coarse 
adjustments to guide the antenna in the direction 
of the target. The LO slew rate is used for slow, 
fine adjustments to drive the antenna toward max
im.um signal strength as monitored on 17-M-l thus 
enabling the subsequent initiation of auto track 
through 17-S-3. 

This three-position rotary (AUTO TRACK - SLEW :-- LGC) 
enables control of the Rendezvous Radar antenna 
drive. In the AUTO TRACK position, track is main
tained by comparing the received radar signals from 
the shaft and trunnion channels; the resultant er
ror condition signals are used to drive the antenna 
servos thus maintaining track. In the SLEW" position 
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Code 

17-S-3 
(Cont) 

17-S-5 

17-S-6 

Control/Indi cator 

ID} ANT SWITCH 
3-POSITION TOGGLE 
LOCK-LOCK-LOCK 

RADAR TEST SWITCH 
3-POSITION TOGGLE 
MAIN-LOCK-MAIN 

Funct ion 

the Rendezvous Radar ant enna dri ve is controlled 
manually from 17- S-l. In the LGC position the 
computer automatically dri ves the antenna towards 
the target. Once the target i s acquired the Radar 
will automatically mai ntain track and the No
Track component caution light (17-DS-1) will ex
tinguish. The system is capable of maintaining 
automatic track only when 17-S-9 is in either the 
XPNDR or SKIN posi tions. 

This three position toggle (AUTO - DES - HOVER) 
in the AUTO position enables the LGC to position 
the landing Radar antenna appropriate to a par
ticular mission phase. Prior to the HOVER point 
the antenna i s in the descent position. At 
HOVER, the antenna i s positioned by the I.GC to 
the HOVER position. The DES and HOVER positions 
provide an override of the antenna posi tion drive 
signal in case of I.GC/Antenna interface failure. 
The DES position is also used to reposi tion the 
antenna after testing. 

This three posi tion toggle (RNDZ - OFF - LDG) 
provides signals to the Rendezvous and landing 
Radar's test circuitry. In the RNDZ position 
test circuitry i s enabled and Rendezvous Radar 
per formance is determined by monitoring 17-M-l, 
the Altitude/Range meter (9-M-9), and the X
Pointers (9-M-2 and 9-M-3) after the appropriate 
posi tioning of 17- S- 8 . 
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Code 

17-S-8 

17-:S-9 

Control/Indicator 

TEST MONITOR SWITCH 
6-POSITION ROTARY 

RNDZ RADAR TRACK MODE 

Function 

This six-position rotary (LOG RADAR PWR: ALT 
XMTR - VEL ](MTR; RNDZ RADAR: AGC - ](MTR FWR -
SHAFT ERR - TRUN ERR) selects either Landing or 
Rendezvous Radar test data or flight performance 
data for monitoring on meter 17-M-l. In the ALT 
](MTR position, the altitude transmitter power 
output is displayed on 17-M-l during testing and 
flight operations. In the VEL ](MTR position, the 
velocity transmitter power output is displayed on 
17-M-l during testing and flight operations. In 
the AGC position, during testing, a specific val-
l!le of rec,ei ver signal strength will be d~ splayed 
on 17-"M-l; however, during flight operations the 
signal will vary. In the ](MTR FWR position, during 
flight operations a specific value of transmitter 
output power is displayed on 17-M-l. In the SHAFT 
ERR and/or TRUN ERR positions, during testing, angle 
error signals will be displayed as needle fluctuations 
with equal amplitude on 17-M-l. During flight opera-
tiops these error signals will be displayed as needle 
fluctuations which represent the smoothness of servo 
tracking, and will usually be unequal in amplitude. 

This three-position toggle (XPNDR - SKIN - SURFACE) 
selects the operational tracking mode of the Rendez-
vous Radar. In the XPNDR position the radar interro
gates the transponder, and the radar tracking error 
correction signals drive the antenna to maintain 
track. In the SKIN position the radar transmitter's 
signal is reflected by the target and the radar's 
tracking error correction signals drive the antenna 
to maintain track. In the SURFACE position the AUTO 
TRACK capability of the radar is disabled and the LGC 
or crew must continually drive the antenna (17-S-J 
can be in either the LGC or SLEW position) to obtain 
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Code 

17-S-9 
(Cont) 

17-DS-l 

17-M-l 

Cont~ol/Indicator 

· NO TRACT LIGHT COM
PONENT CAUTION LIGHT 

SIGNAL STRENGTH MEI'ER 

Panel III (Stabilization & Control) 

Code 

11-S-l 

11-S-2 

Control/Indicator 

GYRO TEST CONTROL SWITCH 
3-POSITD N TOGGLE 
MOM-LOCK-MOM 

DEADBAND SWITCH 
2-POSITION TOGGLE 
MAIN-MAIN 

Function 

altitude information from the Rendezvous 
Radar. 

The illumination of this light indicates that the 
Rendezvous Radar has broken track (data-not-good) 
in any one of the three tracking modes. 

The Signal Strength Meter displays Landing Radar 
and Rendezvous Radar data as selected by 17-S-8 
for test and flight operations. 

Function 

This three-position toggle (POS RT - OFF - NEG RT) 
enables a test signal to be applied to the rate gyro 
selected by 11-S-7. It is maintained in the OFF 
position and momentarily held in the other two. When 
this switch is held in the POS RT position, a +5°/ 
sec attitude rate will be indicated on the appropri
ate arate needles of the Flight Director Attitude 
indicators (9-M-l and 9-M-6). The NEG RT position 
produces the opposite effect. In OFF, no test 
signal is produced. 

This two-position toggle (MAX - MIN) selects either 
a large amplitude limit cycle (MAX) for the attitude 
control system, to conserve RCS fuel during coasting 
flight, or a narrow deadband (MIN) for periods when 
accurate manual control js required. Regardless of 
this switch position the minimum deadband will operate 
during main engine thrusting. This switch is not 
functional when the PGNS i s in use. 
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Code 

11-S-3 

11-S-4 

11-S-5 

11-S-3 
11-S-4 
11-S-5 

11.:..s -6 

Control/Indicat~~ 

PITCH ATTITUDE 
CONTROL SWITCH 
ROLL ATTITUDE 
CONTROL SWITCH 

· YAW ATTITUDE 
CONTROL SWITCH 
THREE 3-POSITION TOGGIES 
MAIN-MAIN-MAIN 

ATTITUDE MODE CONTROL 
SWITCH 3-POSITION ROTARY 
MAIN-MAIN-MAIN 

Function 

These three Atti tude Cont r ol Swi tche s (MODE CONT
PULSE - DIR) are used, normally only wi th the AGS, 
in conjuncti on with switch 11-S- 6 to establish 
vehi cle atti tude control. All three switches will 
normally be placed in the MODE CONT position~ In 
this position, vehi cle atti tude control about the 
appropriate axis is determined by 11-S-6. If the 
AGS has been selected on the Guidance Control switch 
(9-S-6) and if one ot the ' three Attitude Control 
switches is in the PULSE or DIR position, attitude 
about that axis can only be controlled manually. 
If the PGNS has been selected on 9-S- 6, the PULSE 
position is inoperati ve (attitude commands are gen
e rated by the IGC and vehi cle attitude control is 
automatic), but the DIR position will permit ACA 
operation of reaction jets. Under AGS control, the 
PULSE and DIR modes differ only in the way the react:io n 
jets fire. When PULSE is selected, two jets in the 
appropriate axis are pulsed at a constant rate for as 
long as the attitude controller is di splaced. When 
DIR is selected and the ACA's di splaced, the two jets 
are activated continuously instead of bei ng pulsed. 
When, 11-S-6 is in the OFF posi tion, only the DIR 
posi tion i s operati ve. 

Thi s three-posit i on r otary (OFF - ATT HOID - AUTO) 
affects the outputs of the Atti tude Controllers 
the Translati on Controllers and the Selected Guidance 
Computer. In the OFF posi t i on, the Atti tude Control
l ers are only opera ti ve (1) in the "hardover" position 
and (2 ) when one or more of the Att i tude Control 
swi tches i s in the DIR posi tion , whi ch provi des the 
cr ew wi th 2- j et di r ec t att i tude cont ro l of that axis. 
The translati on outputs of the T/T CA and the computer 
att i tude connnands ar e also di sabl ed when 11-S- 6 is in 
the OFF position , but the main 
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Code 

11-S-6 
(Cont) 

Function 

attitude corrnnands are also disabled when 11-S-6 is 
in the OFF position, but the main engine throttle 
command outputs are not affected. However, with this 
switch in the OFF position, main-engine off signals 
from the 1GC and the AGS are not enabled and the 
main engines can only be turned off manually. 

In the ATT HOLD position the crew can command an 
angular rate proportional to the displacement of 
the ACA. This mode is implemented to operate with 
either the PGNS or AGS. When the ACA is in the 
neutral position, the rate command goes to zero and 
the vehicle attitude will be held. In the ATT HOID 
position, the RCS translation outputs of the T/TCA 
are enabled. As with the OFF position, the throttle 
outputs of the T/TCA and the "hardover" direct 
capabilities of the ACA are not affected by selection 
of ATT HOLD position. 

~- '>·{ . 

When the Guidance Control switch is in the AGS 
position and the AUTO position is selected, attitude 
error signals are sent to the Control Electronics 
Section from the Al:ort Guidance Section. The result
ant signals control the firing of the reaction jet:s 
through the selectable deadband. When the Guidance 
Control Switch is in the PGNS position, rate compen
sated steering errors are generated by the LGC and 
ON/OFF commands are fed to the jet drivers. In the 
AUTO position the RCS translation outputs of the 
T/TCA are enabled. The T/TCA throttle outputs and 
the ACA "hardover" outputs are unaffected. Attitude 
Controller proportional commands will normally be 
ineffective in this mode. 
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11-S-7 GYRO TEST SELECT SWITCH 
3-POSITION TOGGLE 
MAIN-MAIN-MAIN 

Panel III (Heater Control) 

18-S-4 
18-S-5 
18-S-6 
18-S-7 

18-S-10 

18-M-l 

RCS QUAD 1 HEATER SWITCH 
RCS QUAD 2 HEATER SWITCH 
RCS QUAD 3 HEATER SWITCH 
RCS QUAD 4 HEATER SWITCH 
FOUR 3-POSITION TOGGLES 
MAIN-MAIN-MAIN 

TEMPERATURE MONITOR 
SELECT SWITCH 
?-POSITION ROTARY 

TEMPERATURE INDICATOR 

• 
Function 

This three-position toggle (ROLL - PITCH - YAW) 
associated with 11-S-l, selects the rate gyro 
which is to be tested. The test output is dis
played as described for swi tch 11-S-l. 

These three-position toggles (AUTO - OFF - MAN) 
are used primarily during lunar stay to control 
temperature of the four RCS quads. In the AUTO 
position each heater will automatically maintain 
the temperature of its respective quad within the 
preset limits. If a malfunction occurs in the 
automatic control, the operator can select the MAN 
position, which will provide heat continuously to 
the quad; or the OFF position, which will turn off 
the heater. The temperature of a quad may be moni
tored by selecting the appropriate position of 
18-S-10 and reading the value displayed on 18-M-l. 
If the temperature of any of the quads -exceeds the 
range 4O°F to l80°F the (HEATER) caution light will 
illuminate • 

This seven-position rotary (RADAR: RNDZ - LDG; 
RCS: QUAD 1 - QUAD 2 - QUAD 3 - QUAD 4; S-BAND) 
selects the rendezvous or landing radar antenna 
assembly, the RCS quads, or the S-band antenna 
assembly for temperature monitoring. 

This indicator displays the temperature, in degrees 
Fahrenheit, of the radar antenna assemblies or RCS 
quads or S-band antenna assembly selected by switch 
18-S-1O. 
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Code Control/Indicator 

Panel III - (Llghting Control) 

16-S-2 

16-S-6 

16-S-9 

EXTERIOR LIGITTING CONTROL 
5-POSITION ROTARY 

FIDODLIGHT CONTROL 
3-POSITION TOGGLE 
MAIN-MAIN-MAIN 

SIDE PANELS SWITCH (SE) 
2-POSITION TOGGLE 
MAIN-MAIN 

Function 

This five-position rotary switch (DOCK-OFF; 
TRACKING: DIM-MEDIUM-BRIGHT) controls the docking 
and tracking lights. In the DOCK position the 
docking lights are turned on. In the DIM, MEDIUM 
and BRIGID' positions, the tracking light is turned 
on at 1%, 10%, and 100% brightness respectively. 
The OFF position interrupts power to either docking 
or tracking lights. The LTA-1 panel configuration 
does not show a MEDIUM position. 

Tb.is three-position toggle (ON - OFF - PARTIAL) 
turns on all the floodlights in the ON position. 
In the PARI'IAL position, only the two overhead 
floodlights, fitted with reflectors (which can 
be rotated), are turned on. In the OFF position, 
all floodlights will be turned off. The two 
overhead lights can also be turned on- by opening 
the overhead hatch. This overrides all positions 
of 16-S-6. 

This two-position toggle (ON-OFF) provides ON/OFF 
control of the SE's side panel EL illumination. 
In the ON position, this switch connects the integral 
lights located on the SE;s side panels to 16-R-3 and 
16-S-J. In the OFF position, the side panels are not 
connected to 16-R-3 and 16-S-3 and are therefore not 
illuminated with EL. 
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Code 

16-s-1O · 

Control/Indicator . 

LAMP/TONE TEST SWITCH 
8-POSITION ROTARY 

Function 

Thi s eight-posi t i on rotary (OFF - ALARM/TONE -
C/w 1 - ENG PB and C/w 2 - c/w 3 - C/w 4 -
COMPNT - OFF) is used t o perform the following 
test functions. In the ALARM/TONE posi t i on , it 
tests the lamps i n the Master Alarm buttons 
(6-S- 2 and 6- S-3) and the Audi ble Tone (6-T-l) . 
In the c/w 1 position it tests the lamps i n one 
bank of the Caution/warning annunciators (6-DS-l 
through 6-DS-1O). The ENG PB and c/w 2 position 
tests the lamps i n the Engi ne Start (l-S- 2) and 
Stop (l-S-3 and l-S-4) buttons as well as the 
second bank of C/w allnunciators (6-DS-11 through 
6-DS-2O). In the C/w 3 and C/w 4 positions the 
lamps in the remai ning two banks of C/W annunci
ators (6-DS- 21 through 6-DS-3O and 6-DS-31 through 
6-DS-4O) are tested. I n the COMPNT posi tion the 
lamps i n the Component Caut i on lights and lunar 
contact lights are tested. OFF posi tions are 
located at each end of the swi tching sequence. 
This wi ll permit the swi tch to be placed in an 
OFF posi tion , wi thout r e cycling through the t est 
posi t ion . · 
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1.6.4 Panel IV (Primary Guidance and Navigation Subsystem) 

The Bottom Center Panel, (Panel IV) accessible to both crew members, is called the 
Display System and Keyboard (DSKY) • . The DSKY, a part of Guidance, Navigation, and Control, 
is used to exchange information between the crew members and the LEM Guidance Computer (I.GC), 
The keyboard has 19 pushbuttons. These are used to program digital information into the 
computer. The 14 annunciator lights and the 6 digital displays provide the crew with 
answers from the I.GC. Such infonnation as Alignment Optical Telescope sightings, times, 
mode changes, etc., may be set into the LGC. It may provide the astronauts with times, 
angles temperatures, and will even show them when they have made an error. 

Code 

J-S-1 

Control/Indicator 

IMU Cage Switch 
2 position toggle 
(MAIN-MAIN) 

Function 

It cages the gyros in the IMU when 11 ON 11
• 
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1.6.5 Panel V (Engine/Thrust Control) 

Code 

l-S-2 

l-S-3 

l-S-5 

Control/Indicator 

ENGINE START SWITCH 
GUARDED PUSHBUTTON 
MAINTAIN 

ENGINE STOP SWITCH 
GUARDED PUSHBUTTON 
MAINTAIN 

RATE OF DESCENT 
SWITCH 
3-POSITION TOGGIE 
MOM-MAIN-MOM 

Function 

Thi s pushbutton provides a manual override 
capability for innnediate firing of either 
the descent or ascent engine, depending upon 
the position of l-S-1. Once actuated, the 
engine fire command continues and the button 
is illuminated red. Activation of l-S-3 or 
l-S-4 interrupts the override function and 
extinguishes the light. 

This pushbutton (l-S-3) sends a discrete stop 
signal to the descent and ascent engines inde
pendent of the position of l-S-1. When actuated, 
the button remains depressed and is illuminated 
red. It is reset by depressing it a second time. 

This switch enables the establishment of a 
vehicle rate of descent under PGNS 
authority. Each switch actuation provides 
a discrete pulse changing the rate of descent 
by 2 feet per second. A switch actuation in 
the +X direction decreases the rate of descent 
by 2 feet per second. A switch actuation in the 
-X direction increases the rate of descent by 
2 feet per second. Vehicle response to these 
commands is monitored on the Alt Rate meter 
(9-M-9B). 
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Code 

l-S-12 

Control/Indicator 

+X AXIS TRANSLATION 
SWITCH GUARDED PUSH
BUTTON 
MOMENTARY 

Panel V (Flight Control) 

Code 

9-S-11 

9-S-12 

Control/Indicator 

RESEI'/COUNT SWITCH 
3-POSITION TOOGIE 
MOM-MAIN-MAIN 

TIMER CONTROL SWITCH 
MOM-MAIN-MOM 

Function 

This pushbutton is located at the Commander's 
station. When it is held in the depressed 
position it provides 4 jet translation in the 
+X direction by energizing the RCS secondary 
coils. Upon release of the button the signal 
is removed from the coils, terminating the jet 
firings. 

Function 

This three-position toggle (RESEI' - UP - DOWN) 
is used to reset the Event Timer and select the 
direction in which the timer will count. The 
momentary spring loaded RESEI' position immediately 
resets 9-M-11 to zero. Zero is maintained until 
a start pulse is initiated by activation of 9-S-12. 
In the UP position the timer will count in an 
increasing direction to 59 minutes and 59 seconds, 
return to zero and begin counting up again. In 
the DOWN position the timer will count in a decreas
ing direction from a preset value to O minutes and 
0 seconds and then begin counting up. 

This three-position toggle (START - STOP) has two 
momentary spring loaded positions. In the START 
position the Event Timer will begin counting in 
a direction selected by 9-S-11. In the STOP posi
tion the count is stopped and frozen until either 
the START position is again selected or the RESET/ 
COUNT switch is activated. 

• 
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Code 

9-S-13 

9-S-14 

Control/Indicator 

MIN SLEW CONTROL SWITCH 

SF.C SLEW CONTROL SWITCH 

'IWO 3-POSITION TOGGLE 
MOM-MAIN-MOM 

Panel V (Lighting Control) 

Code 

16-R-2 

Control/Indicator 

ANUN/NUM CONTROL 
CONTINUOUS ROTARY 

Function 

These toggles are used to set the four 
digits of 9-M-11. They have two momentary 
spring loaded positions (TENS-UNITS) which 
permit resetting each of the four digits inde
pendently. Positioning 9-S-13 to the TENS 
position slews the tens column digit of the 
minutes pair at the rate of 2 digits per second 
as long as the toggle is held in this position. 
In the UNITS position, the unit column digit of the 
minutes pair is changed at a rate of 2 digits per 
second. All digits change in an increasing direc
tion, regardless of the position of 9-S-11. In 
the center maintain position the slewing function 
is disabled. 9-S-14 is used in the same manner 
to set the seconds pair of the digits on the 
Events Timer Indicator. 

Function 

This continuous rotary (DIM BRIGHT) controls 
the brightness of the annunciators, the component 
caution lights, the activated state of the engine 
start and stop pushbuttons, the electro-luminescent 
numeric displays and time-shared displays (i.e., 
temporary legends or multipliers). An override switch 
(16-S-4) is provided for the annunicators, component 
caution lights and pushbuttons, and a second over-
ride switch (16..:s-5) ·ror the EL numeric and time-shared·· , \ 
displays in the event that either portion of the 
ANUN/NUM control fails. 



Code 

16-R-3 

16-S-l 
'Tl 
0 
;,g 

-I 
;,g 

~ 
z 
z 
C, 

-u 
C 

16-S-3 ;,g 
-u 
0 
VI 
m 
VI I-' 

o2 z 
r-
-< 

16-S-4 

16-S-5 

Control/Indicator 

INTED-RAL LIGHTING 
CONTROL CONTINUOUS 
ROTARY 

SIDE PANELS SWITCH (CDR) 
2-POSITION TOGGLE 
MAIN-MAIN 

INTED-RAL OVERRIDE SWITCH 
2-POSITION TOGGLE 
MAIN-MAIN 

ANUN OVERRIDE SWITCH 
2-POSITION TOGGLE 
MAIN-MAIN 

NUM OVERRIDE SWITCH 
2-POSITION TOGGLE 
MAIN-MAIN 

Function 

This continuous rotary (DIM BRIGHT) controls the brightness 
of the low level EL integrally illuminated markings and 
displays from DIM to BRIGHT. Should this control fail, 
or if the brightness range is inadequate, it may be by
passed by 16-S-3. 

This two-position toggle (ON - OFF) provides ON/OFF 
control of the CDR 1 s side panel EL illumination . In 
the ON position, this switch connects the integral lights 
located on the CDR's side panels to 16-R-3 and 16-S-3. 
In the OFF position, the side panels are not connected to 
16-R-3 and 16-S-3 and are therefore not illuminated with 
EL. 

This two-position toggle (ON - OFF) supplies full voltage 
(115V, 400 cps) to the low level EL integrally illuminated 
markings and displays. In the OFF position, these markings 
and displays are controlled by 16-R-3. In the ON position, 
16-R-3 is bypassed and 115V 400 cps is applied directly to 
the EL markings and displays. 

This two-position toggle (ON -OFF) provides a full voltage 
bypass of the brightness control of the ANUN portion of the 
ANUN/NUM control. In the OFF position the annunciators, 
component caution lights and pushbutton intensities are 
controlled by 16-R-2. In the ON position that control is 
bypassed and 5V DC is applied directly to the annunciators, 
component caution lights and pushbuttons. 

This two-position toggle (ON - OFF) provides a full voltage 
override to the brightness control of the NUM portion of the 
ANUN/NUM control. In the OFF position, the electro-lumin
escent numerics and the time-shared displays are controlled 
by the ANUN/NUM control bypassed and 115V 400 cps is supplied 
directly to the numerics and displays. 
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1.6.6 Panel VI (Engine/Thrust Control) 

Control/Indicator 

l-S-4 ENGINE STOP SWITCH 
GUARDED PUSHBUTTON 
MAINTAIN 

Panel VI (Abort Guidance Subsystem) 

Function 

This pushbutton (l-S-4) sends a discrete stop 
signal to the descent and ascent engines inde
pendent of the position of l-S-1. When actuated, 
the button remains depressed and i s illuminated 
red. It is reset by depressing it a second time • 

The SE Abort Guidance Panel (Panel VI) contains the 
Data Entry and Display Assembly (DEDA). Similar to 
the DSKY, the DEDA is used to communicate with the 
Abort Guidance System (AGS). Since the AGS is less 
complicated than the Primary Navigation and Control 
System, (it has only to rompute an abort program), 
fewer displays are required. A 3 digit address read
out (12-M-l), and a sign(+,-) and 5 digit data 
indicator (12-M-2) are provided. A sixteen push
button (12-S-l through 12-S-16) keyboard gives the 
Systems Engineer the capability of entering data into 
the AGS computer. The 11 OPERATOR ERROR 11 Light (12-DS-l) 
will light, should the crew member make a mistake. 
Mistakes recognized by the DEDA are such things as 
failure to push the 11+ 11 or 11 -

11 key before entering 
numerical data, or pressing too many pushbuttons 
before the data are entered. l-S-4 - Engine Stop 
Switch (SE) - Same as 1-S-J. 
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Code Control/Indicator 

12-S-17 AGS STATUS SWITCH 
- THREE-POSITION TOGGLE 

MAIN-MAIN-MAIN 

Function 

This switch enables the crew to place the AGS in any 
one of three states. In OFF, no power is furnished 
the AGS, except to the Abort Sensor Assembly (ASA) 
heaters. In STANDBY, full power goes to the entire ASA, 
and the Abort Electronics Assembly (AEA) is placed in its 
warmup mode. In OPERATE, full power is supplied to both 
ASA and AEA. 
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1.6.7 Panel VIII (Engine/Thrust Control) 

Code 

l-S-7 

Control/Indicator 

PROBE CUTOFF SEITCH 
2-POSITION TOGGLE 
LOCK-LOCK 

Function 

This two-position toggle (.ENABLE - OFF) is 
located at the Commander's station. In the 
ENABLE position, the probe(s) signal will 
shut down the descent engine upon contact with 
the lunar surface. In the OFF position, the 
probe(s) signal will not shut doW1 the descent 
engine. In either case, manual shut down of the 
descent engine through l-S-3 or l-S-4 is not 
affected. 

Panel VIII (Explosive Devices Subsystem) 
t 

Code 

2-S-l 

2-S-2 

Control/Indicator Function 

DESCENT PRESSURIZATION Sv\aTCH This two-position toggle (FIRE - SAFE) 
2-POSITION TOGGLE actuates squib valves which permit helium to 
MOM-LOCK flow from the descent helium tanks to pres

surize the Descent Propulsion Subsystem. 
Positive feedback of the firing of the squibs 
is provided by a nominal reading on the Main 
Propulsion Subsystem's Fuel and Oxidizer 
Pressure Meter (1O-M-J). 

RCS PRESSURIZATION SWITCH 
2-POSITION TOGGLE 
MOM-LOCK 

This two-position toggle (FIRE - SAFE) 
actuates squib valves which permit helium 
to flow from the RCS helimn tanks to 
pressurize the Reaction Control Subsystem. 
Positive feedback of the firing of the squibs 
is provided by a nominal pressure reading 
on the Reaction Control Subsystem's Pressure 
Indicator (8-M-l). 
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Code 

2-S-3 

2-S-4 

2-S-5 

2-S-7 

2-S-1O 

Control/Indicator 

ASCENT HELIUM SELECT SWITCH 
3-POSITION TOGGLE 
LOCK-LOCK-ID CK 

ASCENT HELIUM PRESSURIZATION 
SWITCH 2-POSITION TOGGLE 
MOM-LOCK 

STAGE SWITCH 
2-POSITION GUARDED TOGGLE 
IDCK-LOCK 

MASTER ARM SWITCH 
2-POSITION TOGGLE 
LOCK-LOCK 

LANDING GEAR DEPIDY SWITCH 
2-POSITION TOGGLE 
MOM-LOCK 

Function 

This three-position toggle (TANK 1 - BOTH -
TANK 2) selects the squib valves of either 
Ascent Helium Tank 1 or 2, or both, for firing 
by use of 2-S-4. 

This two-position toggle (FIRE - SAFE) actuates 
the squib valves of the tank(s) selected by 2-S-3 . 
Actuation of these squib valves will pressurize the 
Ascent Propulsion subsyst em . Positive feedback of 
the firing of the squibs is provided by a nomina l 
pressure reading on 1O-M-3 . 

This guarded two-position toggle (FIRE - SAFE) 
actuates the explosive device·s which separate the 
descent stage from the ascent stage. This control 
will only be used when staging is desired without 
firing the ascent engine. 

This two-position toggle (ON-OFF) enables the 
actuation of all vehicle explosive devices by 
actuating redundant relays that apply power to 
the EDS busses~ Thus, this switch must be in the 
ON position in order for 2-S-l, 2-S~2, 2-S-4, 2-S-5~ -
2-S-1O to perform their designated functions. 

This two-position toggle (FIRE - SAFE) actuates 
the explosive devices which release the stowed 
landing gear. Positive feedback of landing gear 
deployment is provided by 2-FL-l. 



,, 
0 
~ 

.... 
~ 

► z z 
G') 

"1:1 
C 
~ 
"1:1 
0 
"' m 

I-' "' 0 
0 '° z 
r-
-< 

Code 

2-FL-l 

Panel VIII 

Code 

15A-S-l 
(15B-S-1) 

15A-S-2 
15A-S-9 
(1513.-S-2) 
(15B-S-9) 

Control/ Indicator 

LANDING GEAR STATUS 
2-POSITION FLAG 

Function 

This two-position flag (GREY - BARBERPOLE) 
indicates stowed (BARBERPOLE) or deployed (GREY) 
status of the LEM landing gear, as sensed at all 
four landing struts . 

(Audio Control -- Duplicated on Panel XII) 

Control/Indicator Function 

S-BAND SWITCH 
J-POSITION TOGGIE 
MAIN-MAIN-MAIN 

VHF A SWITCH 
VHF B SWITCH 
TWO J-POSITION TOGG1ES 
MAIN-MAIN-MAIN 

This three-position toggle (S-BAND T/R - OFF -
S-BAND RCV), in the S-BAND T/R position, routes 
received S-band voice to the headset, and mike 
amplifier outputs to the PMP for transmission via 
S-band equipment . In the OFF position, neither 
the S-band receiver nor transmitter output is 
routed through the audio center. In the S-band 
RCV position, the audio center is enabled to 
accept received S-band voice. 

These three-position toggles (T/R - OFF - RCV), 
in the T/R position, routes received VHF A voice 
signals to the headsets, and mike amplifier out
puts to the PMP for transmission via the VHF equip
ment. In the T/R position the VOX keying voltage 
is routed to the VHF A transmitter. In the OFF posi
tion neither the VHF A receiver nor transmitter can 
be utilized. In the RCV position the audio center 
is enabled to accept received VHF A voice. 15A-S-9 
enables the same control capabilities with the VHF B 
equipment. 
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Code 

15A-S-3 
(15B-S-3) 

15A-S-4 
(15B-S-4) 

15A-S-5 
(15B-S-5) 

15A-S-6 
(15B-S-6) 

Control/Indicator 

. INTERCOM SWITCH 
3-POSITION TOGGLE 
MAIN-MAIN-MAIN 

RELAY SWITCH 
2-POSITION TOGGIE 
LOCK-LOCK 

AUDIO CONTROL SWITCH 
2-POSITION TOGGLE 
MAIN-MAIN 

VOX SWITCH 
3-POSITION TOGGLE 
MAIN- MAI N- MAI N 

Functi on 

Thi s three-position toggle (ICS T/R - OFF - ICS RCV1 
in the ICS T/R position, routes mike amplifier 
outputs to the ICS bus and from there to the head
set. In the OFF position the intercom capability is 
disabled. In the ICS RCV position voice signals on 
the ICS bus are routed to the headsets. 

This two-position toggle (RELAY ON - RELAY OFF ) , 
i n the RELAY ON position, establishes a voice 
conference capability among the earth, I.EM and 
the extravehicular astronaut, and relays received 
extravehi cular astronaut biomed data to earth. 
Additionally, in the event of failure of the CSM
earth S-band link, received VHF from CSM can be 
relayed to earth via the LEM S-band transmitter. 
In the RELAY OFF position these capabilities are 
interrupted. Only one Relay switch should be ON 
at a time . In addition, appropriate switch positions 
on both audio control panels must be selected to 
establish the desi red relay link. 

This two-posi tion toggle (NORM - BU) selects the 
audio center and microphone circuit which is to be 
utili zed. In the NORM position the cr ewman is 
using his own audio center and microphone assembly. 
In the BU posi tion he i s utilizing the other crew
man 's audio center and microphone assembly. 

Thi s three-position toggle (ICS/XMTR - ICS - PTT) 
selects the manner in which the various equipments 
are keyed. In the ICS/XMTR posi tion the VOX control 
circuitry in the audio center is enabled to key both 
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Code 

15A-S-6 
(15B-S-6) 
(Cont) · 

15A-R-7 
(15B-R-7) 

15A-R-8 
(15B-R-8) 

Control/Indicator 

res VOLUME CONTROL THUMBWHEEL 

VOX SENSITIVITY THUMBWHEEL . 

15A-S-1O PI'T SWITCH 
(15A-S-1O) MOMENTARY PUSHBUTTON 

15A-S-ll PI'T/KEYER SWITCH 
(15B-S-ll) MOMENTARY PUSHBUTTON 

Function 

the intercom and selected transmitter(s). In the 
ICS position, only the intercom is VOX operated; 
selected transmitters are keyed only by the push
to~talk (PTT) switches (15-S-1O and 15-S-ll). In 
the PTT position the VOX circuit is disabled and 
both the intercom and selected transmitters can be 
keyed only by the PTT switches. In any switch 
position the PTT function will override the VOX mode. 

This thumbwheel ( INCR) permits continuous 
adjustment of the level of the audio input of the 
ICS to the headset. Movement of the thumbwheel in 
an upward direction increases the volume; a down
ward movement decreases it. 

This thumbwheel ( INCR) permits continuous 
adjustment of the threshold of the VOX control 
circuit in the audio center. Movement of the 
thumbwheel in an upward direction increases VOX 
sensitivity, a downward movement decreases it. 

This momentary pushbutton, located on the 
astronaut's attitude controller, is used to key 
the intercom and/or selected transmitter(s). 

This momentary pushbutton, located on the 
astronaut's Connnunications umbilical, is used 
to key the intercom and/or selected transmitter(s). 
Additionally, in the event of a voice connnunica
tion failure, the S-band Function switch 13-S-4 
can be placed in the KEY position, thus enabling 
the PTT switch to serve as a Morse code keyer. 
(In this mode, the PM section of the S-band trans
mitter is utilized to transmit Morse code.) 
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Code 

15A-R-12-
15A-R-13 

(15B-R-12) 
(15B-R-13) 

Control/Indicator 

VHF A VOLUME CONTROL 
VHF B VOilJME CONTROL 
TWO THUMBWHEELS 

15A-R-ll+ S-BAND VOLUME CONTROL 
(15B-R-ll+) THUMBWHEEL 

15A-R-15 MASTER VOUJME CONTROL 
(15B-R-15) THUMBWHEEL 

Function 

These thumbwheels ( INCR) permits continuous 
adjustment of the audio level of the VHF A and 
VHF B receiver signals to the headset amplifier . 

This thumbwheel ( INCR) permits continuous 
adjustment of the audio level of the S-band 
receiver signal to the headset amplifier. 

This thumbwheel ( INCR) permits continuous 
adjustment of the level of all audio outputs 
(received VHF A and B, ICS and S-band) from 
the headset amplifier simultaneously. Thus, 
individual input levels would be set by using the 
respective volume control thumbwheels, and the 
overall level would be ad justed with this thumb
wheel. 
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1.6.8 Panel X 

At the present t ime there is no requirement f or the use of this panel in 
any of the manned LEM' s. It is planned to be used on the early urunanr.ed flights. 
At this printing, insufficient ~nformation ~s avai lable on this panel configuration. 
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l.6.9 Panels XI and XVI - ELECTRICAL POWER SUBSYSTEM (CIRCUIT BREAKERS) 

Subsystem/Code 

Explosive Devices 

4-CB-75 

4-CB-76 

4-CB-149 

Primary Guidance 
and Navigation 

4-CB-29 

4-CB-1O5 

4-CB-122 

4-CB-124 

4-CB-154 

4-CB-161 

Panel Nomenclature 

IDGIC PWR B 

IDGIC PWR A 

LDG GEAR FLAG 

RNDZ RDR 

WG RDR 

LGC/DSKY 

IMU OPR 

SIG STR DISP 

IMU STBY 

Panel Location 
XI XVI 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Component(s) Served 

All explosive devices toggle switches. 

All explosive devices toggle switches. 

landing gear status indicator (2-FL-l). 

~ndezvous radar power supply. This 
circuit breaker serves as the ON-OFF 
control for this component. 

landing radar power supplyQ This circuit 
breaker serves as the ON-OFF control for 
this component. 

LEM guidance computer power supply. This 
circuit breaker serves as the ON-OFF 
control for this component. 

IMU power supply. This circuit breaker 
serves as the ON-OFF control for this 
component. 

Signal Strength meter ·(17-M-l). 

This circuit breaker serves as the ON-
OFF control for the PIPA and Inertial 
Reference Integrating gyro control heaters. 



Panel Location 
Subsystem/Code Panel Nomenclature XI XVI Component(s) Served 

4-CB-206 RNDZ RDR X Rendezvous Radar power supply. This 
circuit breaker serves as the ON-OFF 
control for this component (AC). 

4-CB-212 AOT LAMP X AOT lamp . This circuit breaker serves 
as the ON- OFF control for this component 
(AC). 

"Tl 
0 4-CB-84 CO2 SENSOR X CO2 sensor . ;lg 

~ 
;lg 

4-CB-96 GLYCOL PUMP .EMER Emergency glycol ► X pump . z z 4-CB-98 PRIM H20 FEED X Primary water boiler water feed so l enoid C) 

"Ill valve . 
C: 
;lg I-' 
"Ill I-' 4- CB-107 CABIN FAN 1 X Cabin fan #1. 0 --..J 

"' m 
"' 4-CB-108 CABIN FAN 2 X 
0 

Cabin fan #2 . 
z ,-

4-CB-109 CABIN FAN CONT X Cabin differential -< pressure sensor 
and relay . 

4-CB-112 DIVER!' VLV X Suit circuit diverter valve. 

4-CB-113 CABIN REPRESS X Cabin repressurization and emergency 
o2 valve 

4-CB-117 GLYCOL PUMP 1 X Glycol pump #1. 

4-CB-119 SUIT FAN 2 X Suit fan #2. 

4-CB-120 SUIT FAN CONT X Fan differential ' pressure sensor. 

4-CB-138 SUIT FAN 1 X Suit fan #1. 



Panel location 
Subsystem/Code Panel Nomenclature XI XVI Component(s) Served 

4-CB-140 DISP X ECS displays: i.e., 002.r,Partial Pressure 
indicator (7-M-l) Cabin emperature indi-
cator (7-M-3A), Suit Temperature indicatcr 
(7-M-JB), Cabin Pressure indicator (7-M-2Jv, 
Suit Pressure indicator (7-M-2B), Glycol 
Pressure indicator (7-M-5A), Glycol Temp-
erature indicator (7-M-5B), Oxygen Quantity 

,, indicator (7-M-4B). 
0 
~ 

-I 
~ 

4-CB-141 GLYCOL PUMP 2 X Glycol pump #2. 
► z z Reaction Control 
C) 

-a I-' 4-CB-42 QUAD 4 - TCA X TCA Fuel and Oxidizer valves of Quad 4, 
C I-' System B. ~ O'..l 
-a 
0 

4-CB-43 QUAD 3 - TCA Oxidizer valves of Quad 3, V, X TCA Fuel and m 
V, System B. 
0 z ... 4-CB-44 QUAD 2 - TCA X TCA Fuel and Oxidizer valves of Quad 2, -< 

System B. 

4-CB-45 QUAD 1 - TCA X TCA Fuel and Oxidizer valves of Quad 1, 
System B. 

4-CB-49 ISOL VLV X Oxidizer and Fuel isolation valves of 
System B. 

TEMP/PRESS 
\ 

4-CB-50 . X All status flags (8-FL-l to 8-FL-l 7)>and 
DISP - FLAGS Temperature and Pressure indicators 

(8-M-lA, 8-M-lB, 8-M-2A, and 8-M-2B). 

4-CB-51 ASC FEED X Ascent interconnect Oxidizer and Fuel 
valves of System A. 
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Subsystem/Code 

4-CB-52 

4-CB-54 

4-CB-60 

4-CB-61 

4-CB-62 

4-CB-63 

4-CB-67 

4-CB-70 

4-CB-71 

4-CB-72 

4-CB-73 

4-CB-121 

Panel location 
Panel Nomenclature XI XVI Component(s) Served 

ASC FEED X Ascent interconnect Oxidizer and Fuel 
valves of System B. 

CRSFD X Oxidizer and Fuel crossfeed valves. 

QUAD 4 - TCA X 

QUAD 3 - TCA X 

QUAD 2 - TCA X 

QUAD 1 - TCA X 

ISOL VLV X 

He REG SOV X 

He REG SOV 

MAIN SOV X 

MAIN SOV 

PQGS 

X 

X 

X 

TCA Fuel and Oxidizer valves of Quad 
4, System A. 

TCA Fuel and Oxidizer valves of Quad 
3, System A. 

TCA Fuel and Oxidizer valves of Quad 
2, System A. 

TCA Fuel and Oxidizer valves of Quad 
1, System A. 

Oxidizer and Fuel isolation valves of 
System A. 

Primary Helium regulator shutoff valve 
of System A and the redundant Helium 
regulator shutoff valve of System B. 

Primary Helium regulator shutoff valve 
of System Band the redundant Helium 
regulator shutoff valve of System A. 

Oxidizer and Fuel main shutoff valves 
of System A. 

Oxidizer and Fuel main shutoff valves 
of System B. 

Propellant Quantity G 
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Subsystem/Code 

4-CB-121 

4-CB-163 

Flight Displays 

4-CB-83 

4-CB-88 

4-CB-97. 

4-CB-123 

4-CB-126 

4-CB-133 

4-CB-134 

4-CB-159 

4-CB-168 

4-CB-2O1 

Panel location 
Panel Nomenclature XI XVI Component(s) Served 

PQGS X Propellant Quantity Gaging Control Unit 
Assembly. 

PQGS DISP X Oxidizer and Fuel Quantity indicators 
(8-M-3A and 8-M-3B) (AC). 

V 

GASTA 

FDAI 

RNG/RNG & 
ALT/ALT RT 

FDAI 

X-PNTR 

X-PNTR 

EVENT TIMER 

THRUST DISP 

GASTA 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Vindicator (9-M-5). 

Gimbal angle sequence transformation 
assembly. 

Attitude indicator assembly (9-M-l). 

Range/Altitude indicator (9-M-9A 
and 9-M-9B) • 

Attitude indicator assembly (9-M-6). 
i 

IDS RT/HORIZ VEL indicator (9-M-2). 

IDS RT/HORIZ VEL indicator (9-M-3). 

Event Time·r display (9-M-11). This 
circuit breaker serves as the ON-OFF 
control for this component. 

Thrust indicator power supply. This 
circuit breaker serves as the ON-OFF 
control for this component. 

Gimbal angle sequence transformation 
assembly (AC). 



Panel Location 
Subs;ystemLCode Panel Nomenclature XI XVI Com12onent ( s 2 Served 

4-CB-204 RNG/ RNG & X Range/ Altitide indicator (9-M-9A and 
ALT/ALT RI' 9-M-9B) (AC ). 

4-CB-209 CDR FDAI X Sphere drive system of the Attitude 
indicator assembly (9-M-l) (AC) . 

"Tl 

0 
:a:, 4-CB-210 SE FDAI X Sphere drive syst em of the Attitude 
-I indicator assembly (9-M-6) (AC ). :a:, 

► z Main Propulsion z 
C') 

"Ill 4-CB-32 PQGS X Main Propulsion quantity display C 
(10-M-5A and 10-M-5B ) and gaging system. :a:, 

"Ill 
0 
"' I-' 4-CB-53 ASC He REG X Latching Helium solenoid valves m 

"' I\) 

0 
I-' 1 and 2. 

z 
r-
-< 4-CB-74 DES He REG X Lat ching Helium solenoid valves 

1 and 2. 

4-CB-103 TEMP/PRESS DISP X Fuel and Oxidizer Pressure indicator 
(10-M-3A and 10-M-3B), Fuel and 
Oxidizer Temperature indicator 
(10-M-4A and 10-M-4B) and flags 
(10-FL-l through 10-FL-4). 

4-CB-169 He TEMP/PRESS X Helium Temp/Press indicator (10-M-1) 
(AC). 
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Subsystem/Code 

Stabilization and 
Control 

4-CB-2 

4-CB-3 

4-CB-28 

4-CB-37 

4-CB-4O 

4-CB-87 

4-CB-1O2 

4-CB-lO4 

4-CB-110 

4-CB-111 

4-CB-114 

Panel Nomenclature 

ABORI' STAGE 

ABORT STAGE 

AGS 

ENG ARM 

AEID 

VHF A RCVR 

PMP 

TV 

S-BD ANT 

PRJM S-BD XMTR/ 
RCVR 

VHF B RCVR 

Panel location 
XI XVI 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Component(s) Served 

Abort Staging Electronics. 

Abort Staging Electronics. 

Abort Guidance Section (Primary Power) . 

Powers Engine Arm switch. 

Ascent engine latching device. 

VHF Receiver Assembly. 

Pre-modulation Processor portion of the 
Signal Processing Assembly. This circuit 
breaker serves as the ON-OFF control for 
the PMP. 

Portable Television Camera. This circuit 
breaker serves as the ON-OFF control for 
the TV camera. 

Electronics section of the S-BAND Steer
able Antenna Assembly. 

Primary S-BAND trasmitter, receiver and 
power supply and portions of the PMP (for 
key functions). 

VHF Receiver Assembly. 
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Subsystem/Code 

4-CB-115 

4-CB-136 

4-CB-137 

4-CB-153 

4-CB-162 

Lighting 

4-CB-128 

4-CB-146 

4-0B-147 

Panel location 
Panel Nomenclature XI XVI 

VHF A XMTR X 

SEC S-BD PWR AMPL X 

SEC S-BD XMTR/ 
RCVR 

DISP 

VHF B XMTR 

FLOOD 

ANUN/DOCK/ 
COMPNT 

MASTER ALARM 

X 

X 

X 

X 

X 

X 

Component(s) Served 

VHF Transmitter Assembly. 

Secondary S-BAND Power Amplifier and 
Power Supply. 

Secondary S-BAND transmitter, receiver 
and power supply and portions of the 
PMP (for key functions). 

The C cmnnuni ca ti on I s Di splays, i • e • , 
Signal Strength Meter (14-M-1), Antenna 
Pitch Meter (14-M-3) and the Antenna 
Yaw Meter (14-M-4). 

VHF B Transmitter Assembly. 

Floodlights. 

Power supply for Caution/warning Annun
ciators (6-DS-l through 6-DS-40), Lunar 
Contact Lights (l-DS-1 and l-DS-2), Com
ponent Caution Lights (4-DS-l, 4-DS-2, 
7-DS-l, 7-DS-3, 7-DS-6, 7-DS-7, 12-DS-l, 
14-DS-l, 17-DS-l) and the Docking Lights. 
These circuit breakers except for fucking 
Lights also serve as ON-OFF control for 
the components listed above. 

The two master alarm lights and the tone 
generator. 



Panel Location 
Subs;zstemLCode Panel Nomenclature XI XVI ComEonent(s2 Served 

4-CB-148 ANUN/DOCK/COMPNT X i1ternate power supply (to 4-CB-146) for 
Caution/Warning Annunciators (6-DS-l through 
6-DS-40), Lunar Contact Lights (l-DS-1 and 
l-DS-2), Component Caution Lights (4-DS-l, 
4-DS-2, 7-DS-l, 7-DS-.3, 7-DS-6, 7-DS-7, 

"" 12-DS-l, 14-DS-l, 17-DS-l) and the Docking 0 
,a Lights. These circuit breakers except for 
-t Docking Lights also serve as ON-OFF control ,a 
)> for the components listed above. z z 
C, 4-CB-160 TRACK X Tracking Lights. 
"V 
C 

(.3-M-l, .3-M-2, .3-M-.3, ,a 4-CB-200 NUM X Numeric displays "V 
0 I-' 3-M-4, 3-M-5, .3-M-6, 8-M-3A, 8-M-JB, 
"' ~ m 9-M-5 9-M-11, 10-M-l, 10-M-5A 10-M-5B, "' ' , , 
0 12-M-l and 12-M-2) (AC). 
z .... 

I.ow level integral lighting (AC). -< 4-CB-211 INTGL X 

Heaters Control 

4-CB-31 S-BD ANT X S-band Antenna Heater. 

4-CB-68 DISP X RCS, Radar and S-band Antenna heater 
temperatures. 

4-CJ3;..129 DOCK WINDOW X Powers docking window heater. 

4-CB-144 CDR WINDOW X Powers Commander's window heater (AC). 

4-CB-152 SE WINDOW X Powers Systems Engineer I s window heater 
(AC). 
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Subsystem/Code 

4- CB-155 

4-CB-156 

4-CB-157 

4-CB-164 

4-CB-165 

4-CB-213 

Electrical Power 

4-CB-4 

4-CB-5 

4-CB-6 

4-CB-7 

4-CB-8 

4-CB-9 

4-CB-10 

Panel location 
Panel Nomenclature XI XVI 

RNDZ RDR OPR X 

RNDZ RDR SI'BY 

LDG RDR 

RCS QUAD 

RCS QUAD 

AOT 

XIDNAR BUS' TIE 

XLUNAR BUS TIE 

ASC ECA CONT 

ASC ECA CONT 

DES ECA CONT 

DES ECA CONT 

DES ECA 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Component(s) Served 

Rendezvous Radar Heater Control Circuit 
maintains temperature of antenna gyros. 

Rendezvous Radar Heater Control Circuit 
maintains temperature of crystal oven. 

landing Radar Heat er Control Circuit. 

Quad thermostat and heater assembly. 

Quad thermostat and heater assembly . 

AOT Heater 

Switches CDR 1 s bus translunar loads to 
LEM single point ground • 

Switches SE 1s bus translunar loads to 
LEM single point ground. 

Powers both Ascent ECA contactor coils. 

Powers both Ascent ECA contactor coils. 

Powers both Descent ECA contactor .coils. 

Powers both Descent ECA contactor coils. 

Powers both Descent Electronic Control 
Assemblies. 
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Subsystem/Code 

4-CB-11 

4-CB-12 

4-CB-13 

4-CB-14 

4-CB-15 

4-CB-16 

4-CB-17 

4-CB-18 

4-CB-19 

4-CB-2O 

4-CB-21 

4-CB-22 

4-CB-23 

Panel lDcation 
Panel Nomenclature XI XVI 

DES EGA X 

INV 1 X 

INV 2 

ASC EGA 

ASC EGA X 

DISP 

BAT 1/4/6 FEED TIE 

BAT 1/4/6 FEED TIE X 

X 

X 

X 

X 

DC BUS TIE X 

DC BUS TIE X 

DC BUS VOLT X 

DC BUS VOLT X 

AC BUS FEED TIE X 

Component(s) Served 

Powers both Descent Electronic Control 
Assemblies. 

AC Inverter #1. 

AC Inverter #2. 

Powers both Descent Electronic Control 
Assemblies. 

Powers both Descent Electronic Control 
Assemblies. 

The Electrical Power System Displays 
(4-M-2 and 4-M-3) and flags (4-FL-l 
through 4-FL-9). 

Ties Batteries 1, 4 and 6 Feeders to the 
System Engineer's Bus Feeder. 

Ties Batteries. 1, 4 and 6 Feeders to the 
Commander's Bus Feeder. 

Ties CDR Bus Feeder to CDR Bus. 

Ties CDR Bus Feeder to CDR Bus. 

DC Bus voltage instrumentation. 

DC Bus voltage instrumentation. 

Connects Inverter Outputs through Inverter 
Switch to AC Bus (AC). 



Panel location 
Subsystem/Code Panel Nomenclature XI XVI Component(s) Served 

4-CB-24 AC BUS FEEI' TIE X Connects Inverter Outputs through Inverter 
Switch to AC Bus (AC). 

4-CB-25 BAT 2/3/5 FEED X Ties Batteries 2, 3 and 5 Feeders to the 
TIE Systems Engineer's Bus Feeder. 

4-CB-26 BAT 2/3/5 FEED X Ties Batteries 2, 3 and 5 Feeders to the 
"Tl TIE Commander's Bus Feeder. 0 
;a 

-I 4-CB-27 AC BUS VOLT X AC Bus voltage instrumentation (AC). ;a 

► z 
4-CB-179 IMP FEED z X Powers IMP Bus. 

C, 

,:, 4-CB-181 R/D INST X Powers R/D equipment. C 
;a I-' 
,:, I\) 

0 --J Instrumentation 
V, 
m 
V, 

0 4-CB-l SIG CONDR 2 X Electronic Replaceable Assembly #2. 
z .... 
-< 4-CB-95 TE X Timing Electronics Circuit. 

4-CB-99 CWEA X Caution and Warning Electronics Assembly. 

4-CB-125 PCM X Pulse Code Modulator 

4-CB-131 SIG CONDR 1 X Electronic Replaceable Assembly #1. 

4-CB-132 SIG SENSOR X All pre-conditioned transducers. 

4-CB-158 TE X Timing Electronics Circuit. 

4-CB-2O2 TAPE RCDR X Data Storage Electronics Assembly (AC). 
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Subsystem/Code Panel Nomenclature 

Camera 

4-CB-33 

Panel location 
XI XVI 

X 

Component(s) Served 

Sequence camera assembly. 
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,------COMM-------------HEATERS-------, ,-INST~ 1.----------1FLIGHT DISPLAYS--------.., 
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PANEL XI 

4CB8 4CB6 4C815 4C8181 4C8119 4C84 4C820 4CBl8 4CB26 

no,,oo-20 
DEC"" 



'"tj 
I-'• 

(JQ 

I-' 
I 
.r:--
1--' 

,----LTG------,., ED -----STAB/CONT----- --------RCS SYS B------------. 
FLOOD TRACI< AMWDOO< MASTER LOGIC /Jl1S AID!T ENG ATCA AEI.D He Rm MAIN ASC ISOL QUAD I QUAD 2 QUAil 3 QUAD 4 

COMPNT Al.ARM PWR B STIIGE ARM SOY SOY FEED VLV TCA TCA TCA TCA 

©©©©©©©©©©©©©©©©©©© 
4CBl28 4CB11iD 4CBl48 4CBl47 4CB75 '4Cl.'2B 4CB2 4Cll37 4CB82 4CB41 4CB71 4CB73 4CB52 4CB49 4CB45 4CB44 4CB43 4CB42 

,-FLIGHT DISPLAYS,,------- INST-------.. ,--HEATERS~ r---RCS~,-- PROPU..-----, 

FDA I x--PHTR AV TE PCM CWEA SIG SIG RCS S-IID DI SP CRSPO TEMP/PRESS P0GS ASC He TEMP/PRESS POGS 
SENSOR CON DR 2 QUAD ANT DISP-FlAGS REG DI SP 

©©©©©©©©©©©©©©©©©©© 
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I PANEL X2I I T30900-21 
oe: '60 
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1.6.10 Panel XII (Audio Control) 

-See Panel VIII 

Panel XII (Communications) 

Code 

13-S-l 

13-S-2 

Control/Indicator 

RANGE/TV FUNCTION SWITCH 
3-POSITION TOGGLE 
MAIN-MAIN-MAIN 

POWER AMPLIFIER SWITCH 
3-POSITION TOGGLE 
MAIN-MAIN-MAIN 

Function 

This switch (RANGE - OFF - TV) permits the seleo
tion of either the ranging or the TV function for 
transmission via the S-bar.d equipment. In the 
RANGE position, received ranging signals are re
transmitted, via the phase modulated S-band 
transmitter (13-S-5 in PM position) back to 
earth. In the TV position, the frequency modu
lated transmitter (13-S-5 in FM position) is 
used to transmit television data to earth. 
Television transmission requires: (1) that the 
S-band power amplifier, controlled by switch 
13-S-2 be energized, (2) that the S-band erect
able antenna be connected, (3) that the S-band 
Antenna Select switch (14-S-5) be in the llJNAR 
STAY position and (4) that 13-S-6 oe in either 
the VOICE or OFF position. If 13-S-l is in the 
OFF position neither ranging nor TV data can be 
transmitted. 

This switch (PRIM - OFF - SEC) permits the 
selection of either of two redundant power amp
lifiers for use with the S-band equipment. When 
activated, an amplifier requires a 62 watt power 
input; however, during certain phases of the 
lunar stay, S-band transmissions are possible 
in a low power mode, with the paver amplifier 
turned off. This switch is enabled only if 
13-S-8 is in the PRIM or SEC position, thus pre
venting operation of either power amplifier with
out a driving signal~ 
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13-S-5 

Control/Indicator 

BIOMEDICAL SWITCH 
3-POSITION TOGGLE 
MAIN-MAIN-MAIN 

PCM/KEY FUNCTION SWITCH 
3-POSITION TOGGLE 
MAIN-MAIN-MAIN 

MODUIATE SWITCH 
2-POSITION TOGGLE 
MAIN-MAIN 

Function 

This switch (LEFT - OFF - RIGHT) selects which crew 
station hardline biomedical data will be sent to earth 
via the S-band. In the LEFT and RIGHT positions, inputs 
are fed from the Cornmander 1 s and Systems Engineer's sta
tions respectively. With this switch in the OFF position, 
and with 13-S-6 in the VOICE BU position, the transmission 
of hardline biomed and EMU data is interrupted, and addi
tional speech processing takes place to enhance the intel
ligibility of the voice signal transmitted to earth. 

This switch (PCM - OFF - KEY) permits the selection of 
either the telemetry or the emergency keying function for 
transmission via the S-band equipment. In the PCM position, 
telemetry data is routed to the PMP for transmissio~ to - ,. 
earth via the S-band. (This function is used in conjunc
tion with 13-S-lJ.) In the OFF position no data is trans
mitted, nor is the subcarrier transmitted. In the KEY 
position all other selected S-band functions (13-S-l, 
13-S-3, 13-S-5 and 13-S-6) are interrupted and the PM 
section of the selected S-band transmitter is enabled; 
DC power is applied to the PMP emergency key gating cir
cuitry, and the PTT/Keyer switches (15A-S-ll and 15B-S-ll) 
located on the ECS umbilicals, are enabled to serve as 
Morse code keyers for emergency transmissions. 

This switch (PM - FM) permits selection of either the PM 
or the FM mode of transmission for the S-band transmitter. 
All S-band transmission modes are normally PM, except for 
television transmissions during the lunar stay, which 
require the FM mode. In addition, transmission of tele
vision data requires that 13-S-2 and 13-S-8 be in the PRIM 
or SEC positions. 
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Code 

lJ-S-6 

lJ-S-7 

lJ-S-8 

lJ-S-10 
lJ-S-15 

Control/Indicator 

VOICE FUNCTION SWITCH 
J-POSITION TOGGLE 
MAIN-MAIN-MAIN 

VHF A TRANSMITTER SWITCH 
2-POSITION TOGGLE 
MAIN-MAIN 

TRANSMITTER/RECEIVER 
SWITCH 
J-POSITION TOGGLE 
MAIN-MAIN-MAIN 

VHF A RECEIVER SWITCH 
VHF B RECEIVER SWITCH 
TWO 2-POSITION TOGGLES 

Function 

This switch (VOICE - OFF - VOICE BU) permits the selec
tion of either normal voice or backup voice for trans
mission via the S-band equipment. In the VOICE position, 
the voice output is modulated onto a 1.25 mes subcarrier 
within the PMP and routed to the S-band PM transmitter 
for transmission to earth. If the FM transmitter is 
selected, and 13-S-l is in the OFF position, the voice 
is routed to the FM transmitter for modulation directly 
on the carrier (used during lunar stay). In the VOICE BU 
position, the PM section of the S-band transmitter is 
automatically selected (regardless of the position of 
13-S-5) to transmit voice directly on the carrier, bypas
sing the PMP. In the VOICE BU position, the ranging or 
television function of lJ-S-1 is interrupted if either 
has been selected. In the OFF position, all S-band voice 
transmission capability is interrupted. 

This switch (ON - OFF) controls primary power to the VHF 
A transmitter. In the ON position, electrical power is 
applied to the transmitter assembly, and in the OFF posi
tion power to the assembly is interrupted. 

This switch (PRIM - OFF - SEC) selects either of two 
redundant transmitter/receiver combinations. The redund
ant components involved are: power supplies, receivers, 
PM modulators and transmitter chains. In the OFF posi
tion power to this S-band equipment is interrupted. 

These switches (ON - OFF) control primary power 
VHF A receiver and VHF B receiver respectively. 
ON position, electrical power is applied to the 
receiver assembly and in the OFF position power 
assembly is interrupted. 

to the 
In the 

A or B 
to the 
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Code 

13-S-ll 

lJ-S-12 

13-S-13 

13-R-1O 

lJ-R-15 

Control/Indicator 

TAPE RECORDER SWITCH 
2-POSITION TOGGLE 
MAIN-MAIN 

VHF B TRANSMITTER SWITCH 
3-POSITION TOGGLE 
MAIN-MAIN-MAIN 

PCM RATE SWITCH 
2-POSITION TOGGLE 
MAIN-MAIN 

VHF A SQUELCH CONTROL 
THUMBWHEEL 
VHF B SQUELCH CONTROL 
THUMBWHEEL 

Function 

This switch (ON - OFF) is used in conjunction with the 
VOX circuit for controlling tape recording. In the ON 
position the recorder equipment is capabile of being 
turned on and off automatically under the control of the 
VOX trigger signal. In the OFF position the VOX trigger 
signal to the recorder is interrupted. The recorder unit 
includes a ten-hour tape supply. End of tape sensing 
provides automatic turn- off and t ermination of tape move
ment . 

This switch (VOICE - OFF - DATA) provides primary power 
to the VHF B transmitter for either of two modes of opera
tion. In the VOICE position the transmitter can be used 
for voice tran5Illissions to the CSM of EVA and in the DATA 
position this equipment can be used to transmit PCM data 
to the CSM. However, in the DATA position, 13-S-13 mu~t 
be in the LO position. In the OFF position power to the 
assembly is interrupted. 

This switch (HI - LO) selects the high or low bit rate 
telemetry to be transmitted via PCM to earth on S-band. 
Additionally, with this switch in the LO position, and 
with switch 13-S-12 in the DATA position, telemetry data 
is transmitted to the CSM and recorded there for eventual 
re-transmission to earth. (Used when LEM is behind the 
moon). 

These thumbwheels ( INCR) permit continuous adjustment 
of the threshold of the VHF/A or VHF/B receiver squelch 
circuits. That is, they adjust the level which the 
incoming signal must exceed in order for it to be heard, 
and thereby serve to reduce the noise level in the VHF A 
or VHF B receiver during periods when no voice signal is 
present. 
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14-S-5 

Control/Indicator 

TAPE STATUS 
2-POSITION FLAG 

(Cormnunications Antennas) 

Control/Indicator 

TRACK MODE SELECT SWITCH 
3-POSITION TOGGLE 
MAIN-MAIN-MAIN 

S-BAND ANTENNA 
SELECT SWITCH 
4-POSITION ROTARY 

Function 

This flag (GREY - BARBERPOLE) indicates, in the GREY 
position, that the tape is moving and that voice record
ing is taking place . Conversely, the BARBERPOLE position 
indicates that the tape is not moving and that voice 
recording is not taking place. 

Function 

This three-position toggle (AUTO - OFF - SIEW") selects 
the control mode by which the S-band steerable antenna is 
positioned. In the OFF position, power to the antenna 
drive motors is interrupted. In the SIEW" position the 
steerable antenna is positioned by using 14-B-l and 
14-B-2 to peak 14-M-l. In the AUTO position, the earth 
sensor is activated, which will automatically keep the 
antenna pointed at earth, provided the antenna is oriented 
to within ±10 degrees of the earth. 

This four-position rotary (1 - 2 - SIEW" - LUNAR STAY) 
provides selection of any of the four S-band antennas 
for communication with earth. The 1 and 2 positions 
select #1 and #2 omni-directional antennas respectively, 
for use in the event of S-band steerable antenna failure. 
The SIDT position selects the steerable antenna, and the 
LUNAR STAY position selects the S-band erectable antenna 
for use. during lunar stay. A lock mechanism is incorpor
ated in this rotary knob to prevent inadvertent selection 
of the LUNAR STAY position in the absence of an antenna 
load at the connector. 
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Code 

14-S-6 

1.4-B-l 
1.4-B-2 

1.4-M-l 

Control/Indicator 

VHF ANTENNA SELEGr 
SWITCH 
4-POSITION ROTARY 

PITCH SLEW CONTROL 
YAW SLEW CONTROL 
TWO CONTINUOUS ROTARY 
CONTROLS 

SIGNAL STRENUTH 
INDICATOR 

Function 

This four-position rotary (PLSS TEST - 1 - 2 - EVA) 
provides selection of any of three VHF antennas for 
communication with the command module or the extra
vehicular astronaut. A fourth position, PLSS TEST, 
is used in conjunction with a hardline connection 
to the portable life support system to checkout EVA 
two-way voice corranunications and telemetry trans
mission prior to IEM egress. The 1 and 2 antennas 
are used for communicating with the CSM, and the 
EVA antenna is used for communicating with the extra
vehicular astronaut during lunar stay. A lock 
mechanism is incorporated in this rotary knob to 
prevent inadvertent selection of either the PLSS 
TEST or EVA position in the absence of an antenna 
load on them. 

Each of these rotary controls actuates a synchro trans
mitter which generates position corrrrnand signals to the 
antenna drive assembly in the pitch and yaw axes, when 
1.4-S-3 is in the SLEW position. Positioning these con
trols transmits corresponding position corranands to the 
ante~na drive assembly in two axes, and position signals 
from the antenna assembly drive the panel indicators 
(1.4-M-3 and 1.4-M-4). 

This indicator displays the intesity of S-band signals 
received from the earth. It is utilized in conjunction 
with 14-B-l and 1.4-B-2 to manually establish signal con
tact with the earth. When peaked, it indicates that the 
S-band steerable antenna is pointing at the earth. It 
can be used as an i ndication of the pointing accuracy of 
the steerable antenna or erectable antenna, or it can 
indicate which of the two in-flight antennas is providing 
the best link to earth. 
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Code 

14-~M-3 
14-M-4 

Control/Indicator 

ANTENNA PITCH INDICATOR 
ANTENNA YAW INDICATOR 

Function 

These i ndi cators display the pitch (14-M-3) and yaw 
(14-M-4) angles of the S-band dish antenna. The antenna 
pitch limits are 255 ° above and 75 ° below a plane parallel 
to the vehicle Y-Z plane. The antenna yaw limits are 75° 
to the left and 75° to the right of a plane parallel to 
the vehicle X-Y plane. The initial pitch and yaw angles 
which will orient the antenna toward earth are obtained 
from a computer readout. Then, the antenna is positioned 
to the desired pitch and yaw angles by using 14-B-l and 
14-B-2, and by reference to the ant enna pitch and yaw 
indicators. 
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1.6.11 Panel XIV (Electrical Power Subsystem) 

Code 

4-S-l 
4-S-2 
4-S-3 
4-S-4 

4-S-5 
4-S-6 
4-S-7 
4-S-8 

Control/Indicator 

BATTERY #1 HIGH VOLTAGE Sli'.TITCH 
BATTERY #2 HIGH VOLTAGE SWITCH 
BATTERY #3 HIGH VOLTAGE SWITCH 
BATTERY #4 HIGH VOLTAGE SWITCH 
FOUR 3-POSITION TOGGLES 
MOM-MAIN-MOM 

BATTERY #1 LOW VOLTAGE SWITCH 
BATTERY #2 LOW VOLTAGE SWITCH 
BATTERY #3 LOW VOLTAGE SWITCH 
BATTERY #4 LOW VOLTAGE SWITCH 
FOUR 3-POSITION TOGGLES 
Ma-1-MAIN-MOM 

Function 

Each three-position toggle (ON -- OFF/ 
RESET) controls the high voltage power 
output from one of the four descent 
batteries. Selecting the ON position 
will place the battery high voltage 
tap on the line. Selecting the OFF/ 
RESET position disconnects the high 
voltage battery power tap from the line. 
Prior to selecting the ON position, the 
OFF/RESEI' position must be selected so 
that the electronic control assembly 
contactors will be set to enable battery 
power application to the DC Bus. The 
electronic control assembly controls 
battery connection to the DC bus. In 
the event of over current in a battery, 
the ECA will trip this battery off the 
line. Positive feedback of the tripped 
status of each battery is provided by 
4-FL-l, 4-FL-2, 4-FL-3, and 4-FL-4. 

Each three-position toggle (ON -- OFF/ 
RESEI') controls low voltage power out-
put from one of the four descent batteries. 
Selecting the ON position will place the 
battery low voltage tap on the line. 
Selecting the OFF/RESET position discon
nects the low voltage battery power tap 
from the line. Prior to selecting the 
ON position, the OFF/RESEI' position must 
be selected so that the electronic 
control assembly contactors will be set to 
enable battery power application to the DC 
Bus. 
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Code 

4-S-5 
4-S-6 
4-S-7 
4-S-8 
(Cont) 

4-S-9 

4-S-10 
4-S-11 

Control/Indicator 

DESCENT BATTERIES SWITCH- , 
3-POSITION TOGGIB 
MOM-LOCK-MOM 

BATTERY #5 - NORMAL FEED SWITCH 
BATTERY #6 - NORMAL FEED SWITCH 
TWO 3-POSITION TOGGLES 
MOM-MAIN-MOM 

Function 

In the event of over current in a battery 
the EGA will trip this battery off the line. 
Positive feedback of the tripped status of 
each battery is provided by 4-FL-l, 
4-FL-2, 4-FL-3 and 4-FL-4. 

This three-position toggle (CONNECT -
DEADFACE) enables power interruption of 
the descent batteries feed path to the 
ascent stage. The switch is normally in 
the CONNECT position, thus allowing power 
flow from the descent batteries to the 
ascent stage. Selecting the DEADFACE 
position initiates the deadface relays thus 
isolating the descent batteries upstream from 
the staging guillotine (ascent side). The 
switch may be placed in the CONNECT position 
again and the descent battery power feed path 
is restored. Positive feedback of descent bat
tery connection is provided by 4-FL-9. 

These three-position toggles (ON - OFF/ 
RESEI') normally control ascent battery 
#5 and ascent batt~ry #6 power feed 
paths to both busi~s respectively. 
Selecting the ON position will place the 
battery on the line. Selecting the OFF/RESEI' 
position disconnects the battery power from the 
line and sets up the contactors in the electronic 
control assembly for overcurrent protection. The 
EGA controls battery connection to the DC bus 
and will disconnect the batteries in the event 
of an overcurrent 
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Code 

4-S-10 
4-S-11 
(Cont) 

4-S-12 
4-S-13 

4-S-14 

Control/Indicator 

BATTERY #5 BACKUP FEED SWITCH 
BATTERY #6 BACKUP FEED SWITCH 
TWO 3-POSITION TOGGLES 
MOM-MAIN-MOM 

AC POWER SWITCH 
3-POSITION TOGGLE 
LOCK-LOCK-LOCK 

Function 

Positive feedback of the tripped status of 
battery #5 and battery #6 is provided by 
4-FL--5 and 4-FL--6 respectively. 

These three position toggles (ON -- OFF/ 
RESET) control the ascent battery #5 and 
ascent battery #6 power feed path to both 
busses. Selecting the ON position will 
place the battery on the line. Selecting 
the OFF/RE3EI' position disconnects the 
battery power from the line and sets up the 
contactors in the ECA for overcurrent protec
tion. In the event of battery #6 failure or 
battery #5 feeder line failure, 4-S-12 will be 
placed to ON. The ECA controls battery connec
tion to the DC bus and will disconnect the 
battery in the event of an overcurrent. 
Positive feedback is provided by 4-FL--7. In 
the event of battery #5 failure or battery #6 
feeder line failure, this switch will be placed 
to ON. The ECA controls battery connection to 
the DC bus and will disconnect the battery in 
the event of an overcurrent. Positive feed
back is provided by 4-FL--8. 

This three-position toggle (INV 1 - OFF -
INV 2) controls AC power to the AC bus. Prior 
to earth launch, ground power is supplied to 
the AC bus through the OFF position of this 
switch. After launch this becomes an open or 
neutral position and will be used as an OFF 
function for the switch. Selecting the INV L ·- .. 
position permits the #1 inverter to supply power 
to the AC bus. / i 
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Code 

4-S-11+ 
(Cont) 

4-S-15 

4-S-16 

Control/Indicator 

POWER/T.EMPERATURE MONITOR 
SELECT SWITCH 
1O-POSITION ROTARY 

ASCENT POWER AUTO TRANSFER 
SWITCH 
2-POSITION TOGGLE 
LOCK-LOCK 

Function 

Selecting the INV 2 position permits the 
#2 inverter to supply power to the AC bus. 
Positive feedback of AC bus status is 
supplied by 4-M-2. 

This ten-position rotary (OFF - 1 - 2 -
3 - 4 - 5 - 6 - CDR - SE -AC) enables 
voltage-current monitoring of batteries 
1 through 6 and voltage monitoring of the 
CDR, SE or AC busses on meters 4-M-2 and 
4-M-3. Additionally, over-temperature 
and current fault isolation capability is 
enabled whenever the switch is in any 
position 1 through 6 and that particular 
battery is, in fact, in an over-temperature, 
reverse or over current condition. This 
condition is indicated by illumination of 
either the over-temperature component 
caution light (4-DS-l) or the current fault 
component caution light (4-DS-2). Selecting the 
OFF positi on de-energizes the EPS displays. 

This two-position toggle (ENABLE - INHIBIT) 
controls the automatic switch-over feature, 
whereby the two ascent batteries energize 
the busses in the event of f a i lure of two or 
more descent batteries. The switch is normally 
in the ENABLE position so as to allow the two 
ascent batteries to energize the busses when 
an overcurrent condition trips two or more descent 
batteries off the line. 
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Code 

4-S-16 
(Cont) 

4-M-2 

4-M-3 

4-FL-l 
4-FL-2 
4-FL-3 
4-FL-4 

4-FL-5 

Control/Indicator 

VOIIT'MEI'ER 

AMMEI'ER 

DESCENT BATTERY #1 STATUS 
DESCENT BATTERY #2 STATUS 
DESCENT BATTERY #3 STATUS 
DESCENT BATTERY #4 STATUS 
FOUR 3-POSITION FLAGS 

ASCENT BATTERY #5 
NORMAL FEED STATUS 
2-POSITION FLAG 

Function 

The INHIBIT position is used during the 
unmanned portion of the mission providing 
the capability of powering the LEM from the 
CSM. If after automatic transfer to ascent 
power it is desired to use the remaining 
good descent batteries the INHIBIT position 
will be utilized. Positive feedback that 
the ascent power automatic transfer has 
taken place is provided by 4-FL-5 and 
4-FL-6. 

This meter will indicate the voltage of 
any of the six batteries, the SE, the CDR 
or AC bus depending on the position of 
4-S-15. 

This meter will indicate the current of 
any of the six batteries depending on the 
position of 4-S~l5. 

Each flag (GREY - LO - BARBERPOLE) indicates 
that the battery High Voltage Tap is on the line 
when the GREY position is in view. The Low 
Voltage Tap is on the line when the LO position is 
is in view. The battery is off the line when the 
BARBERPOLE position is in view. 

This flag (GREY - BARBERPOLE) indicates that 
battery #5 is powering the Systems Engineer's 
bus when the GREY position is in view. In the 
BARBERPOLE position, battery #5 is not feeding 
the Systems Engineer's bus through this normal 
feed path. 
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4-FL-9 

4-DS-l 

Control/Indicator 

ASCENT BATTERY #6 
NORMAL FEED STATUS 
2-POSITION FIAG 

ASCENT BATTERY #5 
BU FEED STATUS 
2-POSITION FIAG 

ASCENT BATTERY #6 
BU FEED STATUS 
2-POSITION FIAG 

DESCENT BATTERY STATUS 
2-POSITION FIAG 

BATTERY FAULT 
COMPONENT CAUTION LIGHT 

Functi-on 

This flag (GREY - BARBERPOLE) indicates that 
battery #6 is powering the Conmander ' s bus when 
the GREY position in view. In the BARBERPOLE 
position, battery #6 is not feeding the Commander's 
bus through this normal feed path. 

This flag (GREY -BARBERPOLE) indicates that 
battery #5 is powering the Commander's bus when 
the GREY position is in view. In the BARBERPOLE 
position, battery #5 is not feeding the Commander's 
bus through this backup feed path. 

This flag (GREY - BARBERPOLE) indicates that 
battery #6 is powering the Systems Engineer I s 
bus when the GREY position is in view. In the 
BARBERPOLE position, battery #6 is not feeding 
the Systems Engineer's bus through this backup 
feed path. 

This flag (GREY - BARBERPOLE) indicates whether 
the descent deadface has been accomplished. The 
GREY position indicates that the descent batteries 
are connected to the ascent stage. The BARBERPOLE 
position indicates that the descent batteries have 
been disconnected and deadfaced. 

This light illuminates to indicate a particular 
battery over-temperature, over-current, or reverse 
current condition when 4-S-15 is placed to that 
battery position and an over~temperature condition 
exists. A battery over-temperature, over-current, 
or reverse current condition will illuminate the 
(BATTERY) caution annunciator (6-DS-27) and cause 
the astronaut to seek out the battery problem by 
using 4-S-15. 
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1.7 Design Requirements For Displays 

SUBSYSTEM DISPLAY RANGE VOLTAGE INPUT SCALE DIVISIONS 

EPS (4-M-2) 20-40 volts 2.5-5 V 1 volt 

(4-M-3) 0-120 amps 0-5 V 5 amps 
0-60 amps 0-5 V 5 amps 

'Tl ECS (7-M-5) 0-80 psia 0-5 V 5 psia 
0 (7-M-5) 0-80° F 0-5 V 5° F :,g 

-I 
:,g 

(7-M-4) 0-100% 0-5 V 5% ► z z (7-M-l) 0-30 mm Hg 0-5 V Non-linear C) 

"Ill 

(7-M-2) C 0-10 psia 0-5 V .5 psia :,g 
"Ill 
0 

t= (7-M-3) "' 40°-100°F 1-4 V 2°F m 

"' O' 

0 RCS (8-M-l) z ,... HELIUM 0-3500 psia 0-5 V 200 psia -< 
PROP 0-350 psia 0-5 V 20 psia 
FUEL 0-350 psia 0-5 V 20 psia 
OXID 0-350 psia 0-5 V 20 psia 

(8-M-2) 
HELIUM 20-120°F 0-5 V 5°F 
PROP 20-120°F 0-5 V 5°F 
FUEL 20-120°F 0-5 V 5°F 
OXID 20-120°F 0-5 V 5°F 

(8-M-3) 0-99% A pulse train in 1% 
binary coded decimal 
format. Binary 1 is 
4.5Vmax. Binary 0 
i s O+ .5 V DC. 



SUBSYSTEM DISPLAY RANGE VOLTAGE INPUT SCALE DIVISIONS 

FLIGHI' (9-M-2, 9-M-3) 
CONTROL VEIDCITY 0 + 20 fps 0 ± .5 V 1 fps 

0 + 200 fps 0 + 5 V 10 fps 

RATE 0 + 2 mrad/ sec. 0 + .5 V .1 mrad/sec. 
0 ± 20 mrad/sec. 0 + 5 V 1 mrad/ sec. 

,, 
(9-M-9) 0-40,000 ft (LDG Ten serial digital 5 ft 0 

::ii, DISTANCE RDR INPUT) inputs, 16 or 18 bit 100 ft 
-t 
::ii, serial words. A 2 run 
► 0-400 run (RNDZ binary one is either z 
z RDR INPUT) 5 or 7 volts. A 
C, volts • .,, 
C 
::ii, RATE 0-+ 500 fps (LDG Same 1 fps .,, 
0 ~ RDR INPUT) 
"' m -...J 
"' 
0 0 + 4900 fps 
z (RNDZ RDR INPUT) r-
-< 

(9-M-4) 0-6 "g" Mechanical response .2 "g" 
to vehicle accelera-
tion. 

(9-M-7) 0-100% 0-2.75 V 5% 
10-100% 0-4.583 V (AUTO) 5% 

.89-4.658 V (MAN) 

(9-M-1, 9-M-6) 
ATTITUDE 0-360° 15 sin wt sine and PITCH 5° 

15 sin wt case ' ROLL 10° 
(e = gimbal angle) YAW 10° 



SUBSYSTEM DISPLAY RANGE VOLTAGE INPUT SCALE DIVISIONS 

SHAFT /TRUNNION 0 + 5° 0 + .2648 V, 800 cps Qualitative 
ANGLES 0 ± 50° (AUTO MODE), O ± 

.141 V, 400 cps (MAN 
MODE) 

PITCH/ROLL/YAW 0 + 2° (PGNS 0 ± . 2648 V, 800 cps Qualitative 
INPUT) 

"Tl ERRORS 0 ± 1.7 (AGS -
0 MIN DFADBAND "' .... INPUT) 0 + 14.4° 
"' (AGS - MAX DEAD-~ 
z BAND INPUT) z 
C') 

PITCH/ROLL/YAW 0 ± 20°/sec. 2°/sec . "V 0 ± .8V, 800 cps 
C RATES 
"' t= "V 
0 00 (9-M-11) 11'1 0-59 min. 59 Pulse train is 10 1 sec. m sec. 
11'1 pulses/sec. 
0 

square -
z wave. Pulse amp-
r- litude is J.5 volts. -< 

(9-M-10) 0-60 hours Self-contained 1 sec. 
Battery Operated 

(9-M-5) -100 to 99999 A pulse train having 1 fps 
fps a varying repetition 

rate. Pulse ampli-
tude is 6 V. 

PROP - (10-M-J) 0-JOO psia (DES) 0-5 V 10 psia 
0-250 psia (ASC) 0-5 V 10 psia 

(10-M-4) 40-100°F 1-4 V 2°F 



SUBSYSTEM DISPLAY RANGE VOLTAGE INPUT SCALE DIVISIONS 

(10-M-1) 
PRESS 0-3500 psia 0-5 V 10 psia 
TEMP -120 to+ 100°F 0-5 V l°F 

(10-M-5) 0-99% A pulse train in 1% 
binary coded decimal 

"Tl format . Binary 1 is 0 
)11:1 4. 5 V max. Binary 0 
-I is O ± • 5 V DC . )11:1 

!:: z COMM (14-M-3) -75 to +255° 0-5 V 10° z 
C') 

"'1:1 (:i4-M-4) -75 t o +75° 0-5 V 10° C: 
)11:1 

"'1:1 
0 t= (14-M-l) 0-5 units 0-5 V .2 units "' m '° "' 
0 RADAR (17-M-l) 0-5 units 0-5 V . 2 units z 
r-
-< 

HEATER (18-M-l) 
RADAR, S-BAND -100 to +200°F 1.25-5 V l0°F 

QUAD +20 to 200°F 0-5 V l0°F 



SECTION TWO 
. . ' . 

LIGIITING 

The LEM lighting consists of exterior and interior illlllllination. 
The choice of illumination is based upon vehicle performance, crew visual 
tasks, operator fatigue, interior contrast relationships and interior
exterior environmental relationships. The lighting system must give 
optimum performance and maximum reliability and yet be compatible with 
electrical power and vehicle weight restrictions. 

2.1 

2.1.1 

Interior Lighting 

The LEM interior illumination shall consist of integral 
lighted components and flood lighting devices. 

Integral Lighted Components 

There are three types of integral lighted components: Panel 
areas, Displays, and Caution and Warning (C&W) annunciators. These 
integral lighted components utilize either electrollllllinescent (EL) 
or incandescent devices. Provision is made for manually control
ling the brightness of an integral lighting components in a con
tinuous fashion. All nomenclature on the display and control 
panels is integrally lighted by white electroluminescent lamps in 
conjunction with suitable overlays. The displays have electro
luminescent light sources contained within the display enclosure. 
The information contained in the display consists of white illum
inated markings on a non-illuminated background. The non-illum
inated pointer travels over an illuminated background. Numeric 
EL Displays have illuminated green or white digital markings on a 
non-illuminated background. Provisions are made for manually 
controlling the brightness continuously from the maximum. Caution 
and Warning (C&W) and component caution annunciators and numeric 
displays are dimmable on the same control. 

2.1.2 Flood Lighting 

Flood lighting is provided as a secondary means of illuminating 
all display and control panel areas. In addition, illumination is 
provided as necessary within the crew compartment for the perform
ance of crew duties or tasks. Panel flood lighting fixtures are 
provided for each of the forward display panels and provides even 
illumination of the panel areas. No panel area depends solely 
upon one lamp for its illumination. The color of the illumination 
is white. 
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2.2 Exterior Ll.ghting 

Exterior illumination consists of docki ng and tracking 
lights on the LEM to provide orientation cues to the crew of the 
CSM. 

2.2.1 Docking Ll.ghts 

Docking lights are provided for visual ori entati on cues and 
gross attitude determination duri ng rendezvous and docking. These 
lights shall be on/off controlled by the onboard crew during the 
lunar docki ng phase . Provision is made to illuminate these lights 
automatically prior to the trans-lunar docking maneuver. 

2.2.2 Tracking Ll.ght 

2.3 

2.J.l 

A tracking light is provided to allow visual tracking of the 
LEM by the CSM. This light is on/off controlled and dimmed by the 
LEM. 

Self-Luminous Devices 

Switches 

The switch position of toggles is illuminated by means of 
self-lmninous devices. These devi ces enable the crew to visually 
check the switch position during the low ambient i llumination 
conditions. 

2.J.2 Docking Target 

A self-luminous docking target is provi ded whi ch will aid the 
crew in visually aligning the CM to the LEM during the final dock
ing maneuver. 
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SECTION THREE 

CREW PROVISIONS 

Extravehicular Mobility Unit 

The extravehicular mobility unit (EMU) is a multilayered 
unit that consists of a liquid-cooled garment, a pressure garment 
assembly, a thermal meteoroid garment, a portable life support 
system, an emergency oxygen subsystem, biomedical and environ~ 
mental sensors, and dosimeters. To accomplish a safe, manned 
mission, the EMU is constructed as an anthropomorphic, closed
circuit, pressure vessel that envelops the entire astronaut. With 
the portable life support system attached to the pressure garment 
assembly, the astronaut has a livable envelope that can sustain 
his activities in the LEM or in the lunar environment. Inside 
the EMU, the astronaut is supplied 100% oxygen. The normal 
operating pressure of the EMU is J.7 psia; i t weighs approximately 
120 pounds. 

J.1.1 Liquid-Cooled Garment 

The liquid-cooled garment (LCG), the i nnermost component of 
the EMU, is worn by each astronaut during all LEM operations. It 
maintains body temperature at a comfortable l evel while the 
astronauts are in the LEM and on the lunar surface . 

J.1.2 Pressure Garment Assembly 

The pressure garment assembly (PGA) includes a torso and 
limb suit, a helmet, and a pair of intervehicular gloves. The 
PGA is worn during all LEM operations. The PGA is the basic item 
of the life-support system. It aids in shielding the astronauts 
from the thermal-vacuum environments of outer space and, if the 
thermal meteoroid garment is worn, enables them to leave the LEM 
in free space to perform various functions. The PGA also provides 
emergency backup protection if cabin pressure is lost. The mater
ials of which the PGA is made resist the abrasive and radiation 
environments of free space and the lunar surface and minimize the 
possibility of damage to the PGA during astronaut ingress and 
egress via the forward or upper entrance hatches. The PGA permits 
the astronaut to enter and leave unaided through either hatch 
during the mission. Manipulation of the feet, hands, legs, 
forearms, arms, head, and torso is possible. The astronauts are 
able to walk, climb, crouch, and rise from a supine to standing 
position. The use of tools and LEM controls, voice and telemetry 
communications, and sightings (inside and outside the LEM) are 
included in the EMU's performance capabilities. The torso and 
limb suit is an anthropomorphic pressure vessel that covers the 
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body and limbs, except the head and hands; intervehicular boots 
are part of the suit. A helmet and a pair of intervehicular 
gloves can be attached to the suit to complete the astronaut's 
enclosure within the normal 3.7 -psia atmoshphere. The inter
vehicular boots provide thermal insulation protection; the bottom 
of the boots is covered with Velero-hook material, which, in 
conjunction with the Velcro-pile material on the cabin floor, 
provides additional restraint for the astronauts. Assembled to 
the torso and limb suit, the boots become part of the closed
circuit pressurized envelope provided by the PGA. The primary 
function of the helmet is to protect the head against high-impact 
loads and to provide a life support environment. Separate glare 
visors are attached to the exterior of the helmet, permitting the 
astronaut to read vehicle and space data under a wide range of 
illumination. A microphone and earphones are in the helmet. 
Helmet construction is compatible with physiological needs and 
permits eating and drinking. The intervehicular gloves provide 
adequate finger dexterity in all pressurized environments. A 
wrist seal in the sleeves of the torso and limb suit permits 
replacing damaged gloves with extravehicular gloves while the 
suit is pressurized. 

3.1.3 Thermal Meteoroid Garment 

- The thermal meteoroid garment (TMG) includes a thermal 
meteoroid suit, extravehicular gloves and thermal mittens, and 
extravehicular boots. These items do not become part of the 
pressurized envelope provided by the PGA; they are worn over the 
PGA. The main function of the TMG is to insulate and protect 
against harmful thermal radiation and protect against micro
meteoroids. The thermal meteoroid sui t provides thermal insula
tion against the lunar-surface environment. It is worn over the 
PGA, but does not cover the helmet or gloves. It is a loose
f i tting, two-piece, multilayered, pajama sui t wi th an aluminized 
outer coating that renders the suit reflective. The astronaut 
can don the suit, unaided, i n the LEM. Each astronaut has a pair 
of extravehicular gloves. A lanyard permits the gloves to be 
attached to, or removed from, the PGA sleeves. The extravehicular 
gloves provide insulation protection and are worn duri ng the 
lunar stay. The wrist seal i n the torso and limb sui t permits 
emergency replacement of the intervehicular gloves wi th the 
extravehicular gloves while the suit is pressurized. Wearing the 
extravehicular gloves does not hinder the astronauts in perform
ing emergency and maintenance tasks or in manipulating and erecting 
mission task equipment. Each astronaut also has a pair of mittens 
that are worn over the extravehicular gloves. The mittens can 
be removed for short intervals for added dexterity. 
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3.1.4 

• 

Each astronaut has a pair of extravehicular boots for use 
on lunar surface. These boots are worn over the intervehicular 
boots to provide additional insulation. The extravehicular boots, 
like the thermal suit, have a reflective outer coating. The 
astronaut can don the boots, unaided, in the LEM before descending 
to the lunar surface. 

Portable Life Support System 

The portable life support system (PISS ) i s a self -contained, 
rechargeable system that provides limited-time l ife support for 
an astronaut exposed to extravehicular free space, a decompressed 
LEM, or the lunar-surface environment. The PISS consists of sub
systems components that provide primary oxygen supply storage; 
control of contamination, humidity, pressure, ventilation or 
recirculation, temperature, and electrical power; voice com
munications facilities; and telemetry transmission facilities. 
Each PISS includes a pressurized oxygen reservoir that supplies 
pure oxygen to satisfy body needs for normal and emergency situa
tion. Each reservoir filling provides a maximum supply of approxi
mately 4 hours of oxygen. A 3-hour supply of oxygen is used for 
completing the mission, wit.ha 1-hour supply of oxygen for conti n
gency. Primary oxygen maintains a steady 3, 7 -psia operating 
pressure within the EMU. The ventilation or recirculation system 
conditions and recirculates the oxygen in the pressurized PGA 
for cooling, decontamination (solid and gaseous), and dehumidi
fication. Electrical power is supplied by a PLSS battery to all 
EMU equipment for activity outside the LEM. A VHF system provides 
simultaneous two-way communication between the astronauts on the 
lunar surface and the LEM, between two extravehicular astronauts 
in EMU's, or between the astronaut on the lunar surface and the 
CSM transmitter and receiver. The communication system microphone 
and earphones are in the PGA helmet. Telemetry transmits environ
mental and biomedical data via VHF to the LEM. 
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3.2 Waste Management 

PGA waste management devices include provisions for temporary 
stowage and subsequent removal of urine. The LEM waste management 
section (WMS) uses the controlled pressure differential between 
the PGA and the cabin as the force to transfer waste fluid from 
the PGA waste management devices to the LEM waste fluid collector 
assembly. Operation of the WMS is started and stopped with the 
waste control valve. The waste control valve also protects the 
astronaut from excessive negative pressure differentials. One 
operational cycle includes evacuation, transfer, and stowage of 
the waste fluids. The WMS can transfer and evacuate waste fluid 
from the PGA under the effects of zero-gravity spaceflight and of 
1/6 -gravity lunar-surface conditions. The waste fluid collector 
assembly can be removed at intervals and replaced with an unused 
collector assembly. 
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3.3 Support and Restraint 

Support and restraint equipment is provided at the crew 
stations in the forward cabin section. During flight operations, 
the constant force reel assembly provides the astronauts with a 
zero-g tiedown force of approx:iJnately 25 pounds, in combination 
with the Velcro-hook (intervehicular) boots and the Velcro-pile 
material on the cabin floor. The support and restraint equipment 
includes a handgrip and two elongated, U-shaped, shock-attenuating 
armrest assemblies for each astronaut. When leaning on these 
armrests, the astronauts have sufficient freedom of motion for 
operation of the LEM controls and (after the reel is manually 
locked) protection against negative g's. 
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3.4 Food 

3.5 

Prepared food sui table for eati ng in space environments 
is supplied to the astronauts. The menus include liquid and 
solid foods of adequate nutritional and caloric value, with low 
residue-producing characteristics to minimize biological wastes. 
Reconstituted food can only be consumed with the helmet removed . 
To prevent spoilage and conserve space, dehydrated food is 
sealed in pliable plastic packages. To reconstitute the food, 
the water umbilical hose is attached to the inlet end of the 
water dispenser (water gun); the outlet end of the water 
dispenser is inserted into the neck of the food package. 
Squeezing the trigger of the water dispenser regulates the flow 
of water into the food package. The astronaut then kneads the 
food and water until they are thoroughly mixed. Squeezing the 
bag forces food into the mouth. The water dispenser is also 
used for drinking water . Reconstituted food will not be eaten 
in a pressurized PGA. Special puree-type food in tubes is 
provided for emergency eating. 

Medicine 

Medical supplies (GFE) planned for the mission consist of 
six capsules. Four capsules are Darvon (pain killers); two are 
Dexadrine (pep pills). The package of capsules is to be attached 
with Velcro-pile to the interior of the food compartment, readily 
accessible when the compartment is opened. 
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SECTION FOUR 

G.S.E. 

There exists at present a requirement for two units of Ground Support 
Equipment (GSE) which have interface with Crew Systems. These units are: 

4.1 430-42020 Waste Management System Leak Test Unit 

After assembly and during pre-launch checkout of the LEM, 
a requirement exists for leak checking the WMS using helium gas. 
The Leak Test Unit shall be capable of pressurizing the WMS with 
helium to 10 psig and detecting leaks of helium with the Leak 
Test Unit's port~ble leak detector. 

4,2 410-42100 Displays & Controls Test Station 
(Bench Test Maint. Equip. (BTME) 

The D & C Test Station will be capable of the following: 

Measure the required parameters to an order greater than the 
specified requirements. Supply a minimum of 25% more power than 
required. Generate stimuli with tolerances and accuracies greater 
than the specified requirements. Isolate a malfunction to the 
lowest replaceable level. Perform complete section tests and/or 
independent assembly tests. Register the accumulated operating 
time on the unit under test. 
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