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This Rev C has been prepared by the Flight Control Division, Manned
Spacecraft Center, Houston, Texas, with technical support by Grumman Air-
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* SECTION3 LM-I

ELECTRICALPOWER REV C

3.1 SYSTEM DESCRIPTION

3.1.1 LM DC ElectricalSystem

A. The LM dc electricalsystem consistsof six silver zinc pri-

mary batteries,four ElectricalControlAssemblies(ECA),and

two dc buses (commander'sand systemengineer's).

B. Four of the primarybatteriesand two ECA's are located in
9

the descentstage. A low voltage tap is provided at the

17 cell point of each 20 cell descentbattery,but is dis-

connected. The high voltagebatterytap is wired to the low

voltageterminalon each ECA such that the LV contactorsare
R-Cused to connectthe batteriesto the buses. To avoid over

voltageconditionsdue to using all 20 cells,the descent

batterieswill be installedpredischargedfrom the nominal

400 amp-hrrating to 350 amp-hrs. BatteryNo. 1 is tied to

the SE bus and Batteries2, 3, and 4 are tied to the CDR bus.

C. Two of the LM primarybatteriesand two ECA's are locatedin

the ascent stage. To avoid overvoltageconditionsand to

supresstransients,the ascentbatteriesmay be installed R-C

predischargedfrom the nominal300 amp-hr ratingto 250 amp-
hrs.

3.1.2 LM AC ElectricalSystem

The LM ac electricalsystem consistsof two singlephase ac in-

verters and one ac bus, and is locatedin the ascentstage. Only one

of the ac inverterswill supplypower to the ac bus at any given time.
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TABLE3-1 LM-ILOADANALYSIS

DC AMPS AT ON AT
SYSTEM WATTS 30 VDC ALL TIMES

ELECTRICAL
ELECTRICALCONTROLASSEMBLY (DESCENTi 20.0 0.67 NO
ELECTRICALCONTROLASSEMBLY (ASCENT) i0.0 0.33 YES

METERS & FLAGS (DESCENT AND ASCENT) 4.5 0.15 NO
METERS & FLAGS (ASCENT) 3.5 0.ii NO
INVERTERLOSSES (EFF = 65%) (BURN) h5 1.5 NO

(COAST) h0 1.33 NO
ENVIRONMENTAL •

SLYCOL PUMPS (2) 61.0 2.02 YES

COMMUNICATIONS
S-BANDXMTR/RCVR 36 1.20 NO
S-BANDPWR AMP 72 2.h NO
SIG PROC ASSY 15.5 0.52 R-C

INSTRUMENTATION
PCMTE ii 0.37 YES
C&WEA 13.6 0.45 YES
SIG COND UNITS 30.7 1.02 YES
SENSORS (DESCENTAND ASCENT) 14.5 0.48 NO
SENSORS (ASCENT) I0.5 O.35 YES
C-BAND BEACON (2) 56.0 1.87 YES
VHF XMTRS (5) 280 9.3 YES
DFI (EXCEPTXMTRS) 311 10.4 YES
DUAL FEED COUPLER 1.5 0.05 YES

PROGRAMER

PRA 23 •71 NO
DCA 15.0 0.50 YES
PCA 14 O.47 NO

GUIDANCE
IMU 300.0 i0.0 YES
LGC ii0.0 3.67 YES

3-2
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TABLE3-1 LM-ILOADANALYSIS(CONCLUDED)

DC AMPSAT ON AT
SYSTEM WATTS 30 VDC ALL TIMES

CONTROL

DECA 10.5 0.35 YES
DECA (AC) 6.3 0.ii YES
GIMBAL DRIVE ACTUATORS (AC) 80 2.67 NO
ATCA 42 1.4 YES
S&C C0NTASSY 5.2 0.17 YES

" PROPULSION

ASCENT ENG PROP VALVE 200.0 6.67 NO
ASCENT ENG ISOL KEG SOL VALVE 56.0 1.87 NO
ASCENT ENG GAGING 1.0 0.03 NO
DESCENT ENG ISOL KEG SOL VALVE 56.0 1.87 NO
DESCENT ENG GAGING 12.7 0.42 NO
THROTTLE ACT AMP 90 3.0 NO

mmw

DESCENT ENG S/O VALVE 60 2.0 NO

DESCENT ENG PRE-VALVE 85 2.8 NO R-C
RCS

THRUST CHAMBER ASSY ll2 PER TCA 3.74 PER TCA NO
ASCENT INTERCONNECT VALVE 70 PER VLV 2.33 PER VLV NO
MAIN PROP S0V 70 PER VLV 2.33 PER VLV NO
CLUSTER SOL VALVE 70 PER VLV 2.33 PER VLV NO
CROSSFEED VALVE 70 PER VLV 2.33 PER VLV NO
THUSTER PRESS. TRANSDUCER 4.5 0.15 NO
PROP QTY GAGING 1.0 0.03 YES
THRUSTERHEATERS(MAX) 764 25.5 NO

(AVG) 190 6.3 NO
TYPICAL POWER LOADS

COAST 55.1 AMPS
DPS BURN 70.1 AMPS
APS BURN 61.8 AMPS

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

SYSTEM CIRCUIT BREAKER RATING NOMFNCLATURE

PYROTECHNICS hCB76 3A LOGIC PWR A
4CB149 3A LDG GEAR FLAG

ELECTRICAL hCBI29 3A DOCK WINDOW (HEATER)

4CB6 3A ASC ECA CONT
hCB8 3A DES ECA CONT

4CBI0 3A DES ECA

4CB15 3A ASC ECA
4CB12 25A INV i
4CB4 50A X LUNAR BUS TIE R-B
4CB184 25A BAL LOAD CROSS TIE
hCB20 100A BUS CROSS TIE

4CB18 100A BAT FEED TIE R-B

4CB26 lOOA BAT FEED TIE

ENVIRONMENTAL hCBI07 5A CABIN FAN i
4CB138 20A SUIT FAN i
4CBI17 3A GLYCOL PUMP 1
4CB141 3A GLYCOL PUMP 2

COMMUNICATIONS hCBI37 5A SEC S-BND XMTR/RCVR R-B
4CB136 5A SEC S-BND PWR AMPL
4CB86 3A CDRAUDIO
4CB87 3A VHF A RCVR
4CB162 3A VHF B XMTR

INSTRUMENTATION 4CB131 3A SIG CONDR i
4CB22 3A DC BUS VOLT

4CB181 50A R/D INST

PROGRANER 4CB179 50A LMP FEED
R-B

GUIDANCE 4CB122 7.5A LGC/DSKY

(PRIMARY) 4CBI05 10A LDG RDR
4CB157 3A LDG RDR (HEATER)
4CBI2h 20A IMU 0PR

4CB155 5A RDR OPR (HEATER) R-B
4CB156 5A RNDZSTBY (HEATER)
4CB29 15A RNDZ RDR

4CB213 3A A0T (HEATER)

4CB154 3A SIG STR DISP
4CB161 3A IMUSTBY

3-4 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
i

CONTROL 4CB37 3A ENGINE ARM I

4CBhl 7.5A AELD I R-B4CB82 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
4CB43 15A QUAD 3 TCA-B
4CB42 15A QUAD 4 TCA-B
4CB54 5A CROSSFEED
4CB73 5A MAIN SOV-B
hCB52 5A ASC FEED
4CB121 3A PQGS (RCS) R-C
4CB68 3A DISPLAY (HEATER)

R-B

4CB53 5A ASC HE. REG
4CBI03 3A TEMP/PRESS. DISPLAY
4CB32 3A PQGS (DES) R-C

(HEATERS) 4CB222 7.5A QUAD i RCS SYS A/B-2

hCB223 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 hCBI26 3A FDAI
(PLIGHT DISPLAYS) 4CB134 3A X-POINTER

!

LIGHTING _CB128 5A FLOOD I

4CB147 5A MASTER ALARM I R-B4CB160 15A TRACK R-C
4CB148 3A ANUN/DOCK/COMPNT

CREW PROVISIONS 4CB33 3A CAMERA SEQUENCE
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TABLE 3-4 AC BUS CIRCUIT BREAKER TABULATIONS (PANEL XI) R-B

SYSTEM CIRCUIT BREAKER RATING NOMENCLATURE

ELECTRICAL 4CB144 BA CDR WINDOW (HEATER) R-B
hCB152 3A S.E. WINDOW (HEATER)
hCB23 5A AC BUS FEED TIE
4CB24 5A AC BUS FEED TIE

COMMUNICATIONS 4CB34 1A S-BAND ANT

INSTRUMENTATION 4CB202 3A TAPE RCDR
4CB27 1A AC BUS VOLT

GUIDANCE hCB203 3A AGS
4CB212 3A A0T LAMP
4CB206 3A RNDZ RDR

CONTROL hCB207 3A DECA GIMBAL

PROPULSION 4CB169 3A HE/PQGSDISP
R-C

MISC 4CB201 3A GASTA
(FLIGHTDISPLAY_S) 4CB209 IA CDR FDAI

4CB204 3A RNG/RNGRT
ALT/ALTRT

4CB210 IA SE FDAI

LIGHTING 4CB211 3A INTGL
4CB200 3A NUM

3-8 R-B
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TASI.E 3-g- LM-I $WITO_ TABULATION

PANEL P_SIT]CNS

5YSTEH SWITCH/ 5W/COhT -- PREL_Jf_ t
CC_.TROL t_LATURE CQ_IT ION

1! I11 IV V V! €I_ X¸ _ZJXlV _T "" TYp_ _ _S. TITLES
TYPE OF CLOSURE

_-F_5. TOGGLE LOCK/LOCX/LOCK
I-S-I L_INE AP_ X QFF ASC/OFF/DES

P_H _UTTQN MAIN
1-S-2 ENGINE START X _ IN: START

PUSH BUTTO_ MAIN
1-S-3 _GII_ STOP (CbR) X OUT IN: STOP

PUSM_UTTOt_ _AI_4
l-S-k ErmINE STOP CSE) X OUT, iN: ST_

I-S-_ DESC_,T RATE X C_.t_L.R 3-POS. T_LIE t.I_tl/MA[I_/M_

l-S-6 X-TP._ISL_TI_ X k dLT _/2 d_T

THRUST 2-1_. TOGGLE L._._,/L_C_
C_NTR_ 1°S-8 k_K;IN_ G_HbAL X F_,._L_ _ '_LE/OFF

1-_-9 _A_ _LD COUPLES X _ _/OFF

1-S-10 _'_ANUALTHROTTU_ X SE 2-1_S. TOGGI.E LOCk/LOCKCD_/S_

2-_S. T_GGLE LOC_/[.OCK
1-_-ll _I_R_ T C_TPOL X AUTt_ AUTO

1-S-12 .X TRANSL_TI_t_ X _FF _ L_UTT_'_IN: TP_ _SL

1-S-13 A_ORT X OFF iN: A_T

IN: A_ORT 5TA_

_-S-I _SC. PR[SS. × SAFE FI R_/SAFE

2-_$, I_LL t IUt_/L.OCK
2-_-2 PC$ PRESS, × SAFE F l RI_/SAFI_

2-S-3 /L_¢, H_. SELECT x _Tti _-POS. T_GL_ L.OCK/LO(_K/L_X_K

2-PGS, TOGGLE t'I_/L_X_K
EXPLOSIVE 2.5-_ _._C, liE, PRES_. X SAFE FIRE/SAFE

2-5-5 STAGE X SAFE 2-F_S, T_G(d.E L_C_,/LOCKFI F_/SAFE

2-_-7 _3 TLR ARM × OFF _I/OFF

_I/OFF

OFF 2-P_, _.G_ I_/t,_A 1J_
_HU 3-S-1 I_L C/_GE X O;/GFF

#-_-1. ,11 VOLT G_T 1 X IIOFF/RST _-POS. T_LE _/_Alf,/_'__t_/C_'NTER/OFF_$T

3-_S, TOGGLE HOt_/!.__rj/t _
k-S-2 dI V_J.T _AT 2 X _OFF/kST _/¢_'_R/OFF PST

3-_- TOGGLE M_/MAI N/t_
#-S°_ HI V_I_T _AT 3 X X_FF/RST _/_NTER/O_F RST

_-POS, TOGGLE t_/t.tAI N/_I_
_-_._ HI VOLT _AT _ X XOFF/RST (_/CEN_R/OFF RST

_°_-_ LI, Vl_LT _T 1 X XOFF/RST _/CENTER/OFF R_T

3-F_S. TOGGLE t_/t.'A[ N/I_
#-S-G LO V_LT ,_AT 2 X X(_FF/_ST _/C_'NTER/OFF RST

_-L_CT_I_AL _-S-? LG VOLT GAT 3 X _OFF/RST O_/CE_TER/OFF F_ST
P_R

_YSTEM k-$°8 LO V_LT _AT _ A x OFF/RST 3-po5. "_LE HO_/_Ir,/__I_/CENTER/_F RST

X C_h_CT _-POS. TOGGL_ H_/L_K/H_

_-$-10 h_RJ_lFgZD _AT _ X _OFF/_ST _i/C_WTER/OFF RST

_-FQS. T_GGL_ t_/_ll_/t_
_-_-11 i_F'_ FE_.b _,AT b X x L_FF/R51 Ct_/C_J_TER/OFFPSI"

k-S-12 _ FLeD _T 5 X K_FF/_ST _/CEI_TER/OFF RST

k-5-1_ _ FLED _^T G X _{JFF/_ST _/C_t_TLR/OFF RST

_-F_)S, TO(_,LL. LOCK/L.C_K/LOCK
k-S-l_ _ _L_ X _FF ]NV 1/OFF/INV 2

10-F'OS. _OTA_Y'
k-'S-15 p_,P/TEt_ _,1_1 X OFF OFF/! TMR_J6/C_/5E/A¢

2-POS. LOCK T_[-E LOCK/LOCK
h-_=16 AUTO TP_SFLR X _A_L_ E_/it_[ BIT i

PUSH BUTI"ON
6-S-2 PASTER A[_ X OFF IN: RST ALA_d

C_W P_SH 8UTTOt_
_-S-3 M_AST_R_ i X OFF _N: _ST

3-POS, COLLARC_NT,
7-t_-6 CDR SUIT FL._,_ X N/A TORSO/SUIT DISCO_I_:CT/HE_T

ENVI_Ct_t_hn'AL _-p_, COLIJ_._C_NT,
C_t_TRO[_ 7_'_-7 SE SUIT FLOW X N/A TORSO/SUIT DISCO_I_CT/MEL_IET

/-H_8 SUI_ GAS DIVERTER X N/A , PUSH-CABIN/PUI.L-_GRESS
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P_IEL POSITIONS
SWITCH/ SW./CONT.

SYSTEM CONTROL NOMENCLATURE PRELAUI'W:HZCS
I II Ill IV V VI /If! X (IfXI\ _ CONDITION TYPE & I_OSITICNTITLES TYPE OF CLOSURE

7-H-9 SUIT CKT RELIEF I{ BI/A 3 F_DSoFAUCET
O_N/AU'rO/Ct_ _

l-H-10 WATER SEPARATOR X N/A 2 PO$. "T" Ii_$1DLL
RELIEF PUSH-SEP l/PULL SEP-2

WIN RELIEF I; {)t,MP ) Ft)S.L_ARLEVLR
7-M-11 VI_V(F_) X _ CLOSEIAUTOIDUMP

I,ODULAT ING FAUCET
7-M-12 CABIN TEMP CONT. X MAX COOL MAX HEAT/NOI_41MAXCOOL

2-FwJS. FAUCET
7-H-13 PLSS DRINK X CLOSE DREN/CLOSE

" 3-P(JS,FOLIXJJTJ_hlb CR/W_K
7-H-14 WATERTANK SELECT X ASC. DCSC/ASC./EMLR

7-H-17 CABIH GAS RETt,N_VlV X N/A ]-F_S, FAUCET
DREN/ALITO/EGRESS

7-H-18 SEE GLYCOL X CLOSED 2-POS. N,D MWJDULATIt,W;FAUCET
OPEN/CLOSE

ENVIRONMENTAL 2-POSo bAR LEVER
CONTROL 7-H-19 CO2 C_INISTERSEL. X N/A PRI.wARy/ SEC(_'VDARy

I SYSTEM CABIN RELIEF S DUHP 3-Pt,S. BAR LEVER
(CONTINUED) 7_-20 VLV (U/H) X AUTO CLOSE/AUTO/DLt4P

H(JOULATING FAUCET
7-H-22 SUIT _ X COLD HOT/I NCP/OECR/COLD

7-d-23 PRIH CANISTER VENT X N/A ML_. PUSH bUTT(_
"VENTPUSH

7-11-2W SEC CANI_STER_NT X N/A _. FIJSH bUTTON
VENT PUSH

7-S-I SUIT FAN X 1 2-POS, ROTARY
I/2

7-3-2 O2/H20 QTY t1ON X ASC I W-POS, ROTARYCf,W PET/DES/ASCIlASC2

)-POS, RuTARy
7-S-3 GLYCOL pUMP X i F_R/I/2

l-S-4 PRIH EVAP FLOW X CENTER OFF 3-POS, TOGGLE
OPEN/CENTER/CLOSE MOM/LOCK/MOM

8-S-7 _AIN SOY (SYS A) X 3lCLOSE/ _-POS. TOG_mLE
OPEtI/CENTER/CLOSE MOM/LOCK/MOM

$-POS, TOGGLE HC_4/LOCK/ME/I
8-3-8 ASE FEED (SYS A) X XCLOSE/ OPEN/CErITZR/CLOSE

8-S-9 MAI!I SOV (SYS B) X XELOSE/ ]-POS. TUGGLE MOH/LOCK/MCktDREt_/CEI_TER/CLOSE

3-POS. TOGGLE MIGM/L(D(_K/MOM8-S-I0 ASC FEED (SYS B) X WCLOSE/ OPEN/CENTER/CLOSE

$-POS, TOC_SLE M_/MAI N/MGM
8-5-11 Qt.taDI (SYS A) X XOPEN/ OPEN/CENTER/CLOSE

_-S-12 QUAD 2 (SYS A) X =(OPEN/, 3-POS. TOGGLE IIOMIHAIU/p(_4
REACTICt_ OPEN/CENTER/CLOSE

3-P_S. TCGGLE
CC_TROL _-S-13 QI_D i (SYS B) X WOPEN/ OPEN/CENTER/CLOSE MOea/MAIN/MC_

8-S-14 QUA{) _ (SYS B) X wOPEN / 3-POS. TOGGLE M(IM/M_IN/M_F_OPEN/CENTER/CLOSE

3-POS. TOGGLE
8-S-15 QUAD 3 (SYS A) X xOPEN/ OPEN/CENTER/CLOSE HOM/MAIN/M_4

3-POS. TOGGLE
8-S-16 QL'L'L'L'L'L'L'L'L'L_D4 (SYS A) X WC_EN/ OPEN/CENTER/CLOSE P_/MAIN/_

_-POS. TCGGLE
_-S-17 QUAJ)3 (SYS B) X WOPEN/ (_EN/C_NTER/CLOSE MC_I/FIAIN/FI_4

3-POS. TOGGLE M_/MAI N/_(_M
8-S-_8 QUAD 4 (SYS B} X WOPEN/ OPEN/CENTeR/CLOSE

_-poS. ROTARy
8-S- 19 TEMP/PRESSMW)N. X HE.

_/PRPLNT/FLEL M_F/OXID MN_F

)-FOS. TOGGLE PIG_4/LO(]K/F,IO_
8-$-20 CROSSFEED X ={CLOSE/ DREN/CEI_TER/CLOSE

2-POS. TOGGLE MA[N/f't_l N
9-3o_ RATE/ERP _i_)N(CDR) X LOG RDR/G'IPTR RNDZ RADAR/LOG RDR-(2"PTR

2-F_$. TOGGLE HAlN/_IAIN
9-S-3 ATTITUDE M_ (CDR) X FGNS _(;NS/A_S

]-3-4 R_,/ALT HCIN X RNG/P.NGRT 2-POS. TOGGLE _IN/MAIN_RN(; RT/ALT-#J_+RT

2-POS. TOGGLE
J-S-_ _UID CO_T X PGNS PG_S 1_£;S LOCK/LOCK

2-POS. TOGGLE
9-S-7 RATE ERROR _ (SE) X LOG RDRICMPTR _NDZ P.AD_R/LDGRDR-OHPTR HAIH/MAIN

FLIG_T 2-POS. TOGGLE
L'ONTROtS 9-S-8 S_FT/TRLI'I ANGLE X +/-50 _ +50o/t5 o _AIN/MAIN

)-POS. T(X.GLE .MAIN/MAIN/MAIN
9-S-9 _DR SELECT X RENS LOG RADAR/PE,NS/AGS

2-POS. TOGGLE _IN/M&_IN
S-S-IO ATTITLI)_ HON CSE) X PGNS PG.MS/AGS

}-POS. TOGGLE M_/MAIN/t_IN9-S- 11 RESET/COUNT X UP RST/UP/DOWN

9-5-12 TIHER COt_ X CENTER }-POS, TOGGLE _/_IN/MI_
STA.RT/CENTER/STCP

3-POS. TC_..GLE MOH/I_AiN/MO__
9-S-1_ MIN SLEWCONT. X CENTER TENS/CENTER/UI_ITS

_-POS, TOGGLE
9-S-1 u* SEE SLEWC_I_T. X CENTER TENS/CE_TER/U_IITS MO_/MAIN/P4OM
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TABLE 3-0 U_-I SWITEH TABULATION

PANEL POSITIONS

SWITCH/ _iW./C_IT _ PREIJWIWCM

SYSTEM CONTROL NOMI_CLA_ I II IZļ IV V VI Vll X Xl (IV ECr_X5 CONDITION TYPE S POS. TITLES TYPE OF CLOSURE
p

FLIGHT g-S-t7 X-POINTER S_.J_JE(CI_] X MI MULT HI2POSMULT/toTOGGLEMULT MAIN/MAIN

CONTROLS 9-S-18 X-_OINTER SCALE (SE) !X HI I'U.T 2 POS TO;<;UE i%LIN/MAINHI MULT/LO MUtT

10-S-I pIK]mELL.tNT]I_MP/PRESS X DES I 11POS TOGGLE MAIN/MAIN/MAIN
MON ASC/I_ESI/_S 2

) pOS TOGGLE MEM/MAIN/HGM
10-S-3 _C HE. I_G ! X rooFS/ O_QENTER/CLQSE

I0-S-4 ASC ME. P£G 2 X ZOFL_I/ 3 POS TOGGLE MOM/MAIN/MOMO_N/CENTE R/CLOSE

HAIN I0-S-5 DES HIE.REG ! X mOpt-N/4 3 POS TOGGLE MI]M/MAIN/Mr'€_OP_N/DENTER/CLOSE
PROP

(CORerS) _ESC: SLPCRIT PRESS
]0-S-6 HELIUM MON X OFF _SC: TEMP I/TEHP 2/PRESS I/PRESS 2

10-S-7 DES HE. REG 2 X XCLOSE/ 3 POS TOGGLE FtIUMAIN/t_DMOPEN/DENTER/CLOSE

3 POS TOGGLE MAIt4/MAIN/HAIN

10-S-8 pRPI.NTQTY MON X OFF DES I/_ES 2{OFF

) POS TOGGLE IIO'4/LOCK/HOM
I]-S-I GYRO TEST X OFF POSRT/OFF/NEGI_T

2 POS TOGGLE MAIN/MAIN
I|-S-2 DEADI_W_D X MIN MAX/HIN

11 3 POS TOGw_iLE HAIN/MAIN/HAIN
11-S-3 PITCH ATT, CONT. X _ CONT. DIR/P_JLSE/MOI_E(_ONT

STABILIZATICI_ ) POS T(T_GLE MAIN/t_AIN/HAIN
.{_ND I]-S-4 ROLL ATT. CDNT, X MODE CONT, DI_/PULSE/F_DDECONT

CONTROL

11-S-5 yAW All'.CONT X MODE EOt_T. 3 POS T_LE ItAIN/MA[N/HAINDI R/PGESE/MO(_"EONT

3 POS TOGGLE MAIr_/i_AIt4/MAIN
If-S-6 MODE CONTROL X AUTO OFF/ATT HDLD/AUTO

I]-S-7 GYRO TEST X PITCH ) POS TOGGLE MAIN/;%MN/MAINROLL/PITOn/yAW

3 POS TOGGLE

AGS 12-S-17 A_S STATUE X OFF O_ERATE{STANDBy/OFF LOCK/LOCK/LOCK

13-R-I0 SQUELCH: W-IFA FULL DECR THUMBWHEEL

13-R-IS SQUELCH: VHF B X FULL DEER Th'JMB_IEEL

3 POS TOGGLE MAIN/MAIN/MAIN
13-S-_. RA_GE/TV X OFF P,.aNGE/OFF/TV

3 POS TOGGLE t.tAIrl/MAIN/MA[;_
15-S-2 PI4RAMPL X OFF PR]FI/OFF/SEC

15-S-_ BI(_ED X OFF 3 FOS TOGGLE MAIN/PIAIN/MA]r_LEFT/OFF/RT

5 POS TOGGLE MAIN/MAIN/MAIN
I)-S-4 PC_I/t(EY X PCM pC.H/OFF/KEY

X PM _V_,F_STOGGLE tIAIN/MAIN_}-S-5 H(3_K.N_ATE
i

5 POS TOGGLE i_ATN/MAINIHAIN
COMM 13-S-6 VOICEIVO ICE BU X OFF VOIDE/OFF/VOIEE

2 POS TOGGLE t4AIN/MAIN
15-S-7 VHF A; XHTR X OFF ON/OFF

15-S-8 XMTR/RCVR X OFF 5 POSTOGGLE P_AIH/P_IN/HAIN

2 POS TCGGGE t.IAIN/MAII_
15-S-10 _,_F A: REVR X I OFF CrY/OFF

15-$-11 RECORDER X OFF 2 POS TGGGLE _IN/MAINON/OFF

) POS TOGGLE MA[N/P4AIN/HAIN
|)-$-12 '_F B: XHTR X OFF VOICE/OFF/DATA

13-5-!) pO4 X HI 3 POS TOGGLE MAIN/MAINHI/LO
2 POS TC(:.GLE FI_IN/t'_IN

15-S-15 VHF B: RCVR x OFF ONLOFF

1h-B-! PITCH X +255o ROTARY-750 TO+255 _

|I_-B_2 y/_,_ X -50 DEG ROTARY-75 ° TO .75 °

CCE4H lle-S-) TRACK _ X OFF 5 POS TOGGLE MAIN/i_MN/F_IN
_T . AUTO/OFF/SLEW

1k-S-) S-B._ND X 2 4 POS TOGGLEII21SLEWlLUNAR STAY

1_€-S-6 "v'_F X I k POS TOGGLEPLSS TEST/|/2/EVA

15A-R-7 ICE PCV VOL X FULL DCCR THLI_BW_'Lt_EL

15A-R-8 VOX SEt_ X FULL I_ECR THLI,'IB_IEEL

COMM 15A-R-I2 VHF B _ X FULL DECR THU4B'_I_EL
(AUOIO

CCNT) 15A-R-15 VHF A _DL X FULL DIECR THLI'tBWHEEL

15A-R-|I+ S-B_D RCVVOL X F1JLLDEER "i'_'LPIB'a!_EL

I_A-R-IS HA$TER _ X FULL DECR _EL.
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TABLE 3-g [.M-I SWITCHT_IWULATION

PANEL POSITICt_
SWITCH/ SW./CONT. PRE_

SYST_ CONTII__ HOHENCI_lqJRE ECS CONOITION TYPE OF
I! Eli IV V V! Vln X X!] (!V CONT TYPE _ POS TITLES CLOSURE

3 POS TO_t.E _!N/HAIN/HAIN
1SA-5-1 S-BAND TIRIRCV X OFF S-IIAND TRIOFFIS-BAND RCV

3 POS TCGGLE t-IAIN/HAIN/_IN
15A-S-2 VHF A X OFF TR/OFF/RCV

3 _ TOGGLE HAIN/HAIN/HAIt_
15_-S-3 ICS T/RIRCV X OFF ICS TR/_F/!CS RCV

2 POS TOGGLE
lSA-S-_ RELAy X RELAY OFF RELAY ON/RELAY OFF LOCK/LOCK

2 flO5 TOGGLE
ISA-S-S AUDIO CONT X NO_t NO'q/BU HAIN/HAIN

3 POS T(_GLE
1SA-S-6 VOX X PTT !CS X_ITR/ICS/PTT HAIN/HAIN/t_IN

1SA-S-9 VHF B X OFF 3 POSTCC_LE MA[tl/HAIN/HAINTR/OFF/RCV

ISB-R-? I¢S _L X FUrL DECR 'I_'¢J_B_'4EEL

ISB-R-$ VOX 5£NS X FULL D[CR TI_t_CHEEL

CCtg_ 15B-R-12 VHF A VDL X FULL DEER "P_JHB_@IEEL
(AUDIO
CONT.)

CONTINL'LD ]SB-R-13 VHF B VOL X FULL DEER _EL

15E-R-I_ S-_ND VOi. X FULL DEER Thq_B_EEL Ir

158-R-15 I'_STER _OL X FULL D£CR 71_q,t_4BMEEL

3 PGS TOGGLE
ISB-S-I S-BAND T/RIRCV X OFF S-B_40 TR/OFF/S-B_D RCV 14MN/_IN/NA[N

3 F_S TOGGLE _IN/HAIN/HA[N
15E_S-2 VHF A X OFF TR/OFF/RCV

S POS TOGGLE HAIN/tlAIN/HAIN
IS&-S-3 IES T'RIRCV X OFF IES TR/OFF/ICS RCV

ISB-S-_ RELAY X RELAY OFF 2 POSTOGGLE LOCK/LOCKRELAYCN/RELAY _FF

2 POS TOGGLE
15B-S-5 AUDIO CONTROL X _ NO_/EU LOCK/LOCK

1_B-S-6 VOX X PTT 3 POS TOGGL_ _AIN/!_II_/;'_A[NICS XF1TR/ICS/PTT

S F'_ TOC_L_ 14qIN/_IN/HAIN
1SB-S-9 V_F _ X OFF TR/OFF/_CV

CONTINUOUSROT_Y
16-R-2 N4Uq/M_ X FULL DEER DIH_BRT

16-R-3 !NTEGRAL X FULL D_CR CCNTII_JOUSROTARYDIM_BRT

2 POSITION TOGGLE t4qlN/tqqlN
16-S-1 SIDE P_ELS X OFF ON/OFF

S POS. ROTARY
16-S-2 EXTER!OR LT_ X OFF DOCK/OFFIDIN/OFF/ERIGHT

2 IN_ TOGGLE leA!N/MAIN
16-S-3 1'4TEGRAL X OFF ON/OFF

LIGHTING 2 P'OSTOGGLE HAIN/t._qlN
16-S-_t N_I X OFF ON/OFF

2 F_S TO_GL_ HA!N/RAIN
16-S-5 _ X OFF ON/OFF

3 _ TOGGLE _,IN/t_!N/_IN
16-S-6 FLOOD X OFF ON/OFF/PARTIAL

2 POS TOGGLE MAIN/_t_IN
16-S-9 LIGHTING S[D_ PN4ELS X OFF ON/OFF

8 POS ROTARY:OFF/ALA/_ T_/CW _/
16-S-10 L._'qP/T_IE TEST X OFF _ PE-C_ |_CW 3/C_ k/COMPNT/O_F

17-S-1 SLEW X CENTER SPRING LOADEDq-WAy C_ITER
OFF TOC.__E_UP( R!G_T(_O_4NILE_r

2 POS TGGGt.E M#,IN/MAIN
17-S-2 SLEWRATE x LO HI/LO

3 _05 ROTARY
17-5-3 RNOZ ROR_ X SLEW AUTO TR,_CKISLE_/L_¢

3 POS TC_GLE LOC_/LOCK/LOCK
17-S-S L_ ANT X DES _UTOI_ES IHOVER

3 P05 TOGGL_ NAIN/LOCK/_AIN
17-S-6 RADARTEST X OFF RNDZIOFFILDG

|7-S-8 TEST i'_N[TOR X AGE J_TR Pq_/StFT ERR/TRUNERR

7 PO$ ROTARy:_DZlL_I_ 11

2 PO_ TO_IU_ _IN/_IN
19-S-I _-6_O _ x oN OFV/ON

2 _05 TOGGLE NAIN/_IN
DFI 19-S-2 R/D T_ CAl. X OFF OFF/ON

2 fiGS T_,_;LIE b_I_4/b'_,IN
19-S-3 U*'P-TCA-l SOL X Eh_LE ENAII_E/OFF

XTIflE DRELALINCHCONDITION VOLLIHNFOR THESESWlTQ'IES IS _ LAST 3-13d
pp_LALINO'IHOHIENTARYACTUATIONOF THIS SWITCH.
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3.2 SYSTEMDATA

_,2.1 PREDISCHARGEDDESCENTEATT[RY

CAPACITY 950AMP-HRS
TERMiKALVOLTAGE 28.0T0 _2*SVDC

3°2.2 ASCENTBATTERY
CAPACITY 2SDAMP-HR$
TERMINALVOLTAGE 28.0 TO S2o5_C

9*2°9 AC BUS
VOLTAGE • 115 J_2°SVAC
FREQUEfK:Y 400 ± IOCPS

_°2o4 MALFUNCTION[HOICATiO#

A* THELtMrT$FORA MALFUkCTIONIMO_CAT10#ARE:
DYE_-TEMPERATURE >145"_S'F (RESETSAT 125" i $*F)
OVEA-CURREWr SEEFIGURE_-1
REVERSECURRENT -62 -10 AMPSIINOICATIONWILL BERESET

AT-4 AMPSI

B. THEREWiLL BE NOCAPABILITYFORADESCENTBATTERYMALFUNCTION
INDICATIDNCAUSEDBYA BATTERYOVER-TEMP_ERATUREiFTHE BATT[BY
15OFF

C. THEREWILL BENOCAPABILITYFORTHERESFtECTIVEASCENTBATTERY
MALFUNCTIONiNOICATIOHCAUSEDBYA E._TTER¥ OVER-TEM_ERATUR_
IF BAT. $ _SNOTCOBUECTEDTOTHE S.E.Is ORBAT°6 IS mOTCON-
NECTEDT 0 THECDRI$BUS• ALSOrTHE BACKUPFEEDPATHS_DO
NOTHAVEAUTOMATICOVEBUURI_ENTPROTECTION,

DWGNO.3.2.1
DETAILSHEETNO.I
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ENVIRONMENTAL CONTROL SUBSYSTEM

4.i SUBSYSTEMDESCRIPTION
R-B

4.1.1 Oxygen SupplySection

A. Configuration

I. The descentoxygentank will not be installed.

2. Each ascent oxygentank will be evacuatedto 4.35 psia. R-C
3. The OxygenControlModule, (reducestank oxygen pressure

to breathingpressure)will not be installed.

B. Function

i. Ascent oxygenwill be supplieddirectlyto the sensing

ports of both the primaryand secondarywater regulators.

Ascent tank Number 2 will providereferencepressureto R-B

the primaryregulatorswhile ascenttank Number 1 will

providean independentsource of pressureto the secondary

regulator.

2. The LM-I cabin gas will not be replenished,consequently

a 0.69 pound per hour N2 leak rate _V De anticipated R-C

duringthe mission.

4.1.2 Suit Loop

A. Configuration

1. Installedbut functionallydisabledby openingappropriate
circuitbreakers.

B. Function

1. None R-B

4.1.3 Water Supply Section

A. Configuration

1. Descent water tank will be installed, however, there is

no requirementto load water based on the presentmission

plan.
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2. Ascent tanks will supply water to the primary water boiler R-C

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

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

thermal control may be accomplished.

C. Operation

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

to ASCENT, allows water to flow through the primary feed R-B

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 15.45 psia, (water was loaded using an

ambient reference pressure) and ASC H20 Tank Pressure (48 R-C

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

be evacuated to 4.35 psia resulting in a &P of between ii.i

(15.45 - 4.35) and 43.65 (48.0 - 4.35) psid. This will R-C

be reflected by PRI H20 REG AP (GFhlOIP) having an off-

scale high reading of 2.0 psid. Upon opening the feed

valve at T + 3 minutes, H20 AP will decay in order to

become compatible with the ascent oxygen reference R-B

pressure. The drop in AP can be verified by GF4101P

decreasing to the nominal value of 0.75 psid.

3. Secondary Water 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 60B, SEC H20 FEED ENABLE and R-C
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RTC 44B, SEC H20 FEED followed by RTC 61B, SEC H20 FEED IR-C

iENABLE RESET and RTC 45B, SEC H20 RESET. Upon receipt of

this command the feed valve, in the independently regulated

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 boiler. R-C

4. Secondary Water Feed Verification - Verification of the I

secondary valve opening cannot be ascertained in a manner

analogous to the primary path since there is no regulator R-B

AP measurement. However, a continued rise in GLY TEMP

GF9998U (GF2681T) is indicative of the valve not opening. R-C

5. Water Regulation - Nominal regulated water pressure varies

from 0.5 to 1.0 psid above oxygen tank pressure. The

pressure of the water supplied to the 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. R-B

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 - This refers to a water boiler condition

where the heat load is sufficient to cause the vapor

pressure at the outlet face of the plate to exceed the R-C

triple point pressure. If, at this point, the pore

size is too large to support the water feed pressure, R-B

breakthrough will occur. This condition may also

exist in the event that the water feed pressures be-

become exceedingly high. Both primary water regulators

must fail before the regulated pressure would reach R-C

this limit.
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When the aforementioned condition is present, heat

rejection capability is reduced and water usage is

high since the water may pass into the plate and

escape to ambient. For anticipated temperature and

Btu profiles, see Figures 4-1 (TBD) and 4-2 (TBD). R-B

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

boiler drops below a lower limit, the ice layer Will

grow so as to fill the water passages. The expanding

ice layer will rupture the sublimator, rendering it

and the primary loop useless. R-C °

4.1.4 Glycol Loops

A. Configuration

1. Both glycol pumps will be on.

2. The primary glycol loop 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 R-B

are no longer on the 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. Prelauneh Cooling - AS-206 is a launch of a powered up

LM, and spacecraft cooling must be provided up to lift- R-C

off. Since the LM ECS water sublimater must be exposed

to a vacuum environment to operate properly, two freon
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boilers are installed in the primary glycol loop. The

221 freon boiler is located upstream of the batteries and

the 224 freon boiler is located downstream of the batteries.

There are three phases during which the glycol loop is in

operation. The first phase begins when glycol is cir-

culated through the vehicle via a ground based trim control

unit. This unit pumps glycol through the onboard loop and

out to a refrigeration unit to reject the heat. During

this time, the coolant is supplied to the vehicle at 40°F

with a flow rate of 390 ib/hr. At T-14 hours to liftoff,

the second phase beings when, (with the trim control unit

still operating) both freon boilers are activated. A

total of 160 Ib/hr of freon is supplied to both boilers

at -20.8°F via the LUT. This concurrent operation of the

freon boilers and the trim control unit lasts for 2 hours.

At T-12 hours, the trim control unit is disconnected from

the LM glycol loop. Glycol is then circulated through the

vehicle by two onboard pumps. From T-12 hours to T-O

hours, a total freon flow of 160 ib/hr is to be maintained

as long as temperature measurement GF9998U (GF2681T) is

above 35°F. The total freon flow will be adjusted to

maintain GF9998U at 35°F if necessary. Flyaway umbilicals

terminate the freon supply at liftoff.

h-ha
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2. Pump Switchover - The automatic switehover 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 R-B
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 GF9998U (GF2681T) will behave as R-C

follows :

O

120

i00oo
ko
_J

80 (TO BE SUPPLIED)._o R-B

60
_ 40

o 20

0 1 2 3 5 _ ? 8 9 i0 ii
TIME FROM L/O (MIN)
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Figure _-3 Glycol Acc_ulator Quantity
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TABLE 4-i PRELAUNCHSTATUS OF VALVES AND SWITCHES

Switch/Valve Name Position Notes

Oxygen Supply Section -.

Desc 02 (7-H-15)

Asc 02 No. 1 (7-H-21) The 02 controlmodule, on
Asc 02 No. 2 (7-H-5) which these valves are
PLSS Fill (7-H-4) located,will not be
Cabin Repress (7-H-3) installed.
Demand Reg A (7-H-I)
Demand Reg B (7-H-2) -_ R-B
Cabin Relief & Dump Valve (7-H-II)_ AUTO Valves are presentto this

• Cabin Relief & Dump Valve (7-H-20)/ AUTO position in order to permit
J cabin "bleed" during launch.

Cabin Repress (4CBI13) _ These circuitbreakerswill

I

Cabin Fan i (4CBI07) _ be opened since the assoc-

Cabin Fan 2 (4CBI08) iated hardware is not required
Cabin Fan Control (hCBI09) on an unmanned mission.

02/H20 Qty Mon Sw (7-S-2) ASC #i Switch position irrelevent IR-C
for LM-I. l

Suit LoopCDR SuitFlow (7-H-6)
S E Suit Flow (7-H-7) |
Suit Circuit Relief (7-H-9) | The Suit Circuit Assembly, on

Suit Gas Diverter (7-H-8) _ which these valves are located,
Cabin Gas Return (7-H-17) _ will be electrically disabled

C02 Cannister Select (7-H-19) | by pulling circuit breakers and R-B

C02 Primary Cannister Vent (7-H-23) I capping electrical connectors.

C02 Secondary Cannister Vent (7-H-24) I

Water Sep Sel (7-H-IO) 3

Suit Fan (7-S-l) Fan #1 Fan circuit breakers are open.

Therefore, switch position is
irrelevant for LM-1.

vetwvc } ICO2 Sensor (4CB84) These circuit breakers will be
Suit Fan i (hCBI38) opened since the associated

Suit Fan 2 (hCBII9) hardware is not required for R-C

Suit Fan P (hCBI20) an unmanned mission.

Displays (4CB140)

Water Supply Section

Water Tank Select (7-H-14) ASCENT This settingwill permit ascent
H20 flow to the water boiler R-B
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) iJR

Switch/Valve Name Position Notes
-B

Water Supply Section (Concluded

PRIMARY FEED (7-S-4) CENTER Momentary toggle spring I

i

loaded to Center (OFF).

ISwitch is not required to R-C

initiate H20 flow via the
LMP.

PRIM H20 Feed (4CB98) OPEN Power is supplied to sole-
noid by the LMP.

SEC Glycol Evap Flow (7-H-18) CLOSE The secondary glycol loop
is dry for this mission.

SEC Suit Evap Flow (7-H-16) OPEN Valve is required open to
allow H20 to the water R-B
boiler via the secondary
feed path. R&D solenoid
(secondary H20 feed valve)
is located downstream from
this valve.

PLSS/Drink (7-H-13) CLOSE Not required on unmanned
mission.

02 Press. H20 Qty Mon ASC #i Switch position irrelevant
for LM-I.

Glycol Loop

Glycol Pump Select (7-S-3) No. i Required for Pump I operation.

Glycol Pump i (4CBI17) CLOSE J Pumps will be running simul- R-C
taneously for LM-I.

Glycol Pump 2 (4CB141) CLOSE

Glycol Pump Sec (4CB96) OPEN The secondary glycol loop
is dry for this mission.

Suit Temp (7-H-22) COLD Suit loop temp control is
not required due to the R-B
unmanned configuration.

Cabin Temp (7-H-12) COLD Assures minimum temperature
of glycol to aft equipment bay.

Signal Sensor (4CB132) CLOSE Supplies 28V to certain ECS

transducers (ref. Instrumenta- IR-C

tion/Environmental Interface

Diagram Drawing No. 6.3.3.)
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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. R-B

B. A failed close regulator will result in an increase of GLY TEMI°

(GF9998U) in minutes. (Corresponds to Btu/hours

into water boiler.

4.2.2 Primar_ Glycol Loop

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

freezeup in 2 minutes and equipment overheating in minutes. R-C

4-ii
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ECSSY_ITEMSDATA

EQUIPMENT DATA

WATERSUPPLYSECTION

1. H2OREGULATORS A. MAX.FLOWRATE_,85 LB/MtN

GLYCOl.LOOP

1. COOLANT A. 35%ETHYLEN[GLYC(X-AND65'JI'H20
B. QUANTITYPRIMARYLOOPg 44 LIBS
C. NOMINALFLOWRATEm420.LBS/HR
o. SPECIFICHEATm0.870 BTU/LB.-F* AT75"F

2. PUMP(S) A. 7.0LBS/MINAT40*FAKOAPwS_.O_
B. PADDISCHARGEP_ESSURE_55_0 pSU_
C. NOMINALPUMP_Pm _I_.OMMll
D. NOMINALPUMPDISCHARGEPRESSURE_4U.OP_t_

3. PUMPRELIEFVALVES A. CRACKm33 PSIOoFULL OPEN_ M_LX36.D pslo,
RESEATm3Z pSlID

4. WATERBOILER A MAXIMUMCAPACITY- 8e500 BTU/HR
B MINIMUMLOAD|TO PREVENTFRI[EZEUP)m

4O0 BTUiBR
C. THE PGSSIBILrTYOFFREEZEUPIEX[STSBELOW

HEAT,LOADOF8OO8TU/HR

O. MAXH20 PRESS.AppR_O(8.5 PSiA
MINIMUMALLOWABLEH20 PRESS° 1..5 I_IA

5. GLYCOLTI!_PERATURE A. ESTIMATEDNOMINALTEMPBAe;DFORGF9998UqGF2681T)
HIGHB 4"/°F LOW_ _b °F

B. NbRMALMAXIMUMINLET TEMROFLOWTEMD
ELEC'mONICS_ 50°F

C. GF9998UREADh_47°F IS INDICATtONTHAT
INLET TEMPOF IHE LOWTEMPELECTRONICS
IS APPROACHINGUPPERLIMIT.

6. GLYCOLACCUMULATOR A. 95_,FULLACCUMULATOR18.49 ± .42 pSIAPUMP
_N_T PRESSURE.¸[S£E FiG.4-9) B. 5/1 L[_L = 5.16 ± ._8 PSIA PUMPINLET _
PRESSURE.

C. GLYC_ LEVELAT 1G± 5 • WlLLTRANSMITA
DISCRETESIGNAL(GLYL_ GF2_IX}°

EC._CONSUMABLES

CAPACi1_ ACTI_L LOADING RESIDUAL

FT3 QUANTIT_PRESSURETEMPERATUR|QUANTI_ PRESSURETE_PERATUR!QU_NTIIY
LBS PSlA °F L_ _- PS_ °F LBS %

A/1H20 0.9101 48°0 80 :.00 2.35

H20 42.5 LO02[ 48.0 BO
m

. TOON ERSONW T.USAOE1_ _.KWltw341_BTU AVERAGEUS_REJ£CT_ONi 5tO
2• IL8 OF H_OREJECTS=104C _'ru TO 6°0 LB/HR
_ ESTIMATED_T_ LOAD_SS_OWN_N F_G_4_2_ ESTIMATEDWATERUSAGEPROF_LE_SS_OWN
• _T_ ONFIG_4_I_TBD_

THIS_NCLUDESIt2 . WATERVOLUME
ANYWATERQUANTITYUPTOTN_SFIGUREMAYBELOaDeDANDTHE MEASUR_N__EVICI[ADJUSTED
TO _DICA_ED1DO_

[CS SWITCHANDVALVEpOSITIONATLtFTOFF

SWITCHNO. NAME POSITIOt_
SUITFA]J_'T.ECT

7-S-2 02/H20 QTY MDNSW ASCII 1
7-S-_ GLY pUMPSELECT NO,1
7.S..4 PRiMFEED CEITIERtOFF_
7.H.23 PLSS/DRIttKVLV CLOSE
7-H-14 H20 TKSELECTVLV ASCENT
7-H-16 SECSUITEVAPFLOW OPEN
7-H-18 SECGLYEVAPFLOW CLOSE
7.H.12 CABINTEMPCONT'_,.V COLD
7.H.22 SUITT[Mp CONTVLV C_LD
7.44-11 F/H RELIJ_-FVLV AUTO
7-t4-20 U/N RELIEFVLV AUi'O

4C896 GLV PUMPSEC DPEN
4CB98 PRiMEVAPFLOW OPEN
CB1 P_IMH20 FEED CLOSECLOSESEC 0 FEED
C82 LMPF_ED _LOSE4C8179
4CB140 ECSDISP OPEN
4CB211 INTGRLiGHTi#G OPEN
4CB148 ANUN/DOCKCOMPNT OPEN
4CB_.46 ANUN/OOCKCOMPNT OPEN
4CBJ.Z7 GLYPUMP_E CLOSE
4C_14Z GLY PUMP2 CLOSE
4CB_._2 SIGSENSOR CLOSE

DWG NO. 4.1.1

DETAIL SHEET NO. I
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5.2 SYSTEMDATA

5.2.1
A. TRANSCErvlERPD,_ERREQUIREMEMTS 36 _VATTS

B. RECEIVERCHARACTERISTICS

1. PHASELOCKRECE_'I_R
2, FREQUEfK_Y 2101.8 MRZ
3. SENSITIVITY -1Z7 dbm

C. TRANSMITTERCHARACTERt.¶.TICS

1. MODULATION PMORFM
2. FREQUEMCY FM 2282.5 MHZ

PM_-_ FR
MHZ

3. RF pOV._ROUTPUT 0.75 TOI.5 WATTS

D. PO'._IERAMPLIFIERCHARACTERISTICS

1. _PE AMPLITRON(DK$1300)
2. RF DRIVELEVEL 0.72 WATTS(MIN)
3. RFpOWEROLITPUT(FRD 20WATTS
4. PO_._vlERINPUT 68.6 WATTS

E. THEAPPLICATIONOFDC pG_IERTOTHEPRIMARYORSECONDARYPO_'_ERAMPLIFER
pOWERSUPPLY'.VILL STARTANAUTOMATIC20 SECONDWARMUPSEQUENCE.AFTER
THE _VARMUpPERIOD,-1800 VOCISAPPLIEDTO THEAMPLITRDNENABLIKGTHE
TUBETO LOCKONTHeEINPUTRFSIGNAL. iF THEAMPLtTRONFAILSTOLOCK.THE
PO_R SUPPLYWILLAUTDMATICALLYREVERTTO THEWARMUPMODEANDTHECYCLE
WILLBEREPF_TED. THEMAXIMUMWARMUPTIMEFORA pOW1ERAMPt.FIERIS60
SECONDS.

TABLE5-1 PRELAUNCHSTATUSOFSWITCH/CIRCUITBREAKERPOSITiDNS

$',VITCH NAME NVMBER pOSITION

AUDIDCDNT l_-S-S ANOSSB-S-5 NORM _k
S-BANDT/R 1SA-S-1 AND15B-S-1 OFF
ICST/R 1SA-S-S AND1SB-S-3 OFF
RELAY 15A-S-'4 AND1SB-S--4 OFF
S-BNDRCVRVC_. 1SA-R-14 AND15B-R-14 DCW
ICSRCVRVOL 15A..R-7 AND1SB-R-'/ CCW
VOXIC$/XMTR 1SA-S-b AND1SB-S-6 PTT
VHF A T/R 15A-S-2 AND15B-S-2 OFF
VItF BT/R 15A-S-9 AND1SB-S-9 OFF •
VOXSENS 1._-R°8 AND1SB-R-8 CCW
VItFA VOL 15A-R-12 AND15B-R-12 CCW
_n4FBVOL 15A-R-13 AND1§B-R-13 CCW
MASTERVOL 15A-R*15 AND1SB-R-1S CCW
MOOULATOR 13-S-S pM
S-BNDXMTR/RCVR 13-5-8 OFF
P_ AMP 13-S-2 OFF
VOICE/BUVDICE 13-S-b CFF
PCM/KEY 13-5.-4 f_M
RANGE/TV 13-$-1 OFF
VHFA XMTR 1)-S-T OFF
VHFA RCVR 13-$-10 OFF
VHFB XMTR 13-S-12 OFF
VItF BRCVR 13-S-15 OFF
BIOMED 13-S-3 OFF
SQUELCH"V14FA 13-R-10 CCW
SQUELCHVHF B 13-R-15 COW
_tF RFSW 14-S-6 1

S-B_O RF5W 14-5-5 _2--FRECORDER 13-S-11
TRACKMODE 14"S-S OFF
CIRCUITBRE/_KER MAME
S-6AMDANT HTR 4CBS1 OPEN
S-BANDANT 4CB34 OPEN
SEC S-BNDXMIR/RCVR 4CS137 CLOSED
SEC S-ENDPWRAMP 4CB136 CLOSED
VHFA RCVR 4CB87 OPEN
VHF B XMTR 4CB162 DPEM
CDRAUDID 4CB86 OPEN
S[ AUOID 4CB05 DPEN
VHF AXMTR 4CB71S OPEN
VHF BRC_ 4CBl14 OPEN
Pftl S"BNDP_ AMP .4CB30 DLDSED
F_I S-BNDXMTR/RC_ 4CBlll CLDS£O
S-ENDANT 4C8110 DPEN
pMp 4CBIOZ CLOSED
TV 4CB104 DFEN
OtSP 4CB153 OPEN

OWGND S11
DETAIL__I_E_ND, ].
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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:

i. 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 Timin5 Electronics Assembly (PCMTEA)

A. The PCMTEA consists of the following components:

i. Analog multiplexer drivers R-B

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.

6-3
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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 R-B

and 0.75 volts dc) to the multiplexer to insure 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 binary

equivalent of a decimal 1 (MSB00000001 LSB). Each additional R-C

19.7 millivolts of input signal increases the binary output IR-B
I

by one; therefore, with a 5.00 volt dc input, the binary output

will be 254 (MSBlllllll0 LSB). For an input exceeding 5 volts R-C

dc, the binary output will be all ones (MSBllllllll LSB) for an
R-B

input less than 0 Vdc, the binary output will be all zeros

(MSB00000000 LSB). R-C

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.
R-B

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

6-4
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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 (_GS) are supplied to the out-

put register in a 24-bit serial word format. R-B

H. 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 timing data
R-C

output buffer. It also supplies the time accumulator with a i

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

time accumulator recycles to zero at 40 days or upon inter- R-B

ruption 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 no___t,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 R-B

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 GQB025P (LM-2 and sub) DPS HE REG PRESS.

6-6
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i. MEAS ID - Measurement identification number as delineated below:

Module Code

i Functional Subsystem
_---'----Identification Number

xxnnnnx-*---_easurementClassification Code

Module Code: A = Adapter - NAA
G = LMGAEC

Functional Subsystem Codes: A = Adapter
C = Electrical Power
D = Command
F = Environmental Control

G = Navigation and Guidance
H = Stab and Control - CES
I = Stab and Control - AGS
L = Instrumentation

M = Mechanical Design
N = Radars

P = Propulsion - Ascent Engine
Q = Propulsion - Descent Engine
R = Reaction Control

_-B
T = Communications
W = Programer
Y = Pyrotechnics

Measurement Classification Codes:

B = Phase

C = Current

E = Power

F = Frequency
H = Position
J = Biomedical

L = Velocity
P = Pressure

Q = Quantity
R = Rate

T = Temperature
U = Combined meas.

V = Voltage
W = Time

X = Discrete Event

2. MEAS DESCRIPTION - A brief "field title" given to each measurement.

6-9
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TABLE 6-3 SPACECRAFT INSTRUMENTATION (Cont'd)

3. PAM LOCATION - The PCMTE high-speed PAM gate and sequences assigned
to each indicated measurement.

4. SCERA LOCATION - The signal conditioning electronic replaceable assem- R-C

bly (SCERA) member and location within the assembly
for the indicated measurement.

5. TM DATA RANGE - Actual telemetered range of the data to be received

by the ground stations.

1. Discretes - "0" or "l" 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.

6. ONBOARD DISPLAY RANGE - Indicated range of the spacecraft onboard

display.

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

7. C&W LIMITS - The low and high value of the actuating parameter

inputs to the onboard caution and warning instrumentation.

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

R-B

9. 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.

i0. CRITICAL LIMITS - The high and/or low limits of each measurement

that will cause permanent loss of equipment and/

or life, or mission.

ii. S/C SAMPLING - Spacecraft PCMTE data sampling rate using the

following code :
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TABLE 6-3 SPACECRAFT INSTRUMENTATION (Concluded)

EXAMPLE:

\
rnally wired redundant on high

and low bit rate within the PCMTE

ital

rate samples per second
- High-bit rate samples per second

NOTE
R-B

Where the redundant "R" is shown as

1R/1..... the internal redundancy is
wired for high-bit rate only.

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

AH = Analog, High-Level
D = Digital
P = Parallel
S = Serial
E = Event

ll. NOTES - May contain any other pertinent notation concerning each
respective parameter.
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TABLE6-3.1 SPACECRAFTIr/STRL_E_q'AT]Ot_FOR SLA (S-IVB/IU)

ONBO_RD J
p_t4 LOCATION SCERALOCATION TH DATARANGE RSS DISPLAy RANG{ RSS CgW ESTIMATEDNO_AL

MEAS MEAS TABLE V TABLE IV ACC ACC LIMITS OPERATINGL[MIT$ CRITICAL LIMITS 5/¢
ID DESCRIPTION I pAM NO. - $_ NO. SCERA/LOC LOW HIGH UNITS PCT LOW HI_ F'CT LOW HIGH ADV LOW NORM HIGH LOW HIGH SAPPLING NOTES

K141-900 _AP/SLAPHYS] = SEP 1 DISCRETE 120 S/$ IU TM
KIq2-900 :AP/SLA PMY5_ : SEP - DISCRETE_ 120 SIS ]U 134
KIW)-900 _OSECAPRLY A = RLY CLSD DISCP.FTE 120 S/S IU
K144-900 'X_SECAPRLY B = RLY CLSD DISCRETE 120 S/S lU TMK1_5-900 J_/SL_SEP C_

= RLY CLSD OISCRETE 12 S/S IU _4KIW6-900 J4/SLASEP Ov£

3 = RLY CLSD DISC_E
KIq7-900 ;LA DEPLOY CY_ 12 S/S ]U "PH

= RLY CLSD DISCRt-T{ |2 S/S IU _4K148-900 _LADEPLOY C_

3 = RLY CLSD DISCPJETE 12 S/S IU TMKIhg-900 _LA PA_L DE-

PLOY = _EpLOY DISCP.E'TE 12 s/s lu TM
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TABLE 6-3.2 SPACECRAFTINSTRL_NTATI_ FOR ELECICOt_ RL_/c

O_OARD I
pAMI.OCATION $CERALOCATJON TM DATARAthE RSS DISPLAY RANGE RSS C$W ESTIMATEDNORMAL

ME_S MEAS TABLEV TABLEJV ACC ACC LIMITS I OPERATINGLIMITS CRITICAL L_MZTS S/C

iD ! DESCRIPTION i! p_4 NO__ $E_ NO_ SCERA/LOC LOW HIGH UNITS F_T LOW HTGH PeT LOW HIGH ADV I LOW NO_q HIGH LOW HI(;H SA___NG NOT_

_C00_V _ BUSVOLT _ _/_7 _/_ _ _2_ _ _7 GREEN_ _6_ 112 _8 117 _8_2 _0 _O 1/1 AH _L_ _H_ NOA¢ LOAD

_V _AT_! VOLT _ _/_6 _ VDC _2 2O _ _7 --_ _ _9-_ ! AH L_M2UNDERLOAD

_2_ _l_ 0_ CKT

_2_ _0 I _ _KT R-C
_C020_V _AT__ VOLT I _7 /_6 _ _0 VOC _2 20 _ _7 -- 28 29-_0 ! _ _2 UNDERLOAD

GC020_V _AT_5 VOLT i _°_ /_? (] 40 V_C _2 20 _ _7 --_ 27_5 29 _ _/! _ _ UND_.RLOAD

_02V _ BUSVOLT 1_! /'8 2/_ _0 VDC _50 20 _ _ _ _? _2_ 26_ _/1 _ _ _t._0_

_C]_0_ _AT 2 CUR i _/_ 60 _ 1_i _{) _ -- 2_ _/! _ kM_

_C!_0_C _AT_ k. CUR _ _9/_0 60 AMPS _i _20 2_ -- 25 !_'! _R

_C_× _AT_ ! _ TAP _ _-- /_, ALWAYSZERO -- --o _L! D_¢RET_ ! D_E

G_× _T_ _ _ TAP I _ /_ ALWAYSZERO -- _-- _FL2 D_SCRETE ! CP_ ._ H_ TAPS

GC_× _AT_ 2 1_OTAP I /_ ! _ LO -- -- _FL2 D_SCRET_ ! OPE_ WIREDTO
_C_6_× _T_ _ _ TAP I _ /_ ALWAYSZERO -- --_ _FL_ D_SCRETE ! _ LO TAP R-C
_C43_× I _AT_ _ LO TAP I _ /_ ! _ LO -- _-- _FL_ D_SCRETE ! DP_
_C_7X __AT_ _ _ TAP _ _ /_ ALWAYSZERO .... _FL_ DISCRETE ! DP_ LM-!D_SCRET_S
G_× I _AT_ _ LO TAP I /_ ! _ LO _--

_FL_ D_SCRET_ ! DPE
_ ONLy

•_ GC_7_× _AT_ _ NORMSEI --_ _/L_ ! _ ON -- -- _L_ DISCRETE 10PE

_cg_?U _AT_ 2 M_L I _ _/_ 2/_ ! _ HAL -- OC/OT/RC ._DS! D_CP.E_ ! DPIE _L90_
_L_047

_L_7

GC9_4U _AT_ _ M_- I _-_ _/_2 2/_ | _ HAL --° OC/OT_RC +_31 O_SCI_TE 1 D_ _t9001
_L_O_,7

_6_U _AT_ _ HAL I _-- 2_!2 2/_3 ! _ M_L --_ OC/OT/RC _Sl • _SCRETE ! DPE _L900!
_Lk_;q

_C_6U _AT_ _ HAL ! _-- 2/1_ 2/_ ! _ MA_ -- OC/OT/R¢ _DS1 DISCRETE ! DP_ _L9OO!

DP

_L_ _W ..... _ DAyS _ -- ..... _0/_ DP
_L_× _ P_ FA_L _ ...... _ _ FA_L POWERFA_L DISCRETE 1/1 {)PER
_22_× DF_ CALON _ ..... ! _ ON ..... DISCRET_ _/! DP_R

-- 0 _ S_P ..... D_SCRETE ! OP_

GL4222X WSLA SEP I --- I
GT0201E S-BNDPWRAHP I-IL_ --- 0 25 W NOTRIELIABLEON LM,-] |/'1 AH R_C

GT0202E S-B_ RFLI PwRI 1-13 --- 0 25 W - NOT PJELIABLE_ L/_l I _
GT0_:h]X IX,A 5TArJ5 i ............. 9g -55 50 DP
GTO619V J_F SIG STR ; 2-5 .... 114 -59 DBt4 1
GT099?B S-BNDST P_ 2-14/2-_ --- -15 +15 _EG .... 5 +5 10 A_ i

ERR i

GT0993E S-BND XMTR PO I°I_ --- 0.l 1.2 W ..... I/I_ vI_RF_sCI_RINDICATEsHI5TR_CE IVERMEASUR_NTpo_RGR_TER_n_EOUTPdT;S-BANDIsI_4ANNOoN.LONGERFoRTRAt_S-0.5 R-C
GT0_94V S-BND SIG STR 3-3 --- 0 h.2 V_C O 5 .... 1.4 _.25 l.l k.25 I0 AH F_INTAINL_K

--- $.4 _.25 2.65 g.25 AC_ LOCK WITH PRI AMP

GY]lllX [D _ A ON -.- l[Ig I = OFF -- -- DISCRETE L/I DPER
GY_ll2X ED AR_B ON --- 1/14 I = OFF .... DISCRETE L/I {)PER
GY_I21X STG RLY A FIRE --- I/l_ I = SAFE .... DISCRETE t/l_P_
GY0122X STG RLY B FIRE --- l/l_ ! = SAFE .... DISCRE_ t/lDPER

• i



LM.-1
P.EVC

TABLE 6-),) SPACECP--_FTINSTR_ATIOH FOR ECS

PA_ILOCATION _CERALOCATION TM DATA RANGE RSS DISPLAY RANGE RSS C{:W ESTIMAIEDNDRMAL
MEAS M_ TABLE V TABLE IV AC¢ ACC LIMITS OPEI_TINGLIMITS _RITICAL LIMITS S/C i

ID DESCRIPTION PAM NO. _ $E_ NO_ 5CERAILC(: LOW HIGI_ UNITS PCT LOW HIG_ PCT LOW HJGt4 _DV LOW NO_ HIGH LOW lilGH IAMPtING NOTES

;F2021P RI GLY PUFIP_ 1_10/_9 -- O 50 PSID 1_87 _" -- -- 35 _5_ 35_7 13 36_8 1/1 _ I
_F20_IX LY LEVEl-LOW -- !/3 ! _ LOW -- CC -- DISCRETE I/1 {_IEPJGL_058
_F2936X EL GI-Y

AIL ...... C¢ _S3 -- NOT TM
_F_571P ABIN P_ESS_ i_9_-11 -- 0 10 PSIA 2._ _ 10 _20 -- -- _0 _1 7_7 I/1 _R I M2A DORING FL_(_'T R,-C

;F_82P SC i 02 PRES-c _-_ /7 _ 2_ PSIA 2.62 _ 10096 -- _ _ _0 B D _ _ _ _I-(I0_7
_mA

_F_S$_P SC 2 02 pRES_. 2_I_ /7 _ 2_ PSIA 2_2 0 _00_ -- _ tl._ _0 _ D _ _ _ _ GLtlO_7
7_

C .I) '_6o5
;F_591P /FIRLF PRESS. _'-15 -- 0 25 PSIA 2,55 ..... ! 6.I I/1 _14 I

__ m I 6.1 I/'1_d I;F3_92P IH RLF pRESS. I-i_ 0 2_ PSIA 2._5 -- --

;e_,lolP el HOReGAF 2-12/'_-1_ tie 0 2 eSlP 3.04 -- -- 1 0.5 .TS _;0 ,A C 1YlmeI
;F_-_IIT R] W_BH20 T[ _-15 :/6 20 160 °F -- -- -- 57 70 oJ 3) 1.0 1_'1 _'t J
;F458_ SC I M20 qTY 2-6/4-8 /8 0 ]00 P_T 2,91 0 100 3._9 95 -- 67 100 3_ 111 _ ( (GL_059

L7M_e_
,Fq58_,_ SC 2 H20 QTY 2-6/4-8 /8 0 ]00 P_'i" 2.91 0 100 3._9 95 -- 67 100 3'_ 111 _ I {GL_59

;F9997U LYF_MPPRE5_- _-6 --- 0 60 PSIA 2.06 0 80 2.50 -- -- _1.0 _-2.$ _d'_.7 19 _6 1/1 AH ' TMSA
;F_gBU LY T_MP _-11 /10 20 120 OF 2.77 0 80 ),95 tl7,6 _ _8 _2 _'_ _2 50 111 _ 7MSB

_58



LX-_

T;_L,-,,-3.- 3P;_C£CRAFTI',ST;,L_'__:.T,:,TI];.FC.RG%C 7£'."7

O_BOAR_

p_4 LOCATION SC._RALOCATION 'TMDATA RA'4GE RSS C)IS_'LAyR_C,IG£ RSS ¢_W ESTIMATEDNORMS.
MEAS MEAS "r:_SL[V TABLE IV AC¢ _C LIMITS CRITICALLIMITS _/C
ID D_SCRIPTION p,_4'_O.- S£C[NO. SCEP_/LOC LOW HIGH UNITS _CT LOW ;'41_ PCT I_O_4 MIGM _ LOW OPIEI_TINGLIMITSNO_ HIGH LOW MIGH SAWPLIN{ NOTES

G,_117_ PZ,SALT (LGC) --" : 60.) KFT (2._S --- VARIES _0 ---OS NOT TM _._ -'"
FT)

_XISL _,_,.ALT R,kTE .... 7_0 .700 F/S (0.$ --- VARIES

Z.G011_,- V{.LF_ (LGC_ --- -2OO +2OO F/S ;'.28 -- VARIES
Z,G012G_ V_, L_T (LG¢} --- ¸-2OO +2OO F/S 1.28 --- VARIES --- _40"rTM 9t421_
_C.IO_:0V F,.STOF,,_R_F l-I/_-6 8S 135 "v_ _¢.0_ .... ]20 ',lOTTM _/_

;GIXIOV 2._ VOC T_ DI 2-7/_-_ 0 5 VDC 2.06 .... 2.5 R/!_,_ --'---
;GI2OIV IFX.2_ V,_C_,;s' 2-11 0 _l.]0 Vm_ _+.01 ...... 28

KC ;:-_ 0 31.10 VP,_ _i.0_ ...... 28 /! _ --.
;GI_, IKU $TbY _ = STBy ..... DISCRETE I! [_R;GX_.2_x LGC OPR --- ! = OPR ..... -w
;G200XV X _IP_ _T DISCR[ZII_ /! DP_ER .--

I. _ 2-i/I-2 -2._ +2.S V_'-_ _.0_ ..... VARIES 0 AHI_

I_,€ I°_ -2.S .2._ V_ _._ ...... VARIES

I_ € 3°I/2-;- .... 2._ .2.S V_,_ q.O_ ...... V_IES 0 Am_R;G2107_̧ IG _VO F.RR ---

;G2XIOC IG TORQ tITR 00 _4

;G2XI2V IG RSV_ OUT ---

SI:. _-_ -20.2S+20.2_ VIeS _.03 ..... VARIES _/! ,__G2]_3'_ IZ-RSVR OUT °--

;G2X_I_ [G RSVR Sit, 2-2 .... _ +_ VI_ _..03 ...... VARIES

,G2122V IG RSV_ OUT

_I:....... 28 V_ --- VARI[S
_G2X23V IG RSVR GUT -- ,IOTT_4_41/6

;G2X_7V _ SVO F_;,R VARIES --- _T _4 9M|16

,_21qOC 'f_TORQ FITR 00
C_:. 3-,?. .... O.S +0._ _ W.03 ......

_21_:2V _ RSVR OUT VARIES 00 ,_

_,2I_:_V ,4GRSVR O_T --- 0R/!
CC_ I-_+/_-_ -2(,.2S.20.2_ VR_ -11

"'" VARIES /X A_

,_2_SIV ,tGRSVR $I_ 2-! -_ .S V_ h._ --- _
(EXP) --- VARIES 00

_21S2V -_G_SVR _UT

_I........ 28 V_ --- V_&_IES

_CS ...... _8 V_ --. VA_I_S

I_,: I-2/2-2 .... 3 _._ VR,_3 _.;_ ---
--- VARI[S 00 _._R ---

-%_ )-_ .... O.9 +O.9 ._S _.G_ ---
_,_172\ _ ,_SVkJUT --- VARIES 3O ,_ --.

_, _-_ .... 20.2_ .20.2S VPJ_3 ._._ ..... VARIES
G217_'.̧ _ r_SVRC,UT )/! _ ---

L,.S I-_'_-_ .... 20.._5.20.25 V_ _.0_ ...... VARIES _! _ ---

(_×p) --" VARIES Im)_t4 ---
G2182\ ,_ _SVR _'_JT

G21_3V _Z-:_SV__,T --- IOTTM S¢41/6

:,._ ......... 2._ VI_'S ___ V_._IES -__
_2217.' _IT_ ;TT .._ ......... _)_ Z_G }.92 dOT TM 9'41/6

_,_,!.S_ --- VARIES --- IOT'I'MgM1/6

_2-_9v _I';C_',_TT_P, ...... +_ V_S -_._} ...... NOT V,I,L#DON LP-! 0 _ --. R-K:
G2_7_ ¸ _,_ ,-TT_. .......... _. +3_'C_-G _.9;_ --- VARIES

(PC_,S_ --1 IOTT_4gt4_/6

G2_9'_ €;_-_._TT3,R .-_ --- _5 VRt'3 W.;,_ ...... NOT VALID O_ U4-! ) A_ ___ R-K:
G2277V €_,_ATT ERR ....... _,i +_;,_,G _.g2 __ V,WIES

(P_.S) --- IOT TM _I/6

G2_01T I_IGT_VP 3-12 --- l?_ I_:_ _F _.03 --° -'- 13{_ I_:0 /! ,4_R
G6_2OT _l_&_;U_T[_._ l-_ --- X_,0 _F W.,]_ --- --- 123 I_ Iu3

"-- 82 ,_

,_93_X i_'_,4,X_.]i.G --- 2/3 W,_I_G "-" CC DISCRETe. /I O_ ;L_.O)0
G_J0_X _G;,_C,:4uT]O:_ --- 2/3 C._L,TIO;_ -'- CC _i5CLOT=r_]_0_+X I_:T_T --- ;./I_ OUT ,-. /! DPE ;L_0_S

"-" DISC_,_.TZ /! O_£



J

O_BOARD
p_l LOCATION SCERALOCATION TM DATARANGE RSS DISPLAY RN4GE RSS C_W ESTIMATEDN_

MEAS MEA5 TABLEV TABLEIV ACC ACC LIMITS OPERATIN_LIMITS CRITICAL L)MITS S/C

ID DESCRIPTION pAM NO. - SE(_NO. SCERA/LOC LOW HIGH UNITS PCT LOW H]_/H PCT LOW HIGH ADV LOW NORM HIG_ LOW HIGH 5AWPL1N_ NOTES
_12_.7X ,_TO C_F --° 2/14 1 = OFF --- -- - DISCREI1E _PE
_1_3_X ,oS A_t 1/$ 1 = ARM --- --- - DISCRETE- I_E
rd_1240V -TF_Z,S C_O 1-3 2/17 ° -10 .+I0 _)C --- .... I0 0 +IG 0 All 3 L_EL DiS(_ R--C
G_I247V 'A_ ERRG_ 1-12/4-k 2/18 -13 +I_ VIX 1.I_ --- -- - -13 "-0.5 +13 0

_]248V _ITCHERRCl'b 1-12/2-_ 2/18 -13 .13 V_ 1.1: --- -- - -13 ±0.5 +13 0
11 _lff

_1249V _OLLERRG"_" 2-1312-h 2/18 -l_ +13 VI_ 1.1_ --- -.... 13 _-0.5 .13 0 _i

_I2GOX _S (_ --- 2/2 I = ON "-- --- - DISO_11_ 011 D_R
G_12E3X _ORT STAGE o-- 2/1k 1 = STAGE --- --- - DISCPJE_ 0/1 []PIER
Gdl2_bx :;;G FIREOVER-

_I_ --- 2/14 I = ON --- --- - DISCRE11_ DPE
_3_zx _so. --- 2/3 !=_ -- -- - msc:_m /i
C_1311V e_:_THRUSTC_ 4-12 1/15 . --4-6 VI_ 5.11 lOO_ h.94 --- - V_RIES /1 _4t 9MTB

2.6 2.4 2.8 NF 10_ R-C
5,1 k.8 5.4 NF 30_

o_,..:3v ,,,_.o__o_ _-o.._ 2/9 -.__... _ ....,.3: -- .... _i_ ... _ _._ o_ F,_,.O
. . /I_11

G;_]314V _,3LLGD_F_ ]-3/q-_; 2/9 -15 <-IS V_ 1.30 -- -- _ -13 ±.05 +13 @
II All

1 = FAIL -- CC . DISCreTE /1 _ ;Lh043_1323x , TRt4FAIL --- 2/3
G_'l1330X { TRM FAIL --- 2/3 I = FAIL -- CC - DISCP£TE /1 EIP'IE;l.kOl13

3-15/4-3 10_'_ 5.50 --- 0 _H 1_17BG._I331V ,UTOT_Rb'3Tr..Nl_ 1/15 o 12 VDC 5.81
13.56 /1

0 .5 iF.
12,6 ;1.3 :IRING FT.

8.4 8._ _IRING< FT. R-C
6.3 6J 10_,AUTO"I'HRUST

_D FIRING "

_11348x PS ARM .-- 1/3 I = A_ VDC .-- ) • FT.
p ;HI40IV GA SP HTR A-_ --- 2/7 -- -- - DISCreTE

_-fl402V _A Sp t,'TR_-C --- 2/7 -- --- 23 VR_S 29 .... ;L4026
;HI433V _ sp MTRC-A -- 2/7 -- -- 23 V_ 29 - --- ;Lh926
_1405V GAPI CKOFF -- I117 -- -- 23 _ 29 - --. ;L_26

EXCIT -- 26 VF_V6 30.1 - -- ;Lh026
_14a6v 15 voc sup -- 2119 ---

;_;_o_v ._ v_csup --- 213 -I_ wc -iw - _._oz7
_I41_V D 4U OUTPUT -- I14 I = CN -- _ll. 'vO(_ 1+.8 - --- ;I-14027

- DlS_lg 00 DPE : ;I..11_31;_1419V D _D OUTPUT --- I/4 = ON ---
. DISCRETE O0 DPE ;L_031;_1420V D 4F OUTPUT --- 114 = ON

_1421v D 4S OUTPUT --- I14 1 = ON __ - DISCRETE oo oPE _q_31
_1422V D 3U _ --- Ilk = (}1 -- - DI$CRUr£ 00 DPE ;L_I031
_1423V D 3DO]'PPUT --- I14 = ON -- DISCF£TE 00 _ iLa_31
;,H1424V D 3F OUTPUT -- 1/4 = ON --- - DISCI_T_ oo DPE ;I,.11033
_41425V D 35 OUTPUT --- 1/4 = ON --- DISC_EI_ O0 DI_ _q03l
_1426V O 2U OUTPUT -.- 112 = ON -- DISCRETE 00 DI>E ;LqO31
_1427V O 2D O_TPUT .-- 1/2 = (3t, -- DISCR£T_ O0 DPE _1t031
;_14_8v D 2F OUTPUT --- 112 = _ --- DISCRETE 00 DPE _-4031
H1429V D 25 OIRPUT -- 1/2 = C#, --- DISCR£TE 00 DPE ;L4031
IH143UV _ 1u OUTPUT --- 1/2 = oF' -- DISCRETE o0 DF'E iLk031
_11131V _ If)¢UTPDT --- I/2 = (_ --- DISCRETE 00 DPE ;Lk031
_l_._2V D IF O_TpbT --- 1/2 = or; __ • DISLm,ETE oo _ ;LL_031
;-Ilk33V D 1S _UTPLrr --- I/2 = ON --- DISCPJ_TE oo DPE ;I.k031
,dl4_lV C_AYA_;RAT_ _-3/_-q _/10 3.5 +3.5 VANIS 2.7k --- DISCRETE 013(_PE ;LI_031
,_]4_iV GAPITCrt P_TE 2-313-5 !110 3.5 +3.5 Vl_ 2.7W --- - 3,5 0 +3,5 -3.5 +3,$ O/l _R |.SV = 25_/S
_41433V _A ROLLi_'T_ 2-3/3 -11 _/10 ].5 .3,5 V_ 2.7. --- - -3.5 ,0 +3.5 -3.5 +3.5 0/1 _HR LSV = 25°/5 R-_
_l14_V RI -h.7 V_ --- !/lS ..... - -)'$ O +3.5 -3.5 +3,5 011 /_R 5.5V = 25°/S

_t141bv __C-4.7 VI_ --- _I]$ --- -5.2 V_C -4, - --- ;L4050--- -5.2 -_, - --- ;Lh0SO
_143-XV _ V3C SUP --- 2/13 --- • --- 5.43 V_ 6.

;_14gTV AW PG_,S)_ ......... VR'__ 1.8 +2.B 6,00 _.6 VOC -5.4 .... _Lh027
;_14_V ITC_ EGASIG ......... v_s -2.8 +2._ 6.oo ...... _1/6
;HIL'_V :OLLr,'G_.SIG ....... \m..s -2.8 +2,8 6.00 -- - -- MI/6
;_l_&3x i;;_ _-,_,b --- 113 L = o V'DC (,11_) --- --- - --- MI/6

(It_,,'_sLOGIC --- - DISCRETE [ _ N_AERSE
_IGC_X ,b'roh_[E --- 2/14 [ = ON ___ R_ DIS :.-C
_16_< TT f_:':_ --- 2/1_ [ = ;_,LD ._orj) --. --- _ DISC_TE L
_I_21x GS SEL --- 213 _ = AGS S_L .-- --- - DISCRETE L DPE

.... _]SCRETE tllD_E;dl_6x _AL (.mLS --- 2114 t : OP; (YES) ---
--- - DISCRETE L

;L4G2_X ES AC P&R F,-[ ...... L = FAIL --- L_S6 _ISCRETE ,/1 I_R _llq@l-3V
;LqO27X IS DCP_R FA[ ...... _ = FAIL --- _]{l_SV

_r[_7 b_SCR_TZ 11 CPER _11406-_v

;YOD3t,x ,SC_,TCV,-_ --- I/2 L= ct_ (GN) -- --- DISCRETE LODPE
--- DISCRETE L/I E_R
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L I

pEVC
T;B-E 6-3.5 SmZ:L2;_AFT]'S-:.*-IE' -ATION FCP=R_,._SIO_I (CCqC_.I_g;

ONBOARD
p._" LOCATI0r_ -_CERALOC_TJON "T_ DATA_E RSS D!__LAy R&NGE R_ C_' ESTI_*_TE_f.IS_._L

v._m5 _Z_$ TABLEV TABLE I_ ACC ACC LIMITS OP_R_TIN£LIMIT5 _RITiCAL LIMITS SIC
13 _ESC_[_TE_. _:V_uO. - SE({ _C. ISCERA/LOWS LOW H!',C.M _P,_T5 D_T LC'_ _ pCT LOW HIGH ADV I £3W NO_'_ _4 LOW HIGH SAM:FItlY,r_ F_TE5

GQ'__:P _'_ -- '.-_ ._-10 _ , ._ 2O0 PS_A 1.87 0 160". 3.5O - I00 _:_, 1_ _5 110 111 AHR _:_* FL.L T_. B_PJ/
9 i_ 7 14 I: T_, _L_4 R-C

_£ k0 100 PCT (r.-_1_1) 111 AM/

_ '100 _!.)
_7_99u _

GRI_;.gT _C5 _ _ _'-_ 1-1:'_-12 2120 2_ 120 _F - 1,0 103 120 1/! _D
C.R_O _:S _:_ B :_ 1_11/3_1_ ° 1Q0 PeT ° 0 103 1_'1 ,_I_R
GRI:?_T EC5 B _2 _,_ 1-!_/_-13 2/20 2Q 120 _F - - 40 1_3 I20 _/1 _I_R
_1]01P RC5 A _E P_25_ 2_11/_°1t* 1/6 3500 PSIA 1._6 0 t_00 2._0 1696 - 12_0 3_0Q 5OO _508 1/1 ,_I_R _G:-_5_

G_ll:_P _CS _ _ P_S! 2-I2/_-12 I/6 _500 PS;,_ 1.96 e _*000 2.60 1696 - 1240 _00 _00 3_00 _I1 ._R _r,;__C_2

G_12_IP R_ A _G _-_/_-_1 1/6 3_0 PSIA 1.96 0 I_0 _.60 17_ 2_ ° NOT _lt_ _1 U_! I ._ |_L_0_2 R-_
_'" Ill ._t _'_A

GRI_2P _CS _ =._G _-_./3-!_ 1/6 _50 P_IA 1.96 0 li_0 2.60 178 2_0 - I 178 179 188 IS0 2I_ 1/1 _H |_L_33

_2!21T RCS _ _-t. _' 2-E 2/20 2_ 120 _£ 2.78 2O I20 _.38 - 5O gC 4O 100 Ill _1_ 8_2A
GR21_2T _C5 _ Fdgt. T_ 2-B 2/20 20 120 CF 2.78 2O 12_ _.38 - _ g0 140 1B0 1/! _t 8_2_
GR22_1_ _ FCI_L _L_ _-II!-7/3-61_! - _0 _A 1.87 0 _00 2._5 ° 165 1_5 It_0 210 200 _I_R 8_'._

GR2232P _ _. _'_L_ I-5,'3-1/3-8 350 PSIA 1.87 0 t_O0 2.55 - 16_ 18_ 1_ 21_1 200 _R ._!B

C_2:'Ip _ CX _'_LD I-7J2_2/_-7 350 PSIA 1.87 0 t_00 2.55 - _6_ 18S I_Q 21_1 200 _HR _IA
RE_-_" 1P./1 _

C_202P _ OX _D 1-2/_-6/2-1/3-8 35O PSIA _-.87 O t_C0 2.55 - 165 18_ ltt0 21_ 2OO _R 8t'lB
_£5. IR/ ! ._

6R50_2_' f£P qE CC - _15¢_ - 6L_I
rCP _F CC

C_50_5_ rcP _U CC - DISC_II_ - gi-4031

GRS0_P rcP 3s Cc - DIS¢_ - GI__0_!

GR_0_I_ [CP 2F C¢ - DI$C_rE - GL_Q3!
C_5__2_ r¢_ 2S CC - DISCP._'r_ - 6Lt_0_1

C,RS_q_ rCP I_ CC ° DISC_T[ - _l-t*8_!
GR_0t,SP r_P l_ C¢ _ DI$C_ ° _-t_03 _

GR6001T ?b_ _ TI_t.tp t.-6 1120 20 ?0Q _F 2.17 -100 2_ 2.37 36.4 186.7 - 122 126 13_ 120 lg0 1/1 _1_ |_1__0_

6R60_2T _U,_ 3 TE'_ _7 1120 20 2Q0 _F 2.17 -10_ 20O 2.]1 _6.l_ 186.7 - 122 126 1_0 12_ l_l) ill _H _GLI*05_
/ 18MI

_R60_T _t.¢_ 2 T£_ t_-l_ 1/20 2_ 20_ cF 2.17 -100 20O 2._1 _6._ 186_7 - 122 I26 1_0 12_ 19_ ill _1_ /GL_53

GR6,3_T _UA_ i T_ _-_3 1/20 29 2Q_ _F 2.17 _08 2_0 2._7 36.t_ 186.7 - 122 126 _30 12Q 190 1/1 _ _6Ltt05_
16M1

GR96_U _CS _;_; A _ 1112 I = CkSD _F_5 DISC_.'n_ _/1 _ER
GR9610U _CS _.'I'_ B ¢:_ 1/12 = CkSD _FL? D[SC_ Ill _R
C_g611U _C _EE_ A _" 1/13 = O_N _FL6 D15¢_'_ 1/! _£R
GRg_12U _C _E_ _ _ 1/13 = _EN _R.8 DISC_ 1/1 I_R
C_96_U _/B X-FEEDOP' 1!1_ = OPEN _N-17 DISCFt_'n_ _/! _R
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TABLE 6-5 TELEMETRY VERSUS PAM GATES LM-I
REV C_
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PGNS

7.1 GENERAL

7.1.1 General Information

The PGNS is the primary means of accomplishing guidance, navigation.

and control for the Lunar Module (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, pro-

" vision is made for insertion of navigation, target and mode control

data from the ground via the LGC (LM Guidance Computer) is 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 R-B

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 and 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 Confi6uration

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. Electronic Coupling Data Unit (ECDU) IR-C

I3. Power Servo Assembly (PSA)

h. Pulse Torquing Assembly (PTA) R-B

5. Signal Conditioning Assembly (SCA).

B. Computer Subsystem (CSS)

1. LM Guidance Computer (LGC) R-C

2. Display and Keyboard (DSKY).
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C. Optics Subsystem R-C

i. Alignment Optical Telescope (AOT) R-B

2. Computer Control and Reticle Dimmer Assembly (CCRD). IR-C

I• D. Radar Subsystem (Electronic Assembly deleted on AS-206)

7'.1_3 Inertial Measurement Unit (IMU)

The Inertial Measurement Unit (IMU) is the primary inertial

sensing device of the LM. Three rate Integrating Gyroscopes (IRIG's)

and three Pulse Integrating Pendulous Accelerometers (PIPA's) are
t

mounted on the stable member (inner gimbal) of a three gimbal system.

The stable member is held nonrotatin_ with respect to inertial snace

by three gimbal servos, which derive their input error signals from

three gyroscopes. The stable member is aligned at prelaunch to a known

reference coordinate which is held fixed with respect to earth via

gyrocompassing until Gyro Reference Release (GRR). At or near liftoff R-B

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 through 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. IMU temperature control I

is completely automatic and remains in operation once power is applied IR-C

to the system.

7.1.4 Electronic Coupling Data Unit (ECDU)

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) conversion, the CDU's convert and
_-B

transfer angular information between the IMI!and LGC. For each of the

three inertial 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 to the navigation base. The CDU converts
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these signals to digital form and transforms them serially to the LGC

in angle increments. 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 R-C

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 _-B
as with the PSA.

7.1.7 LM Guidance Computer (LGC)

The LM 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 or IMU will

7-3
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7.2 PGNS OPERATION

7.2.1 PGNS Interfaces

The following list tabulates the electrical and functional inter-

faces between the FGNS and the remainder of the LM spacecraft. For

reference consult MIT Document NEI6015000 PGNS and Control System for

LM (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
R-B

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 0N/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

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
R-B

v 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-206 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 PGNS navigation function is handled internal to the LGC. R-C

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, R-B

external inputs, gimbal angle 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) I

A. Notes IR-B

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.h COUPLING DATA UNIT SCHEMATIC NOTES (Drawing 7.3.1)

A. The following abbreviations are applicable to the CDU schematic:

1. Big = Inner glmbal angle (actual)

2. emg = Middle gimbai angle (actual)

3. Oog = Outer gimbal angle (actual) R-C

h. neic = Increment of command angle (inner gimbal)

5. AOmc = Increment of command angle (middle gimbal)

6. Aeoc = Increment of command angle (outer gimbal)

7. AGS = Abort Guidance System

8. CDU = Coupling Data Unit

9. CS = Crew Systems

10. EX = Attitude Error signal about X-axis

ll. EY = Attitude Error signal about Y-axis

12. EZ = Attitude Error signal about Z-axis

13. IMU = Inertial Measurement Unit

lb. ISS = Inertial Subsystem R-B

15. LGC = LM Guidance Computer

16. PC = Percent

17. RR = Rendezvous Radar
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7.5 COMPUTER SCHEMATIC NOTES (Drawing 7.4.1) R-B

(To be supplied at a later date)
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. TABLE 7-1 AS-206 DOWNLINK FORMAT REV C

WORD FIRST SECOND WORD
NUMBER REGISTER REGISTER ORDER CODE

i DOWNLIST I D *SYNC BITS (00437-0CTAL) 0
2 LATEST CAL STATE VEC X P0S MSB *LATEST CAL STATE VEC X POS LSB i
3 LATEST CAL STATE VEC Y P0S MSB *LATEST CAL STATE VEC Y POS LSB i
4 LATEST CAL STATE VEC Z P0S MSB *LATEST CAL STATE VEC Z P0S LSB i
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 Id PIPADT *DESIRED CDU X 1 R-C
i0 DESIRED CDU Y *DESIRED CDU Z 1
ii DELV X MSB *DELV X LSB 1
12 DELV Y MSB *DELV Y LSB 1
13 DELV Z MBB *DELV Z LSB 1
14 OUTPUT TO LMP *0urPUTTO LME 1
15 OUTPUT TO LMP *OUTPUTTO LMP i
16 OUTPUT TO LMP *OUTPUTTO LMP 1 R-B
17 OUTPUT TO LMP *OUTPUT TO LMP i
18 LMPIN LMPOUT i I
19 ALPHAR EDOTP 1 IR-C
20 UPVERB *COMPNUMB i I
21 STATE COUNT *UPOLOMOD 1 R-C
22 ST BUFF +0 *ST BUFF +l 1
23 ST BUFF +2 *ST BUFF +3 1
24 ST BUFF +_" *ST BUFF +5 1
25 ST BUFF +6 *ST BUFF +7 1
26 ST BUFF +8D *ST BUFF +gD 1
27 ST BUFF +10D *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 *GUIDANCETHRUST CMD IZB 1
32 MOMENT OFFSET (Q) *MOMENT OFFSET (R) 1
33 PREDICTEDENGINE ON TIME MSB *PREDICTEDENGINE ON TIME LSB 1
34 REDO COUNTER SFAIL i R-C
35 TIME 6 ACTUAL CDU'X 1 R-C
36 ACTUAL CDU Y *ACTUAL CDU Z 1
37 DERIVED RATE (P) *DERIVED RATE (Q) i
38 ALPHA Q DERIVED RATE (R) 1 R-C
39 FLAGWORD 0 *FLAGWORD1 1
40 FLAGWORD 2 *DAP B00LS 1
41 CHANNEL ll *CHANNEL 12 1
42 CHANNEL 13 *CHANNEL 14 i
h3 CHANNEL 30 *CHANNEL 31 i
44 CHANNEL 32 *CHANNEL33 1
45 DSPTAB +0 *DSPTAB +i 1
46 DSPTAB +2 *DSPTAB+3 1
47 DSPTAB +4 *DSPTAB+5 1
48 DSPTAB +6 *DSPTAB+7 1
49 DSPTAB +8D *DSPTAB+gD 1
50 DSPTAB +IOD *DSPTAB+lID 1
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* TABLE 7-1 AS-206 DOWNLINK FORMAT (Concluded)
LM-I

REV C

WORD FIRST SECOND WORD

NUMBER REGISTER REGISTER ORDERCODE

51 TIME2 *TIME1 1
52 C0MPTORK + 0 COMPTORK + i i
53 COMPTORK+ 2 COMPTORK+ 3 1
54 COMPTORK + 4 COMPTORK + 5 1
55 FAILREQ + 0 FAILREQ + 1 1
56 FAILREQ + 2 ALMCADR 1
57 ALMCADR + 1 ERCOUNT 1

R-C
58 PIPA X PIPA Y 1
59 PIPA Z RHCP i
60 FLAGWORD 4 LMPJFAIL 1

61 MASS (_SB) MASS (U_R) Z
62 CDU Y CDU Z i
63 CDUY CDU Z I
64 OUTPUTTO LMP *OUTPUTTO LMP 1
65 OUTPUTTO LMP *OUTPUTTO LMP 1
66 OUTPUTTO LMP *OUTPUTTO LMP 1
67 OUTPUT TO LMP *OUTPUT TO LMP i
68 LMPIN IAMPOUT 1 R-C

69 DELAREA (MSB) DELAREA (LSB) 1
70 MISSION PHASE REGISTER 4 *MISSION PHASE REGISTER 3 1
71 MISSION PHASE REGISTER 2 *MISSION PHASE REGISTER i i R-B
72 MISSION TIME REGISTER 4 *MISSION TIME REGISTER 3 1
73 MISSION TIME REGISTER 2 *MISSION TIME REGISTER I i

7h PRESENT MISSION PHASE IDPIPADT 1 R-C
75 TIME TO GO MEB *TIME TO GO LSB 1
76 BURN DATA *BURN DATA 1
77 BURN DATA *BURN DATA 1

78 BURN DATA *BURN DATA 1
79 BURN DATA *BURN DATA 1
80 BURN DATA *BURN DATA 1
81 BURN DATA *BURN DATA 1
82 BURN DATA *BURN DATA 1
83 BURN DATA *BURN DATA 1
84 BURN DATA *BURN DATA 1

85 TIME 6 ACTUAL CDU X 1 R-C
86 ACTUAL CDU Y *ACTUAL CDU Z 1 I

87 DERIVED RATE (P) *DERIVED RATE l#I i
I

88 ALPHAQ DERIVED RATE i R-C
89 FLAGWORD 0 *FLAGWORD 1 1
90 FLAGWORD 2 *DAP BOOLS 1
91 CHANNEL ll *CHANNEL 12 1
92 CHANNEL13 *CHANNELlh I
93 CHANNEL30 *CHANNEL31 i
94 CHANNEL32 *CHANNEL33 1
95 DSPTAB+0 *DSPTAB+i 1
96 DSPTAB+2 *DSPTAB+3 1
97 DSPTAB +4 *DSPTAB +5 .. I
98 DSPTAB +6 *DSPTAB +7 i
99 DSPTAB +8D *DSPTAB +gD i
i00 DSPTAB +IOD *DSPTAB +liD i
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TABLE 7-2 MISSION AS-206 - MISSION PHASES LMol
REV C _

Phase No. Phase Programs Executed

i Prelaunch Alignment 01, 02, 04, 05 R-C

2 Guidance Reference Release 07, ii, 12

3 Suborbital Abort 71

4 Contingency Orbit Insertion 72

5 * *

6 Coast - S-IVB Attached 13

7 S-IVB/LM Separate 14

8 DPS Cold Soak 15
R-B

9 DPS i 31, 41

i0 * *

ii DPS 2/FITH/APS i 32, 42, 43, 44, 72

12 * *

13 APS 2 34, 46

14 * *

15 * *

16 * *

17 * *

18 * *

19 * *

*Not used for Mission AS-206

7-12





L_

0
/



8 I ' I 6 I v , I 3 [ 2 I 1
I' REVISION DATE AWrn_ .=

D 4CS122

28GP OSAO
C/DS KY L LGC WARNING

PRLXI . 28 VDC _ _]+4V' + 14V+4V, + 14V TOALL _ _1_ "-_

PRIMARY POWER FUNC'n ONAL I

INPUT SUPPLY AREAS MODEAND .J OISPLAyAND / MOOEANUCAUTION'

FROM F_N S _. SIGNALSKEYBOARDINPUTS'- KEYBOARDRELAysAND SIGNALsCAUTIONToJ_/C OvERGUIDANCEToLMpSWITCH

IC:_1 10 REGISTER1 _ CHlO ,_'
WORD TO LM MISSION REGISTE AUTION

J PROGRAMER, PROGRAMCOUPLER ASSEMBLY

I RELAY (BITS 1-8 AND 12-1

L-- -Z_-L°Rv.------I
TO PCM TM _ 6.1,1

ADDRESS DATA

-_ C REGISTERS

I- .... -I --r%-o7-
____. I E.KG_.N I _ _ "'WI s. I _ CHlO

._ MANUALTRANSLAT,OHcMos I A I _ =
AUTO MODE I WRITE READ WRITE | REAL TIME
ATTITUDE HOLD MODE GATES Q(CH02) GATES AMPS _ _ _- -_ STABILIZATfONAND

-_ CONTROL PITCH GIMEAL OFF ENGINE ON/OFF CMDS CONTROL SYSTEM
ROLL GIMBAL OFF INPUT I Z I 16 REACTION CONTROL SYSTEM JET CM_

ELECTRONICS ABORT STAGE DISCRETE _ CHANNELS TI_ItOTTLE OMDS (DE) OUTPUTS

SECTION ABORT DISCRETE b _,b _ _ J I B _ OUTPUTINPUTS ENGINE ARMED I ]NIT'TESTAT INTERFACE IRTCH AND ROLL GIMEAL TRIM CINOS
AUTO THROTTLE SELECTED CI OUTPUT

AP iN CONTROL

I r "t PAN"_1 ! _;_IC"ARNE_ t/_" P,TCHANGLEFOROOADSEAL,O.I|

* ,_ _ _ _4 ;_e C - ROLL ANGLE FORCOARSE ALIGN ]

THRUSTER FAIL DIECRETES FROM RCG---_P INPUT L t I :b.Z_,e- YAW ANGLE FOR COARSEALIGN
FROM CONTROLS - (_DISPLAY INERTIAL DATA_ iNTERFACE SEQUENCE J X U ERROR COUNTER ERASE IR_RT(AL SUB-SECTION

AND DISPLAY , ___ GENERATOR Y I CDU ZERO
INPUTS _. j_ ' CENTRAL PROCESSOR F_ '---] DISPLAY IRERTM.L DATA CMD INERT(AL MEASURING

COARSE ALIGN ENABLE COUPLING DATA UNITS AND

D,G,TALCMO'_PL,HK"," L _RS j _ UN,TOUTRU,,,,,_ PIPA INTERROGATE AND DATA GATE PULSESASSEMBLY INPUTS PUNK " II- m m _ GYRO TORQUE ENABLE

a 5.2.z,_. _.) GYRO TORQUE CMD8 (SET AND RESET)_..TIMING AND POWER SUPPLY SYNC SIGNALS
_IT SYNC PULSE

PCMCENTRAL IBZ_ liNLINKSTART J

TIMING AND DN LINK STOP
ELECTRONICS 6oiol LOCK SYNC 81GNA

1 ,R*_j_,.1.1
PRO.NAMI CONTROLr- J"...... 1.-- _ TO INSTRUMENTATION

_ _,G G - PITCH ANGLE (ACTUA,_)_ ---- ,INTERRUPT E_.PULSES ! _$OALER_ ! TIMIRG SIGNAL
INERTIAL _: _DG _- ROLL ANGLE (ACTUAL) PRIORITY F START SIGNAL

COUPLING DATA ASG - YAWANGLE (ACTUAL) I _ _ (TO ALL FUNCTIONAL

j . , T,..MEASURING UNIT ±_eP-X PIPA E,V ___

-- INPUTS ± _,@P- Y PIPA _,V I PROGRAM

_DP-Z PIPA _,V _ COUNTER 14elNTERRUPT S.__ INCREMENTAL PULSES __ PRIORITY

,I
PRIORITY

I_ _ CONTR=_OL _ NOTE" CH17 - CH27 ARE VACANT

L(-'(,
BZ 9 <F STAGE VERIFY DISCRETE

L(CONTACTCLOSURE) / _ --DATAFLOW SIGNATURES DATE NATIONAL AERONAUTICS & SPACE ADMINISTRATION
8 2 1 OR.>d_AAI)_,d_ //_Ov_7 MANNED SPACECRAFT CENTER • HOUSTON

A ..... CONSOLS _N__?,.J_._ Z//X_-_
CH_. ='_=..,-=_ _'/_7 LM GUIDANCE

LIGHTING IMU OPERATE pOWER BUS APP COMPUTER SCHEMATIC

DS_KEYSOARD,PANELP_R ' a_f_ LM _ -_"°DS.ETATUEPO_R _ 74 IDEKY CAUTION pGWIER
OSKY NUMERIC DIMMER

A_p_IN ISHEET f OF I





* SECTION 8 LM-I
REV CCONTROL

8.i 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 primary guidance control path in
R-B

conjunction with the PGNS, the CES provides the implementation of the

control signals originating from the LGC as follows:

o A. Converts reaction control Jet commands to the required elec-

trical power to operate the RCS Jet solenoid valves.

B. Accepts discrete descent engine rotation commands. Upon re-

ceipt of a command, the descent engine is rotated about its R-C

gimbal axes at a constant angular rate until the command is

removed.

C. Accepts both LGC and manual engine ON/0FF 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 l0 to 100 percent of its range. R-B

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 (LMP) +X translation commands and fires RCS R-C
i

Jets to accelerate the LM in the desired direction, i

C. Automatically rotates the gimbaled descent engine for trim IR-Bcontrol.

D. Accepts manual (LMP) engine ON/OFF commands and routes them R-C

to the descent or ascent engine. R-B

E. Accepts manual (LMP) throttle commands to control the thrust R-C

of the descent engine.

8.1.2 Modes of Attitude Control R-B

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
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semiautomatic. In LM-I only the automatic mode is available.

A. Automatic Mode - The automatic mode provides fully automatic

attitude control of the LM.
R-C

B. In AGS mode only a rate hold capability exists since no AGS

is aboard LM-I.

8.1.3 Translation Control (RCS)

Both automatic and manual (LMP) translation control using the R-C

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

consists of +X ON/OFF commands from the LMP by way of the LGC. In AGS R-B

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 suf-

ficient to saturate the pulse ratio modulators and give ON/OFF control

of the RCS Jets.

8.1.4 Attitude 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 dc voltages required in all of the CES

subassemblies and the synchronized ac voltage for the RGA's, and LMPare

also generated within this assembly. The input signals from the RGA's are R-C

processed in the ATCA and are directed to the appropriate Jets and the de-

scent engine control assembly.

Drawing 8.2.1 Sheet 1 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 R-B

are changed when the LM is staged to account for the change in vehicle

moment of inertia. The RGA ac signals are changed to dc 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 i

narrow deadband (+--0.3degrees in roll and pitch and +--0.4degrees in yaw) _-C
depending on the mission phase. In automatic and attitude hold modes, !

the signals from the deadband circuits are applied to the Jet select IR-B

logic. The Jet select logic combines the attitude and translation inputs, R-C

determines whether two or four Jets will fire to control rotation and l

X-axis translation, and applies the resultant signals to eight pulse ratio IR-B

modulators. These pulse ratio modulators generate pulses which vary in R-C

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 R-B
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 LMP R-C

are processed and sent to the descent engine. PGNS or ATCA signals are

processed for positioning the Gimbal Drive Actuators to control engine
R-B

trim. ON/0FF 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.

LMP throttle commands can be applied to the descent engine with R-C

the throttle control switch on the control panel in either the manual or R-B

automatic position. Manual throttle commands consists of ac voltages from IR-C

ithe LMP applied to the DECA.
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The DECA demodulates and filters the signal and sends a proportion-

al dc 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. Adc

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, ll5 volts power to the proper Gimbal Drive Actuator.

The GDA rotates the descent engine and sends a 400 cycle signal propor-
R-B

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 powe r 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 logic 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 ll5V 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 I

through the LM center of gravity. One GDA controls the pitch gimbal IR-B
and the other controls the roll gimbal.

Each GDA is capable of extending or retracting 2 inches from

the mid-position and will gimbal the descent engine a maximum of plus

or minus 6 degrees about the LM Y- and Z-axis. The GDA's move at a

constant speed and rotate the descent engine at a rate of 0.2 degrees

per second. The position transducer receives ll5V 400 cps from the DECA R-C

on its primary winding. The secondary voltage is 400 cps, 7.5 volts per

inch travel from mid-position; in phase when extended and 180 degrees

out of phase when retracted past the mid-position. The transducer output

is sent to instrumentation for telemetry and to the DECA malfunction

logic.

8.1.7 CES Interfaces

The CES receives the following signals from the PGNS:

A. ON/0FF commands for each of the 16 reaction control Jets.

B. ON/OFF commands for the ascent or descent engine.

C. Descent engine trim commands.

D. Thrust magnitude commands for the descent engine.

E. 800 cycle per second power to excite the LMP. _-B

The CES feeds the following signals to the PGNS in the primary mode:

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.

The CES also interfaces with the:

A. Electrical Power Subsystem (EPS) - The CES receives required

electrical 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. Instrumentation Subsystem - CES provides signals to the Instru-

mentation Subsystem for inflight monitoring. R-C

E. Environmental Control Subsystem (ECS) - The ECS provides mount-

ing surfaces and thermal protection for the CES equipment.

F. Structure Subsystem - The Structure Subsystem provides the

area and mounting accommodations to house the CES equipment

within the structure.

G. 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 R-B
e

PGNS fails AS-206 by the PRA. The reset position of the throttle

is 30 percent. R-C

C. There will not be an automatic closed loop guidance for the PRA/

AGS control during DPS and APS burns. Should a failure occur
R-B

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 8-2 PRELAUNCH STATUS OF SWITCH POSITIONS

SWITCH SWITCH SWITCH
NUMBER TITLE POSITION

I-S-I ENG ARM OFF

l-S-2 ENG START OFF R-B
l-S-3 ENG STOP OFF

l-S-4 ENG STOP OFF

l-S-5 DES RATE CENTER

l-S-6 X-TRANSLATION 4 JET

R-C

l-S-8 ENG GIMBAL ENABLE

l-S-9 BAL CPL ON

l-S-10 MAN THROTTLE SYS ENG

l-S-11 THRUST CONTROL AUTO

l-S-12 +X TRANSLATION OFF

l-S-13 ABORT GUARD DOWN-SW OFF

I-S-14 ABORTSTAGE GUARDDOWN-SWOFF
R-B

3-S-I IMU CAGE OFF

9-S-2 RATE ERROR M0N CMPTR

9-S-3 ATTITUDEMON PGNS

9-S-4 ALT/RNGM0N ALT/ALTRT R-C

9-S-6 GUID CONT PGNS

9-S-7 RATE ERROR M0N C_TR

9-S-8 SHFT/TRU -+50°

9-S-9 MODE SELECT PGNS

9-S-I0 ATTITUDEMON PGNS R-B

9-S-II RESET/CONTROL (RESET) UP

9-S-12 TIMER CONTROL CENTER POS

9-S-17 X POINTER SCALE HI MULT

9-S-18 X POINTER SCALE HI MULT
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TABLE 8-2 PRELAUNCH STATUS OF SWITCH POSITIONS (Concl'd)

SWITCH SWITCH SWITCH
NUMBER TITLE POSITION

II-S-I GYRO TEST OFF

II-S-2 DEADBAND MIN

II-S-3 ATTITUDE CONTROL - PITCH MODE CONTROL

II-S-4 ATTITUDE CONTROL - ROLL MODE CONTROL

II-S-5 ATTITUDE CONTROL - YAW MODE CONTROL

II-S-6 MODE CONTROL AUTO -

ll-S-7 GYRO TEST ROLL

R-C

12-S-17 AGS STATUS OFF

R-C

MANUALSLEW CENTER I17-S-I
!

17-S-2 SLEW RATE LOW I I R-B

17-S-3 R.R. MODE SEL AUTO TRACK ! !R-C

17-S-5 LDG RADAR ANT #i DES I

17-S-6 RADAR TEST OFF I
R-B

17-S-8 TEST MONITOR LDG RDR PWR: ALT XM_R B-CI

18-S-lO TEMP MONITOR RNDZ I R-B

19-S-3 LMP TCA ISOLATION ENABLE ! R-C
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TABLE 8-3 PRELAUNCN STATUS OF CIRCUIT BREAKERS

I CIRCUIT BREAKER I

i NUMBER TITLE POSITION

4CB2 ABORT STAGE CLOSED

4CB3 ABORT STAGE CLOSED

4CB28 AEA OPEN

4CB29 RNDZ PWR OPEN _

4CB37 ENGARM CLOSED

4CB40 AELD CLOSED

4CB41 AELD CLOSED

4CB59 ATT DIR CONT. OPEN

4CB69 DECA PWR CLOSED

4CB79 ASA OPEN

4CB80 DES ENG CONT CLOSED

4CB81 ATCA (PGNS) CLOSED

4CB82 ATCA CLOSED

4CB88 GASTA OPEN R-B

4CBI05 LDG RDR OPEN

4CB106 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 0PR OPEN

4CB156 RNDZ RDR STBY OPEN

4CB157 LDG RDR CLOSED R-C

4CB161 IMU STBY CLOSED _-B

[4CB179 LMP FEED CLOSED & SLUGGED

4CB201 GASTA OPEN
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PROPULSION

9.1 REACTION CONTROLSYSTEM

9.1.1 GeneralDescription

The ReactionControlSubsystem (RCS) is composedof two parallel,

independentsystems("A" systemand "B" system). Each system contains

identicalcomponentswith the associatedvalves and plumbingnecessary H-B

to deliverthe propellantsto the thrust chamberassemblies. Normally

both systemsare operatedtogether,but the arrangementof the engines

is such that complete rotationalcontrolin all axes is possible despitea i R-C

Ifailureof either system.

" Helium pressurizationis accomplishedby an electricalRCS pressuriza-

tion commandto two parallel squib actuatedisolationvalves in each system.

Downstreamare two serieshelium regulatorswhich reduce the helium

supplypressure for propellanttank pressurization. In normal operation,

the upstreamregulatoris in controland reducesthe pressureto the

proper level, while the downstreamregulatorsensesa demand and remains

open as the senseddemand is below the setting. R-B

Normallyopen propellantshutoffvalves,locatedJust downstreamof

the propellanttanks in each system,are capableof isolatingthe propellant

tanks of either system in case of an upstreammalfunctionor depletionof

propellants. These valves are operatedin pairs (fuel and oxidizer)for

each systemby prime commandsfrom the LGC, commandsfrom the PRA, or

RTC commandsfrom the ground.

Normally closedfuel and oxidizermanifold crossfeedvalves exist,

which can be opened to supplyeither system'spropellantsto all sixteen

thrustersin case of a failed system. These two valves are operatedas

a pair by prime commandsfrom the LGC or commandsfrom the PRA. No RTC

controlexists for the crossfeedvalves.

In addition,normallyclosed ascent feedvalves, connectingascent

propellantsto both systemsfuel and oxidizermanifoldsindependently,

may be opened to conserveRCS propellants. It shouldhe emphasizedthat

ascent propellantsmay be utilizedin the RCS thrustersonly during

positive"X" axis acceleration. These ascent interconnectfeed 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 an onboard failure detection logic, the

LGC senses an electrically failed thruster and automatically closes

the appropriate isolation valves to isolate the failed pair. No PRA

or RTC control of this function is available. The LGC is also capable

of controlling the vehicle's attitude and translation in the X-axis only _ R-C
Iwithout usin_ the isolated thruster pair.

Each of the four RCS engine clusters consists of four rocket

engine assemblies, each delivering approximately 100 pounds thrust.

The engine assembly consists of an oxidizer and fuel solenoid valves, R-B

injector head, and combustion chamber. Each solenoid valve is a fail ,

safe (in closed position) electrical solenoid operated valve. The fuel

valve provides a two millisecond fuel lag, which with the injector premix

igniter cup insures smooth engine start in the pulse mode. The injector

has eight unlike impinging doublets for main chamber i_nition. Chamber R-C

cooling is provided by radiation and internal film cooling from eight

fuel singlets along the injector outer periphery.

The RCS performs the following functions:

A. Provides small thrust impulses to stabilize the LM during

descent and ascent burns.

B. Provides necessary thrust impulses to control the vehicle

attitude and translation during all maneuvers.

C. Provides necessary thrust impulses to accomplish separation

maneuvers.

D. Provides necessary thrust impulses to accomplish accelerations

for ullage settlingfor the descent and ascent propellanttanks

when required.
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The RCS is capable of Operating in either a pulsed or a steady-state

mode and is controllable by the LGC, or by a manual Attitude Controller R-B

Assembly (ACA) during manned flights. In "Normal" mode, attitude and

translational maneuvers are accomplished by commands from the LGC R-C

of variable frequency and pulse width to the primary coils of the engines

In "Pulsed" mode, the LGC sends one pulse for each out-of-detent_movement R-B

of the ACA to the primary coils and in "Direct" mode, the ACA sends

commands directly to the 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 i0:i 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 ablative lined thrust chamber with a crushable,

radiation cooled nozzle extension; a variable area injector;

a pair of flow control valves; four electromechanical flow _-B

control actuators; and eight propellant shutoff valves. It

is mounted in the center compartment of the descent stage and

is pivoted 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 drive actuators. R-C

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 propellant 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 thrust,

operation is conventional. At approximately 70 percent R-C

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 R-B

the injector apertures.

B. The engine is activated and throttled by the LM 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 Dimenthyl 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 R-B

freezing point of Aerozine 50 at standard pressure is 21°F

and the boiling point is 170°F.

9.2.2 Helium Storage Tank

Supercritical helium is stored in a double walled cryogenic storage

container. It consists of an inner spherical tank with an outer Jacket;

the void between the tank and its Jacket is filled with aluminized mylar

insulation and evacuated to minimize heat transfer. The material used for R-C

the tank is titanium. The tank has associated fill and vent ports and a

pressure relief device consisting of two burst discs, in series. Inside

the inner tank is a helium/helium heat exchanger constructed of titanium

tubing.

9.2.3 The Propellant Shutoff Valves

The shutoff valves are fuel pressure-actuated ball valves, fuel is R-B

introduced to the valve actuators through solenoid operated pilot valves,

all of which are energized simultaneously during engine startup. During

the start, the solenoids unseat the caged balls from the actuator inlet

ports and seat them against the overboard vent ports. Fuel enters the

actuator cavities ; the actuator pistons connected to rack and pinion

linkages twist the ball valves 90 degrees to the open position, permitting

flow to the injector. The series parallel redundancy in the valve arrange-

ment provides for positive start and cutoff. During shutdown, the sole-

noids are de-energized, opening the vent ports. The spring loaded actua-

tors close the shutoff valves and residual actuating fuel is vented over-

board into space. A mismatch circuitry is tied in with this system. It R-C

takes the output of eight magnetoswitches and puts them through a summing

network. The output of this network is then telemetered to ground indi- R-B

cating any disparity in valve positions.
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9.2.4 Propellant Quantity Ga_in_ System (PQGS)

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 +i.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 R-B

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, nominally corresponding to 120 I
I

seconds engine operating time remaining at 25 percent thrust. R-C

9.2.5 Fuel/Helium Heat Exchanger R-B

This heat exchanger absorbs heat from the engine fuel which has

been circulated from the fuel tanks directly to the heat exchanger, before

its ultimate delivery to the engine. It is a two pass heat exchanger.

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 R-C

tank, and then is Teheated on the second pass.

9.2.6 Thrust Chamber

The thrust chamber consists of a composite ablative cooled nozzle R-B

extension (area ratio of 16:l), a crushable radiation cooled nozzle extension
I

(area ratio of 49:1), and a gimbal ring assembly. The ablative components I

R-C

are encased in a continuous titanium shell and Jacketed in a stainless
R-B

steel foil/glass wool composite thermal blanket. The radiation cooled

nozzle extension is made from columbium. The nozzle extension is R-C

flanged to the titanium chamber shell. The gimbal assembly is located

at the chamber throat plane and provides a -+6 degree gimbal of the R-C
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thrust vector during flight. The assembly is manufactured from aluminum

alloy, except for the bearings, which are made of high strength steel.

9.2.7 Flow Control Valves

Flow control valves are non-redundant venturis with movable pintle

sleeves. Engine throttling is initiated by an electrical signal to the

throttle actuator commanding an increase or decrease in engine t_rust.

Operation of the throttle actuator drives the linkage cross beam to a

new position_ thus repositioning the pintles in the flow control valves.

This axial movement of the pintles results in decreasing or increasing

the pintle flow areas the precise amounts to control propellant weight

flow rate and thrust.

9.2.8 Throttle Actuator

The throttle actuator is an electromechanical linear servoactuator

powered by redundant motors. It is located between the fuel and oxidizer

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 R-B

screw. The actuator is designed to operate within specification using

two motors, or at a reduced rate using only one. The actuator case is

hermetically sealed to prevent cold welding in a vacuum environment.

Although the actuator could operate without lubrication, a compound with

a known off-gasing rate is included to maintain a small positive pressure

if the actuator case leaks. Performance redundancy is provided by

designing 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 motors 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 load is

effectively increased by the two operating motors which have the capability

of overriding the malfunction and providing the required output performance.
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9.2.9 Pressure Regulators

There are two regulators, one in each parallel leg 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.

The secondary leg is normally closed (but may he opened as required).

It also provides 245 psi downstream.

9.2.10 Quadeheek 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
R-B

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 loading of the

supereritieal helium, which is completed at about 15 hours before lift-

off. At completion of loading the pressure is approximately 550 psia.

Due to the heat transfer from the surroundings, the helium pressure in-

creases at the rate of approximately i0 psi per hour until the descent

engine is fired. During low level thrust, the pressure builds up at a

rate of 200 psi per minute. Subsequently, after engine shutdown, the R-C

pressure rises sharply at about 50 psi per hour for i hour, after which

time, the pressure again increases at the rate of i0 psi per hour.

The first descent burn pressure should start at about 750 psia

and end with a pressure of about 900 psia. The second descent burn R-B

should start at about I000 psia and reach a peak of about 1400 psia

before the pressure starts decreasing. Too high a pressure (1870 to

1968 psia) could rupture the burst disc, thus terminating pressurization

which results in degraded "limited blowdown" mode.
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an engine stop command automatically or the engine is

disarmed by RTC.

2. Subsequent APS burns.

At the end of the FITH the system is fully pressurized and

in operational standby mode. The engine may be ignited by

either a normal programed LGC fire command sequenee or

RTC fire override command. Either method fires the

engine by opening the isolation and actuator isolation

valves. Fuel pressure operates the actuator mechanism which

opens both the oxidizer and fuel shutoff valves and allows

. propellant flow to the thrust chamber. Shutdown of the

engine is accomplished by LGC command or RTC engine stop

override.

9.3.2 Notes

A. Pressure Reducing Regulators. This regulating system uses
R-B

two regulators in a parallel arrangement, each regulator

housing contains dual regulators in series. This arrangement IR-C

provides the overall regulation system with added redundancy. Eac

regulator contains a pilot valve and seat assembly which modulates

inlet pressure to control the opening of a main poppet valve

and seat assembly, and reduces the upstream pressure to that

required to provide correct propellant tank pressurization.

Minimum operating inlet pressure is 500 psi for rated output. R-B

Below 500 psi the regulated output is 179 ± 1 psi.

B. Propellant Shutoff Valves. The propellant shutoff valves are

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

valves are operated by a piston actuator assembly which is con-

trolled by fuel pressure through solenoid isolation and actuator

isolation valves.
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TABLE 9-1 CAPABILITIES AND LIMITATIONS APS, DPS, AND RCS

APS DPS RCS

HELIUM SOURCEPRESS.

VOLUME 5800 IN3 5.87 FT 3 920 IN3 R-B
PRESSURES

BURST 5250 PSI 3420 PSI 7000 PSI
PROOF 4660PSI 2045PSI 4650PSI
NOMINALLIFTOFFPRESS. 3050 PSI 550 PSI 3050 PSI R-C

REGULATORS

CONFIGURATION SERIES/PARALLEL PARALLEL SERIES

CLASSI

PRIMARY - o

SETTING 184+-4 PSI 245-+_ PSI 179+-2 PSI

_OCKUP 192_3PSI 250+-_PSI 188PSI
SECONDARY R-B

SETTING 190+-4 PSI 185+-2 PSI

LOCKUP 197+-3 PSI 194 PSI

CLASS II

PRIMARY

SETTING 176-+4PSI 245-+_PSI

LOCKUP 183-+3PSI 250-+3
PSI

SECONDARY
SETTING 182+-4PSI
LOCKUP 189-+3PSI

MINIMUMOPERATINGPRESSURE 500 PSI 400PSI 400 PSI

QUAD CHECK VALVES

PRESSURE

BURST 810 PSI 810 PSI 750 PSI

PROOF 540 PSI 540 PSI 500 PSI
AP DROP 5 PSI 5 PSI 4-+1PSI

CRACKING AP 2-+5PSI 2+-.5 PSI 2-+.5 PSI
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TABLE 9-1 CAPABILITIES AND LIMITATIONS APS, DPS AND RCS (Cont'd.)

APS DPS RCS

COMPATIBILITYVALVES

SERIES/PARALLEL SERIES N/A
ACTUATIONTIMES

OPEN 0.1 SEC 0.1 SEC N/A

PRESSUREDROP 0 PSI 0 PSI N/A
PROOF 540 PSI 540 PSII N/A
BURST 810 PSI 810 PSI_ N/A

TANK ASSEMBLY

BURST DISC RUPTURE 238±12 PSID 288±20 PSID 234±12 PSID

BLEED VALVE
• CRACK 0 PSI 0 PSI 0 PSI

RESEAT 20-80 PSI 20 PSI 80 PSI

RELIEFVALVE
CRACK 225 PSI 260 PSI 238±12PSI
FULL FLOW 250 PSI 275 PSI
RESEAT 225 PSI 254'PSI 220 PSI _-B

PROP TANKS

VOLUME

FUEL 34 FT3 126 FT3 1.91 FT3 R-C
OX 34 FT3 126 FT3 2.38 FT3

PRESSURES

BURST 375 PSI 405 PSI 375 PSI
PROOF 333 PSI 358 PSI 333 PSI

FUEL HELIUM HEAT EXCHANGER

PRESSURES N/A N/A
PROOF FUEL N/A 540 PSI N/A

HELIUM N/A 2200 PSI N/A _-B
BURST FUEL N/A 810 PSI N/A

HELIUM N/A 3300 PSI N/A

MAIN SHUTOFF,TCA ISOL_ X FEED_
APS INNCT VALVES N/A N/A

ACTUATIONTIMES 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_ND RCS (Co_t'd

APS DPS RCS
\

ACTUATION VOLTAGE
MAX N/A N/A 32.0VDC
MIN N/A N/A 18.0VDC

PRESSURES N/A N/A
PROOF N/A N/A 360 PSI
BURST N/A N/A 1050PSI
DROP N/A N/A 2.0+.25 PSI

ACTUATORISOLATIONVALVES

ACTUATIONTIMES
OPEN 0.03 SEC .03SEC N/A
CLOSE 0.03 SEC 0.03SEC N/A

ACTUATIONVOLTAGE
MAX 32V 32V N/A
MIN 21V 21V N/A

PRESSURES
BURST 1350PSI 750 PSI N/A R
PROOF 500 PSI 500 PSI N/A -C

PROPELLANTSHUTOFFVALVES

ACTUATIONVOLTAGE
MAX 32V 32V N/A R-
MIN 21V 21.5V N/A

PRESSURES
OPEN

CRACK 80 PSI 60 PSI N/A
FULL OPEN 120 PSI i00 PSI N/A

CLOSE

START 70 PSI 90 PSI N/A
FULL CLOSE 30 PSI 30 PSI N/A

DROP N/A

ENGINES

NOMINALTHRUST 3500 10500-1050 i00
COOLING FILM & ABLATIVE FILM& RADIA- FILM & RADI-

COOLING TION ATION R-
LIFE h60 SEC 960 SEC 500 SEC PULSE

500 SEC STEADY
_TATE

INJECTOR TYPE TRIPLET ORIFICES VARIABLE AREA 3 FUEL FOR COOL-

(20X & I FUEL) ing
IN A GRID PAT- 3 ON 8 FOR MAIN
TERN ON INJECTOR CHAMBER
FACE. ON OUTER L ON 1 FOR PRE-

PERIPHERY ORI- IGNITER
FICES ARE DoUB-
LETS (I ox & i
FU) TO PROVIDE
REDUCEDTEMP
BARRIERAT AB-
LATIVECHAMBER
WALL
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TABLE 9-1 CAPABILITIESAND LIMITATIONSAPS, DPS, AND RCS (Concluded)

APS DPS RCS

O/F RATIO 1.6/1 ! 1.6/1 2.0/ii

FLOW RATES

OXID (Ib/SEC) 7.0 i 21 (_MAX) 0.24 R-B
FUEL (Ib/SEC) h.3 ; 13 (MAX) 0.12

THRUST CHAMBERPRESSURE 120 PSI ii0 PSI (MAX) 96 PSI R-C

MINIMUMOPERATINGTIME 1.0 SEC N/A 0.013 SEC

i

t

1

I

i

1

!

i t

f

i
I

I

I
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side of the center section, formed by the beams (along the Z

and Y axis), house the four main propellant tanks for the

Descent Engine.

•Additional support and strut assemblies are secured to the main

beams forming diagonal bays or quadrants. The entire Descent

Stage (top view) is shaped•to form a modified octagon aluminum

alloy. Outriggers extend from the ends of each of the two

pairs of beams, providing for four points of attachment to

the Spacecraft LM Adapter (SLA). R-B

C. The landing gear are removed from LM-1.
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10.2 SYSTEM DATA

APPROXIMATE VEHICLE WEIGHTS R-B

SECTION WEIGHT,LB

LM Ascent Stage (DRY) 4820.9

LM Descent Stage (DRY) 3564.6 °

RCS Propellants 55i.8

DPS Propellants 17374.0 R-C

APS Propellants 5019.0

TOTAL 31330.3
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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 Assembly (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.
R-B

1. The bit configuration for each type of command is as follows:

a. LGC (22 Bits)

1 2 3 4 5 6 7 8 9 i0 ii 12 13 14 i> 16 17 18 19
Vehicle System Synch 20 21 22
Address Address Bit Triple Redundant 5-Bit Word

b. PRA (22 Bits)

1 2 3 4 5 6 7 8 9 i0 ll 12 13 i__44 15
Vehicle System Time Word Clear Forward Reverse R-C

Address Address Search Search I

I16 17 18 19 20 21 22
Initiate Fill Bits R-C

c. RTC (12 Bits)

1 2 3 7 8 9 lOn 12
Vehicle System Command Function
Address Address

d. DCA Test (22 Bits)

1 2 3 4 5 6 7 8 9 i0 ii 12 13 14 i} 16 17 18 19 20 21
Vehicle System
Address Address Test Word

2. The DCA Test Commands are used to test the operational

capability of the DCA. The following test commands are R-B

available for the DCA checkout and analysis.

TEST BIT CONFIGURATION FUNCTION

"1-6" "7-22"

DCA ENABLE 011 101 000 000 000 000 000 0 ENABLE BOTH DECODERS

DECODER A
TEST 011 101 000 100 000 000 000 0 INHIBITS DECODER "A"

DECODER B
TEST 011 101 001 000 000 000 000 0 INHIBITS DECODER "B"

DCA SELF

TEST 011 101 001 100 000 000 000 0 SELF TESTS BOTH DECODERS
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ii Control Electronics

13 Communications

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:

i. LND Radar (267)

2. C-BandTransponder(Off) (153) R-B
3. Flight Control Auto Enable (3)

B. The automatic guidance switchover function switches frgm

PGNS to AGS, enables the prime relay matrix to accept PEA

commands and put the PEA in the "standby" mode.

C. LM/SLA antenna switchover is an automatic function occurring

at LM/SLA separation. Two microswitches on the plus Y outrigger R-C

, enable the switchover contacts at separation.

D. LMP Operational Capabilities

1. APS started by LGC/PEA 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.

8. An APS started by PRA while in AGS select mode requires a

ground descent engine arm 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.

i0. _Wnile 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.

ii. 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 i 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.

13-9



LM-I
REV C

TABLE 13-1 LM-I PRA SEQUENCES
REV C

Sequence AT Binary
No. Description Sequence Time Word

I Nominal Separation 1:47 llllll

II No Vent Separation 0:20 lllll0

III Minimum Requirement Sequence 4:45 llll01

IV PRA Suborbit Sequence l:15 llll00 R-C

V No DPS/FITH Minimum Requirement 2:25 lil011
Sequence

VII Second APS 1:50 lll001

XV 5-second APS (APS restart with 0:22 Ii0001
abort sequence)

XVI Interconnect Closeout 0 :i0 ii0000

13-I0



TABLE 13-2 LM-I (AS-206A) PRA C_D/TIWELIHE l_I-I
REV 0
_TEW PAGE

SEQUENC;'-I - NOMINAL SEP
(BINARY TIME WORD 111111)

GENEP-_ALDESCRIPTION: TOTAL SEQUENCETIME EQUALS I MIN. 47 SEC. CONSISTS OF A 40 SEC. RCS COLD PURGE, THE RCS
PRESSURIZATION ROUTINE, TfE STANDARD SEPAPVkTION/TRANSLATION MANEUVER, AND TUI_NS ON S-BA_D
COMMUNI CATI ONS.

USE: THIS SEQUENCEMAY BE USED UNDER TIIE FOLLOWING CONDITIONS.

A. NOMINAL SPACECRAFT SEPARATION HAS NOT OCCURRED.
B. THE RCS PRESSURIZATION ROUTINE ASSOCIATED WITH LGC MISSION PHASE 7 HAS" NOT OCCURRED.
C. SEE MISSION RULES.

IT WOULD BE DESIRABLE TO NOMINALLY LOAD THIS SEQUENCE PRIORTO CRO AOS ON REV i. IF THIS CANNOT BE ACCOMP-
LISHED, IT SHOULD BE LOADED ONLY ON AN AS REQUIRED BASIS.

PRIME
TM VERIFICATION OCTAL

TIMF FUNCTION NOTES MEAS ID TITLE CUE NO.
00:00 +X TRANS ON GHI419V JD 4D OUT 1 200

GH1423V JD 3D OUT 1 R-C
GH1427V JD 2D OUT 1
C,-H1431V JD 1D OUT 1

00:40 +X TRA_S OFF +X JD'S 0 201

00:45 RCS MAIN A OPEN GR9609U A MAIN CL 0 274
RCS Ma,IN B OPEN GR9610U B MAIN CL 0 276
MASTERARMON GY0111X ED ARMA ON O

GYO112X ED ARMB OFI 0 4
00:46 RCS MAIN A OPEN RESET 275

RCSMAIN B OPENRESET 277 \
00:47 RCS PRESS. FIRE GR2201P A FU P 172 PSIA 6

GR2202P B FU P 172 PSIA
GR3201P A OX P 172 PSIA

• GR3202P BOX P 172 PSIA

00:48 RCS PRESS. RESET ' 7



8 i

LN-1
REV C

TABLE 13-2 LM-1 (AS-206A) PRA COMMAND/TIIVI_LINE(CONT'D) NEW PAGE

GENERALDESCRIPTION: TOTAL SEQUENCETIME EQL_LS 75 SEC. CONSISTS OF /_N RCS PRESSURIZATION ROUTINE, THE
STANDARDSEPARATION/TRANSLATION MANEUVERp:A 5 SEC DPS BURN AT 104 THROTTLE_ A 4 SEC
COAST, RE-IGNITION OF THE DPS FOR 21 SEC AT 104 WITH 5 SEC AT 1004 THROTTLE, ABORT
STAGE WITH A 5 SEC APS BURN, COAST FOR 3 SEC, AFD A 9 SEC APS BURN.

USE: THIS SEQUENCEF_AYBE USED DURING MODE 3 AND THE INITIAL 15 SEC OF THE MODE 2 ABORT REGION IF AN
LGC FAILURE OCCURS. IT _L_Y BE LOADEDPRELIFTOFF AND SHOULDBE REPLACEDWITH SEQUENCE3 - MRS
FOLLGVING NOMINAL SEPARATION. (SEE MISSION RULES)

SEQUENCE h PRA SUBORBIT SEQUEI_CE

(BINARY TIME _;ORD 111100)

TM VERIFICATION I PRIME

OCTAL
TIP_ FUNCTION NOTES MEAS ID TITLE CUE NO.

00:00 P_STER ARM ON GY0111X ED ARM A ON 0 4
EDARMBON 0

RCS MAIN A OPEN GR9609U A /v_IN CL 0 274
RCS MAIN B OPEN GR9610U B MAIN CL 0 276

00:02 RCS PRESS. FIRE GR2201P A FU P 172 PSIA 6
GR2202P B FU P 172 PSIA
GR3201P A OX P 172 PSIA
GR3202P BOX P 172 PSIA

00:03 RCS PRESS. RESET 7

00:04 +X TRAILSON GH1419V dD 4D OUT I 200
GH1423V JD 3D OUT 1
GH1427V JD 2D OUT 1
GHI431V JD 1D OUT 1

00:05 MAN THROTTLE-104ON • GH1311V MAN THRUST 2.6VDC 126 J

00:06 LM/SLA SEP ARM Ki45-900 LM/S SEP A I 72 1K146-900 LM/S SEP B 1



LM-1

TABLE 13-2 LM-1 (AS-206A) PRA CONIvIAND/TIMELINE (C_T'D) REV C
NEW PAGE

PRIME

TM VERIFICATION OCTAL

TIME FUNCTION NOTES MEAS ID • TITLE CUE NO.

_M/SLA SEP FIRE GH4222X LM/SLA SEP I 132
RCS MAIN A OPEN RESET 275

\ _CS MAIN B OPEN RESET 277

00:07 )PS ARM GHI348X DPS ARM 1 226

00:16 ZNG START GHI286X FIRE O/R I 326

00:17 ZNG START RESET GHI286X FIRE O/R 0 327

00:21 ZNG'STOP O/R 246

00:22 ZNG STOP RESET :247

00:26 ZNG START GHI286X FIRE O/R 0 326

00:28 ZNG START RESET 327

00:47 VIANTHROTTLE-100% ON GHI311V MAN THRUST 14.6VDC 346

00:52 _BORT STG ARM 46

i 00:53 ABORT STG FIRE GHI283X ABRT STGD 26DPS RESET GHI348X DPS ARM 0 227
_PS ARM GHI230X APS ARM I 206

00:58 ENG STOP O/R GH1286X FIRE O/R 0 246

01:00 ENG STOP RESET 247

01:03 ENG START GH1286X FIRE O/R 1 326

01:D4 ENG START RESET 327

01:13 ENG STOP O/R GHI286X FIRE O/R 0 246

01:16 ENG STOP RESET 247

01:15 +X TRANS OFF +X JD'S 0 "201

FEC/TSG - 22
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LM-I

TABLE 13-2 LM-I (AS-206A) PRA COMMAND/TIMELINE (CONT'D) REV O
NEW PAGE

SEQUEI,_CE5 - HO DPS/FITrl l_S
(BINARY TIPE WORD 111011)

GENERAL DESCRIPTION: TOTAL SEQUENCE TIME EQUALS 2 MIN 29 SEC CONSISTS OF 12 SEC ULLAGE, AN ABORT STAGE
SEQUENCE AND A 5.535 SEC APS BURN. THE SECOND APS BURN IS A BUPJ'_TO DEPLETION
COUPLED WITH AI'_RCS INT_,.RC(3DINF'CTTIZFT.

USE: IN THE EVENT OF DISABLED DPS

TM VERIFICATION PRIME
OCTAL

TIME FUNCTION NOTES ME.AS ID TITLE CUE NO.

00:00 PP_STERARM ON GYOIIIX ED ARM A ON 0 004
ED ARM B ON

00:01 DPS RESET GHI348X DPS ARM 0 227

00:02 +X TR,aNSON GHI419V JD 4D OUT I 200
GHIh23V JD 3D OUT I
GH1427V JD 2D OUT 1
GHI431V JD ID OUT 1

00:07 ABORT STG ARM 046

00:14 ABORT STG FIRE GHI283X ABRT STC-D 026
APS ARM GH1230X APS ARM 1 206
ENG START GH1286X FIRE O/R 1 326

00:16 ENG sTART RESET 327

00:19 +X TRANS OFF , +X JD'S 0 201 I
4

00:20 ENG STOP O/R GHI286X , FIRE O/R 0 246
00:21 ABORT STG FIRE RESET J 027

ENG STOP RESET , J 247ABORT STG RESET 047 ----



LM-1

TABLE 13-2 LM-I (AS-206A) PRA COMMAND/TIMELINE (CONT'D) REV O
NEW PAGE

PRIME
TM VERIFICATION OCTAL

TIME FUNCTION NOTES MEAS ID " TITLE CUE NO.

00:44 +X TRANS _4 GHI419V JD 4D OUT I 200
GH1423V JD 3D OUT I
GH1427V JD 2D OUT 1

GH1431V JD 1D OUT 1

00:57 ENG START GHI286X FIRE O/R I 326

_00:58 ENG RESET GH1286X FIRE O/R 0 327

01:02 +X TRANS OFF +X JD'S 0 201

01:06 ASC FEED ARM 176

01:07 ASC FEED A OPE_J GR9611U A A/FEED I 074
RCS MAIN A CLSD GR9609U A MAIN CL i 254

01:08 ASC FEED A OPEN RESET 075
RCS MAIN A CLSD RESET 255

01:17 ASC FEED B OPEN GR9612U B A/FEED 1 076
I

RCS MAIN B CLSD GR9610U B MAIN CL 1 256

e 01:18 ASC FEED B OPEN RESET 077

RCS MAIN B CLSD RESET 257

01:27 X-FEED OPEN GR9613U X-FEED OP 1 374

UI:Z8 K-FEED OPEN RESET 375

02:16 X-FEED CLSD GR9613U X-FEED OP 0 376

02:1'7 X-FEED CLSD RESET 377
RCS MAIN A OPEN GR9609U AMAIN CL 0 274

_SC FEED A CLSD GR9611U A A/FEED 0 114

02:18 _CS A OPEN RESET 275
_SC FEED A CLSD RESET 115

02:27 _CS MAIN B OPEN GR9610U B MAIN CL 0 276
_S FEED B CLSD GR9612U B A/FEED 0 116

02:28 _CS MAIN B OPEN RESET 277
_SC FEED B CLSD RESET 117

02:29 _SC FEED RESET 177

FEC/TSG - 22
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£.M-I
REV C

TA.BLE13-2 LM-I (AS-206A) PRA COI_D/TIMELINE (CONT'D) NEW PAGE

SEQUENCE 7 - SEC APS
(BINARY TIME WORD 111001)

GENERAL DESCRIPTION: TOTAL SEQUENCE EQUALS 1 MIN 50 SEC CONSISTS OF AN APS BURN TO DEPLETION COUPLED WITH
AN RCS INTERCOI_ECT TEST.

USE: THIS SEQ IS TO BE USED IF A FAILURE IN THE LGC QCCURS AFTER THE FIRST APS BURN.

PRIME
TM VERIFICATION

OCTAL

TIME FUNCTION NOTES MEAS ID TITLE CUE NO.

00:00 APS ARM GH1230X APS ARM I 206

00:07 +X TRANS GH1419V dD 4D OUT 1 2nn
GH1423V UD 3D OUT 1
GHI427V JD 2D OUT 1
GH1431V JD ID OUT I

00:20 ENG START GH1286X FIRE O/R I 326

00:21 ENG RESET 327

00:25 +X TR.ANSOFF +X JD'S 0 201

00:27 ASC FEED ARM 176

00:28 ASC FEED A OPEN GR9611U A A/FEED 1 074
RCS MAIN A CLSD GR96090 A MAIN CL 1 254

00:29 ASC FEED A OPEN RESET 075

RCS MAIN A CLSD RESET ' 255

00:38 ASC FEED B OPEN GR9612U B A/FEED 1 076
RCS MAIN B CLSD GR9610U B MAIN CL 1 256 f

00:39 ASC FEED B OPEN RESET I 077
RCS MAIN B CLSD RESET ' ' 257 _,



12_I-1

TABLE 13-2 LM-1 (AS-206A) PRA COMMAND/TIMELINE (C_T'D) I_V C
_EW PAGE

PRIME
TMVERIFICATION OCTAL

TIME FUNCTION NOTES MEAS ID • TITLE CUE NO.

00:48 ,X-FEED OPEN GR9613U X-FEED OP 1 374

00:49 X-FEED OPEN RESET 375
\

01:37 X-FEED CLSD GR9613U X-FEED OP 0 376

01:38 X-FEED CLSD RESET 377

# RCS MAIN A OPEN GR9609U A MAIN CL 0 274
ASC FEED A CLSD GR9611U A A/FEED 0 114

01:39 RCS MAIN A OPEra RESET 275
ASC FEED A CLSD RESET 115

01:48 RCS MAIN B OPEN GR9610U B MAIN CL 0 276
ASC FEED B CLSD GR9612U B A/FE 0 I16

01:49 RCS MAIN B OPEN RESET 277

ASC FEED B CLSD RESET 117

01:50 ASC FEED RESET 177

I

FEC/TSO- 22
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REV C
TABLE '13-2 LM-1 (AS-206A) PRA COMMAND/TIMELINE (COl'IT'D)

NFW PA_F

PRIME
TM VERIFICATION OCTAL

TIW_ FUNCTION NOTES MEAS ID • TITLE CUE NO.

00:21 ABORT STG FIRE RESET • 027
ABORT STG RESET 047

\ 00:22 MASTER ARM OFF 005
THROTTLE 100% OFF 347

L_
I

l-J

FEC/TSG - 22
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TABLE 13-2 LM-1 (AS-206A) PRA COMMAND/TIMELINE CCONCL'D) R_qVC
NEW PAGI-

SEQUENCENO. 16 INTERCONNECTCLOSEOUT
(BINARY TIME WORD 110000)

GENERAL DESCRIPTION: TOTAL SEQUENCE TIME EQUALS 0 MIN 10 SEC. CONSISTS OF A RCS MANIFOLD RECONFIGUP-,ATION
(INTERC_ECT SHUTDOWN).

USE: THIS SEQUENCE MAY BE USED IF THE LGC FAILS DURING THE APS 2 BURN AND THE RCS ASCENT FEED IS OPEN. IT
MAY BE LOADED UPON COMPLETION OF LGC MISSION PHASE 2 (DPS 2/FITH/APS 1). (SEE MISSION RULES).

TM VERIFICATION PRIME
OCTAL

_i_ TIME FI.XqCTION NOTES MEAS ID TITLE CUE NO.
00:00 +X TRANS ON GH1419V JD qD OUT 1 200

OH1423V JD 3D OUT 1
GH1427V JD 2D OUT 1
GH1431V JD 1D OUT 1

00:01 X-FEED CLSD GR9613U X-FEED OP 0 376
RCS MAIN A OPEN GR9609U A MAIN CL 0 27h
ASC FEED A CLSD , GR9611U A A/FEED 0 11h

RCS NAIN B OPEN GR9610U B MAIN CL 0 276

ASC FEED B CLSD GR9612U B A/FEED 0 11600:02 X-FEED CLSD RESET 377
RCS MAIN A OPEN RESET 275
ASC FEED A CLSD RESET 115

00:03 RCS MAIN B OPEN RESET 277
ASC FEED B CLSD RESET 117

00:I0 +X TRANS OFF +X JD'S 0 201 _
I

_3

I i

t , _
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LM-1
TABLE 13-2 LM-I (AS-206A) PRA COMMAND/TIMELINE (CONT'D) IREV 0

SEQUE_CEi',lO. 2 NO VENT SEP NEW PAGE
(BINARY TIME WORD111110)

GENERAL DESCRIPTION: TOTAL SEQUENCETIME EQUALS 20 SEC,. CONSlSTS OF THE STANDARDSEPARATION/TRANSLATION
MANEUVERAND TURNS C_I S-BAND COMMUNICATIONS,

USE: THIS SEQUENCEMAY BE USED IN THE EVENT THAT A SEPARATION/TRANSLATION MANEUVER IS REQUIRED WITH THE
RCS ALREADY PRESSURIZED, IT WILL NOT BE NOMINALLY LOADEDDURING THE MISSION, (SEE SOpTS)

PRIME
TM VERIFICATION

OCTAL
TIME FL_CTION NOTES MEAS ID TITLE CUE NO.

00:00 +X TRANS ON GHI419V JD 4D OUT I 200
GH1423V JD 3D OUT 1
GH1427V JD 2D OUT 1
GH1431V JD ID OUT I

00:01 PRI S-BND ENABLE GT0994V RCVR SIG -4VDC 212

00:04 LM/SLA SEP ARM K145-900 LM/SLA SEP A 72
K146-900 LM/SLA SEP B

00:05 LM/SLA SEP FIRE GL4222X LM/SLA SEP 132

00:10 +X TRANS OFF +X JDtS 0 201
LM/SLA SEP RESET 73
LM/SLA SEP FIRE RESET 133

00:15 +X TRANS ON GHI419V JD 4D OUT 1 200
GHI423V JD 3D OUT 1

e GHI427V JD 2D OUT I
GHI431V JD ID OUT 1

00:20 +X TRANS OFF +X JD'S 0 201 I



TABLE 13-2 LM-1 (AS-206A) PRA COMMAND/TIMELINE (CONT'D) RE¥ C

NEW PAGE
SEQUENCENO. 3 - MRS

(BINARY TIME WORD 111101)

GENERAL DESCRIPTION: TOTAL SEQUENCETINE EQUALS 4 MIN. 45 SEC. CONSISTS OF A 36 SEC. DPS BURN (26 SEC. AT
10% THROTTLE AND I0 SEC. AT 100% THROTTLE), A 32 SEC. COAST, A 56 SEC. DPS BURN (26 SEC.
AT 10% THROTTLE AND 30 SEC. AT 100% THROTTLE), ABORT STAGE WITH A 6 SEC. APS BURN, A 40
SEC. COAST, AND AN APS BURN WITH ASC INTERCOf_NECT (LENGTH OF BURN VARIABLE - RTC
TERMINATION. )

USE: THIS SEQUENCEMAY BE USED SUBSEQUENTTO NOMINAL INSERTION TO ACCOMPLISH PRIMARY MISSION OBJECTIVES
IN THE EVENT OF AN LGC FAILURE OR TIME CRITICAL FAILURE.

PRIME

TM VERIFICATION OCTAL

TIME FUNCTION NOTES MEAS ID TITLE CUE NO.

00:00 MASTER ARM ON GY0111X ED ARM A ON 0
GY0112X ED ARM B ON 0 4

00:05 DPS PQGS ARM (#1) 344
DPS PQGS (#2) ON 324

00:06 DPS PQGS (#I) ON 364
DPS PQGS ARM (#2) 304

00:07 DPS ARM GHI348X DPS ARM I 226

00:15 +X TRANS ON GH1419V JD 4D OUT I 200
GH1423V JD 3D OUT 1
GHI427V JD 2D OUT I \

GHI431V JD ID OUT 1

MAN THROTTLE - 10% ON GH1311 MAN THRUST 2.6VDC 126

00:23 ENG START • GHI286X FIRE O/R I 326

00:24 ENG START RESET 327

00:28 +X TRANS OFF X JD'S 0 201 t

D



Q

TABLE 13-2 LM-I (AS-206A)PRA COMMANDITIMELINE(COl'IT'D) P_,"O

PRIME
TM VERIFICATION OCTAL

TINGE FUNCTION NOTES MEAS ID ' TITLE CUE NO.

00:49 _ THROTTLE 100% ON GH1311V MAH THRUST 14.6VDC 346

00:59 E_iGSTOP O/R GH1286X FIRE O/R 0 246
\

01:01 ENG STOP RESET 247
MAN THROTTLE-100% OFF (_11331V IvV_NTHRUST 2.6VDC 347
M_',_THROTTLE-10% OFF GH1311V MAN THRUST 5.IVDC 127

01:04 DPS RESET GH1348X DPS ARM 0 227

01 :22 DPS ARM GH1348X DPS ARM 1 226

01:23 +X TR_S ON GHI419V JD 4D OUT I 200
GHI423V JD 3D OUT I
GH1427V JD 2D OUT" 1
GHI431V JD ID OUT I

_N THROTTLE 10% ON GHI311V MAI'Jl_,RUST 2.6VDC 126

01:31 ENG START GHI286X FIRE O/R I 326
01:32 -HG RESET 327!
01:36 I+X TRANS OFF I +X JD'S 0 201

01:57 MAN THROTTLE 1'.30%ON I GHI311V MAN THRUST 14.6VDC 346
!

02:26 %BORT STG ARM 46

02:27 %BORT STG FIRE GHI283X ABRT STGD 25

DPS RESET GI-II348X DPS ARM 0 227

A,PS ARM GHI230X APS ARM I 206 R-C

02:33 5.NGSTOP O/R GHI286X FIRE O/R 0 246

02:34 M_I THROTTLE-1J0% OFF GH1311V M/VITHRUST 2.6VDC 347
vIANTHROTTLE-10% OFF GHI311V MAN THRUST 5.1VDC 127

DPS PQGS (#I) OFF 365
DPS PQGS (#2) RESET 385

DPS PQGS (#I) RESET 345
DPS PQGS (#2) OFF 325

 C/TSS-22
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TABLE 13-2 LM-1 (AS-206A) PRA COMMAND/TIFELIHE (CONT'D) REV C

PRIME
TMVERIFICATION OCTAL

TIME FUNCTION NOTES MEAS ID ' TITLE CUE NO.

02:35 ABORT STG FIRE RESET 27
ENG STOP RESET • 247
ABORT STG RESET 47\

03:00 +X TRANS ON +X JD'S 200

03:13 ENG START GH1286X FIRE O/R 1 326

03:14 ENG START RESET 327

03:18 +X TRANS OFF +X JDtS 0 201

03:22 ASC FEED ARM 176

03:23 ASC FEED A OPEN GR9611U A A/FEED I 74
RCS MAIN A CLSD GR9609U A MAIN CL 1 254

03:24 ASC FEED A OPEN RESET 75

RCS A CLSD RESET 255

03:33 _C FEED B OPEN GR9612U B A/FEED 1 76O
{CB MAIN B CLSD GR9610U B MAIN CL I 256

03:34 _SC FEED B OPEN RESET 77

i

RcS MAIN B CLSD RESET 2"57

03:43 _FEED OPeN GR9613U X FEED OP I 374

03:44 (-FEED OPEN RESET 375

04:32 (-FEED CLSD GR9613U X FEED OP 0 376

04:33 (-FEED CLSD RESET 377
_CS MAIN A OPEN GR9609U A MAIN CL 0 274
_C FEED A CLSD GR9611U A A/FEED 0 114

04:34 _CS A OPEN RESET 275

_SC FEED A CLSD RESET I15

FEC/TSG - 22
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TABLE 15-2 LM-1 (AS-206A) PRA COMMAND/TIMELIrlE (CONT'D) REV C

PRIME
TM VERIFICATION

OCTAL
TIMF: FUNCTION NOTES MEAS ID ' TITLE CUE NO.

04:43 RCS MAIN B OPEH GR9610U B MAIN CL 0 276
ASC FEED B CLSD GR9612U B AIFEED 0 116

04:44 RCS B OPEN RESET 277
ASC FEED B CLSD RESET 117

#04:45 ASC FEED RESET 177

L.O
!
F-'

NOTES:

I. SEQUENCE5 SHOULDBE INII_IATED OVER THE NEXT STATESIDE PASS. (SEE MISSION RULES).
A. IF THE LC-CFAILS PRIOR TO SEPARATION AND LM LIFETIME IS I REV (WILL SEOUEHTIALLY FOLLOWSEQUENCE i -

NOMINAL SEP OR SEQUENCE2 - NO VENT SEP DEPENDING or,] WHETHERl_IE RCS HAS BEEN PRESSURIZED OR NOT).
B. IF THE LC-CFAILS AFTER SEPARATIOI_IBUT PRIOR TO DPS I.
C. IF THE LGC FAILS AFTER DPS I BUT PRIOR TO DPS 2 (AN EXTRA DPS BURN RESULTS).

I_EC/TSG - 22



LM-1
TABLE 13-3 LMP REAL-TIME COM_V_NDSBY CODE (CONCLUDED) REV C

MATRIX RELAY RELAY FUNCTIONAL
CODE POINT DESIGNATION DESIGNATION COMMAND NAME I

45B 10-3R A17K11(R) K0752A E_IROFIMENTAL - SEC H20 RESET l
50B 11-3S A17K14(S) K0751A

i51B 11-3R AITKI4(R) K0751A
54B 12-3S A17K9(S) K2060A COMMUNICATIONS - DFI CAL ON

55B 12-3R A17K9(R)K1(S) K2060A,K2060B CO_UNICATIONS - DFI CAL OFF R-B
60B 13-3S AI7K7(S) K0155A,B SEC H^O FEED ENABLE
61B 13-3R A17K7(R) KO155A,B SEC H_O FEED RESET R-C
64B 14-3S AIIK4(S),K5(S) K0251A,B PYRO _MASTER ARM ON
65B 14-3R AIIK4(R),K5(R) K0251A,B PYRO - MASTER ARM OFF
70B 15-3S AIIK6(S),K7(S) K0252A,B RCS VALVES - RCS PRESS. FIRE
71B 15-3R AIIK6(R),K7(R) K0252A,B RCS VALVES - RCS PRESS. RESET
74B 16-3S AIIK8(S) KII52A FLT CONTR - DEADBAND MIN

75B 16-3R AIIK8(R) KII52A FLT CONTR - DEADBAND LMP CONTR

F_
L_
f
F_



IM-I

TABLE 13-4 IMP PRIME (LGCg/OR PRA SEQUENCED) CONED REV C

RELAY
DECI{vIAL RELAY FUNCTIONAL

OCTAL CODE DESIGNATION DESIGNATION COHvIANDN_

2 2 AIIKI8(S),25(S) KII01A, B FLT CONTR__ ATT HOLD _.J
3 3 AIIKI8(R),25(R) KlI01A, B FLT CONTR - AUTO ENABLE
4 4 AIIK12(S),13(S) K0201A, B PYRO - MASTER ARM ON
S 5 AIIK12(R),13(R) K0201A, B PYRO - MASTER APJ'4OFF
6 6 AIIK14(S),15(S) K0202A, B RCS VALVES- RCS PRESS. FIRE
7 7 AIIKIB(R),15(R) K0202A, B RCS VALVES - RCS PRESS. RESET

12 10 A12K14(S) K0034 SPARE
13 11 AI2K14(R) K0034 SPARE
14 12 AISK8(S) K0813A RCS VALVES - RCS 1A OPEN
15 13 A13K8(R) K0813A RCS VALVES - RCS IA OPEN RESET
16 14 A14K8(S) K0811A RCS VALVES - RCS )A OPEN
17 15 AI4KS(R) K0811A RCS VALVES - RCS 3A OPEN RESET
20 16 A11K19(S) K0028 SPARE
21 17 A11K19(R) K0028 SPARE R-B
22 18 A11K20(S) K0029 SPARE
23 19 A11K20(R) K0029 SPARE
24 20 A11K21(S) K0030 SPARE
25 21 AIIK21(R) K0030 SPARE
26 22 A11K26(S) K0206 FLT CONl'R- ABORT STG FIRE
27 23 AIIK26(R) K0206 FLT CONTR - ABORT STG FIRE RESET
38 24 ...................... DP_ .............................

......... ,..,., :<.1702A .... "-""
33 -"7 ......r,-.-, KI782A _.:_I;_ _^_^ ..... -,-,-r_ OFF
34 28 A13Kg(S) K0821A RCS VALVES - RCS 1E_OPEN
35 29 A13K9(R) K0821A RCS VALVES - RCS 1BOPEN RESET
36 30 AIqK9(S) K0819A RCS VALVES - RCS 3B OPEN
37 31 AI4K9(R) K0819A RCS VALVES - RCS 3B OPEN RESET

42 34 A11K23(S) K1302A COH_UNICATIONSS-BND RNG OH
43 35 A11K23(R) KI302A COI_UNICATIONSS-BND PNG OFF
44 36 AIIK27(S) K1102A FLT COflTRDEADBAND IMP CONTR
45 37 AIIK27(R) KI102A FLT CONTR DEADBAND LMP



LM-1
TABLE 13-6 12_CO_gUiNDCARD RELAY REFERENCE REV C

ON OROPEN OFF OF CLOSE PRIMERELAYS GFIDRELAYS
RTC PRIME SYSTEM PRIME RTC [ (FUN.)ON/OFF (MOD)ON/OFF (FUN.)ON/OFF (MOD)ON/OFF

FLIGHTCONTROLS KIISI A,B,C AIIKIg,17
25B (htrrnEN) ATT EI%AJSLE CATT FO EU) 31B j

30B (AUTO ON) 3 ATT ON 2 (ATTKOLD ON] 24B J KIIBIA,B A11KI8, 25 KII51&53A,BIA11K2,19
75B (LMP CTR) 44 DEADBAND 45 O(MIN) 7hB i K1102A AIIK27 KI152A (A11K8
41B (PNGS) N/A GUID SEL N/A (AGS) 40B I K2059A,B,C,IAI6KI7,9,16,8

D

:::: 34B (RESET) N/A PRIMERELAY N/A (OFF) 35N I K2057A,C IAI6KS,15
70A (ARM) 46 ABORTSTAGE 47 O(RESE') 71A I K0205A,B,C AIOKS,4,5 K0254A,B,C AIOK9,10,11

40A/qlA (FIRE/FIRE 26/27 ABORT ST,aGE N/A N/A I K0206A A11K26 K0257A AISK9
RESET)

EECOM !
PYRO

64B (ON) 4 MASTERAPJ"I 5 ¢(OFF) 65B l K02OlA,B AIlK12,13 K0251 A,B !AIIK4,5
;_1_!::..,t=F6_" (ARM)/(APJ< 72/73 LM/SLASEP N!A 47A I K2001A,B AI2KS, K0251 A,B AIIK4,5 R-C

RESET) AISK14
62A/63A FIRE/FIRE 132/133 LM/SLASEP N/A N/A I K2006A,B,C AI2K12,20 K0256A,B A10K2,7

RESET AISK16

ELECTRICAL

N/A N/A BAT. I N/A (OFF) 17A I K0458A AI2K24

N/A N/A BAT. 2 N/A (OFF) 22A I K0453 A AI2KI6
_o N/A N/A BAT. 3 N/A (OFF) 32A I K0459A AI2K13

N/A N/A BAT. 4 N/A (OFF) 37A I K0456A AI2K22
N/A - N/A BAT. 5 N/A (OFF) 26A J K0451 A AI2K7
36A D/'ICOR N/A BAT. 5 N/A - N/A I K0455 A AI2K2I
N/A - N/A BAT. 6 N/A (OFF) 23A I K0454 A AI2KI6
27A B/U SE N/A BAT. 6 N/A N/A I K0452 A AI2K8
16A SEL N/A INVERT2 N/A N/A I K0457 A AI2K23

ENVI ROFFIENT

24A/25A (FEED/ 272/273 PRI H2O N/A N/A I K0704 A A1SK3 K0753 A AISK2
RESET)

4hB/45B (FEED/ 3361337 SECH20 N/A N/A I K0703 A A17K6 K0752 A A17Kl!
RESET)

60B EF_A,BLE SECH O FEED 6tB (RESET) R-C
c[___:

NIA CON) 42 S-BAFDP,A_E 43 0 (OFF) NIA 1 K1302 A AllK23
31A (ENABLE) 212 PRI S-BND 213 <)(OFF) 30A I K1301 A A15K5 K1352 A A15K1
20A (ON) N/A SEC S-BND N/A (OFF) 21A I K1351A AISKI4
53A (ON) 152 ::::=C-BND 153 (OFF) +52A I K2005A AI2KI7 K0255A,B AIOKI,6
54B (ON) 354 DFI CAL 355 O (OFF) +55B I K0107A,B A6KIg,II K2060A,B AI7K9,1

::x::EMDAVAILIBILITYDEPENDSON COCKPITSW.

;-';-"WARNING- DON'T SEND MASTER RELAY RESETDURINGASC ENG OPERATION.

<).INDICATESPOSITIONAFTERMASTER RELAYRESET IS GIVEN.



U4-I
TAIII,E] {-I, l_ COMMAN[) lARD REhAY REFERENCE (Conclude:d) PZV C

ON OR OPEN OFF OR ¸:LOSE RTC PRIME RELAYS GND RELAYS
RTC PRIME SYSTEM PRIME (FUNCTI_L) ONIOFF (MOO) ONIOFF (FUN.) OfIIOFF (MOO) ONIOF

PROPULSION _ ;
THROTTLE CONTROL

NIA 100% ON 346 H/V'_ROTTLE 347 OFF ' _IA K0125 A A9K18

NIA (50% CN) 146 rtAJ'I_'ROTTLE 147 50% OFF NIA K0127 A A9K20
N/A (30% ON) 127.0, _'.AN9'ROTTLE NIA N/A K0126 A AIK21

(10% ON) 126 HAN TI'ROTTLE

TRANSLATION CNTR

NIA (ON) 200 +X TRANSLATION 201 0 (OFF) NIA K0119 A,B A6K24,25

N/A .... N/A +X (DISABLe) 21B* /K0163 A,B,C A8K26,A6K26
A7K26

ENG ON-OFF

N/A L (ARM) 206 APS 207 .O. (RESET) _/A K0102 A,B,C A9K15,7,23

00S L (ARM) 226 DPS 227 O (RESET) 01B KOI01 A,B,C A9K14,6,22 K0151 A,B,C A9K16,8,14
14B/15B (START/RESET) 326/327 ENG N/A .... N/A K0103 A A9KIO K0153 A A9K11

10B (OVERRIDE) 246 ENG STOP 247 0 (RESET) 11B K0104 B A9K4 K0154 A,B AgK13,5
72A (DISABLE) 54 ENG STOP 55 O (ENABLE) 73A KLI04 A AIIK11 K1155 A AIIK24

74A (INHIBIT) N/A APS HE. 1 N/A .... NIA K0255 A,B A10K1,6
75A (II_-IIBIT) N/A APS HE. 2 N/A .... N/A K0256 A,B A10K2, 7

DE REG VAL O_TR

N/A (OPEN/RESET)L 312/313 DIS PEG I 332/333 (CLOSEt/RESET] 14A*/15A KI001/VKI002A AI5K4/13 R-C

N/A ..... N/A DPS REG 2 N/A (OPEN/RESET) 42A/43A

DPSP_S

N/A (ARM) 344 PQGS #I 345 (RESET) NIA KI004A A8K7
NIA (ON) 364 PQGS #I 365 (OFF) NIA K1003A A8K8

NIA (ARM) 304 PQGS #2 305 (RESET3 NIA KIO06A A8K4

NIA CON) 324 PQGS #2 325 (OFF) NIA KI005A A8K6

RCS VALVES

70B/71B (FIRE/RESET) 6/7 RCS PRESS. N/A N/A K0202 A,B AIIK14,15 K0252 A,B A11K6,7
NIA (ARM) 176 ASC FEED !177 0 (RESET] N/A K0829 A AI3K3

N/A L (OPEN/RESET) 74175 ASC FEED "A" 1114/115 (CLOSE/RESET) i NIA K0805/6 A AI3K3/4

_IA L (OPENIRESET) 76/77 ASC FFED :q. 1116/117 (CLOSEIRESET) : N/A K0807/8 A AI4K314

N/A L (OPEN/RESET) 374/375 CROSSFEED 376/377 (CLOSE/RESET) N/A K0825/26 A AI7K2/4

50A+/51A L (OPEN/RESET) 274/275 RCS MAIN '_" 1254/255 (CLOSE/RESET) : 44A+/45A K0801/02 A,B AI3K18,22/ K0851/52 A13K6,5,20/

13,21 A,B,C AI3K2,1,19
60A+/61A L (OPENIRESET) 276/277 RCS MAIN "B" !256/257 (CLOSEiRESET) 54A+/55A K0803104 A,B A14K18,22/ K0853/54 AI4K6,5,20/

13,21 A,B,C A14K2,1,19
NIA L (OPENIRESET) 14115 RCS I "_' 1341135 (ELOSEIRESET) NIA K0813/14 A AI3K8/10
NIA L (OPENIRESET) 34/35 RCS 1 :'B" 1541155 (CLOSEIRESET) NIA K0821/22 A A13K9/11

N/A L (OPEN/RESET) 230/231 RCS 2 "_: 2501251 (CLOSE/RESET) N/A K0815/16 A A16K3/4
NIA L (OPENIRESET) 2101211 RCS 2 "n" 170/171 (CLOSE/RESET) NIA K0823124 A A16K2/1
NIA L (OPENIRESET) 16117 RCS 3 "A" 1361137 (CLOSEIRESET) NIA K0811/12 A AI4K8/IO

NIA L (OPEN/RESET) 36/37 RCS 3 ';R:' 156/157 (CLOSE,RESET) N/A K0819/20 A AI4K9/11

NIA L (OPEN/RESET) 330/331 RCS 4 "N' 3501351 (CLOSEIRESET) NIA K0809/I0 A AI6K12/11

N/A L (OPEN/RESET) 270/271 RCS 4 "R" 3101311 (CLOSEIRESET) NIA K0817/18 A A16KI4/13

*PERMANENTLY INHIBITS FUNCTION NOTE: ON ALL VALUES WITH (OPEN/RESET) LISTED THE CFI) IS OPEN AND
EN - ENABLE OPEN RESET OR CLOSE AND CLOSE RESET.

L - INTERLOCK - UNLESS RESET CMD IS SENT, OTHER CHDS ARE INHIBITED
+ RTC - PEP.HANENTLY INHIBITS PRIME END CONTROL
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16,r2 SYSTEMSIATA

16.2.1
A, V_F TRANSMITTER

1. RFpOWEROUTPUT 10WATTS
2, PO'A_.RINPUT 56 W,_TTS

B. C"BANDBF.ACOMCHARACTERISTICS

1, RECEIVER
a, FREQUENCY $690 MHZ
b. S[NSITIViTY -70 dbm
c. INTERROGATION

PULSEWIDTH O.Sto O.8 p|
d. DECODERpULSE

SPACI_ 3.5 _ 0.1 _m
2, ll_ANSMITTER

a. FREQUENCY 5765 MHZ
b. PULS£WID'rH 0.75 :_0,1 f_s
a. BEACONPULSE

DELAY S.O i 0.1
d. PRF 0-2670 ffPS
I. pEAKpOWER

• OUTPUT 500 to 7S0 WATTS
f. PAVG(PEAKF_R*

750WATTS 0to 1.5 WATTS
(PEAKpVdR-
500 WATTS) 0 to I _TT

C. DCARECEIVERCKAIIACTERISTICS

1. FREQUENCY 450 Mt';Z
2, SENSITIVITY -99 dbm

'rABL£ 1&-1 PCM MEASUREMENTSAFFECTEDBYDFI CAL _.

MEAS_O. MEASDESCRIPTION CALAPPLIED

lit.4221X DFICAL iNDICA'nEsAaS"AND
RENLAmS,am"DURING
CALCOMMAIO

TAJ_£16-_ PRELAUNCHSTATUSOF SWJTCH/CmlCUIT
BREAKERPOSITIDItS

NAME NUMBER POSITION

SWITCH
R/DTMCALIBRATE 19S2POLX OFF
C-BANDP_ 19S1 Pill X ON

circuIT BREAU:ER
R/D I/_ST 4{:8181 CLOSED
SLA/t.M AIITXFERA 4¢B35 OL@SED
SLA/LM AilT XFERO 4CB36 CLOSED
DCAP_ CB5 CLOSED

DWG.NO,16.1.1
DETAILSHEETNO.1
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