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Fl':'\"CTIO:--S 
POWER ED 
THR L" CB 

·-----
EF FECT O F 
CB OPE:'\"l:'\"G 
(LOSS OF/OR 
llDIAINING 
F' L'XCTION) 

ml 
LJJ 
FUNCTIONS 
POWERED 
TH RU C B 

\ SC w,,o 
llTR 

A-C pwr to 
L~IP window 
htr 

-------
Loss of LMP 
window 
defogging 

I 

MAIN 
sov 

Pwr to sys A 
mai n fuel & 
oxid sov thru 
SYS A MAIN 
SOV SW 

ll e/ l'QGS 
PROf> l ' L DISP 

A-C pwr to helium , 
fuel , & oxid digital 
ind 

·-------
Loss of onboard 
DPS fuel & oxid 
qty monitoring 

Loss of onboard 
APS helium 

press monitoring 
and DPS helium 
press monito ring 
(d isp lays blank 
out) 

QUAD 4 
TCA 

Pwr to prpl nt 
vlvs prim coils of 
sys A quad 4 TCA 
(A40 & A4R) 

I 

I 
AC BUS B 

I 
I 

S-I3D AOT SE I 
ANT ORDEAL AGS LAMP FOAi 

A-C pwr to A-C pwr to A-C pwr to A- C pwr to A- C pwr /to 
S-BD s teerable ORDEAL AEA outputs AOT retic le LMP FOAi 
ant mech resolvers for FDA! l amps sphere dtive 
drive assy & ORDEAL 

A-C pwr to drive signal s 
ORDEAL 
pnl ltg 

11------ ,_ _____ 
-----· ~----- ~-----1 , 

Loss of S-BD Loss of Loss of AC BUS A 
I 

Loss of LMP 
steerable ORDEAL monitoring pwr avail FOAi atd 
ant of AEA display 

outputs 
Err or & 

1 ate S- BD in-flight with FDA! 
ant avail thru & ORDEAL needle s 
S-BAND sel still avail 

CDR FDA! 
att displ:ly 
avail 

I 

I 
RCS SYS A I 

QUAD 3 QUAD 2 QUAD 1 
TCA TCA TCA 

-
I Pwr to prplnt I Pwr to prplnt I Pwr to prpl~t 
I vlvs prim coils I vlvs prim coils l vlvs prim coils 
l of sys A quad :l I of sys A quad 2 l of sys A qu~d 1 
I TCA (A3 R & A3U) I TCA (A2D & A2A ) ITcA (A1u &

1
AlF> 

I I I 
I I I 
I I I 
I I I 
I I I 

I I 
AC BUSA 

BUS T IE BUS TIE 
NUM I I I I AC BUS CDR WIND TAPE 
LTG INV 2 INV 1 INV 2 INV 1 VOLT HTR RCDR 

I I 
A-C pwr to Connects Inv I Connects Inv Connects inv 2 I Connects inv 1 AC BUS A A-C pwr to A-C pwr to 

a ll num 2 output to 11 output to output to AC I output to AC s ignal CDR window DSEA tape 

dis.'llays AC BUS B I AC BUS B BUS A thru I BUS A thru characteri stic s htr transpor t 

thr u INVERT ER I thru INVERTER INVERTER sw 
·• INVERTER sw 

to IS for TM motors 

SW SW 
I I 
I I 
I I 
I I 
I I 

■----- -------.. ------· ·-------------· ------■ -----· -----I 
Loss of AC BUSA IAC BUS A AC BUS B AC BUSB Loss of Loss of CDR Loss of 
all num bus tie inv bus t ie Inv bus tie Inv 2 bus tie inv 1 onboard window r e cording 
displays 2 pwr avail 1 pwr avail pwr avail pwT avail monitoring defogging capability 
(including of a-c 
DEDA char acteris tics 
readout ) 

Loss of a- c 
Loss of RCS characteristics 
PR ESS & TM 
RNG, RNG 
RAT E AL T, 
ALT RAT E 
IND, & X-
PNTR s c:tl.es 

I I 

' ASC ASC MISSION CDR 
FEED 2 FE ED 1 THRUST TIMER X-PNTR 

-
Pwr to s ys A sec I Pwr to sys A Pwr to eng Pwr to MISSION Pwr to CDR 
APS prplnt I prim APS prplnt THRUST Ind T IMER ind X- pointe r ind 
Interconnect vlvs I inter connect vlvs 
thru SYS A ASC I thru SYS A ASC Pwr to aux Pwr to aux 
FEED 2 sw I FEED 1 SW switching r elay switching r el ay 

I box thru ENG box thru MODE 
THRUST CONT SEL & RATE/ERR 

I THR CONT sw MON sw 
I 
I 

·------·------■ --------'----------~----------'----------· I I 

_________ , ·-------'-------- ·------■ ------- --------
EF FECT OF 
CB OP ENING 
(LOSS OF/OR 
REMAINING 
FU NCTION) 

Cannot change 
sys A main 
sov st atus 
(No rmnl ly Open) 

Note 
nc s sys A will 
not use Al'S 
prplnts if sov 
a r c open 

Loss of prim auto 
& man cont of sys 
A quad 4 TCA' s 
(h nrclovcr , J\GS 
di r ect, & >X- trnns l 
cont nnil thru 
see l'Oils) 

LMP BUS 
Critical 

I Loss of pr im au to & man Loss of prirr auto & man 
I cont of sys A quad 3 cont of sys A quad 2 
I TCA's (harc\ovcr , ACS TCA ' s (harMver , AGS 
I dire ct, & • X-trnnsl cont direct , & +;( , trnnsl cont 
I avail thru sec coi ls) av ail thru sec coils) 

I 
I 
I 
I 
I LMP BUS LMP BUS 

1critica1 Critical 

I Loss of prim auto & man Cannot change Cannot change Loss of eng Loss of Loss of CDR 
I cont of sys {, quad 1 status of sec pair status of prim THRUST ind MISSION TIMER X-pointer ind 
I TCA • s (hardover, AGS of sys A APS pair of sys A ind 

I direct, & +X-trans l con t Interconnect vlvs A PS inter connect Loss of switching Loss of switching 
I avail thr u sJc coil s ) (ASC feed 2 vlv vlvs (ASC feed 1 r elays r e lays 

I 
Normally Closed) vlv Normally 

I 
Open) Loss of AEA & LDC 

RDR bt vel & LOG 
I RDR fwd vcl on u11: 

; LMP BUS 
X-pnt_r a lso LDG 
RDR I AGS alt dau on 

I Cr iti cal RNG/ ALT ind 
I 

I 
AOT RNDZ DECA INTGL 

LAMP RDR GMBL LTG 
I 

A-C pwr to A- C pwr A-C pwr to DECA A- C pwr to 
AOT r ectic le to RR for GOA drive pwr integra l ltg 
lamps P\\T supply (e.g . tb ind, 

for gener a- Aux DC to man & pane ls) 
lion of throttle CKTS & 
400 cps DECA "ATCA 
2 11 used pwr monitor" 
for CKTS 
slewing 
RR ant 

~----- ·----1 ·--------· 
______ , 

AC BUS B Loss of GOA freezes at last Loss of tb 
pwr avail RR ant pos i t ion & ind ltg 

s lew & 
t r ack -Han throttle ranr 
capability 1 i mited to =83% if 

DES ENG CHO 0VRD-0N 
: open DECA PWR cb 
for max thrott 1 e) 

ATCA pwr fai 1 monit 
ct i n DECA disabled 
(fail safe to 100% 
unavailable ) 

FLIGHT DISPLAYS 
I 

RNG/RNG RT CDR 
ALT/A LT RT GASTA FDA ! COAS Ol!DEA L 

Pwr to RNG, RNG Pwr to Pwr to CDR Pwr to fw d f>wr to OllDE J\L 
RATE , ALT, ALT GASTA FOAi or ovhd COAS s tepper motor 
RATE Ind mount thru ihru EA l!TII / 
dr ive motor Pwr to nux COJ\S s w L l 1XJ\H SW 

s111itching 
r e lay box 
thru 11ATE/ 
ERR MON & 
ATTITUDE 
MO N sw 

■-------· ----■ -----■ ------ ·-------
Los s of RNG , Loss of Loss of C Il l! Loss or Loss of o IU l I·:,\ I. 
RNG RATE , ALT, GAST/\ Fili\ 1- CO,\S ~ll'pl)l' I ' motor 
ALT RA T E incl Computer rc lidc II 

~crvo Loss of Loss of lo,·:il 
sw il (_'h ing ho l'i z 

Loss of rel:1.vs l"<. 'f<' l"l'lll'(' 

l~l l' a lt 
da ta to 
F llAl ' s 

·-----

I 

HNG/ HNG HT 
ALT/ALT HT 

Pwr to HNG, 
HNG ltA TE 
ALT, ALT 
HATE ind 
l01:ic 

------
Loss of HNG, 
l! NG ltATE 
ALT & ALT 
HATE ind 

11/3/72 

Legend 

Desig11ates DUAL POWEi! to function 

Dcsi{,'Tlates SIMI LAH functions 

Designate s DIFFEl!ENT functions 

AC !HIS A 
I 

I CDI! 
GASTA FDAI 

J>wr io GJ\STA J>wr to CDH 
resolvers FDA! sphere 

drive 

'"------ -------
Loss of l'li XS Loss of l' DI! 
g-imhal :lng-le FDA! ntl 
display display 

Loss of l'G:'\S F.rror & rat,, 
:i ll displa.v needles still 

avail 

1.~11' FIJAi 
:1 11 displ :1.,· avail 
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[ill 
~T:>:l'TIU:>: 
l'll\lTHf:IJ 
rtlHl ' l'Il 

11 

s 

URIN E 
LI NE 

Pwr to urine 
line htr to 
preve nt freeze-
up of vent 
tube va lve 

--------------
EFFECT OF 
CB O PEN
IXG ( LOSS 
OF/OR RE
~IAINING 
FliXCTION ) 

[ID I 

Loss of hire 
causes gradual 
degradation of 
urine collection 
capabil i ty 

QUAD 4 

HI::ATE RS 

--- H:-.DZ HOH ---
LOG 

ST llllY lll'II RLJH 

Pwr to UH a nt Pwr to HH Pwr to LR 
htt· t'Ol\l c..·kt hh· cont c: Kt htr con t ckt 
lo rn :lint :lin fot• :lllt & to maint:lin 
.111 t :lh0\'1_' mill L'l1...•ct run i cs :mt :,bove min 
:-urviv:ll lL'lllJl assy survival temp 

______ J _____ 11------
If RR t~mp Loss o f RR, If LR temp 
below min or below min 
survival tem p, deg radation survival temp, 
permanent of respoose perm anent 
degradation degradation 
results results 

CB not CB not 
essential when required when 
RR OPR cb cb PGNS: 
Is closed LDG RDR is 

closed 

-

HEATER RCS SYS A/B-1 

QUAD 3 QUAD2 

FUNCTIONS 
POWERED 
THRU CB 

Pwr to sys A/B-1 htr Pwr to sys A/B-1 Pwr to sys A/B- 1 htr 

·-----■ 

EFFECT OF 
CB OPENING 
(LOSS 
OF/O1{ 
REMAINING 
FUNCTION) 

(or each TCA of 
cluster 4 

--------· Loe■ of Slit al. 
htr■ la claater 4 
( ■ya A/B-2 llb'■ 
avail, Jm&,er 
warmup n,q,d.red) 

htr for each TC~ for each TCA of 
of cluster 3 clu■ter 2 

-------- ---------1-a ol set of btrs Loss of set of htrs 
la clu■ ter 3 (sya in ckister 2 (sys 
A/B-2 btra avail, A/B-2 htrs avail, 
klllger warmup longer warmup 
n,quired) required) 

I 1 J.-;ST 1 I 

DOCK SIG ABORT ATCA 
WINDOW AOT CONDR l AEA STAGE (PGNS) AELD 

I Pwr to clocking Pwr to AOT Pwr to ERA Pwr to AEA . Rdnt to LMP ABORT Loss of PGNS Pwr fo r : 
window htr htrs l in SCf: A pwr supply ,STAGE cb: RCS firing. APS on cmd 

for i nternal l ) Batt switch over. (rdnt to 
use g -DEDA 2) LGC/ AEA abo rt Cannot switch LMP AELU). 
pwr stage in-bit from AGS to Staging cmd 

PGNS. to ED SYS A 
No t• rdnt to LMP ABORT when AP$ on 
STAGE CB: RCS firings Auto se lect 
l ) AUTO ENG ON bypass not affected of AGS min 

of STOP pbs & ENG i n AGS. db & 4 Jet 
ARM SW. att cont 

2) In hi bit of ED (rdnt to 
RELAYS cau t. swi t ches & 

LMP AE LU) ·------ ·----- ------■ -----· ~--------- ------■ ·-----· 
Loss of Loss of AOT Loss of ERA l LMP AEA cb Abort staging avail Loss o f PGNS LMP AE LD window defrosting (approx hall ava il with ABORT STAGE pb cont ch a vail . 
defrosting & ape r data) and ENG ARM sw. 
defogging Prim pw r Loss of APS 

If ABORT STAGE pb is provided with on sig to 
pushed, the DPS will U1P ATCAcb ED SYS A 
shut-down with an ED (APS on sig 
RE LAYS caut It. APS from LMP 
ign/staging wi 11 not Cannot swi tch AELD cb t o 
occur unti 1 ENG ARM from AGS to EO SYS B 
sw- ASC. At APS ign PGNS ava i 1). 
ED RELAYS caut lt 
goes out. Do not RCS fir ings 
dearm APS prio r to no t affected 
shut-down. Use man in ACS 
shut-down procedure. 

LMP BUS LMP BUS 
Critical Critical 

I I ECS 
I 

GLYCOL PUMP 

SUIT CABIN 
QUAD 1 FAN 1 FAN 2 1 AUT O TRNFR 

Pwr to sys A/B-1 htr Pwr to suit fan Pwr to cabin Pwr to glycol Pwr to glycol Ene r gizes for each TCA of No. l (suit ckt fan thru ECS pump No . 2 pump No. l tra nsfer r e lay cluster 1 assy) thru SUIT relay box thru GLYCOL thru GLYCOL s e l to a uto switch FAN eel sel to pump No. 2 
when pump 
No. I i\P 
d r ops be low 
p reset value 

·-------- ■------· ------ --------- ·------■ -------Loes of set of htrs Life support Loes of cabin Loss of prim Loss of glycol Loss of auto 
In cluster 1 ( sys system degraded fan loop r edundancy pump No. l transfe r 
A/B-2 htra avail, (if A UTO TRNFR 
longer warmup Backup is SUIT To activate sec loop . cb closed, glycol Manually select 
required) FAN sel - 2 WATER TANK pump No. 2 auto pump: GLYCOL 

SELECTOR vlv - activated) se l - PUMP 1 or 

SEC , GLYCOL s e l - PUMP 2 
Auto trans fer 

INST (SEC), SEC relay switch to 
EVAP FLOW vlv- pump No. 2 (To 
OPEN , GLYCOL disable GLYCOL 
P UMP SEC cb - comp caut It, 
cloee, PRIM EVAP m anually switch 
FLOW fl - close d G LY COL sel -

PUMP 2) 

STAB/C ONT 

ENG ATT DIR ENG ST ART 
CONT CONT OVRD 

Pwr to various CES ck t s . Pwr to ACA for Pwr to eng 
hardover & START pb 
direct rrodes 
(powers RCS Pwr t o DE S 
secondary co1ls) ENG CMD 

OVR0 SW & ENG 
Enab 11 ng pwr for ARM sw f or 
AGS pu 1 se mode man APS ign 

( Rdnt to LMP 
Pwr to + X TRANSL DISP/ ENG DVRD 
pb ( powers RCS LOGIC cb) 
secondary co1 ls) 

·---------------■ ------- ------· 
Loss -of eng STOP pb. Loss of ACA Loss o f eng 
Lo ss of START pb for DES ENG hardover ST,'.RT pb for 
Loss of AGS GOA dr ive (foils to PGNS Loss of AGS OPS and APS 

'GOA drive) direct & pulse ( DES ENG CMD 
Loss of pwr to the ABORT pb to arm the rrodes (fails OV R0 sw & 

DPS {ENG ARM sw using LMP ENG ARM ATTITUDE CONTROL auto eng 
cb pwr avail ) . sws t o MODE start ava1l) 

Loss o f rdnt powe r to ENG ARM sw. CONTROL). 
(LMP ENG ARM cb a,a 11) Loss of +X 

Loss of LUNAR CONTACT 1t on pa ne l 2 TRANSL pb ( TTCAs 
Loss of eng gimba l disabl e avail) 
Loss of auto t hrottle disabl e (Man att cont 
Loss of auto select of AGS min db & ava1l via att 

4 Jet att con t for DPS burns (rd nt hold/rate cmd & 
to switches) PGNS min impulse 

modes) 

LMP BUS 
LMP BUS Critical (POI only) rit i cal 

I CO~l~I 

SEC S - BD 

UP DATA \'!IF B 
LINK XMTR/RCVR PWR AMPL X~ITR 

Pwr to DUA Pwr to s ec pwr Pwr to sec pwr Pwr to VHF B 
pwr s upply supply in S-BD supply in S-BD xmtr vo ice & 

xcvr thru pwr amp! thru data ckts thru 
XMTR/RCVR sw PWR AMPL SW VHF B XM TR sw 

Pwr to PM P for 
emer key and 
VOICE BU 
functions ·------ -------- -------· -------

Loss of Prim S-BD xcvr Loss of sec S- BD VHF A xmtr 
digital avai l pwr a mpl voice ckts avail 
uplink capability 

Loss of sec S-BD Prim pwr am pl Loss of data & 
Loss of xcvr ava il voice transmis-
rece ived sion via VHF B 
S-bd backup Los s of Emer 
voice key 

Pri me voice 
avail 

DECA 
PWR 

Pwr to des 
e ng & cont 
loi;ic of 
DECA 

·-------
loss of auto & man 

DPS start & DPS 
throt (DES ENG 
CMD OVR0 sw 
ava i 1-goes to 
l OOt th rust) 

Los s o f SHe SQUIB 
vlv f i ring capab 

Loss of GOA fa11 
Ckt (GOA fa il si g 
to C&W, LG C, & 
TLM not ava il ) 

Loss of auto sel 
of AGS min db & 
~ Jet a tt cont 
( switches avail) 

VHF A 
RCVR 

Pwr to VHF A 
rcvr th ru 
VHF A RCVR SW 

-
I 

ED 
I I 

LTG 
I 

LDG 
GEAR LOGIC ANUN/DOCK/ 
FLAG PWR A UTIL CO MPNT j 

Pwr to P wr to EDS Pwr to po rtable Pwr to caut & warn anun, 
LDG sys A uti l Its thru CDR eng START & STOP, comp 
GEA R & LMP UTILITY caut, pwr fail, & DSKY 
DEPLOY LIGHTS sw status Its 
tb 

Pwr to docking Its thru 
EXTERIOR L TG & LM/ 
Sl..A press sw 

Pwr to DEDA OPR ERR It 

·---· ----- ·------■ ----------Loss o f Loss of EDS Loss of portable Loss of docking Its 
LDG sys A util Its (During TD & E, 
G EAR no backup) 
DEPLOY EDS sys B 
tb ava il Loss of Arum lighting 

LMP's ANUN/DOCK/ 
LMP BUS COMPNT ch avail after 
Crit1 cal TD & E 

For man Loss of DEDA OPR 
sta~e vent ERR It 
Hi LSS 
fill with 
PLSS Dz 
vent cap 
(RH SS C) 

PGNS I I 

CDR SIG STR LDG RNDZ LGC/ 
AUDIO DISP RDR RDR DSKY 

Pwr to CDR audio J>w r to SIGNAL Pw r to Lil Pwr to RR Pwr to LGC 
cente r ST RENG TH ind pwr supply electronics & PSA 

assy pw r supplt e s 
Interrupts 
pwr to hlr 
cont ckt 

PAGE 2 

LEGEND 

Designates DUAL POWER to function 

- - - - - Dealgnatee SIMILAR functlOIIJI 

Designates DIFFERENT function• 

I 

!MU !MU 
STBY OPR 

I 

Pwr to !MU Pwr to !MU, PSA , 
temp cont ckt CDU, &, PTA 

------- ·-------·------ ·----■ ----· -------■ -------·-------YHF B rcvr Loss o f relay Loss o f onboard Loss of LR Loss o f Rn Loss of l'GNS Loss of FIFA Loss of IMU, PSA, ava il capabili ty LR & RH Ii IRIG htrs, CDU, &r PTA Loss of voice CDR must use mon itor ing Loss of 1. 024-nic temp alarm recept 1 on on LMP a udio clock thermostat Loss of ISS &, VHF A cente r att data to LGC 
AGS avail & ind 

Loss o f all !MU accuracy 
degraded VII f Il xmlr LGC avail, but 

voice cannot perform 
all functions 

Loss of manual 
throttle In 

LMP BUS PGNS mode 
·critical LMP BUS Criti ca 1 
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,..------------------------------------ E!'S ------------------------------------
1
, ... --- PROPUL 

l 

ll.\T 
r-- Fl:1:1) I'll : 

Connects bat 
No . 3 or lunar 
bat, & bat No. 
4 & 6 to C DH 
d-c bus 

During bat No . 
5 backup, also 
connec ts bat 
No. 5 to CDH 
cl-c bus 

l(cclunclant 
cb 

I 

I 

CHOSS TIE -----~ 
I 

11.\ I. 1.0,\ DS llt..:S 

Supplies redundant f3ackup cb 
pwr to C\\'L\ ,' EJ>S 
disp. sig sensor, 
~i~ cond <~, & 
l'C~l/TE 
Connects CDH 
bus to 1.l\l P bus 
thru Ll\lP 
C HOSS Tlr: cb 

\1.l':--: ,\1( 
m·s TIE 

Connects C DH 
nc~ hu s to nc~ 
xlunar bus for 
!.~I ground 

DES 
1-:C.\ CONT 

Pwr from (' IJI( 

bus to low- and 
high-volt:ige coils 
in EC.\ :So. 1 & 2 
thru Ill \'!ll.T.\CE &. 
1.0\\' \'OLT.\(;E sw 

Pwr to des b:1ts 
lv/ hv off & 
rlca,lf:tce re lay 
reset for nhort 
sl:tl-{e 

1)1•: S 
1-:(' ,\ 

Pw r frn1 n C DH bu s 
to pw r supplies o f 
ho1h ,ks l·: CA ' s for 
(' UlTL'll ( &_· l' C V L' l.!:iL' 

current ind & O/ C 
p rotection 

Pw r to r e l.1y s 
fo r ;tho i-t :stage 

.\S(' 

H .\ CCJ\T 

l'wr from ( · 1JI( 
bUls to norm & 

1J:(1ckup ma in feed 
contacto r coils in 
q·.\ :So. :l & I thru 
:-;on:11.11. n:r:n & 
IJ,\C" L' [> l·T 1-: ll sw 
tJ switch o ff asc h:1ts 

[lwr to llFS BATS 
SW 

,\SC 
1-:C\ 

l'wr from (' llll 
bus to pwr 
supplies of both 
asc EC,\'s for 
current 8.: reverse 
current ind &0/C 
protection 

Pwr from (' Ill( 

bus to inv \o. I 
for generation 
of llG\', 
-100-cps. a-c 
pwr. thru 
1:-.:n:rnr:H sw 

DC BL'S 
\'C>l.T 

J>wr from (' DH 
bus to IS. & to 
monitor bus 
voltn~c for 
tclcmctn- & 
warn It 

Pwr to l'C~!/n:. 
sig sensors &: 
sig condrs via 
rcla1· 4KG 
for prclaunch 
lclemclr_1· 

DES HE 
HEG/VENT 

Pwr to DPS helium 
solenoid vlvs thru 
DES He REG 
l & 2 SW 

Pwr to DPS prplnt 
vent solenoid vlvs 
thru DES FUEL & 
OXJD VE!\T sw 

------------ -------··---- ·-------■■------------· -------- ■ -------- --------- -------- ·------·11------- -------------
H'FECT OF 
CB OPENI:-;G 
(LOSS OF/OH 
HE,IA.1\1:-.:G 
FCNCTION) 

.\djaccnt cb 
:tva il 

,\djacent 
cb avail 

Loss of l.l\lP lrJs 
when CSJ\I powers 
Ll\l res ult s in loss 
of ,\ GS & possible 
loss o f S-bd 
stee rable ant 

Only closed 
in event of 
feeder short 
when 
powcrin~ 
1.l\lP bus 
thru (' DH bus, 
o r vice versa 

\o loss of 
function: 
rcla\' con tacts 
in p:ir:illel 
with c b 

Hedund:mt c:h 
on 1.:11 I' panel 
supplies pwr 
from L ,I[> bus 

Hcdund:i.n t ch 
on I.. I[> ,~,ncl 
supplies pwr 
f r om l.~11' bu s 

Hpdu nd :mt cb on 
I.~! I' p:1ne l supplies 
pwr f rom 1.\1 I' bus 

Heclund:1nt ch on 

'-" p;rncl supplies 
pwr from 1.\11' bus 

Inv \'o. ~ :1v:1il 

thru 1:-.:n:wn H 
sw (pwr from 
l.:lll'busto 
inv :--.,·o. :!) 

I.ass of 
monitorin~ 
of (' DH bus 

[ ,OSS of 
pn·launch 
telemetry 

Cannot chan~c status of helium 
solenoid vi v (Prim : Normally 
Open, Sec: ::Sormally Closed dur
in~ normal mission operation) 

Cannot chan~e status of solenoid 
\'l'lll v1 VS 

ll,•s i~n:tt<'S IJL\ L [>(J\\T I( to funl't iun 

----- i)t's1gna l <"s Si.\111 .. \ll functions 

li< ·sig11all's llll· I· l·.l{l·.\T l1lll l' tions 
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FL":-;CTIOt\S 
PO11·t::Hl::D 
THH t: CB 

I 
FLT DISP 

El.ENT TIMER/ 
SE FDAI 

SE 
X-PNT R 

11 

ASC 
FEED 1 

ASC 
F EED 2 

QUAD 1 
TCA 

QUAD 2 
TCA 

RCS SYS B 

QUAD 3 
TCA 

Q UAD4 
TCA CRSFD 

TEMP/ PRESS 
DISP - FLAGS 

PQGS/ 
DISP 

MAIN 
sov 

11 

DISP/ENG 
OVRD LOGIC 

PROPUL 

PQGS 
ASC He 
REG I 

L------.-------,,-------,,,------.------..-------,,.-------,..------~,------y-----~------y-1-----yt-----,,-------,-----,,-----' 
I Pwr to ,ys B Pwr to pr plnt vlvs I Pwr to prplnt vlvs I Pwr to prplnt vlvs I Pwr to prplnt vlvs Pwr to prplnt Pwr to RCS TEMP I Pwr to RCS s ys A Pwr t o s ys B Pwr to IIIPS: FUEL Pwr to DPS prplnt Pwr to APS 

Pwr to EVEN T 
Tll!Rind 
Pwr to LMP 
FDA! 

Pwr to aux 
switching rel ay 
box th ru RA TE/ 
ERR MON & 
ATTITUDE MON 
•w 

Pwr to LM P X 
pointer ind 

P WR to aux 
switching relay 
box thru RA TE/ 
ERR MON S W 

Pwr to sys B 
prim A PS pr pln t 
interconnec t vlvs 
ihru SYS B ASC 
FEED 1 sw 

I sec APS vrplnt prim coils o f s ys BI pr im coils of sys BI prim coils of s ys B I prim coils of sys B crossfeed vlvs & PRESS Ind thru I & s ys B prpln< 1maln fuel & & OXID TEMP & qty gaging sys cont helium solenoid 

I interconnect vlvs quad 1 T CA I quad 2 TCA I quad 3 TCA I quad 4 TCA thru CRSFD sw TEMP/ PRESS IIION I qty computers &. extd sov thru PRESS Ind thru unit thru PRPLNT vl v thru ASC 

I 
thru SYS B ASC (BlL & BlD) I (B2L & B2U) I (B3A & B3D) I (B4F & B4U) sel & to all RCS tb I QUANTITY ind i5YS B MAIN PRPLNT TEMP/PRESS QTY MON sw He REG 1 &. 
FE ED 2 sw SOY SW MON SW & to all MPS tb 2 SW 

I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 

Redundant pwr to eng 
arm c ircuits for 
manual asc eng arm 
& des cmd ovrd 

·------------------· ---------------r-------·---------------r-------•-------...--------•-----·•--------r-------· ·------·------------------·------
EFFE CT OF 
CB OPEJl:I NG 
(LOSS OF / OR 
111::~IAINING 
F t;;sC TlON) 

FUNCTIONS 
POWERED 
THRU CB 

Loss of EVENT 
TIMER ind 

Loss of LMP FDA! 

Loss of switching 
relays 

I 

FLOOD 

Pwr to cabin pnl, fwd 
& ovhd flood Its thru 
FLOO D SW 

Pwr to cabin fwd & 
ovhd It thru clocking 
hatch sw 

I I I I I 
Loss of LMP X Cannot c hange Cannot change Loss of prim auto I Loss of prim auto I Loss of prim auto I Loss of prim auto Cannot change Loss of onboard I Loss of onl)Dard 
pointer ind s tatus of pr im pair 1

1 
status of sec & man cont of & man cont o f I & man cont of I & man cont of status of crsfd monitoring of RCS I monitoring (,I RCS 

of APS pair of APS sys B quad 1 I sys B quad 2 I sys B quad 3 T CA 's I sys B quad 4 TCA 's vlvs (Normally prplnt temp & sys A & s ys B 
Loss of interconnect vlv s I interconnect vlvs TCA 's (hardover, I TCA's (hardover , (hardover , AGS (hardover, AGS Clo sed) press , & helium I prplnt qty (f'wr 

switc hing relays (ASC FEED 1 vlv I (A SC FEE:D 2 vlv AGS direc t , & +X- I AGS direct, & +X- I direct , & +X- I direct, & +X- press (Pwr fall light I fall light at,o,•e lnd 

Normally Open) I No rmally Closed) transl cont avail I transl cont avail I trans l cont avail I transl cont avail above PRESS Ind I goes on) 
I thru s ec coils) I thru sec coil s) I thru sec coils) I thru sec coils) goes on) I 

I C0R BUS I CDR BUS I C0R BUS I CDR BUS Lo ss of monitoring of I 

I Critical 1
1 

Critical 1
1 

Critical 1
1 

Critical RCS vlv status (tb 1
1 I Indicates pwr off) 

. Cannot change 
sys B main sov 
status (Normally 
Open) 

Note 
RCS s ys B will 
not use APS 
~rplnts if sov 
are open 

Loss of onbd monit of 
OPS & APS prplnt temp 
& press. 
Loss of APS & OPS He 
reg tbs ( 4) & OPS vent 
vlv tbs ( 2). 
Loss of rdn t pwr to : 
man ASC ENG on logic & 
DES ENG CMO OVRO sw 
(Both rdnt to C0R ENG 
START 0VRO cb). 

LTG 
I r ED 7 I 

STAB/CONT-----------------+--------------,, 

TRACK 

Pwr to tracking lt 
thru EXTERIOR 
L TC s w & trac king 
lt elect ronics assy 

ANUN/ OOCK/ 
COMPNT 

Pwr to caut & warn 
anun , e ng START & 
STOP, docking thru 
EXTERIOR LTG aw, 
comp caut, ind pwr 
fa il, & DSKY status 
lts 

Pwr to DEDA OPR 
ERR lt 

MASTER 
ALARM 

Pwr to MASTER 
ALARM lt & 
tone gen 

,LOGIC 
PWRB 

Pwr to 
EDS SYS 
8 

Pwr. to 
DES ENG 
CMD 
0VRD sw 

AEA 

Pwr to AEA pwr 
supply for Interna l 
use & DEDA pwr 

ENG ARM 

(ENG ARM sw - DES) Pwr 
to des eng actuator !sol 
vlvs thru DECA relays 

(ENG ARM sw - ASC) Pwr 
to AELD to enable asc eng 
ignition 

Pwr to relay drivers for 
auto APS & DPS cont logic 

ASA 

Pwr to ASA 
pwr supply & 
ASA heater s 

AELD 

Pwr for: 
APS on cmd 

(rdnt to COR 
AELD cb) 

Staging cmd 
to ED SYS B 
when APS on 

APS auto start 
(rdnt to LMP 
ENG ARM CB) 

ATCA 

Pwr to ATCA pwr sup for ATCA & 
OECA pwr . 
Pwr to LUNAR CONTACT 1t on pnl 3 

Rdnt noise supress1on bias to 
jet drivers under PGNS & ATCA 
control 

ABORT 
STAGE 

Rdnt to CDR ABT STG d, : 
1) Batt sw over 
2) LGC/ AEA abt s tg 

in-bit 
Not rdnt to C0R ABT STG 
1) Pwr to stop OPS fl 

ABORT STAGE pb . 
2) APS arm via ABO 

STAGE pb. 

I 
A TCA 
(ACS) 

P ~ to enable abor t 

l
a mps 

r to enab 1 e both 
A TTCAs 

to S&C cont 
a ssy for guid cont 
sJ..itching 

Provides gyro test µw r 

DES ENG 
OVRD 

Redundant pwr 
to actuator i so 1 
& pilot vl vs of 
DES ENG. 

I 

Loss of o nboard 
mon itori ng of 
DPS prplnt qty 

CWEA 

Pwr to CWEA 

Cannot change 
status of helium 
solenoid vl vs 
(Normally Open) 

INST 

SIG 
SE NSOR 

Pwr to nil subsys 
sensors 

·---! -

PCM/ TE 

Pwr to 
PC MTE A 

11/3/72 

Lt:Gl::ND 

Designates DUAL PO\Vt:Il to !unl"llon 

Designates SIMILAII functions 

Designates l>IFFJ::llt:NT lunctlona 

I 
SIG 

CONDR 2 

Pwr to 
ERA 2 
in 
SCEA 

r- !::CS Ii/ 
SUIT 

FLOW CONT 

Pwr lo suit laol vlv 
solenoid for auto 
closure 

·------------------- ·-------■----------------- ·---· Loss of --------·----------·~-----··------··-------------■--------- ·--------
Lf ss of AGS RCS fi ring 

·------· -------- ·-------- -------1 ·---- ·-------
EFFECT OF 
CB OPENING 
(LOSS OF / OR 
REMAINING 
FUNCTION) 

Loss of flood I t s Loss of tracking lt Loss of caut & warn 
anw,, eng START & 
STOP, docking, com p 
c aut, ind pwr fall, & 
DSKY status Its 

Al ternatlve Is C DR CB 
L T G: AN UN/DOCK/ 
COMPNT 

Loss of llEDA OPR 
F: IUI It 

Loss of MASTER 
ALARM lt and 
audio tone 

EDS SYS 
B ( EDS 
SYS A 
avail) 
Loss of 
DES ENG 
CM0 
0VR0 sw 

CDR BUS 
Critical 
(PC! only) 

For man 
s tage vent 
Hi PLSS 
fi l l with 
PLSS 02 
vent cap 
(RHSSC) 

CDR AEA cb 
avail 

Loss of auto eng start 
and stop capabi 1 i ty for 
APS and DPS (START and 
STOP pbs avail) . 

Loss of rdnt 0PS/APS ann 
pwr for man starts : 

( OPS u,n pwr ava i1 from 
COR ENG CONT cb) 

(APS ann pwr avail from 
C0R ENG START 0VRD cb). 

C0R BUS Critical 

Loss of AGs 
AUT0/ ATT 
HOLD modes 
(Pulse, d i r, 
CES rate cmd 
& PGNS modes 
avail with 
AEA cbs 
open) 

Loss of AEA 

C0R AEL0 cb 
avail. 

Loss of APS on 
sig to ED SYS B 
(APS on sig 
from C0R AEL0 
cb to ED SYS A 
avail} 

Loss of auto 
sel of AGS min 
db & 4 Jet att 
cont (rdnt to 
sws & CDR AELO) 

C0R BUS 
Critical 

Loss of auto APS cont (man eng 
on/ off cont avail ) 

Loss of gmb 1 & throt capabi 1i ty 
(OPS goes to max thrust) 

Loss of AGS att cont & transl 
mode< (only "DIR" available) 

Loss of RR auto track & s 1 ew 
modes (LGC rodes avai 1) 

Loss of FDA! RGA rate ind & AGS 
error ref . 

Loss of LUNAR CONTACT 1 t on pnl 3 

C0R BUS Critical 

Abort s taging &va 11 
with ABORT STAGE pb 
and EHG ARM SW . 

If ABORT STAGE pb Is 
pushed OPS shutdown/APS 
1gn/staging will not 
occur until ENG ARM sw
ASC. Do not deann APS 
prior to shutdown. Use 
111an shutdown procedure . 

Loss of 400 ms time 
de lay between OPS 
shut-down & st&ging/ .APS 
ign. 

Cannot sw from PGNS to AGS . 

P NS RCS firing 
u affected 

L ss of RGA test 

C( R BUS 
C, i t i cal 

I' 

Loss of des 
eng override 

CDR BUS 
Critical 
(POI on l y) 

Loss of nn:,\ 

:'\lost m:1 1functlons 
are monilorcd In· 
:IISF :-- via lclcm~tn·: 
SOlllC arc ll lOll i torc<I 
on ea l,i n ind 

I.oss or :I J>J> l'OX ·IO 
suhsys s ensors 

vehicle: m:s & 
.\ SC o.x_q.~cn , oxtd 
111 :mtfol<I, suit, 
r:11Jin, f.: :t it 1>1>s. 
\P~. IH'~ pn.:~surc 

Loss or 
tc l cmct n 
to ~1sr:-- · 

I.oss or mire & 
data S-lx\ suh
ea,·1·lc1·s, 
l!n~/. llt 
ind , cmcr 
kc_,·. inv 
limin~. l>SI·'.. \ 
ind. K .I TC.I 

I.oss of 
Ell,\ 2: 
(:ipprox
h:iH 01>er 
data) 

l.oss or lorn suit 
protection 
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I 

IIISI' 
I 

l'wr lo COM~I AST: 
l'ITCII, YAW, It 
Sll:NAL STlll:l\'t:TU 
inJ 

s t: VIit" ,\ 
AUIIIO XMTI! 

Pwr tn l.'.\11 1 awlin l'wr lu VII I ' ,\ 
<.'L•nkr .x1111 r pwr :,1upply 

COMM 
Pl\!~1 s - no 

\ ' IIF II 
IICVII P\\'11 AMPL XMTII/ IICVR 

l'wr to VIIF Pwr to prim 1,wr Pwr to 11rlm pwr 
II n:vr •uwly i n S-lxl ~.U!)llly in S-bd xcvr 

pwr a mpl thru lhru X~ITlt/llCVR •w 
P\\'H A~IPL dW 

I I 

" 
S-BD 

GLYCOL LCG 

ANT PMP TV DISP PUMP SEC PUMP 

Pwr to S-bd Pwr to PMP Pwr to all Pwr lo backup glycol pump Pwr to LCG 
ateenble ant pwr aupply ECS Ind In coolant reclrclliat1011 aHy pump 

(Not normally uaed In fliallt, 
Pwr to apaceawt e~ept 1n emersency or 
blomed ckta thru checkout mode•) 
BIOMED aw I 
umbiUcala 

------- ·-------- -------· ~------ ~----■ ------- ·----------· _
_____ , ------· ----- ·---- 1111----------■ 

,_ _____ 
~----· 

t:t·t·t:CT 01 
CU OPt:N
ING (l.ollll 
Ot'/011 Ht:
MAINING 
t 'UNC1'ION) 

FUNC110N 
POWERED 
THRU CB 

s 

l.oH of M-btl ant 1.mtw or n•l a_\' l.0•1tofV11t· Lo•• o(Vllt' Lo»• of prim 
l'ilch C. yaw IU(Hk! I .'.\I I• 11Ul:4l ran11in11 I, VII t' ran.c:tn.c S-lxl pwr 
1-111011 i1Mllcatlcm• u~ <"l>H :nMllo A voice ampl 
I ~-•~• rc-cclvc<I t·cntcr Lo .. of 
•ll(llal •lrc'tll(lh t;vA ,1a1a &-c l""r ampl 
h1i1Uc:1llon l.o:4w oC 1,:,;t-;,\ av:,tl 

:11MI \ ' II t'• ;\ Lo .. or 
).~ITU VIit' II 

rt..'CCiVt.."11 
voice 

.I 
Ht:ATERS 

RCS l!YS A/B-Z 

I 
\Mt:SA QUAD I QUAI> t QUAD 3 QUAD4 

I I I 
Pwr to Pwr lo •Y• A/B-2 I Pwr to •YI A/0-2 I Pwr to •YI A/B-21 Pwr to ,a:,,, A/B-2 
alx htra htr for each TCA I htr for each TCA I htr for each TCA I htr for each TCA 
on MESA ior clu•ter l thN or cl•tur 2 lhna I or cl1111tcr 3 thna of clu■ ter 4 thN 

IITR CONT: RCS I HTR CONT: IICS I IITR CONT: RCS I HTR CONT: RCS 
sYs A/e 2 QUAD I SYS A/e 2 QUAD SYS A/B z QUAD I svs A/B 2 QUAD 

law l~•w I law 1•aw 
I I I 
I I I 
I I I ------ f I I -·---· ------◄---------------~------· r EFFECTO 

CII OPEN
IMO (t.oa 
OF/OR 111.E 
MAINfNO 
FUNCTION 

-
) 

1-• of 
htH with 
po■albl■ 
cl■lndol-
lion of 
ltatn• 
r-1r1nc 
t■ mp 

■tabUtu-
Uoa 

I I I 
Lou of a■t of I Lo■• or a■t or I Lo .. or •et or I LoN of aut or 
htr1 ta ch&ater 1 I htr■ ln cluater 2 I htra ln cha•ter 3 I htn ln cluater · ◄ 

(•YI A/B-1 htn I (•YI A/B-1 htra I .IJ&Y• A/n-1 htr■ (•YI A/B•l htra 
avail; l""l■ r onll; warmup I av11il; lcm1er I nvall; IOllger 
wannup rc,qutrC!d)I roqulncl) warmup r■- I warmup rcquln:cl) 

I I quired> I 
I I ,. I 
I I I 
I I I 
I I I 

LoH o( J>rtm 8-BD 
XCVR 

Sec S-BD xcvr aYllll 

I 
I 

DISP 8-BD 
ANT 

Pwr lo Pwr to S-bd ant 
HTR lltra 
CONT: 
TEMP 
Ind 

---- -------· 
LOH o( II S-bd ant temp 
onboard bcl.,.. min 
monitor• aunlval temp, 
Ing or permanent 
temp ol dc11radat1on 
RCS reaulta 
cluater. 
LR , RR 
temp, r. 
S-BD anl 

Loe• or 8- LoN or s-BD 1-■ of Lo■■ ol - coolaat ._ Loe■ ol 
BD ■teer- bio,ned, PCM, all ECS clrculatt.ca 

able ant downlink Yotc■ , cabla llln LCO 
I EMU data, lad from LI( 

s-BDcomm except emer-
thN omal -,,key• 
ant avail baclaapYOlc■ 

I 
CAMR r SEQ 1 

DISP DC BUS INV I A8C ASC 
VOLT ECA ECA CONT 

Pwr to Pwrfrom Pwr l':rom LIIP "- to Pwr from LMP lo Pwr from LMP 1111• to PWR Crom LMP bua lo 

sequence LIIPt.a 18, to DC BUS FAULT In• No. 2 lor pn■nt1011 pwr a,appllea of both norm I backup main 
camera to AIIPS comp eat It, • to of 11:IV, 400-cp■ , a-c aae ECA' a for current feed contactor coll• In 

I VOLTS m .. ltor bu YO~ pwr, thN INVERTER - • rnene cu.rrent ind ECA No. 3 I 4 thru 
Ind, I to (or TM I wan, It I o/C prot■etlOII NORMAL FEED I 
tt, BACK UP FEED aw 

to ■witch off uc bata 

Pwr to DES BATS aw 

~---· ---- --------- ·---------·--------· ·--------
Loe■ of Loa■ of Lo■a o( fflOllllorlllc (ny No. 1 anll thN Redundant cb on -ndantcbon 
1equence on-rd of LMP bua INVERTER aw (Pwr CDR panel auppl! .. CDR panel aup-
camera bu•. fro,i, CDR bua lo lny pwr from CDR bue pltea pwr from 

bat No. 1) CDR bua 
monitor-
I .. 
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ECS 

I 

CABll-i FAN CABIN SUIT SUIT DIVt:RT 
COWT REPRESS FAN 2 FAN tiP 

coi 
j VLV St:NSOII 

Tuma off cabin fans Pwr to CABIN Pwr lo ••It fan Pwr to fan tiP Pwr to SUIT GAS Pwr to CO2 scniimr 
when PRESS REG RE PRESS vlv It No. 2 (owl ckt aenaor (Ind DIVl:H'n:n vlv (or 
A or B In EGRESS CABIN wan, It aHy) thru SUIT functlcm only) auto closure caused 

FAN ael by low cnbln 11n,sa 
or by PRESS REG 
A or B vlv - EGRt:ss 

-------- ~------- a--------- ·------· -------- ·---------Lo■■ o( Cabla fan Loa• 0( auto LOIi ef 1vtt fltl 
LOH of lndlcatlOll llo. I St1tct Hit 

auto alluloff cabtn repreaa fin No . 1 ~, (or Caihare or 111lt 
mode: maa-1 .,.,1tt0111l • If oot fan No. 1 or 2 

Tlll'II off fan bJ mode nail In cabin mode, 
~fanco remo,,e llelmet I 

Lou of lndlca- breath cabin al r, 
t!Oll of I°"' cabin After pe~ od of 
preu (CABIN time, fiuah cabin air 
wan, It), CABIN 
PRESS Ind a..U In ecreH mode 

PRESS REG A r. B 
•I• - DIRECT o2 

EPS 

DES DES XLUNAR 
ECA ECA CONT BUS TIE 

Pwr Crom LM P bQs to Pwr fron, LMP bus to low I Connect• LM P neg bus 
pwr suppllea or bot hist, voltage coll1 in ECA No. I to neg xlunar bua· for 
dea ECA'S for ow-re11 1 r. 2 thn.1 HI VOLTAGE• LOW LM ground 
I rever■e Cllr-rent ind VOLTAGE•• 
I O/C protec 

Pwr to dee bata lv/hv olf I deadlace 
Pwr to relay■ lor abort relay rcaet for abort stage 
atage 

·--------· ~------------· ---------Redundanl cb o<> Redundant cb on CDR l"'ncl •11ppllco No loa11 or (unction: 
CDR panel BUppil es pw r µwr from CDR bo&a relay conla.cta in 
from CDR bua ll.lrallcl with cb 

Loa■ o( auto Viv Lo■■ of CO-l Ind, CO2 
cloaure; manual comp caut It, C. TM 
mode avail 

_ROSS TIE 

BllS I\AL LOADS 

Rackull cb Connc..-ct1 LJ\1 P bus to 
COR bu• lhru Clm 
l'IIOSS Tit; <·b 

----- ·-------· 
Only closed lll'S l'HOSS Tit: 
in CY1..•nt o( ch avail 
k•l-cler shi1rt 
WhL'il 

llOWl.'rilla( 

l.:\IP l>t.1d 
thru Cllll 
hui-1, or viC.' l' 

\'l ' l 0S:l 

Lt:Ct:Nll 

Dcait(lt11tcw DUAL l'OWt-:lt lo func: liu 

•-•---• l>c•il(natc11 SIMll.Alt func:th,1111 

Dc•IKMlc• l>lt't't:llt:NT ruowllnn• 

BAT 
I 

HED TIE 

Connecta bat No. 2 Redundant t·b 
or lunar bat, I bat 
No. I I 5 to LMP 
d-c bua 

During bat 6 backup 
aleo connect• bat No, 6 
to LMP d-c bua 

---------- ·------
Adjaccnl cb Adja<·<•nt d, 
avail avail 
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SYSTEMS SCHEMATICS 
THE CONTENTS WILL CONSIST OF REPRINTS OF THE FOLLOWING 

DRAWINGS FROM THE LM AND LRV SYSTEMS HANDBOOKS 

3.1 LIGHTING 
4.1 PYROTECHNIC 
5.2 DESCENT ELECT DC POWER 
5.3 ASCENT ELECT DC POWER 
5.4 ELECT AC POWER 
6.1 ECS 02 SUPPLY/SUIT LOOP 
6.2 ECS H20 SUPPLY/GLYCOL LOOP 
7.1 EMU DETAIL 
8. 2 COMM 
8.3 COMM RF 
8. 4 COMM SPA 
9 . 4 C&W INSTR 
9.5 INSTR C&W WARNING 
9.6 INSTR C&W CAUTION 

10.2 G&N OVERVIEW 
10.3 SCS OVERVIEW 
10.18 AGS SIGNAL FLOW 
10.20 RCS SIGNAL FLOW 
12. l RCS ME CHAN I CAL 
10.21 DESCENT ENGINE SIGNAL FLOW 
10.23 DPS THROTTLING SIGNAL FLOW 
11.l DPS MECHANICAL 
10.24 ASCENT ENGINE SIGNAL FLOW 
11.2 APS MECHANICAL 
1.15 SIM BAY VIEWS 
1.16 SIM BAY VIEWS 
4,3 SUSPENSIOf~ 
4.6 STEERING MECHANICAL 
4.7 LRV STEERING ELECTRONICS 
4.8 LRV DRIVE CONTROL ELECTRONICS 
5,3 SENSORS, DISPLAYS, AND SWITCHING 
6,2 ELECT POWER, CONTROL, and DISTR 

13.2 LCRU 
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