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AAP ELECTRICAL POWER SYSTEM BCR BRIEFING




AAP REQUIREMENTS

POWER TRANSFER AND CONTROL
UMBILICALS

1. PROVIDE CAPABILITY OF TRANS-
FERRING AND CONTROLLING UP TO
2000 WATTS EITHER DIRECTION BE-
TWEEN CM MAIN BUSES AND OA OR
LM-ATM BUSES.

2. PROVIDE STOWAGE FOR POWER AND
CONTROL UMBILICALS IN CM.

3. PROVIDE ADDITIONAL CONTROL
UMBILICAL CAPACITY -

ENTRY AND PYRO BATTERY SYSTEM

1. PROVIDE BATTERY CHARGED STAND
LIFE OF: 45 DAY, AAP-1
73 DAY, AAP-3A, -3

2. "BATTERY REDUNDANCY REQUIRED TO
PRECLUDE MISSION TERMINATION IN
FLIGHT DUE TO LOSS OF SINGLE
BATTERY." 128.4 A.H. REQUIRED
AFTER LOSS OF SINGLE BATTERY.

ELECTRICAL POWER SYSTEM SUMMARY

BLOCK IT CAPABILITY

PROVIDES 180 W PEAK POWER
TO LM.

PROVIDES STQWAGE FOR CONTROL
UMBILICALS IN LM.

PROVIDES CONTROL UMBILICALS
WITH TOTAL CAPACITY OF 74
WIRES. THROUGH FWD FEED
THROUGH AND THERMAL RING

ENTRY BATTERY CHARGED STAND
LIFE: 90 DAYS
PYRO BATTERY CHARGED STAND
LIFE: 36 DAYS

PROVIDES 80 A.H. AFTER LOSS
OF ONE ENTRY BATTERY.
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AAP DELTA

ADD NEW 2000 W TUNNEL
POWER UMBILICAL.

ADD STOWAGE FOR POWER
AND CONTROL UMBILICALS
IN CM.

ADD TUNNEL CONTROL
UMBILICAL HARNESS WIRING
AND CHANGE TO LARGER

THERMAL RING CONNECTORS
FOR LL@ FUNCTIONS

REMOVE PYRO BATTERIES,
ADD FOURTH ENTRY BATTERY
USE TWO ENTRY BATTERIES
FOR PYRO BUS POWER AND

2 ENTRY BATTERIES FOR
BATTERY BUS POWER.

ADD FOURTH ENTRY BATTERY.




ELECTRICAL POWER SYSTEM SUMMARY (CONTINUED)

AAP_REQUIREMENTS

BATTERY CHARGER SYSTEM
PRECLUDE EARLY MISSION TER-
MINATION DUE TO LOSS OF SINGLE
BATTERY CHARGER
POWER GENERATION
THREE FUEL CELLS
P MIN 400 W/FCA
P MAX (EVA) 1700 W/FCA
P MAX (REPRESS) 1350 W/FCA

H,0 PRODUCTION 27.5 LB/DAY
SOLAR ARRAY LOAD SHARING

MISSION LIFE 1344 HR (56 DAY)

NO Hp0 VENTING 3000 WATTS
INSPACE SHUTDOWN AND RESTART

BLOCK IT CAPABILITY

LOSS OF SINGLE BATTERY
CHARGER EARLY IN MISSION
WOULD REQUIRE MISSION TER-
MINATION

THREE P&W PC3A-2
563 WATTS/FC
1420 WATTS/FC
1420 WATTS/FC
MEETS REQUIREMENT
N/A (WOULD REQUIRE VOLTAGE
REGULATORS)
336 HR (14 DAY)
NOT APPLICABLE

HOT STANDBY ONLY
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AAP DELTA

ADD SECOND IDENTICAL AND
REDUNDANT BATTERY CHARGER

THREE AC FCA
400 WATTS/FCA
1900 WATTS/FCA
1900 WATTS/FCA

MEETS REQUIREMENT AT 1800
WATTS AVERAGE

VOLTAGE REGULATORS NOT
REQUIRED

QUALIFY ACFCA TO 1500 HR

MEETS REQUIREMENT, MINOR
EPS RADIATOR MODIFICATION




AAP REQUIREMENTS

RETURN BATTERY PACK

MAINTAIN DEORBIT CAPABILITY
AFTER LOSS OF ALL THREE F/C

DEORBIT TIME (RCS, AV)
= 3.6 HRS.

WET STAND LIFE = 60 DAYS

ENERGY = 8.5 KWH AFTER 60
DAY WET STAND LIFE

ELECTRICAL POWER SYSTEM SUMMARY (CONTINUED)
BLOCK IT CAPABILITY

N/A

DEORBIT AFTER LOSS OF TWO
FLPs
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AAP_DELTA

ADD RETURN BATTERY PACK

OPERATING LIFE OF 4.25 HRS.

DESIGN LIFE = 120 DAYS
9.95 KWH AFTER 60 DAYS




' 108AX16448X
D-C POWER DISTRIBUTION, SCHEMATIC DIAGRAM
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AC POWER DISTRIBUTION, SCHEMATIC DIAGRAM
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CSM/MDA - LM POWER & CONTROL HARNESS ROUTING

D'P E: s - _— MDA-LM DISC'S
C—l-- = == —— e - —DOCKING RING
[ B
i ]
l J23 |
1 J24 :
' l
JL k — i ——THERMAL RING
r" J57 J587 \1
. |
] i 1
34 P34
CM TUNNEL 4 >—TUNNEL FEED-THROUGH
PWR UMB 1 \_ ! s
CONNECTOR N 133 Jdp33

FWD COMPT BLKHD

( 18 TOTAL J J J J

\
20 WIRES (PLUS
RES (PLUS) MR TRANSLATION CONTROLLER
5 NO. 5 NO. 2 WIRES 20 WIRES
12GA oEs re— CAUTION AND WARNING
BARA s s1on yRT CSM/MDA-LM PWR TRANISFER
CIRCUIT ‘ REMOTE ANTENNA SWITCHING
PRESEERS [y 12GA CIRCUIT BREAKERS 32 WIRES
AUDIO
- 20 WIRES
C RET KIA & K1-B | BIOMED PWR AND INPUT SIGNALS
QE COIL POWER 112 TOTAL

CM BUS A CMBUS B
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TUNNEL WIRE HARNESSES

THERMAL RING FEED-THRU
3 PLACES

POWER UMBILICAL CONTROL UMBILICALS

DOCKING RING
(REF)
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FOURTH ENTRY BATTERY INSTALLATION, SCHEMATIC
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ELECTRICAL POWER SYSTEM

— --\.-\

, POWER UMBILICAL ™
/< MOTOR SWITCHES
' , CIRCUIT BREAKER
|~} = PANEL 5

FOURTH ENTRY
BATTERY

T ]

;b% RELAY

“ -

B A CIRCUIT

= - o >/~ | UTILIZATION
\ BATTERY . J PANEL

CHARGER




PGS BASELINE CONFIGURATION

~ FUEL CELL ASSEMBLY SUBSYSTEM
THREE ALLIS-CHALMERS FCAs
SECTOR IV SM INSTALLATION
HEAT REJECTION VIA BLOCK II EPS RADIATOR ASSEMBLY
NO FCA VOLTAGE REGULATORS
CLEAN INTERFACE OPERATION AAP 1-2 AND AAP 3 BACKUP
FCAS/SAB LOAD SHARING AAP 3A AND AAP 3-4
1800 WATTS AVERAGE (CSM) 56 DAYS

RETURN BATTERY PACK
SIX SILVER ZINC BATTERIES
SECTOR I SM INSTALLATION
120 DAY WET STAND LIFE

2300 WATTS FOR 3.60 HOURS AT END OF 60 DAYS
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EPS & CSS

BAY 11 ANELALE Y
POWER DISTRIBUTION—_ /o5 = \\k /a N\
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\ 7, e =

/\/ - T
< \%\N =
~ // ~ \/
Z /
=

RETURN BATTERY PACK—]
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BAY VI

1

TAC FUEL CELL

|_—CRYO CONTROL PANEL
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AC FCP INSTALLATION |
VIEW 1

~ BEAM « 3
5 l, i +Z HYDROCEN PURCE (vewT)
[}

~ GSE #aeD PVIT
- OXYEEN pPuReE (VENT)
PowaR Oerrur — (RECOMMENDED  [ocarion -
Connacrer %5 ,,/ ~ HYDROGEN IWLET
& EXIsTiNG  cur-our™ , ,//—amzz ourcer
W RWD. BULKHEAD /////— GLyeoL Iier

~
SRSUNTIG m\ N S N { SHa0ED AREA ) N —~ VACUUAS VERT — STEAM
. =
X \\ / // e //— GLycot ourxer
X ~ . >

> S

% g -
STE-2/SC —socg A Xy 4 \ D RNAR /// N gt
B ) NN S L
de AL v C 7~ 3 , N // /—\ioxmﬂ/ IILET
'/ > 42 s S N
"y g ///,, , , ~ , L7 E <, . = — TAPER PINS
Wocanrede Fespss - | S e g _?;\\\-\b_\\‘ Z /
: g < I/ I ] /} e Mg /\ ’
a » ! - ‘/ // A b < AN
_\\\ \\\ / ,I /' / $ \\ \
o - A ‘ ;
Mi S75 - ot . Soog ~ R b S > R /// ! /’4 ' P . \ /
N ~ | 3 I ,l’/ / - = N
owag m\\ | - \ N W/ / \ S, ,/
ConmBToR . T : / : s 4

e—— " ——— o e e e H= = e Bl T B e "—‘f&‘—“'
Bay I ; \47."' B -v “_’_’@Eﬁ Lt s E r |\ —srAckers .
R e ez .
ACUTING  Froange Jrap g "-"T-Hﬁ'*‘ )D/ :
= R Jf'l' o ] ¢| \11 / " e ) %
[, NP

(T : '
He FIRL VRCVE — —— — J—é ] ) L?T'L T\r\PP\ - === . —— = 0%
) o AL cree e g ,_\\” L 5 N ) Up Li/zs FBO QBY  THI,
! ] 71 4- N T :
" . i “;‘ I v =3 - . \7"’: LI1Zs FROM 2RY . THAY
=" : — A F7
— , g ). :
OUTER FAMNEL. - - ﬂ = R 7 : --:/// - CUT-OUT /W SME /
’ -H~ z AD BRACKEr AT
¢ = — £ .- Xs 332.50
PumnBwne Mrsractarons ong — \\ 5 T —EX/STING  QUT-CUT N
“t s ¢ eme - . AUD. BLKHD ((SHADED AREA) ’
. = L EOACKETS  AMD ERACKET ADTX s 254.00 -
- \ /
Vi = » “ CSE wARD FOMT -/
S seRVicing — (P (RECOMMENDED 20CATRON) =Y
\ D \/’ p S CUT-0UT I SHELE AMD
v BRAOKET AT Xs 332.50
l —
8 o ;4 ViEw A

VIEN LOOKING AFT
ROTATED F0° - pwbd. BLkW_ ¢/ 1717ED e AR TV




VERTICAL INSTALLATION - BLOCK Il SHELF LOCATION

BEAM 3

TRIANGLE SUPPORT

POWER OUTPUT

EXISTING BLOCK IT
~ FUBL CELL SHELF

~

108AX16453X

SM OUTER SHELL
PANEL

GQLYCQOUL INLET

TUBE SUPPORT i ot (}] - 1 ]

2
ACCESS DOOR FOR — /
SERVICING SYSTEM g w -
BEAM 4 x/
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P HELIUM FILL
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VIEW B-B TYPICAL 3 PLACES
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EPS RADIATOR LOCATION
BLOCK Ii
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RETURN BATTERY PACK

g

6 REQ

ME452-0038 POWER SWITCH

- 6 REQ

BATTERY

BATTERY CONDUIT
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INSTALLATION
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VENT
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ACCESS DOOR
OPENING

BAY |
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ELECTRICAL POWER SYSTEM HISTORICAL SUMMARY

POWER AND CONTROL CM TUNNEL UMBILICALS
EXTERNAL UMBILICAL FROM AIRLOCK TO SM

RECTANGULAR POWER UMBILICAL PLUG AT TUNNEL THERMAL RING, WITH ENGAGING
MECHANISM

CM CONTROL OF POWER TRANSFER BY CIRCUIT BREAKERS ONLY.

SMALLER NUMBER OF POWER UMBILICAL WIRES AND CIRCUIT BREAKERS
ENTRY AND PYRO BATTERY

PYRO BATTERY REDESIGN FOR LONGER LIFE

REMOVE PYRO BATTERIES, USE THREE OR FIVE ENTRY BATTERIES
REDUNDANT BATTERY CHARGER

BATTERY BUS LOAD REDUCTION

FIFTH ENTRY BATTERY
FUEL CELL

ANALYZED BLOCK II FCP MOD FOR AES MISSIONS

ANALYZED ALLIS-CHALMERS FCP FOR AES MISSIONS

ANALYZED 2 BLOCK II FCP SYSTEM FOR EARTH ORBITAL MISSIONS

STUDY TO DEFINE BLOCK II UPRATED FCP CONFIGURATION FOR AAP

EPS SIMULATION AND EPS RADIATOR ANALYSIS
AAP MODIFICATIQNS KIT E-4 UPRATED FCP
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ELECTRICAL POWER SYSTEM HISTORICAL SUMMARY (CONTINUED)

FUEL CELL (CONTINUED)

TRADE-OFF ANALYSIS OF CSM FUEL CELLS/SOLAR ARRAY BATTERY SYSTEMS
FOR AAP MISSIONS

EPS RADIATOR AND FCP/ECS THERMAL MANAGEMENT SYSTEM HEAT TRANSFER
ANALYSIS

CSM POWER PROFILES AAP 1-2 AND 3-4
CSM EPS COMPUTER SIMULATION REPORTS
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PROBLEM AREAS REQUIRING ACTION

COMMAND MODULE TUNNEL UMBILICAL
CM/LM-ATM INTERFACE - ATM INTERCONNECTS

CM MAIN BUSES A AND B AT ATM RELAY K,

NR POSITION IS THAT CM BUSES A AND B MUST BE KEPT ISOLATED
AND REDUNDANT IN ATM
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PROGRAM CONSIDERATION

EMC VERIFICATION

NASA PRR RID 8-10 REQUIRES THAT THE CMTU INTERFACE BE VERIFIED

DURING THE FRT AT THE LAUNCH PAD. THIS WILL REQUIRE EITHER:

A. GSE TO REMOVE HATCH

B. ACCESS OPENINGS THROUGH BOOST PROTECTIVE COVER, OR

C. TEST CONNECTIONS FROM CMTU TO GSE ACCESS CONNECTOR, AND THE
THE SIMULATOR DESIGNED FOR AND LOCATED ON THE LAUNCH TOWER
PLATFORM

NASA TWX DATED 9/24/68, REQUESTED NR STUDY USE OF MDA SIMULATOR FOR

EMC VERIFICATION OF CMTU INTERFACE - NR REPLY STATES THIS APPROACH

IS FEASIBLE PROVIDING AN ACTUAL SIMULATOR CAN BE BUILT.

NASA REQUESTED TO COORDINATE THIS METHOD OF EMC VERIFICATION WITH

MDA AND LM/ATM CONTRACTORS.
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PROGRAM CONSIDERATIONS (CONTINUED)

FUEL CELL/SAB INCOMPATIBILITIES
NASA SHOULD ESTABLISH SAB POWER AVAILABILITY TO CSM FOR CRITICAL
MISSION PHASES

PRESENT SIMULATION RUN - EVA PEAK POWER 5100 WATTS
- EVA AVERAGE POWER 4000 WATTS

PRESENT FCAS REQUIREMENT - 2500 WATTS (2 FCAs) NO VENTING

SAB MUST PROVIDE DELTA POWER - UP TO 2600 WATTS

SAB BUDGETED FOR 700 WATTS AVERAGE - PEAK POWER NOT ESTABLISHED

IS NO VENTING A REAL REQUIREMENT, ALLIS CHALMERS REDESIGN TO
MEET NO VENTING REQUIREMENT SERIOUS PROBLEM

ALTERNATE OF INCREASING RADIATOR AREA RESULTS IN SM MODIFICATIONS
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SEQUENTIAL EVENTS CONTROL SUBSYSTEM (SECS) AND LAUNCH
VEHICLE-EMERGENCY DETECTION SUBSYSTEM (LV-EDS)

AAP SYSTEM
CONFIGURATION

SECS
TWO MESC

TWO SMJC
ONE RCSC
TWO DEC
TWO ELSC
ONE PCVB
NO CM CIRCUIT PROVISIONS
FOR LSSC OR SM CIRCUIT
PROVISIONS FOR HI-GAIN ANTENNA
DEPLOYMENT
NO LSSC IN SLA
LV-EDS

8-ENGINE OUT LIGHT DISPLAY
PANEL

BLOCK IT CONFIGURATION

TWO MESC

TWO SMJC

ONE RCSC

TWO LDEC

TWO ELSC

ONE PCVB

WITH CM CIRCUIT PROVISIONS
FOR LSSC, AND SM CIRCUIT
PROVISIONS FOR HI-GAIN
ANTENNA DEPLOYMENT

LSSC IN SLA

5-ENGINE OUT LIGHT DISPLAY
PANEL

AAP_DELTA

REMOVE CM CIRCUIT PRO-
VISIONS FOR LSSC, AND SM
CIRCUIT PROVISIONS FOR HI-
GAIN ANTENNA DEPLOYMENT

REMOVE LSSC FROM SLA

REPLACE 5-LIGHT PANEL
BY 8-LIGHT PANEL




AAP SUMMARY CHART

108AX16461

AAP REQUIREMENTS BLOCK 11 CAPABILITY AAP DESIGN
FUNCTIONAL SAME AS BLOCK Il | ADEQUATE NONE
MISSION DURATION 56 DAYS DEMONSTRATED ONLY TO UNKNOWN

IN ORBITAL ENVIRONMENT

BLOCK 11 REQUIREMENTS

FURTHER TESTING REQUIRED




® SYSTEM ALTERNATES
NONE

e SYSTEM USES APOLLO COMPONENTS
AS DESIGNED

® BLOCK Il SYSTEMS
BLOCK 11 ORDNANCE CON‘SIST-S OF
SYSTEM
e LES SEPARATION SYSTEM
e SLA SEPARATION SYSTEM
e SLA LEM SEPARATION SYSTEM
e SM CM SEPARATION SYSTEM

® CMRCS SYSTEM

e FWD HEATSHIELD EJECTION SYSTEM

e ELS SYSTEM

e LOCATION AIDS RELEASE SYSTEM
e CM LM SEPARATION

108AX16462

LOCATED
EXTERNAL TO CM FWD OF FWD HEATSHIELD
BETWEEN SM AND S-1VB
IN LOWER SLA AREA

EXTERNAL TO CM AND BETWEEN CM AFT HEAT-
SHIELD AND SM FWD BULKHEAD

EXTERNAL TO CM INNER STRUCTURES AND
INTERNAL TO CM OUTER STRUCTURAL SHELL

BENEATH FWD HEATSHIELD IN ELS AREA

EXTERNAL TO CM AND BENEATH FWD CM
HEATSHIELD

BENEATH FWD HEATSHIELD
BENEATH FWD HEATSHIELD APEX
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LAUNCH ESCAPE ASSY

LAUNCH ESCAPE MOTOR
THRUST ALIGNMENT FITTING

SATURN V
DAMPER STOP

STUDS &
FRANGIBLE NUTS

BOOST

ELECTRICAL

ggsg“'“ DISCONNECT
FITTINGS

(APEX SECTION)

NOSE CONE

& Q BALL
PITCH  BALLAST 9
CONTROL X

MOTOR
TOWER
JETTISON
MOTOR A~
LAUNCH ‘ \
ESCAPE . eﬁ‘ CANARD
MOTOR N7 Z CANARD
ACTUATOR

STRUCTURAL
SKIRT

SOLID PROPELLANT

POWER SYSTEMS &
INSTRUMENTATION
WIRE HARNESS

LAUNCH ESCAPE
TOWER

INSULATION
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SLA PANEL JETTISON SYSTEM

SUPPORT

SPRING
THRUSTER

UPPER
HINGE

LOWER
HINGE

SPRING
THRUSTER
SPRING THRUSTER
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PROBLEMS NEEDING FURTHER STUDIES

e MISSION CAPABILITY OF BLOCK I1 ORDNANCE COMPONENT BASE EXPLOSIVE

e BLOCK Il BASE EXPLOSIVE AND BOOSTER CHARGE INTERFACE




