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PREFACE 

This handbook has been prepared by the Flight Control Division , 
Manned Spacecraft Center , Houston, Texas, with technical support by 
Grumman Aircraft Engineering Corporation (GAEC) . Inforn.ation contained 
within this document represents the LM-1 Systems as of March 16, 1967. 

This document is intended for specialized use by Flight Controllers 
in real- time and near-real- t ime operations. Comments concerning the 
contents should be directed to Mr. James E. Hannigan, Lunar Module 
Sys tems Branch , Building 45, Room 426 , Phone HU3- 5526 . 

This document is not to be reproduced without the written approval 
of the Chi ef , Flight Control Division , Manned Spacecr aft Center, Houston, 
Texas . 
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Mevin F. Br ooks 
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1.1 VEHICLE CONFIGURATION 

SECTION 1 

INTRODUCTION 

LM 
AS-206 
REV B 

This handbook has been prepared in accordance with the Apollo Space

craft Program Office (ASPO) policy issued on October 12, 1966, which 

specified LM~l would be flown unmanned and LM-2 would no longer be capable of 

completely unmanned flight. This policy change also included a change 

in LM-1 mission requirements resulting in a simplified version of the 

AS-206 timeline. The mission objectives are confined to full duration 

burns of each stage, restart of each stage, fire-in-the-hold (FITH) abort 

mode, and depletion burn of the ascent stage. 

On October 20, 1966, Contract Change Authorization (CCA) No. 398 to GAEC 

Contract NAS-9-1100 was issued to implement the LM-1 hardware changes 

based on the above policy change. This CCA deleted the requirement for 

all equipment not directly associated with the revised mission. In 

addition, CCA 401 issued on October 20, 1966, specified system changes 

to LM-1 to eliminate critical single-point failures, primarily within 

the LM Mission Programer (LMP). This CCA deleted numerous command . 

R-B 

R-B 

functions and added two new command functions. Measurement Change Request (MCR) 

654 accounts for the telemetry changes resulting from CCA 398 and 401. R-B 

This updating includes all the system changes and the revised command 

and measurement lists . 

1-1 
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Table 1-1 

AC 

ACA 

ACCUM 

ACT 

AEA 

AELD 

AGC 

AGS 

ALIGN 

ALM 

ALT 

AM 

AMP 

AMP HR 

ANT 

APS 

ARM 

ASA 

ASC 

ASSY 

ATCA 

ATT 

AUTO 

AUX 

AVAIL 

AZ 

BAT 

BIP 

BCN 

BPS 

BTS 

LM 
AS-206 
REV A 

Standard Abbreviations and Acronyms for LM Documentation 

ALTERNATING CURRENT 

ATTITUDE CONTROLLER ASSEMBLY 

ACCUMULATOR 

ACTUAL/ACTUATOR 

ABORT ELECTRONICS ASSEMBLY 

ASCENT ENGINE LATCHING DEVICE 

AUTOMATIC GAIN CONTROL 

ABORT GUIDANCE SECTION 

ALIGNMENT 

ALARM 

ALTIMETER/ALTITUDE/ALTERNATE 

AMMETER/AMPLITUDE MODULATION 

AMPERE 

AMPERE HOUR 

ANTENNA 

ASCENT PROPULSION SYSTEM 

ARMED 

ABORT SENSOR ASSEMBLY 

ASCENT 

ASSEMBLY 

ATTITUDE & TRANSLATION CONTROL ASSEMBLY 

ATTITUDE 

AUTOMATIC 

AUXILIARY 

AVAILABLE 

AZIMUTH 

BATTERY 

BIPROPELLANT 

BEACON 

BITS PER SECOND 

BITS PER SAMPLE 
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Table 1-1 Standard Abbreviations and Acronyms for LM Documentation (Cont'd) 

CAB 

CAL 

CALC 

CB 

C-BND 

CBL 

cc 
CDR 

CDU 

CES 

CHAR 

CL 

CLSD 

CMD 

CMDED 

CNTL 

CO2 
COMM 

COMP 

COND 

CONT 

COOL 

CP 

CPS 

CRT 

CTG 

CUR 

D 

DAC 

DB 

DC 

DCA 

CABIN 

CALIBRATE/CALIBRATION 

CALCULATE/CALCULATED 

CIRCUIT BREAKER 

C-BAND 

CABLE 

CONTACT CLOSURE 

COMMANDER 

COUPLING DATA UNIT 

CONTROL ELECTRONICS SECTION 

CHARACTER 

CLOSE 

CLOSED 

COMMAND 

COMMANDED 

CONTROL 

CARBON DIOXIDE 

COMMUNICATIONS 

COMPARE 

CONDITION/CONDITIONING/CONDITIONER 

CONTINUE 

COOLANT 

COMMAND PILOT 

CYCLES PER SECOND 

CATHODE-RAY-TUBE 

CARTRIDGE 

CURRENT 

DOWNWARD THRUSTING RCS ENGINE 

DIGITAL ANALOG CONVERTER 

DECIBEL 

DIRECT CURRENT 

DIGITAL COMMAND ASSEMBLY 

1-3 
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Table 1-1 Standard Abbreviations and Acronyms for 1M Documentation (Cont'd) 

DECA 

DECR 

DEDA 

DEG 

DESC 

DET 

DFI 

DIFF 

DIG 

DIR 

DISCH 

DISP 

DIV 

DLAY 

DPLY 

DPS 

DSKY 

ECA 

ECS 

EKG 

ELEC 

EMER 

ENBL 

ENG 

ENGR 

EPS 

EQUIP 

ERR 

EXT 

F 

FAIL 

FDAI 

FITH 

DESCENT ENGINE CONTROL ASSEMBLY 

DECREASE 

DATA ENTRY AND DISPLAY ASSEMBLY 

DEGREE 

DESCENT 

DETENT/DETECTOR 

DEVELOPMENTAL FLIGHT INSTRUMENTATION 

DIFFERENCE/DIFFERENTIAL 

DIGITAL 

DIRECT 

DISCHARGE 

DISPLAY 

DIVERTER 

DELAY 

DEPLOY/DEPLOYED 

DESCENT PROPULSION SYSTEM 

DISPLAY AND KEYBOARD 

ELECTRONICS CONTROL ASSEMBLY 

ENVIRONMENTAL CONTROL SYSTEM 

ELECTROCARDIOGRAM 

ELECTRICAL/ELECTRICALLY 

EMERGENCY 

ENABLE 

ENGINE 

ENGINEER 

ELECTRICAL POWER SYSTEM 

EQUIPMENT 

ERROR 

EXTEND 

FAHRENHEIT/FORWARD THRUSTING RCS ENGINE 

FAILURE 

FLIGHT DIRECTOR ATTITUDE INDICATOR 

FIRE IN THE HOLD 
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Table 1-1 Standard Abbreviations and Acronyms for LM Documentation (Cont'd) 

FL 

FM 

FP 

FREQ 

FWD 

GASTA 

GDA 

GLY 

GMBL 

GND 

GUID 

HBR 

HE 

H/H 

HI 

HL 

HLD 

H
2

0 

HSD 

HV 

HVR 

H/X 

ID 

IG 

IGA 

IGN 

IMU 

IN 

INJ 

INCR 

INST 

INVTR 

FLAG 

FREQUENCY MODULATION 

FLIGHT PROGRESS 

FREQUENCY 

FORWARD 

GIMBAL ANGLE SEQUENCING TRANSFORMATION ASSEMBLY 

GIMBAL DRIVE ACTUATOR 

GLYCOL 

GIMBAL 

GROUND 

GUIDANCE 

HIGH BIT RATE 

HELIUM 

ALTITUDE/ALTITUDE RATE 

HIGH 

HIGH LEVEL 

HOLD 

WATER 

HIGH SPEED DATA 

HIGH VOLTAGE 

HOVER 

HEAT EXCHANGER 

IDENTIFICATION 

INNER GIMBAL 

INNER GIMBAL ANGLE 

IGNITION 

INERTIAL MEASUREMENT UNIT 

INLET 

INJECTOR 

INCREASE 

INSTRUMENTATION 

INVERTER 
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Table 1-1 Standard Abbreviations and Acronyms for LM Documentation (Cont'd) 

IRIG 

ISO 

ISS 

JETT 

JD 

LAT 

LBR 

LDG 

LGC 

LIM 

LMP 

LO 

LONG 

LR 

LSB 

LV 

LVL 

MAN 

MAP 

MAX 

MET 

MFC 

MG 

MGA 

MIN 

MOCR 

MPX 

MSFN 

MSB 

MTR 

(-) 

NORM 

INERTIAL RATE INTEGRATING GYRO 

ISOLATION 

INERTIAL SENSOR SYSTEM 

JETTISON 

JET DRIVER 

LATITUDE/LATERAL 

LOW BIT RATE 

LANDING 

LM GUIDANCE COMPUTER 

LIMIT/LIMITS 

LM MISSION PROGRAMER 

LOW 

LONGITUDE 

LANDING RADAR 

LEAST SIGNIFICANT BIT 

LOW VOLTAGE 

LEVEL 

MANUAL/MANIFOLD 

MESSAGE ACCEPTANCE PULSE 

MAXIMUM 

MISSION ELAPSED TIME 

MAIN FEEDER CONTACTOR 

MIDDLE GIMBAL 

MIDDLE GIMBAL ANGLE 

MINIMUM 

MISSION OPERATIONS CONTROL ROOM 

MULTIPLEX 

MANNED SPACEFLIGHT NETWORK 

MOST SIGNIFICANT BIT 

METER 

NEGATIVE 

NORMAL 
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Table 1-1 Standard Abbreviations and Acronyms for LM Documentation (Cont'd) . 

02 OXYGEN 

OB ONBOARD 

OG OUTER GIMBAL 

OGA OUTER GIMBAL ANGLE 

OPN OPEN 

OPR OPERATE 

OUT OUTLET/OUTPUT 

OVR OVER 

OVRD OVERRIDE 

ox OXIDIZER 

PA POWER AMPLIFIER 

PART PARTIAL 

PCA PROGRAM COUPLER ASSEMBLY 

PCM PULSE CODE MODULATION 

PCT PER CENT 

PGNS PRIMARY GUIDANCE AND NAVIGATION SYSTEM 

PFS PER CENT FULL SCALE 

PIPA PULSED INTEGRATING PENDULOUS ACCELEROMETER 

tiP DIFFERENTIAL PRESSURE 

PLSD PULSED 

PLSS PORTABLE LIFE SUPPORT SYSTEM 

PM PHASE MODULATION 

PNLS PANELS 

PO POWER OUTPUT 

POS POSITION 

PRA PROGRAM READER ASSEMBLY 

PRESS PRESSURE 

PRIM PRIMARY 

PROG PROGRAM 

PROP PROPELLANT/PROPULSION 

PSIA POUNDS PER SQUARE INCH ABSOLUTE 

PSID POUNDS PER SQUARE INCH DIFFERENTIAL 

1-7 
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Table 1-1 Standard Abbreviations and Acronyms for LM Documentation (Cont'd) 

PTA PULSE TORQUE ASSEMBLY 

PVR PRECISION VOLTAGE REFERENCE 

PWR POWER 

PYRO PYROTECHNIC 

QD QUICK DISCONNECT 

QTY QUANTITY 

QUAD QUADRANT 

RC/OC REVERSE CURRENT/OVERCURRENT 

RCS REACTION CONTROL SYSTEM 

RCVR RECEIVER 

REC RECORDER 

RECD RECEIVED 

REF REFERENCE 

REG REGULATOR 

REL RELEASE 

RET RETRACT/RETURN 

REV REVERSE 

RF RADIO FREQUENCY 

RFLT REFLECT/REFLECTED 

RGA RATE GYRO ASSEMBLY 

RLY RELAY 

RNG RANGE/RANGING 

RR RENDEZVOUS RADAR 

RS REMOTE SITE 

RSVR RESOLVER 

RUPT RUPTURE 

s SIDEWARD THRUSTING RCS ENGINE 

S-BND S-BAND 

S/C SPACECRAFT 

scs STABILIZATION AND CONTROL SYSTEM 

SE SYSTEMS ENGINEER 
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Table 1-1 Standard Abbreviations and Acronyms for LM Documentation (Cont'd) 

SEC SECONDARY/SECOND 

SEL SELECT 

SEP SEPARATION/SEPARATOR 

SEQ SEQUENCE 

SET SET/SETTING 

SIG SIGNAL 

SLA SPACECRAFT LAUNCH ADAPTER 

S/O SHUT OFF 

SOL SOLENOID 

sov SHUT OFF VALVE 

SP SPARE 

S/S SAMPLES PER SECOND 

SSR STAFF SUPPORT ROOM 

ST STATIC 

STGE STAGE 

STBY STANDBY 

STR STRENGTH 

STRB STROBE 

SUP SUPPLY 

SUSP SUSPENSION 

SVO SERVO 

SW SWITCH 

SYNCH SYNCHRONIZATION 

SYS SYSTEM 

TCA THRUST CHAMBER ASSEMBLY 

TCP THRUST CHAMBER PRESSURE 

TEMP TEMPERATURE 

THROT THROTTLE 

TJM TOWER JETTISON MOTOR 

TK TANK 

TLM TELEMETRY 

TOL TOLERANCE 

l-9 
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Table 1-1 Standard Abbreviations and Acronyms for LM Documentation (Conclud~d) 

TRANS 

TRUN 

T/TCA 

TTY 

u 
lIBF 

V 

t::.V 

VAC 

VAR 

VDC 

VEL 

VHF 

VLV(S) 

VPI 

VRMS 

w 
WB 

W/B 

X 

XMTR 

XPNDR 

(¢) 

TRANSLATION 

TRUNNION 

THRUST/TRANSLATION CONTROLLER ASSEMBLY 

TELETYPE/TELETYPEWRITER 

UPWARD THRUSTING RCS ENGINE 

ULTRA-HIGH FREQUENCY 

VOLT 

CHANGE IN VELOCITY 

ALTERNATING CURRENT VOLTS 

VARIABLE 

DIRECT CURRENT VOLTS 

VELOCITY 

VERY HIGH FREQUENCY 

VALVE/VALVES 

VALVE POSITION INDICATOR 

VOLT ROOT MEAN SQUARE 

WATT 

WIDEBAND 

WATER BOILER 

CROSS 

TRANSMITTER 

TRANSPONDER 

PHASE 
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TABLE 1- 2 DRAWI NG SYMBOLS STANDARDS 

i. l<N: 5. GROLNDS 

A. SYSTEM 

:t 
B. FR.AME 

2·. LEADS 

A. CROSSOVER 

6. CIRCUIT BREAKERS 

A. Tcx:;c;LE 
NLMBER 

B. ~1-1:CTED ~N-IPS . 

B. PUSHBUTTCJ-.J 

fi
NLMBER 

~ 
0 

~,AMPS 

3. BATTERY 

:111 
]. FUSES 

A. GENERAL 

NOAENCLATURE 
AMP HOURS 

I+. BUS B. FUSISTOR 

* 
V 

~ ~SI GNA TI o-.J 

LUNAR 
BUS 

1-11 
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TABLE 1- 2 DRAWIIJG SYMBOLS STANDARDS (CONT ' D) 

8. DIODES 

A. GENERAL 

~ 

B. ZENER 

~ 

c. TtffiEL 

~ 

o. CONTROL RECTIFIE® 

9. POTENTI0'-1ETER 

10. HEATER 

.ILJlr 

11. THERMOSTAT 

12. ANTEf\l\lA 

N,Af£ 

(TYPE ,TIO<) 

13. EXPLOSIVE 
PWR 
SOURCE 

NCMENCLATURE 

14. .AM>LIFIER 

INVERTED INPUT 

It-PUT 

~PWR INPUT 

---l,r OUTPUT 

DC SERVO WITH C ~ 
I SOLA TED RETURN ----t >►◄►---

AS INDICATED . >----
DC, PRE, OR BUFFER C> 
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TABLE 1- 2 DRAWING SYMBOLS STANDARDS (CONT ' D) 

15 . GATES 

A. AND 

=&-
B. ~D 

~ 
C. OR 

=B-
D. NOR 

~ 
E. 

EXCLUSIVE~ 

16. Tit-£ DELAY 

--..ii TOI► --

17. RELAY DRIVER OR SOLENOID DRIVER 

RD __ .,. OR so ·· 

18. COVMANO 

-<> CONTENTS 
VEHICLE 
OPTICJ,.1 

19. SENSOR 

1-13 

A. S ltiiiLE SOURCE 

SOURCE X REF 
PWR ~ABIN 

LETTER INDICATES TYPE 
PA= PRESS.PSIA W: WETNESS 
PD= PRESS PSID POS = POS ITION 
T = TEM> 
1 = QUANTITY~ ETC. 
6. = DELTA 

B. DOUBLE SOURCE 

0 
e 

TM 

PWR ~X ON/BIARD 
SOURCE_~---i~---

VELOCITY GENERATOR 
FEEDBACK TRANSDUCER 

POSITION FEEDBACK TRANSDUCER 
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TABLE 1-2 DRAWING SY:MBOLS STA.~DARDS (CONT ' D) 

20. TELEMETRY 21. RELAYS 

A. M:ASUREt,ENTS TELEMETERED A. MC11:NTARY CONTACTS 

• ~ TAB MEASUREMENT r,.o. 

------0--. (OPTIONAL) 
MEASUREMENT 

.__ 
CLOSED OPEN 

B. SOLID CONTA~ DATA AVAILABILITY 
(CPTIONAL) 
PCM CODE ---

. 8. CNBOARD f.ETERS c. r,.l)N-LATCHII\G 
RELAYS SHOWN 
IN DE-ENERG~IZED 
POSITION ,~ 
~ ,~ 
~ 

r-.o'-1ENCLA TURE 
LOGIC NO. 

c. BI - LEVEL CJ-1D 

cor•t,W,JD TITLE 

RTC D. LATCHit--.G 

~ CCJ-1MAND NUMBER 
S BINARY INDICA-

~ TION 

INSTRL.t1ENTATION I e--
SYSTEM REFERENCE I 

0, ~'°""NCLATURE 
LOGIC NO . 
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TABLE 1- 2 DRAWING SYMBOLS STA.~DARDS (CONT ' D) 

RELAYS (CONT'D) 22. SWITOiES (CONT'D) 

E. LATCHit-G RELAYS St-OWN c. PUSH BUTTON 
-· lN RELEASED POSITION 

~ 
1. SOLID 

:t I.,_ ----e ------o,r_ N.41-E 
PNL 

I 
RELEASED 0 ~ ! ~ CE) LATCHED 2. M0-1ENTARY 

(A) I t-01ENCLATURE 
LOGIC NO. ~ • NPME 

Pit. 
SWITCHES 

~ A. lWO POSITION 
(B) 

r------7 .. A 
I ~ OFFf N.61-£ 
I I PNL 
I N/iME ~I 
I I D. COAX lswncH I 
lti~~ - - - - ~l:J 

B. THREE POSITION 

r------, 
MO-ENTARY PWR 

• I RF 
--0--...---1 RF 

I NN1E • RF 
ISWITQ-1 I PWR 
LNl!:15!_R ___ ~N~ 

c-. BARO 

• 
~ 

0 SHG/N AT 
SEA LEVEL 

N.GME 

PNL 1--15 
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TABLE 1- 2 DRAWING SYMBOLS STANDARDS (CONT ' D) 

SWITCHES 23. LIGHTS 

E. PRESSURE A. TELELIGHTS 

1. CLOSED DECREASE PRESSURE =ECCL~ I NNiE ] ~ COLOR ., 
[] 

-eN-
2. CLOSED INCREASED PRESSURE 

• 
~ ( ] NNi1E 

[] COL.DIil 
PNL 

f=I- ] 
F. MOTOR 

1. BREAK BEFORE MAKE 

0 __J>-., • ~ 
2. MAKE BEFORE BREAK 24. ANNLNCIATOR FLAG 

~~E 

0 -, 
~ (GENERALLY, THIS IS ASSOCIATED WITH A 

SWITH POSITICN M--ID SHOULD BE LOCATED 
IN THE SAME BLOCK AS THE SWITCH.) 
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B. HELILM 

c. NITR(X;EN 

o. HYOR(X;EN 

E. OXYGEN 

F. WATER 

• G. STEAM 

H. Fl.£L 

I. Fl.£L 
RETURN 

J. OXIDIZER 

K. OXIDIZER 
RETURN 
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L . HYO HIP 

M . HYO LOP 
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26 . • PIPE CROSSOVER 

□ Pl ■ I I I\ 

' ~ 
y He He He d □ 
f N2 N2 N2 3 

27. FILTER 

l1j 9 H2 H2 H2 d ' 9 

p 02 02 02 6 

p H20 H2r, H2~ 28. BURST DI APHR.AGM 

~ ' 9 
p STEN-I STEN-I a 

BURST VALi.£ 

2 ! X X X X a X X X X 

29. VENTURI 

9x•x·x·x·x6 

u,,,s 
~-m~ 30. VENT 

31. FILL ANO DRAIN 

2 6 c] 
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TABLE 1-2 DRAWDTG SYMBOLS STANDARDS (CONT ' D) 

A. ~TOR CONTROL 

B. ~UAL ~ 
C°"TROL ~ 

C. PYRO 

(NORMAL POSIT ION) 

D. CHECK _i_...,(--...,1 __ 9 

F. ORIFICE 

& 
1 = 1 

q 
(FLGI RATE) 

G. PRESSURE REGULATOR 

H. RELIEF 
VALVE 
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CONTROLLED 

= RELEASE P 

VALVE ---f'"""' 
WITH 
LI~ 
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J. FAIL LAST 
POSITION 

RELIEF PORT 

PNEU- ----1,...,. 

K. 

1--18 

M4TIC 
VALVE 
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VALVE 
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TABLE 1-2 DRAWING SYMBOLS STANDARDS (CONT ' D) 

R. PU VALVE 

q 

33. DISC°'1'-JECTS 

~ D 
SELF-SEALING QUICK 

34. ~ADFACE CHARGE 

-35, 4 WIRE RESOLVER 

® 
X = Sit£ WINDlt,l; 

• = MIMJS SINE 

- = COSINE WINDJt,l; 
THREE WAY VALVE 

MANUAL 

36. NCN-N-1PLIFYING DEVICE, 
1. IC£NTIFIED 

T -cJ---
so~~~ 2. 

37. SYSTEM INTERC~CT 

---0 0 3 . 
t-OTOR 
C°"TROLLED 

4. BALL VALVE 
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38. DRAWit,l; NOTE REFERENCE 44. HEAT EXCHANGER 

39. CAPACIT~ r-
40. DIGITAL INVERTER 

--0-
41. DOODULATOR 

--....... ~~---
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2,1 SYSTEM DESCRIPTION 

SECTION 2 

PYROTECHNIC 

1M 
AS-206 
REV B 

The 1M Pyro system is composed of two fully redundant systems, 

"A" and "B". All switches, prime relays, and RTC relays in System A 

have counterparts in System B which are actuated simultaneously. 

All pyrotechnic initiators used on the 1M are the Single Bridge 

Apollo Standard Initi ator (SBASI) type. These initiators have only 

two pins and due to several design changes are more reliable than the 

four pin or dual bridge type. The LM pyro electrical system is a shield

ed floating ground system whereas the Command Service Module (CSM) uses 

a grounded pyro system. The difference between the two systems is due 

to a compromise between EMI and static electricity effects on the pyro 

systems. The 1M floating ground system decreases the possibility of 

EMI effects detonating the pyrotechnics. Any static buildup on this 

system is handled by bleed resistors . 

All interstage current carrying cables and all interstage cables 

which would affect the ascent stage by being grounded are routed through 

the interstage electrical circuit interrupters, (See Table 2-3) The 

descent water line and all interstage cables, except one, are routed 

through the interstage cable cutter. This one exception is a five foot 

DFI TM cab1e with a pull-away plug re qui ring 50 to 200 pounds force to 

release. All interstage oxygen and glycol lines have "quick disconnect" 

type connectors and are not pyrotechnic in nature. 

R-B 

R-B 

There is one difference between System A and System B. System A R-B 

ignites the explosive staging bolts while System B ignites the explosive 

staging nuts. 

The 1M pyro system should not be confused with the Spacecraft 

1M Adapter (SLA) pyro system which performs separate functions. 

2-1 
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TABLE 2- l Ct PASI L ITIES ANO LtMITAT10fllS 

HO FUfrtCTION COMPONENTS 
SYSTEM A SYSTEM B 
IMITATORS INITIATORS 

STAGING 
EXPLOSIVE NUTS FOUR NUTS 
EXPLOSIVE BOLTS FOUR BOLTS 

6} OfilE INITIA.TOR PER NUT OR BOLT 

3 TWO INITIATORS PER INTERRUPTER, ONE Fll:OM SYSTEM A ANO ONE FROM SYSTEM B. ELECTRICAL CIRCUIT THREE INTERRUPTERS 
INTERRUPTERS 

CABLE CUTTER ONE CUTTER 

RCSlfE.PRESSURIZE 
RCS SYSTEM A TWO VALVES IN PARALLEL 1 

RCS SYSTEM B TWO VALVES 1111 PARALLEL 1 

) OESCEJfT ENGINE 
PRESSURIZE 

HE. PRESS. ONE VALVE 

OX ISOLATION \/ALI/£. ONE VALVE 

FUEL ISOLATION VALVE ONE VALvt 

4 ASC!:NT ENGINE 
PRESSURIZE 

HE. PRESS. TA.Nii:: 1 ONE VALVE 

HE. PRESS. TANti:: 2 ONE VALVE 

OX ISOLATION VALvtS TWO VALVES 1111 PARA LLEL 1 

FUEL ISOL.ATIOfrt 
VALVE<; 

TWO VALVES IN PARA LLEL 1 

2.2 CAPABILITIES ANO LIMITATIONS 

A . THE PYRO SYSTEM HAS TWO 
30 VOLT BATTERIES RA.TEO 
AT 0 ,75AMPHOURS, ONE 
FOR SYSTEM A ANO ONE FOR 
SYSTEM B. BOTH PYRO 
BATTERIES ARE L OCATED 
INTHEDESCEHTSTA.GE 

TABLE 2- 2 PRELA.UNCH STA.TUS OF SWITCIVC IRCUIT BREA.KER POSITION 

NAME NUMBER 

LANDING GEA.R DEPLOY 2510 PNL VllI 
STAGE 255 PNL vm 
RCS PRESSURIZE 252 PNL vm 
ASCENTHePRESSURIZE 2S4PNLVIII 
ASCENT He SELECT 2S3PNLVIn 
ABORT STAGE 1Sl4 PNL J 
MASTER ARM 2S7 PNL vm 
ABORT STAGE 4CB2 
ABORT STAGE 4CB 3 
LOGIC POWE.RB 4C875 
LOGIC PO.VER A 4C87b 

2 . 3 SYSTEM OPERATION 

1. AT LEAST ONE PYRO BUS MUST 
BE ARMED FOR MN PYRO FUNCTION 
TO OCCUR 

2 . THE PROPULSION SYSTEMS 
!>PS,APS,J WILL OPERATE 
PROPERLY FOR A SHORT 
TIME IN A PRErRESSURIZEO 
BLOWOONN MODE IF BOTH 
PYRO BUSES FAIL TO ARM. 
THE APPROX IMATE TIMES ARE: 

OPS-17SEC 
APS- 6SEC 

THE RCS SYSTEM WILL NOT 
OPE RATE IN A PRE PRESSURIZED 
BLCM'OOWN MOOE 

POSITION 

SAFE 
SAFE 
SAFE 
SAFE 
BOTH 
SAFE 
OFF 
CL OSED 
CLOSED 
CLOSED 
CLOSED 

TABLE 2- 3 DESCENT STAGE FUNCTIONS LOST AT STAGING 

ELECT RICAL CIRCUIT INTERRUPTER f l tf>l74l 

1. BAT 3 1 4 POWER 
,2 . ECA1&2POWER 

). DESCENT ENGINE.CONTROL ASSY (DECAi 
4. GIMBAL DRIVE ACTUATORS ( PITCH & ROLU 
S. DESCENT ENGINE FUNCTIONS 
6 . OPERATIONAL TELEMETRY 

GC0201V 
GC0 202V 
GC0 203V 
GC0204V 
GC120 1C 
GC1202C 
GC1203C 
CC1204C 
GC4361X 
GC4362X 
GC4363X 
GC4364X 
GC4365X 
GC43bbX 
GC4367X 
GC436BX 
GC9961U 
GC9962U 
GC996)U 
GC9964U 

BAT 1 VOLT 
BAT 2 VOLT 
BAT·JVOlT 
BAT 4 VOLT 
BAT l CUR 
BAT 2 CUR 
BAT) CUR 
BAT 4 CUR 
BAT 1 HI TAP 
BAT 1 LO TAP 
BAT 2 HI TAP 
BAT 2 LO TAP 
BAT 3 HI TAP 
BAT 3 LO TAP 
BAT 4 HI TAP 
BAT 4 LO TAP 
BAT l MAL 
BAT 2 MA.L 
BAT )MA.L 
BAT 4 MAL 

GH1301X 
GHlJllV 
GHlJlJV 
GH1Jl 4V 
CH132JV 
GHlJ)OX 
GHlJ)lV 
GH134BX 
GL4026X 
GL4027X 
GQ)OlBP 
GQ3435P 
GQ)60)(1 
GQ)604Q 
GQ 36llP 
GQ41 03Q 
GQ41 04Q 
GQ'llllP 
GQ4455Q 
GYOlllX 
CYOU2X 
QY0121X 
GY0122X 

ELECTRICAL Clll:CUlT INTERRUPTER •2 (Pl731 

l. BAT 1 "'- 2 PCM'E R 
• 2. ECA1,;,2Pc:r.NER 

3 . LUNARORILL Pc:r.NER 
4 0 DESCE NT EfiGIN£ FU NCTIONS 
5 . OFI TELEMETRY 
b . OPERATIONAL TELEME TRY 

GQ3309X OPS HE. l CLSD 
GQJ310X OPSHE.20PN 
GQJ7l 8T DPS FUEL 1 TEMP 
GQ37l9T 0PSFUEL2TEMP 
GQ421 8T OPS OX 1 TEMP 
GQ4219T OPS OX 2TE MP 
GQbSl OP OPS TCP 
GQ be 06H VAR INJ ACT POS 

g~;::: ~}oPS PROP VLVS t. POS 

GQ7SllT DPS THROAT Tl 
GQ7512T DPS THROAT T 2 

ELECTRICAL CIRCUIT INTE RRUPTER • JU 721 

1. Of t TELEMETRY 
2. OPERATIONAL TELEMETRY 

GL4222X LM/SLASEP 
GQ751 3T OPS THROATT 3 

OPSON 
MA N THRUST CMO 
PtTCHGOA POS 
ROLL GOA POS 
PTRMFAIL 
R TRM FAIL 
AUTO THRUST CMO 
OPS ARM 
CES AC PWR FAIL 
CtS DC PWR FAIL 
OPS He REG PRESS 
OPS l+e PRESS 
OPS FUEL l QTY 
OPS FUEL 2QTY 
OPS FUEL PRESS 
DPS OX l QTY 
OPS OX 20.TY 
OPS OX PRESS 
OPS PROP LO 
ED ARM A ON 
ED ARM B ON 
STC RLYA FIRE 
STGRLYBFIRE 

• Pc:r.NER IS IN PARALLEL TO BOTN DESCENT ECA1S THROUGH EC l'S l AIE 2 

ON£ INITIAT OR CAN OPERATE THE INTERRUPTER 

TWO OPPOS ING BLADES , ONE POWERED BY SYSTEM A AM> ONE PONERED 8Y SYSTEM B. TWO TUB ES 
INTERCONNECT THE CHARGli:S BEHIND EACH Bl.ADE sue}! TKAT ONE INITIAT OR CAN FIRE THE CHARGE 
BEHINO BOTH SL.ADES. ONE SLADE CAN SEVER THE INTERSTAGE UMBILICAL 

VALVES ARE THE SINGLE INIT IATOR TYPE PL.ACED IN PARALLEL. OHE VALVE WtLL Pll:ESSURIZE 
THE SYSTEM 

\JALVE IS DUAL INITIATOR TYPE,.ONE P(M'EREO FROM SYSTEM A ANO ONE FROM SYSTEM B. 
ONE INITIATOR WILL OPERATE Tl-f[ VALVE 

VALVES ARE DUAL INITIATOR TYPE WITH ONE PORT PLUGGED. WITH TH:E VALVES IN PARA LLEL ONE 
IS POWE RED FROM SYSTEM A ANO THE OTHER IS POWERED FROM SYSTEM B. ONE VALVE WILL 
PRESSURIZE TlfESYSTEM • 

2.4 COMPARISON OF A.S-206 PCJK:S AND PRA CONTROLLED ABORT STAGE SEQUENCES 

THE SEQUE NCE OF EVE NTS ASSOCIATED WITH THE NOMINAL LM ABORT STAGE MANEUVER 
WILL BE FOLLOWED IN THE LM-1 (AS-Z06) MISS ION UNDER PCNCS CONTROL. LM MISSION PROGRAME II: 
(LM P) IM PLEMENTATION REQUIRES THAT THE TIMING OF THIS SEQUENCE BE MODIFIED SLIGHTLY FOR 
TME ABOA.T STAGE MANEUVE R ACCOMPLISHED UNOER PROGRAM READER ASSEMBLY (PRA J CONTROL. 
THE TWO AS-20b CONTROL MOOE SEQUENCES FOR ABORT STAGE ARE COMPAll:EO 1N TABLE 2-4 . 
THE TIMING Of THE ASSOCIATED EVENTS IS BASED UPON THE ACTIVATION OF THE ABORT STAGE COMMA.NO 
FOR EACH CASE; HOWEVER, FOR THE PRA CONTROL MOOE , THE TAPE FRAME INCREMENTS ARE ALSO 
1NOICATED FOR THOSE FUNCTIONS DISCRETELY COMMANDED BY THE PRA. IT SHOULD BE NOTED THAT 
THE ONLY VARIATIONS WHICH EXIST BETWEEN THE TWO MODES ARE THE ABSENCE OF LGC ASSOCIATED 
FUNCTIONS ANO A 2& m~ LAG IN ARMING THE ASCE NT ENGINE AIIIO A.E. THRUST llllLO-UP TO 90 PER 
CE NT IN THE PRA MOOE . IN ALL OTHER RESPECTS, THE TWO SEQUE NCES ARE IDE NTICAL . 

TABl.£ 2-4 

COMPARISON Of AS-206 PGNCS ANO PllACONTROLLED ABORT STAGE SEQUE.NCES 

EVENT 
PGNCS SEQ 

TIME 

ABORT STAGE INITIATED ·l 
ASCENT ENGINE PRESSURIZATION INITlATt:D 

ASCENT HELIUM PRESSURIZATION 
TANti:: VALVE S ANO JSOLATION VALVES 
OPE NED 

-.97 

ABORT STAGE FIRE INITIATED O SEC 
ASCENT EMGINE START DELAY TIMER INITIATED 

LGC RECEIVES ~ABORT STAGE • DISCRETE ANO 
STARTS ABORT ASCE NT PROGRAM . 009 

LGC CONT INUED ' ENGINE ON·' COMMAHO 
THRU STAGING 

DESCE NT ENGINE SHUTDOWN INITIATED IN OECA .025 

DESCENT BATTERIES OFF LIN£ .070 

LGC RECOGNIZES ABORT STACE DISCRETE . 140 
LGC STARTS LM AHITUOE HOLO 
LGC STARTS COtlPUTATION Of HEW AlMPOINT 

FOR THRUST VECTOR ASCE NT STAGE CONT ROl. 
AND STARTS NEW GUIOAfrtCE LAW 

Pll:A INITIATED DESCENT ARM OFF NA 

DESCENT ENGINE THRUST DECAYED 90,. 
{MAXIMUM TIME ) . 275 

ASCE NT ENGINE ARMED .412 
ASCE NT ENG INE START INITIAT ED 
ASCENT/t)ESCE NT ST ACING INITIATED 
(ASCENT ENCI NEAll:MEOl NA 
(ASCENT ENGINE START INITIATEOJ NA 

ASCE NT/DESCENT STAGE INTERSTAGE BOLTS 
PYROTECHNlCALLY EXPLODED .448 

ASCE NT/DESCE NT STAGE CONNECTING 
UMSILICALDEADFACED ON ASCE NT STACE 

PRASEQ 
TIME 

-.97 

OSEC 

.025 

. 070 

.250 

.275 

,412 
.436 

.448 

ASCENT/DESCENT STA.Cl UMBILICAL SEVERED 
BY GUILLOTINE .502 .502 

LGC RECEIVES STACE VERIFIED DISCRETE NA 

ASCENT EMGJNE THRUST BU ILD UP TO 
90) (MI NIM UW, TIME) .68 7 .713 

LGC INITIATED DESCENT EfiGI NE ARM OFF 

LGC TERMINATES LM. ATTITUDE HOLD 
LGC COMMENCES ASCENT STAGE THRUST 

VECTOR CONTROL 

l.14 0 

4 . 140 

NA 

owe NO. 2.1.l 
DETAIL SIEET NO. l 
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* SECTION 3 

ELECTRICAL POWER 
• 

LM 
AS-206 
REV A 

3.1 SYSTEM DESCRIPTION 

3.1.1 LM DC Electrical System 

A. The LM de electrical system consists of six silver zinc primary 

batteries, four Electrical Control Assemblies (ECA), and two de 

buses (commander's and system engineer's). 

B. Four of the primary batteries and two ECA's are located in the 

descent stage. A low voltage tap is provided at the 17 cell 

point of each 20 cell descent battery, but will not be used on 

AS-206. To avoid over-voltage conditions due to using all 20 

cells, the descent batteries will be predischarged before lift

off . 

C. Two of the LM primary batteries and two ECA's are located in 

the ascent stage. To avoid over-voltage conditions, the ascent 

batteries will be predischarged prior to liftoff. 

3.1.2 LM AC Electrical System 

The LM ac electrical system consists of two single phase ac in

verters and one ac bus, and is located in the ascent stage. Only one 

of the ac inverters will supply power to the ac bus at any given time . 

3-1 



LM • 
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AS- 206 
REV B 

TABLE 3-1 AS- 206 LOAD ANALYSI S R- B 

DC AMPS AT • SYSTEM WATTS 30 VDC 

ELECTRICAL I ELECTRICAL CONTROL ASSEMBLY (DESCENT 20 . 0 0 . 67 R- B 
ELECTRICAL CONTROL ASSEMBLY (ASCENT) 10 . 0 0 . 33 
DISTRI BUTION CONTROL 53 . 0 1.77 
METERS & FLAGS (DESCENT AND ASCENT) 4. 5 0 .15 
METERS & FLAGS (ASCENT) 3. 5 0 .11 
INVERTER LOSSES (EFF = 65%) 76 . o . 32 R- B 

ENVIRONMENTAL 
GLYCOL PUMPS (2 ) 61. 0 2 . 02 R- B 

COMMUNICATIONS 
S- BAND XMTR/RC VR 36 1. 20 R- B 
S-BAND PWR AMP 72 2 . 4 
SI G PROC ASSY 15 . 5 0 . 52 

INSTRUMENTATION • PCMTE 10 0 . 33 
C&WEA 13 . 6 o . 45 
SI G COND UNITS 30 .7 1. 02 
SENSORS (DESCENT AND ASCENT) 17 . 5 . 58 R- B 
SENSORS (ASCENT) 14 . 47 
C- BAND BEACON (2) 56 . 0 1. 87 

I VHF XMTRS (5 ) 280 9 . 3 
DFI (EXCEPT XMTRS) 311 10 . 4 R- B 
DUAL FEED COUPLER 1. 5 0 . 05 

PROGRAMER 
PRA 23 . 71 R- B 
DCA 15 . 0 0 . 50 
PCA 14 o . 47 

GUIDANCE 
IMU 300. 0 10 . 0 • LGC 110 . 0 3 . 67 

R-B 

• 
3- 2 R- B 
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LM 
AS- 206 
REV B 

TABLE 3-1 AS- 206 LOAD ANALYSIS (CONCLUDED ) . 

SYSTEM 

CONTROL 
DECA 
DECA (AC) 
GIMBAL DRIVE ACTUATORS (AC) 
ATCA 
S&C CONT ASSY 

PROPULSION 
ASCENT ENG PROP VALVE 
ASCENT ENG ISOL REG SOL VALVE 
ASCENT ENG GAGING 
DESCENT ENG ISOL REG SOL VALVE 
DESCENT ENG GAGING 
THROTTLE ACT AMP 
MIX RATIO CONT ACT 
DESCENT ENG PROP VALVE 

RCS 
THRUST CHAMBER ASSY 
ASCENT INTERCONNECT VALVE 
MAIN PROP SOV 
CLUSTER SOL VALVE 
CROSSFEED VALVE 
TRUSTER PRESS. TRANSDUCER 
PROP QTY GAGING 
THRUSTER HEATERS 

TYPICAL POWER LOADS 
COAST 

*DPS BURN 
APS BURN 

DC AMPS AT 
WATTS 30 VDC 

38 1.27 
2. 7 0 . 09 

120 4. o 
56.5 1. 88 
2 . 4 0 . 08 

200 . 0 6.67 
56 . 0 1. 87 
1.5 0.04 

56.0 1. 87 
16 . 0 0.53 

336 11.2 
21 0.71 

145 4. 84 

112 PER TCA 3.74 PER TCA 
70 PER VLV 2. 33 PER VLV 
70 PER VLV 2 . 33 PER VLV 
70 PER VLV 2 . 33 PER VLV 
70 PER VLV 2 . 33 PER VLV 

4. 5 0. 15 
5. 0 0 .17 

764 25 . 5 

50 . 6 AMPS (EXCLUDING RCS CLUSTER HEATERS) 
60.9 AMPS (EXCLUDING RCS CLUSTER HEATERS) 
56 . 8 AMPS (EXCLUDING RCS CLUSTER HEATERS) 

*DOES NOT INCLUDE THROTTLE ACTUATION AMPLIFIER POWER (APPROXIMATELY 11.6 
AMPS PEAK) . 

3-3 
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IM • AS-2O6 
* REV B 

TABLE 3-2 COMMANDER'S BUS CIRCUIT BREAKER TABULATIONS (PANEL XI) 

SYSTEM CIRCUIT BREAKER RATING NOMENCLATURE 

• 4CB76 PYROTECHNICS 3A LOGIC PWR A 
4CB149 3A LDG GEAR FLAG 

ELECTRICAL 4CB129 3A DOCK WINDOW (HEATER) 
4CB6 3A ASC ECA CONT 
4CB8 3A DES ECA CONT 
4CB1O 3A DES ECA 
4CB15 3A ASC ECA 
4CB12 25A INV 1 
4CB4 5OA X LUNAR BUS TIE R- B 
4CB184 25A BAL LOAD CROSS TIE 
4CB2O 1OOA BUS CROSS TIE 
4CB18 1OOA BAT FEED TIE R- B 
4CB26 1OOA BAT FEED TIE 

ENVIRONMENTAL 4CB1O7 5A CABIN FAN 1 
4CB138 2OA SUIT FAN 1 • 4CB117 3A GLYCOL PUMP 1 
4CB141 3A GLYCOL PUMP 2 

COMMUNICATIONS 4CB137 5A SEC S-BND XMTR/RCVR I R-B 4CB136 5A SEC S-BND PWR AMPL 
4CB86 3A CDR AUDIO 
4CB87 3A VHF A RCVR 
4CB162 3A VHF B XMTR 

INSTRUMENTATION 4CB131 3A SIG CONDR 1 
4CB22 3A DC BUS VOLT 
4CB181 5OA R/D INST 

PROGRAMER 4CB179 5OA LMP FEED 
R-B 

GUIDANCE 4CB122 7.5A LGC/DSKY 
(PRIMARY) 4CB1O5 lOA LDG RDR 

4CB157 3A LDG RDR (HEATER) • 4CB124 2OA IMU OPR 
4CB155 5A RDR OPR (HEATER) R-B 
4CB156 5A RNDZ STBY (HEATER) 
4CB29 15A RNDZ RDR 
4CB213 3A AOT (HEATER) 
4CB154 3A SIG STR DISP 
4CB161 3A IMU STBY • 

3-4 R-B 



• LM 

* AS-206 
REV B 

TABLE 3-2 COMMANDERS BUS CIRCUIT BREAKER TABULATIONS (PANEL XI) (CONCLUDED) 

SYSTEM CIRCUIT BREAKER RATING NOMENCLATURE 

• CONTROL 4CB3 '3A ABORT STAGE 
4CB81 3A ATCA (PNGS) I R-B 4CB69 20A ·DECA PWR· 
4CB40 7,5A AELD 
4CB59 15A ATT DIR CONT 
4CB80 3A DES ENG CONT 
4CB106 3A ENG FIRE OVRD 

PROPULSION 4CB74 5A DES HE. REG 
4CB67 5A ISOL VLV 
4CB63 15A QUAD 1 TCA-A 
4CB62 15A QUAD 2 TCA-A R-B 
4CB61 15A QUAD 3 TCA-A 
4CB60 15A QUAD 4 TCA-A 
4CB72 5A MAIN SOV-A 

R-B 
4CB51 5A ASC FEED 

• (HEATERS) 4CB218 7 .5A QUAD 1 RCS SYS A/B-1 
(PANEL X) 4CB219 7,5A QUAD 2 RCS SYS A/B-1 

4CB220 7,5A QUAD 3 RCS SYS A/B-1 R- B 

4CB221 7,5A QUAD 4 RCS SYS A/B-1 

MISC 
(FLIGHT 4CB88 3A GASTA 
DISPLAY'S) 4CB168 '3A THRUST DISP 

4CB97 3A FDAI 
4CB133 3A X-PNTR 
4CB123 '3A RNG/RNG RT-ALT/ALT RT 
4CB15 9 '3A EVENT TIMER 

LIGHTING 4CB146 3A ANUN DOCK/COMPNT 

• 
• 3-5 R-B 
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TABLE 3-3 SYSTEMS ENGINEERS BUS CIRCUIT BREAKER TABULATIONS (PANEL XVI) 

SYSTEM CIRCUIT BREAKER 

PYROTECHNICS 4CB75 

ELECTRICAL 4CB7 
4CB9 
4CB5 
4CB14 
4CB183 
4CB19 
4CB25 

, 4CB17 
4CB16 
4CB11 
4CB13 

(DES STAGE) 4CB182 
ENVIRONMENTAL 4CB1O8 

4CB1O9 
4CB12O 
4CB132 
4CB119 
4CB112 
4CB113 
4CB84 
4CB14O 
4CB98 
4CB96 

COMMUNICATIONS 4CB1O2 
4CB85 
4CB3O 
4CB111 
4CB153 
4CB1O4 
4CB114 
4CB115 
4CB31 
4CB11O 

INSTRUMENTATION 4CB99 
4CB125 
4CB1 
4CB21 
4CB132 

GUIDANCE 4CB28 
(ABORT) 4CB79 

RATING 

3A 

3-6 

3A 
3A 
5OA 
3A 
25A 
lOOA 
1OOA 
lOOA 
3A 
3A 
25A 
5OA 
5A 
3A 
3A 
3A 
2OA 
3A 
3A 
3A 
3A 
5A 
3A 

3A 
3A 
5A 
5A 
3A 
3A 
3A 
3A 
3A 
3A 

3A 
3A 
3A 
3A 
3A 

lOA 
2OA 

NOMENCLATURE 

LOGIC PWR B 

ASC ECA CONT 
DES ECA CONT 
X LUNAR BUS TIE 
ASC ECA 
BAL LOAD CROSS TIE 
BUS CROSS TIE 
BAT FEED TIE 
BAT FEED TIE 
DISPLAY 
DEC ECA 
INV 2 
SC IENTIFIC EQUIP 
CABIN FAN 2 
CABIN FAN CONT 
SUIT FAN CONT 
SIG SENSOR 
SUIT FAN 2 
DIVERT VLV 
CABIN REPRESS 
CO2 SENSOR 
DISP 
PRI GLYCOL EVAP FLOW 
GLYCOL PUMP SEC 

PMP 
S.E. AUDIO 
PRIM S-BND PWR AMPL 
PRIM S-BND XMTR/RCVR 
DISPLAY 
TV 
VHF B RCVR 
VHF A XMTR 
S-BND ANT (HEATER) 
S-BND ANT 

CWEA 
PCMTE 
SIG CONDR 2 
DC BUS VOLT 
SIG SENSOR 

AEA 
ASA 

• 
• 

R-B 

R-B 

I R-B 

R-B . 

R-B 

R-B 

• 
I R-B . 

R-B 
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TABLE 3-3 SYSTEMS ENGINEERS BUS CIRCUIT BREAKER TABULATIONS (PANEL SVI) R- B 
(Concluded) 

• SYSTEM CIRCUIT BREAKER RATING NOMENCLATURE 

CONTROL 4CB37 3A ENGINE ARM 
4CB41 7,5A AELD R- B 
4CB82 7,5A ATCA 
4CB2 3A ABORT STAGE 

PROPULSION 4CB50 3A TEMP/PRESS/DISP FLAGS 
4CB49 5A ISOL VLV-B 
4CB45 15A QUAD 1 TCA-B 
4CB44 15A QUAD 2 TCA-B R-B I 4CB43 15A QUAD 3 TCA-B 
4CB42 15A QUAD 4 TCA-B 
4CB54 5A CROSSFEED 
4CB7 3 5A MAIN SOV-B 
4CB52 5A ASC FEED 
4CB121 3A PQGS 
4CB68 3A DISPLAY (HEATER) 

R-B 

• 4CB53 5A ASC HE. REG 
4CB103 3A TEMP/PRESS. DISPLAY 
4CB32 3A PQGS 

(HEATERS) 4CB222 7,5A QUAD 1 RCS SYS A/B-2 
4CB223 7,5A QUAD 2 RCS SYS A/B-2 R-B 
4CB224 7,5A QUAD 3 RCS SYS A/B-2 
4CB225 7,5A QUAD 4 RCS SYS A/B-2 

MISC 4CB126 3A FDAI 
(FLIGHT DISPLAYS) 4CB134 3A X-POINTER 

LIGHTING 4CB128 5A FLOOD 
4CB147 5A MA.STER ALARM R-B 
4CB160 25A TRACK 
4CB148 3A ANUN/DOCK/COMPNT 

CREW PROVISIONS 4CB33 3A CAMERA SEQUENCE 

• 
• 

3-7 
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AS-206 

* REV B 
TABLE 3-4 AC BUS CIRCUIT BREAKER TABULATIONS (PANEL XI) R-B 

SYSTEM CIRCUIT BREAKER RATING NOMENCLATURE 

ELECTRICAL 4CB144 3A CDR WINDOW (HEATER) R-B • 4CB152 3A S.E. WINDOW (HEATER) 
4CB23 5A AC BUS FEED TIE 
4CB24 5A AC BUS FEED TIE 

COMMUNICATIONS 4CB34 lA S-BAND ANT 

INSTRUMENTATION 4CB202 3A TAPE RCDR 
4CB27 lA AC BUS VOLT 

GUIDANCE 4CB203 3A AGS 
4CB212 3A AOT LAMP 
4CB206 3A RNDZ RDR 

CONTROL 4CB207 3A DECA GIMBAL 

PROPULSION 4CB169 3A HE/PQGS DISP 
4CB163 3A (RCS) PQGS DISPLAY 

MISC 4CB201 3A GASTA • (FLIGHT DISPLAY1 S) 4CB209 1A CDR FDAI 
4CB204 3A RNG/RNG RT 

ALT/ALT RT 
4CB210 1A SE FDAI 

LIGHTING 4CB211 3A INTGL 
4CB200 3A NUM 

• 
• 

3-8 R-B 
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TABLE 3-5 LMP CIRCUIT BREAKER TABULATION R-B 

CIRCUIT BREAKER RATING NOMENCLATURE 

CBl 3A PRI H2O FEED 

• CB2 3A SEC H2O FEED 
CB3 25A INV 1 
CB4 25A INV 2 
CBS 3A DCA 
CB6 3A PCA 
CB7 3A PRA 
CB8 3A EPS LOGIC 
CB9 3A LMP INTERLOCK CONTROL 

• 

• 
• 3-9 
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LM 
AS-206 
REV B 

TABLE 3-6 LM SUBSYSTEM VOLTAGE REQUIREMENTS 

Subsystem 

COMMUNICATIONS 

CREW PROVISIONS 

DISPLAYS 

ENVIROMENTAL CONTROL 

ELECTRICAL POWER 

INSTRUMENTATION (EXCEPT CAUTION AND 
WARNING) 

CAUTION AND WARNING 

DFI 

PGNCS (EXCEPT THE FOLLOWING) 

(a) IMU STANDBY 
(b) IMU OPERATE 
{c) RADAR CDU'S 
( d) LGC 
(e) AOT 

PROPULSION 

( a) ASCENT ENGINE 
(b) DESCENT ENGINE CONTROL 

ASSEMBLY 
(c) DESCENT ENGINE 

REACTION CONTROL 

STABILIZATION AND CONTROL 

PYROTECHNIC (LOGIC POWER ONLY) 

Voltage Required 
DC 

25 - 31.5 V 

20 - 32 V 

25 - 31.5 V 

25 - 31.5 V 

24 - 32 V 

20 - 32 V 

18 - 32.5 V 

24 - 32 V 

25 - 31.5 V 

22.5 - 32 .5 V 
26.0 - 32.5 V 
26.0 - 32.5 V 
25.0 - 32.0 V 
25.0 - 32.0 V 

21 - 32 V 
22 - 32.5 V 

20 - 32 V 

24 - 32 V 

25 - 31.5 V 

24 - 32 V 

AC 

115 ± 2.5 V 

115 ± 2.5 V 

115 ± 2.5 V 

115 ± 2.5 V 

115 ± 2,5 V 

115 ± 2.5 V 

3-10 
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LM 
AS-2O6 
REV B 

TABLE 3-7 TRANSLUNAR BUS CONFIGURATION 

returns associated with the following circuit breakers are 

connected to the translunar bus. 

BUS CB NO. CB NAME FUNCTION 

CDR 4CB1O DES ECA POWER ECA #2, 3.2.1 

CDR 4CB146 ANUN DOCK/COMPNT LIGHTING, 12.2.1 

CDR 4CB124 IMU OPR 7.2.1 

CDR 4CB161 IMU STBY IMU HTRS, 7.2.1 

CDR 4CB155 HTR RNDZ OPR RR ANT HTR* 

CDR 4CB157 HTR LDG RDR L/R ANT HTR* 

SE 4CB11 DES ECA POWERS ECA #1, 3.2.1 

SE 4CB28 AEA POWERS AEA* 

SE 4CB31 S-BAND ANT S-BAND STEERABLE ANT HTR, 

*NO DRAWING IN THE HANDBOOK BECAUSE THE EQUIPMENT HAS BEEN REMOVED . 

3-11 
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TABLE 3-8 PRELAUNCH STATUS OF SWITCH/CIRCUIT BREAKER POSITIONS 

NAME 

SWITCH 

AC POWER 
POWER/TEMP MONITOR 

*BAT. l HI VOLT 
*BAT. 2 HI VOLT 
*BAT. 3 HI VOLT 
*BAT. 4 HI VOLT 
*BAT. l LOW VOLT 
*BAT. 2 LOW VOLT 
*BAT. 3 LOW VOLT 
*BAT. 4 LOW VOLT 
*BAT. 5 NORMAL FEED 
*BAT. 5 BACKUP FEED 
*BAT. 6 NORMAL FEED 
*BAT. 6 BACKUP FEED 
· DEADF ACE SWITCH 

**ASCENT POWER TRANSFER 

CIRCUIT BREAKER 

X-LUNAR BUS TIE 
ASC ECA CONT 
DES ECA CONT 
DES ECA 
INV l 
ASC ECA 
BAT. FEED TIE 
BUS CROSS TIE 
DC BUS VOLT . 
AC BUS FEED TIE (INV #1) 
AC BUS FEED TIE (INV #2) 
BAT. FEED TIE 
AC BUS VOLT 
LMP FEED 
R/D INST 
X-LUNAR BUS TIE 
ASC ECA CONT 
DES ECA CONT 
DES ECA 
INV #2 
ASC ECA 
DISP 
BAT FEED TIE 
BUS CROSS TIE 
DC BUS VOLT 
BAT FEED TIE 
BAL LOAD CROSS TIE 
BAL LOAD CROSS TIE 

NUMBER 

4-S-14 
4-S-15 
4-S-l 
4-S-2 
4-S-3 
4-s-4 
4-S-5 
4-s-6 
4-S-7 
4-S-8 
4-S-1O 
4-S-12 
4-S-11 
4-S-13 
4-8-9 
4-S-16 

4CB4 
4CB6 
4CB8 
4CB1O 
4CB12 
4CB15 
4CB18 
4CB2O 
4CB22 
4CB23 
4CB24 
4CB26 
4CB27 
4CB179 
4CB181 
4CB5 
4CB7 
4CB9 
4CB11 
4CB13 
4CB14 
4CB16 
4CB17 
4CB19 
4CB21 
4CB25 
4CB183 
4CB184 

OFF 
OFF 

POSITION 

OFF/RESET CENTER 
OFF/RESET CENTER 
OFF/RESET CENTER 
OFF/RESET CENTER 
OFF/RESET CENTER 
OFF/RESET CENTER 
OFF/RESET CENTER 
OFF/RESET CENTER 
OFF/RESET CENTER 
OFF/RESET CENTER 
OFF/RESET CENTER 
OFF/RESET CENTER 
CONNECT 
ENABLE 

CLOSED 
CLOSED 
CLOSED 
CLOSED 
OPEN 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
OPEN 
CLOSED 
OPEN 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
OPEN 
OPEN 

*THESE SWITCHES ARE MOMENTARY TYPE AND THE OFF/RESET CENTER IS THE NORMAL 
POSITION. 

R-B 

R-B 

R-B 

R-B 

R-B 

R-B 

**THIS SWITCH IS NOT WIRED. R-B 
3-13 
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3.2 SYSTEM DATA 

3.2.1 PREDISCHARGED DESCENT BATTERY 

CA.PA.CITY 293 AMP-HRS 
T£RM-INAL VOLTAGE 28,0 TO 32,5VDC 

3,2,2 ASCENT BATTERY 

CAPACITY 29b AMP·HRS 
TERMINAL VOLTAGE 28.0 TO 32,SVDC 

3,2,3 AC BUS 

VOLTAGE 
FREQUENCY 

ll5 ± 2,5VAC 
400 ± lOCPS 

3,2,4 MALFUNCTION INOICATION 

A. THE LIMITS FOR A MALFUNCTION INDICATION ARE : 
OVER-TEMPERATURE >145•:ts~ (RESETS AT 12s• :i: s•F) 

OVER~URRENT SEE FIGURE 3·1 
REVERSE CURRENT -b:i: -10 AMPS (INDICATION WILL BE RESET 

AT--4AMPS) 

B. THERE WILL BE NO CAPABILITY FOR A DESCENT BATTERY MALFUNCTION 

INDICATION CAUSED fN A BATTERY OVER-TEMPERATURE IF THE BATTERY 

IS OFF 

C. THERE WILL BE NO CAPABILITY FOR THE RESPECTIVE ASCENT BATTERY 

MALFUNCTION INDICATION CAUSED BY A BATTERY OVER-TEMPERATURE 

IF BAT. 5 IS NOT CONNECTED TO THE S.E.'s OR BAT. 6 IS NOT CON• 

NECTEDTOTl£CDR1sllJS, ALSO,THE BACKUP FEED PATHS 1 DO 

NOT HAVE AUTOMATIC OVERCURRENT PROTECTION. 

TABLE 3-9 PRELAUNCH STATUS OF SWITCtVCIRCUIT BREAKER POSITIONS 

NAME NUMBER POSITION 

SWITCH 

AC POWER 4-5-14 OFF 

PONER/TEMP MONITOR 4-5-15 OFF 

*RAT. l HI VOLT 4·S·l OFF/RESET CENTER 

*BAT. 2 HI VOLT 4-5•2 OFF/RESET CENTER 

*BAT. 3 HI VOLT 4.5.3 OFF/ RESET CENTER 

*BAT , 4 HI VOLT 4-5-4 OFF/ RESET CENTER 

*BAT . l LOW VOLT 4-5-5 OFF/RESET CENTER 

* BAT. 2 LOW VOLT 4-5-b OFF/RESET CENTER 

*BAT. 4 LOW VOLT 4-S-8 OFF/ RESET CENTER 

*BAT . 5 NORMAL FEED 4-5-10 OFF/RESET CENTER 

*BAT. 5 BACKUP FEED 4-S-12 OFF/RESET CEffTER 

*BAT . b NORMAL FEED 4-5-11 OFF/ RESET CENTER 

*BAT. 6 BACKUP FEED 4-S-13 OFF/RESET CENTER 

DEADFACE SWITCH 4.5.9 CONNECT 
** ASCENT POWER TRANSFER 4-S-16 ENABLE 

CIRCUIT BREAKER 

X·LUNAR BUS TIE 4CB4 CLOSED 
ASC ECA CONT 4CB6 CLOSED 
DES ECA CONT 4C88 CLOSED 
DES ECA 4CB10 CLOSED 
INV l 4CB12 OPEN 
ASC ECA 4CB15 CLOSED 
BAT. FEED TIE 4C818 CLOSED 
BUS CROSS TIE 4CB20 CLOSED 
DC BUS VOLT 4CB22 CLOSED 
AC BUS FEED TIE (!NV tl) 4CB23 CLOSED 
AC BUS FEED TIE (INV t2) 4CB24 CLOSED 
BAT. FEED TIE 4CB2b CLOSED 
AC BUS VOLT 4CB27 CLOSED 
LMPFEEC' 4CB179 CLOSED 
R/0 INST 4CB18l CLOSED 
X·LUNAR BUS TIE 4CB5 CLOSED 
ASC ECA CONT 4CB7 CLOSED 
DES ECA CONT 4CB9 CLOSED 
DES ECA 4CB11 CLOSED 
INVf2 4CB13 OPEN 
ASC ECJ. 4CB14 CLOSED - BAT . FEED TIE 4CB17 CLOS ED 
BUS CROSS TIE 4CB19 CLOSED 
DC BUS VOLT 4C821 CLOSED 
BAT. FEED TIE 4CB25 CLOSED 
BAL LOAD CROSS TIE 4CB183 OPEN 
BAL LOAD CROSS TIE 4CB184 OPEN 

* ;~~~T~a5,tTCHES ARE MOMENTARY TYPE AND THE OFF/RESET CENTER IS THE NORMAL 

** THIS SWITCH IS NOT WIRED 

..,. THESE CIRCUIT BREAKERS ARE SLUGGED 
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4.1 SUBSYSTEM DESCRIPTION 

4.1.1 Oxygen Supply Section 

A. Configuration 

1. The descent oxygen tank will not be installed therefore, 

the descent oxygen shutoff valve will be closed and the 

line capped. 

2. Each ascent oxygen tank will be partially filled to 4.35 

psia. 

3. The oxygen control module, (which normally reduces LM 

oxygen pressure) will not be installed. 

B. Function 

1. Ascent oxygen will be supplied directly to the sensing 

ports of both the primary and secondary water regulators . 

Ascent tank Number 2 will provide reference pressure to 

the primary regulators while ascent tank Number 1 will 

provide an independent source of pressure to the secondary 

regulator. 

2. The LM cabin is not required to be pressurized, consequently 

a cabin pressure decay of up to 1.8 pounds of oxygen per hour 

may be ant icipated. 

4. 1. 2 Suit Loop 

A. Configuration 

1. Installed but functi onally disabled by opening appropriate 

circuit breakers. 

B. Function 

1. None 

4.1.3 Water Supply Section 

A. Configuration 

1. Desc·ent water tank will be installed, however, there is 

no requirement to load water based on the present mission 

plan. 
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2. Ascent tanks will supply water to the water boiler during 

the entire mission. 

3. The water feed line to the smaller water boiler (item 

number 224) will be capped since the reduced heat load 

precludes using this unit. 

B. Function 

1. To supply water to the water boiler such that proper 

thermal control may be ac complished. 

C. Operation 

1. Primary Water Feed - The water tank select valve, preset 

to ASCENT, allows water to flow through the primary feed 

path up to the primary water feed valve. At 3 minutes 

after liftoff, the LMP (LGC mode) will command the valve 

OPEN, allowing water to flow to the primary water boiler. 

RTC 24A, PRI H20 FEED and RTC 25A, PRI H20 RESET, are 

available to backup this onboard command. 

2. Primary Water Feed Verification - Prior to opening the 

feed valve, water pressure downstream of the regulators 

will be between 1 5 .45 psia, (water was loaded using an 

ambient reference pressure) and ASC H20 Tank Pressure (43 

psia). Subsequent to this loading, the oxygen tanks will 

be loaded to 4 . 35 psia resulting in a 6P of between 11.1 

(15.45 - 4.35) and 38.65 (43.0 - 4.35) psid. This will 

be reflected by PRI H20 REG 6P (GF4101P) having an off-scale 

high reading of 2 .0 psid. Upon opening the feed valve at 

T + 3 minutes, H20 6P will decay in order to become compatible 

with the ascent oxygen reference pressure. The drop in 6P 

can be verified by GF4101P decreasing to the nominal value 

of 0.75 psid. 

3, Secondary Wat er Feed - In the event that the primary water 

feed valve does not open on command, the secondary feed 

path may be used by sending RTC 44B, SEC H20 FEED and RTC 45B, 

4-2 

• 
• 

R-B • 

• 
• 



• * 

• 

• 

• 

LM 
AS-206 
REV B 

SEC H
2
o RESET. Upon receipt of this command the feed 

valve , in the independently H'gulat ed secondary path, 

will open . Water will flow through this parallel path 

to a point downstream of the primary feed valve where the 

paths are manifolded and provide a common feed to the 

water boi Jer. 

4. Seconcfa.ry Water Feed Verification - Verification of the 

secondary valve opening cannot be ascertained in a manner 

analogous to the primary path since there is no regulator 

LIP measurement. However, a continued rise in GLY TE.t-lP 

(GF9998U) is indicative of t he valve not opening. 

5. Water Regulation - Nominal regulated water pressure varies 

from 0 .5 to 1.0 psid above oxygen tank pressure. The 

pre ssure of' the water supplieLl t o t lte water boiler should not 

exceed 6.5 psia in order to maintain optimum .performance • 

6. Water Boiler Operation - A porous plate sublimator rejects 

heat to the vacuum of space by the sublimation of ice. 

The heat rejection capability of the water boiler is greatly 

reduced if the heat load is either below the "freeze-up" 

point or above the "breakthrough" point of the unit 

These· limits are defined as follows: 

a. Breakthrough - Thi s refers to a water boiler condition 

where the heat load is sufficient to cause the vapor 

pressure at the inlet face of the plate to exceed the 

triple point pre ssure. If, at this point, the pore 

size is too large t o support the water feed pressure, 

breakthrough will occur . This condition may also 

exist in the event that the water feed pressures be

comes exceedingly high. Both water regulators must 

fail before the regulated pressure would reach this 

limit . 
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When the af orementioned condition is present, heat 

rejection capabilit y is reduced and water usage is 

high since the water may pass into the plate and 

escape t o ambient. For anticipated temperature and 

Btu pr ofiles, see Figures 4-1 (TBD ) and 4-2 (TBD ). 

b. Freezeup - If the heat load dissipated by the water 

boiler drops below a lower limit, the ice layer will 

grow so a s t o fill the water passages. The expanding 

ice layer will rupture the sublimator, rendering it 

useless. 

4.1.4 Glycol Loops 

A. Configuration 

1. Both glycol pumps will be on. 

2. The primary gl ycol l oop is installed and operable. 

3. The secondary glycol loop is installed but it will be 

left dry and disabled since it cannot be used on this 

flight. 

4. As a result of the LM-1 simplification program the following 

pieces of equipment will not require cooling since they 

are no longer on t he vehicle. 

a. VHF Transceivers 

b. Rendezvous Radar Electronics Assembly (RRE) 

c. Abort Sensor Assembly (ASA) 

d. Tracking Lights (TLE). 

B. Function 

1. To provide, by forced convection, thermal control of space

craft electronic equipment. 

C. Operation 

1. Prelaunch Cooling - AS-206 is a launch of a powered up 

LM, and spacecraft cooling must be provided up t o li:ftoff. 

Since the LM ECS water boilers must be exposed to a vacuum 

environment t o operate properly, a freon boiler is installed 
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in the primary glycol loop. From T-5 hours to liftoff, a 

freon supply unit at the LUT base supplies freon to this 

boiler. Flyaway umbilicals terminate the freon supply a.t 

liftoff. Cooling requirements prior to T-5 hours are 

satisfied by the Glycol Trim Control Unit (GTCU} in-

stalled in nar~llel with the primary pumps. This unit 

pumps glycol through the onboard loop and. out to a 

refrigeration unit to reject the heat. 

2. Pump Switchover - The automatic switchover circuitry is 

such that should a transient cause the switchover from 

Pump 1 to Pump 2, it is impossible to return to Pump 1 

on an unmanned mission. To avoid the possibility of 

losing a good pump both glycol pumps will be placed on 

the line prior to launch. The automatic switchover 

circuitry has been deactivated and the capability of 

executing RTC 50B, (Pump 2 SEL), and RTC 51B, (Pump 1 SEL), 

has been deleted. 

3. Glycol Temperature Behavior During Launch - Since there 

will be no active cooling during the first three minutes 

of powered flight, GLY TEMP (GF9998U) will behave as 

follows: 

120 

1 00 

8.o (TO BE SUPPLIED) 
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40 

20 
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FIGURE 4.1 ESTIMATED TEMP PROFILE 
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TABLE 4-1 PRELAUNCH STATUS OF VALVES AND SWITCHES 

Switch/Valve Name Position 

Oxygen Supply Section 

Desc 02 (7-H-15) 
Ase 0~ No. l (7-H-21) 
Ase 02 No. 2 (7-H-5) 
FLSS Fill (7-H-4) 
Cabin Repress (7-H-3) 
Demand Reg A (7-H-l) 
Demand Reg B (7-H-2) 

Cabin Relief & Dump Valve (7-H-ll)l AUTO 
Cabin Relief & Dump Valve (7-H-200 AUTO 

Cabin Repress (4CB113) 
Cabin Fan l (4CB107) 
Cabin Fan 2 (4CB108) 
Cabin Fan Control (4CB109) 
02/H20 Qty Mon Sw (7-S-2) 

Suit Loop 

CDR Suit Flow (7-H-6) 
S.E Suit Flow (7-H-7) 
Suit Circuit Relief (7-H-9) 
Suit Gas Diverter (7-H-8) 
Cabin Gas Return (7-H-17) 
CO2 Cannister Select (7-H-19) 
CO2 Primary Cannister Vent (7-H-23) 
CO2 Secondary Cannister Vent (7-H-24) 
Water Sep Sel (7-H-10) 

Suit Fan (7-S-l) 
co2 Sensor (4CB84) 
Divert Vlv ( 4CB112) 
Suit Fan 1 (4CB138) 
Suit Fan 2 (4CB119) 
Suit Fan Control (4CB120) 
Displays (4CB140) 

Water Supply Section 

Water Tank Select (7-H-14) ASCENT 

4-9 

Notes 

The 02 control module, on 
which these valves are 
located, will not be in
stalled. 

Valves are preset to this 
pdsition in order to permit 
cabin "bleed" during launch. 

These circuit breakers will be 
opened since the associated 
hardware is not required for 
an unmanned mission. 
Switch position irrelevant for 
LM-1. 

The Suit Circuit Assembly, on 
which these valves are located, 
will be electrically disabled 
by pulling circuit breakers and 
capping electrical connectors. 

These circuit breakers will 
be opened since the associated 
hardware is not required for 
an unmanned mission. 

This setting will permit as
cent H20 flow to the water 
boiler via the primary feed 
path , when the primary feed 
valve is opened by the LMP. 
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TABLE 4-1 PRELAUNCH STATUS OF VALVES AND SWITCHES (Concluded) 

Switch/Valve Name 

Water Supply Section (Cont'd) 

Primary Feed (7-S-4) 

PRIM H20 Feed (4CB98) 

SEC Glycol Evap Flow (7-H-18) 

SEC Suit Evap Flow (7-H-16) 

FLSS/Drink (7-H-13) 

02 Press. H20 Qty Mon 

Glycol Loop 

Glycol Pump Select (7-S-3) 

Glycol Pump 1 (4CB117) 

Glycol Pump 2 (4CB141) 

,Glycol Pump Sec (4CB96) 

Suit Temp (7-H-22) 

Cabin Temp (7-H-12) 

Position 

NEUTRAL 

OPEN 

CLOSE 

OPEN 

CLOSE 

ASC #1 

No. 1 

CLOSE 

CLOSE 

OPEN 

COLD 

COLD 

4-10 

Notes 

Momentary toggle spring 
loaded to neutral. Switch 
is not required to initi
ate H20 flow via the LMP. 

Power is supplied to sole
noid by the LMP. 

The secondary glycol loop 
is dry for th~s mission. 

Valve is required open to 
allow H20 to the water 
boiler via the secondary 
feed path. R&D solenoid 
(secondary H20 feed valve) 
is located downstream from 
this valve. 

Not required on unmanned 
mission. 

Switch position irrelevant 
for LM-1. 

Required for Pump 1 operation. 

Pump 1 will be On. 

Pump 2 will be On. 

The secondary glycol loop 
is dry for this mission. 

Suit loop temp control is 
not required due to the 
unmanned configuration. 

Assures minimum temperature 
of g~col to aft equipment 
bay . 
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4.2 ECS CONSTRAINTS 

4.2.1 Water Supply Section 

A. Failure of the PRIM FEED valve to open will result in equipment 

malfunction in minutes, if SEC FEED valve is not opened. ----
B. A failed close regulator will result in an increase of GLY 

. . . 

TEMP (GF9998U) in ___ minutes. (Corresponds to __ Btu/ 

hours into water boiler. 

4.2.2 Primary Glycol Loop 

Loss coolant recirculation (pumps fail) will result :in water boiler 

freezeup in ___ minutes and equipment overheating in minutes. ---

4-11 
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ECS SYSTEMS DATA 

'.VATER SUPPLY SEC TI ON 

1. H20 REGULATORS 

1. COOLANT 

2 . PUMP(S) 

1. PUMP REqEF VALVES 

4. WATER BOILER 

GLYCOL TEMPERATURE 

6 . CL YCOL ACCUMULATOR 
(SEE FIG. 4-3) 

TANK 
VOLUME QUANTITY 

FT3 
~ 

A/ l H20 0 .9101 4~ -~100
2 

A/ 2 H2D 0 .9101 42.311002 

GLYCOL LOOP 

A. MAX. FL OW RATE• ,85 LB/ MIN 

A . 35'.t ETHYLENE GLYCOL ANO 65 ':t- H20 

B. QUANTITY PRIMARY LOOP = 44 LBS 

C. NOMINAL FL O\V RATE = 340 LBS/ HR 

D. SPECIFIC HEAT= 0.870 BTU/ LB-PAT 7 S•F 

A. 5.65 LBS/ MINAT 42•FAN06P•34 PSID 

B. PAO DISCHARGE PRESSURE~ 55 . 0 PS\A 

C. NOMINAL PUMP 6P :::::34 PS ID 
D. NOMINAL PUMP DISCHARGE PRESSURE:::.42 PSIA 

A. CRACK = 33 PSID, FULL OPEN= MAX 3b.D PSIO, 

RE SEAT= 32 PSIO 

A MAXIMUM CAPACITY= 17,000 BTU/ HR 

B MINIMUM LOAD no PREVENT FREEZEUP) = 
400 BTU/ HR 

C, THE POSS IBILITY OF FREEZ EUP EXISTS BELOW 

HEAT LOAD OF 800 BTU/ HR 

0 . ~tt~~L~Ri:~·p:;:;~~i.~·~:i!IA. MINIMUM 

A. ESTIMATED NOMINAL TE MP BAND F OR CF9 998 U 

HIGH = 4b •F LOW - 3b •F 
B. NC.RMAL MAXIMUM INLET TEMP OF L OW TEMP 

ELECTR ONICS :a so•F 
C, GF9998U READING 47•F IS INDICATION THAT 

INLET TEMP OF THE L O'N TEMP ELECTR ONICS 

IS APPROACHING UPPER LIMIT. 

A, 95'.' FULL ACCUMULATOR= 8 ,49 ± ,42 PSIA PUMP 

INLET PRESSURE. 
B. 5.0".4 LEVEL = 5,lb ± .28 PSIA PUMP INLET 

PRESS URE . 
C. GLYCOLLEVELAT10±!i %WILL TRANSMITA 

DI SCRETE SIGNAL (CLY LOW GF2041X), 

ECS CONSUMABLES 

CAPACITY 
ACTUAL LOADING RESIDUAL 

QUANTITY 
QUANTITY 

PRESSURE TEMPERATURE 
~ 

PRESSURE TEMPERA TUR£ -' F LBS ,-
PSIA .. PSIA 

43.0 80 l 1.00 2,35 

43 . 0 80 . I 1.00 2 .35 

HEAT CONVERSI ON 
WATER USAGE 

AVERAGE USAGE FOR HEAT REJECTI ON = 4.0 

l. lK"IIH a:: 3413 BTU 
l. 

2, lLB OF H20 REJECTS"~ 1025 BTU 
TO 5 . 0 LB/ HR 

3 , ESTIMATED BTU LOAD IS SHOWN ON FIG, 4 - 2. 2. ESTIMATED WATER USAGE PROFILE IS SHOWN 

(TBOJ 
ON FIG. 4-1,(TBO ) 

1. THIS INCLUDES N2 + WATER VOLUME 
2. ANY WATER QUANTITY UP TO THI S FIGURE MAY BE LOADED AND THE MEASURING DEVICE ADJUSTED 

TO INDICATED 100;4.. 

SWITCH NO. 

7-S-2 
7-S- 3 
7-S-4 
7-H-13 
7 -H-14 
7-H-lb 
7-H-18 
7-H-12 
7-H- 22 
7-H-11 
7-H-20 

4CB9 6 
4CB98 
C81 
C82 
-1CB179 
4 CB140 
4CB2 11 
4CB14 8 
4CB1 4 0 
4CB117 
4CB141 
4CB132 

EC S SWITCH AND VA LVE POSITION AT LIFT OFF 

~ 

02/ H20 QTY MON SW 
CLY PUMP SELECT 
PRIM FEED 
PLSS/ DRINK VLV 
H20 TK SELECT VLV 
SEC SUIT EVA P FL CM' 
SEC CLY EVAP FL OW 
CABIN TEMP CONT VLV 
SUIT TEMP CONT VLV 
F/ H RELIEF VLV 
U/ H RELIEF VL V 

CLY PUMP SEC 
PRIM EVAP FLOW 
PRIM H20 FEED 

~~~~iriEEO 

ECS DISP 
INTGR LIGHTING 
ANUN/ OOCK COMPNT 
ANUN/ OOCK COMPNT 
GLY PUMP l 
GLY PUMP 2 

SIG SENSOR 

~ 

ASC ~ l 
NO. 1 
NUETRAL 
CLOSE 
ASCENT 
OPEN 
CLOSE 
COLD 
COLO 
AUTO 
AUTO 

OPEN 
OPEN 
CLOSE 
CL OS E 
CLOSE 
OPEN 
OPEN 
OPEN 
OPEN 
CLOSE 
CLOSE 
CLOSE 
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5.1 SYSTEM DESCRIPTION 

SECTION 5 
COMMUNICATIONS 

5.1.1 Communications System 

LM 
AS-206 
REV B 

The communications system consists of two S-Band transceivers and 

power amplifiers, two VHF/AM transceivers, two audio centers, a premodu

lation processor, and associated antennas. _ For AS-206., the S-Band 

will provide the capability for performing ranging and operational 

PCM data transmission using the S-Band Inflight Antenna No. 2 (-z). 

There is no means by which S-Band antennas can be switched during flight. 

The operational VHF/AM transceivers will not be installed for LM-1 and 

the audio centers, while installed, will not be used . 

5-1 

R-B 



NASA-S-lb-85!<ll AUL 

1'311, '67, 01 

VHF /UHF telemetry 
antenna 
1 .. 2n. 11 , +a1, 

• 

No. 1 

-x 

Front view 

• 

VHF inflight antenna ------~~~-
No. 2 

1Jl3 , -54. +271 

VHF inflight antenna no. l 
1'309, +28, -551 

VHF/UHF telemetry 
antenna 
1+157, -43, -711 

Figure 5-1 LM -1 communications anten na locations. 

• 

-x 

Aft view 

• 

..,.. ___ Rendezvous radar 
antenna 

S-band steerable 
antenna 
1'312, ◄67, OI 

X • +200 IREFI 

All antenna location coordinates 
are given in inches, rounded off 
to the nearest inch. and are 
given in the following order: 
X, Y, Z. 
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5 .2 SYSTEM DATA 

5 . 2.l ~ 

A. TRANSCEIVER POWER REQUIREMENTS 

B. RECEIVER CHARAC TERISTICS 

l. PHASE LOCK RECEIVER 
2 . FREQUENCY 
3 . SENSITIVITY 

C. TRANSMITTER CHARACTERISTICS 

l. MODULATION 
2. FREQUENCY 

3. RF POWER OUTPUT 

0. PONER AMPLIFIER CHARACTERISTICS 

l. TYPE 
2. RF DRIVE LEVEL 
3. RF POYJER OUTPUT 
4 . POWER INPUT 

36 WATTS 

2101.8 MHZ 
-127 dbm 

PM OR FM 
FM 2282.5 MHZ 

PM~ FR MHZ 

0.75 TOl.5 WATTS 

AMPLITRON (QKS 1300) 
0.7t WATTS (MIN) 
20WATTS 
68.6 WATTS 

E. THE APPLICATION OF DC POWER TO THE PRIMARY OR SECONDARY POYIE.R AMPLIFrER 
POWER SUPPLY "NILL START AN AUTOMATIC 20 SECOND WARMUP SEQUENCE. AFTER 
THE WARMUP PERIOD, -1800 voe IS APPLIED TO THE AMPLITRON ENABLING THE 
TUBE TO LOCK ON THE INPUT RF SIGNAL. IF THE AMPLITRON FAILS TO LOCK, THE 
POWER SUPPLY WILL AUTOMATICALLY REVERT TO THE WARMUP MOOE AND THE CYCLE 
WILL BE REPEATED . THE MAXIMUM WARMUP TIME FOR A POWER AMPLIFIER IS 60 
SECONDS. 

TABLE 5-1 PRELAUNCH STATUS OF SWITCH/ CIRCUIT BREAKER POSITIONS 

SWITCH NAME 

AUDIO CONT 
S-BAND T/ R 
!CS T/ R 
RELAY 
S-BNO RCVR VOL 
ICS RCVR VOL 
VOX ICS/ XMTR 
VHF A T/ R 
VHF B T/ R 
VOX SENS 
VHF A VOL 
VHF B VOL 
MASTER VOL 
MODULATOR 
S-BND XMTR/ RCVR 
PWR AMP 
VOICE/BU VOICE 
PCM/ KEY 
RANGE/ TV 
VHF A XMTR 
VHF A RCVR 
VHF B XMTR 
VHF B RCVR 
BIOMEO 
SQUELCH VHF A 
SQUELCH VHF B 
VHF RF SW 
S-BND RF SW 
RECORDER 
TRACK MODE _ 
CIRCUIT BREAK£R NAME 
S-BAND ANT HTR 
S-BANO ANT 
SEC S-BND XMTR/ RCVR 
SEC S-BND PWR AMP 
VHF A RCVR 
VHF B XMTR 
COR AUDIO 
SE AUD IO 
VHF A XMTR 
VHF 8 RCVR 
PRI S-BNO P'NR AMP 
PRI S-BND XMTR/ RCVR 
S-BND ANT 
PMP 
TV 
OISP 

15A-S·5 ANO 158-S· 5 
lSA-S-1 ANO lSB-S-1 
lSA-S-3 ANO 158-S-3 
lSA-S-4 ANO 158-S~ 
lSA-R-14 ANO 158-R-14 
lSA-R-7 ANO 158-R-7 
lSA-S-6 ANO 15B-S-6 
lSA-S-2 ANO 158-S-2 
15A-S-9 ANO 158-S-9 
lSA-R-8 AND 158-R-8 
lSA-R-12 AND 158-R-12 
lSA-R-13 ANO 158-R-13 
lSA-R-15 ANO 158-R-15 
13-S- 5 
13-S-8 
13-S-2 
13-S-6 
13-S.-4 
13-S-l 
13-S-7 
13-S-10 
13-S-12 
13-S-15 
13-S-3 
13-R-10 
13-R-15 
14-S-6 
14-S-5 
13-5-11 
14-5-3 

4CB31 
4CB34 
4CB137 
4CB136 
4CB87 
4CB162 
4CB86 
4CB85 
4CB715 
4C8114 
4CB30 
4CB1ll 
4CB110 
4CB102 

:g:}g; 

NOR.M 
OFF 
OFF 
OFF 
ccw 
ccw 
PTT 
OFF 
Off 
ccw 
ccw 
ccw 
CCW 
PM 
OFF 
OFF 
OFF 
PCM 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
ccw 
ccw 
l 
2 
OFF 
OFF 

OPEN 
OPEN 
CLOSED 
CLOSED 
OPEN 
OPEN 
OPEN 
OPEN 
OPEN 
OPEN 
CLOSED 
CLOSED 
OPEN 
CLOSED 
OPEN 
OPEN 

OWG NO. 5 .1 .1 
DETAIL SHEET NO. 1 

• 
• 

• 

• 
• 



• H 

• G 

F 

• 
D 

• B 

• A 

12 11 10 9 8 

i~.l Nlt.Z CATA 

g $111CAlll[lt 

L-------,11.'------- -~- --+++--------;'·Ll tlfn[ a;:[ 

lt£YINPUT 

I 
I 
I 

7 

------
30 ICC SUS-. 

CAH.IU 
DISCJUM 

,owe 
N0.2 

"2e~ 

SU M:ttEIS 

llo-tlED"DATA 

YO< 

l O:Z4 SUBCARtEI 

---

I 
I 
I 
I 
I 
I, 
J 

..... 

.. ~.,.rl 
u "au 
- · ...... 

20WICMO.l===e 
20..oc:M0.2~, o 

I 

I 
. 1 

• ' I 
I 

gJ ·....... 

2 

'"' "'"' 01\T[ ,,,,,,,,,,,,_ , 

·-S1AV 

:r ·---\f-.l-5 ... 
-

.., -

~~::ir&;i ~~ 
r---r -- ~- - - --,--· -7 
I I : I I 

: ! UJOlA 

I I 

I 
I 

Sic: : NI 

I - "r<>--lamca' .... -a,t-=--+--'--+-+---+--' • cJ' 
I 

. , - ·---------~ .. 
~ v. rlMIMIITn a Ha • e1M:1t1 

NTlmTM.Ua OII .,_,.. 
~"1, ....... 0IWII, ..... 
IY N..WAVI.......,...,_ 

- -

4C81J7 

,Jrl-
llA'~ 

c:OMM 

COMMUNICATI ONS 
SYSTEM · SCHEMATIC .-1 

J 5. ti. 

• 

.. 

E 

D 

C 

8 

A 



• H 

• G 

F 

E 

• 
D 

C 

• B 

• A 

8 7 6 5 4 3 2 
CTR ZON£ OATt . APPffOVAL 

IIFLIGHT IIFl.lGHT 
10. l N0. 2 

TO SECCHl>AllY RECEIV'EIII , 

" TO PltlliAAY RECEIVH 0100[ 
,------------------------==-==:::..._--------------------------1 SWITCH 

r--------------~, 
--"-----'--L- --' I 

IACl:-UPVOICEFflOlil!SM I --==-===:._ __ _,_-1----1-...1.-1 r--------------, 
PII SIGNAL FU•1 SP!\. !PCM) 

IAltGIIKi DtsAeLE 

30 KC Vl»C;E SUB-CAAIUER TO SPA 

I I AMPLIFIE_RS AMPLIFIERS X 15 I 
r,;,::::r.---,t--➔-<0~ MULTIPLIERS 

I 
AND FILTERS 

I P.J,,.._Af/ll) DllVE:Rl II , AMPLIFIERS I 

I ~--------------~ 

ACC 
TRACKJJIG 
TO S-BANO 
STEERA81.£ ANT 
ELECTROfillCS 

r--------------------------, 
I I 

r--------------------, 
·:.,,,.-.. -.-,-.,..-,-.. -------l--1---l--~ - __,---,----,--, ';>--'.--'"''"'"""''----1~-l--+-..i 

P.NDISAIU_ 

r---------------------------, 
I 

2101 .aMHZI 

r.s.zv :: •l4V 

I 
I 
I 
L--~8V 

r:, 

PRIDC/DC 
COWUTER ____ _. 

PRIS-BAND 
OFF 

~ 
I r-.---r------, 

I : _____,,_y I I 

~ -------+-1--.;.--~ 

PIUII Pllllf 

Kl'l52A 

I 

I 
I • I 

L-i---'T'" 
I I 

~ 
PRI 5-BANO 

OFF 

~ 
PRIS-BA.ND 

ENABLE 

I 
I -· I PCA 

~ 
SEC S- BAJIID .. 

SEC~'rl--<>-<H-------+--+----+----+-_J 

~--' o--+------+-+-- +---_J 
I 
I 
I 
I 

I ,.......__._~_._ ......... .......,___liLI 

"o:.x {? !0 J i 

; JO ICC VOICE SU&-(AltltlElt TO SM 

PM SIGNAL CPCM) 

L _____________ _ 

r--------------, 
I 
I 
I r--------~------. 

AMPLFIERS AIIPUF'IElS X lS 

I 
I 
L ___ ::v 

,__-+---+-~'---, DOOBl.£11 =-~•,~:: H~-t-,-,.~2 .SMHZ 

I 
I 
I 

L •15V .d SEC flKAH lfODULATOI --------------

Cimtl:::t:=' I 
PWltAMPL I 
1'S2 
.. LXll 

IIUVOICE • I 
~Illy • I 4CBU7 

L ___________ _j:_ _ _j__~:-;~:::::---- - --- ---+--- ~~~ - • vzecoR 
XMTll/lcva SECS-~ 
US! lUIT~CVlt 

-0 -~ 

S-BAND TRANSCEIVER 
DETAILED SCHEMATIC 

, .. , 

H 

G 

F 

E 

D 

C 

B 

A 



• 
• 

• 

• 
• 

,1blies 

and 

.essurized 

,:; plug- in 

,s of a common 

~ncludes a pre-regul ator, 

. .Lator and an isolated 

_l electronics to condition 

~e based on the design 

s Assembly (C&WEA) 

Jnauts with a rapid check of LM sub

itoring critical subsystem parameters 

.e LM mission. The astronauts receive 

6-1 

~ -~ 
I-z 

~ 
~ 
I-
V'I z -

.. 
<.D 

R- B 



• 
• 

• 

• 
• 

* 

SECTION 6 

INSTRUMENTATION 
1M 
AS-2O6 
REV B 

6.1 SYSTEM DESCRIPI'ION 

The 

A. 

B. 

c. 
D. 

E. 

Instrumentation Subsystem consists of the following units: 

Sensors (Transducers) 

Signal Conditioning Electronics Assembly (SCEA) 

Caution and Warning Electronics Assembly (C&WEA) 

Pulse Code Modulation and Timing Electronics Assembly (PCMTEA) 

Data Storage Electronics Assembly (DSEA) 

6.1.1 Sensors (Transducers) 

All sensors are permanently installed in the LM. They are utilized 

to sense such physical data as temperature, pressure, switch position, 

valve position, frequency, voltage, and current. This physical data 

is converted to electrical signals and sent to the SCEA, PCMTEA, 

C&WEA, and/or displays . 

6.1 . 2 Signal Conditioning Electronics Assembly (SCEA) 

The SCEA is divided into two electronic replaceable assemblies 

(ERA's). The ERA's are located in the ascent stage of the 1M and 

are mounted on cold rails in the aft equipment bay (an unpressurized 

area). 

Each ERA has space for mounting up to twenty-two plug-in 

replaceable subassemblies. Each subassembly consists of a common 

section and signal channels. The common section includes a pre-regulator, 

a 10 kc oscillator power supply, a 1.8 kc oscillator and an isolated 

power supply. The signal channels include all electronics to condition 

data signals for PCM. The subassemblies are based on the design 

configurations noted in Table 6-1 . 

6.1.3 Caution and Warning Electronics Assembly (C&WEA) 

The C&WEA provides the astronauts with a rapid check of 1M sub

system status by continually monitoring critical subsystem parameters 

during the manned phases of the 1M mission. The astronauts receive 
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SUB ASSY 

501-1 

502-2 

503-2 

504-1 

504-2 

504-3 

504-4 

504-5 

505-1 

506-2,3 

507-1 

• 

Fl,t,ICTION 

DC AMP 

ATTENUATOR 

AC TO DC 
CONVERTER 

ANALOG 
BUFFER 

DISCRETE 
BUFFER 

DISCRETE 
BUFFER 

DISCRETE 
BUFFER 

DISCRETE 
BUFFER 

FREQUENCY 
TO DC 
CONVERTER 

RESISTANCE 
TO DC 
COIIVERTER 

PHASE 
DEMJDULATOR 

• 

TABLE 6-1 ANALOG SUBASSEMBLIES 

INPUTS CHANNEL 
Bl-POLAR UNI-POLAR AVAILABILITY 

-100 MV TO +10 0 MV 0 TO +200 MV 
-2.5 V TO +2.5 V 0 TO +5.0 V 4 SINGLE CHANNELS 

-20 VDC TO +20 VDC 0 TO +40 VDC 4 SI NG LE CHANNELS 
-2.5 VDC TO +2.5 voe 0 TO +5.0 VDC 

0 TO 21 VOLTS RMS 3 SINGLE CHANNELS 
0 TO 31 VOLTS RMS 
0 TO 100 VOLTS RMS 
0 TO 150 VOLTS RMS 

0 TO 5 VDC 4 S I I\G LE CHA.NNE LS 

DISCRETE SWITCH CLOSURE 1 0 DUAL CHANNELS 

DISCRETE SWITCH CLOSURE 12 DUAL CHANNELS 

DISCRETE SWITCH CLOSURE 12 DUAL CHANNELS AND 
SOLID STATE SW 
CLOSURES 

DISCRETE SWITCH CLOSURE 12 CHANNELS Slf\.GLE 
STEP 

20 TO 130 VOLTS RMS WITH 3 SINGLE C~LS 
FREQUENCY VARIATIONS 
BETWEEN 380 AND 420 CPS 

BRIDGE l,t,IBALANCE ERRORS 4 DUAL CHAf..NELS 
OF 0 TO 130 MV 

15 TO 26 VOLTS RMS 4 SII\GLE CHANNELS 

• 

REMI\RKS 

RECEIVES ANALOG VOLTAGES AND CONDITICJ-lS THEM 
TO A ZERO TO +5.0 VDC FULL SCALE OUTPUT. 

PROVIDES ISOLATION AND ATTENUATES INPUT 
SIGNAL TO A ZERO TO +5.0 VDC OUTPUT. 

FULL SCALE OUTPUT (5.0 VDC) 

UNITY GAIN DEVICE 

OUTPUT IS A STEP VOLTAGE BETWEEN 4 IV'{) 6 VDC 
FOR "ON" AND 0+.5 VDC FOR "OFF". 

-0 

OUTPUT IS A STEP VOLTAGE BETWEEN 4 AND 6 VDC 
FOR "OIi" AND 0+.5 VDC FOR "OFF" . 

-0 

ONE OUTPUT IS A STEP VOLTAGE BETWEEN 4 AND 6 
voe FOR "ON" AND o+.5 VDC FOR "OFF". 

-.1 
OTHER OUTPUT IS A SOLID STATE SW CLOSURE 
USED NORMALLY FOR FLAG INDICATORS. 

OUTPUT IS A STEP VOLTAGE BETWEEN 4 AND 6 voe 
FOR "ON" AND 0+.5 VDC FOR "OFF". 

- .1 

OUTPUT OF ZERO VOLTS DC WILL CORRESPOND TO 
380 CPS AND +5 VDC WILL CORRESPOIID TO 420 
CPS. 

CONVERTS A RESISTANCE CHAI\K;E TO AO TO +5.0 
VDC OUTPUT 

C0'-1PARES INPUT PHASE AND AMPLITUDE WITH A 
REFERENCE SIGNAL AND PRODUCES A 0-5 voe 
OUTPUT AS CCJ-IPARED TO THE REFERENCE . 

• • 
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visual caution*, warning*, flag and/or indicator closures. 

The C&WEA is capable of handling data in the form of analog 

signals, discrete voltage levels and switch closures. The C&WEA can 

evaluate this data and determine if the input signals are within the 

prescribed limits, and provide caution, warning, flag, advisory, and telemetry 

relay closures as required; there are three types of analog signal eval

uation: 

1. High limit - voltage above a specified value 

2. Low limit - voltage below a specified value 

3, Bandpass - voltage above or below a specified value 

The C&WEA is also capable of processing inhibits which allow the 

C&WEA logic to ignore out-of-tolerance conditions when it is desirable 

to do so. 

6.1.4 Pulse Code Modulation and Timing Electronics Assembly (PCMTEA) 

A. The PCMTEA consists of the following components: 

1. Analog multiplexer drivers 

2. High-level analog multiplexer 

3. Calibrator 

4. Analog-to-digital converter (coder) 

5. Programer 

6. Digital multiplexer 

7. Output register 

8. Power supply 

9. Timing equipment 

B. Input signals for the PCM equipment are of three types: 

high-level analog, parallel digital, and serial digital. 

Some parallel digital and high-level analog inputs are supplied 

directly to the PCMTEA from subsystem sensors; all other signals 

are first processed through the SCEA. 

* Definitions: 

Caution - Malfunctions not requiring immediate attention but which 
would affect crew safety if action is not taken. Malfunctions 
in subsystems which time share displays. Malfunctions in 
subsystems whose displays are not readily visible to the 
astronaut. 

Warning - Malfunctions that affect crew safety and require immediate 
attention. 
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C. The PCM equipment accepts the high-level analog signals 

through the multiplexer. The multiplexer forms pulse

amplitude-modulated (PAM) outputs representative of the analog 

inputs. The high-level PAM outputs of the multiplexer are 

supplied to high-speed gates (see Table 6-5) for application 

to the analog-to-digital converter on command from the programer. 
D. The calibrator supplies two precision voltage outputs (4.25 

and 0,75 volts de) to the multiplexer to ensure that overall 

accuracy of data is maintained through the PCMTEA. 

E. The analog-to-digital converter converts the high-level PAM 

outputs of the high-speed gates into eight-bit binary words. 

For a zero-volt input, the converter generates the hinary 

equivalent of a·.decimal 1(00000001). Each additional 
19,7 millivolts of input signal increases the binary output 

by one; therefore, with a 5,00 volt de input, the binary 

output will be 254 (11111110). For an input exceeding 5 volts 

de, the bi.nary output will be all ones ( 11111111) ; for an 

input less than O Vdc, the binary output will be all zeros 

(00000000). 

F. The programer generates the necessary commands for analog and 
digital data sampling and operations, and supplies the basic 

timing for data transfer and subcarrier frequencies required 

in the PCMTEA as well as other subsystems. The programer 

selects the high-bit rate or low-bit rate data-sampling 

formats by actuating Switch 13S13. 

G. The output of the analog-to-digital converter .is supplied 

to the digital multiplexer. This multiplexer gates the analog

to-digital converter outputs, along with the frame synch and 

format identification words from the programer and the serial 

digital and parallel digital data from the SCEA or from the 

subsystem sensors, to the output register. When these data 
exceed eight bits per word, the most significant eight bits 
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are gated to the output first and then followed by the next 

most significant eight bits. The register converts these 

eight-bit words (parallel by bit) to serial outputs and 

routes them to the Communications Subsystem. These data are 

sampled and routed to the Communications Subsystem in non

returned-to-zero (NRZ) format at 51,200 bits per second (high 

bit rate) or 1,600 bits per second (low,bit rate), and split 

phase (RZ) format at 1,600 bits per second. Data generated by 

the LM Guidance Computer (LGC) in the Primary Guidance, Naviga

tion, and Control (PGN&C) Subsystem are supplied to the out-

put register in a 40-bit serial word format. Data generated 

by the Abort Guidance Computer (AGS) are supplied to the out

put register in a 24-bit serial word format. 

The timing equipment consists of an oscillator component, 

timing generator, time accumulator, and an output buffer . 

The oscillator component accepts a 1024 kc signal from the 

LGC, frequency doubles it, and routes it to the timing gen

erator. The frequency doubled 1024 kc LGC signal also controls 

the output of an internal 2048 kc crystal oscillator . There

fore, if the LGC signal fails, the oscillator component can 

instantaneously switch to the crystal oscillator signal with

out any interruption of the signal to the timing generator . 

The timing generator supplies sync pulses to the Electrical 

Power Subsystem , the Guidance, Navigation, and Control Sub

system, and the Communications Subsystem via the output 

buffer. It also supplies the time accumulator with a 1 cps 

signal that is converted to mission-elapsed-time data . The 

time accumulator recycles to zero at 40 days or upon in

terruption of PCMTEA power. These data are routed to the 

DSEA (when used) for simultaneous recording with voice . 
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The timing generator supplies all the timing signals required 

in the programer for generating frame sync, frame identification, 

and format identification data. 

I. Internally Redundant Measurement Sampling (See Figure 6-1) -

Some data words are wired redundantly within their respective 

multiplexer (analog or digital). This does not, in effect, 

double the sampling rate for such parameters because the 

redundant data word loading is spaced unevenly timewise. 

(Were the time correlation evenly spaced, then sampling would 

be essentially doubled or supercommutated). Refer to Figure 

6-1 for a depiction of the time correlation. An example of 

this type of parameter would be the battery currents GC1201-

1206C. Redundant transducers, which supply duplicate data 

concerning a particular parameter, are wired to the PCMTE 

external connector and may be treated as two separate data 

points. An example of this type of parameter would be 

GQ3018P and GQ3025P (IM-2 and sub) DPS HE REG PRESS. 
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TABLE 6- 2 STATE OF DESCENT STAGE REAL-TIME ANALOG MEASUREMENTS AFTER STAGING 

* 

The foll owing measurements will indicate a minimum signal consisting of 

a PCM word of 00000001. 

GC0201 Bat. 1 Volt 
GC0202 Bat. 2 Volt 
GC0203 Bat . 3 Volt 
GC0204 Bat . 4 Volt 
GQ3018 DPS He . Reg Press . 

The followi ng measurements will indicate a maximum signal consisting of 

a PCM word of 11111111 . 

GQ7513 
GQ3718 
GQ3719 
GQ4218 
GQ4219 

DPS 
DPS 
DPS 
DPS 
DPS 

Throat T 3 
Fuel 1 Temp 
Fuel 2 Temp 
Ox 1 Temp 
Ox 2 Temp 

The PCM word for the following signals will float. The measurement will 

tend to a minimum value , but may be susceptible to noise . 

GC1201 Bat. 1 Cur 
GC1202 Bat . 2 Cur 
GC1203 Bat . 3 Cur 
GC1204 Bat. 4 Cur 
GQ3603 DPS Fuel 1 Qty 
GQ360 4 DPS Fuel 2 Qty 
GQ36ll DPS Fuel Press. 
GQ4103 DPS Ox 1 Qty 
GQ4104 DPS Ox 2 Qty 
GQ4lll DPS Ox Press . 
GQ6510 DPS TCP 
GQ6806 Var Inj Act . Pos 
GQ3435 DPS He . Press . 
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1. MEAS ID - Measurement identification number as delineated below: 

2. 

odule Code 

dentification Number I 
unctional Subsystem 

xxn~x-Measurement Classification Code 

Module Code: A= Adapter - NAA 
G = LM GAEC 

Functional Subsrstem Codes: A = 
C = 
D = 
F = 
G = 
H = 
I = 
L = 
M = 
N = 
p = 
Q = 
R = 
T = 
w = 
y = 

Measurement Classification Codes: 

B = 
C = 
E = 
F = 
H = 
J = 
L = 
p = 
Q = 
R = 
T = 
u = 
V = 
w = 
X = 

MEAS DESCRIPTION - A brief "field title" given 

6-9 

Adapter 
Electrical Power 
Command 
Environmental Control 
Navigation and Guidance 
Stab and Control CES 
Stab and Control - AGS 
Instrumentation 
Mechanical Design 
Radars 
Propulsion - Ascent Engine 
Propulsion - Descent Engine 
Reaction Control 
Communications 
Programer 
Pyrotechnics 

Phase 
Current 
Power 
Frequency 
Position 
Biomedical 
Velocity 
Pressure 
Quantity 
Rate 
Temperature 
Combined meas. 
Voltage 
Time 
Discrete Event 

to each measurement. 
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TABLE 6-3 SPACECRAFT INSTRUMENTATION (Cont'd) 

3. SENSOR RANGE - Actual range of the transducer utilized for the 
measurement indicated. 

Low - High: The lowest and highest analog range for 
each measurement. 

Discretes will be delineated as follows: 

(1) Clsd - Opn: Relay or valve position 

(2) Off - ON: Status of measurement 

(3) Absnt - Presnt: Malfunction present or absent 

4. TM DATA RANGE - Actual telemetered range of the data to be received 
by the ground stations. 

1. Discretes - "O" or 11 1 11 with applicable indication 

2. Analog - Lowest and highest telemetered data range 
for each analog measurement. 

ACC PCT - Spacecraft telemetered data range Root Sum Square (RSS) 
accuracy in percent of full scale. 

5, ONBOARD DISPLAY RANGE - Indicated range of the spacecraft onboard 
display. 

ACC PCT - Onboard display Root Sum Square accuracy in percent of 
full scale. 

6. C&W LIMITS - The low and high value of the accuating parameter 
inputs to the onboard caution and warning instrumentation. 

7. ADV - The spacecraft onboard advisory indication; light or flag 
designation number listed. 

8. ESTIMATED NORMAL OPERATING LIMITS - Best engineering estimate of 
the low, normal, and high limits 
of the respective analog param
eters. Discrete parameters are 
designated as such. 

9. CRITICAL LIMITS - The high and/or low limits of each measurement 
that will cause permanent loss of equipment 
and/or life, or mission. 

10. S/C SAMPLING - Spacecraft PCMTE data sampling rate using the 
following code: 
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TABLE 6-3 SPACECRAFT INSTRUMENTATION (Concluded) 

EXAMPLE: 

~nternally wired redundant on 
and low bit rate within the 

Event 
arallel 

igital 
ow-bit rate samples per second 

igh-bit rate samples per second 

~ 
Where the redundant "R" is shown as 
lR/1 ..... the internal redundancy is 
wired for high-bit rate only. 

high 
PCMI'E 

Alphabetic characters utilized to describe the types of input 
channels to PCM: 

AH = Analog, High-Level 
D = Digital 
p = Parallel 
s = Serial 
E = Event 

11. NOTES May contain any other pertinent notation concerning each 
~~spective parameter . 
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TAeLE 6- 3 .1 SPACECRAFT INSTRUM':1-lTATI ON FOR SLA (S-IVB/IU) 

PAM LOCAT I OI, SCERA LOCATI O', I TM DATA RANGE RSS 

MEAS MEAS TABLE V TA3LE IV ACC 

ID DES CR I PT I O'I ?AM NO. - ScQ t :u . SCERA/LOC LO,i H IGH L.N I TS PCT 

Kl41-900 AP/SLA PHYS 1 0 = SEP 

K l42-900 AP /S LA PHYS 2 0 = SEP 

Kl43-900 NOSECAP RLY A 1 = RLY CLSC, 

Kl44-900 JOSE CAP RL Y B 1 = RLY CLSD 
Kl45-900 L.M/S LA SEP CMD A 1 = RLY CLSD 
Kl46-900 L.M/SLA SEP CMD B 1 = RLY CLSD 
K l47-900 5 LA DEPLOY CMD A 1 = RLY CLSD 
K !48-900 oLA DEPLOY CMD B I = RLY CLSD 
K 149-900 SLA PANEL DEPLOY I = DEPLOY 

"' I ,._, 

"' 

• • 

ONBOARD 
RSS~ DI SPLAY RANGE 
ACC LIMITS 

LO;/ HIGH PCT LOtl HIGH ADV LOtl 

- --
- --
- --
- --
- --
- -- - --
- --
- --

• 

ESTIMATED NORMAL 
OPcRATING LI MITS CRITICAL LIMITS 

NORM HIGH LOW HIGH 

DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 

• 

5/C 
SA'-f'Ll t-«; 

120 5/5 
120 5/5 

12 5/5 
12 S/5 
12 5/5 
12 S/5 
12 5/S 
12 S/S 
12 5/5 

-

l.M 
AS-206 
REV B 

NOTES 

IU TM 
IU TM 
IU TM 
IU TM 
IU TM 
IU TM 
IU TM 
IU TM 
IU TM 

• 
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TAB LE 6-3.2 SPACECRAFT INSTRur-ENTATICJ>J FOR ELEC/COr+I 

PAM LOCATI O, ~CERA LOCAT I CJ>J TM DATA RANGE RSS 

1-EAS 1-EAS TABLE V TABLE IV ACC 

I D DESCRIPTICJ>J PAM t-.0. - SEQ. NO. SCERA/LOC ow HIGH LNITS PCT 

GC007 1V AC BUS WLT 3-10 1/17 1/18 0 125 VP.MS I. 27 

GC0 155 F AC BUS FREQ 3- 14 1/16 1/18 380 420 CPS 1.27 

GC020 1V BAT. 1 WLT 1-8 2/ 16 0 40 VDC 1.12 

GC0202V BAT. 2 WLT 1-7 2/16 0 40 VDC 1.12 

GC020 3V BAT. 3 VOLT 1-9 2/16 0 40 VDC 1.12 

GC0204V BAT . 4 WLT 1- 7 2/16 0 40 VDC 1.12 

GC0205V BAT. 5 WLT 2-5 2/17 0 40 voe 1.12 
GC0206V BAT . 6 WLT 2-6 2/18 0 40 VDC I. 12 

GC0 30 1V t:nR BUS W LT 3- 12/14 1/ 15 1/18 0 40 VDC 1.27 

GC0 302V SE,RUS. VOi T 1-11 2/8 2/15 0 40 VDC 1. 50 

GC 120 I C BAT. 1 CUR 1-9/3-11 --- 0 60 PH'S 1. 58 

GC 1202C BAT. 2 CUR 3- 12/1- 13 --- 0 60 PH'S 1.58 

GC 1203C BAT. 3 CUR 1- 9/3-9 --- 0 60 Al'f'S 1. 58 
GC 1204C BAT. 4 CUR 3-9/10 --- 0 60 PH'S 1. 58 
GC 1205C BAT . 5 CUR 1-8/3-11 --- 0 120 PH'S !. 58 

GC1206C BAT. 6 CUR 1- 9/3-9 --- 0 120 PH'S 1. 58 

GC436 1X BAT. 1 HI TAP --- 2/4 ALWAYS ZERO 

GC4362X BAT. 1 LO TAP --- 2/4 1 = HI 
GC4363X BAT. 2 HI TAP --- 2/4 ALWAYS ZERO 

GC4364X BAT. 2 LO TAP --- 2/4 1 = HI 
GC4365X BAT . 3 HI TAP --- 2/4 ALWAYS ZERO 
GC4366X BAT . 3 LO TAP --- 2/4 1 = HI 

?°'GC4367X BAT. 4 HI TAP --- 2/4 ALWAYS ZERO 

'.;;GC4368X BAT. 4 LO TAP --- 2/4 1 = HI 
GC4369X BAT . 5 B/U CDR --- 2/4 1 = a-J 
GC4370X BAT. 6 NORM CDR --- 2/4 1 = a-J 
GC4371X BAT. 5 NORM SEQ --- 2/4 1 = ON 
GC4372X BAT. 6 B/U SEQ --- 2/4 1 = a-J 

GC996 1U BAT. 1 i"AL --- 2/12 2/13 1 = MAL 

GC9962U BAT. 2 i"AL --- 2/12 2/13 1 = MAL 

GC9963U BAT. 3 MAL --- 2/12 2/13 1 = MAL 

GC9964U BAT . 4 MAL --- 2/12 2/13 1 = MAL 

GC9965U BAT. 5 MAL --- 2/12 2/13 1 = MAL 

GC9966U BAT. 6 MAL --- 2/12 2/13 I = MAL 

GL0300 FRAI-E SYNC AND --- --- ---
ID 

GL0302 LBR --- --- ---
GL0401V CAL 85 PCT 3-5/1-4 --- 0 5 . 01 VDC 0 .so 
GL0402V CAL 15 PCT 3-5/4-5 --- 0 5 . 00 VDC 0 . 50 

GL0501W I-ET --- - --- DAYS -

GL4054X C&W PWR FAIL --- --- 1 = FAIL 

GL422 1X DFI CAL W --- --- 1 = 01'1 

• 
ONBOARD 

DI SPLAY RANGE RSS C&W 
ACC LIMITS 

LOW HIGH PCT LCM HI GH PDV 

GREEN BAND 4. 63 112 -
--- 39 8 402 -

20 40 4 . 47 --- -
20 40 4.47 --- -
20 40 4 .47 --- -
20 40 4.47 --- -
20 40 4.47 --- -
20 40 4. 47 --- -
20 40 4. 6 26 . 5 -
20 40 4. 9 26. 5 -
0 120 2 .s --- -
0 120 2 .s --- -

0 120 2 . 5 --- -
0 120 2 . 5 - -- -
0 120 2 . 5 --- -
0 120 2 .s --- -

--- --- i'+FLI 
--- --- !'+FL! 
--- --- 4FL2 
--- --- j4FL2 

--- --- 4FL3 
--- --- 4FL3 
--- --- jt+FL4 
--- --- 4FL4 
--- --- 4FL7 
--- --- 4FL6 
--- --- 4FL5 
--- --- 4FL8 
--- QC/OT/RC -

--- QC/OT /RC -

--- QC/OT/ RC -

--- QC/OT / RC -

--- QC/OT/RC -

--- QC/OT/RC -

--- --- -

--- --- -
--- --- -
--- --- -

--- -
POWER FAIL -

--- --- -

• 
EST!i"ATED t-.ORi"AL 
OPERATING LIMITS CRITI CJ>L LIMITS 

LOW NORM HI GH LOW HIGH 

112. 5 117 

28 32.5 
28 32.5 
28 32 . 5 
28 32. 5 
28 32.5 
28 32.5 
28 32. 5 
28 32 .s 

VARIES 
VARIES 
VARIES 
VARIES 
VAR I ES 
VAR IES 
DISCRETE 
DI SCRETE 
DI SCRETE 
DI SCRETE 
DI SCRETE 
DI SCRETE 
DI SCRETE 
DISCRETE 
DI SCRETE 
DI SCRETE 
DI SCRETE 
DISCRETE 
DISCRETE 

DISCRETE 

DISCRETE 

DISCRETE 

DISCRETE 

DISCRETE 

---

---
4 . 25 
0. 75 

DISCRETE 

DI SCRETE 

SIC 
SPH'LI NG 

1/1 AM 
1 AM 
1 AM 
1 AM 
1 AM 
I AM 
1/1 AM 
1/1 AM 
1/1 AM 
1/1 AM 
1/1 AMR 
1/1 AMR 
1/1 AMR 
1/1 AMR 
1/1 AMR 
1/1 AMR 
1 OPE 
1 OPE 
1 OPE 
1 OPE 
1 OPE 
1 OPE 
1 OPE 
1 OPE 
1 OPE 
1 OPE 
1 DPE 
1 OPE 
1 OPE 

1 OPE 

1 OPE 

1 OPE 

I OPE 

1 OPE 

50/1 DP 

1/1 DP 
IOR/1 AH 
IOR/1 AH 
10/1 DP 
1/1 DPER 
I/ 1 DPER 

• 
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NOTES 

GL4046 4M2 
GL4046 
4M2 
4M2 
4M2 
4M2 
4M2 
~ 
'-M2 GL4034 
~ GL4034 

"M3 
~ 3 
"M3 
4M3 
4M3 
"M3 
h 

BAT 
HI" TAPS 
WI RED 

h o Lo 
TAP 
DI SCREH 

i.,, 
t.M-1 
a-JLY 

~ L900 1 
,-,L4047 

L900 1 
L4047 
L9001 

• ~ L 4047 
~ 900 I 
.,L4047 
GL900 I 
GL4047 
GL9001 
GL4047 
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TAB LE 6- 3 . 2 .;~ACcCRAFT I ISTRUMEIJThTI O:,; FOR ;: LEC/CU T< ( CONCLUDED) 

PAM LOCATIO, SCERA LOCATI ON TM DATA RANGE 
MEAS i"EAS TABLE V TABLE IV 

I D DE:;CR I PT I O'i DAM NO . - -- NO SCERA/LOC LO\: H I GH U i l TS 

GL4222X LM/ SLA SEP - - - --- I = SEP 
GT020 IE S-B: lD PWR AMP PD 1-14 --- 0 25 ,/ 

GT0202E S-Bl lD RFLT PWR 1-13 - -- 0 25 w 
GT044IX DCA STATUS --- --- -- -
GT0 6 I 9V UHF SIG STR 2- 5 --- -114 -5 9 DBM 
GT0992B S-B/ ID ST PH ERR 2-14 /2- 3 - -- 15 +1 5 DEG 
GT0993E S-D,m XMTR PO 1-14 --- lo. 3 1.5 w 
GT0994V S- BND S IG STR 3-3 --- kl 4. 2 voe 
GYO 11 l X ED AA"-~ A Ctl --- l/ 14 l = ON 
GY0 I1 2X ED ARM S ON --- 1/14 1 = ON 
GY 0 121X STG RLY A FI RE --- 1/14 I = FIRE 
GY0 122X STG RLY o F I RE --- 1/14 1 = FIRE 

c-
I 

';;'.. 

• • 

ON:lOARD 
RSS DI SPLAY RANGE RSS C&I, 

ACC ACC LIMITS 
PCT L()I,'/ HIGH PCT LOW HIGH ADV 

------ -
-
-

--- --- -

--- --- -
--- --- -

p 5 --- -
--- ----

--- --- -
--- --- -
--- - -- -

• 

ES TI MA TED NORMAL 
OPERATI NG LI Ml TS CRITICAL 

LOW NORM HIGH IOW 

DI SCRETE 
18\-1 
!. Sid 

-75DBM -99DBM 

0. 75W 1. SW 

0.5 5 . 0 
DI SCRETE 
DISCRETE 
DI SCRETE 
DISCRETE 

• 

LIMI TS 
HIGH 

SIC 
c,~, n ,r 

1 DPE 
1/ 1 /ll-t 
l /ll-t 
50 DP 
1 /ll-t 
10 /ll-t 
1/1 /ll-t 
10· /ll-t 

1/ 1 DPER 
1/1 DPER 
1/1 DPER 
1/ 1 DPER 

LM 
AS-206 
REV B 
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TABLE 6-3 .3 SPACECRAFT JNSTRL.MENTAT I ON FOR ECS 

I 
PAM LOCATION ~CERA LOCATION TM DATA RAl'l;E 

MEAS i'EAS TABLE V TABLE JV 
ID DESCRIPTION PAM NO. - SEQ. NO . SCERA/LOC LOW HIGH UN ITS 

GF202IP PRI GLY Pl.MP 6P 1-10/3-9 --- 0 50 PSID 
GF 204 IX GLY LEVEL LCM --- 2/3 I = LOW 
GF2936X SEL GLY PUMP FA L --- --- ---
GF357IP CABIN PRESS . 1-9/ 3-11 --- 0 IO PSIA 
GF3582P ASC I 02 PRESS. 1-14 1/7 0 25 PSIA 

G~3583P ASC 2 02 PRESS. 2-13 1/7 0 25 PS I A 

GF3591P U/H RLF PRESS . 3-15 --- 0 25 PS I A 
GF3592P F /H RLF PRESS . 1- 14 --- 0 25 PS I A 
GF410 IP PR I H20 REG LP 2-12/4-14 1/18 0 2 PSID 
GF4511T PRI W/B H20 TEMI 4-15 2/6 20 160 Of 
GF4582Q AO>( l H20 QTY 2-6/4-8 1/8 0 100 PCT 

GF4583Q ASC 2 H20 QTY 2-6/4-8 1/8 0 100 PCT 

GF9997U GLY PUMP PRESS . 3-6 --- 0 60 PSIA 
GF999 8U GLY TEMP 3- 11 1/10 20 120 Of 

r 
"' 

• 
RSS 

I ONBOARD 
DI SPLAY RAl'l;E RSS C&W 

ACC ACC LIMITS 
PCT • LOW HIGH PCT LOW HIGH PDV 

I.87 - - - --- ---

! 
--- cc ---
--- cc 7DS3 

2 . 55 I 0 IO 3 . 20 --- ---
2.62 , 0 100% ---

2. 62 0 100% ---

2. 55 --- --- ---
2. 55 --- --- ---
3. 04 --- --- ---

--- --- ---
2. 91 0 100 3. 49 95 ---

2. 91 0 100 3 . 49 95 ---

2. 06 0 80 2 . 50 --- ---
2.77 0 80 3. 95 ~7. 6 ---

' I 

I 

• 
ESTIMATED NORMAL 
OPERATir-G LIMITS CRIT I CAL LIMITS 

LCM NORM HIGH LCM HIGH 

28 38 
DISCRETE 

---
0 5. 0 

4. 35 

4. 35 

0 5. 8 
0 5. 8 
0. 5 1.0 

40 60 

32 37 
38 45 

S/C 
SAMPLlr-G 

1/1 AHR 
I /lDPER 

---
1/1 AHR 
I AH 

I AH 

1/1 ,o;-i 
1/ 1 AH 
1/1 AHR 
1/1 AH 
1/1 AHR 

1/1 AHR 

1/ 1 AH 
1/1 AH 

• 
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NJTES 

GL4058 
NJT TM 
7M2A 
GL4057 

\~~~57 
71'14A 

' GL4D59 

1l~~~59 
71-14B 
7M5A 

1I7M58 
I\GL4058 
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T ~~LE 1i - ; . 4 SPAC:::~RAFT I NSTRUr-1:NTATI()',I f (,R GNC 

~ 

PAM LOCATION SCERA LOCATI ON TM DATA RPNGE RSS 

ME AS MEAS TABLE V TABLE I V ACC 

I D DESCRIPTICN PJ.M NO. - SicQ /JO . SCERA/ LOC LCM c! I GH Lf'J / TS PCT 

GGJ8 0 1X PG JS CMTR WORD ---
GG0 11 7ri POS ALT ( LGC) ---

GGJ I ISL VEL ALT RATE ---
(LGC) 

GGOI 19L VEL FWD ( LGC) ---
GG0 12UL VEL LAT (LGC) ---

GG l 04UV PLS TORQ REF 1-7/3- 6 85 135 voc 4 . 03 

GGI IIOV 2.5 voe TM BIAS 2- 7/4- 7 0 5 voc 2 . 06 

GG ! 20 ! V IML 28 VAC 800 2-11 0 31. 10 VRMS 4 . 03 

GG l331V !RIG SUSP 3 . 2 K 2- 5 0 31. 10 VRMS 4 . 03 

GG l 5 13X !ML STBY I = STBY 

GG ! 523X LGC QPR --- I = OPR 

GG200 1V X PI PA OUT I N • 2-1 / 1-2 - 2 .5 +2.5 VRl"S 4. 03 

GG202 I V Y P I PA OUT I N o 1-1 2.5 +2 . 5 VRMS 4 . 03 

GG204 ! V Z PIPA OUT I N ~ 3- 1/2 - 2 --- 2 . 5 +2 . 5 VRl"S 4. 03 

GG21 0 7V I G SVO ERR I N 4 1-1 /2-1 3 + 3 VRMS 4. 03 

GG2 I !OC I G TORQ MTR CUR 3- 2 0 .5 +0 . 5 AMPS 4 .03 

GG2 I 12V IG RSVR OUT SIN 3- 5 20 . 25 +20 . 25 VRMS 4. 0 

GG2 113V I G sSVR OUT COS 3- 4 --- 20 . 25 +2 0 . 25 VRMS 4 . 0 

,._GG2 121V JG ,SVR SIN 2- 2 --- 5 +5 VRMS 4.03 

' (EXP) ... 
"'GG2122V IG ~SVR OUT SI N --- ---

GG2 123V I G RSVR OUT COS --- ---
GG2137V e'G ,VO ERR IN O 3- 1/2- 1 --- 3 +3 VRMS 4. 03 

GG2 !40C e'G TORQ MTR CUR 3- 2 --- 0 . 5 +O. 5 AMPS 4. 03 

GG2 142V e'G RSVR OUT SI N 4 - 3/2 - 3 --- 20 . 25 +20 . 25 VRMS 

GG2 143V e'G RS VR CXJT COS 1-4/1 - 5 20 . 25 +20 . 25 VRMS 

GG2 15 I V e'G RSVR SIN 2- 1 5 +5 VRMS 4. 03 

(EXP) 

GG2152V e'G RSVR CXJT S Ill --- ---

GG2153V e'G RS VR OUT COS --- - --

GG2167V 0G SVO ERR IN O 1 - 2/2-2 --- 3 + 3 VRMS 4 . 03 

GG2 I 70C 0G TORQ MTR CUR 3-2 --- 0 . 9 +0 . 9 AMPS 4 . 03 

GG2!72V 0G RSVR C\JT SIN 3-4 --- 20 . 25 +20.25 VRMS 4. 0 

GG2 173V CG RSVR OUT COS 1-3/1- 8 --- 20 . 25 +20 . 25 VRMS 4. 0 

GG2 18 IV 0G RSVR SIN 2-2 --- 5 + 5 VRMS 4. 03 

(E XP) 
GG2 182V 0G RSVR OUT SI N --- --- ---
GG2183V OG RS VR OUT COS --- --- ---
GG22 17V PI TCri ATT ERR -- - --- ---

(PGNS) 

' 

• • 

ONBOARD I 
DI SPLAY RPNGE RSS C&W 

ACC LIM! TS 
LOW HI GH PCT ,..., HI"" ADV LO,/ 

--- --- -
0 60 .5 KFT (2 . 35 --- -

FT) 
-7 00 +700 F/S co . 5 --- -

FT) 
- 200 +200 F/S 7. 28 - -- -
- 200 +200 F/S 7. 28 --- -

--- --- -
--- --- -
--- - -- -

--- --- -
--- --- -
--- --- -
--- --- -
--- --- -
--- --- -
--- --- -

--- --- -
--- --- -
--- --- -
--- --- -

0 2 8 VRMS --- -
0 28 VRMS --- -

--- --- -

-- - --- -
--- --- -
--- --- -

--- --- -

0 28 VRMS --- -
0 2 8 VRMS --- -

--- --- -

--- --- -
--- --- -
- -- --- -

--- --- -

0 28 VRMS --- -
0 28 VRMS --- -
-30 +30 DEG 3 . 92 --- -

• 

ES TIMATED NORMAL 
OPERATl ' lG LIMITS CRITICAL LIMITS SIC 

NORM HI GH LOW HI GH SAMPLING 

--- 50 D5 
VARI ES ---

VARI ES ---

VARIES ---
VARIES ---
120 i !>HR 

2 . 5 I R/1 AH 

28 1/ l PH 
28 1/1 PH 
DI SCRETE 1/1 DPER 
DISCRETE 1/ 1 DPER 

VAR I ES 150 />HR 

VAR I ES 5 0 PH 
VARIES 5 0 />HR 

VARI ES JOO />HR 
100 PH 

VARIES 100 PH 

VAR IES 10/1 PH 
VARIES 10/ l PH 
VAR I ES 100 PH 

VAR I ES ---
VAR I ES ---
VAR I ES 

{ 
100 />HR 
100 PH 

VAR I ES JOO PH 
! OR/ I AH 

VAR I ES 1/1 AH 
10 PJ-1 

VAR IES JOO AH 

VAR l cS ---
VAR I ES ---
VARIES 

{ 
100 />HR 
100 AH 

VAR I ES 100 PH 
VAR I ES 10/1 AH 
VAR I ES 1/1 AH 

10 PJ-1 
VAR I ES 10 0 i'l1 

VARIES ---
VARIES ---
VARIES ---

• 

l.M 
AS - 206 
REV B 

NOTES 

---
NOT TM 9M9A 

N:)T TM 9M9B 

N:)T TM 9M2 / 3 
N:)T TM 9M2 / 3 

---
---
---
---
---
---
---
---
---
---

- --
---
---
---

NOT TM 9M l /6 
NOT TM 9M! / 6 

---

NOT TM qM J/6 
NOT TM 9Mi / 6 

-- -

---
---
---

---

N<)T TM 9M! / 6 
NOT TM 9'11 /6 
ls<JT TM 9'11 /6 

• 

R-B 



• • 
TABLE 6-3 4 SPACECRAFT I NS TRUMcNTATI ON FOR GNC (CONT ' D) 

PPM LOCATION SCERA LOCATION TM DATA RANGE RSS 
McAS McAS TABLE V TABLE I V AC( 

ID D::SCR I PT I ON PPM NO . - SEQ NO . SCERA/ LOC LOW HIGH LN ITS PCT 

GG22 I 9V Pl TCH ATT ERR 4-4 --- -5 +5 VRMS 4 . 03 
GG2247V ROLL ATT ERR --- --- ---

(PGNS) 
GG2249V YAW ATT ERR 4-5 --- -5 + 5 VRMS 4. 03 
GG2277V YAW ATT ERR --- ---

(PGNS) 
GG2279V ROLL ATT ERR 2- 4 --- - 5 +5 VRl"S 4 .03 
GG2 300T PIPA TcW 1-11 / 3- 14 --- 120 140 Of 4 . 03 
GG230 IT IRIG TEMP 3- 12 --- 123 143 Of 4 . 03 
GG6020T PIPA CAL TEMP 1- 10 --- 0 150 Of 4 . 03 
GG900 I X LGC WARNING --- 2/3 I = WARNI NG 
GG9002X 155 WARN I NG --- 2/3 1 = WARNI NG 
GG9003X PGNS CAUTI ON --- 2/ 3 I = CAUTI ON 
GH l 204X OUT DET --- 2/14 1 = WT 
GH l 2 I 4X AUTO ON --- 2/ 14 I = ON 
GHl2 I 7X AUTO OFF --- 2/14 I = OFF 
GHl230X APS ARM --- 1/3 I = ARM 
GHl240V X-TRANS CM) 1-3 2/17 -1 0 +1 0 voe 
GH!247V YAW ERR CM) 1- 12/4-4 2/18 - 13 +1 3 voe I. 12 

GH1248V PI TCH ERR CM) 1-12 /2 -4 2/18 -13 +1 3 voe 1.12 

r GH 1249V ROLL ERR CM) 1-13/2 -4 2/18 -1 3 +1 3 voe I. 12 
__, 

GH 1260X APS :JN --- 2/2 1 = ON 
GH!283X ABORT STAGE --- 2/14 1 = STAGE 
GH 1286X ENG FI RE OVER- --- 2/14 1 = ON 

RIDE 
GHl30IX DPS DN --- 2/3 1 = ON 
GH 1311V MAN THRUST CM) 4-12 1/15 0 14.6 voe 5. 12 
GH1313V PITCH GDA POS 1-6/3- 3 2/9 -1 5 +1 5 VRMS I. SO 

GHl3I4V ROLL GDA POS 1-5/4- 3 2/9 -1 5 + 15 VRMS !. SC 

GH 1323X P TR"I FA I L --- 2/3 1 = FAI L 
GH1330X R TR'1 FAI L --- 2/3 1 = FAI L 

GH l 33 I V AUTO THRUST CMD 3-15/4- 3 1/1 5 0 12 voe 5 . 8 

GH1348X DPS \RM --- 1/3 I = ARM Voe 
GHl40IV RGA ;p MTR A- 8 --- 2/7 ---
GH!402V RGA SP MTR 8- C --- 2/7 ---
GH!403V RGA SP MTR C- A --- 2/7 ---
GH1405V RGA PICKOFF --- 1/17 ---

EXCIT 
GH I 406V +IS voe SUP --- 2/ 19 ---
GH ! 407V - 15 voe SU' --- 2/19 ---
GH 1408V 4.3 voe SUP - -- 2/8 ---
GH l418, JD 4U OUTPUT --- 1/4 1 = ON 
GH l4I9\ JD 4D OUTPUT --- 1/ 4 I = ON 

GH 14201 JD 4F OUTPUT --- 1/4 I = ON 

• 
ONBOARD 

DI SPLW R!>J,G[: RSS C&W 
ACC LI MITS 

LOW HIGH PCT LO,/ HIGH ADV 

--- --- -
- 30 + 30 D'.:G 3 . 92 --- -

--- --- -
-30 + 30 DEG 3 . 92 --- -

- - - --- -
--- --- -
--- --- -
--- --- -
--- cc -
--- cc -
--- cc -
--- --- -
--- - -- -
--- --- -
--- - -- -
--- --- -
- -- --- -
- - - --- -

--- --- -

--- --- -
--- --- -
- -- --- -

--- --- -
0 100% 4. 94 --- -

--- --- -
--- --- -
--- cc -
--- cc -

0 
{

100% } 5 . 50 --- -
13.56 
--- --- -
--- 23 VRM:, 29 -
--- 12 3 VRMS 29 -
--- t2 3 VRMS 29 -
--- 126 VRMS 30.8 -
--- 14 voe 16 -
--- l o voe -1 4 -
--- tu voe 4 . 8 -
--- -
--- -
--- -

• 
ESTlf'ATED t,l)Rt'AI.. 
OPEP.ATJ; ~ LIMIT5 CRIT ICAL LI MITS 

LOW "-It')!'~ HIGH LOW HIGH 

VAR IES 
VAR I ES 

VARI ES 
VARIES 

VAPI ES 
120 130 140 
123 133 143 

82 
DISCRETE 
DI SCRETE 
DI SCRETE 
DI SCRETE 
DI SCRETE 
DI SCRETE 
DISCRETE 

o. 5 

0 . 5 

0 . 5 

DISCRETE 
DI SCRETE 
DI SCRETE 

DI SCRETE 
VAR I ES 
VAR I ES 

VAR I ES 

DI SCRETE 
DI SCRETE 
. 0 15 

DI SCRETE 

DI SCRETE 
DI SCRETE 
DI SCRETE 

S/C 
SAMPLI NG 

10 AH 
---

10 AH 
---

10 AH 
1/1 AHR 
I AH 
I AH 
1/1 DPE 
1/1 DPE 
1/ 1 DPE 
I DPE 
1/ 1 DPE 
I DPE 
I OPE 
10 AH 

~
10 AH 
1/1 AH 

{
10 AH 
1/1 AH 

{
10 AH 
1/ 1 AH 
50/1 DPER 
50/1 DPER 
I DPE 

1/1 DPE 
1/1 AH 

t
l O AH 
1/ 1 AH 
10 AH 
1/ 1 AH 
1/ 1 DPE 
1/1 DPE 

{
10 AH 
1/1 AH 
1 DPE 

---
---
---
---

---
---
---

200 DPE 
200 OPE 
20 0 OPE 

• 
LM 
AS- 206 
REV B 

NOTES 

---
NOT TM CJ-11 /6 

---
NOT TM 9'11 /6 

J;L4029 
L4030 

i:;L4045 

9M7B 

GL4043 
GL4043 
9M7B 

GL4026 
GL4026 
GL4026 
GL4026 

GL402 7 
GL4027 
GL4027 
GL403 I 
GL403 I 
GL403 I 

R-8 



TABLE b- 3 . 4 SPACECRAFT INSTRUM:NTATICX'J FOR GNC (CCX'JCLUDi'D) 

PAM LOCATION SCERA LOCATICX'J TM DATA RANGE RSS 
M:AS t-EAS TABLE V TABLE IV ACC 

ID CESCR I PT I ON PAM NO. - SEQ. NO SCERA/LOC a.I HIGH LN ITS PCT 

GH!42 !V JD 45 OUTPUT --- 1/4 = ON 
GH!422V JD 3U OUTPUT --- 1/4 = CX'J 
GH!423V JD 3D OUTFUT --- 1/4 = CX'J 
GH!424V JD 3F OUTFUT --- 1/4 = ON 
GH ! 425V JD 35 OUTPUT --- 1/4 = CX'J 
G~!426V JD 2U OUTPUT --- 1/2 = ON 
GH!427V JD 2D OUTPUT --- 1/2 = CX'J 
GH!428V JD 2F OUTPUT --- 1/2 = CX'J 
GH!429V JD ZS OUTPUT --- 1/2 = ON 
GH ! 430V JD JU OUTPUT --- 1/2 = CX'J 
GH !43!V JD ID OUTPUT --- 1/2 = ON 
GH!432V JD IF OUTPUT --- 1/2 = 01J 

GH!433V JD 15 OUTPUT --- 1/2 =% 
GH!46!V RGA YAW RATE 2-3/3- 4 2/10 3.5 +3.S VRMS 2. 74 

GHl462V RGA PITCH RA TE 2-3/3-5 2/10 3.5 +3 . 5 VR/'S 2. 74 

GHl463V RGA ROLL RATE 2-3/3-4 2/10 3. 5 +3.5 VRl'S 2 . 74 

G' ll488V PR! - 4.7 VDC --- 2/15 ---
C.tt ! 489V SEC -4 . 7 VDC --- 2/15 ---
GH!493V +6 VDC SUP --- 2/19 ---
GHl4 94V -6 VCC SUP --- 2/19 ---

GH!497V YA\; RGA S JG --- --- ---VRl'.S 

G~l498V PITCH RGA SIG --- --- ---VRMS 

GH 1~99V RCLL RGA SIG --- --- ---VRMS 

GH!603X MIN D-3ND --- 1/3 h = D VDC voc 
"' ( INVRS LOGIC) I 
,_, GH !608X en AUTO KJDE --- 2/14 h = ON 

GH!609X ATT HOLD --- 2/14 h = flOLD 

GH!621X AGS SEL --- 2/3 = SEL 
GH!896X LNBAL CPLS --- 2/14 = ON 

GL4026X CES AC PWR FAIL --- --- = FAIL 

GL4027X CES DC PWR FA! L --- --- h = FAIL 

Gfl515IV PRA COMPARE --- --- I = COMPARE 

GW5!53V PRA CLOCK CX'J --- --- I = ON 
GY0050X ABORT CKJ --- 1/2 h = CMD 

• • 

CX'JBOARD 
DI SPLAY RANGE RSS C&W 

ACC LIM! TS 
La.I HIGH PCT La.I HIGI' t,JJV LOW 

--- -
--- -
--- -
--- -
--- -
--- -
--- -
--- -
--- -
--- -
--- -
--- -
--- -
- -- -
--- -
--- -
--- 5. 2 VDC -4. 2 -
--- 5 .2 VDC -4 . 2 -
--- 5.45 VDC t.6 -
--- 6.6 VDC -5.4 -

-2 .8 +2. 8 6 .00 --- -
- 2 . 8 +2. 8 6.00 --- -
-2. 8 +2 .8 6 . 00 --- -

--- --- -

--- --- -
--- --- -
--- --- -
--- --- -
--- 6DS6 

--- 6DS7 

--- --- -
--- --- -
--- --- -

• 

EST!l'ATED NORMl\1.. 
OPERATING LIM! TS CRITICAL LIMITS 

NORM HIGH a.I HIGH 

DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 

DISCRETE 

DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 

DISCRETE 

DISCRETE 
DISCRETE 
DISCRETE 

• 

l.M 
AS-206 
REV B 

SIC 
SAWLING t-OTES 

200 DPE GL403 l 
200 DPE GL403 l 
200 DPE GL403! 
200 DPE GL4031 
200 DPE GL403 ! 
200 DPE GL403 1 
200 DPE GL4031 
200 DPE GL4031 
200 DPE GL4031 
200 DPE GL4031 
200 DPE GL403! 
200 DPE GL4031 
200 DPE GL403! 
10/1 11/'tR 
10/ 1 11/'tR 
10/1 11/'tR 

--- GL4050 
--- .GL4050 
--- GL4027 
--- GL4027 
--- 9M!/6 
--- 9M!/6 
--- 9Ml/6 

I DPE INVERSE 
GRND DI S 

I DPE 
I DPE 
1/1 DPE 
I DPE 
1/1 DPER GH1401-3V 

G'il405V 
1/1 DPER G'il406-8V 

GH1492 , 4'1 
50 DPE 
10 DPE 
1/1 DPER 

• 

R-B 



• • 
TABLE 6- 3.5 SPACECRAFT I NSTRLMENTATION FOR PROPULSION 

PPM LOCATION SCERA LOCAT I CXs 11'1 DATA RAl'-GE RSS 

MEAS MEAS TABLE V TABLE I V ACC 

I D DES CR I PT I ON PPM i',O. - SEQ NO . SCERA/ LOC LOW HIGH UNITS PCT 

GP000lP APS HE 1 PRESS. 1-14/2-1 2 l /3 0 4000 PSIA 1.9b 

GP0002P APS HE 2 PRESS . 2- 9/4-1 1 1/ 9 0 4000 PSIA 1.9E 

GP00 25P N'S HE REG PRESS 3- 7 1/8 0 30 0 PSIA 1. 96 

GP020 1T APS HE 1 TEMP 1-11 /3- 14 2/? l -200 +20 0 Of 1.78 

GP020 2T APS HE 2 TEMP 2- 5/ 4-7 2/l l -200 +200 Of 1. 78 

GP03 18X APS HE l CLSD 1/12 1 = CLSD 

GP0320X APS HE 2 CLSD 1/1 2 1 = CLSD 

GP07 18T APS FUEL TEMP 2- 13/4-1 2 1/ 8 20 120 Of 2.78 

GP0908X APS FUEL LO 2/2 1 = LO 

GP1 218T APS OX TEMP 2- 11/4-13 1/ 8 20 120 Of 2 . 78 

GP140 8X APS OX LD - 2/2 1 = LO 

GP1 501P APS FUEL PRESS . 2-8/4- 10 1/1 9 0 250 PS I A 2. 15 

GP! 50 3P APS DX PRESS. 2~ 10/4- 9 1/19 0 250 PSIA 2. 15 

GP20 10P APS TCP 2-1 3/3-1 5 - 0 150 PSIA 2 . OE 

f P29 97U{ 
- l = MISMATCH 

APS PROP VLVS 2/1 4 

APOS 
GP2998U 
GQ3018P DPS HE REG PRESS 4- 8 1/ l ~ 0 300 PSIA 1. 96 

GQ3309X DPS HE 1 CLSD - l = CLSD 

GQ 3310X DPS !-IE 2 OPN - 1 = OPN 

GQ3435P DPS HE PRESS . 1- 6/ 3-6 - 0 2000 PSI A 1. 21 

GQ3603Q DPS FUEL l QTY 2- 9 /4- 11 - 0 95 PCT .. 
GQ3604Q DPS FUEL 2 QTY 2-10/ 4-9 - 0 95 PCT .. 
GQ3605Q bPS FUEL QTY SEL - - PCT 

GQ3611P DPS FUEL PRESS. 1- 10/3- 10 - 0 300 PSIA 1. 8, 

GQ371 8T DPS FUEL l TEMP 2- 7/4-6 1/9 20 120 Of 

GQ 371 9T DPS FUEL 2 TEMP 1/4-1 3 1/ ~ 20 120 Of 

GQ4 103Q DPS OX 1 QTY 2- 13/4-12 - 0 95 PCT .. 
GQ4 104Q DPS OX 2 QTY 2-1 1/4-1 5 - 0 95 PCT .. 
G()4105Q DPS OX QTY SEL - - PCT 

-· ·-· -- -

• 
bNBOARD C&W 

DI SPLAY RAI-GE RSS 

~~ 
LIMITS 

.LOW HIGH !,.OW l:IIGH 

0 4000 1. 94 ,~~,.6 

0 40 00 1.94 2993.6 

- 220.2 
- 200 +200 1.78 -
-200 +200 1.78 -

- -
- -

40 100 4.97 -
- cc 

40 100 4.97 -
- cc 

0 30 0 2 . 65 11 9. 75 

0 300 2.65 119 .75 

- -

- -

- tno 260 
- -

- -
0 2000 1.35 -

SELECTED -
SELECTED -

0 99 
.... -

0 300 2 . 69 -
40 100 -
40 100 -

SELECTED -
SELECTED -

0 99 .... -

--· . - ·- · 
:: ACC 

0T08 PCT 
8 TO 25 PCT 

25 TO 95 PCT 

• 
ESTIMATED NORMAL l 
OPERATI I-G LIMITS CRIT ICI L LIMITS ' 

ADV LOW NORM HIGH LOW HIGH 

-

-

-
-
-

l 0FLl 
10FL2 

-
- DISCRETE 
-
- DI SCRETE 
-

-

-

-
I 

-
- DISCRETE 
- DISCRETE 
-
- VAR IES 
- VARIES 
-
-
-
-
-
-
-

:::: ACC 
1.1 ti 0 TO 8% QTY 1.0% 
0 . 7 rt 8 TO 25% QT • 0 .5\ 
1. 1 rt 25 TO 95% QT 1.0\ 

• 
SIC 

L.M 
AS-20 6 
REV B 

Sl'MPLI N; 1-UTES 

1/ 1 AHR l GL4022 
let,11 

1/1 AHR l GL4022 
1()-11 

1/1 111-iR GL4041 
1/1 AHR 1(),11 
1/1 AHR 1(),11 
1 OPE 
1 OPE 
1/1 AHR l<W+A 
1/1 OPE GL4042 
1/ 1 111-iR 1()-14B 
1/1 OPE GL4042 
1/1 Pt-lR GL4022 

11M3A 
1/1 AHR GL4022 

lll-13B 
1/1 AHR 

1 OPE 
100 OPE 

1/1 AH GL4023 
1 OPE 
1 OPE 
1/1 AHR 1()-11 
lR/1 AH 11),15B 
lR/1 Pt-! 11»45B 

- 10M58 
1/1 AHR lOMY. 
1 AHR lllM'IA 
1 AHR l'""" 
l R/1 AH lll-15A 
I R/ f AH 10M5A 

- l()o15A 

~H 



TABLE 6- 3.5 SPACECRAFT !NSTRLMENTAT ! ON FOR PROPUS!ON 

P/IM LOCATION SCERA LOCATION TM DATA RMGE 

MEAS MEAS TABLE V TABLE IV 
ID DESCRIPTION P/IM NO. - SEQ NO. SCERA/ LOC LOW HIGH UNITS 

GQ4111P DPS OX PRESS . 1-5/3-7 - 0 300 PSIA 
GQ4218T DPS OX l TEMP 1-5 /3 -8 1-10 20 120 Of 
GQ4219T DPS OX 2 TEMP 1-6/3-8 1-10 20 120 Of 
GQ44 55X DPS PROP LO - 2/2 l = LO 
GQ6510P DPS TCP 1-8/3-10 - 0 200 PS!A 

GQ6806H VAR !NJ ACT POS 2-14/4-1/4- 2 - I 0 l INCH 
0 1nn PCT 

GQ7498U 

IDPS PROP VLVS - 2/1 4 1 = ON 
6POS 

GQ7499U 

GQ75 11T DPS THROAT T 1 3-15 - -100 2000 Of 

GQ75 12T DPS THROAT T 2 2-6 - -100 2000 Of 

GQ7513T DPS THROAT T 3 2- 7 - -100 2000 Of 

--
RCS PROP A QTY 1-12/3-14 GR1085Q - 0 100 PCT 

GR1089T IRcs A HE TEMP 1-12/3-12 2/20 20 120 Of 
GR1095Q RCS PROP 8 QTY 1-11/3-13 - 0 100 PCT 

°'GR1099T RCS B HE TB-1P 1-13/3-1 3 2/20 20 120 Of 
I 

~ GRllO lP RCS A HE PRESS. 2-11/4-14 1/6 Q 3500 PSI A 

GR1102P RCS B HE PRESS . 2-12/4- 12 l /6 0 3500 PSIA 

GR120 1P ~cs A REG PRESS. 3-11/4- 11 1/6 0 350 PSlA 

GR1202P RCS B REG PRESS. 4-13 1/6 0 350 PSIA 

GR2121T RCS A FUEL TEMP 2-8 2/20 20 120 Of 
GR2 122T RCS 8 FUEL TEMP 2-8 2/20 20 120 Of 

GR2201P ~ FUEL MFLD : 1-1 / 1-7 /3-6/4-1 - 0 350 PSIA 
PRES S 

GR2202P El FUEL MFLD 1-5/3-1 /3-8 - lo 350 PSIA 
PRESS 

GR320 1P ~ OX MFLD PRESS. 1-7/2-2/3-7 - ~ 350 PSIA 

GR3202P El OX MFLD PRESS. l-2/ 1-6/2-1 /3-8 - ~ 350 PS!A 

GR503 1P CP 4U - - -
GR5032P CP 4D - - -
GR5033P CP 4F - - -
GR5034P CP 45 - - -
GR5035P CP 3U - - -
GR5036P CP 3D - - -
GR5037P CP 3F - - -
GR5038P CP 3S - - -
GR5 039P CP 2U - - -

• • 

RSS ONBOARD 
C&W ACC DISPLAY RANGE RSS 

LIMITS PCT ACC 
LOW HIGH f'CT LOW HIGH 

1.87 0 300 2.b9 -
2. 78 40 100 4. 97 -
2. 78 40 100 4 .97 -

- cc 
1.87 0 100% 3 .50 -

' 1.12 - -, 

- -

- -
- -
- -

-
- -
- -
- -- -

1.96 kl 4000 2.60 
1696 

1.96 0 4000 2. 60 
1696 

1.96 ~ 400 2.60 170 200 

1.96 '1 400 2 . 60 170 200 

2. 78 ~o 120 3. 38 -
2. 78 t20 120 3.38 -
1.87 b 400 2.55 -

1.81 ll 400 2 .55 -

1.87 b 400 2 . 55 -
1.87 b 400 2. 55 -

- cc - cc - cc - cc - cc - cc - cc - cc - cc 

' 

• 

ESTIMATED NORMAL CRITICAL 
OPERATI~ LIMITS 

ADV LCM r-.oRM HIGH LOW 

-
-
-
- DISCRETE 
-

-

- DISCRETE 

-
-
-

-
-
-
-

-

-

-

-

-
-

-

-

-

-

- DISCRETE 
DISCRETE 

- DISCRETE 
- DISCRETE 
- DISCRETE 
- DISCRETE 
- DISCRETE 
- DISCRETE 
- DISCRETE 

• 

LIMITS 

HIGH 

( 

1.1'1 
AS-206 
REV 8 

5/C 
SA"1PL!~ 

1/1 AHR 
l AHR 
l AHR 
1 OPE 
1/1 /lffi 

50 AH ) 
1/1 AH 

( 100 OPE) 
1 DPE 

1 AH 
1 AH 
1/1 AH 

lR/1 AH 

1/1 -lR/1 NiR 

1/1 -

1/1 .AHR 

1/1 -

lh AH 
tl /1 AH 

f l!/1 AH 
tl/1 AH 
ll/1 AH 
b. /1 AH 

tlO0 AHR 
R/1 AH 

noo -
R/1.ati 

~00 AHi 
R/lAH 

000 AHi 
lR/lAH 

-
-
-
-
-
-
-
-
-

NOTES 

10M3B 
lCW+B 
111-148 
GL4024 
'J',7A 

IGL4052 
IIMIA 

lGL4052 
8Hl8 

IGL4032 
8HIA 

11.LltGH 
9411 

- ... 2A 
... 2B 

8HlA 

IHll 

IIMlA 

IIMlB 

GL4031 
GL'+031 
GL4031 
GL4031 
GL4031 
GL4031 
GLlt031 
GL4831 
Gllt031 

• 

IR-e 



• • 
TABLE 6-3. 5 SPACECRAFT INSTRLMENTATI<l'I FOR PROPULSI<l'I (C<l'IC LUOED) 

PA'I LOCATI ON SC ERA LOCA TI 0\ TM DATA RAI\GE RRS 
MEAS MEAS TABLE V TABLE IV ACC 

ID DESCR IPTl <l'I PA'I NO . - SEQ NO. SCERA/LOC CJ,,/ HI GH \!N ITS PCT 

GR50 40P TCP 2D - - -
GR50 4JP TCP 2f - - -
GR5042P TCP 25 - - -
GR5043P TCP lU - - -
GR5044P TCP I D - - -
GR5045P TCP If - - -
GR50 46P TCP I S - - -

GR600 1T QUAD 4 TEMP 4- 6 1/20 20 200 Of 2.17 

GR6002T QUAD 3 TEMP 4-7 1/20 20 200 Of 2.17 

GR6003T QUAD 2 TEMP 4- 10 1/20 20 200 Of 2 .17 

'GR6004T QUAD I TEMP 4-10 1/20 20 200 Of 2.17 
_- GR9609U RCS MAIN A CLSD 

·-
1/ 12 

- -- 1 = CLSD 
GR9610U RCS MAI N B CLSD - l /12 1 = CLSD 
r.RQ~ll U ASC FEED A OPN - l /13 1 = OPEM 
GR9612U ASC FEED B OPN - 1/13 1 = OPEN 
GR96 13U A/8 X-FEED OPN - 1/ 13 = OPEN I 
GR9661U 4A ISO CLSD - 1/13 1/14 I = CLSD 
GR9662U 4B ISO CLSD - 1/13 1/14 1 = CC.519 
GR9663U 3A ISO CLSD - 1/1 3 1/14 1 = CLSD 
GR9664U 38 ISO CLSD - 1/13 1/14 1 = CLSD 
GR9665U 2A ISO CLSD - 1/13 1/14 1 = CLSD 
GR9666U 2B ISO CLSD - 1/1 3 1/14 1 = CLSD 
GF9667U lA I SO CLSD - 1/13 1/14 I = CLSD 
GR9668U 18 ISO CLSD - 1/13 1/14 1 = CLSD 

"' I 

"' r' 

• 
ONBOARD 

DI SPLAY RAI\GE RS S C&W 
ACC LIMITS LCJ,,/ HIGH 

LCJ,,/ HIG!-i NN LOW 
- cc -
- cc -
- cc -
- cc -
- cc -
- cc -
- cc -

-100 20 0 2. 37 36 . 4 186.7 -

-100 200 2.37 36.4 186.7 -

-100 200 2.37 36.4 186.7 -

-100 200 2.37 36.4 186.7 -
- 8FL5 
- 8FL7 
- 8FL6 
- 8FL8 
- 8FL17 
- 8FL14 
- 8fll6 
- 8FL13 
- 8FL15 
- 8FL10 
- 8FL12 
- 8FL9 
- 8FLII 

• 
ESTIMATED I\ORMAL 
OPERAT!r-G LIMITS 

CRITIC.O.L LIMITS 
NCffl HIGH LCJ,,/ tilGH 
Ub'-"cll: 

DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 

DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 
DISCRETE 

• 
l.M 
AS-206 
REV 8 

SIC 
~/IMPL!r-G t«)TES 

- IGL'+O}l 
- GL4031 
- GL4031 

- GL4031 

- GL4031 
- GL4031 
- GL4031 

1/1 AH GL4053 
l!tll 

1/1 AH j GL4053 
l!tll 

1/1 AH GL4053 
18Ml 

1/1 AH l GL4053 
l!tll 

1/1 DPER 
1/1 llPERL 
1/1 DPER 
1/1 DPER 
1/1 DPER 
1 DPE 
1 DPE 
1 DPE 
1 DPE 
I DPE 
I DPE 
1 f)f>f. 
1 llPE 

R-B 

'. 
I 



• TABLE 6-lt SIGNAL cctOITICNJN:t /"EASURfJ,£NT ASSIGN-ENT 

SCERA l 
SCERA 

SCEAA 
SCERA SCERA 

MEASURFJ-1ENT lOCATICl'I t-'EASURBENT LOCATJCN 
HEASUR0£NT 

SCERA 
~UREMENT LOCATION 

PROP fl Fl n T ITLES C<W PCM DISP PH) TYPE ELEC/CCtM ECS GNC PROP F IEI.O T ! T t ~c: c,w - o,co ANO TYPE ELEC/C0'+1 ECS GNC PROP F IE O T I T.LES r<w -- """ 
LOCATICJII 

GNC PROP FIELD TITLES c,w POI OISP ELEC/CCff.1 ECS GNC ""° TYPE ELEC/CCM1 ECS 

GR.960CJJ RCS MA.I N A CLSO X LOC-1 LOC-12 
OPEN 

LOC-)2 

X X 
GR9610U RCS MAIN 8 CLSO X GSE S I GNAi. 

OPEN X 

LOC-1 SIGNAL I X X 0£CXOJT ISOl.ATlt,1; X 
OPEN 

OPEN X X 

GSE I SOLATIN:i 
OPEN X X 

DI SCRETE 
ct£cr.our 

DISCRETE 
X OPEN X X 

OPEN X 
BLFfER 

OPEN X 

IIUfffR 
GP0318X APS t-E. 1 CLSO X X 

504-'t 
OPEN X 

504-S 
GPOJ20X APS t-E. 2 CLSO X X 

GC996IU 
BAT. 1 Mo\L X X GR9609U RCS KO.I N A CLSO X X 

GC9962U 
BAT. 2 MAL X X OPEN X X 

GC9963U 
BAT . 3 MAL X X GR9610U RCS MAI N B CLSD X X 

(;(9961.fU 
BAT. 't Mi\L X ' 

OPEN X X 
GC9965U 

BAT . 5 ""1AL. X X OPEN X X 
GC9966U 

BAT . 6 MAL X X 
GR9661U 4A ISO CLSO X X LOC-2 OPEN X X LOC- 13 

OPEN 
X X LOC-13 

X X OPEN X X 51c,w_ X 
GH1't26V JD 2V OJTPUT 

GR9662U 48 I SO CLSO SIGNAL 
OPEN 

LOC-2 
JD 20 C:UTPUT X X SIGNAL 

JA ISO CLSO X X JSOLATIN; OPEN X X ISOI.ATUG X 
GHl't27V 

I SOlATII'«. GR966}U 

OPEN X X OPEN X 

SIGJIW.. 
JD 2F OlfTPUT X X 

GR9661tU JS ISO CLSD X X DISCRETE DISCRETE 
OPEN 

GHl't28V 
DI SCRETE 

OPEN X X X 

JSOLATIN. 
JO 25 OUTPUT X X 

GR966SU 2A ISO CLSD X X BUFFER 

""'"'" OPEN 

DISCRETE GHllt29V 
X X BUFFER 

X X 
504-5 X 

JO l U WTPUT 
GR9666U 28 I SO CLSD 504-l GP0908X APS FUEL LO X X 

OPEN 

Ill.HER GHlltJOV 
JO 1D OJTPUT X X 50lt-lt 

lA I SO CLSO X X 
GP1408X APS OX LO X X GC9961U X 

GHllt31V GR9667U 
BAT. l MAL X 

504-2 
GH1433V JD l F MPUT X X 

GR9668U 18 ISO CLSD X X 
OPEN X X GC9962U 

BAT . 2 l"AL X 
GH1432V JO I S CXJTPl/T X X 

OPEN X X 
GQ~lt55X DPS PROP LO X X GC9963U 

BAT. 3 "4AL X 
GY0050X ABORT 0-0 X X 

GR961 l U ASC FEED A a>EN X X GH1260X APS ON X X GC9964U 
BAT. It "4AL X 

OPEN X X 
GR9612U ASC FEED B OPEN X X 

OPEN X X GC9965U 
BAT. 5 KO.L X GR961}U N B XFEEO OPEN X X 

OPEN X X GC9966U 
BAT. 6 KAI.. X 

GR966lU ltA ISO CLSD X LOC- ) GG900JX PGNS CAUTIOI/ X X LOC-llt GHl 28}X ABORT STAGE • 
LOC- 1'+ GH1603:ic; HI N DIN) X 

GR9662V 4B ISO CLSD X SIGNAL OPEN X X SIGNAL GH1286X EN; F I RE OVERRI DE X 

LOC-3 

APS -
X SIGNAL 

GR966lU 3A ISO CLSD X ISOlATl t,1; CF2n1i1x CLY LEVEL LOW X X ISOLATINi GH1608X AVTO l1JOE X 

GH1230X SIGNAi. 
OPEN X I SOlATIMi 

GR9661HJ 36 ISO CLSO X DISCRETE GH1301X OPS ON X X DISCRETE GH1609X ATT HOU> X 

I SOLATlf'.I. 
OPEN X DI SCRETE 

GR966SU 2A ISO CLSD X EIJFFER CH1621X AGS SEL X X BUFFER GH1204X OJT flfT X 

DISCRETE 
OPEN X X flJFFER 

GR9666U 26 I SO CLSD ' 504-3 
~ X X 50tt-5 GH1214X AUTO CJ,,I X 

BUFFER 
504-5 

X X 
OPEN X ' GR9667U IA I SO CLSO X 

X GH1 2 17X AUTO OFF X 

504-2 
OPEN X X 

GR9668U 1B I SO CLSD X GH1323X ll"il'iM FAIL ~ X GH1896X l.tlBAL CPLS X 
OPEN X X 

G-YOll l X ED ARM A 00 X GH1330X R TRJ1 FAI L X X 
GQ71t98X DPS PROP VLVS /JPOS X 

GH131t8X DPS -
X X 

GY01l2X ED ARM 8 oi X 
GG900IX LGC WAANl r-G X X 

GQ7499X DPS PROP VLVS /JPOS X 
OPEN X 

GY0121X STG RLY A FIRE X GG9002X ISS WARNf N:; X X 
GP2997U APS PROP Vt.VS /JPOS X GY0122X STG RLY 8 FIRE X 
GP2998U APS PROP VLVS 6POS X 

X X 
LOC- 15 GH1331V AUTO ll''RVST Q"('l LOC- S GC4361X BAT. 1 HI TPP X X GHllt88V PRI - it. 7 VOC X 

X LOC-15 
X X GC4362X X X ATTEfllJATOR 

OPEN 
GH13 11V AA~~. THRUST C.T SIGNAi. E'AT. 1 L(YI,' TAP GH1489V SEC - lt. 7 VDC X 

LOC-S 
OPEN X ATTe l.lATf'lR 

~ '3US V".'LT 
,. 

I SOlAT i t-.k; GC436JX BAT. 2 HI TN' X )( 502- 2 
OPEN 

GC(l 30 1V 

X 

SIGNAi. 
GHl lt18V JO 4U OJTPUT X X 502-2 

Cf>Ell X DISCRETE GClt] 64X BAT. 2 LOW TAP X X GC0302V 
SE BUS VOLT X 

lSOl.ATtt,1; 
GH1420V JO 4F OUTPVT X X 

BUFFER GCltJ6SX BAT. 3 HI TAP X X 
DISCRETE 

GH1411JV JD ~D CUTPUT X X 
SOit-it GC4366X BAT. 3 LOW TAP X X 

BUFFER 
GH1421V JD 4S CUTPVT X X 

GC4367X BAT. 4 HI TAP X X 
50it-2 

GHllt22V JO 3U CUTPUT X X 
GC4368X BAT. 4 LOW TN> X X GHllt2JV JD 30 CUTPIJT X X 
G0t369X BAT. S B/U COR X X GH1 .. 21+V JD 3F OVTPUT X X 
GClt370X BAT. 6 l'.oRM COR X X GH1425V JD 35 OVTPUT X X 
GC4371X BAT. 5 NORM SE X X 
GC4372X BAT. 6 8/ U SE X X 

• 

• 
GCl) l 55F I\C 9l6 flolff' ' LOC- 5 OPEN X LOC-16 GC0201V 

BAT. l VOLT X X 
OPEN X X X L.C-16 

P.FEN ' SIGNAi. 

l l 
ATTENJATOR GC0202V 

BAT. 2 \IU..T X X 

LOC-5 
OPEN X X P ':~ TC OC 

"'PR~ X ISOLATlt-C 502-2 GC0203V 
BAT. 3 VOLT X X 

SIGNAL 
OPEN X X Ct NVERTEA 

DISCRETE 
GC020W 

BAT. 4 VOLT X 

ISOLATI JIC 
OPEN X X 505- 1 

BUFFER X 
-"'W.(X; 

SOlt-S CXTS 1-12 X 
BUFFER 
SOit- I 

LOC- 6· OPEN X LOC- 17 GC0205V 
GC0071V AC Sl.6 VOLT ' BAT. 5 VOLT X X 

GRllOlP RCS A t-E , r RESS. X X X LOC- 17 
OPEi i • RESISTANCE OPEN X ATTENJATOR 

GH121tOV X TRANS 01> X 

LOC-6 
GR1102P RCS B HE , PRESS, X X X AC. TO DC 

P.GA rYCTl X TO DC OPEN X 502- 2 
SIGNAi. 

RCS A REG PRESS. X X X C~'-.TEf!. GH1405V 

CCNVERTER OPEN X 
GR1201P 

OPEN 

ISOlATl flli 
GR1202P RCS B REG PRESS. X X X 503-2 

506- 2 GF4511T PIH W/B H20 TEJf X X 
-"'W.(X; 
IIUFFfR 
504-1 

X 
LOC- 18 GC0206\/ 

Lf;C- lij GCOH5F AC BUS FREQ LOC-7 GHl .. OJV RGA SP MTR A-B X 
BAT. 6 VOLT X X 

ASC 1 0 2 PRESS. X ' 
X 

Af. 8US VOLT X X AC TO DC GH1lt02V RGA SP MTR B-C X ATTENUATOR GH1249V ROLL ERR DO 

GF3582P 
SIG:,!AL GC0071V 

X 

LOC-7 
ASC 2 02 PRESS . X X X 

COR BUS WLT X X CQ,,/1./ERTER GH1403V RGA SP MTR C-A X 502-2 GH1247V 

SIGNAL <;f3585P 
I SN.PTIN:. r.co~oiv 

YAJ,j ERR 01> X 
X X X 

PR ! Hi() REG AP X 503- 2 
GH1248V 

ISOlATI~ OPEN 
,",~l lc.G GFlt l Ol P 

PI TCH ERR CH) X """-"' OPEN X X 
BUl='FEI-. 

IM'FER 
S0'+- 1 

504-1 

APS t-£ . 2 PRESS. X X • X LOC- 19 
LOC-19 GP0002P LOC-8 OPEN GtHlt06V + 15 WC SUP X 

Gflt582Q ASC l H2') QTY X X X 
SIGNAL GQ30 18P OPS t-E . REG PRESS. X X DC OPEN X X ATT'ENJATOR GH1407V - 15 VDC SU> X 

LOC-8 
ASC 2 H20 QTY X X X 

GP1501P AP5 FUEL PRESS. X X X Al-f'LIFJER GHllt08V 4 . 3 VDC SUP X 502- 2 GH l 49JV +6 voe SIP 

SIGNAi. G,-S8JQ 
X X 150-.ATlf'.(; 

/JPS OX PRESS, X X X 
X 

GP0025P APS HE. P.EG PRESS . 
AAAUJG GP150}P 501-1 GCOJ02V SE BUS YOL T X X GH1494V - 6 \'OC Sl..P X 

ISOLATlt,1; 
GPOOOIP APS HE. I PRESS. X X X 

"""-"' BUFFER 
IIUFFfR 504-1 
504-1 

GR6002T =3ID'P X X X LOC-9 GH13 I3V PITCH GOA POS X LOC- 20 
GR1089T RCS A t-E. TEI-fl X 

LOC-20 

X 
GQ3718T OPS FUEL I TEJ,P X X 

RES I ST JiNCE GR6003T QUAD 2 Te-F X X X PHASE GHl3lltV ROLL GOA POS X RESISTAICE 
GR2121T RCS A FUEL TEMP X X 

LOC- 9 
CPS FVEL 2 Ta-f) X X 

GR600l+T =· ID'P X X X SENSITIVE OPEN X TO DC 
GQ3719T 

TO DC 
GR2122T RCS B FUEL TEKI X X 

RES I ST N-K:E 
GP0718T APS FU';L Ta-fl' X X 

GR600I T OUAD S ID'P X X X 00100UJ.ATOR OPEN X CctMRTER 
GR1099T RCS B HE. T9-P 

TO DC 
X X COtNERTER 

506-2 X X 
CQIIVERTER GP1218T N'S OX T&V' 

506- 2 S07-1 
506-2 

OPEN X X LOC-10 LOC- 21 
OPEN 

GLY TE1'P X X X LOC-2 1 
OPEN X X PHASE OPEN X RESISTANCE X 

GF9998U RESISTPNCE 

OPEN X X 

LDC- I0 
OPEN X 

OPEN X X X SENSITfVE GH1461V RGA YAW RATE X TO DC 
GP0201T APS HE. 1 TEW 

TO DC 

X X 

RESIST.A/11:E 
GQS218l DPS OX l TEr-f> X X 

OPEN X X X CEMOCX.JLATOR GHl462V RGA PIT01 RATE X CCffv'ERTER 
GP0202T APS HE. 2 TIM> 

10 DC 
rPS OX 2 TEI-P X X COWERTER 

506-2 X X 
CO,IVERTER GQ•219l 

506-2 507-l GH!lt63V RGA ROLL RATE X 506-2 • 
L.OC- 22 LOC-22 LOC- 11 OPEN X X 

CAPPED CAPPED CAPPED 
LOC-11 

OPEN X X RESISTANCE 
OPEN X X TO DC 

tcl'NfRTER OPEN X X 

506-2 

6- 22 



• 
TABLE 6- 5 TELEMETRY VERSUS PAM GATES L~ 

AS-206 

PAH I ~ PAH J P/\M 4 PE" e 

SEO OWNEL(S) ELEC/CCM'1 ECS GNC PROP SEO CHANNEL(S) ELEC/CCM'1 ECS GNC PROP SEO ChMNEL(S) ELEC/CCM'1 ECS GNC PROP SEO CHANNEL(S) ELEC/CW, ECS GNC PROP 

200AHI (200AH4) GR220 1 200AH2 (200AH5) GRJ202 200AHJ GR2202 200AH4 ( 200AHI) :;R22Cl 
IO OAH I (IOOAH9) GG2107 IOOAH2 GG2 151 IOOAl'3 (IOOAHIE) GG21J7 IOOAH4 (IOOAHl2) -- -- -- --

I I OOAH8 -- -- -- -- I IOOAH9 (IOOAH I ) GG2107 l IDOAH l O (I OOAH1 8) -- -- -- -- l IOOAHll -- -- -- --
I OOAH l 5 GG2 107 IOOAHl6 (IOOAH3) GG2137 IOOAH17 GG2137 IOOAHl8 (IOOAHlO) -- -- -- --
50AHI GG202 l 50AH2 (50AH5) GG2001 50AH3 (50AH6) GG204 1 50AH4 G~6806 

200AH5 (200AH2) GRJ202 200AH6 GR320 1 200AH1 -- -- -- -- 100AH22 -- - - -- --

• 100AH5 GG2167 lOOAH6 GG2121 lOOAH/ GG2170 50AH8 GQ6806 

2 lOOAH l 2 (IOOAH4 ) -- -- -- -- 2 100AH13 (IOOAHI9) GG2167 2 IOOAH 14 GG2140 2 
100AH19 (IOOAH13) GG2167 IOOAH20 GG2 ! 81 IOOAH2 1 GG21 IO 
50AHS (50AH2) GG200 I SOAH6 (SOAHJ) GG2041 50AH7 -- -- -- --

IOAH I GHl240 IOAH2 GT0992 10AH3 GT0994 I OAH4 -- -- -- --
I OAH8 -- -- -- -- IOAH9 (IOAH40)"" "GG2142 lOAHlO -- -- -- -- IOAH!l -- -- -- --

3 IOAH18 -- -- -- -- 3 10AH19 (IOAH43) "GH1461 3 IOAH20 -- -- -- -- 3 IOAH21 GHl3J l 

IOAH28 GG2173 10AH29 (IOAH45) "GH1462 IOAH30 GHl 313 10AH31 GHl3 14 

I OAH37 (IOAHl J) -- -- -- -- 10AHJ8 (IOAHJ4 ) "GHl46J 10AH39 (IOAH15) -- -- -- -- lOAH40 (IOAH9 )"" "GG2142 

10AHl 2 GG2 143 IOAH5 GH I 249 10AH6 (IOAH44) -- -- -- -- IOAH) (IOAH42) -- -- -- --
10AH22 -- -- -- -- IOAHIJ (IOAH37) -- -- -- -- IOAHl4 "GG2113 IOAH15 (IOAHJ9) -- -- -- --

4 10AH32 -- -- -- -- 4 IOAH23 GG2279 " IOAH24 "GG2 172 4 10AH25 GH l 24 7 

IOAH41 CiOAH26)"" "GL0401 I OAHJ3 GHl 248 I OAH34 (IOAH38) "GHl463 IOAH35 GG22 I 9 

I OAH42 (IOAH/) -- -- -- -- 10AH4J (IOAH19) "GH1461 IOAH44 (IOAH6) -- -- -- --

1AH3 (IAH48) GQ4218 !AHi GT06 19 IOAHI6 "GG2 112 I OAH l 7 GG2249 

!AH) "GG2 14 3 1AH5 "GG I J31 10AH26 (IOAH41)"" "GL040 1 lOAH27 (IOAH36)"" ''GL0402 

5 IAH J I ''GH1JI4 5 IAH9 ''GC0205 5 IOAH36 (IOAH2/)"" "GL0402 5 
lAHl S (IAH44)"" ''GR2202 IAH13 (IAH27) ''GP0202 IOAH45 (IOAH29) ''GHl 462 

IAH19 (IAH29) "GQ4lll " JAH J 7 (IAH46) -- -- -- --

JAH22 ''GHl313 1AH20 (IAH54) ''GF4582 1AH2 (IAH49) GGI040 IAH4 (IAH4 7) GQ3718 

"1AH26 -- -- -- -- IAH24 (IAHSO) ''GF4583 IAH6 (IAH30) "GQJ435 IAH8 ''GR600 1 

6 I AH30 (IAH6) "GQ3435 6 "IAH28 (IAH12) -- -- -- -- 6 IAHIO ''GF9997 6 " IAHl2 (IAH28) -- -- - - --
IAHJ4 CiAH56) GQ4219 1AH32 GQ/5 12 IAH14 (IAH4S)"" ''GR2201 "IAH16 (IAH43)"" -- -- - - --
1AHJ8 (IAH52):::: ' 'GRJ202 1AH36 ''GC0206 "IAH18 -- -- -- --

IAH41 GC0202 IAHJ9 G075 13 1AH21 (IAH53)"" ''GRJ201 IAH23 (IAH51)"" ' 'GGIIIO 

IAH45 CiAH14)"" ''GR2201 "IAH43 (IAHJ6)"" -- -- -- -- "1AH25 -- -- -- -- I AH27 (IAH13) ''GP0202 

7 1AH49 (IAH2) GG1040 7 IAH47 (IAH4) GQJ718 7 IAH29 (IAH 19) ''GQ4 111 7 IAH31 (IAH55) -- -- -- --
1AH53 (IAH2 1)"" ' 'GRJ201 1AH51 (IAH23)"" ' 'GG l llO IAH3J -- -- -- -- IAH35 ''GR6002 

• 
1AHS7 GC0204 IAH55 CiAH31) -- -- -- -- IAH37 "GP0025 

" I AH60 -- -- -- -- "1AH58 (IAH88) -- -- -- -- I AH40 -- -- -- -- IAH42 ''GQ3018 
1AH64 ''GG217J 1AH62 (IAH92) ''GP1501 : 'IH44 (IAH 15)"" ' 'GR2202 "1AH4 6 (IAHl 7) -- -- -- --

8 IAH68 (IAH 102) ''GCl 205 8 IAH66 ''GR212 1 8 IAH48 (IAH3) GQ42 18 8 1AH50 (IAH24) ''GF4583 
I AH/2 GC0201 IAH/0 -- -- -- -- 1AHS2 (IAH38 )"" "GR3202 IAH54 (IAH20) ''GF4582 
lAH/6 (IAH86) "GQ6510 IAH74 ''GR2122 1AH56 (IAH34) GQ4 219 

IAH/9· GC0203 I AH/7 (IAHI04)"" ''GQJ603 IAH59 (IAH99) ''GF2021 1AH6 1 (IAHIOS) ''GPISOJ 
1AH83 (IAH98) ''GF357l " 1AH81 (IAH96)"" -- - - -- -- IAH63 (IAH95) ''GC1203 "IAH65 (IAH89) -- -- -- --

9 1AH87 (IAH/5) ''GC1206 9 " 1Atl85 -- -- -- -- 9 1AH67 CiAH94) ''GC l 204 9 IAH69 (AH! Ol )"" ''GQ3604 
IAH9 1 (IAH106) ' 'GC 1201 " 1AH89 (IAH65) -- -- -- -- IAH/1 -- -- -- -- "IAH7 J (IAH97) 
IAH95 (IAH63) ''GC 1203 1AH9J (IAHlOO) ''GP0002 I AH/5 (I AH87) ''GCl206 

1AH99 CiAH59) ' 'GF2021 "IAH97 (IAH/3) -- -- -- -- IAH/8 -- -- -- -- 1AH80 ''GR6003 
IAHlOJ (IAH90) ' 'GQ36 ll I AHIOI (IAH69)"" ''GQJ604 1AH82 ''GC00/1 1AH84 ''GR6004 

10 " IAH107 -- -- -- -- 10 I AH l 05 (IAH6 1 ) ''GP l 50 3 10 IAH86 (IAH /6) ' 'GQ6510 10 " 1AH88 (IAH58) -- -- -- --
I AHl ll GG6020 I AH l 09 -- - - -- -- 1AH90 ~IAHI OJ) ' 'GQJ6ll 1AH92 (IAH62) ''GPl50 1 

" 1AH l1 5 -- -- -- -- " l AH ll J -- -- -- -- 1AH91 (IAH67) ' 'GC 1204 

1AHll9 "CiAH146)"" GR 1095 I AH ll 7 (IAH l 48) GQ37 19 I AH98 (IAH8 J) ' 'GFJ571 "1AH96 (IAH81 ) " " -- -- -- --
I AHl2J (IAH!66) ' 'GG2JOO IAHl2 1 ''GGl 20 1 IAH102 (IAH68) ''GC 1205 I AHlOO (IAH93) ''GP0002 

11 IAH127 ''GC0302 11 IAH l 25 (IAHl60) ' 'GRl 101 11 IAH106 (IAH91) ''GCl201 II 1AHI04 (!AH)/)"" ''GQ360J 
"IAH1 31 (IAH l 42) -- -- -- -- IAHl29 (IAH144) ''GP1218 IAHll O GR1 20 1 1AH1 08 -- -- -- --

IAHl J5 (IAHl 70) ::GP0201 IAHl33 (IAHJ76)" " "GQ4 ! 04 IAH11 4 ''GF9998 1AH112 ''GR l 201 

IAH139 ''GH1247 IAHl37 -- -- -- -- IAH118 GG2301 1AH1 16 (IAHl6S)"" ''GQ4 10J 
"1AHl43 (IAH134) ::GR1089 IAHl41 (IAH168) ''GF410 1 1AHl22 (IAH!67) ''GC1202 IAHl20 (IAH169) ' 'GP0/18 

12 "1AH147 (IAH l JO) 12 IAHl45 (IAH124) ''GR1102 12 lAH126 ''GCOJOl 12 1AH124 (IAHl45) "GRl1 02 
IAH151 ( 1AH162):::: GR1085 "1AHl49 (IAHl64)"" -- -- -- -- "IAH l JO (IAH147) -- -- -- -- "1AH128 -- -- -- --
lASISS ''GH1248 IAHIS3 (!AHi 79) ''GPOOOl l/lHB4 (IAHl 4 J) ''GR1089 1AHIJ2 ''GH13 1 l 

• 
1AH159 GT0202 IAHl57 GF3583 IAHl38 :;c.Rl20:? IAH l 36 -- -- -- --
I AHl 6J (IAH154) "GR1099 "1AHJ6l (!AHi 52) -- -- -- -- 1AH142 (IAHl J I ) -- -- -- -- 1AH140 ''GRl 202 

1, IAH167 (IAHl22) ''GCl202 13 IAHl65 (!AHi 16)"" ''GQ4103 13 IAH l 46 (IAH119)"" ''GR1095 13 1AH144 (IAH129) :,:;p1 218 
" lAHl/1 -- -- -- -- IAHl69 (!AHi 20) ''GPO/ 18 IAH 150 -- -- -- -- IAHl48 (iAHl l /) GQJ/19 

lAHl/5 ''GHl 249 lAHl/3 (IAH l 78) ''GP2010 I AH 154 ( I AH163) "GRl099 "1AH 152 (IAH 161) -- -- -- --

lAHl /9 (IAH15J) ::GPOOOl "lAHI 77 (!AHi 72) - -- -- -- 1AH1 58 GC0 155 I AH l 56 
IAHl~3 ''GFJ592 " 1AH 18 1 -- -- -- -- -- -- -- --

14 IAH187 ''GT0201 14 I AH I B5 ''GT0992 
IAHl62 (IAHl 5 l)"" GRI 085 1AH160 (IAH1 25) ' 'GRI IOI 

1AH 191 GF3582 1AH189 -- -- -- -- 14 I AH l66 (IAHl23) ''GG2JOO 14 " 1AH164 (IAH1 49)"" -- -- -- --
IAH 195 ''GT0993 I AH193 " GQ6806 

!AHi 70 (!AHi 35) ''GP0201 I AH168 (IAH141) ''GF41 01 
I AH l / 4 ''GCOJO l " IAH l 72 (IAHl /7) -- -- -- --

l AH l 78 (lAHl / J ) "GP20 10 l AH I 76 (IAHl JJ)"" ' 'GQ41 04 
1AH182 ''GQ75 ll " I AHl80 -- -- -- --

• 
15 1AHl 86 ''GH 1J3 1 15 " I AH l 84 -- -- -- --

IAHl 90 -- -- -- -- 1AH 188 -- -- -- --
IAH1 94 "GF3591 IAHl 92 "GF4511 

"LBR C ) RECU<DANT OWNEL 
::::REDLNVAN.T 1-'BR o,JLY 6- 23 
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TABLE 6- 6 MEASUREMENTS ON UNREGULATED DC 
LM 
AS-2O6 
REV B 

CIRCUIT BREAKER 4 CB 132, 3A, SE PNL XVI FUSE ASSEMBLIES AND SENSOR PO\'!ER 

I. FUSE ASSEMBLY 4A9 

FUSE NO. 
Fl 

2 
4 
5 
7 
8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24 
25 
26 
27 
28 
29 
30 
32 
33 
34 
35 
36 
39 
40 

II. FUSE ASSEMBLY 4Al0 

MEAS NO. 
GF3582P 
GF3583P 
GF2741P} 
GF2921P 
GF4582Q 
GF4583Q 

GRllOlP 
GR1102P 
GR1201P 
GR1202P 
DFI 
DFI 
DFI 
DFI 
DFI 
DFI 
GR3201P 
GR3202P 
GPOOOlP 
GP0002P 
GP0025P 
GP0908X 
GP1408X 
GP1501P 
GP1503P 
GP2010P 
GQ3018P 
GQ3611P 
GQ3435P 
GQ6510P 
GQ4111P 

<THROTTLE INSTRUMENTATION 
REFERENCE POWER 

--40 FUSES. (NONE LOADED) 

III. ECS FUSE ASSEMBLY 

3 
4 
5 
6 
9 

GF3571P 
GF3591P 
GF3592P 
GF2021P 
GF4101P 

6- 24 

Fl ELD TITLE 
ASC 1 02 PRESS. 
ASC 2 02 PRESS. 

( 
GLY PUMP PRESS.) 
(GF9997U) 
ASC 1 H20 QTY 
ASC 2 H20 QTY 

RCS A HE. PRESS. 
RCS B HE. PRESS. 
RCS A REG PRESS. 
RCS B REG PRESS. 

A OX MFLD PRESS. 
B OX MFLD PRESS. R- B 
APS HE. 1 PRESS. 
APS HE. 2 PRESS . 
APS HE. REG PRESS. 
APS FUEL LOW 
APS OX LOW 
APS FUEL PRESS. 
APS OX PRESS. 
APS TCP 
DPS HE. REG PRESS. 
DPS FUEL PRESS. 
DPS HE. PRESS. 
DPS TCP 
DPS OX PRESS. 

CABIN PRESS. 
U/H RLF PRESS. 
F/H RLF PRESS. 
PRI GLY PUMP ~p 
PRI H20 REG ~p 
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TABLE 6- 7 PCMTEA SINGLE POINT FAILURES 

FAILURE OF: 

ANALOG MULTIPLEXER 
SEQUENCER 

ANALOG MULTI PLEXER 
DR IVER 

HIGH-SPEED PAM GATE 

DIGITAL MULTIPLEXER 

OUTPU T REGI STER 

DATA TRANSFER 
BUFFERS 

PROGRAMER 
(l) COUNTERS 
{2) MATRIX 

DATA LOST 

UP TO 5 ANALOG 
CHANNELS 

UP TO 20 ANAL OG 
CHANNELS (4 SEQ) 

UP TO 75 ANALOG 
CHANNELS 

Cl) LOSS OF ALL 
ANALOG DATA (2) 

(2) LOSS OF AL L 
DATA IN SAME 
BIT POS ITION 

(3) LOSS OF ALL 
DATA 

{1) LOSS OF ALL 
SERIAL DIGIT AL 
DATA (AGS 
OR PGNS) 

(2) LOSS OF ALL 
DATA 

LOSS OF ALL DATA 

LDSS OF ALL DATA 
(U ' LOSS OF UP TO 

20 ANALOG 
CHANNELS 

(2} LOSS OF DIG IT AL 
DATA 

(3 ) LOSS OF ALL 
DATA 

TABLE 6- 8 PRE LAUNCH STATUS OF SWITCH AND 
CIRCUIT BREAKER POSITIONS 

NAME 

SWITCHE S 

MASTER ALARM: COR 
MASTER,ALARt.4, SE 
PCM 
TAPE RECORDER 

CKT BREAKERS 

TAPE RECORDER 
SIG CONDR l 
MASTER ALARM 
PCMTEA 
C&WEA 
SIG SE NSOR 
SIG CONDR 

NUMBER POS ITI ON 

6S2 EX TINGUISHED 
6S3 EXTINGUISHED 
13S13 HI 
13511 OFF 

4CB202 
4CB131 
4CB147 
4C81 25 
4CB99 
4C8132 
4CB1 

OPEN 
CLOSED 
OPEN 
CLOSED 
CLOSED 
CLOSED 
CLOS ED 

DWG NO. 6.1 . l 
DETAIL SHEET NO . l 

• 
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• 
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• . 
DIGffAL l•aTS 

( 

r-------~----------------~-r=-~-';j--, 
MASTDA&,MO u ... I I 

CAUTIOII 

.. w-.. 
CHA-L 
OUlCtol: 

LOCK 

C W .. 
0 I ' . I I .. .. 

..aALOC 2l Z 
IIHSatt:Tf. 26 1 
1•■1r , 
il ""8ll 4 2 
111£SlT 10 

··,..., 

~ .::: "--[i~:;i~ ... i---+--•~-

~~4 I t .,,,.. ,.,.., .. _ 7 I <ICBlU .. 

-:: .. ::- ~~$~~EDI .,__ _____ _., r-J·'---+-o,.,-,,._--j _ __ ~ Vast: 

-,z, 
5.1.1 

!Ii 
5.1.1 

<Com 
T 

VON:E RCOlt 

1-11r ""',=.,•~•~"~'---L_""~'1' t-~•1tl~~==~·"' .. ~,~~,~'i1=:!!===£,1: ~I--~ 7 ..,,.. • ....,. ' 
I =Jim..-f-@---, I • I J I 

r---------------------------------- ~------, 

1 
TCA CO.MAll>S ~----'---

::: ::. 
GIDISCUTtS> 
~ 

A\IT(IM4TIC lf:SET 

·)VO< 

I ~1 ID I y IIATA STORACC I NOTE: 05£4 NOT lfltSTALl.E.0 I ,----- SEIIAL TIM£ CIIIU) 

l ~.L... ~---: = J ELtCUDfHCS ASSUflt.Y OJI ut--1 SPACECIUFT I t---c' .""'~"~··--- TO AGS BASIC CUICl ,UlS( [P 
r 1---~- 7 t-----''~"~".c.• __ __.. TOCOMM ~ Dllf:ICHtYICEY - 1.25MCSUlltMIIJEII GEVA> 

l} •li ± I :::::: TO [ PS IIIYHTla1t
1 '~ft l F- FREQUENCY COfilOl. 

I I I DATA TUIISFQ: l..41tlt1 I I r- --- ----~ 7 TWOf"OSITIOll·, u,c. I TIMIIC[QUIP TO EPS IIVHTU2 I 
65.M-:-- ~ -

1 
AIULQC IIIIPUTS, I I C.1£Y - TAfl£MOYING I IUFRaS t-----<l.E.CTlOLUflUIIIESCEIITUGKTIC , • ..l -

I w.s~ I '--.~,,.o.- u ccao &Ua:1tP01.£•TAP£ 1 
1

•,,.
011 ATCAPONE1suHt.v qio rocu 

L ~~l ... J - I 'MC( I ~ MIMIC. POWEii ~ 10th EVENT TIMEI 8 , 2 . l SH I 

- f!!. e - -- 1-:i.O::- '!~ !.. ,,,.,u.1~':!1 
•&v I 512

1e"
1 

ALT/ ALT uu 1tETE11: ~ -----,~.~rr,-L-,.~"'7"~-----~ 

r - - - - -7 "- J1'AL ___ _ GL~~ _ _J J '~ f-- - --..::::==:.:.::..-~- - - ----! 
I 

SIS NO, OF CKANIELS CKANNELS NUMBER 

AMlOC INPUTS .. ......, •C.MAl 
SlC FC.MAT 

200 s m 

lDO 17 (22) 

,. #> 18 ) 

lD 35145> 10AH1• 35 

l U7Q95) 10-4Q421 
} AH 1• 26, )1-42, 57 5, 
90/U, 93, 107-141, 149-
l S9, 171-175, 110-195 

ltOT[: IIUMBUS III CI ARETOTALCMIUIM:LS. 
"'-"llltltS OUT OF CI ARE TOTAL 
THAT CAIi iE JltfYSICALl.Y LOAOEO SEE TAILE vn b-5-

~-- --~ ~------~ "' ----

PMI CATE 2 

DFI ~ 
OAT~~,jy--

1 
----, 

,,... GATE 3 

PAM CATE 4 

HIGH SPEED ..... 
P,\AAU[L 

e en s 
COOED 

PM~ 

DIGITM. 
Mlll.TIPLEXU 

lD 1 (8) 

SOIWEI • l THIIU 8 
SOOf>El - l TtttU 8 

4 - T'"'" " 

S (40 ) S OPE 2,3 ,4. S-l T.-ua 

r-l--~-+--+-----1-- 1 l OPEl O- LTHIU B 

1lDPE l ·11·1 TIIRU 8 .__• _ _,__' _ _,__,._a_,_".,___n i l0P[23 - 41j • I TIIRU 8 

._.OTE: NUMBERS IN f l MIE TOTAL 
C*NELS 
NUMIIERS OOT OF ( I ARE TOTAL 
PHYSICALLY " LOo\OEO• 

--- -------- ~ 
•om 11n 12e 

,__ ____ _ __ ..!!!~ 

t---------..!!!..E._ 
f-- ------ -.!!!....!.L. 

an s 
Bl T 4 

OUTPUT 
Sltlf"T 

ll[ CIST[II 

LGC 40 BIT SERIAL DUA 111 

~GS 24 BIT SERIAL OATA 1W 

. .. - ,,..., 

~ IC6BO ~ 
~;!;. • P. C :::,:: L•HTIC _,_i"'l 

PtlECClmfflOIEO 
AMLO: PAIAMf.TEltS 

,---0 

NICNUWL ....... 
UUt..TIPl.EXO 

1to-,wc:N1Pt1TS1 

- I 
I 

... 

=t~:~~ -
IIUCntOIICS>I 

I 
~ 

-- - ·- - - - ~ T-~~ ----• c7a 

R Z 0.\rA TO CSE (LUT) ~. l . l 
~ ---·------- ~ 

TI:A ..... 1£1AY ....... ... 1£LAYS 
' STACIS! l 

.__ ________ _ 

can 

"""""' 

·-..... 

O VOLTS 
~ 

f lUI..Ultf DUl:CTCla 

LO.ICIIUY 

OIUW:ltS Aa> 11:1:U.YS 

CWEA 

---------------------, I 
I 
I 
I 
I 

CAL 
es•1. 

....... 
MOLTIPU)([R 

IMtlVUS 

PCMTEA 

IIUM' CMOS 1 r .. u Z2 

F ll([O Pl:OCU.111 

~ ::iTART COf'TlliOl 

QI TIM£ INTEIVAL FOIi: PEIi.HJ:> - 1 0 95 MICNOS£COIIOS u;c StOPCOllllROL •o. 

(2.1 At NOltlilAL RATE (U .2a:8S110 PUIOOS F"ROM Otl£ Ill , 8 RITS A WOlO, 
128 wmos A FIIAME, SO FUMES A SUBFRAME USECOICII 

LCC SYNC NO. 1 

LGC STOP CONTROl. N0.2 

U1 AT REDUCED 11:ATE {l . oti:8Sl )20 PEILCXIS FIIOt,I ONE BIT , 8 MTS A WOIIO, 
All) 200 wmos A FltAU[ 0 SEC ONO) 

LCC SYNC NO, 2 

ACS STOP CONTROL 

NOTES: fj> 

AGS SYNC 

r ORWAT U 0UCE0 Cl.61CSS) SIC 

Sl 2Ut, 
FltOM TIME CEN IIOfFEJtS--. 

• REPEATED E\1£R't' 19.S) MICROSECOtlOS OUAINC 
780 MICROSECON)S 4 0-61T SEJIAL SAMPLING TIME 

• • PULSE WIOTH 4 MICRO$ECONOS PULS£ ltATE l l't'S 

• ♦ • t El'£ATEO EVlR't' 19.Sl MICROSECOtlOS OUAINC 
468 MICROS£COICIS 24-BIT SERIAL SAMPLINC TIME. 

•Z! 
6 .1.1 

rElAYS IA, 1(8, kC, ANO KO ARE ENCERCl2EO FOi o.s~ SEC, 
UPON INITIAi.. APPLICATION CE PO\YOt TO CWEA . 

LBlt SPLIT PHASE DATA TO COU:lf VHF" ·------
o•T• RATE TlMINC TO CSE a...ui'> 
------- ► 

TIArtSFEII suit:AIIRIEII REF fi0 , 2 T0CSE. Cl.UT) 

SUDCAIRIEII REF N0, 1 TOC<Nlf C,12::1 V, 

SUllf'IIAME SYNC TO GS[ ClllTI 
5.1.l 

t-'-cc_s_u_.,_0<_,s_1 _• •- --~ J~l 

,_L_CC_ S_T_O,_!_PC_NS_I_•_• ___ £8 
LCC SYNC fPCNSI • 

7
•
4
•l 

1----------- £1 
t-'~"~'~' "~· ·~·~·~·-·-· --- :~: 

LCC snc TOAEA ~ 

1--• •_s_1AE_A>_S£_IIA_L _S1_0,_••_,.~ l T • • l 

L --~~~~•;;:":--"'- '-'-"_•~_,_,_voc_••~! .... r · 
.;, .J, .l, [\> 

fl> ALL REL.AYS ARESHOWN IN~POSITION. ~ J 
B> :::~o~~:~ : ;~,'::~1u~or,~~\ 1;1~~~l r - - - - - - - - - - - - - - ,-N?: _T_l!- - -

SUPPUES TIMINC IF 1024 IOh LCC INPUT 5HOULO F"AIL. .., _ 

~ AGS MOT IMPL[MC/IITEO ON LM-l I 511.,NATVRCS D,IT[ NATIONAL AERONAUTICS & SPACE ADMl N-.. -,.-., -,. -,. 

~ VHF TR.UISMITTElt liOT 0. LM-l I 011 , = k-/. M.-.-D .,.ACECAAFT CS:.....nR H0lRTON. TlOtAS 

L-------------------------· ---------------------------...J :...-. ✓.:- • .::- ,,-P .v1 INSTRUMENTATION 

ft.'> ~~~~t\ ~~MOOTPUT RESULTS I ::,._~l 1, ,ri , .. , SYS~ ~RAT~:~~~ATI( 

,\IJll< J.'1,... 11. Jt/, ,, 

I >---------------1~~:?.s~~-":"'se...+_;_,.1-_ ... __ 6_._1_. r.l...,=---,,7, .;--;_ --, 

H 

G 

F 

E 

0 

C 

B 

A 



• 
• 

• 

• 
• 

H 

G 

F 

E 

D 

C 

I 
1 

• -i 
i 
[ 

B 

A 

8 7 

HBR FORMAT 

SYIC& 

snc A SYIC A SYIC 
.. , .. ,. ... ~ 22f.b A 2:KU A 12£1 ........ 

pf PIUME FAAME ..,.flDh L,{••· .1'"" TT.u,wlE• ..., ., r,, Tl 5101' ~ - ++.U...--l+'-'-+f'l'""-"'f---+-'-L--lf+''-'----+-1-'-J~++=-..i A ALL PltNE FIWIES 1-so 
9 PttfME Fk.l.WES 1, 6, 11---46 

UAl . .... . .. ., . .... • . ... . , .... . ,,.., • nu ,. .~ ~t~~ ~ 
TI "" Ii1 TI1 ... ... ri,i rn E4,t,U---4 
f'-"-tt""'---l-+"'"-+r'-'-++"'---lH-",c__-l-¥"-++.,u,.-h F s,10,15-----60 

12Al • 12AZ . .,.., . UM . 12AS • .,.., . 12"7 • 51£1 • 
rn 'Tai = .,. .., .., i,., 'rn WORD Al8'tEVIATI Ol1S 

•A• Aw.t.OC. 
•D• DIGITAL PI\JtAL L£L . 1ZA14 A ... , A · -£• DIC.ITAL PAAAL L£L£YHT UM 12At lZAlO A UAU A 12AlZ A ~2A1' A •os• OllilTAL SfRIA L .., m r,, .., m .., "' jJ1 10°1$/S 

llDlA a 11011 I llDlC I llDlD • 11•105/S 

UA l!I C UA t C lU 10 C llA.11 C ... "zau. 
12 • 100 S/5 

11 • lt •• 0 U D .. , .. ,a,.. . 12D . 51• 50S/S 

m ~ ~Ul !! i iFI ?! ~111:1 ?! ~ 
22-. 2()(1 ~,.._ 

m u\ ;<I "" 
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11.Al IA lW A 11.AJ A llM A lV., A 11A6 A 1ZA7 A ,u, A 

mlm1mlm1mlmlmm 

lZAI A lZAt A UAlO iA lWl A lW'I , A lZAlJ A 1ZA14 A JU4 A 
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CATE CMOS TO All 
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~TES 
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;~OGIWIU 

.. 4 3 
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[I> Ii> 

GLO300SYltC 
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6 .1,1 SIIEET l 
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FORMAT NOT 
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~ AMCDUIMTl ... wtlL Y~ Nl'l■Alff Ul'OII TIC ACTUM. 
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CT 4S1 
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SECTION 7 

PGNS 
LM 
AS-206 
REV B 

7,1 GENERAL 

7.1.1 General Information 

The PGNS is the primary means of accomplishing guidance, 

navigation and control for t he Lunar Modul e (LM). The system is designed 

to perform these functions in a self-contained mode, requiring no data 

from sources external to the LM after system initialization. On Mission 

AS-206 the primary mode of operation shall also be self-contained. 

However, provision is made for insertion of navigation, target and 

mode control data from the ground via the LGC (LM Guidance Computer) 

if desired. On AS-206, a secondary method of guidance and control 

is provided by the Program Reader Assembly (PRA) which replaces the 

LM Guidance Computer function. The Abort Guidance system which 

ordinarily has this backup function has been deleted on AS-206. With 

respect to the LM, the terms guidance and navigation are defined as: 

A. Guidance - The orientation of a thrust vector with respect 

to inertial space and the regulation of the level of thrust 

where possible so that specific end conditions on a desired 

trajectory are met. 

B. Navigation - The determination of vehicle position and velocity 

with respect to a known coordinate frame. 

7.1.2 PGNS Hardware Configuration 

The Primary Guidance, Navigation and Control System for Mission 

AS-206 is comprised of the following assemblies: 

A. Inertial Subsystem ( ISS) 

1. Inertial Measurement Unit ( IMU) 

2 . Ine rtial System CDU's (ICDU's) 

3. Power Servo Assembly (PRA) 

4. Pulse Torquing Assembly (PTA) 

B. Computer Subsystem ( css) 

1. LM Guidance Computer (LGC) 

2 . Display and Keyboard (DSKY) 

7-1 
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C. Optics Subsystem (deleted on AS-2O6) 

1. Alignment Optical Telescope (AOT) 

D. Radar Subsystem (deleted on AS-2O6) 

1. Rendezvous Radar CDU's (RRCDU's) 

7.1.3 Inertial Measurement Unit (IMU) 

LM 
AS-2O6 
REV B 

The Inertial Mea£urement Unit (IMU) is the primary inertial 

sensing device of the LM. Three rate Integrating Gyroscopes (IRIG's) 

and three Pulse Integrating Pendulous Ac celerometers (PIPA's) are 

mounted on the stable member (inner gimbal) of a three gimbal system. 

The stable member is held nonrotating with respect to inertial space 

by three gimbal servos, which derive their input error signals from 

three gyroscopes. The stable member is aligned at prelaun<?h to a known 

reference coordinate which is held fixed with respect to earth via 

gyrocompassing until Gyro Reference Release (GRR). At or near liftoff 

GRR is initiated by sensing 1.12 acceleration, however GRR may be 

backed up by RF uplink if necessary. Once the system is released to 

become inertial, it will remain unchanged throughout the flight. 

There is no realignment of the inertial reference after liftoff, and 

the system will be in the inertial reference mode continuously. Velocity 

changes along three orthogonal axes are sensed by accelerometers, which 

produce signals that represent incremental changes in velocity. 

Attitude of the LM is generated by the inner, middle, and outer gimbal 

resolvers. These attitude signals are inputs to the CDU's and to the 

FDAI via the GASTA. IMU temperature control is completely automatic 

and remains in operation once power is applied to the system. 

7.1.4 Inertial System CDU's (ICDU's) 

The Coupling Data Units (CDU's) perform two basic functions: 

An analog-to-digital conversion (A/D) and a digital-to-analog conversion 

(D/A) of information. In the (A/D) convers ion, the CDU's convert 

and transfer angular information between the IMU and LGC. For each 

of the three inert i al system CDU's, each IMU gimbal angle resolver 

provides the respective CDU with analog gimbal angle signals that 

represent the attitude of the LM with respect t o the navigation base. 
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The CDU converts these signals to digital form and transforms them 

serially to the LGC in angle increments. In the (D/A) conversion, 

attitude-error signals are converted from digital to 800 cps analog 

signals which are applied to the Flight Director Attitude Indicators 

(FDAI). The CDU's also have the capability of providing via the D/A 

portion drive signals to the IMU gimbals to coarse align the stable 

member to a known orientation with respect to the navigation base. 

On AS-206, this function will be performed prelaunch only, during initial 

alignment. 

7.1.5 Power Servo Assembly (PSA) 

The purpose of the power and servo assembly (PSA) is to provide 

a central mounting point for the majority of the PGNS power supplies, 

amplifiers and other modular electronic components. The PSA is mounted 

on a coldplate through which water-glycol coolant flows to dissipate 

• operating heat. 

• 
• 

7.1.6 Pulse Torque Assembly (PTA) 

The Pulse Torque Assembly (PTA) consists of a group of modular 

electronic assemblies used in the pulsing circuits of the gyros and 

accelerometers. Heat dissipation is accomplished in the same manner 

as with the PSA. 

7.1.7 1M Guidance Computer (LGC) 

The 1M Guidance Computer (LGC) is the central data processing 

device of the PGNS system. The LGC inputs include; gimbal angle incre

ments from the CDU's, incremental changes in velocity via the PIPA's 

and vehicle status inputs from the Control Electronics System (CES). 

For the AS-206A Mission, the LGC will function as a completely 

automatic programer that will control all onboard functions for the 

unmanned vehicle. The PGNS will automatically accomplish all guidance, 

navigation, and control of the LM. An uplink command capability 

exists for the LM to provide a limited amount of program change, in 

real time, by ground control. A major failure with either the LGC 
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or IMU will automatically remove PGNS from control of the vehicle. 

This will force the LM into a PRA or ground RTC backup control. A 

major failure to PGNS would prevent any long APS or DPS test on the un

manned LM. 

The LGC will perform all functions that are normally accomplished 

by the astronaut to control the unmanned LM. A 12-bit parallel word 

is sent from the LGC to the PCA for controlling relay functions in the 

LMP. This parallel word consists of 8 bits for a command and a 4-bit 

enable code to enable the PCA decoder. Should the 4-bit enable code 

show an error, the LGC command is inhibited and will not be accepted 

by the LMP. All other commands and inputs to and from the LM will be 

executed in normal methods such as auto throttle, engine ON/OFF descent 

gimbal drive, et cetera. 

In addition to the above, the LGC performs four major functions: 

A. Calculates steering signals and generates engine, engine 

gimbaling and RCS jet commands to keep the LM on a required 

trajectory, and continually updates it's own estimate of 

the present trajectory. 

B. Maintains the stable member (inner gimbal) of the IMU to a 

coordinate system defined to a prelaunch orientation by the 

appropriate drift corrections. 

C. Serves as an overall catastrophic failure detection monitor 

for the IMU and CDU's. Also, by fixed subroutines the 

LGC monitors catastrophic failures in the PIPA loops and 

certain internal computer malfunctions. 

D. Provides for key LGC stored and computed parameters and 

various status discretes necessary to the PGNS functions 

to be downlinked to the ground via TM. 
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7,2 PGNS OPERATION 

7,2.1 PGNS Interfaces 

LM 
AS-206 
REV B 

The following list tabulates the electrical and functional inter
faces between the PGNS ' and the remainder of the 1M spacecraft. For 
reference consult MIT Document NEI6015000 PGNS and Control System for 
1M (Classified). 

A. Mode and Status 

1. PGNS in control of Spacecraft 
2. Attitude Hold Mode 

3. Auto Stabilization Mode 

4. Auto Throttle Mode 

5, Stage Verify 

6. Engine Armed 

7. Abort 

8. Abort Stage 

9. Thruster Fail Discretes 

10. GDA Fail Discretes 
B. Engine and Jet Control 

1. RCS Jet Commands 

2. Roll/Pitch Gimbal Trim Commands 
3. Increase/Decrease Throttle Rate 
4. Engine ON/OFF Commands 

C. Angle Data Signals 

1. Attitude Errors 

2. Gimbal Angles 

D . Maneuver Command Signals 

1. Translation Commands 

2. Out, of Detent 

3. Attitude Rate Commands 
4. Rotation Commands 

E. Timing Signals and Telemetry 
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F. Caution and Warning Signals 

G. Power, Reference and Lighting 

H. DSKY and PCA (LMP) Commands 

7.2.2 Guidance and Navigation Functions 

LM 
AS-2O6 
REV B 

A. PGNS performs the guidance function in the following manner: 

The LGC senses incremental velocity changes using the PIPA 

information in a known inertial orientation (angular increments 

from ICDU's). From this information the steering signals 

are derived to orient the thrust vector to a near optimum 

position in inertial space . Engine ON commands are issued 

by the LGC when certain initial conditions are satisfied. 

For AS-2O6 these conditions may be an absolute time interval 

from some preceding event (e.g. APS - 2) or the satisfaction 

of trajectory conditions arrived at by some navigation function. 

Engine OFF commands are generated by the LGC when desired 

end conditions for the burn are met. 

B. The PGNCS navigation function is handled internal to the 

LGC. This function is performed both during thrust phase 

and during coast . It is performed on a 2 second basis 

during thrusting and on a 585 second basis during coast. 

During thrusting, external inputs, _g imbal aDgle increments and 

PIPA data are required from the ISS and CDU, while during 

coasting phases, no external system input is required. 
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7,3 INERTIAL MEASUREMENT UNIT SCHEMATIC NOTES (Drawing 7,2.1) 

A. Notes 

All latching relays are shown in the reset position and all 

unlatching relays are shown in the de-energized position . 
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7.4 COUPLING DATA UNIT SCHEMATIC NOTES (Drawing 7. 3.1) 

A. The following abbreviations are applicable to the CDU schematic: 

1. Aig = Inner gimbal angle ( actual) • 2. Amg = Middle gimbal angle ( actual) 

3. Aog = Outer gimbal angle ( actual) 

4. b.Aic = Increment of command angle (inner gimbal) 

5. b.Amc = Increment of command angle (middle gimbal) 

6. Aoc = Increment of command angle (outer gimbal) 

7. AGS = Abort Guidance System R-B 

8. CDU = Coupling Data Unit 

9. cs = Crew Systems 

10. EX = Attitude Error signal about X-axis 

11. EY = Attitude Error signal about Y-axis 

12. EZ = Attitude Error signal about Z-axis 

13, IMU = Inertial Measurement Unit • 14. ISS = Inertial Subsystem 

15. LGC = LM Guidance Computer 

16. PC = Percent 

17. RR = Rendezvous Radar 

• 
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7.5 COMPurER SCHEMATIC NOTES (Drawing 7.4.1) 

(To be supplied at a later date) 
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TABLE 7-1 AS-206 DOWNLINK FORMAT LM 

AS-206 
REV B 

WORD FIRST SECOND WORD 

NUMBER REGISTER REGISTER ORDER CODE 

1 DOWNLIST ID *SYNC BITS (00437-0CTAL) 0 

2 LATEST CAL STATE VEC X POS MSB *LATEST CAL STATE VEC X POS LSB 1 

3 LATEST CAL STATE VEC Y POS MSB *LATEST CAL STATE VEC Y POS LSB 1 

4 LATEST CAL STATE VEC Z POS MSB *LATEST CAL STATE VEC Z POS LSB 1 

5 LATEST CAL STATE VEC X VEL MSB *LATEST CAL STATE VEC X VEL LSB 1 

6 LATEST CAL STATE VEC Y VEL MSB *LATEST CAL STATE VEC Y VEL LSB 1 

7 LATEST CAL STATE VEC Z VEL MSB *LATEST CAL STATE VEC Z VEL LSB 1 

8 STATE VECTOR TIME MSB *STATE VECTOR TIME LSB 1 

9 GARBAGE *DESIRED CDU X 1 

10 DESIRED CDU Y *DESIRED CDU Z 1 

11 DELV X MSB *DELV X LSB 1 

12 DELV Y MSB *DELV Y LSB 1 

13 DELV Z MSB *DELV Z LSB 1 

14 OUTPUT TO LMP *OUI'PUT TO LMP 1 

15 OUTPUT TO LMP *OUTPUT TO LMP 1 

16 OUTPUT TO LMP *OUTPUT TO LMP 1 

17 OUTPUT TO LMP *OUTPUT TO LMP 1 

18 SPARE *SPARE 1 

19 SPARE *SPARE 1 

20 UPVERB *COMPNUMB 1 

21 STATE COUNT *UPOLOMOD 1 

22 ST BUFF +0 *ST BUFF +l 1 

23 ST BUFF +2 *ST BUFF +3 1 

24 ST BUFF +4 *ST BUFF +5 1 

25 ST BUFF +6 *ST BUFF +7 1 

26 ST BUFF +8D *ST BUFF +9D 1 

27 ST BUFF +lOD *ST BUFF +llD 1 

28 ST BUFF +12D *ST BUFF +13D 1 

29 I MODE 30 *I MODE 33 1 

30 TIME OF EVENT MSB *TIME OF EVENT LSB 1 

31 GUIDANCE THRUST CMD MSB *GUIDANCE THRUST CMD LSB 1 

32 MOMENT OFFSET (Q) *MOMENT OFFSET ( R) 1 

33 PREDICTED ENGINE ON TIME MSB *PREDICTED ENGINE ON TIME LSB 1 

34 REDO COUNTER *GARBAGE 1 

35 GARBAGE *ACTUAL CDU X 1 

36 ACTUAL CDU Y *ACTUAL CDU Z 1 

37 DERIVED RATE (P) *DERIVED RATE ( Q) 1 

38 GARBAGE *DERIVED RATE (R) 1 

39 FLAGWORD 0 *FLAGWORD 1 1 

40 FLAGWORD 2 *DAP BOOLS 1 

41 CHANNEL 11 *CHANNEL 12 1 

42 CHANNEL 13 *CHANNEL 14 1 

43 CHANNEL 30 *CHANNEL 31 1 

44 CHANNEL 32 *CHANNEL 33 1 

45 DSPTAB +O *DSPTAB +l 1 

46 DSPTAB +2 *DSPTAB +3 1 

47 DSPTAB +4 *DSPTAB +5 1 

48 DSPTAB +6 *DSPTAB +7 1 

49 DSPTAB +8D *DSPTAB +9D 1 

50 DSPTAB +lOD *DSPTAB +llD 1 
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WORD 
NUMBER 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

* TABLE 7-1 AS-206 DOWNLINK FORMAT (Concluded) 

TIME 2 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 

FIRST 
REGISTER 

ourPUT TO LMP 
OUTPUT TO LMP 
OUTPUT TO LMP 
OUTPUT TO LMP 
SPARE 
SPARE 
MISSION PHASE REGISTER 4 
MISSION PHASE REGISTER 2 
MISSION TIME REGISTER 4 
MISSION TIME REGISTER 2 
PRESENT MISSION PHASE 
TIME TO GO MSB 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
BURN DATA 
GARBAGE 
ACTUAL CDU Y 
DERIVED RATE (P) 
GARBAGE 
FLAGWORD 0 
FLAGWORD 2 
CHANNEL 11 
CHANNEL 13 
CHANNEL' 30 
CHANNEL 32 
DSPTAB +O 
DSPTAB +2 
DSPTAB +4 
DSPTAB +6 
DSPTAB +8D 
DSPTAB +lOD 

SECOND 
REGISTER 

*TIME 1 
*SPARE 
*SPARE 
*SPARE 
*SPARE 
*SPARE 
*SPARE 
*SPARE 
*SPARE 
*SPARE 
*SPARE 
*SPARE 
*SPARE 
*OUTPUT TO LMP 
*OUTPUT TO LMP 
*OUTPUT TO LMP 
*OUTPUT TO LMP 
*SPARE 
*SPARE 
*MISSION PHASE REGISTER 3 
*MISSION PHASE REGISTER 1 
*MISSION TIME REGISTER 3 
*MISSION TIME REGISTER 1 
*GARBAGE 
*TIME TO GO LSB 
*BURN DATA 
*BURN DATA 
*BURN DATA 
*BURN DATA 
*BURN DATA 
*BURN DATA 
*BURN DATA 
*BURN DATA 
*BURN DATA 
*ACTUAL CDU X 
*ACTUAL CDU Z 
*DERIVED RATE (Q) 
*DERIVED RATE ( R) 
*FLAGWORD 1 
*DAP BOOLS 
*CHANNEL 12 
*CHANNEL 14 
*CHANNEL 31 
*CHANNEL 33 
*DSPTAB +l 
*DSPTAB +3 
*DSPTAB +5 
*DSPTAB +7 
*DSPTAB +9D 
*DSPTAB +llD 

7-11 

1M 
AS-206 
REV B 

WORD 
ORDER CODE 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

R-B 



* 

Phase No . 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

TABLE 7-2 MISSION AS-206 - MISSION PHASES LM 
AS-206 
REV B 

Phase 

Prelaunch Alignment 

Guidance Reference Release 

Programs Exe cuted 

01, 02 

07 , 11, 12 

Suborbital Abort 71 
Contingency Orbit Insertion 72 

* * 
Coast - S-IVB Attached 13 

S-IVB/LM Separate 14 

DPS Cold Soak 15 

DPS l 31, 41 

* * 

DPS 2/FITH/APS 1 32, 42, 43, 44, 72 

* * 

APS 2 34, 46 

* * 

* * 

* * 

* * 

* * 

* * 

*Not used for Mission AS-206 
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8 .1 GENERAL 

8.1.1 Control Electronics Section (CES) Functions 

The CES operates in both the primary guidance control path and 

the abort guidance control path. 

When operating as part of the p~imary guidance control path in 

conjunction with the PGNS, the CES provides the implementation of the 

control signals originating from the LGC as follows: 

A. Converts reaction control jet commands to the required elec

trical power to operate the RCS jet solenoid valves. 

B. Accepts discrete (ON/OFF) descent engine rotation commands. 

Upon receipt of an ON command, the descent engine is rotated 

about its gimbal axes at a constant angular rate until receipt 

of an OFF command. 

C. Accepts both LGC and manual engine ON/OFF commands and routes 

them to propulsion to fire or stop the descent or ascent engine . 

D. Accepts LGC and manual thrust commands to throttle the descent 

engine 10 to 100 percent of its range. 

When operating in the abort guidance control path the CES performs 

the following functions: 

A. Accepts rate damping signals from the RGA's and fires the 

proper RCS jets to achieve attitude control. 

B. Accepts manual +X translation commands and fires RCS jets to 

accelerate the LM in the desired direction. 

C. Automatically rotates the gimbaled descent engine for trim 

control. 

D. Accepts manual engine ON/OFF commands and routes them to the 

descent or ascent engine . 

E. Accepts manual throttle commands to control the thrust of the 

descent engine. 

8.1 .2 Modes of Attitude Control 

Two basic modes of attitude control are provided by the CES and 

are selectable on the control panel. One mode is fully automatic and one is 

8-1 
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s eminutomatic. 

A. Automatic Mode - The automatic mode provides fully automatic 

attitude control of the LM. 

B. Attitude Hold Mode - This is a semiautomat ic mode in which 

the pilot com~ands an angular rate proportional to the dis

placement of the attitude controller. The vehicle will hold 

att itude when the controller is in the neutral position. 

8 . 1 . 3 Translat ion Control (RCS) 

Both automatic and manual translational control using the RCS 

thrusters are available. Automatic control consists of jet commands 

from the LGC to the jet drivers in the ATCA. These are used for trans

lations of small velocity increments and ullage settling prior to main 

engine ignition after coasting phases . Manual control in PGNS operation 

consist9 of +X ON/OFF commands from the LMP by way of the LGC. In AGS 

operation only manual control is available. Control consists of +X ON/OFF 

commands from the LMP to the jet logic in the ATCA. The voltage is 

sufficient to saturate the pulse ratio modulators and give ON/OFF control 

of the RCS jets . 

8 .1.4 Att itude and Translation Control Assembly (ATCA) 

The ATCA supplies the signals which control the firing of the 

reaction jets and the signals for automatic trim of the gimbaled descent 

engine in AGS operation . The de voltages reQuired in all of the CES 

subassemblies and the synchronized ac voltage for the RGA, and LMP are 

also generated within this assembly. The input signals and the RGA are 

processed in the ATCA and are directed to the appropriate jets and the 

desc ent engine control assembly. 

Drawing 8 . 2.l Sheet l of 2 shows a schematic diagram of the ATCA. 

In PGNS operation , only the LGC preamplifiers are enabled by the guidance 

selector switch. LGC jet commands are amplified by the preamplifiers 

and jet drivers and sent to the primary solenoids of the RCS . In AGS 

operation, only the abort preamplifiers are enabled and jet signals from 
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the pulse ratio modulators are amplified and drive the RCS primary sole

noids. Pitch, roll, and yaw signals are processed in three similar 

channels. The RGA rate signals are the only inputs to the ATCA for 

attitude control in the AGS mode. The gains of the summing amplifiers 

are changed when the LM is staged to account for the change in vehicle 

moment of inertia. The RGA ac signals are changed to de by keyed de

modulators and filters. 

In the roll and pitch channels the demodulator output is sent to 

the DECA to control the trim of the gimbaled descent engine. The dead-

band circuitry provides for either a wide deadband (+5 degrees) or a 

narrow deadband (:!:_0.3 degrees) depending on the mission phase. In auto

matic and attitude hold modes, the signals from the deadband circuits are 

applied to the jet select logic. The jet select combines the attitude and 

translation inputs, determines whether two or four jets will fire to control 

rotation and X-axis translation, and applies the resultant signals to eight 

pulse ratio modulators, generate pulses which vary in width and frequency 

depending on the input voltage in order to control the duty radio of the 

RCS jets. Each pulse ratio modulator controls two opposing jets. The 

jet to be fired is determined by the sign of the pulse ratio modulator 

input voltage. 

8.1.5 Descent Engine Control Assembly (DECA) 

The DECA contains circuitry for controlling three functions of 

the descent engine. Engine throttling commands from the PGNS and crew 

are processed and sent to the descent engine. PGNS or ATCA signals are 

processed for positioning the Gimbal Drive Actuators to control engine 

trim. ON/OFF commands are processed in the DECA to control descent engine 

ignition and shutdown. The schematic diagram of the DECA is shown in 

Drawing 8.3.1. 

Manual throttle commands can be applied to the descent engine with 

the throttle control switch on the control panel in either the manual or 

automatic position. Manual throttle commands consists of ac voltages, 

proportional to TTCA X-axis displacement, applied to the DECA. The DECA 
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demodulates and filters the signal and sends a proportional de throttle 

voltage to the descent engine. 

Automatic throttle signals can only be applied to the descent 

engine when the throttle control switch is in the automatic position. 

The LGC sends automatic throttle commands to the DECA in the form of 

pulses on one of two lines. Pulses on one line advance a forward-back

ward counter while pulses on the other line decrease the count. A de 

voltage proportional to the count is generated and sent to the descent 

engine for automatic throttle control. 

In PGNS operation automatic trim control is provided by the LGC. 

When the LGC determines descent engine trim is required, it sends a trim 

command to the DECA on either a trim positive or a trim negative line for 

the roll or pitch axis. The trim signal is routed through a malfunction 

logic circuit to a power switching circuit. The power switching circuit 

applies 400 cycle, 115 volts power to the proper Gimbal Drive Actuator. 

The GDA rotates the descent engine and sends a 400 cycle signal propor

tional to its position back to the DECA. The DECA demodulates and 

differentiates the feedback signal and applies it back to the malfunction 

logic circuit. If the GDA is not moving in the commanded direction, the 

malfunction logic generates a trim failed signal. This signal removes 

the 400 cycle power from the power switching circuit and sends TRIM 

FAILED signals to the LGC and Instrumentation. 

In abort guidance operation, roll and pitch trim signals, are 

received from the roll and pitch error channels in the ATCA. A compara

tor and threshold circuit in the DECA generates trim negative or trim 

positive commands and sends them to the malfunction logic. The malfunc

tion l og ic controls the power switching circuits the same as in PGNS 

operation . 

8 .1.6 Gimbal Drive Actuator (GDA) 

The two GDA's are low-speed electromechanical devices each con

taining a 115V 400 cps ac motor driving a screw jack and a position 

transducer. Under control of the DECA the GDA's rotate the descent 
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engine about the pitch and roll axes so that the thrust vector goes 

through the LM center of gravity. One GDA controls the pitch gimbal 

and the other controls the roll gimbal. 

Each GDA is capable of extending or retracting two inches from 

the mid-pos ~tion and will gimbal the descent engine a maximum of plus 

or minus six degrees about the LM Y and Z-axis. The posit i on trans

ducer receives 115V 400 cps, 7. 5 volts per inch travel from the mid

position; in-phase when extended and 180°, out-of-phase when retracted 

past the mid-position. The transducer output is sent back to the DECA 

malfunction logic. 

8.1.7 CES Interfaces 

mode. 

The CES receives the following signals from the PGNS: 

A. 

B. 

C. 

D. 

E. 

ON/OFF commands for each of the 16 reaction control jets. 

ON/OFF commands for the ascent or descent engine. 

Descent engine trim commands. 

Thrust magnitude commands for the descent engine. 

800 cycle per second power to excite the LMP. 

The CES feeds the following signals to the PGNS in the primary 

A. Gimbal fail signals. 

B. +X Translation ON/OFF Commands. 

The CES provides the following to the descent engine: 

A. Ignition and shutdown commands 

B. Automatic and manual throttling commands 

C. Rotation of the gimbal engine. 

Tqe CES also interfaces with the: 

A. Electrica l Power Subsystem (EPS) - .•The CES receives required 

el ectrical power from the EPS 

B. Reaction Control Subsystem (RCS) - The CES provides the signals 

to actuate the RCS jet solenoids. 

C. Ascent Engine - The CES provides commands for ascent engine 

ignition and shutdown. 
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D. Displays ~nd Controls Subaystem - The CES provide! inputs to 

the appropriate controls and display! to enable control and 

monitoring of the SCS. 

E. Instrumentation Subsystem - CES provides signals to the Instru

mentation Subsystem for inflight monitoring. 

F. Environmental Control Subsystem (ECS) - The ECS provides mount

ing surfaces and thermal protection for the CES equipment. 

G. Structure Subsystem - The Structure Subsystem provides the 

area and mounting accommodations to house the CES equipment 

within the structure. 

H. Explosive Devices Subsystem (EDS) - The CES interfaces with 

the EDS for stage status information. 
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8.2 CONTROL ELECTRONICS SYSTEM GENERAL NOTES 

A. The Control Electronics System (CES) will have power applied 

and will be operating prior to launch and remain on throughout 

the mission, The primary guidance will utilize only a portion 

of the CES for control of the LM. 

B. Manual throttling of the Descent Engine System in degrees of 10, 

30, 50, and 100 percent throttle settings can be tested if the 

PGNS fails AS-206 by the PRA. The reset position of the throttle 

is 10 percent. 

C. There will not be an automatic closed loop guidance for the PRA/ 

AGS control during DPS and APS burns. Should a failure occur 

in the PGNS, the PRA will perform a minimum alternate propulsion 

test. The requirements for using the PRA/AGS control for a pro

pulsion test will depend upon the time of failure of PGNS . 
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TABLE 8-1 RCS PROPELLANT USAGE FOR LM AUTOPILOT 

A. Ascent Engine Burn 
1.0 degree deadband 

Torque/Inertia 

0.2 rad/sec2 

Disturbance Torque 

0 ft lb 
350 
850 

0.3 rad/sec2 0 
350 
850 

0.5 rad/sec2 0 
350 
850 

0.7 rad/sec2 0 
350 
850 

B. Rotational Maneuvers 

Torque/Inertia Maneuver Rate 

0.04 rad/sec2 0.2 deg/sec 
3,0 
5,0 

10.0 

0,10 rad/sec2 0,2 deg/sec 
3.0 
5,0 

10.0 

O. 30 rad/sec2 0.2 deg/sec 
3.0 
5,0 

10.0 

0.80 rad/sec2 0.2 deg/sec 
3.0 
5,0 

10.0 

8-11 

- ---- --- --

RMS Attitude Error 

0 deg 
0.511 
o.664 

0 
0,511 
o.664 

0 
0.511 
o.664 

0 
0,511 
o.664 

ProEellant Usa5e 

0.15 lb 
1.93 
3.2 
6.4 

0.07 
o.8 
1.3 
2.6 

0.032 
0,29 
o.46 
0.88 

0.12 
0.19 
0.35 

Propellant Usage 
Rate 

0.000030 lb/sec 
0.240 
0,566 

0.000044 lb/sec 
0.242 
0.566 

0.000074 lb/sec 
0.246 
o. 568 

0.001030 lb/sec 
0.249 
0,572 
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TABLE 8-1 RCS PROPELLANT USAGE FOR LM AUTOPILOT (Concl'd) 

c. Attitude Hold 

Propellant Usage 
Tor9.ue/Inertia Deadband Rate 

2 
0.04 rad/sec 0.3 deg 0.012 lb/min 

5.0 0.0007 
2 

0.10 rad/sec 0.3 deg 0.030 lb/min 
5.0 0.0018 

2 
0.30 rad/sec 0.3 deg 0,09 lb/min 

5,0 0.0053 
2 

0.80 rad/sec 0.3 deg 0.24 lb/min 
5,0 0.014 
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SWITCH 
NUMBER 

l-S-1 

l-S-2 

l-S-3 

l-S-4 

l-S-5 

l-S-6 

l-S-7 

l-S-8 

l-S-9 

l-S-10 

• l-S-11 

l-S-12 

l-S-13 

l-S-14 

3-S-l 

9-S-2 

9-S-3 

9-S-4 

9-S-6 

9-S-7 

9-S-8 

9-S-9 

• 9-S-10 

9-S-11 

9-S-12 

9-S-17 

9-S-18 

• 

LM 
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REV B 

TABLE 8-2 PRELAUNCH STATUS OF SWITCH POSITIONS 

SWITCH SWITCH 
TITLE POSITION 

ENG ARM OFF 

ENG START OFF 

ENG STOP OFF 

ENG STOP OFF 

DES RATE CENTER 

X-TRANSLATION 4 JET 

PROBE CUTOFF OFF 

ENG GIMBAL ENABLE 

BAL CPL ON 

MAN THROTTLE SYS ENG 

THRUST CONTROL AUTO 

+X TRANSLATION OFF 

ABORT GUARD DOWN-SW OFF 

ABORT STAGE GUARD DOWN-SW OFF 

IMU CAGE OFF 

RATE ERROR MON CMPTR 

ATTITUDE MON PGNS 

ALT/RNG MON RNG/RNG RT 

GUID CONT PGNS 

RATE ERROR MON CMPTR 

SHFI'/TRU ± 50° 

MODE SELECT PGNS 

ATTITUDE MON PGNS 

RESET/CONTROL (RESET) UP 

TIMER CONTROL CENTER POS 

X POINTER SCALE HI MULT 

X POINTER SCALE HI MlJLT 
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TABLE 8-2 PRELAUNCH STATUS OF SWITCH POSITIONS (Concl'd) 

SWITCH SWITCH SWITCH 
NUMBER TITLE POSITION 

11-S-l GYRO TEST OFF 
11-S-2 DEADBAND MIN 
11-S-3 ATTITUDE CONTROL - PITCH MODE CONTROL 
11-S-4 ATTITUDE CONTROL - ROLL MODE CONTROL 
11-S-5 ATTITUDE CONTROL - YAW MODE CONTROL 
11-S-6 MODE CONTROL AUTO 
11-S-7 GYRO TEST PITCH 
12-S-l KEYBOARD OFF 
12-S-12 KEYBOARD OFF 
12-S-13 CLEAR SWITCH OFF 
12-S-14 ENTER SWITCH OFF 
12-S-15 READOUT SWITCH OFF 
12-S-16 HOLD SWITCH OFF 
12-S-17 AGS STATUS WARMUP 
16-R-3 INTEGRAL UPLINK DIM ON 
17-S-l MANUAL SLEW OFF 
17-S-2 SLEW RATE LOW 
17-S-3 R. R. MODE SEL SLEW 
17-S-5 LDG RADAR ANT #1 DES 
17-S-6 RADAR TEST OFF 
17-S-8 TEST MONITOR AGC 
18-S-1O TEMP MONITOR RNDZ 
19-S-6 LMP TCA ISOLATION ENABLE 
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TABLE 8-3 PRELAUNCH STATUS OF CIRCUIT BREAKERS 

CIRCUIT BREAKER 
NUMBER TITLE POSITION 

4CB2 ABORT STAGE CLOSED 

4CB3 ABORT STAGE CLOSED 

4CB28 AEA OPEN 

4CB29 RNDZ PWR OPEN 

4CB37 ENG ARM CLOSED 

4CB4O AELD CLOSED 

4CB41 AELD CLOSED 

4CB59 ATT DIR CONT. OPEN 

4CB69 DECA PWR CLOSED 

4CB79 ASA OPEN 

4CB8O DES ENG CONT CLOSED 

4CB81 ATCA (PGNS) CLOSED 

4CB82 ATCA CLOSED 

4CB88 GASTA OPEN 

4CB1O5 LOO RDR OPEN 

4CB1O6 ENG FIRE OVERRIDE CLOSED 

4CB122 LGC/DSKY CLOSED 

4CB123 ALT/ALT RT RNG/CONTROL OPEN 

4CB124 IMU OPERATE CLOSED 

4CB126 FDAI OPEN 

4CB133 X-PNTR OPEN 

4CB134 X-PNTR OPEN 

4CB154 SIG STR DISP OPEN 

4CB155 RNDZ RDR OPR OPEN 

4CB156 RNDZ RDR STBY OPEN 

4CB157 LDG RDR OPEN 

4CBl61 IMU STBY CLOSED 

4CB179 LMP FEED CLOSED & 18LUGGED 

4CB2O1 GASTA OPEN 
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TABLE 8-3 PRELAUNCH STATUS OF CIRCUIT BREAKERS (Concl'd) 

CIRCUIT BREAKER 
NUMBER TITLE POSITION 

4CB2O3 AEA OPEN 
4CB2O4 ALT/ALTRT RNG/REQST OPEN 
4CB2O6 RNDZ RDR OPEN 
4CB2O7 DECA GIMBAL CLOSED 
4CB2O9 CD FDAI OPEN 
4CB21O SE FDAI OPEN 
4CB212 AOT LAMP OPEN 
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9 , 1 REACTION CONTROL SYSTEM 

9 .1.1 General Description 
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The Reaction Control Subsystem (RCS) is compos ed bf two parallel, 

independent systems ( "A" system and "B" system) . Each system contains 

i dentical components with the associated valves and plumbing neces sary 

t o deliver the propellants to the thrust chamber assemblies. Normallv 

both systems are operated together , but the arrangement of the engines 

is such that complete control in all axes is poss ible despite a failure 

of either system. 

Helium pressurization is accompli shed by an electrical RCS pressuriza

tion command to two parallel squib actuated isolation valves in each sys t em. 

Downstream are two series helium regulat ors which reduce the helium 

supply pressure f or pr opellant tank pressurization . In normal operation , 

the upstream regulator is in control and reduces the pressure to the 

proper level, while the downstream regulator senses a demand and remains 

open as the sensed demand is below the setting . 

Normall y open propellant shutoff valves, located just downstream of 

the propellant tanks in each system , are capable of isolat ing the propellant 

tanks of either system in case of an upstream malfunction or depletion of 

propellants . These valves are operated in pairs (fuel and oxidizer ) f or 

each system by prime commands from the LGC, commands fr om the PRA, or 

RTC commands fr om the ground. 

Normally closed fuel and oxidizer manifold crossfeed valves exist 

whi ch can be opened to supply either system's propellants to all sixteen 

thrusters in case of a failed system . These two valves are operated as 

a pair by prime commands from the LGC or commands fr om the PRA. No RTC 

control exists for the crossfeed valves . 

In addi t ion, normally closed ascent feed valves, connecting a s cent 

propellants to both systems fuel and oxidizer manifolds independently , 

may be opened to conserve RCS propellants . It should he emphasized that 

ascent propellants may be utilized in the RCS thrusters only during 

positive "X" axis accelerat i on . These ascent interconnect feed valves 
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are operated in pairs for each system by prime programed commands from 

the LGC or by commands from the PRA . No RTC control is available 

for these valves. Also, during ascent feed operation , the main shutoff 

valves of the appropriate systems are closed and the crossfeed valves 

opened . 

Normally open isolation valves exist in the propellant lines feeding 

thruster pairs , allowing the isolation of a thruster pair containing a 

failed open thruster. Through un onboard failure detection l ogic , the 

LGC senses an electrically failed thruster and automat ically closes 

the appr opriate isolation valves to isolate the failed pair . No PRA 

or RTC control of this functi on is available . The LGC is also capable 

of controlling the vehicle ' s att itude and translation without using the 

i solated thruster pair . 

Each of the f our RCS engine clusters consists of four rocket 

engine assemblies, each delivering approximately 100 pounds thrust . 

The engine assembly consist s of an oxidizer and fuel solenoid valves , 

injector head , and combustion chamber . Each solenoid valve is a fail , 

s afe (in closed position) electr ical solenoid operated valve . The fuel 

valve provides a two millisecond fuel lag , whic ~ with t he injector premix 

i gniter cup insures smooth eng ine start in the pulse mode . The injector 

has light unlike impinging doublets f or main chamber ignition. Chamber 

cooling is provided by radiation and internal film cooling from eight 

fuel singlets along the injector outer periphey . 

The RCS perfor ms the following functions: 

A. Provides small thrust impulses to stabil ize the LM during 

descent and as cent bur ns . 

B. Provides necessary thrust impulses to control the vehicle 

att itude and trans l ation during all maneuvers . 

C. Provides necessary thr ust i mpulses to accomplish separation 

maneuvers . 

D. Pr ovides neces sary thrust impulses to accomplish accelerations 

for ullage settling for the descent and ascent pr opellant tanks 

when required. 
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The RCS is capable of operating in either a pulsed or a s t eady- state 

mode and is controllable by the LGC, or by a manual Att itude Cont r oller 

Assembly (ACA) during manned flights . In "Normal" mode , attitude and 

translational maneuvers are accomplished by commands from either computer 

of variable frequency and pulse width to the primary coils of the engines . 

In "Pulsed" mode , the LGC sends one pulse f or each out - of- detent movement 

of the ACA to the primary coils and in "Direct" mode , t he ACA sends 

commands directly t o ~he secondary coils of the RCS engines . 
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9 . 2 DESCENT PROPULSION SYSTEM (DPS) 

9 , 2.1 General 

A. The descent engine is a throttleable engine over a 10 :1 range 

and develops 10,500 pounds of thrust in a vacuum at full 

throttle and 1,050 pounds minimum thrust . It consists pri

marily of an ablat i ve lined thrust chamber with a crushable, 

radiation cooled nozzle extens ion; a variable area injector; 

a pair of flow control valves; four electromechanical flow 

control actuators; and eight propellant shutoff valves . It 

is mounted in the center compartment of the descent stage and 

is pi voted at the throat of the combustion chamber on a gimbal 

ring that is an integral portion of the engine assembly . The 

ring is suspended in the structure, pivoted in a line 90 degrees 

opposite to the engine pivots , so that the engine is capable of 

being gimbaled ±6 degrees in any direction by means of vehicle 

mounted gimbal actuators . 

The mechanical throttling scheme utilizes variable-area, cavitat 

ing venturi flow control valves mechanically linked to a vari

able area injector in order to separate propellant flow control 

and pr opellant injector functions so that each may be optimized 

without compromising the other, and to insure that propellant 

flow rates are made insensitive to downstream pressure variations 

in the injector and combustion chamber . At maximum thr ust , 

operation is conventional. At approximately 70 percent minimum 

thrust , cavitation commences in the valve throats . From this 

level down to minimum thrust, the valve functions as a cavitating 

venturi . As thrust is reduced, the actuator reduces the flow 

at the control valves and moves the injector sleeve to reduce 

the injector apertures . 

B. The engine is act ivated and throttled by the 1M Guidance Computer, 

which starts a sequence of events resulting in firing squibs 

and igniting the engine . 
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The propellants are nitrogen tetroxide and a 50/50 blend of 

Unsymmetrical Dimethyl hydrazine (UDMH) and hydrazine called 

Aerozine 50 . The freezing point of nitrogen tetroxide at 

standard conditions is 12°F; the boiling point is 70°F. The 

freezing point of Aerozine 50 at standard pressure is 21°F 

and the boiling point i s 170°F . 

9 . 2 .2 Helium Storage Tank 

Supe rcritical helium is stored in a double walled cryogenic storage 

container. It cons i sts of an inner spherical tank with an outer j acket ; 

the void between the tank and its jacket is fille d with aluminized mylar 

insulation and evacuated to minimize heat transfer. The material used 

i s titanium. The tank has associated fill and vent ports and a pressure 

relief device consisting of two burst discs, in series. Inside t he inne r 

tank is a helium/helium heat exchanger constructed of titanium tubing. 

9 . 2 . 3 The Propellant Shutoff Valves 

The shutoff valves are fuel pressure- a ctuated ball valves, fuel is 

introduced t o the valve actuators through solenoid operated pilot valves, 

all of which are ener gized simultaneously during engine startup . During 

the start , the solenoids unseat the caged balls from the actuator inlet 

p orts and seat them against the overb oar d vent ports. Fuel enters the 

actuator cavities; t he actuator pistons connected to r ack and pinion 

linkages twist the ball valves 90 degrees to the open position, permitting 

flow t o the injector . The series parallel redundancy in the valve arrange

ment provides for posit i ve start and cutoff. During shutdown, t he sole

noids are de- energized , opening the vent ports . The spring l oaded actua

tors close the shutoff valves and residual actuating fuel i s vented over

board into space . A mismatch circuitry is tied in wi th this system. It 

takes the output of eight microswitches and puts them through a summing 

network . The output of this networ k i s then telemetered t o ground indi

cat ing any disparity in valve positions . 
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A capacitance type quantity gaging system is used to provide pro

pellant quantity information via telemetry to the ground during positive 

"G" conditions. The PQGS will be a continuous gaging system with capabili

ties for gaging propellants in each descent stage tank between 95 percent 

of propellants remaining and one inch of the tank bottom. The accuracy 

of the system between 95 percent and 25 percent of the propellants remain

ing is ±1. 0 percent of full tank capacity. Between 25 percent of propel

lants remaining and one inch of the tank bottom, the system accuracy is ±0.5 

percent of full tank capacity. Due to component heating in a vacuum, the 

system is constrained to 15 minutes of operation at any one time, however, 

the total operating life is 5000 hours. The LGC is programed to automati

cally turn the PQGS ON and OFF before and after each burn. In addition the 

PQGS will provide a discrete signal when the propellant level is a pre

determined distance from the tank bottom, corresponding to 120 seconds 

engine operating time .remaining at 25 percent thrust. 

9 -~ -5 Fuel/Helium Heat Exchanger 

This heat exchanger abs orbs heat from the engine fuel which has 

been circulated from the fue l tanks directly to the heat exchanger , before 

its ultimate delivery to the engine . It is a two pass heat exchanger, 

that is, helium from the storage tank absorbs heat from the fuel on the 

first pass . Then flows back to the helium/helium heat exchanger inside 

of the storage tank, then is reheated on the second pass. 

9 . 2 . 6 Thrust Chamber 

The thrust chamber consists of a composite ablat ive cooled nozzle 

extension (area ratio of 16:1) a crushable radiation cooled nozzle extension 

(area ratio of 49:1) and a gimbal ring assembly. The ablative components 

are encased in a continuous titanium shell and jacketed in a stainless 

stee l f oil/glass wool composite thermal blanket. The radiation cooled 

nozzle extension is made from stainless steel. The nozzle extension is 

flanged to the titanium chamber shell. The gimbal assembly is located 

at the chamber throat plane and provides for a ±6 degree gimbal of the 
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thrust vector during flight. The assembly is manufactured from aluminum 

alloy, except f or the bearings , which are made of high str ength steel . 

9. 2 . 7 Flow Control Valves 

Flow control valves are non-redundant venturis with movable pintle 

sleeves . Engine throttling i s initiated by an electrical signal to the 

throttle actuator commanding an increase or decrease in engine thrust . 

Operation of the throttle actuator drives the linkage cross beam to a 

new position, thus repositioning the pint l es in the flow control valves. 

This axi al movement of the pintles results in decreasing or in creasing 

the pintle flow areas the precise amounts to control propell ant we i ght 

flow rate and t hrust. 

9. 2. 8 Throttle Actuator 

The throttle actuator is an electromechanical linear servoactuator 

powered by redundant motor s . It i s l ocated between the fuel and oxidize r 

flow control valves on the engine head end . The output shaft of the actuator 

is attached to the throttle linkage . Three torque motors drive the jack 

screw. The actuator i s designed to operate within specification using 

two motor s , or at a reduced r ate using only one . The actuat or case is 

hermeti cally seal ed t o pr event cold wel ding in a vacuum envi r onment. 

Although the actuator coul d operat e without lubrication, a compound with 

a known off- gasing rate is included to maintain a small positive pres sure 

if the actuator case leaks . Performance redundancy is provi ded by 

designi ng each of the three separate servo channels to have equal output 

performance . For a null-type or inoperative failure , two separate servo 

channels failing can be tolerated . The two malfunctioning mot ors will be 

driven along with the load by the one operating motor . In the case of a 

saturated or hardover- type failure of one servo channel , the l oad is 

effect ively increased by the two operating motors which have t he capability 

of overriding the malfunct ion and providing the required output performance . 
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There are two regulators, one in each parallel l _eg of the system, 

the primary leg being normally open and providing helium at 245 psia 

downstream. Each leg has a solenoid valve upstream of the regulator 

which is controlled from the cabin or maybe commanded from the ground . 

ThP secondary leg is normally closed (but may be opened as required). 

It also provides 245 psi downstream. 

9 . 2 .10 Quadcheck Valves 

There are two such valves, one in each of the lines leading to 

the propellant tanks . They are made up of four check valves arranged 

in a series - parallel configuration, the primary purpose being to prevent 

prevent propellant vapors from mixing in the upstream manifold. 

9.2 .11 Propellant Tanks (Titanium) 

There are four propellant tanks, two each for oxidizer and fuel. 

They are interconnected on top and on bottom, within each system to insure 

equal usage and pressure. Each tank has a volume of 63 cubic feet. 

9.2.12 Supercritical Helium 

The helium pressure timeline begins with the DPS propellant 

loading. This occurs at about 18 hours before nominal liftoff when the 

supercritical helium loading pressure is approximately 100 psia. Due to 

the heat transfer from the surroundings , the helium pressure increases 

at the rate of approximately 10 psi per hour until the descent engine is 

fired. During low level thrust, the pressure builds up at a rate of 100 

psi per minute. Subsequently , after engine shutdown, the pressure rises 

sharply at about 150 psi per hour for one hour, after which time, the 

pres s ure again increases at a rate of 10 psi per hour . Since the minimum 

DE turn-on pressure is 400 psia, approximately 15 hours from nominal 

liftoff are required before this pressure is achieved. 

The time range between 33 and 130 hours from DPS propellant 

loading or 400 to 1400 psia , respectively, defines the region which will 

safely allow normal engine operation at the maximum throttle duty cycle. 
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Ignition of the descent engine during low supercritical helium 
tank pressures (i . e . , below about 350 psi a) results in a "blowdown" or 
degra ded engine operating mode. Too high a pressure (above 1920 ± 50 psia) 
could rupture the burst disc, thus terminating pressurization which results 
in degrade d " limited blowdown" mode . 
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9.3 ASCENT PROPULSION SYSTEM 

9.3 . 1 General 

A. The Ascent Propulsion System (APS) consists of a non-gimbaling, 

constant thrust, hypergolic type engine of 3500 pounds thrust 

and associated propellant tanking and pressurization system. 

The APS provides the capability for powered ascent of the 

Lunar Module (LM) from the lunar surface and any subsequent 

orbit adjustments necessary for successful rendezvous with 

the Command/Service Module. In addition the APS provides 

propellant tothe RCS during APS operat ion on lunar ascent . 

B. The ascent engine is activated and controlled by automatic 

start/stop commands or i ginating i n the LM guidanc e computer 

or by manual start/stop commands. All APS start sequences 

are essentially i dentical; with the addition of initiation 

of explosive devices on the Fire-in-the-Hole (FITH) burn . 

1. FITH Burn 

Prior to FITH the Ascent Propulsion system is dormant: 

This burn sequence is initiated by an abort stage command 

from the LGC, PRA, or RTC . The sequence performs the 

following func t i ons : arms the explosive devices power 

bus and ignites pyrotechnics to open the helium isolation 
valves , and arms the engine fire circuit . The engine fire 

signal is initiated , which ignite s the remainder of the 

explosive devices; fuel and oxidizer isolation valves, 

stage holddown bolts, circuit interrupters, and cable 

cutters. This signal also opens the actuator isolation 

valves, whi ch allows fuel pressure at 165 psi to operate 

the propellant shutoff valve mechanism and opens the 

propellant shutoff valves . This allows fuel (Aerozine50 ) 

and oxidizer (nitrogen tetroxide) to flow under pressure 

to the thrust chamber where they ignit e hypergolically. 

The engine cont inues to operate until the LGC initiates 
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an engine stop command automat i cally or the engine is 

disarmed by RTC . 

2 . Subsequent APS burns . 

At the end of the FITH the syster• is fully pressurized and 

in operational standby mode . The engine may be ignited by 

either a normal programed LGC fire command sequence or 

RTC fire override command . Either method fires the 

engine by opening the isolat i on and actuator isolati on 

valves . Fuel pressure operates the actuator mechanism which 

opens both the oxidizer and fuel shutoff valves and allows 

propellant fl ow to the thrust chamber . Shutdown of the 

eng ine is accompl ished by LGC command or RTC engine stop 

override . 

9. 3. 2 Notes 

A. Pressure Reducing Regulators . This regulating system uses 

two regulators in a parallel arrangement , each r egulator 

housing contains dual regulators . This arrangement provides 

the overall regulation system with added redundancy . Each 

r egulator contains a pilot val ve and seat as s embly which modulates 

inlet pr essure to control the opening of a main poppet valve 

and seat assembly , and r educes the upstream pressure to that 

r equired to pr ovide correct propellant tank pr essur izat i on. 

Minimum operating inlet pressure is 500 ps i for rated output . 

Below 500 psi the r egulated output is 179 ± 1 psi . 

B. Propellant Shutoff Valves. The propellant shutoff valves a r e 

a series parallel arrangement of eight ball valves , four each 

oxidizer and fuel . This arrangement is to insure continued 

operation of the engine in the event of valve failure . The 

valve s are operated by a piston actuator assembl y which is con

trolled by fuel pressure through solenoid isolation and actuator 

isolat i on valves . 
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1. The solenoid-operated actuator isolation an d r,ctuator 

valves and the main ball valves ar e normally closed . In 

the closed pos i tion , all s olenoids are de- energ iz ed and 

the ac tuation fuel is shut off by action of the spring

loaded solenoid plungers on the ball poppets seated in 

the lower pilot valve seats . The back side of the actuator 

pistons are vent ed t o precl ude air lock . In the open 

position, all solenoids are energized , and fuel actuat ion 

forces at 165 psi, act against the spr ing-loaded plunger , 

thus permitting fuel to flow to the actuator p istons to 

initiate oxidizer and fuel valve opening . At this point, the 

actuator valve pilot valves are forced against the upper 

valve seat, thus sealing off the vent port . When the 

electrical signal is removed , the pilot valves are returned 

to their l ower seat position to seal off the actuation 

pressure. Closing of the ma in propell ant ball va l ves is 

accomplished by the return spring action of the actuator 

piston springs as the fuel actuation pressure decays and 

expels the entrapped fuel in the cylinders and pilot 

passages out through the pilot vent port . 

2 . All shutoff valves are opened simultaneously at engine 

start, and closed simultaneously at eng ine shutdown. 

The time from signal initiation to full open or from 

signal cutoff to full closed is 150 milliseconds . Switches 

are i nstalled in the oxidizer housing to pr ovide a TM 

indicat i on of valve position . Eight microswitches (four 

open and f our closed) make up the summing electronics for 

system "A" and system "B". An open and close mi croswitch 

is used f or each crank actuator. In case of a valve 

mismatch, flow is diverted from the malfunctional path to 

the paralle l fl ow path . 
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C. Ascent Propulsion Low Pressure 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 bipropellant 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 dead face switch 

resulting from staging if illuminated by low fuel or oxidizer 

pressure, the light is extinguished only by restoration of 

pressure. 

D. Ascent Propellant Low Quantity Caution Light. The (APS QTY) 

caution light is illuminated if the level of ascent fuel or 

oxidizer in the ascent tanks reaches a value such that 

approximately 10 seconds burning time remains. The signal is 

intended to permit the crew to manually shut down the ascent 

engine to avoid possible explosive effects resulting from 

depletion of either fuel or oxidizer before the other .. These 

low level signals are enabled only if the ascent engine is on. 

E. The (APS Hi Reg) caution light is illuminated if reg out manifold 

pressure falls below 220 psi . 
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TABLE 9- 1 CAPABILITIES AND LIMITATIONS APS , DPS, AND RCS 

HELIUM SOURCE PRESS . 

VOLUME 
PRESSURES 

BURST 
PROOF 
NOMINAL LOADED 

REGULATORS 

CONFIGURATION 

CLASS I 

.PRIMARY 
SETTING 

LOCKUP 

SEcm:DARY 
SETTING 
LOCKUP 

CLASS II 

PRIMARY 
SETTING 

LOCKUP 

SECONDARY 
SETTING 
LOCKUP 

MINIMUM OPERATING PRESSURE 

QUAD CHECK VALVES 

PRESSURE 

BURST 
PROOF 
tiP DROP 
CRACKING tiP 

APS 

5800 IN3 

5250 PSI 
4660 PSI 
3050 PSI 

SERIES/PARALLEL 

9- 15 

184 ±4 PSI 

192±3 PS I 

190 ±4 PSI 
197±3 PSI 

176±4 PSI 

182 ±4 PSI 
189 ±3 PSI 

500 PSI 

810 PSI 
540 PSI 

5 PSI 
2±5 PSI 

DPS 

3420 PSI 
201-15 PSI 

400 PSI 

PAHALLEL 

245 ±3 
2 PSI 

250 ±3 2 PSI 

245 :t 3 PSI 
2 

250 ±3 PSI 
2 

400 PSI 

810 PSI 
540 PSI 

5 PSI 
2± .. 5 PSI 

RCS 

920 IN3 

7000 PSI 
4650 PSI 
3050 PSI 

SERIES 

179±2 PSI 

188 PSI 

185 ±2 PSI 
194 PS I 

400 PSI 

750 PSI 
500 PSI 
4±1 PSI 

2±. 5 PSI 

R-B 



* 

LM 
AS- 206 
REV B 

TABLE 9- 1 CAPABILITIES AND LIMITATIONS APS, DPS AND RCS (Cont ' d . ) 

APS DPS RCS 

COMPATIBILITY VALVES I --
I 

SERIES/PARALLEL SERIES , N/A 
ACTUATION TIMES I 

OPEN 0 . 1 SEC 0 .1 SEC i N/A 

PRESSURE DROP 0 PSI 0 PSI N/A 
PROOF 540 PSI 540 PSI N/A 
BURST 810 PSI 810 PSI · N/A 

I 

TANK ASSEMBLY I 

BURST DI SC RUPTURE 238 ±12 PSID 288 ±20 PSID l234 ±12 PSID 

BLEED VALVE I 

CRACK 0 PSI 0 PSI : 0 PSI 
RESEAT 20- 80 PSI 20 PSI i 80 PSI 

RELIEF VALVE 
CRACK 225 PSI 260 PSI I 238 ±12 PS I 
FULL FLOW 250 PSI 275 PSI t 

RESEAT 225 PSI 25 4 PSI I 220 PSI 

PROP TANKS i 
I VOLUME i 

FUEL 34 FT3 126 FT3 I 3305 IN3 
ox 34 FT3 126 FT3 1 4ll2 I N 3 

PRESSURES 

BURST 375 PSI 405 PSI 375 PSI 
PROOF 333 PSI 358 PSI I 333 PSI 

I 
FUEL HELIUM HEAT EXCHANGER 

PRESSURES N/A N/A 
PROOF FUEL N/A 540 PSI N/A 

HELIUM N/A 2200 PSI N/A 
BURST FUEL N/A 810 PSI N/A 

HELI UM N/A 3300 PSI N/A 

MAIN SHUTOFF 2 TCA ISOL 2 X FEED 2 

APS I NNCT VALVES N/A N/A 

ACTUATION TIMES N/A N/A 
OPEN 0 . 25 SEC 
CLOSE N/A N/A 0 . 25 SEC 
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Table 9- 1 CAPABILITIES AND LIMITATIONS APS , DPS, .A,.~D RCS ( Cout ' J.) 

APS DPS RCS 
ACTUATION VOLTAGE 

MAX N/A N/A 32 . 0 VDC 
MIN N/A N/A 18 . 0 VDC 

PRESSURES N/A N/A 
PROOF N/A N/A 360 PSI 
BURST N/A N/A 1050 PSI 
DROP N/A N/A 2 . 0±. 25 PSI 

ACTUATOR I SOLATION VALVES 

ACTUATION TIMES 
OPEN 0 . 03 SEC . 03 SEC N/A 
CLOSE 0 .03 SEC 0 . 03 SEC N/A 

ACTUATION VOLTAGE 
MAX 32V 32V N/A 
MIN 21V 21V N/A 

PRESSURES 
BURST 750 PSI 750 PSI N/A 
PROOF 500 PSI 500 PSI N/A 

PROPELLAJIT SHUTOFF VALVES 

ACTUATION VOLTAGE 
MAX 32V 32V N/A 
MIN 21V 21 . 5V N/A 

PRESSURES 
OPEN 

CRAC:<: 80 PSI 60 PSI N/A 
FULL OPEN 120 PSI 100 PSI N/A 

CLOSE 

START 70 PSI 90 PSI N/A 
FULL CLOSE 30 PSI 30 PSI N/A 

DROP N/A 
ENGINES 

NOMINAL THRUST 3500 10500- 1050 100 
COOLING FILM & ABLATIVE FILM & RADIA- FILM & RADI-

COOLING TION ATION 
LI FE 447 SEC 960 SEC 500 SEC PULSE 

500 me STEADY 
STATE 

INJErroR TYPE TRIPLET ORIFICES VARIABLE AREA 8 FUEL FOR COOL-
(2 OX & 1 FUEL) ing 
IN A GRID PAT- 8 ON cl FOR MAIN 
TERN ON INJECTOR CHAMBF.R 
FACE . ON OUTER 11 ON 1 FOR PRE-
PERIPHERY ORI - IGNITER FICES ARE DOUB-
LETS (1 OX & 1 
FU) TO PROVIDE 
REDUCED TEMP 
BARRIER AT AB-
LATIVE CHAMBER 
WALL 
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TABLE 9-1 CAPABILITIES AND LIMITATIONS APS, DPS, AND RCS (Concluded) 

APS DPS RCS 

0/F RATIO 1.6/1 1.6/1 2.0/1 

FLOW RATES 

OXID (lb/SEC) 7.0 21 (MAX) 0.24 
FUEL (lb/SEC) 4.3 i 13 (MAX) 0.12 

THRUST CHAMBER PRESSURE 110 PSI 1
118 PSI (MAX) 96 PSI 

MINIMUM OPERATING TIME 1.0 SEC N/A 0.013 SEC 

i 
i 
I 

i 
I 

I 
I 
! 

/ 
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10 .1 SYSTEM DESCRIPTION 

10 . 1.1 Stage Description 

SECTION 10 

STRUCTURES 

IM 
AS- 206 
REV E 

The Lunar Module (LM) consists of two stages , the Ascent Stage 

and the Descent Stage . The stages are joined together by f our explosive 

bolts and an interstage umbilical . Both stages will function as a single 

unit or the Ascent Stage will function alone . Separation of the stages 

i s accompl ished by explosively blowing the bolts and by explosively 

severing the int er s tage umbilical. 

10-1 
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10.1.2 Structural Makeup 

A. The Ascent Stage's structural makeup is divided into five 

structural areas; the Crew Compartment, Midsection, Aft Equip

ment Bay, tank and equipment mountings and the outer skin and 

insulation. Aluminum alloys are used in the construction of 

the Ascent Stage with some titanium used for brackettry and 

fasteners. 

The Crew Compartment Section is constructed as a pressure 

tight unit , approximately 92 inches in diameter . 

The Forward Midsection bulkhead provides the structural inter

face between the Crew Compartment and midsection . These two 

sections , mated and sealed, constitute the entire pressurized 

volume available for crew operation in the LM . 

The Aft Equipment Bay is constructed of an aluminum alloy frame, 

secured to the aft midsection bulkhead by a trusswork of 

aluminum alloy tubing . The entire compartment is unpressurized. 

The frame contains a series of cold rails for structural mounting 

and thermal control of electronic equipment. In addition, tubular 

trusses are provided for structural support of the tankage lo

cated within the compartment. 

The complete LM Ascent Stage is covered with a thermal and 

micrometeoroid shield. This shield is a composite of an outer 

sheet of th i n aluminum or aluminized mylar or both . 

B. The primary load carrying structure of the Descent Stage con

sists of two pairs of parallel beams arranged in a cruciform, 

plus upper and lower decks and end enclosure bulkheads. The 

beams , decks, and bulkheads are of the conventional skin and 

strin~er construction. These are formed from aluminum alloy. 

The skins, or webbing is chem-milled to reduce weight. All 

joints are secured together with standard mechanical fastners. 

The center compartment, formed by the beams cruciform con

struction, contains the Descent Engine . The areas on either 

10- 2 
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side of the center sect i on , formed by t he beams (along the Z 

and Y axis) , house the four main propellant t anks f or the 

Desc ent Engi ne . 

Additi onal support and strut assemblies are secured to the main 

beams forming diagonal bays or quadrants . The entire Des cent 

Stage (top view) is s haped t o fo rm a modifi ed octagon aluminum 

alloy . Outriggers extend f r om the ends of each of t he two 

pairs of beams , providing fo r four point s of attachment to 

t he Spacec r aft LM Adapter ( SLA ) . 

C. The landing gear are removed from LM- 1 . 

10- 3 
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10.2 SYSTEM DATA 

APPROXIMATE 

SECTION 

LM Ascent Stage 

1M Descent Stage 

RCS Propellants 

DPS Propellants 

APS Propellants 

TOTAL 

VEHICLE WEIGHTS 

WEIGHT, 
LB 

(DRY) 4,850 

(DRY) 3,550 

550 

17,400 

5,000 

31,350 
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12 . 1 SYSTEM DESCRIPTION 

12 . 1.1 LM Adapter 

The Spacecraft LM Adapter (SLA) connects the nose cap to the 

S- IVB Instrumentation Unit (IU). It also houses the LM,SLA Spacecraft 

Jettison Controller (SJC) and power supplies. 

12 .1.2 Nose Cap 

A. The nose cap will be separated from the SLA by 16 springs 

B. 

which are positioned symmetrically around the base circumferenc e 

of the nose cap and the forward SLA panels (Figure 12- 5). The R- B 

metall ic interface between the nose cap and SLA will be sheared 

by a Mild Detonating Fuse (MDF) (Figure 12- 2 ), and ignited by two 

detonators 180 degrees from one another upon programed command 

from the IU Switch Selector (or by backup RTC) , via the SJC l ogic .R- B 

There are two transducers to indicate nose cap physical sep 

aration (Kl41- 900 and Kl42- 900) . They are located near the R- B 

top of the forward set of SLA panels , 180 degrees from one 

another . As the nose cap is separated from the SLA, these 

transducers sense the conductivity or non- conductivity of a 

woven glass tape which is attached between the nose cap and 

the transducer itself in the SLA. The tape travels through 

the sensor from a conductive starting point to a length of 

about 16 feet . The following results as the tape is pulled R- B 

through the sensor . (Shaded areas: Conductive }. 

STARTING POINT BEFORE SEP 
GLASS WOVEN TAPE 
JUST AFTER SEP 

~g~ ~ 1. P.! i3:. ' ! ... : .... __ 4 __ .7_5 __ , __ ~l ~-;.1
1 
... ~--3_._5_, __ ~[ ... ' .... :::_<_i:_:c:_>_> ___ 'J 

5±. 25V : I I I I I 

Ot-- n ___ , _____ 1 

I 
TM SIGNAL I 
VIA S- IVB IU 1 12- 1 

TAPE TRAVEL 
DIRECTION ~ 
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A. The SLA is a truncated conic structure with a cone element 

B. 

C. 

of 29 feet and a X-Axis length of 28 feet . The forward 

diameter is 12.8 feet and the aft diameter is 21 feet. The 

SLA is divided into two sets of four panels. The aft set is 

fixed and the forward set is deployable (Figure 12-1). The 
panels consist of 1,7 inch aluminum-alloy honeycomb, bonded 

to face sheets of aluminum of varying thickness. 

The SLA panels will be deployed upon programed command from 

the IU Switch Selector (or by backup RTC) via the SJC logic. 

The SLA panels will deploy 45~{1 degrees with the momentum to 

do this created by three elements: 

1. The explosive devices that shear the panels from one 

another at the seam lines provide 20 percent of the force 

required (see Figure 12-3). 

2 . The eight thrusters located at the corners of the panels 

which provide two degrees of panel movement or another 

20 percent of the force required. (See Figure 12-1). 

3 . The four cable spring loaded exterior pulley assemblies 

(one per panel) provide the remaining 60 percent of the 

force required. (See Figure 12-4) 

The momentum of the SLA panels is stopped by eight attenuator 

struts located between the aft panels and forward panels 

(Figure 12-4). These struts contain crushable aluminum honey

comb core to absorb the energy. After the panels have reached 

the deployed position, they are retained in that position by a 

clutch on each spring loaded pulley assembly. 

12.1.4 LM/SLA Separation 

R-B 

A. The LM is attached within the aft adapter at four points by R-B 

straps which coincide with the panel hinge positions (Figure 

12-1). After the forward panels have properly separated and 
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deployed, the LM +X Reaction Control System (RCS) thrusters 

will be ignited and within 5 seconds a signal will be sent 

from the LM mission programer (or by backup RTC) which will 

sever these straps by the SLA pyrotechnic devices. At the 

same time the straps are severed, the LM/SLA guillotine cuts 

the electrical connections between the SLA and the LM. This 

guillotine is mounted just below the +Y LM leg mount on the 

aft SLA panel. Thirteen additional seconds of RCS burn move 

the LM away from the SLA/S-IVB with a resultant delta velocity 

of about 5 ft/sec. 

B. S-IVB/SLA Attitude Control. (Before LM/SLA SEP) all maneuver

ing shall be done using the S-IVB attitude control subsystem. 

1. The Instrument Unit (IU) rate gyros shall provide the rate 

information for thrust vector control (TVC) and attitude 

control for the coast phase . 

2. The S-IVB attitude control subsystem will be capable of 

attitude control in earth orbit for a minimum time of 4.5 

hours and capable of maximum limit cycle rates (attitude 

deadband equal to or less than plus or minus 1.0 degree 

3 . 

in pitch, roll, and yaw) as follows: 

a. S-IVB/SLA/LM immediately 

piror to LM withdrawal 

b. S-IVB/SLA during with

drawal of LM 

Rate (Degree/Sec) 
PITCH YAW ROLL 

+0.0128 ::_0.0256 ::_0.0972 

+0.0146 ::_0.0296 ::_0.0974 

Continuous orbital pitch shall be required of the S-IVB 

to maintain the vehicle's X-Axis perpendicular to the 

local vertical before LM/SLA separation. Prior to LM 

separation and withdrawal, the S-IVB will go to an in

ertial attitude hold with the maximum limit cycle rates 

as specified above . 
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During the boost phase, the nosecap, the SLA, the IU and the 
S-IVB forward skirt will be vented to the atmosphere through vent holes 
(total vent sectional area is 200 in2) symmetrically located around the 
periphery of the S-IVB forward skirt. 
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12.2 SYSTEM DATA 

12 . 2. 1 SJC L OG IC BATTERY CHARACTERIST ICS 

A . THE SJC LOGIC BATTERY CAPACITY IS FIVE AMP HOURS WHEN DISCHARGED 
AT A TWO AMP RATE. END LIFE VOLTAGE SHALL BE 2b .O VOLTS OR GREATER 

B. NO LOAD VOLTAGE LIMITS : 31,5 VOLTS± 2,0 VO LT S 

C. TRANSIENT VOLTAGE LIMITS : 2b TO 35,5 VWITH RECOVERY TO STEADY STATE 
WITHIN ONE SECOND 

12 . 2.2 'iJC PYRO BATTERY CHARAr.TE~1c;ncs 

A . THE SJC PYRO BATTERY CAPACITY IS 0 , 75 AMP HOURS WHEN DISCHARGED 
AT AN INTERMITTENT RATE 

B. "10 LOAD VOLTAGE LIM ITS: 36 ± 1 ,8 VOLTS 

C. TRANSIENT VOLTAGE LIMITS : 26 TO 37 .8 VOLTS WITH RECOVERY TO STEADY 
STATE WITHIN ONE SECOND 

DETAIL 12,1,1 
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LM MISSION PROGRAMER 

13,l INTRODUCTiON 

I 
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The LM Mission Programer (LMP) is a semiautomatic package in 

which ground commands or LM Guidance Computer (LGC) commands will enable 

control normally provi ded by the astronaut, this will allow the LM t o 

meet the requirements for unmanned near-earth orbit missions. 

The LMP consists of four basic units: 

A. The Program Reader Assembly (PRA) contains a contingency 

program (on fixed tape) to be used in the event of failure 

of the prime mode (i.e., the LGC) (fixed tape contains a 

maximum of 64 addressable sequences). 

B. The Digital Command Assembly (DCA) provides an uplink capa

bility so that ground commands can be routed to the LGC, PRA, 

PCA and then to the basic LM subsystem for control. 

C. The Program Coupler Assembly (PCA) provides coupling of the 

LGC, PRA and certain DCA commands to control the basic LM 

subsystems. 

D. The Power Distribution Assembly (PDA) provides the 28 Vdc 

power distribution and current protection for the LMP components. 

The basic operation of the LMP will be LGC to PCA to LM subsystems. 
Backup or test modes will be ground to DCA to LGC to PCA to 1M subsystems, 

ground to DCA to PRA to PCA to LM subsystems, and ground to DCA to PCA 

to LM subsystems. Under normal operation the computer will command the 

LMP to perform various operations normally performed by the astronaut. 

However, in case the LGC fails, the PRA will backup under a limited capa
city those functi ons normally provided by the LGC. The ground control 

through PRA and PCA is limited and control of this normally manned vehicle 

cannot be compared with those vehicles whi ch are designed for gr ound 

control only . 

13-1 
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A. DCA System Description 

The DCA consists of a UHF Receiver, two decoders and interface 

circuits of the LM Guidance Computer (LGC), Program Reader Ass embly (PRA), 
and Program Coupler Assembly (PCA). The DCA will accept and process six 
each LGC commands , or two PRA commands, or two Real-Time Commands (RTC's) 

or two DCA Test Commands per second. 

TEST 

DCA ENABLE 

DECODER A 
TEST 

DECODER B 
TEST 

DCA SELF 
TEST 

1. The bit configurat ion for each type of command is as follows: 

a. LGC (22 Bits) 

1 2 3 4 5 6 
Vehicle System 
Address Address 

l 
Synch 
Bit 

8 9 10 11 12 13 14 15 16 17 18 19 
20 21 22 

Triple Redundant 5-Bi t Word 

b . PRA ( 22 Bits) 

C • 

1 2 3 
Vehicle 
Address 

4 5 6 
System 
Address 

7 8 9 10 11 12 13 
Time Word Initiate 

16 
Start 

17 18 19 20 21 22 
Fill Bits 

RTC (12 Bits) 

1 2 3 4 5 6 
Vehicle System 
Address Address 

7 8 9 10 11 12 
Command Function 

d . DCA Test ( 22 Bits) 

14 12 
Forward Reverse 
Search Search 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 6 17 1 8 19 20 21 
Vehicle System 
Address Address Test Word 

2. The DCA Test Commands are used to test the oper at i onal 

capability of the DCA. The following test commands are 

available for the DCA checkout and analysis. 

11 1-6 11 

Oll 101 

011 101 

Oll 101 

011 101 

BIT CONFIGURATION 

"7-22" 

000 JOO 000 000 000 0 

000 100 000 000 000 0 

001 000 000 000 000 0 

001 100 000 000 000 0 

13-2 
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Upon transmission of either the Decoder B Test or Decoder A 

Test, the DCA Clear Command must be sent to enable the 

decoder that has been inhibited. 

3, DCA Receiver Characteristic s 

a. Frequency 

b. Sensitivity 

450 MHz 

-99 dbm 

4. The following DCA Status Messages (GT0441) will be generated 

by the DCA: MSB LSB 

a. STANDBY 1 0 1 0 0 1 0 0 

b. OFF 0 0 0 0 0 0 0 0 

c. MAP (LGC, PRA, or RTC) 0 1 0 1 1 0 1 1 

d. MAP (Test) 0 1 0 0 0 1 0 0 

The MAP will be generated for 55 ± 5 ms for each command 

processed by the DCA. The decoder accepts only those 

commands which have the correct vehicle address, a valid 

syst em address, and the correct message length. 

Program Reader Assembly (PRA) 

1. PRA Modes 

a. In the "standby" mode, the PRA electronics are powered 

up, but the tape is not running. 

b. In the "search" mode, the reader searches the tape 

for a particular preprogramed addressable frame 

selected by the ground (see Section B.3.b herein). 

~Then the frame is found the tape stops, a compare 

pulse is emitted, and the PRA goes to the "standby" 

mode. 

c. In the "operate" mode, the tape moves by the read 

head and the commands are executed through the prime 

relays in the PCA. 

2 . PRA Tape 

The PRA tape may contain up to 1000 frames, 64 of which 

can be addressable. Each frame contains a time word and 

up to six commands. 

13-3 
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PRA Tape ___. Direction o tape motio 

in the Read Position 

Addressable 
Frame 

Time Code 
Bit 

I 
I 

I 
p:i 

► ~· . 
' • rl, 

'd: 
::it,. 

5• 'd' 
s::· ;:;:: . ~· 
• 

► 
(\J 

• ::it:: 
Q) ' 

s· ref 
•ri' 

~ p:i E-i ' 

~~ 
Time Word 

• 
(Y"): u-. 
*· 'II::. 
'd . rd 
~: $ 

...::t" '°-~ ~ 
,cj• rr1 
Q' ~ ~ . 

\ 
\ 

\ 
Frame 

8-Bit Command Words (3) 

Synch Row (Index 1 & Index 2) 

8-Bit Command Words (3) 

When the PRA is operating, the tape moves by the read 

head and stops when a time word appears. This 16-bit 

time word is entered into a 16-bit register and compared 

with the contents of a 16-bit timer counter. The timer 

counter is incremented by a 1 pps clock and when the counter 

and register compare, a compare pulse is emitted. Upon 

reception of the compare pulse, the tape is moved one 

frame by the read head until the next time word appears. 

As the tape passes under the read head each command on the 

frame is processed and routed to the PCA prime relays. 

3 . PRA Control 

a . The PRA may be operated from the ground at any time, 

but the outputs to the PCA prime relays will not be 

effective while PGNS is in control. To enable PRA 

control of the LM, the AGS must be selected by an 

ISS Fail or LGC Warn discrete, or by an AGS SELECT 

RTC, This will stop the PRA and put it in the "stand

by" mode. 
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b. Three 16-bit PRA updata words (see A.l.b herein) are 

necessary to locate and start a subroutine . 

(1) The first 16-bit word contains the vehicle and 

system addresses, a si x-bit time word to preset 

the six most significant bits in the timer count er 

to compare with the time word on the desired 

addressable frame, a binary 11 1 11 in the "initiate" 

location to zero the PRA clock so it may be 

preset, and binary "O's" in all other l ocations. 

(2) The second 16-bit word contains the vehicle 

and system addresses, the six-bit "time" word 

in the time word locations, a binary "1" in the 

"forward (reverse) search" location to cause the 

tape to be searched for the desired frame, and 

binary "O's" in all other locations. 

(3) The third 16-bit word contains the vehicle and 

system addresses, the six-bit "time" word in 

the time word locations, a binary "l" in the 

"start" location causing the PRA to begin reading 

the tape ( see B. 2 herein) , and binary "O's" in all 

other locations. 

c. To effectively stop the PRA while it is operating, 

the AGS SELECT RTC may be sent. 

4. Telemetry Measurements 

a. The PRA COMPARE ( GW5151 V) indicates that the time wc,r cl 

in the 16-bit register (derived from a frame on the 

tape) has compared with the time word in the timer 

counter (derived from a PRA updata word or from a 1 pps 

clock. This measurement should be used for verificat i on 

of the reception and execution of the first PRA updat ""'

word [see B,3,b,(l) herein]. 
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b. The PRA CLOCK ON (GW5153V) indicates the 1 pps clock 
pulses are being fed to the timer counter ahd should 
appear upon PRA reception of the third PRA updata 
word [see B,3 ,b,(3) herein]~ 

c. Program Coupler Assembly (PCA) 

1. Prime Relay Matrix 

The Prime Relay Matrix contains 254 prime relays, any one 
of which may be actuated at a time. All prime relays are 
operable by either the PRA or the LGC and provide the 
necessary switching functions normally performed by 
astronauts. 

2. RTC Relay Matrix 

The RTC Relay Matrix contains 95 relays, any one of which 
may be actuated at a time by uplink through the DCA (see 
A. l. c herein). 

3, Relay Nomenclature 

a . Prime or RTC Relays 

Ex. K 01 63 

Subsystem Relay 
Code Number 
[see C.3(c) herein]. 

Prime Relays: Nos. 1-49 

RTC Relays: Nos. 51-99 

b. Interlock Relays 

Ex. K08- l 

c . Subsystem Code 

01 Attitude and Engine 

02 Pyrotechnic Devices 

04 Electrical Power 

06 Instrumentation 

Control 

07 Environmental Control 

08 Reaction Control 

10 Propulsion 
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11 Control Electronics 

13 Communications 
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20 Development Flight Instrumentation 
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13. 2 LM MISSION PROGRAMER (LMP) SYSTEM SCHEMATIC NOTES 
A. The MASTER RESET function resets all prime relays except the 

following: 

1. LND Ra<'lar ( 267) 

2. C-Band Transponder (Off) (153) 
3. Flight Control Auto Enable (3) 

B. The automatic gui°dance switchover function switches from 
PGNS to AGS, enables the prime relay matrix to accept PRA 
commands and put the PRA in the "standby" mode. 

C. LM/SLA antenna switchover is an automatic function occurring 
at LM/SLA separation. Microswitches on two of the LM legs 
enable the switchover contacts at separation. 

D. LMP Operational Capabilities 
1. APS started by LGC/PRA can be stopped by "engine stop 

override" ground or prime relay command. 
2. DPS can be started from ground by descent arm and engine 

start override. 

3. DPS started by ground can be stopped by "engine stop 
override." 

4. APS started by LGC abort stage prime relay cannot be 
stopped by ground engine stop override. To stop APS in 
this mode a prime relay master reset or PGNS/AGS - AGS 
select is required from the ground. An LGC updata instruc
tion to the LGC to issue an auto engine off will stop the 
the engine in this mode. 

5. APS cannot be started by a ground abort stage function 
when PGNS/AGS switch is in AGS. 

6. APS may be started by an ascent arm prime relay and an 
engine start override RTC. An engine stop override RTC 
will stop the APS. 

7. APS may be started by an ascent arm prime relay and an 
ascent on prime relay. An engine stop override RTC will 
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stop the APS. 

LM 
AS-206 
REV A 

8. An APS started by PRA while in AGS select mode requires a 

ground descent engine~ to stop the ascent engine by RTC . 

9. In the AGS mode, the FITH is accomplished with an "engine 

arm" of the ascent engine by prime relay and an "engine 

start override" by prime or RTC relays. 

10. While in the AGS select mode, the normal "abort stage" 

function on the present LMP configured vehicle cannot 

be performed by either ground or prime relay. 

11. The ground relays in the PCA must be in the initial "reset" 

position if the LGC/PRA mode is to operate normally. Except 

as listed below, all ground relays set by ground should be 

reset at the end of each operation. 

12. The reset position of the manual throttle is 30 percent 

thrust in the LMP. A master reset RTC will perform this . 

13. An abort stage signal should be sent prior to ascent 

engine operation. This provides for ascent helium pressuri

zation on the unmanned LM. 

14. If the ground isolates both ascent helium Tanks 1 and 2, the 

ascent porpulsion system cannot be pressurized by either 

real-time ground commands, LMP, prime relays, or by an 

astronaut onboard. 

15. A prime relay failure will require the PGNS/AGS switch to 

be in PGNS and an "abort stage" by ground command to start 

APS by the updata link control. 

16. A PCA total power failure ( circuit breaker) will disable 

the auto switchover from PGNS to AGS and will disable all 

prime relay control. 

17, A PCA power supply failure will disable all prime relay 

control and will necessitate complete backup of the LM 

by ground commands. The auto function for direct interface 

from the LGC to LM would still function normally while in 

the PGNS mode of control. 
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TABLE 13-1 PRA SEQUENCES AND USES 

TO BE SUPPLIED LATER 
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TABLE 13-2 LM-1 (AS-206) PRA COMMAND/CODE TIMELINE 

TO BE SUPPLIED LATER 
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f-' 
w 
I 
f-' 
I\) 

CODE 

14A 
15A 
16A 
17A 

0A 
IA 

22A 
23A 
24A 
25A 
26A 
27A 

• 

MATRI X 
POINT 

4-.lS 
4-lP 
4-2S 
4-2R 
5-lS 
5-lR 
5-2S 
5-2R 
6-lS 
6-lR 
6-2S 
6-2R 

TABLE 13- 3 LMP REAL-TIME COMMANDS BY CODE 

RELAY 
DESIGNATION 

Al5Kl5(S)Al5K12(S) 
A151".1 5(P) 
A12K23(S) 
A12K24(S) 
A15Kl4(S) 
A15Kl4(R) 
A12K15(S) 
A12Kl6(S) 
Al5K2(S) 
Al5K2(R) 
A12K7(S) 
A12K8(S) 

• 

RELAY FLNCTIONAL 
DESIGNATION 

K1051A,K1051B 
l".1'151A 
K0457A 
K0458A 
Kl351A 
Kl351A 
K0453A 
K0454A 
K0753A 
K0753A 
K0451A 
K0452A 

COMvlAND NAME 

1 CLSD 
no~ \/ALVFc:; - nPS REG 1 CLSD RESET 
ELECTRICAL - INVERT 2 SEL 
ELECTRICAL - RAT. 1 OFF 
CCMMlJf\lICATIONS - SEC S-BND ON 
CQMvllJNICATIONS - SEC S-BND OFF 
ELECTRICAL - BAT. 2 OFF 
ELECTRICAL - PAT. 6 OFF 
ENVIROf\MENTAL - PRI H2O FEED 
ENVlROI\Mf.NTAL - PRI H2O RESET 
ELECTRICAL - BAT. 5 OFF 
FLEC.TRICAL - RAT. 6 B/U SE 

• 
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• 
MATRIX 

CODE POINT 

30A 7-lS 
31A 7-lR 

7-2S 
7-2R 
8-lS 
8-lR 
8-2S 
8~2R 
9-lS 
9-lR 
9-2S 
9-2R 

10-lS 

10-lR 
I-' 10-2S w 

10-2R I 
I-' 

11-lS w 

54A 12-lS 

55A 12-lR 
56A 12-2S 
57A 12-2R 
60A 13-lS 

·• • 
TABLE 13-3 LMP REAL-TIME COf',,'Ml\NDS BY CODE (CONT'D) 

RELAY RELAY FUNCTIONAL 
DESIGNATION DESIGNATION COMMAND NAME 
A15Kl(S) 1352A C()l',,'lMUNICATIONS - PRI S-BND OFF 
A15Kl(R) 1352A CQ'AMUNICATIONS - PRI S-BND ENt\BLE 

A12Kl3(S) 0459A ELECTRICAL - BAT. 3 OFF 

A15K8,17 0855A,0855B 
A15K8,17 0855A,0855B 
A12K21(S) 0455A ELECTRICAL - BAT. 5 B/U OFF 
A12K22(S) 0456A ELECTRICAL - BAT, 4 OFF 
A15K9,19 0257A FLT CONTR - ABORT STG FIRE 
A15K9,19(R) 0257 FLT CONTR - ABORT STG FIRE RESET 
A14K14(S) 1052A DPS VALVES - DPS REG 2 OPEN 
A14K14(R) K1052A DPS VALVES - DPS REG 2 OPEN RESET 
Al3Kl(S)2(S)19(S) K0852B,A,C RCS VALVES - RCS MAIN A CLSD 

A13Kl(R)2(R)l9(R) K0852B,A,C RCS VALVES - RCS MAIN A CLSD - RESET 
A12K2(S)A13K15(S) K2051A, K2051B PYRO - LM/SLA SEP ARM 
A12K2(R)Al3Kl5(R) K2051A,K2051B PYRO - LM/SLA SEP ARM RESET 
Al3K5(S)K6(S)K20(S) K0851B,A,C RCS VALVES - RCS MAIN A OPEN 

RCS VALVES - RCS MAIN A_OPl;__N RESET 

, 
A14K2(S)Kl(S)K19(S) K0854A,B,C RCS VALVES - RCS MAIN B CLSD 

Al4K2,Kl,K19(R) K0854A,B,C RCS VALVES - RCS MAIN B CLSD RESET 

A14K6(S)K5(S)K20(S) K0853A,B,C RCS VALVES - RCS MAIN B OPEN RESET 

A14K6(S)K5(S)K20(R) K0853A,B,C RCS VALVES - RCS MAIN B OPEN 
A12Kl9,KL1,Al3K17(S K2056A,C,K2056B PYRO - LM/SLA SEP FIRE 
A12K19(R)Al3Kl(R) K2056A,K2056B PYRO - LM/SLA SEP FIRE RESET 
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LM 
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TABLE 13-3 LMP REAL-TIME COt,,Vv1Al\JDS BY CODE((Ot!T ' O) REV B 

MATRIX RELAY RELAY FUNCTIONAL 
CODE POINT DESIGNATION DES I GNA TI ()\I COMMAND NAME 

70A 15-lS Al0K9(S)Kl0(S)Kll(S 0254A,B,C FLT CONTR - ABORT STG ARM 
71A 15-lR Al0K9(R)Kl0(R)Kll(R 0254A,B,C FLT CONTR ABORT STG RESET 
72A 15-2S AllK24(S) 1104A ENG ON-OFF-ENG STOP DISABLE 
73A 15-2R AllK24(R) 1104A . ENG ON-OFF-ENG STOP ENARLF 
74A 16-lS Al0Kl(S)K6(S) K0255A,B ENG ON-OFF-APS HF. l INHTRIT 

75A 16-lR Al0K2(S)K7(S) K0256A,B El'G O1'1-OFf-APS HE. 2 INHIBIT 
76A 16-2S 
77A 16-2R 
008 l-3S A9Kl6(S)K8(S)K24(S) El'JG ON-OFF-DPS ARM 
018 l-3R A9Kl6(R)K8(R)K24(R) Ef\X; ON-OFF-DPS RESET 

A9Kl3(S)K5(S) EI\G ON-OFF-El'X; STOP O/R 
A9Kl3(R)K5(R) Ef\X; ON-OFF-ENG STOP RESET 
A9Kll(S) El'~ ON-OFF-Ef\X; START 
A9Kll(R) ENG ON-OFF-El'G RESET 

f-' 
w I 
I A6K26(S)A7K26(S) K0163B,C,A TRANSLATION CMOS - +X DISABLE R-B 
f-' 
,I::' A8K26(S) 

6-3S Al1Kl(S)K9(S)Kl7(S) Kll51A, B, C FLT CONTR - ATT HOLD ON 

6-3R Al1Kl(R)K9(R)Kl7(R) Kll51A,B ,C FLT CONTR - AUTO ENABLE 
7-3S AllK2(S)KlO(S) Kll53A,B FLT CONTR - AUTO ON 

7-3R AllK2(R)Kl0(R) Kll53A,B FLT CONTR - ATT HOLD ENABLE 
8-3S Al6K5(S)Kl5(S) K2057A,C FLT CONTR - PRIME RLY RESET 
8-3R Al6K5(R)Kl5(R) K2057A,C FLT CONTR - PRIME RLY OFF 
9-3S Al6Kl7(S)K9(S)Kl6(S K2059A,B,C,D,E FLT CONTR - GUID SEL AGS 

K8(S)AllK3 

9-3R Al6Kl7(R),K9(R), K2059A,B,C,D FLT CONTR. - GUID SEL PGNS 
Kl6(R),K8(R) 

48 10-3S Al7Kll(S) K0752A ENVIROf\MENT - SEC H2O FEED 

• • • • • 



1--' 
w 
I 

1--' 
Vl 

• 
CODE 

45B 
SOB 
51B 
54B 
55B 

64B 
65B 
?OB 
71B 
74B 
75B 

MA.TRIX 
POINT 

10-3R 
ll-3S 
ll-3R 
12-3S 
12-3R 

14-3S 
14-3R 
15-3S 
15-3R 
16-3S 
16-3R 

• • 
TABLE 13-3 LMP REAL-TIME CO"1MANDS BY CODE (CONCLUDED) 

RELAY RELAY FUNCTIONAL 
DESIGNATION DESIGNATION Ca-lMAND NAME 
Al?Kll(R) K0752A ENVIROI\MENTAL - SEC H2O RESET 
Al7Kl4(S) K0751A 
Al7Kl4(R) K0751A 
Al7K9(S) K2060A Ca-lMUNICATIONS - DFI CAL ON 
Al7K9(R)Kl(S) K2060A,K2060B COVMUMICATIONS - DFI CAL OFF 

J J 

AllK4(S),KS(S) K0251A,B PYRO - MASTER ARM ON 
AllK4(R) ,KS(R) K0251A,B PYRO - MASTER ARM OFF 
AllK6(S) ,K?(S) K0252A,B RCS VALVES - RCS PRESS. FIRE 
AllK6(R) ,K?(R) K0252A,B RCS VALVES - RCS PRESS. RESET 
AllK8(S) Kll52A FLT CONTR - DEADBAND MIN 
AllK8(R) Kll52A FLT CONTR - DEADBAND LMP CONTR 
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LM 
TABLE 13-4 LMP PRIME (LGC&/OR PRA SEQUENCED) COMvlAND AS-20 6 

REV B 
RELAY 

DECIMAL RELAY FUNCTIONAL 
OCTAL CODE DESIGNATION DES I GNA TI ON CO/v1MAND NAME 

2 2 AllK18(5),25(5) Kll0lA, B FLT CONTRt - ATT HOLD C>i , 

3 3 AllK18(R), 25(R) Kll0 lA, B FLT CONTR - AUTO ENABLE 
4 4 Al1Kl2(5), 13(5) K0201A, B PYRO - MASTER ARM ON 
5 5 AllK12(R), 13(R) K020 lA, B PYRO - MASTER ARM OFF 
6 6 Al1Kl4(5),15(5) K0202A, B RCS VALVES - RCS PRESS. FIRE 
7 7 Al1Kl4(R), 15(R) K0202A, B RCS VALVES - RCS PRESS. RESET 

, 
, , 

12 10 Al2Kl4(5) K0034 SPARE 
13 11 Al2Kl4(R) K0034 SPARE 
14 12 Al3K8(5) K0813A RCS VALVES - RCS lA OPEN 

15 13 Al3K8(R) K0813A RCS VALVES - RCS lA OPEN RESET 

16 14 Al4K8(S) K0811A RCS VALVES - RCS 3A OPEN 

17 15 Al4K8(R) K0811A RCS VALVES - RCS 3A OPEN RESET 

20 16 Al1Kl9(S) K0028 SPARE 

21 17 AllK19(R) K0028 SPARE R-B 
I-' SPARE w 22 18 AllK20(5) K0029 
I 23 19 AllK20(R) K0029 SPARE 
I-' 
O'\ • 

24 20 AllK2l(S) K0030 SPARE 
25 21 AllK2l(R) K0030 SPARE 
26 22 AllK26(5) K0206 FLT CONTR - ABORT STG FIRE 

27 23 AllK26(R) K0206 FLT CONTR - ABORT STG FIRE RESET 
, 
, 

34 28 Al3K9(S ) K0821A RCS VALVES - RCS le OPEN 

35 29 Al3K9(R) K0821A RCS VALVES - RCS 1 B OPEN RESET 

36 30 Al4K9(S) K0819A RCS VALVES - RCS 3B OPEN 

37 31 Al4K9(R) K0819A RCS VALVES - RCS 3B OPEN RESET 

42 34 AllK23(S) Kl302A CQ!'-AMUNICATIONS S-BND RNG ON 
43 35 Al 1K23(R) Kl302A CCX'-\MUNICATIONS 5-BND RNG OFF 

• • • • • 



1--' 
w 
I 

1--' 
~ 

• 
OCTAL 

46 
47 
50 
51 
52 
53 
54 
55 
56 
57 

66 
67 
70 
71 
72 
73 
74 
75 
76 
77 

110 
111 
112 
113 

DECIMAL 
CODE 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

72 
73 
74 
75 

• 
TABLE 13-4 

RELAY 
DES IGt--:ATION 

A10K3(S),4(S),5(S) 
A10K3(R),4(R),5(R) 
Al0K8(S) 
A10K8(R) 
A12K6(S) 
A12K6(R) 
AllKll(S) 
AllKll(R) 

, 
A10Kl5(S) 
A10K15(R) 
A10K16(S) 
A10K16(R) 
A12K3,Al3K14(S) 
A12K3 ,A13Kl4(R) 
A13K3(S) 
A13K3(R) 
A14K3(S) 
A14K3(R) 

A10K24(S) 
A10K24(R) 
A12Kl(S) 
A12Kl(R) 

LMP PRIME (LGC 

RELAY 
FUNCTIONAL 
DESIGNATION 

K0205A, B, C 
K0205A, B, C 
K0024 
K0024 
K0033A 
K0033A 
K1104A 
K1104A 

K0025 
K0025 
K0026 
K0026 
K2001A, 
K2001A, 
K0805A 
K0805A 
K0807A 
K0807A 

K0022 
K0022 
K0032A 
K0032A 

B 
B 

• 
&/OR PRA SEQUENCED) COM'-1AND (CONT'D) 

COMMA.ND NAME 

FLT CONTR - ABORT STG ARM 
FLT CONTR - ABORT STG RESET 
SPARE 
SPARE 
SPARE 
SPARE 
ENG ON-OFF-ENG STOP DISABLE 
ENG ON-OFF-ENG STOP ENABLf 
SPARE 
SPARE 

SPARE 
SPARE 
SPARE 
SPARE 
PYRO - LM/SLA SEP ARM 
PYRO - LM/SLA SEP ARM RESET 
RCS VALVES - ASC FEED A OPEN 
RCS VALVES - ASC FEED A OPEN RESET 
RCS VALVES - ASC FEED B OPEN 
RCS VALVES - ASC FEED B OPEN RESET 

SPARE 
SPARE 
SPARE 
SPARE 
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DECIMt\L 
OCTAL CODE 

• 

110 
111 

TABLE 13-4 LMP PRIME (LGC &/OR PRA SEQUENCED) COMMt\ND (CONT'D) 

RELAY 
DESIGNATION 

J 

A9K2l(S) 
A9K2l(R) 
Al0K23(S) 
AlOK23(R) 
Al2K20(S),Al3Kl6(S 
Al2K12(S) 
A12K20(R),Al3K16(R 
Al3KlO(S) 
Al3KlO(R) 
Al4KlO(S) 
Al4KlO(R) 

A13Kl l(S) 
Al3Kll(R) 
A14Kll(S) 
A14Kll(R) 

• 

RELAY 
FUNCTIONAL 
DES IGNATICN 

0126A 
0126A 
0023 

J 

0023 
2006A, B 
2006C 
2006A, B 
0814A 
0814A 
0812A 
0812A 

COM'-IAND NAME 

RCS VALVES - ASC FEED A CLSD 
RCS VALVES - ASC FEED A CLSD RESET 

- ASC FEEDS CLSD 
FEED R CLSD RESET 

THROTTLE CONTR - MAN. THROTTLE - 10% ON 
THROTTLE CONTR - MAN. THROTTLE - 30% ON 
SPARE 
SPARE 
PYP.0 - LM/SLA SEP FIRE 

PYRO - LM/SLA SEP FIRE RESET 
RCS VALVES - RCS lA CLSD 
RCS VALVES - RCS lA CLSD RESET 
RCS VALVES - RCS 3A CLSD 
RCS VALVES - RCS 3A CLSD RESET 

THROTTLE CONTR - MAN. THROTTLE - 50% ON 
THROTTLE CONTR - MAN. THROTTLE - 50% OFF 
SPARE 
SPARE 

CO'AMUNICATIOl'!S - C-BND ON 
C()t,f,1UNICATIONS - C-B~.I[) OFF 
RCS VALVES - RCS 13 CLSD 
RCS VALVES - RCS 1B CLSD RESET 
RCS VALVES - RCS 3B CLSD 
RCS VALVES - RCS 3B CLSD RESET 

• 
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• 

I-' 
w 
I 
I-' 
\0 

206 134 
207 135 
210 136 
211 137 
212 138 
213 139 
214 140 
215 141 
216 142 
217 143 
220 11+4 
221 11+5 
222 146 
223 147 
224 148 
225 149 

• 
TABLE 13-4 LMP PRIME (LGC &/OR PRA SEQUENCED) COM'-1AND (CONT'D) 

RELAY 
RELAY 

DES I GNAT ION 

Al6Kl(S) 
Al6Kl(R) 
Al5Kl8(S) 
Al5Kl8(R) 

A14Kl7(S) 
Al4Kl7(R) 
A6K24(S),25(S) 
A6K24(R),25(R) 

FUNCTICNAL 
DES I GNA TI CN 

, , 
A9K7(S),15(S),23(S 0102B, 
A9K7(R),15(R),23(R K0102B, 
A16K2(S) K0823A 
A16K2(R) K0823A 
A15K5(S) Kl301A 
A15K5(R) Kl301A 

Al4Kl6(S) 
A14K16(R) 
A6Kl(S) 
A6Kl(R) 
A7Kl(S) 
A7Kl(R) 
A8Kl (S) 
A8Kl (R) 

K0040 
K0040 
K000lA 
K000lA 
K0008 
K0008 
K0015 
K001 5 

C 
C 

SPARE 
SPARE 

COMMAND NAME 

RCS VALVES - RCS 28 CLSD 
RCS VALVES - RCS 2~ CLSD RESET 
SPARE 
SPARE 
SPARE 
SPARE 
RCS VALVES - ASC FEED ARM 
~cs VALVES - ASC FEED RESET 
TRANS CMDS +X TRANS OM 
TRANS CMDS +X TRMS Off 

ENG ON-OFF - APS ARM 
E!\G ON-OFF - APS RESET 
RCS VALVES - RCS 2B OPEN 
RCS VALVES - RCS 2B OPEN RESET 
C()'v'MUNICATIQ\IS - PRI S-BND ENABLE 
C:nMMI 11\IJCATJ()f\lc; - PRI S-BND nFf 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
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I-' 
w 
I 

I\) 
0 

DECIMAL 
OCTAL CODE 

226 150 
227 151 
230 152 
231 153 
232 154 
233 155 
234 156 
235 157 
236 158 
237 159 
240 160 
241 161 
242 162 
243 163 
244 164 
245 165 
246 166 
247 167 
250 168 
251 169 
252 170 
253 171 
254 172 
255 173 
256 174 
257 175 
260 176 
261 177 
262 178 
263 179 
264 180 
265 181 
~~r ·~-~~v ~u~ 

-

Tr! J.OJ 

270 184 
271 185 

• 

RELAY 
DESIGNATICX'-J 

A9K6(S), 14(S),22(S 
A9K6(R),14(R),22(R~ 
Al6K3(S) 
Al6K3(R) 
Al5K7(S) 
Al5K7(R) 

Al4Kl5(S) 
Al4Kl5(R) 
A6K2(S) 
A6K2(R) 
A7K2(S) 
A7K2(R) 
A8K2(S) 
A8K2(R) 
A9K4(S) 
A9K4(R) 
Al6K4(S) 
Al6K4(R) 
Al5KlO(S) 
Al5Kl0(R) 
Al3K2l(S),13(S) 
Al3K2l(R),13(R) 
Al4Kl3(S),2l(S) 
Al4Kl3(R),2l(R) 
A6K3(S) 
A6K3(R) 
A7K3(S) 
A7K3(R) 
A8K3(S) 
A8K3(R) 
Ar'\111 ,,..., ,., ,~, 

- -
J-\jl'-.J.\.I<..) 

Al6Kl4(S) 
Al6Kl4(R) 

• 

TABLE 13-4 LMP PRIME ( LGC &/OR PRA SEOUENCED) CC'M'W'D (CO!JT' [')) 

RELAY 
FUNCTICNAL 
DESIGNATION 

KO 101B, A, 
K0l0lB, A, 
K0815A 
K0815A 
K0827A 
K0827A 

K0041 
K0041 
K0002 
K0002 
K0009 
K0009 
K0016 
K0016 
K0104B 
K0104B 
K0816A 
K0816A 
K0828A 
K0828A 
K0802B, A 
K0802B, A 
K0804A, B 
K0804A, B 
K0003 
K0003 
K00l0 
K00l0 
K0017 
K0017 
01 1 ....... 'I A 

- ~ V -• 

!l'.J. / U J.M 

K0817A 
K0817A 

C ! 
C I 

COMMAND NAME 

Ef\G ON- OFF - rips Ar_M 
Ef\G ON-OFF - [)PS RESET 
RCS VALVES - P.CS 2A OPEN 
RCS VALVES~ RCS 2A OPEN RESET 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
Ef\G ON-OFF - ENG STOP O/R 
EJ\G ON-OFF - Et---G STOP RESET 
RCS VALVES - RCS 2A CLSD 
RCS VALVES - RCS 2A CLSD RESET 
SPARE 
SPARE 
RCS VALVES - RCS MAit---! A CLSD 
RCS VALVES - RCS MAIN A CLSD RESET 
RCS VALVES - RCS MAIN B CLSD 
RCS VALVES - RCS MAIN B CLSD RESET 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 

"' •-.T ,_, n•-.11.n -· _, .. ,v.1.1,u ",..., ., v, 
·--· ·- - - - -

L...I \I '\IL/JI '1\3 1" ' '-" " VI I 

RCS VALVES - RCS 4B OPEN 
RCS VALVES - RCS 4B OPEN RESET 

• • 

LM 
AS-20fi 
REV B 

• 

R-B 



1--' 
w 
I 

I\) 
1--' 

• 
OCTAL 

272 
273 
274 
275 
276 
277 
300 
301 
302 
303 
304 
305 
- -
Jvv 
--

~~, 

310 
311 
312 
313 
314 
315 
316 
317 
320 
321 
322 
323 
324 
325 
326 
327 
330 
331 
332 
333 
334 
335 
336 
337 

I 

• • 

DECIMAL RELAY 
CODE DESIGNATION 

186 A15K3(S) 
187 A15K3(R) 
188 A13Kl8(S),22(S) 
189 A13K18(R),22(R) 
190 A14K18(S),22(S) 
191 A14K18(R),22(R) 
192 A6K4(S) 
193 A6K4(R) 
194 A7K4(S) 
195 A7K4(R) 
196 A8K4(S) 
197 A8K4(R) 
1nn - - - ' 
J. JV 

,:, __ .,,..,., . - --'-·" 
~JJ M;J •-J',.I'./ 

200 Al6K13(S) 
201 A16Kl3(R) 
202 A15K4(S) 
203 A15K4(R) 
204 A17Kl3(S) 
205 A17Kl3(R) 
206 Al7K8(S) 
207 A17K8(R) 
208 A6K6(S) 
209 A6K6(R) 
210 A7K6(S) 
211 A7K6(R) 
212 A8K6(S) 
213 A8K6(R) 
214 A9K10(S) 
215 A9KlO(R) 
216 Al6Kl2(S) 
217 Al6Kl2(R) 
218 Al5Kl3(S) 
219 Al5Kl3(R) 
220 Al7K3(S) 
221 Al7K3(R) 
222 Al7K6(S) 
223 Al7K6(R) 

• 
TABLE 13-4 LMP PRIME (LGC &/OR PRA SEQUENCED) COf'AMAND (CONT'D) 

RELAY 
FUNCTIONAL 
DESIGNATION 

K0704A 
K0704A 
K0801A, B 
K08,0 lA, B 
K0803A; B 
K0803A, B 
K0004 
K0004 
K00ll 
K00ll 
K1006A 
Kl006A 

_,. n,. 

-VVJ,. 

• r.rn .. 

. .,,,·vvi 

K0818A 
K0818A 
Kl00lA 
Kl00lA 
K0050 
K0050 
K0049 
K0049 
K0005 
K0005 
K0012 
K0012 
Kl005A 
Kl005A 
K0103A 
K0103A 
K0809A 
K0809A 
Kl002A 
Kl002A 
K0048 
K0048 
K0703A 
K0703A 

I 
I 

Ca-1MAND NAM: 

ENVIRON"-'IENTAL - PRI H20 FEED 
ENVIRON"1EMTAL - PRI H2O RESET 
RCS VALVES - RCS MAIN A OPEN 
RCS VALVES - RCS MAIN A OPEN RESET 
RCS VALVES - RCS MAIN _B OPEN 
RCS VALVES - RCS MAIN B OPEN RESET 
SPARE 
SPARE 
SPARE 
SPARE 
DPS POGS - PqGS 2 ARM 
DPS POGS - PQGS 2 RESET 
MASTER C&~/ ALARM RESET - ON 
MASTER C&W ALARM RESET - OFF 
RCS VALVES - RCS 4B CL~D 
RCS VALVES - RCS 4B CLSD RESET 
DPS VALVES - DPS REG 1 OPEN 
DPS VALVES - DPS REG 1 OPEN RESET 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
DPS POGS - POGS 2 ON 
DPS POGS - POGS 2 OFF 
ENG ON-OFF - ENG START 
Ef\G ON-OFF - Ef\G RESET 
RCS VALVES - RCS 4A OPEN 
RCS VALVES - RCS 4A OPEN RESET 
DPS VALVES - REG 1 CLSD 
DPS VALVES - REG 1 CLSD RESET 
SPARE 
SPARE 
ENVIRO!\MENTAL - SEC H2O FEED 
ENVIRONMENT AL - SEC H?O RESET 

• 
LM 
AS-206 
REV B 

• 

R-B 



I-' 
w 
I 
I\) 
I\) 

OCTAL 

340 
341 
342 
343 
344 
345 
346 
347 
350 
351 
352 
353 
354 
355 
356 
357 
360 
361 
362 
263 
364 
365 
7rr ., __ 
-r~ 
JV 

370 
371 
372 
373 
374 
375 
376 
377 

• 

. TABLE 13-4 LMP PRIME (LGC &/OR PRA SEOUENCED) COfvfvtAND ccrr :cLUD~D) 

DECIMAL RELAY 
CODE DESIGNATION 

224 A6K7(S) 
225 A6K7(R) 
226 A7K7(S) 
227 A7K7(R) 
228 A8K7(S) 
229 A8K?(R) 
230 A9Kl8(S) 
231 A9Kl8(R) 
232 A16Kll(S) 
233 Al6Kll(R) 
234 
235 
236 Al7K5(S) 
237 Al7K5(R) 
238 Al7KlO(S) 
239 Al7Kl0(R) 
240 A6K8(S) 
241 A6K8(R) 
242 A7K8(S) 
243 A7K8(R) 
244 A8K8(S) 
245 A8K8(R) 
r,1,r • ,.., i ,.. r , -. , 

- ' - . V,-'./ 

,.,,,., •nu~rr~, 

•J ~- - ' ... ., 

248 Al6KlO(S) 
249 Al6Kl0(R) 
250 Al6K7(S) 
251 Al6K7(R) 
252 Al7K2(S) 
253 Al7K2(R) 
254 Al7K4(S) 
255 Al7K4(R) 

• 

RELAY 
FUNCTIONAL 
DESIGNATION 

K0006 
K0006 
K0013 
K0013 
Kl004A 
Kl004A 
K0125A 
K0125A 
K0810A 
K0810A 

K2010A 
K2010A 
K0044A 
K0044A 
K0007 
K0007 
K0014 
K0014 
Kl003A 
Kl003A 

, ,.. .......... A 

•• V -

,.,,....,.,.. .. a 

•• V -• 

K0045 
K0045 
K0046 
K0046 
K0825A 
K0825A 
K0826A 
K0826A 

CO~D NAME 

SPARE 
SPARE 
SPARE 
SPARE 
DPS POGS - PQGS 1 ARM 
DPS POGS - PQGS 1 RESET 
THROTTLE COMTR MANUAL THROTTLE - 100% ON 
THROTTLE COl'JTR MANUAL THROTTLE - 100% OFF 
RCS VALVES - RCS 4A CLSD 
RCS VALVES - RCS 4A CLSD RESET 
SPARE 
SPARE 
DFI T/M CALIBRATE - ON 
DFI T/M CALIBRATE - OFF 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
DPS POGS - PQGS 1 Of\l 
DPS PQGS - POGS 1 OFF 
COMMUNICATIONS - DFI CAL ON 
COMMUNICATIONS - DFI CAL OFF 
SPARE 
SPARE 
SPARE 
SPARE 
RCS VALVES - X-FEED OPEN 
RCS VALVES - X-FEED OPEN RESET 
RCS VALVES - X-FEED CLSD 
RCS VALVES - X-FEEn CLSD RESET 

• 

LM 
AS-206 
REY B 

• 

R-B 

• 



I-' 
w 
I 

I\) 
w 

• • • • • 
TABLE 13- 5 LMP CMD INFORMATION 

LM 
AS-206 
RF.V R 

P~Ir<~ 
CYJ N8 . ;i"A-l~RI X CMJ ~J . iM.ATRIX 

c~: ...... .: ' .J Ti-:-:..~ : c:.:c 0C:7 l ~oc c::T ! LOC -'-'-----'-----''--- ------- - -------'---'----
PYRO 4 4 MO- L4 648 13-3:5 
MASTER ARM ON 

5 5 MO-L5 653 13- 3R 

' ' I 

I ! I i 
RCS VALVES f 

RCS PRES S. RESET 7 7 MO-L7 71B : 14-3R 

i 
Ef\G ON- OFF 

APS t'E 1 !NH! 8 IT 74A 1 15-1 s 
l 

APS HE 2 I .,IH l'l 1T 75A i 15-lR 

I D!SCRET'.= '.M 
! Vi:'<IFICATION 

! 

i 
: 

'.=- YJ llL'. (0) 
GYJlL: < ( ri ) 

GYOlll '< (1) 
GY0 11 2'< (1) -

-

I 
I 

ASSOCIATE'.) 
ONBOARD 

\/ALVE/Sv!TTCrl/ C3 

: :'. -5- 7 
. ~ASTER AR~ 'ON'' 

O ~NECTS THEF> 'u~--~;:::,· . BATTERIES Ip- ~ 
-,- '.) THE P'f RO _ ,_ 

' 2- 5-7 
' 1-'A;TER ARM " OFc:" -
I 

· 2.1.1 Z'.)NE =7 

.DI SCONNECTS THC: P~RJ 
: ~ATTERIES FROM THE FYRO ~ 

i BUSES . 

; 2 .1. 1 
ZONE 

F7 

I 

l I 
I 

! 

j 2- 5 -2 · REMOVES ;:,01,ER FRO/'' THE RCS 
j RCS PRESSURIZE "SAFE" ; ~UIBS . 
i (St·/ 1 S ;1DNENTARY) 2 . l . l ZONE c3 
: 2- s - 3 
'. TANK 3ELECT SW " TANK 
i 2" 
l 
I 

: O=>E~IS THE PO:!ER FEED TO THE 
i s1u1B TO PRESSURI ZE A3CENT 
' ENG It,E HE TANK 1 . 
i 
;2. 1. 1 ZONE D3 
I 
OPENS THE POl~cR FEED TO THE 12- 5-3 

1TANK SE LECT 
C l " 

S '.✓ "TANK : SQU I B TO 0 RESSURIZE A::C:::JH 
! ENGINE HE TANK 2 
2 . 1 . 1 ZONE A6 

IR-B 



P:<.I:--<~ 
C,".D ;,o . ',vtJ.T:~ :x 

co v.v~c..~~) -:-: ~'...-'.:: ! DEC ; OCT LQC 
ELECTRICAL 
BAT 1 OFF 

! 
!· 

BAT 2 OFF -

I BAT 3 OFF -
i 

f---' I 
w j I 
"-' 
.,0-

BAT 4 OFF I -
j 
I 

BAT 5 OFF - i 

i 
BAT 6 OFF I 
BAT 5 B/U CDR 

BAT 6 B/U SE i -

INVERT 2 SEL 

·.:7..2c - :::;s l j 

• • 

TABLE 13- 5 LMP CMD INFORMATION (CONT ' D) 

Lift 
A:;-206 

~'1 0 . ..,:1..v~~;'\:J:; 

r,;TC i 
i 

C:':0 :,..J . ·;~:p,-:~!X l DIS-CRET'.:: -:-;✓: 

i._;._ I l ' !...OC ! VcR IFICATI ON . 
17A i3-2R GC4361X(0) 

GC4362X(0) 

22A 4-25 GC4363X(0) 

GC436 4X(0) 

32A 6- 25 ! GC4365X(0) 

GC4366X(0) 

37A 7-2R GC436 7X(0) 
i 
j GC4368X(0) 
I 
I 

l 26A 5-25 GC4371X(0) 

I 
I 23A 4-2R GC4370X(0) 
I 

I 36A 7-25 GC4369X(l) 

' 27A 5-2R GC4372X(l) 

16A 3-25 

• 

REV B 

ASS CC l /-\-:~':J 
l ONBC~::Z'.J 
! VP,LVF /SV/FC--i /CB := (-1:\iCT=C\! 

i : 
! 4-S-l BAT #1 HI "OFF ;i DISCONNECTS BAT #1 FROM SE 
i RESET" l BUS 
i 4-5-5 BAT #1 LO "OFF / i 3. 2 . 1 ZONE E- 7 
; RESET" 

I 
l 4-s-2 BAT #2 HI "OFF/! DISCONNECTS BAT #2 FROM SE 
I RESET" ! BUS 
1 4-5-6 BAT #2 LO "OFF I! 3. 2 . 1 ZONE E-7 
: RESET" 

i 

i 4-5-3 BAT #3 HI "OFF/: DISCONNECTS BAT ff3 FRO"\ CDR 
i RESET" BUS 
I 4-s-1 BAT #3 LO "OFF/ 3.2.1 ZONE E-7 
i RESET" 
I 

' 4-5-4 BAT #4 HI "OFF/i DISCONNECTS BAT #4 FROM CDR 
RESET" ; BUS 
4-5-8 BAT #4 LO "OFFJi 3.2.1 ZONE E-8 
RESET" i 

: 4-5-10 BAT #5 NORM DISCONNECTS BAT #5 FROM SE I "OFF /RESET" BUS 
3.2.1 ZONE E-T 

I 4-5-ll BAT #6 NORM DISCO'-Jl\ECTS BAT #6 FROr--1 CDR 
, "OFF /RESET" BUS 

3. 2 .1 ZONE E-6 

; 4-S-1 2 BAT #5 B/U CONNECTS BAT #5 TO CDR BUS 
; "ON" 3. 2 .1 ZO'-JE E- 7 

I

: 4- 5-13 BAT #6 B/U CONNECTS BAT #6 TO SE BUS 
, "ON" 3 . 2 .1 ZONE E-6 
I 
I i 4-S-14 AC Pl~R CONNECTS INVERTER NO. 2 TO 
i "INV 211 THE AC BUS. DISCONNECTS 
\ 

INVERTER NO. 1 
3.3.1 ZONE C-7 

R-B 

R-B 

R-B 

R-B 

R- B 

R-B 

R-B 

R-B 

R-B 

R-B 

R-B 

R-"R 

R-B 

• • 



1--' 
L>J 
I 

r\) 
V1 

• • 

COM"'A~D TITLE 
EIWIR(l,W,IENTAL 
Pkl H2o FEED 

PRI H20 RESET 

SEC H2O FEED 

SEC H2O RESET 

--

PR IME 
av.o ~:o. 'I MATRIX 
DEC OCT . LOC 

186 272 Mll-LlO 

I 

187 273 Mll-Lll 

222 337 Ml3-Ll4 

223 340 Ml3-L15 

• 
TABLE 13-5 LMP CMD INFORMATION (CONT ' D) 

LJv\ 1 COMiVIANDS 

RTC ASSOCIATED 
CMD NO. MATRIX DISCRETE TM ON BOARD 

OCT I LOC VER! FI CATION VALVE/SWITCH/CB 
I 

24A 5-15 I GF4101P PRIMARY EVAPORATOR 
I 

GF9998U Flo.,./ VALVE "OPEN" 

i 
25A 5-lR 

44B 9-35 GF9998U 

! 

45B 9-3R 

• 
LM 
AS-206 

RIW B 

FUNCTION 

• 

ENERGIZES AND OPENS PRI 
WATER VALVE AND PERMITS 
WATER TO FLOW FRa--1 THE 
DESCENT WATER TANK TO THE 
PRIMARY GLYCOL LOOP ~/ATER 
BOILERS 
4.1,1 ZONE F7 
DE-ENERGIZES PRI WATER 
VALVE WHICH REMAINS LATCHED 
OF:EN 
4.1.1 ZOl'-E r.7 
ENERGIZES AND OPENS SEC 
WATER VALVE ,llfi0 PERMITS 
WATER TO Flo.,./ FROM THE 
ASCENT WATER TANKS TO THE 
PRIMARY WATER BOILERS. 
4 .1.1 ZONE E7 
DE-ENERGIZES SEC WATER 
VALVE 1-tti!CH REMAINS LATCHED 
OPEN. 
4.1.1 Za-.lE F7 • 

R-R 

R-B 

R-B 

R-B 

R-B 

R-B 



' 
PRIME 

1 CMD NO . 1MATRIX 
COl",VAND TITLE DEC fOCT ! LOC 

I 
' I 
i 

I-' 
w 
I 
[\) 
0\ 

i 

I 
' I ' I 

FEC-TSG 15 

• • 

. TABLE 13- 5 LMP CMD INFORMATION ( CONT'D) 

LM 1 COMMANDS 
I i RTC ASSOCIAT::D 

CMD NO. "MATRIX DISCRETE TM ONBOARD 
OCT I LOC VERI FI CATION VALVE/SWITCH/CB 

I I 
I i I 

I 

I 
I 

I i I 
l ' I 
I I ! I I I I I 

-

• 

I 

LM 
AS- 206 
REV B 

FUNCTION 

• 

R-B 

-· 

• 

I 

I 

I 

I 

I 

I 

I 

I 



• • • 
TABLE 13-5 LMP CMD . INFORMATION (CONT ' D) 

L'-1 1 CO/'Ai"1ANDS 
! I 

PRlM= RTC I 
I 

ASSOCIATED 
C.N\D NO . ii'IATRIX CMD NO. i'IATRIX DISCRETE TM ONBOARD 

COi'IMAND TI TLE DEC f OCT ! LOC OCT I LOC I VERIFICATION W,LVE/ SW ITCH/CB 

CO'-\'-IUNICATIONS j i 
34 I ! 

5-BND RNG ON 42 M2-L2 - - '· - 13-5-1 
RANGE/TV "RANGE" 

5-BND RJ\IG OFF I 35 43 M2-L3 - - - 13-5-1 
RANGE/TV "TV" 

PRI 5-BND ENABLE 138 212 M8-Ll0 31A 6-lR - 13-5-8 
XMTR/RCVR 'PRI' 
13-5-2 
Pv/R AMP '·'PR I 11 

PR I 5-BND OFF 139 213 M8-Lll 30A 6-15 - 13-5-8 
XMTR/RCVR "OFF" 
13-5-2 
P\-/R AMP. "OFF" 

SEC 5-BND ON - - - l 20A 4-15 - 13-5-8 
XMTR/RCVR "SEC" 
13-5-2 
PWR .AMP "SEC" 

I 
SEC 5-BND OFF - - - 21A 4-15 - 13-5-8 

XMTR/RCVR "OFF" 
13-5-2 
PWR AMP "OFF" 

C-BND ON 106 152 M6-Ll0 53A 10-2R - 19-5-1 
I C-BAND PWR "ON" 
I 

--

• • 
LM 
AS- 206 
REV B 

FUNCTi ON 

ENABLES 5-BAND RANGIJ\G 
FIJ'.ICTION -
5 .1.1 ZONE BJ --

DISABLES 5-BAND RANGING 
FIJ'.ICTION 
5 .1.1 ZONE B3 

TURNS ON THE PRI 5-BAND 
XMTR, RCVR, AND PwR AMP 
DEPENDING UPON THE RELATION-
SHIP BETWEEN lBE PR!t-E RELAYS 
AND THE RT(. RELAYS. 

5
5. 1. 1 ZONE D2 

.2 .1 E2 
TURNS OFF THE PR I 5-BAND 
EQUIPMENT. -5, 1. 1 ZONE D2 
5.2.1 D2 

TURNS ON THE SEC 5-BAl'O XMTR, 
RCVR, AND PWR Af-'P. SEC 5-BAN 
ON SHOULD ALWAYS BE PROCEEDED 
BY PRI 5-BND OFF. 
5 .1, 1 ZO~!E Dl 
i; .2 .1 D2 
TU~S OFF THE SEC 5-Bl'ND 
EQUIP~T. 
5 .1.1 ZCNE Dl 
5.2.1 E2 

D 

RTC'S ARE PER.MANFMTLY I~1HIRI TIT 
FROM TURNING THE C-B~ID ON OR 
OFF DUF. TO THf ONROARD 51,1 Bf I 
If'.' THF. ON POSITION. 
16.1.l ZONE G3 

R-B 

R-B 

R-B 

R-B 

'R-B 

R-B 



f-' 
w 
I 
r\) 
co 

• 

COM'-ll..NICATI0'-15 
(CCNCLLOED) 

C-BND OFF 

• 

i DE C 

107 

?~: >'E 
:\!O . :,·x·:nx 
i OC T LOC 

j 
153 !M6-Lll 

TABLE l3- 5 LMP CMD INFOI.MATION ( Cf1'!'1" r, ) 

~-:-c 
· c:~·.:.; ~v . ;VL::\ ~'.< ~ x 
I OCT 'I ux 

: DI S C~ ~-:- := -.-:v. 

: Vc:S: ! FICAT! ::\: 
: O~SOh'.:;.J 
: V/..L.VE/S'.·!1TC,-.,/C.3 

52A 
I 11 0-2S 

19-5-1 
C-BAND r ··:R " OFF" 

I 

LM 
J\S - 20 6 
REV 1' 

16 . 1 Z:)'!E F3 

• • 



I-' 
w 
1 
f\) 
\() 

• • 

CO,Vi"IA.ND TITLE 

I NS TRUt-AENT A TI ON 

DFI CAL ON 

DFI CAL OFF 

- -

' 

I 
PRIME 

C~D NO . !MATR IX 
DEC fOCT ! LOC 

i 

236 366 Ml4-Ll2 I 
I 
' 

237 367 M14-Ll3 
l 
I 
I 

I 

I 
I 
I 
I 

I 

• 
TABLE 13-5 LMP CMD I NFORMATI ON (CONT ' D) 

LM 1 CO:v\MANDS 

'[ RTC ASSOCIATED 
CMD NO. MATRIX DISCRETE TM ONBOARD 

OCT I LOC VERIFICATION VALVE/SWITCH/CB 

54B ll-3S GL4221 (1) R&D TM CAL "ON" 

558 ll-3R GL4221 (0) R&D TM CAL "OFF" 

i 

I 

I 

• • 
LM 
AS- 206 

REV B 

FUNCTION 

INTERRUPTS NORMAL SENSOR 
DATA FR~ THE DFI TM 
SYSTEM AND REPLACES THE 
DATA WITH PRECISION VOLTAGE 
FOR SUBSEQUENT CALIBRATION 
OF DFI DATA. 
16, 1, 1 ZONE Gll 

TURNS OFF CALI BRA TI ON JVQDE 
AND RETURNS l'IORMAL DATA 
FLOW. THE RTC PERMANENTLY 
It-1-iIBITS CONTROL OF THE DFI 
CAL FUNCTION BY PRIME RELAY 

16 .1 , 1 ZONE Hll 

, 

s 

-B 

R-B 



f-' 
w 
I 
w 
0 

• 

TABLE 13- 5 LMP CMD INF'ORMATION (CONT' D) 

• c.vi0 ,,;G . : .v~.:1: ; -~ ~ X 
~TC 

! C:'-'i.) I\J . ·:-,A7~:X , D:C:C:C::C: 7 :C Tt,t, 
,_,,_.::._:_·.•_~~-·\_::_T_; -_. :..._c _____ · CCC :: OCT : LVC: , I OC j V:: : :;''JC!-.TiON 
PYRO 

L..M/S LA SEP ARM :M3-Ll0 
i 

i 58 l 72 46A ; 9- 25 

' 
GL422 2 ::::(1) 

lM/SLA SEP AR"-1 RESET ! 59 : 73 .M3-Lll 47A , 9- 2R 
I I 

I 

LM/SLA SEP FIRE i go 32 /MS-10 62A 12-2 5 

LM/SLA SE'P FI RE RESET ' 91 1133 M5-Lll 63A ; 12-2R 
j 

::::GL4222 I S ACTIVATED 

I . 
i ' ! 

BY fHYSitAL S~PARATION QF 
I ! j 

' I I 

I 

THE LM I AND THE '. SL.A. 

I 

• • 

. VALVE/S\·l!TC,-,/CB 

I 
! 

I 
i 
I 
I 
I 
l 

LM 
.t..>206 

P!C:V n 

; ENABLES l..M/ SLA SEP 0 ·1D . 

i 12 . 1. 1 Z()'.JE CS 

I RELEASES SEP ARM FUNCTI ON 

; 12 . 1.1 ZONE '35 

: \-/HEN ENABLED BY THE u'1/SLA 
: SEP ARM, SIGNALS THE SL.A 
I SEQUENCER ,/HICH IN TURN 
'. FIRES THE RESTRAI NING STAPS 
: ALL0~/1 NG THE l..M TO SEPARATE. 
; EITHER SEP ARM AND SEP PRIME 

RELAYS OR SEP ARM AND SEP 
RTC RELAYS /"IJST BE USED 
BEFORE SEPARATION CAN OCCUR. 
12.1.1 ZONE as 

RELEASES SEP FUNCT ION. 
12.1 . 1 ZCNE 65 

• 

R- B 

R- R 

R- B 

R- R 

• 



I-' w ,-
w 
f--'. 

• • 

CClM'¥,ND • T IT LE 

DPS VALVES 

DPS REG 1 OPE'N 

DPS REG 1 OPEN RESET 

DPS REG 1 CLSD 

DPS REG 1 CLSD RESET 

DPS REG 2 OPEN 

DPS REG 2 OPEN RESET 

::WARN ING Ct-0 14A PERMANE~ 
FEC-TSG 45 

,~ 

• 
TABLE 13. 5 LMP CMD INFORMATION (CONT 'D) 

PROPULSION DESENT HE REGULATORS 

PRIME: RTC 
NO. t-'ATRIX Ct-0 NO. t-'ATRIX_ DISCRETE TM 
OCT LOC OCT LDC VERIFICATICl--l 

312 . 

313 

332 14N: 

-

333 15A 

42A 

43A 

irLY CL )SES D .~. REG 'AL #1. C~ 15A UUST REl-{)VES PO 

I 

ASSOCIATED 
ONBOARD 

VALVE/SWITCH/CB 

1055 

10S5 

10S5 

1055 

' 
10S7 

1057 

~ER FROM VAL COIL. 

• 
LM 
AS- 206 
REV B 

A.NCTICl--l 

APPLIES PWR TO OPEN _p.F . 
REG III RY Ju-1PI J\IG SW 1055 
(OPEN CONTACT) ~y ACTIVA-
TI I\IG RELAY Kl00l. RELAYS 
K1002 & K1051 ~ST RE 
RESET. SEE~ 9.1.1 
R~VES PWR TO OPEM D. E. 
REG .#1 E\Y RESETTl~'G Klnt'll. 
THIS 0-0 St-OULD BE GIVEN 
?. SECONDS AFTER CM'.> 31? 
HAS BEEM GIVEN TO Avt>ID 
PWR LOSS 
APPLIES PWR TO CLOSE D.E. 
REG #1 BY JI.WING SW 
1055 ( CLOSE CCl--lTACTS) BY 
ACTIVATI~•G RELAY 1<'100?.. 
CMD 14A PUTS PWR TO SW 10S5 
VIA RELAY Kl~51. 1-0WfVER, 
K1nn1 IS PERMANEMTLY ISOLAT-
ED \>.HEN THIS IS [)()IIE. 
REI-OVES PWR TO CLOSE DESCENT 
REG VAL #1 BY RESETTING 
K1002 . CMD 5A_RESET Kl051. 
GIVE THIS CMD 2 SEC AFTER 
CM'.> 332/14A. 
APPLIES PWR TO OPEN D. E. 
REG #2 BY Ju-1PI ~'G SW 1 '157 
(OPrn CONTACT) BY ACTIVAT-
ING RELAY K1052 . SEE D-/G -
9.1.1 -
REI-OVES PWR TO OPEN D:E. 
REG #2 BY RF.SFTTI~IG K1n52 
GIVE THIS CM'.> 2 SECONDS AFTER 
42A. 

RFG VAL t!l IS STILL IMHIBITF.D 

• 

R-B 
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------·- - -------------

COMMAND TITLE 
·lcMD 

DEC 

RCS VALVES 

X-FEED OPEN 

I 

X-FEED OPEN RESET i 

X-FEED CLSD 

X-FEED CLSD RESET 
I 

FEC-TSG 45 

• 

TA3LC J.3--5 IMP CJ-1D I:!FORMATIO:l ( CO'l'J' ' D ) 

RC::; CHO::;SFEEU (J',TEHCONNECT) VALV ' 

I 
PRIME RTC 
NO. MA.TRIX CMD NO. MA.TRIX DISCRETE TM 
OCT LOC OCT LOC VERIFICATION 

374 

. 

375 

375 

377 

\ 

• 

ASSOCIATED 
ONBOARD 

VALVE/SWITCH/CB 

P.S':>0 
Pt 'L I I 

LJft 

Af'.-- ".Y.f'S 
t,· ,j D 

Flx-JCTION 

APPLIES PWR TO OPf" RCS 
CROSSFFFD VALyr=S "Y JUMPI ' 'G 
51•1 8520 ':OP"'~' CO~'T.11.CT: RY 
ACTIVATI' 'G R"LAY K"R25 
SE'."" DWG 9 . 4.1 
REt-'OVfS PWR TO OPF" RCS 
CROSSFFED VAL'FS "Y RFS':'TTH 1G 
K'JR2~. Tf-lIS CMD SYOULD 
RF G!VP-' ?. SFCOt lDS AFFR 
CMD ?7 t, 'cAS Qf"~' GJVC!\1 TO 
AVOID P\✓R LOSS. 
APPLI':S PWR TG CLOSE RCS 
CROSSrE':D VALV:S -:> y JUMPJ'-·1G 
sw !ls2r 'CLOSE COt-'TACT' 
8Y ACTIVATWG R-=LAY KnR2F. 
REMOVES PWR TO CLOS': RCS 
CROSS FEED VALVE S RY RFSE"TTl~'G 
KQR'2fi. THIS CMD Sf-lOULD R': 
GIVE,-; ? SECONDS AFTER CMD 
37r:, 1--lAS RE':N GIVE,' TO AVOID 
PWR LOSS. 

R- B 

• • 
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'1' 
w 
w 

• • 

C0/'11-"AND • TI TL£ 

RCS MAIN A OPEN 

RCS MAIN A OPfN RESET 
... 

RCS MAIN A CLSD 

RCS MAIN A CLSD RESET 

NOTE: CMJS 50A AND 44A 
TO ENABLE PRIME Cl 

WARNING: IF CMDS 44A AN! 

IF Ct-OS 50A AN! 

FEC-TSG 45 

,~ -

f\HIBI 
()5. 

274 / 

254 ) 

• 
TABLE 13-5 LMP CMD I NFORMATION (CONT'D) 

RCS MSKV SYSTEM "A" 

PRIME RTC 
NO. "1ATRIX CMD NO. "1ATRIX. DISCRETE TM 
OCT LOC OCT LOC VERIFICATION 

274 50A 

275 51A 

I 
254 44A 

255 45A 
\ 

PRIM: CMOS. THESE RE LAYS (KO! 51 & K0852) MU! 
' 

IRE SEN SIMILJLT ~EOUSLY Cl'1)S 271 AND 275 ARE PE 

RE Sl:N SIMULT ~EOUSLY CMDS 251 AND 255 ARE Pl 

ASSOCIATED 
ONBOARD 

VALVE/SWITCH/CB 

MAIN 5/0 VAL "A" 
RS7 PNL II 

MAi f\1 S/O VAL "A" 
857 PNL II 

MAIN S/O VAL "A" 
8S7 PNL II 

MAIN 5/0 VAL "A" 
857 PNL I I 

T BE RESET i Y CMOS 

• 
IM 
AS-206 
REV B 

FUICTION 
APPLIES PWR TO OPEN M S/O 
VALVES BY JLMPII\G SW RS? 
(OPEi'! CONTACT) flY ACTIVATING 
RELAY K0801. (SEE DWG Q,4.1) 
REMOVES PWR TO OPEl' 1 M S/O 
VALVES RY Rf SETTING 1<0~0 1. 
THI S CMD SHOULD RE GIVEN 
2 SECONDS AFTER CMD 274 
HAS BEE~! GIVEN TO AVOID PWR 
LOSS (MOTE: IF 5nA IS SENT 
51A MUST RE SEMT TO REMOVE 
PWR AND ENABLE PRit-'c CM) 

APPLIES PWR TO CLOSE M 5/0 
VALVES BY JLMPI~1G SW 8S7 
(CLOSE CONTACT) BY ACTIVPTING 
RELAY K0R02. 
REMOVES PWR TO CLOSE M 5/0 
VALVES BY RESETTif\lG RELAY 
K0802. THIS CMD SHOULD BE 
GIVEN 2 SECONDS AFTER CM) 
254 HAS BEEM GIVEN TO AVOID 
PWR LOSS (~IOTE: IF 44A IS 
SENT 45A MUST BE SE~'T TO 
REMOVE PWR AND ENABLE PRIME 
CONTROL.) 

51A AND 45A I~1 ORDER 

RMANENTLY INHIBITEI . 

RMANENTLY I~IHIBITEI . 

• 

- B 
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TABLE 13·-5 LMP CM!J [NF'ORMATION I CO11 T ' D) 

RCS MSKV SYSTEM " ' " 

PRIME: RTC 
NO . MATRIX CMO NO. MATRIX DISCRETE TM 

COM'WJD TITLE OCT LOC OCT LOC VERIFICATION 

RCS MAit! B OPE~' 276 6flA 

RCS MAIN R OPEN RESET 277 6 1A -
RCS MAIN B CLSD 25ti 54A 

RCS MAIN B CLSD RESET 25 7 55A 

--- • • ••• • ••d •---• 

ASSOCIATED 
ONBOARD 

L)! 

AS- '.'C•( 

R":V ': 

VALVE/SWITCH/CB FLNCTION 

MAI ~! S/O VALV':' "A' 
SAMF AS 774 EXC::PT RFLAY 
KfJR03 JUMPS RS0 

RS<J PNL II (SEE DWG 9.4.1) 
MAI~ ! S/O VALVE ' 'A' SAME AS 775 FXCFPT RFLAY 
8S') ~•L I I Kr1R'l3 IS RESFT TO REMOVE F'WR 
MAH! S/O VALVE "A' SAM~ AS ?~4 EXCEPT RELAY 
RSt1 P~'L I I Kni\~4 JUMPS 8S 0 

MAIN S/O VALVE "A' SAME AS 2S5 EXCEPT RELAY 
8S<1 pt JL II K-18~4 IS RESFT TO Rft-0\Jc' 

PWR. 

NOTE: CMS 60A AND 54A H --!13IT PRIM: CMOS. THESE REL I\YS (KIJR :3 & K0854) MUST P," RESET f'Y CMOS 'lA Arn SSA I ~' ORDER TO 
ENABLE PRIME CMOS. 

WARNING: 

FEC-TSG 45 

IF CMOS 54A ANC 276 tRE SEN SIMULT\NEOUSLY CMOS 217 Am 276 ARE F-RMA~:E~1TLY I'IHJRIT' D. 

IF CMOS 60A ANC 256 tRE SEN SIMULT WEOUSLY CMOS 2°6 AND 257 ARE FE~'Et-•.ITLY l~!HIBITE D. 

• • • 

R-B 
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COl+\AJ'.O ·TITLE 
,~ 

RCS 4A OPEN 

RCS 4A OPEN RESET 

RCS 4A CLSD 

RCS 4A CLSD RESET 

RCS 4B OPEN 

RCS 4B OPEN RESET 

RCS 4B CLSD 

RCS 4B CLSD RESET 

FEC-TSG 45 

• 
TABLE 13-5 LMP CMD INFORMATION (CONT'D) 
RCS ISOLATION VALVES - QUAD IV 

PRIME . RTC 
NO. MATRIX iCt-0 NO. MATRIX. DISCRETE TM 
OCT LOC .OCT LOC VERIFICATION 

330 · . 

331 

350 

351 

I 

270 

271 

310 

311 

I 

ASSOCIATED 
oteOARD 

VALVE/SWITCH/CB 

RS16 
PNL I I 

RS16 
PNL I I 

8516 
PNL II 

8516 
PNL I I 

8518 
PNL I I 

8518 
PNL I I I 

851 8 
PNL I I 
8518 
PNL I I 

• • 
IM 
AS-206 
REV B 

F\.NCTION 

~PPLIES PWR TO OPEN RCS 
ISO VAL B'( JLMPlNG THE 

K:>PEN COITTACTS OF SW 8516 
BY ACTIVATIMG RELAY K0809 
SEE DWG 9 .4.l 
REM:lVES PWR TO OPEN RCS ISO 
VAL BY RESETTING Kn809. 
THIS CMD 51-0ULD BE GIVF.N 2 
ISECOf\1()5 AFTER CM"> 330 HAS 
BEEN GIVEN TO AVOID F'WR LOSS . 
APPLIES PWR TO CLOSE RCS 
ISO VAL BY JLMPING TIE CLOSE 
~ONTACTS .OF SW RSl~ BY 
~CTIVATING RELAY K0810. 
REt-OVE PWR TO CLOSE RCS ISO 
~AL BY RESETTING KORlO. nus 
~M) St-()ULD BE G IVE~l 2 SECONDS 
16.FTER CM) 350 HAS BEEN GIVEN 
~O AVOID PWR · LOSS. 

ISAME AS 330 EXCEPT RELAY 
KOR 17 JLMPS 8518. 
SEE DWG 9.4.1 
SAME AS 331 EXCEPT KOR17 IS 
RESET 
SN-IE AS 350 EXCEPT K0818 
JLMPS 8518. 
~AME AS 351 fXCEPT KOR18 
IS RESET. 

R-B 
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COMMAND TITLE 

~cs 3A OPEtJ 

RCS 3A OPEN RESE T 

RCS 3A CLSD 

RCS 3A CLSD RESET 

RCS 38 OPEN 

RCS 38 OPEN RESET 

RCS 38 CLSD 

RCS 38 CLSD RESET 

FEC-TSG 45 

• 

PRIME 

ICMD NO. 
DEC OCT 

16 

17 

136 

137 

36 

37 

155 

157 

i 

------------- - --- ---·· 

TABLE 13- 5 LMP CMD INFORMATI 'l:' (COrl'f ' D) 

RCS ISOLATION VALV?S -- QUAD III 

RTC 
MATRI X CMD NO. MATRI X DISCRETE TM 

LOC OCT LOC VER I FI CATION 

. 

! 

• 

ASSOCIATED 
ONBOARD 

VALVE/SWITCH/CB 

8515 
P" :L I I 

85 15 
P' 1L I I 

>lS lS 
D 'I L II 

RS15 
~IL II 

8517 
P~IL I I 

RS17 
~ IL I I 
RS 17 
Pf'JL I I 
8517 
P'.·!L I I 

!.,M 

ft. ~. - '?'I { 
: "/ 

FlJ'.ICTION 

APPLic:S PWR TO OPF'' RCS 
VAL RY JLMP I NG THF: OPF'I 
CO"TACTS OF SW 85 15 RY 
ACT I VAT HIG RELAY Kr-, 11 
Sff [ll✓G " . 4 .1 
REtv'OVF.S PWR TO OPF'. 1 RCS 
VAL RY RE SETT rnG K'13 l l. 

I cO 

I SO 
THIS 

CMD SYOULD BE G IVF~' 2 SFCONDS 
AFTER CMD I f; YAS REE~ 1 GI\IH! 
TO AVO ID P\<IR LOSS . 
APPLI ES P'•IP- TCJ CLOS"' RCS ISO 
VAL qy JUMP I' 'G T'-l:: CLOS"' 
crn 'TACTS QI= s·,, 8515 PY 
ACTJVATH'G R:'LAY K7f'l2. 
REf'10VE PWR TO CLOSc: RCS ISO 
VAL RY RESc-TTl"-'G KM 12. THIS 
CMD S~ULD PE GIVF" 2 SF.CO!'IDS 
AFTFR CMD 1 ,fi HAS 9FFN GI VEf--1 
TO AVOID PWR LOSS 

SAMF AS lf; FXCFPT RELAY K'1Rl 9 
JUMPS 85 17 . 
SEF DWG q . 4 . 1 

SAM!: AS 17 EXCF.PT K!JR 1° IS 
RESFT 
SAMF AS 13f- FXCEPT K0820 
Jl,MPS 85 17 
SAME AS 13 7 EXCEPT KO>l2 n I S 
R"S"'T 

• 

R- B 

• 
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CG't-'AND ·TITLE I
CM) 
DEC 

ASC FEED ARM 

ASC FEED RESET 

ASC FEED A OPEN 

ASC FEED A OPEN RESET 

ASC FEED A CLSD 

ASC FEED A CLSD RESET 

ASC FEED B OPEN 

ASC FEED B OPEN RESET 

ASC FEED B CLSD 

ASC FEED B CLSD RESET 

FEC-TSG '+5 

• 
TABLE 13- 5 IMP CMD I NFORMATION (CONT'D) 

RCS ASCENT INTERCONNECT VAL 

PRIME RTC 
NO. 1-'ATRIX P-10 NO. 1-'ATRIX DISCRETE TM 
OCT LOC OCT LOC VERIFICATION 

176 

177 . 

74 

75 

114 
' 

115 

76 

77 

116 

117 

ASSOCIATED 
ONBOARD 

VALVE/SWITCH/CB 

858 & !lSl0 
PNL I I PNL I I 

858 & RSl0 
PNL I I PNL I I 

858 
PNL II 

858 
Pf'IL I I 

858 
PNL I I 

858 
PNL I I 

8510 
PNL I I 

8510 
PNL I I 
8510 
Pl'JL I I 

8510 
PNL I I 

• • 

Fl.NCTION 

LM 
AS-2O6 
REV B 

CLOSES K082q WH ICH ENABLES 
PCA TO OPERATE ASCENT FEED 
f/ALVES. SYSTEM A & SYSTEM B. 
DISARLES PCA TO OPERATE 
16.SCENT FEED VAL~S. SYSTEM A 
~ SYSTEM B RY OPEl-11t-.k; K0829 
isEE DWG CJ .4.1 

~PPLIES PWR TO OPEN RCS ISO 
VAL BY JlJ,\Plf\'G THE OPEN 
:ONTACTS OF SW 858 BY ACTIVA-
TIMG RELAY K0805. 
SEE DWG q. 4.1 
REl-{)VES PWR TO OPEN RCS ISO VAL 
BY RESETTi f\'G K0805. THIS 00 
SHOULD BE GIVEN 2 SECONDS 
AFTER CM) 74 HAS BFF.N GIVEN 
TO AVOID PWR LOSS. 
APPLI ES PWR TO CLOSF RCS 150 
VAL RY JlJ-\PIMG n-E CLOSE 
C0f\1TACTS OF SW 858 RY ACTIVAT-
lf\1G RELAY K0 80f>. 
REt-OVE PWR TO CLOSF. RCS ISO 
VAL BY RESETTl f\!G Kf180f;. THIS 
Cl-0 SHOULD BE GIVEN 2 SECOMDS 
~FTER Cl-0 114 HAS FlEF:N GIVEN 
TC\ AVOID PWR LOSS 

SAME AS 74 EXCEPT RF.LAY K0807 
JLMPS 8510 
SEE DWG 9.4.1 
SAME AS 75 EXCEPT Kf1807 IS 
RESET 
SAM=. AS 114 EXCEPT K0808 JUMPS 
8510 

f-;AME AS 115 EXCEPT K0808 IS 
RESET 

R-B 
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---------------·· ··-----

Cow,\AJ\ID TITLE ICMD 
DEC 

RCS 2A OPEN 

RCS 2A OPEN RES ET 

P..CS 2A CLSD 

RCS 2A CLSD RESET 

RCS 2B OPEN 

RCS 2B CPEN RESET 

RCS 2B CLSD 

RCS 2B CLSD Rc5ET 

FEC-TSG 45 

• 

TABLE 13-- 5 • "IP r•~!J II!FORMATION ( CO!TT' D) 

RCS ISOLATIOt: VALV:':S - OUAr• II 

I 
PRIME RTC 
NO . MATRIX CMD NO. MATRIX DISCRETE TM 
OCT LOC OCT LOC VERIFICATION 

230 

. 

231 

250 

251 

210 

211 

170 

171 

I 

• 

·------------------

ASSOCIATED 
ONBOARD 

LfA 
As- int'. 
PEV ;: 

VALVE/SWITCH/CB FLNCTION 

APPLIES Pl,,/R TO OPHJ RCS ISO 
RS 12 VAL RY JUMPWG THF OPrn 
Pf 'L II Cot-lTACTS OF SW 85 12 RY ACT!-

VATF·lG RELAY K0R 15 
SEE D·IG CJ . Li . I 
R":MJVES F",iR TO OP>:N RCS ISO 

85 12 VAL BY RESETTl"G K'1Rl5. THIS 
Pf!L TI CMD SHOULD 9;.'" GIVF'·' 2 SECONDS 

AFTFR CMD :no HAS REF~· 
GIVHI TO AVOID PWR LOSS . 
APPLI F.S PWR TO CLOS~ RCS 

R512 I 50 VAL RY JLMPI ~'G T'JF CLOS F 
P' i l I I CONTACTS OF S\.J RSI~ 'lY 

ACT IVATI~~ R~LAY KQRl~ 

R512 R~MJVF. PWR TO CLOSF. RCS ISO 
Pl'!L I I VAL RY RESETTI ~'G KnRI~ . THI S 

CMD SH)ULD BE GIVF~• 2 SF: CONDS 
AFTER CMD 2c; n HAS RF.EN GIVEI'-' 
TO AVOID PWR LOSS. 

8S l4 SAM~ AS 230 EXCEPT RELAY 

Pt-IL I I K0R23 JLMPS RS14 
SEE DWG 9 .4.1 

RS14 SA/1-E AS 231 EXCEPT K0R23 IS 
Pt-IL I I RESE'T 
RS 14 SAME AS 250 EXCFPT K0R?4 
PNL I I JUMPS 85 14 
8S l4 SAME AS 2'i 1 EXCFPT 1('1R24 IS 
Pt-IL I I RFSET 

• 

R- B 

• 



I-' 
w 
I 

w 
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Cot+WlD . TITLE 

RCS lA OPfN 

RCS lA OPfN RESET 

RCS lA CLSD 

RCS lA CLSD RESET 

RCS 18 OPfN 

RCS 18 OPfN RESET 

RCS 18 CLSD 

RCS 18 CL5D RESET 

FEC-TSG 45 

ICMD 
DEC 

l 
I 

• 
TABLE 13- 5 LMP CMD INFORMATION (CONT ' D) 

RCS ISOLATION VALVES - Q.UAD I 

PRIME RTC 
NO. MA.TRIX Cffi NO. MA.TRIX DISCRETE TM 
OCT LOC OCT LOC VERIFICATION 

14 . . 

15 

134 

135 

\ 

34 

35 

154' 

155 

i 

ASSOCIATED 
ONBOARD 

VALVE/SWITCH/CB 

85 11 
PNL I I 

ISO VAL "A" 

8Sll 
PNL I I 

ISO VAL "A" 

8511 
PNL I I 

ISO VAL "A" 

8511 
PNL I I 

ISO VAL "A" 

ISO VAL A 
8513 PNL II 

I 
ISO VAL B 
85 13 PNL II 
ISO VAL B 
8513 PNL II 
ISO VAL B 
85 13 PNL II 

• 
1M 
AS-206 
REV B 

F\.NCTION 

APPLIES PWR TO OPEN RCS 
JSOLATict,I VALVES RY JLWING 
THF. OPEN CONTACTS OF SW 
8511 BY ACTIVATIMG RF.LAY 
K0R13 . SF.F. CMG 9 . 4. 1 
REt-'OVES PWR TO OPEM RCS ISO-
LATION VALW.S RY RfSETTING 
K0R13 . THIS CMO SHOULD BE 
GIVHI 7 SECONDS AFTER CMD 
14 HAS BEF.f\1 GIVF.M TO AVOID 
PWR LOSS. 
APPLIES PWR TO CLOSE: RCS 
ISOLATION VALW.S BY JI..MPI~ 
THE CLOSE COHrACTS OF SW 
8511 BY ACTIVATI~IG RELAY 
K0R14. 
RF.MOVE PWR TO CLOSF. RCS 

• 

ISOLATION VALVES BY RESETTING 
K0R14. THIS CMO SHOULD BE 
GIVEN 2 SECOl'JDS AFTER Cl-{) 
134 HAS BEEN GIVEN TO AVOID 
PWR LOSS. 

S.AME AS 14 EXCEPT RELAY 
K0821 JLMPS 8513 
SEE DWG 9.4.1 
SAM: AS 15 fXCEPT K0821 IS 
RESET 
S.AME AS 134 EXCEPT RELAY 
K0822 Jl.WS RS13 
SN-E AS 135 EXCEPT K0R22 
IS RESET. 

R-B 
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::FLT CONTR 

1-' 
w 
I ..,.. 
0 

• 

COM'-1AND TITLE 
ATT HOLD Et-JAB LE 

AUTO ON 

ATT HO LD ON 

AUTO ENABLE 

"AUTO" MODE 

"ATT HOLD11· MODE 

FEC-TSG 45 

• 

CMD 
DEC 

I 

3 

2 

I 

TA.T.\LE 13- 5 LMP CMD Il!FORMATI0'1 ( cmrT ' n) 

CO!ITROL MOD '' SELECT 

PRIME RTC 
NO . MATRIX k:MD NO. MATR IX DISCRETE TM 
OCT LOC OCT LOC VERIFICATION 

311: 

3LG . 

2 
~ll3 

25B 
3 

3 308 & GH I 603X "I" 
~5 B 

2 318 & GH1F.03X " ()" 

24B 

• 

--- · ·- ·· - ---- - ·· 

™ 
AS -20" 
RrV" 

ASSOCIATED 
ONBOARD 

VAL VE /SW ITCH/CB FlJ'.ICTION 
MODf: CONTR S':L"CT ·sFF DWG 8. 4. 1 
SW ll Sfi Pl•'L I I I ALLmlS ''ATT uoLD" OR ''AUTO'' 

TO 3E SELECTFD 
k:JD'c CO~'TR SELECT ALLOWS "OFF" OR AUTO TO RE 
SW llS li ~ •IL I I I SELF.CTED RUT J~"-I JB ITS "ATT 

f-DLD" 
MOD!: CO'ITR S::LECT ALLOWS "OFF" OR "ATT HOLD" 
S\\' l l SS JJ!' IL I I I T0 "'F S'::Ll=:CTF' D 0 UT J~ 1HJRJTS R- R 

"AUTO 
MODE CO~ITR s:;:LECT ALLOWS "ATT qOLD" 0R "AUTO" 
SW ll SF. Pl·'L I I I TO P.E S'cLFCTfD ;,UT H 'f-' 19 ITS 

''OFF" 

MODf CO~'TR S!c LECT S!:L':CTS ' "AUTO" IF ' IOT 
SW llSF P~-' L I I I n.'HJ'l !TED IF CMDS ,nR & ?5R 

ARF SE~'T "AUTO'' MQ[)fc IS 
H:SURED . 

MODE CO~'TR SELECT SELECTS "ATT HOLD" IF ~JOT 
SW l JSf; P~'L I I I Jt.lHIRITED IF CMOS 318 & 24R 

ARE srnT "ATT HOLD'' MODE JS 
HISURED . 

• • 
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• 

DPS POGS 

• 

CCJl'-'Ml),N() • TITLE ICMD 
DEC 

PQGS 1 ARM 

PQGS 1 ON 

PQGS 1 OFF 

PQGS 1 RESET 

PQGS 2 ARM 

PQGS 2 ON 

PQGS 2 OFF 

PQGS 2 RESET 

FEC-TSG 45 

• 
TABLE 13- 5 LMP CMD INFORMATI ON (CONT 'D) 

PROPELLANT QUANTITY GAGING SYSTEM 

PRIME I RTC 
NO. /vlATRIX CMD NO. /vlATRIX DISCRETE TM 
OCT LOC OCT LOC VERIFICATION 
344 

364 . 
365 

345 

304 

324 

325 
I 

3.05 

ASSOCIATED 
ONBOARD 

VALVE/SWITCH/CB 

MAI N PROP PNL 1' 
SW lflSB } 
MAIi'' PROP PNL I 
SW lOSB 

LM 
AS-2O6 
REV B 

• 

FLNCTION 

RELAY Kl 004 & Kl003 ARF. 
IN SERIES. IF ROTH ARF. CLO 
PWR IS APPLIF.D TO THE PQG 
PROPELLAJ\1T OUANTITY GAGING 
CONTR UNIT. 

MA IN PROP Pl'IL I ) Kl 004 IS OPENED ( RF.SF.T) RY 
SW 105B CMD 345 AND CLOSED (SET) BY 

MA IN PROP PNL I CMD 334. 
Kl 003 IS OPENF.D (RF.SET) RY SW 105B 
CMD 365 Af\lD CLOSED ( SET) RY 
CMD 3n~. 

_) SEE DWG g.1.1 

MAIN PROP Pf'IL 
I' 

RELAY KlOOF. & Kl005 ARF. I~I 
SW 105B SF.RIES. IF BOTH ARE CLOSF. 
MAIN PROP PNL I I PWR IS APPLIF.D TO nE PflG 
S~/ 105B PROPELLAJ\!T ~TITY GAGING 

CONTR. 
MAIN PROP PNL I • Kl006 IS OPENED (RESET) RY 
SW 105B CMD 305 AND CLOSF.D (SET) RY 
MAif'I PROP Pl'IL I Ct-0 304. 
SW 1058 Kl005 IS OPENBD (RF.SET) RY 

CM) 325 AND CLOSFD (SET) RY 
C"f> 3?.4 

I NOTE: SYSTEM 2 IS REDI.Jt,.l()AN 
TO SYSTEM #1 (I.F.. T 
1WO SYSTEMS ARE IN 
PARALLEL) 

SE 

T 
HE 

• 

R-B 
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FLT CONTR 

• 

COl>'MA.ND TITLE 

DEADBAND LMP C0NT, 

DEADBAND MH ' 

D':ADBAND 
U"\P CONTR 

DEADBAND LMP 
CONTR DISABLE 

& 
, QEADBAND MIN 

FEC-TSG 45 

• 

PRIME 

I
CMD NO. 
DEC OCT 

lf4 

45 

I 
I 

TA~LE 13- ", U'P Ct.'Jl I NFORMATIOt! (CO'.!''' ' D) 

1,i':ADBA'Jn SELECT 

RTC ASSOCIATED 

MATRIX CMD NO. MATRI X DISCRETE TM ONBOARD 

LOC OCT LOC VER! FI CATION VALVE/SWITCH/CB 

LGC DEADBA~!D SW 
OOW!'·!LWK 11 52 P-.JL Ill 

. 

LGC DEADBA~!D SW 
DQW,\!LI NK 1152 Pt :L Ill 

75:1 LGC DEAD'3AND SW 
00\.JNLl ~IK 1152 Pl'JL III 

74B LGC DFADFlJ\ND SW 
DOW~ILINK I 1S2 ~ !L III 

• 

L."11 
AS--2nc 
PS:V n 

FU'-JCTION 

APPLIES PWR Tri Kl'•, K 1 5, 
M'[) YIF FlY JUMPJ ~;G T➔F MAX 
C0~ 1TACT OF SW 1152 RY 
ACTIVATJ~JG RELAY Kll'!2 . 
SEE DWG 8 . 2 .1 SHEET 1 OF 

REMOVES PWR FROM Kl 5, KIF, 

2 

A'JD Kl ? BY RF.SETT! ~~ Kll 02. 

~:,!AR LES PRIME CO~'TROL 'W 
CLOSWG K11 52 W' l !CH IS I N 
SCRJ F.S ~ITH Kll "2 . 

I SOLATES Kllfl2 qy P. R"AK!~ IG 
T~E CIRCUI T WITH R~LAY Kl 152. 

• 

R- B 

• 
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I 
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• • 

CQM\W'ID TITLE 

Et-.K; ON-OFF 

APS ARM 

APS RESET 

DPS ARM 

DPS RESET 

ENG START 

ENG• RESET 

FEC-TSG 45 

Cf'!'O 
DEC 

I 

• 
TABLE 13-5 LMP CMD INFORMATION 

ENGINE CONTROL 
(ASCP,T & DESCENT) 

PRIME RTC 
NO. MA.TRI)'. ~ NO. MA.TRIX DISCRETE TM . 
OCT L0C OCT LOC VERIFICATION 

206 GH1260X 
" 1" 

207 GH1260X 
"0" 

226 00B GH134RX 
"1" 

227 0lB GH1348X . 
"0" 

I 

326 14B GH1286X 
"1" 

32 7 15B GH1286X 
"O" 

ASSOCIATED 
ONBOARD 

VALVE/SWITCH/CB 

151 
8'1G ARM SW 
(ASC & DEC) 

lSl 
E~IG ARM SW 
(ASC & DEC ) 

lSl 
E~lG ARM SW 
(ASC & DEC) 

151 
ENG ARM SW 
(ASC & DEC) 

152 
ENG START 

SW ' 

152 
ENG START 

SW 

• • 
LM 
AS-206 
REV B 

F\JIJCTION 

APPLIES P,.,,R TO ARM ASC ENG 
BY . Jl1-1PI NG SWlSl (Ase· CONTACT 
BY ACTIVATING RELAY K0102 
SEE DWG 8.3.1 f. DWG R.4.1 
REM'.>VES ASC ARM P,.,,R BY 
RESETT!t-.K; K0102. THIS 
EFFECTIVELY PUTS THE ARM SW 
rn THE SAFI: POSITION. 
APPLIES P,.,,R TO ARM DES FNG 
BY Jl1-1PING SWlSl ( DES CONTACT 
BY ACTIVATI MG RELAY K0101. 
CMD 00B DOES SAME WITH 
RELAY K0151 PLUS INHIBITS 
ASC ARM. 
REMOVES DES ARM P,.,,R BY 
RESETTING ~0101. THIS fFFfC-
TIVEL Y PUTS THE ARM SW IN 
SAFE POS ITIO'l. CM) 0lR IS 
Tt-E RESET FOR K0151 WHI CH 
REM'.)VES PWR FOR DES ARM ~!D 
ENABLES ASC ENG ARM. 
APPL IES PWR TO START FNG 
(ts_c OR DES) BY JUMP!~'('. SW 
152 (E~IG START SW) RY 
ACTIVATING RELAY K0103. CMD 
148 PARALLEL K0 103 WITH K0153 
SEE DWG 8.4. 1 
RESETS RELAY K0103. CM:> 15B 

S) 

5) 

R-B 



'rAELE 13-', LMP CMD INFORMATio:l (CONT 'D ) 

ENGT!'ff CONTROI 

PRIME 
(ASCET;T & DESCEt T) 

RTC 

ICMD NO. MATRIX CMD NO. MATRIX DISCRETE TM 

CQM',,\AND TITLE DEC OCT LOC OCT LOC VERIFICATION 

Et\G STOP 0/'?. 246 1n'l . 

ENG STOP RESET 247 ll fl 

' 

FEC-TSG 45 

I 

• • • 

ASSOCIATED 
ONBOARD 

VAL VE /SW ITCH/CB 

SW 154 
Pl''L VI 

u1, 

AS- 20-S 

R":V B 

FLNCTION 
APPLIES POWER TO STOP EN;; 
BY ACTIVATING RELAY K0104, 
CMD lOB DOES THE S.AME BY 
ACTIVATIN;; RELAY K0154 
WHICH IS IN PARALLEL wITH 
RELAY K0104. SEE DWG 
8.3.1 & 8.4.1 

CMD 247 Rl': SETS Kn l flll & CMO 
11~ RF.SETS Kn 154 . 

• 

R- 13 

• 
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• • 

CMD 
CCJM,W.JD • TITLE DEC 

E~ STOP 
DISABLE 

~ STOP ENABLE 

FEC-TSG 45 

I 

• 
TABLE 13- 5 LMP CMD INFORMATION 

ENG CONTROL 

ASCENT & DESCEN') 
PRIME RTC 
NO. MATRIX CMD NO. MATRIX. DISCRETE TM 
OCT LOC OCT LOC VERIFICATION 

54 72A 

. 

55 73A 

I 

.. . 

ASSOCIATED 
ONBOARD 

VALVE/SWITCH/CB 

NONE 

• • 
IM 
AS-2O6 
REV B 

FLNCTION 

THESE RELAYS K1104 & 
K1155 ARE IN SERIES WITH F.ACH 
OTHER AND IN SF.RIES WITH 
K0104 & K0154. CF.NG 
STOP OVERRIDE RF.LAYS) THIS 
ALLOWS THE SETTING OF EITHER 
RELAY TO DISABLE ENG STOP 
OVERRIDE. 

CMD 55 RESETS K1104 & CMD 
RESETS .K1155, BOTH MUST BE 

73A 

RESF.T TO ENABLE H!G STOP 
OVERRIDE. 

R-B 



TA3LE 1 3--'., ' MP CMn H1F'ORJ-1ATION ( COL'!" n) 

'J'l-: i\J·.JSLATf lN COJ',1M f ,ll! ( i 

I 
PRIME RTC 

I

C,,.D NO. MATRI X lcMo NO . MATRI X DI SCRETE TM . 

COMMAND TITLE DEC OCT LCC OCT LOC VERIFICATI ON 

TP.ANSLAT ION C1DS 200 
+X TRANS 
ON . 
+X TRJINS 21)1 

OFF 

+X DISABLE 21 'l 

+X TRANS 160 DO M01 USE 

DISABLE DO NOT 
USE 

+X TRAI-IS 161 SEND C"ILY I F 160 
HIABLE DO NOT WAS Sf.l\lT H! RROR I 

USE 

FEC-TSG 45 

I 

• • • 

ASSOC IATED 
ONBOARD 

VALVE/SWITCH/CB 

T! !RUST / TRA! !SLA TJ l)I" 
cor-!TROLL:"R CDR 

THRUST / TRA~'SLATJ m .1 

C01 1TROLLER CDR 

Tr 1RUST /TRJIJ' 1SLAT JO'·' 
CO"TROLL.., R CDR 

LI~ 
As- 2n" 
P?V ~ 

FWCTION 

JLJl,1PS Tf-lRUST / TRAt'-ISLATJ0~1 

CQl·'TR')LL':R +X SW N!D SE"JD + X 
o~• S !G~'ALS TO LGC AND ATCA 
P-Y AC TJ VAT!t 'G Kf)l?O 

REMOVES +X SI G~'AL FROM LG[ 

N -!D ATCA BY RESETTI NG K0 129 

SE TS RFLAY "'.01F> , Wrl I CH 
I SOLATES RELAY Kn 120 . Gt !D 

R':SET O'!L Y . 

-

+ X TR.L\NS OFF AND +X ON PERMAN cN 

D I SAB LE 

DI SABLES RELAY K'1 120 BY 

SETT ING K0 12'.l . 

F:NAqLfS RELAY KO 1 ':10 IW 
RFS':Tl ~'G K.0120. 

• 

R- B 

• 
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• • 

Cot+'A/IO ·TITLE ICMD 
DEC 

THROTTLE C0NTR I 

MAN. THROTTLE - 10% ON 

MAN. THROTTLE - 30% ON 

MAN. THROTTLF - 50% ON 

MAN. THROTTLE - 50% OFF 

MAN. THROTTLE - 100% ON 

MAN. THROTTLE - 100% OFF 

FEC-TSG 45 

PRIME 
NO. 
OCT 

126 

127 

146 

147 

346 

347 

' 
I --

• 
TABLE 13- 5 LMP CMD INFORMATION (CONT 'D ) 

THROTI'LE CONTROL 

RTC ASSOCIATED 
MATRIX CMD NO. MATRIX DISCRETE TM ONBOARD 

LOC OCT LOC VERIFICATION VALVE/SWITCH/CB 

1510 PNL I 
CDR THRUST/ . TRPNSLATION CON-
TROLLER 

1510 PNL I 
CDR THRUST/ 

TRANSLATION CON-
TROLLER 

lSlO PNL I 
CDR THRUST/ 

TW1SLATICJ-.l CON-
TROLLER 

' 1510 PNL I 
CDR THRUST/ 

TRANSLATION COJ\1-
TROLLER 

1510 PNL II 
CDR THRUST/ 

TRANSLATIOJ\I COJ\1-
TROLLER 

1510 PNL, I 
CDR THRUST/ 

TRJINSLATIOJ\I CON 
TROLLER 

• • 
LM 
AS-206 
REV B 

Fl.NCTION 

S IMULATl:S 10% MAJ'-! THROTTlE 
~y SETTING RELAY Kn l2h WHICH 
SEND ( S&C C.A #2 ) SIGJ\IAL 
THROUGH THE 10% TAP OF TI 
IN THE PCA 
SEE DWG R.2.1 (2 OF 2) 

SIMJLATES 30% THROTTLE RY 
RESETTING RELAY K0126 WHICH 
SENDS A (S&C C.A. #2) SIGNAL 
THROUGH THE 30 % WINDI~IG NTI 
OF TIE PCA 

SIMULATES 50% THROTTLE BY 
SETTING RELAY K0127 WHICH 
ROUTES A (S&C C.A. #2) SIGNAL 
THROUGH THE 50% TAPE OF TI 
IN THE PCA. DISARLF.S 30% "" 10% 

RETURN THROTTLE SETTI~ TO 
10 % OR 30% DEPENDIJ\IG ON RELAY 
Kl026 ( CMDS 126 OR 127). 
RELAY K012 7 IS RESET BY CMJ 
147. ENABLES 30% + 10% 

SIMULATES 10 0% THROTTLE RY 
SETTII\G RELAY K0125 WHICH 
ROUTES A (S&C C.A.)SIGNAL 
THROUGH Tt-E 100% TAP OF TI 
IM THE PCA). El[SABEES §0% ~ 
10% 

RF.TURNS THROTTLE SETTI NG TO 
10 % OR 30% DEPENDING ON RELAY 
K102h (CMD 126 & 127). RELAY 
t0125 IS SET BY CMD 347. 
ENABLES 50% + 10% 

R-B 



I-' 
w 
I 
-I=" 
CP 

• 

COt"Mt\ND TITLE 

FLT C0NTF 

(;u rn SFL AGS 

GUID SEL PGNS 

PRIME RLY RESET 

PRIME RLY OFF 

ABORT STG FIRE 

ABORT STG JlRM 

STR FI RE RESET 

STG RESET 

FEC-TSG 45 

• 

PRIME" 

I Ci"D NO. 
1DEC OCT 

26 

46 

27 

47 

I 

'l'A" J.f l ,- '.i LMP CMD IN F'ORMA'l'ICJt! I COilCLUDF'D) 

RTC ASSOCIATED 

MATRIX CMD NO. MATRI X DISCRETE TM ONBOARD 

LOC OCT LOC VERIFICATION VALVE/SWITCH/CB 

408 956 . 

418 956 

348 ~1 /A 

358 N/A 

40A 1514 

70A 1Sl4 

41A 1Sl 4 

71A 1Sl4 

• 

LM 
AS- 206 
REV P 

Fll'JCTION 

SF.TS RELAY nn:=;ri WH!Cf-l 
APPLIFS PWR TO SFT Kll, Kl'.?_. 
Kl3. KE. K7, KSl, KO, Kl, 
K2, K3 , K4, K5. THE PRA 
IS PLACED W STA'/DRY AtlD 
AUTO THRUST IS n'fi!R ITED. 
RESETS RELAY K205q WHICH 
APPLIES PWR TO RF.SFT i'.11, Kl2, 
1' 13 , Kf, K7, K~, Kq, Kl, K2, 
t:, .' K4, K5. PG• ?S IS 
Ft'A"L!:D 
Sff D'~G 8. 2 . 1 (S<-i':ET 2 OF ?) 

S:TS RELAY K2057 Wfi!CH RESFTS 
ALL R':LAYS IN THF PRIME 
RF.LAY MATRI X EXCFPT K11n1 
(AUTO MODE) K21)n5 r c-PA' !D) 
1'1701 (L~ID RADAR). 
RESETS RF.LAY K2057 
SEE DWG 13.3.1 (2 OF 2) 
RF.LAYS K020n & K0205 ARF. w 
SER IES. IF 130TH ARE SET 
(CMD 26 & 4h) THF AP.ORT STAGF. 
SEOUENCE WILL OCCUR. SW 1Sl4 
IS THEN fWPASSED. RTC CMDS 
40A & 70A ACCOMPLISH THE 
5/\ME TH HJG WITH R!:LAYS K0254 
AND K0257 

RELAY K0206 IS RESET BY CMD 27 
RELAY K0257 IS RESET BY CMD 41 
RELAY K020 5 IS RESET BY CMD 47 
RELAY K0204 IS RESET BY CMD 71 
SFE DWG 8.4 .1 

• 

A 

A 

R- B 

• 
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TABLE 13- 6 LM COMMAND CARD RELAY REFERENCE 

ON OR OPEN 
RTC PRIME SYSTEM PRIME 

FLIGHT CONTROLS 

258 (AUT() EN) ATT ENABLE 

308 (AUTO ON) 3 ATTON 2 
75B (LMP CTR) 44 - DEADBAND 45 
41B (P!ll;S) N/A GUID SEL N/A 

nn 34B (RESET) N/A PRIME RELAY N/A 
70A (ARM) 46 ABORT ST.AGE 47 

40A/41A (FIRE/FIRE 26/27 ABORT ST.AGE N/A 
RESET) 

EECOM 

PYRO 

64B (ON) 4 MASTER ARM 5 
46A (ARM)/(ARM 72 LM/SLA SEP N/A 

RESET) 
62A/63A FIRE/FIRE 132/133 LM/SLA SEP N/A 

RESET 

ELECTRfCAL 
N/A - N/A BAT. 1 N/A 
N/A - N/A BAT. 2 N/A 
N/A - N/A BAT. 3 N/A 
N/A - N/A BAT. 4 N/A 
N/A - N/A BAT. 5 N/A 
36A B/U COR N/A BAT. 5 N/A 
N/A - N/A BAT. 6 N/A 
27A B/U SE N/A BAT. 6 N/A 
16A SEL N/A INVERT 2 N/A 

ENVIRONMENT 

24A/25A (FEED/ 272/273 PR! H20 N/A 
RESET) 

44B/45B (FEED/ 336/337 SEC H20 N/A 
RESET) 

508 ENABLE SEC H~ FEED 518 
ca 1 

N/A (ON) 42 S-BA)\() RAl-'GE 43 
31A (ENABLE) 212 PR! S-BND 213 
20A (ON) N/A SEC S-BND N/A 
53A (ON) 152 ::::: C-BND 153 
548 (ON) 354 DFI CAL 355 

::::::CMD AVAILIBILITY DEPENDS ON COCKPIT SW. 

::::wARNrr-a; - DON'T SEND MASTER RELAY RESET DUR!r-a; ASC Er-a; OPERATION. 

◊INDICATES POSITION AFTER MASTER RELAY RESET IS GIVEN. 

OFF OR CLOSE PRIME RELAYS 
RTC (FUN.)ON/OFF (MOD)ON/OFF 

(ATT HD EN) 318 

(ATT HOLD ON) 248 KllOl A,B AllK18, 25 
◊(MIN) 74B K1102 A AllK27 

(.AGS) 40B 

(OFF) 35B 
◊ (RESET) 71A K0205 A,B,C Al0K3,4,5 

N/A K0206A AllK26 

◊(OFF) 65B K0201 A,B AllK12, 13 
47A K2001 A,B Al2K3, 

Al3Kl4 
- N/A K2006 A,B,C Al2Kl2,20 

Al3Kl6 

(OFF) 17A 
(OFF) 22A 
(OFF) 32A 
(OFF) 37A 
(OFF) 26A 
- N/A 
(OFF) 23A 
- N/A 
- N/A 

- N/A K0704 A Al5K3 

- N/A K0703 A Al7K6 

(RESET) 

◊ (OFF) N/A Kl302 A A11K23 
◊ (OFF) 30A K1301 A Al5K5 

(OFF) 21A 
(OFF) +52A K2005 A Al2Kl7 

◊ (OFF) +55B K0107 A,B A6Kl 9, 11 

• • 
GND RELAYS ,~ 

(FUN.)ON/OFF (MOD)ON/OF , 

Kll51 A,B,C AllK19, 17 

K1151&53 A,B AUK2, 10 
K1152 A AUKS 
K2059 A, B, C, A16Kl 7, 9, 16~ 8 

D 
K2057 A,C A16K5, 15 
K0254 A,B,C AlOK9, 10, 11 
K0257 A Al5K9 

K0251 A, B A11K4,5 
K0251 A,B AllK4;5 

K0256 A,B AlOK2, 7 

K0458 A Al2K24 
K0453 A Al2Kl6 
K0459 A Al2Kl3 
K0456 A Al2K22 
K0451 A Al2K7 
K0455 A Al2K21 
K0454 A Al2Kl6 
K0452 A Al2K8 
K0457 A Al2K23 

K0753 A Al5K2 

K0752 A Al7Kll 

Kl352 A A15Kl I 
Kl351 A Al5K14 
K0255 A,B AlOKl,6 
K2060 A,B Al7K9, l 
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TABLE 13- 6 LM COMMAND :ARD kELAY RF:FEREIICE ( Concl •1d,, d) 

ON OR OPEN 
RTC PRIME 

t,, A 100 % C'N 346 
N/A (50% ctn 146 
N/ A (30% ON) 127 ◊ 

( 10% ON) 126 

N/A (ON) 200 
N/A ---- N/A 

N/A L (ARM) 206 
L 00B L (ARM) 226 

14B/ 15B (START /RESET) 326/327 
l 0B (OVERR IDE) 246 

L 72A ( DI SABLE) 54 
74A (INHIBIT) N/A 
75 A ( INHIBIT) N/ A 

N/A (OPEN/RESET)L 312/3 13 
N/A - ---- N/A 

N/A (ARM) 344 
N/A (ON) 364 
N/A (ARM) 304 
N/A (ON) 324 

70B/71B ( FIRE/RESET) 6/7 
N/A (ARM) 176 
N/A L (OPEN/RESET) 74/75 
NIA L (OPEN/RESET) 76 / 77 
N/A L (OPEN/RESET) 374/375 

50A+/51A L (OPEN/RESET) 274/275 

60A+/61A L (OPE N/RESET) 276/277 

N/A L (OPEN/RESET) 14/15 
N/A L (OPEN/RESET) 34/35 
N/A L (OPEN/RESET) 230/231 
N/A L (OPEN/RESET) 210/211 
N/A L (OPEN/RESET) 16/17 
N/A L (OPEN/RESET) 36 /37 
N/A L (OPEN/RESET) 330/33 1 
N/A L (OPEN/RESET) 270/271 

"PE~ENTLY INHIBITS FUNCTI ON 
EN - ENABLE 

SYSTEM PRIME 

PROPULS ION 
THROTTLE CONTR()L 

tW' TI ROTTLE 347 
!WI TIROTTLE 147 
''AN Tf 'ROTTLE N/A 
t 'AN TI 'ROTTLE 

P/\NSLATI ON CNTR 

+X TRANSLATION 201 ◊ 
+X 

ENG ON- OFF 

APS 207 ◊ 
DPS 227 ◊ 
ENG N/A 
ENG STOP 247 ◊ 
ENG STOP 55 ◊ 
A0 S HE. l ~I/A 
APS HE. 2 N/A 

DE REG VAL CNTR 

DPS REG l 332/333 
DPS REG 2 N/A 

DPS PQGS 

PQGS #1 345 
PQGS #1 365 
PQGS #2 305 
PQGS #2 325 

RCS VALVES 

RCS PRESS . N/A 
ASC FEED 177 ◊ 
ASC FEED "A" 114/1 15 
ASC FEED '·'1•· 116/ 11 7 
CROSS FE ED 376/377 
RCS MAIN "A" 254/255 

RCS MAIN "B" 256/257 

RCS 1 "A" 134/135 
RCS l nr; 11 154/155 
RCS 2 "A11 250/25 1 
RCS 2 " B" 170/1 71 
RCS 3 "A" 136/137 
RCS 3 "R" l 56/15 7 
RCS 4 nA" 350/35 1 
RCS 4 11 B11 310 /311 

L - INTERLOCK - UNLESS RESET CMD IS SENT, OTHER CMOS ARE INHIBITED 
+ RTC - PE~ENTLY INHIBITS PRIME CMD CONTROL 

• • 

OFF OR CLOSE 

I 

OFF 
50% OFF 

(OFF) : 

(DISABL':) 

(RESET) 
(RESET) 
----
(RESET) 
(ENABLE) 
----
----

(CLOSEC/RESET) 
(OPEN/R':SET) 

(RESET) 
(OFF) 
(RESET) 
(OFF) 

(RESET) 
(CLOSE/RESET) 
(CLOSE/RESET) 
(CLOSE/RESET) 
(CLOSE/RESET) 

' (C LOSE/ RESET) \ 

(CLOSE/RESET) I 
(CLOSE/ RESET) 
(CLOSE/RESET) 

i 
(CLOSE/RESET) 
(CLOSE/RESET) 
(CLC'SE/RESET) 
(CLOSE/RESET) 
(CLOSE/RESET) 

• 

PR IME RELAYS GND RELAYS 
RTC (FUNCT I rtlAL) ON/OFF ( MJD) ON/OFF (FUN . ) ON/OFF ( M'.lD) CJ',J/OF 

N/A K0 125 A A9K l 8 
N/A K0127 A A9K20 
N/1',. K0126 A AlK21 

N/A K0 11 9 A,B A6K24,25 
21B" /K0 163 A,B,C A8K26,A6K26 

A7K26 

N/A K010 2 A,B,C A9K l 5,7,23 
0l B K0 l 0l A,B, C A9Kl4,6 ,22 K0151 A, B,C A9Kl6,8,14 
N/A K0103 A A9Kl0 K0 153 A A9Kl l 
ll B K0 104 B A9K4 K0 154 A,B A9K l3 , 5 
73A Kll04 A Al l Kl l Kll55 A Al 1K24 
N/A K0255 A,B Al0K l ,6 
N/A K0256 A,B Al0K2, 7 

14A"/15A Kl00lA Al5K4 
42A/43A 

N/A Kl004A A8K7 
N/A Kl 003A A8K8 
N/A Kl006A A8K4 
N/A Kl 005A A8K6 

N/A K0202 A,B AllK14,15 K0252 A, B AllK6, 7 
N/A K0829 A Al3K3 
N/A K0805/6 A Al3K3/4 
N/A K0807/8 A Al 4K3 / 4 
N/A K0825 /26 A Al7K2/4 
44A+/4 5A K0801/02 A,B Al3Kl8,22/ K0851/52 Al3K6, 5, 20/ 

13, 21 A,B,C Al3K2, 1, 19 
54A+/55A K0803 /04 A,B Al 4Kl8,22/ K08 53/54 Al4K6,5,20/ 

13, 21 A,B,C Al4K2,l,19 
N/A K0813/14 A Al3K8/10 
N/A K0821/22 A Al3 K9/l l 
N/A K0815/16 A Al6K3/4 
N/A K0823/24 A Al 6K2/l 
N/A K0811/ 12 A Al4K8/10 
N/A • K08 19/20 A Al4K9/l l 
N/A K0809/ 10 A Al6Kl2/ll 
N/A K0817/18 A Al 6Kl4/13 

NOTE: ON ALL VALUES WITH (OPEN/RESET) LISTED THE Cl-0 IS OPEN .AND 
OPEN RESET OR CLOSE AND CLOSE RESET. 

• • 



• 
TABLE 13-7 DECIMAL TO OCTAL CONVERSION TABLE 

• 0 1 2 3 4 5 6 7 8 9 

0 0 1 2 3 4 5 6 7 10 11 

10 12 13 14 15 16 17 20 21 22 23 

• 
20 24 25 26 27 30 31 32 33 34 35 

30 36 37 40 41 42 43 44 45 46 47 

40 50 51 52 53 54 55 56 57 60 61 

50 62 63 64 65 66 67 70 71 72 73 

60 74 75 76 77 100 101 102 103 104 105 

70 106 107 110 111 112 113 114 115 116 117 

80 120 121 122 123 124 125 126 127 130 131 

90 132 133 134 135 136 137 140 141 142 143 

100 144 145 146 147 150 151 152 153 154 155 

110 156 157 160 161 162 163 164 165 166 167 

120 170 171 172 173 174 175 176 177 200 201 

• 130 202 203 204 205 206 207 210 211 212 213 

140 214 215 216 217 220 221 222 223 224 225 

150 226 227 230 231 232 233 234 235 236 237 

160 240 241 242 243 244 245 246 247 250 251 

170 252 253 254 255 256 257 260 261 262 263 

180 264 265 266 267 270 271 272 273 274 275 

190 276 277 300 301 302 303 304 305 306 307 

200 310 311 312 313 314 315 316 317 320 321 

210 322 323 324 325 326 327 330 331 332 333 

220 334 335 336 337 340 341 342 343 344 345 

• 230 346 347 350 351 352 353 354 355 356 357 

240 360 361 362 363 364 365 366 367 370 371 

250 372 373 374 375 376 377 400 

0 1 2 4 6 6 7 8 9 

• 13-51 
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SECTION 16 
* ~EVELOPMENTAL FLIGHT INSTRUMENTATION/COMMUNICATIONS 

LM 
AS-206 
REV B 

16.1 SYSTEM DESCRIPTION 

16.1.1 Developmental Flight Instrumentation 

The Developmental Flight Instrumentation (DFI) consists of the 

instrumentation and communications equipment required for flight qualifi

cation of the lunar LM, but not generally required during the conduct 

of real-time earth orbital mission operations . The DFI equipment 

includes five VHF transmitters, two C-Band Beacons, a Digital Command 

Assembly, an instrumentation section, and associated antennas. 

A. Instrumentation Section 

The Instrumentation Section provides the capability for 

detection, signal conditioning and calibration of the R&D 

measurements. Capability is provided to operate in two 

modes (1) data and (2) calibration. 

1. In the data mode all measurements are telemetered and 

there is no reference signal for calibration. 

2. During the calibration mode, all data signals are 

terminated and known reference voltages are impressed 

on all data channels. The DFI CAL function starts 

an automatic calibrate sequence which consists of (1) 

a modulation package auto cal, (2) a signal conditioning 

package Z cal, and (3) a signal conditioning package R 

cal. The modulation package auto cal alternates approxi

mately every 0.5 seconds between O percent and 100 percent 

full scale on each TM VCO channel. The total "on" time 

of the modulation package auto cal is 2.0 ~ ;· 0 seconds. 

After the modulation package auto cal terminates, the 
. . + 2.0 

Z cal begins. This sequence lasts for 2.0 _ 
0 

seconds 

and at its conclusion, the R cal begins which also lasts 

for 2.0 ~ ;·
0 

seconds. At the conclusion of the R cal 

sequence, the entire system is returned to the data mode 

even if the DFI CAL command remains. The Z cal is 

16-1 
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approximately 15 percent full scale and the R cal is 

approximately 85 percent full scale with the exact engineering 

unit levels being a function of each measurement range. 

In the event the calibrate command is interrupted before 

the calibration sequence is completed, the DFI subsystem 

will automatically at that time, return to the data mode . 

The PCM measurements that are affected by the DFI calibration 

sequence are shown in Table 16.1. 

B. Communication Section 

The DFI/COMMUNICATION Section (DFI/COMM) provides the 

capability for the transmission of the R&D measurements , 

operational measurements , tracking information , and for the 

reception of ground commands . 

1. The five DFI/COMM VHF transmitters provide for the trans 

mission of the following: 

a. Xmtr A 230.9 MHZ FM/FM 

b. Xmtr B 237.8 MHZ PCM/FM 

C • Xmtr C 241.5 MHZ PAM/FM/FM 

d . Xmtr D 247.3 MHZ PAM/FM/FM 

e . Xmtr E 257.3 MHZ PAM/FM/FM 

2 . The five DFI/COMM VHF transmitters and the DCA will use 

the SLA VHF/UHF antennas prior to LM/SLA separation and 

the 1M VHF/UHF antennas at LM/SLA separation . Antenna 

switchover is automatic at LM/SLA separation. 

3. There are two C-Band beacons used simultaneously for 

AS-206. Both beacons will use the same double pulse 

interrogation code, that is, two input pulses are 

required by the transponders to produce one output 

pulse. 

4 . The DCA consists of a UHF receiver, two decoders, and 

interface circuits for the LM Guidance Computer (LGC), 

Program Reader Assembly (PRA), and Program Coupler Assembly 

(PCA) . For details on the DCA, see Section 13 . 
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16 .2 SYSTEMS DATA 

16 .2 . l OFI/C OMM 

A. VHF TRANSMITTER 

1. RF pQ;/ER OUTPUT 10 ;Ans 
2 . PO'NER INPUT 'b .ATTS 

B. C- BAND BEAC ON CHARACTER ISTICS 

1. RECEIVER .. FREQUENCY 5690 MHL ,. SENS ITIVITY - 70 dbm 
INTERROGATION 
PULSE , /IOTH 0 .5 l o 0. 8 ~s 

d. DECODER PULSE 
SPAC ING 3 . 5 ± 0.1 11s 

2. TRANSMITTER 
a. FREQUENCY 5765 MHZ 
b. PULSE WIDTH 0 .75±0.111s ,. BEACON PULSE 

DELAY 3 . 0 ± 0,1 !,IS 
d, PRF 0- 2&70 PPS ,. PEAK POWER 

OUTPUT 500 to 750 .VATT S 
f. PAvGCPEAK PWR -

750 WATTS 0 to 1.5 WATTS 
(PEAK PWR -
500 WATTS) Otol WATT 

C. DCA RECEIVER CHARACTERISTICS 

1. FREQUENCY 
2 . SENSITI VITY 

450 MHZ 
- 99 dbm 

TABLE H,-1 PC M MEASUREMENTS AFFECTED RV OFI CAL 

MEAS DESCRIPTION 

OPS THR OAT T l 
OPS THROAT T 2 
DPS THROAT T 3 
PRA COMPARE 

~ 
R CAL, Z CAL 
R CAL, Z CAL 
R CAL, Z CAL 
R CAL , Z CAL 

~ 

GQ7511 T 
GQ7512T 
GQ7513T 
GW5151V 
GW5 153V 
GL4 221X 

PRA CLOCK ON · 
DFI CAL 

R CAL, Z CAL 
INDICATES A " l" ANO 
REMAINS "ON" DURING 
CAL COMMAND 

TABLE 16-2 PRELAUNCH STATUS OF SWITCH/ CIR CUI T 
BREAKER POSITIONS 

SWITCH 
R/ 0 TM CALIBRATE 19S2 PNL X OFF 
C-BAND P'NR 19Sl PNL X ON 

CIR CUIT BREAKER 
R/ 0 INST 4CB18 l 
SL A./ LM A.NT XFER A 4CB35 
SLA/ LM ANT XFER B 4CB36 
DCA P'NR CBS 

CLOSED 
CLOSED 
CLOSED 
CLOSED 

OWG . NO. 16.1,l 
DETAIL SHEET NO. l 
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