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PLANNING BRIEFING

4-12-67

MOL SYSTEM PLANNING OBJECTIVES '

- VIABLE INITIAL PROGRAM

™ FOLLOW-ON GROWTH THROUGH IMPROVED:

O SYSTEM ECONOMICS

' O OPERATIONS FLEXIBILITY
O MISSION PERFORMANCE | |
O ADDITIONAL APPLICATIONS (NATIONAL SPACE GOALS)
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- MOL PLANNING GUIDELINES

hY

t

® EVOLUTIONARY (NOT REVOLUTIONARY) SYSTEM CAPABILITY GROWTH,

® PRIMARY MISSION IS HIGH RESOLUTION RECONNAISSANCE.
® CONTINUAL EXAMINATION OF FUTURE ALTERNATIVES, TO GUIDE.
 PRESERVATION OF OPTIONS IN ONGOING PROGRAM.
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MOL PLANNING ELEMENTS

O  MAJOR MOL SYSTEM SEGMENTS | o o 5

' / LAUNCH VEHICLE L. /. FACILITIES
v :vuaonuoav VEHICLE '/ FLIGHT CREW | ) {
/ PAYLOAD / TRAINING SIMULATORS .
J RE-ENTRY VEHICLE _ | / SUPPORT FORCES AN
VY SUPPORT MODULE B | | .' I

o TYPICAL PLANNING STUDY CONSiDERATIONS ‘

. RELIABILITY ESTIMATES
COST ESTIMATES

/. PRELIMINARY SYSTEM DESIGN
CONFIGURATION ANALYSIS
PERFORMANCE ANALYSIS SCHEDULE CONSTRAINTS

/

/ s

V  OPERATIONS SCENARIO | EFFECTIVENESS COMPARISONS | |
/  CREW FUNCTIONS R - B

<« < L <

[

SPECIAL GANDLING
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REVIEW OF MOL PLANNING ACTIVITIES

ORGANIZATION AND SCOPE OF BRIEFING.

[}

o 'EA'\RLY SYSTEM DEFINITION STUDIES (1963 - 1965) |

O 'RECENT SYSTEM IMPROVEMENTS AND GROWTH STUDIES ( 1965 - 1967)

© CURRENT MOL PLANNING FRAMEWORK (1967 - 1968)

SPECIAL HANDEINEG
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REVIEW OF MOL PLANNING ACTIVITIES

ORGANIZATION AND SCOPE OF BRIEFING

O  EARLY SYSTEM DEFINITION STUDIES (1963 - 1965)
L S . b ’ o . % |

‘ O RECENT SYSTEM IMPROVEMENTS AND GROWTH STUDIES (1965 - 1967)

O CURRENT MOL PLANNING FRAMEWORK (1967 - 1968)
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FINITION PERIOD

TYPICAL MOL PLANNING STUDIES - EARLY SYSTE

. — DS T

LABORATORY VEHICLE

1.
2.

,7'
'.s.
- 5.

.
Ty
.

13,

10 FT. VS 13 FT, DIAMETER

AMOUNTS OF PRESSURIZED AND UNPRESSURIZED VOLUMES

e i Ak

Y ESINGLE Vs DUAL PRESSURIZED COMPARTMENTa ‘ _ a0

FORWARD VS AFT LOCATION OF TEST SECTION

LONGITUDINAL VS TRANSVERSE CREW ORIENTATION
51D E BY _SIDE vs 'END- TO END DOCKING MODH

B LT oot Al

< Mok s

s m
' "TERNAL VS EXTERNAL ARTIFICIAL GRAVITY PROVISIONSi

L. i i o e e 1

'LAR ARRAY VS FUEL CELL ELECTRICAL POWEZEEJ

i e

vl’PROVISION FOR" e "ADD ON" VS "BUILT IN" APPROACH FOR RENDEZVOUS bv

P

F AND DOCKING] ..
| MAINTENANGE VS REDUNDANCY FOR SYSTEM EFFECTIVEEI“};

s

,SINGL.E \£] MULTI LEVEL ATTITUDE CONTROL THRUSTERS
GEMINI VS APOLLO ATTITUDE CONTROL ELECTRONICS APPLICATION

REACTION JET VS COMBINED REACTION JET/MOMENTUM STORAGE ATTITUDE
CONTROL SYSTEM.

RADIATIVE VS ABLATIVE ATTITUDE CONTROL THRUSTERS
OPTIMAL ATTITUDE CONTROL JET CONFIGURATION

COMBINED VS INDIVIDUAL ELECTRICAL INVERTERS/CONVERTERS/REGULATORS
SEPARATE VS INTEGRAL HEAT REJECTION SYSTEM FOR ELECTRICAL POWER
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LABORATORY VEHICLE (CONTINUED)

18. {EUEL CELL SELECTION FOR ELEC’I‘RICAL POWER j
19. USE OF AUXILIARY BATTERIES VS USE OF THE LABORATORY CENTRAL POWER SYSTEM

FOR SPECIAL PURPOSE ELECTRICAL LOADS AND/OR EMERGENCIES | e i

20. ﬂSINGLE VS DUAL GAS ENVIRONMENTAL CONTROL SYSTEMv] o - o
21, VCAsEous VS SUPERCRITICAL. ORSUBCRITICAL CRYOGENIC FLUID STORAGE

22. - WICK ABSORBERS VS CENTRIFUGAL ROTATORS FOR HUMIDITY CONTROL - | ST

| 23. LITHIUM HYDROXIDE Vs MOLECULAR SIEVES FOR coO CONTROL -

2
24, RADIATOR VS WATER BOILER FOR PEAK THERMAL LOA D CONTROL

|

25, ALUMINUM VS MAG-LITHIUM STRUCTURAL MATERIALS - o , S L
26 ?:vSINGLE Vs MULTI- WALL STRUCTURAL CONFIGURATxoa - S T

1

'27. CURVED VS FLAT PRESSURE BULKHEADS
282 INTEGRATED VS INDIVIDUAL COMPONENT TM/TRACK AND COMMAND
29. . COMBINED VS SEPARATE DATA MANAGEMENT FOR LABORATORY AND EXPERIMENTS

Crwm B “

%;:_"._IVI-IOLE IN THE HEAT SHIELD vs INFLATABLE TUNNEL Vs ROTATED GEMINI FOR!

1.

ASTRONAUT FRANSFER

2. ABORT TOWER VS SEAT IMPROVEMENT, ADDITIONAL REDUNDANCY AND ADDKT(ONAL
PROPULS[ON FOR CREW ESCAPE
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TYPICAL MOL PLANNING STUDIES - EARLY SYSTEM DEFINITION PERIOD

GEMINI B (CONTINUED)

"4, AUTONOMOUS BATTERY OR FUEL CELL POWER VS UTILIZATION OF umoaxroav Powsa
5. USEOFA GEMINI-A ADAPTER VS ALTERNATIVE NEW ADAPTERS ‘

A

TITANHI C :

1. - ACTIVE A\ PASSIVE ON-ORBIT TRANSTAGE TEMPERATURE CONTROL

2. ALTERNATIVE DEGREES OF REDUNDANCY FOR RELIABILITY AND SAFETY IMPROVEMENT : o
3. TRANSTAGE VS NO TRANSTAGE STUDY ‘ o : . 3 B
OPERATIONS/ PERF ORMANCE

' ,1;.-"‘ oam'r DECAY VS CONTROLLED RE-ENTRY- vs EXPLOSIVE DESTRUCTION FOR - T o 4
LABORATORY DISPOSAL '

o OPTIMAL DISTRIBUTION OF EXPERIMENTS PER FLIGHT AND THE SEQUENCE OF
R EXPERIMENTS CONDUCT WITHIN EACH FLIGHT

3. INCREASED ON-ORBIT LOITER CAPABILITY FOR GEMINI B VS INCREASED RECOVERY _
" FORCES | . o : o 1 ;

N | QUALIFICATION OF EQUIPMENT FOR STORAGE ENVIRONMENT VS ALTERNATIVE :
METHODS OI"‘ PROVIDING AN ENVIRONMENT COMPATIBLE WITH EXISTING QUALIFICATIONS
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TYPICAL MOL PLANNING STUDIES - EARLY SYSTEM DEFINITION PERIOD - ~

OPERATIONS/ PERFORMANCE (CONTINUED)

8. TARGET DECK SIZING ‘ |

9. WEATHER ANALYSIS - ALTERNATIVE RETARGETING B
10, DETERMINATION OF MAN'S IMC PERFORMANCE | |

“11. SENSOR SIZING SYSTEM STUDIES - ALT/OPTICS/DRAG

12, .OPTICAL SYSTF&M STUDIES - BAKER-GREY

»13.  TRACKING MIRROR VS DUMP TRUCK ANALYSIS - -

© 14, AUTONOMOUS NAVIGATION STUDIES |
L t
. ‘
' ‘

S \ D __ D SEGRET_SPECIAL HANDLING
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TYPICAL GROWTH-ORIENTED STUDIES

EARLY SYSTEM DEFINITION PERIOD
(_LABORATORY vzmcx_z)

® PRESSUR.IZED VOLUME AND COMPARTMENTATION

TRADES IN VOLUME UTILIZATION, DUAL VS SINGLE COMPARTMENTS RELATIVE
CREW SAFETY

@ ENVIRONMENTAL CONTROL SYSTEM

APPLICABLE. EXISTING EQUIPMENT. SINGLE OR DUAL GAS ATMOS. ' CO REMOVAL
APPROACH DEFINED _

- @ ELECTRICAL POWER B : . -

DETERMINED POWER PROFILES, FUEL CELL VS SOLAR CELL TRADES, 1000 HR FUEL L -
CELL AVAILABILITY -

3 STRUCTURAL CONFIGURATION

ARRANGEMENT OF STRUCTURALLY AND THERMALLY REQUIRED MATERIAL TO
- MAXIMIZE METEOROID PROTECTION

| e An'rxncuu. GRAVITY CONCEPTS

. EVALUATION OF SYSTEM COMPLEXITY. WEIGHT PENALTIBS. DYNAMIC PROBLEMS. :
OPERATIONAL FLEXIBILITY .

® DOCKING MODES v

STUDY OF APPROACH MANEUVERS, MISALIGNMENT CONSTRA!NTS. CREW/ CARGO
TRANSFER, DRAG EFFECTS

@ EXTENDED MISSION DURATION
' EVALUATION OF RENDEZVOUS OPERATIONS AND DISCRETIONARY PAYLOAD CAPABILITY

e MAINTENANCE/REDUNDANCY OPTIMIZATION . -

: FAILURE MODE AND EFFECTS ANALYSIS, IN-SPACE MAINTENANCE CONSIDERATIONS.
g k REDUNDANCY V§ _SPARES TRADES, 60 DAY MISSION CAPAEILITY
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REVIEW OF MOL PLANNING ACTIVITIES

- ORGANIZATION AND SCOPE OF BRIEFING

O EARLY SYSTEM DEFINITION STUDIES (1963 - 1965)

" 'O RECENT SYSTEM IMPROVEMENTS AND GROW TH STUDIES (1965 - 1967) ’i

- O CURRENT MOL PLANNING FRAMEWORK (1967 - 1968) , ; SN
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TYPICAL RECENT - PLANNING STUDIES '

SYSTEM ECONOMICS |

O LAUNCH VEHICLES & SPACECRAFT APPLICABLE TO MOL |

SATURN [ AND TITAN IIl BOOSTERS, APOLLO, GEMINI AND . ' - (60 _MIN)

MOL SPACECRAFT, ETR & WTR OPERATIONS | 3 S -
'O EVALUATION OF ETR & WTR OPERATIONS FOR MOL o o . |
- 'UPRATED SATURN I AND TITAN 1lI BOOSTERS, ETR AND WTR . (60 MIN) -

OPERATIONS

‘O RENDEZVOUS/RESUPPLY SYSTEMS GROWTH

CONFIGURATION DEVELOPMENT, RENDEZVOUS AND DOCKING =~ (120 MIN)
MECHANICS, OPERATING MODES, RELIABILITY CONCEPTS, | | - |
COST BENEFIT COMPARISONS

O  EXTENDED DURATION INTEGRAL LAUNCH SYSTEMS GROWTH

50-90 DAY MISSION CAPABILITY FOR BASELINE MOL DERIVATIVES (30 MIN)
O SUBSYSTEM LIFE EXTENSION CONCEPTS o | ' Y TR
'TRADES BETWEEN MAINTENANCE, REPLACEMENT, REPAIR, BLOCK o MN) )
AND FUNCTIONAL REDUNDANCY - MEAN MISSION LIFE & SYSTEM ' TR I
~ AVAILABILITY | |

b. "O MAXIMUM DURATION AUTOMATIC MODE VEHICLE

C - 60 DAY DESIGN LIFE AUTO MODE VEHICLE DEVELOPMENT ' (30 MIN)
. GUIDELINES DEFINED :

O WHOLLY UNMANNED SYSTEM EVALUATIONS

COST BENEFIT COMPARISONS BETWEEN OPTIMIZED WHOLLY ' (90 MIN)
UN-MANNED (WUM) SYSTEM, AND MOL FOR DORIAN MISSION :

i

\ e D _SEGRET SPECIAL HANDLING o : J
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TYPICAL RECENT PLANNING STUDIES
OPERATIONS FLEXIBILITY

O EVALUATION OF SV-5 MANEUVERING RE-ENTRY VEHICLE FOR MOL’

MARTIN CO. PROPOSAL FOR MEDIUM HYPERSONIC L/D VEHICLE
TO BE DEVELOPED FROM PRIME CONFIGURATION o0

o MANEUVERING RE-ENTRY VEHICLE TEST ON MOL AUTO-MODE FLIGHTS
FEASIBILITY INVESTIGATION OF FULL SCALE, UNMANNED PROTOTYPE
» LIFTING BODY FLIGHT TEST ON MOL DEVELOPMENT FLIGHTS 6 & 7
- O MAN'S CONTRIBUTION TO MOL MISSION EFFECTIVENESS

ACTIVE TARGET INDICATORS, WEATHER AVOIDANCE, WEATHER
VERIFICATION, PRECISION NAVIGATION FOR TARGET ACQUISI’I‘ION
IMPROVEMENT BY MAINTENANCE/ REPLACEMENT/ REPAIR

- Q ORBITAL RESCUE AND ESCAPE

ESTIMATE OF RISK THAT CREW BE STRANDED IN ORBIT AND EVALUATION
OF VARIOUS MEANS TO REDUCE HAZARD

- O CONTINGENCY PLANNING ALTERNATIVES

- ANALYSIS OF BACK-UP HARDWARE COSTS AND LEAD TIMES FOR
FLIGHTS 1 AND 2, AND FOR OPTIONAL USE OF M/AM OR AM
- CONFIGURATIONS FOR FLIGHTS 6 AND 7

O POSSIBLE FOLLOW-ON VEHICLE MIX

FISCAL FUNDING ANALYSIS OF LEAD TIMES AND COSTS FOR A RANGE
OF "CARBON COPY" FOLLOW-ON BUYS.

O '"CONVERSION'" VS "SUBSTITUTION" M/AM -- AM

STUDY OF DECISION LEAD TIME AND COSTS FOR VARIOUS APPROACHES
TO OPTIONAL CHOICE OF M/AM OR AM FLIGHT CONFIGURATIONS

k L T : »o\swncun HANDLING

. WHS-311 ‘
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(15 MIN)
(20 MIN)

/

(120 MaN)

oMy | 1o

aomn |

(10 MIN) |

(15 MIN)
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TYPICAL RECENT PLANNING STUDIES
MISSION PERFORMANCE

o

. O ADVANCED (GROWTH) PAYLOAD ' Lo

FEASIBILITY AND CHARACTERISTICS OF ADVANCED OPTICAL . (30 MIN)
SYSTEM-RESOLUTION) : .

o SYSTEM ROUGH SIZING: FOCAL LENGTH, APERTURE

o CONFIGURATIONS: TRACKING MIRROR, POINTING TELESCOPE,
FOLDED OPTICS '

- v DEVELOPMENT/FABRICATION OF LARGE _ MIRRORS |
v LARGE CONTROL MOMENT GYROS
o FLIGHT VEHICLE CONFIGURATION ANALYSIS

O COMPLIMENTARY PAYLOAD ELEMENTS

POSSIBLE ENHANCEMENT OF BASELINE HIGH RESOLUTXON OPTICS (20 MI'N’.‘
SYSTEM BY "ADD-ON" DETECTION/ACQUISTION SENSORS. SENSOR '
EQUIPMENT AND VEHICLE INTEGRATION REQUIREMENTS

‘0 ELECTRONIC POINTING SYSTEM (ELINT)
o FORWARD LOOKING RADAR

i
O BASELINE PAYLOAD ENHANCEMENT ' | . (20 MIN)
o POINTING AND TRACKING SCOPE ALTERNATIVES
o EXTENSION OF CAPABILITY FOR AUTOMATIC IMC
o SINGLE VERSUS DUAL CAMERA/FILM LOADING STUDIES

i

_Ncn&;sncmn HANDLING
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TYPICAL RECENT PLANNING STUDIES
ADDITIONAL APPLICATIONS

NAV-MOL SYSTEM
MOL VEHICLE SYSTEM + NAVY PAYLOADS FOR OCEAN SURVEILLANCE

SAA 209/MOL EXPERIMENTS PLANNING

MAN-EQUIPMENT EXPERIMENTS UNIQUE TO MOL, FLOWN ON NASA.

S-1V B "ORBITAL WORKSHOP." EVALUATE PROCEDURES. MAINTENANCE,
TOOLS, CREW RESTRAINTS.

A

SELECTED MOL/GEMINI-B DATA FOR AAP

PERFORMANCE, CONFIGURATION, SUBSYSTEMS DATA, INCLUDING
.GROWTH POTENTIAL FOR INTEGRAL LAUNCH AND RENDEZVOUS.
REQUESTED BY NASA.

_ASTRONOMY

POTENTIAL FOR BASELINE SENSOR TO PHOTOGRAPH NEAR PLANETS:
'MODIFICATIONS FOR STELLAR PHOTOGRAPHY

BIO-MOL CONCEPT (PSAC)

MOL VEHICLES FOR PROLONGED BIO- MED TEST, COMBINED WITH
'DOD MISSION OR SEPARATE FLIGHTS,

MOL VARIANTS FOR NASA APPLICATIONS "A'" + BlIO-TEST MISSION

ACCOMMODATE 14 METEOROLOGICAL EXPERIMENTS ON SEPARATE
'FLIGHT OR PIGGYBACK ON BASELINE VEHICLES,

- wHS-311 - N\
- Page 15 ' \

1

(15 MIN)

(20 M!N) '

(TOR :
REPORT)

(20 MIN)
(30 MIN)

(60 MIN)

(60 MIN)

DSEERET_SPECIAL HANDLING
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- A MOL SHORT RANGE PLANNING STUDY EXAMPLE

* "FOLLOW-ON SYSTEM ANALYSIS"

WHS-311
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- POINTING CASSEGRAIN CONFIGURA TION . -

CAMERA ACCESS
TUNNEL -

- YOKE ROLL [~
' BEARING

LAB MODULE

R I
‘'
.
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POSSIBLE MOL LAUNCH VEHICLE EVOLUTION

T-m ~ EXPANDED EXPANDED 156"
MoL . STAGE 1 STAGE I SOLIDS

saME T 1 nNew__of | SAME —o=
— STAGE N = STAGE Il STAGE 11

NEW
SAME _g| 4 SAME —t— SO
SOLIDS SOLIDS - (156)

- NEW st~ = SAME ==t =t SAME ~
STAGE 1 STAGE I STAGE 1

- S . ,
., BASIC STE%;I ~ sTEPM . stePm - |
" PIL (30"50/130) 32,000 ' - 46, 000 48 - 53, 000 '7o°- 80, 000 .

. \__ _ MS@E@ l veam@um

o0
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VEHICLE
LAUNCH
WEIGHT, W
(1,000 LBS)

50

40

20

10

 EXTENDED DURATION INTEGRAL LAUNCH E
ORBITING VEHICLE
-=- '
;-_—_(]I u.c, { LAB MM
- o - Vi \ B
Lo- ‘L ‘J
T I LDC I CAPABILITY 12900, 80/180 N, M1
L. - . ' ’ .
| ~30
" K
- . UNPRES-
" SURIZED
- 0 com- A
'PARTMENT

L LENGTH, L
4 “on’
Jio
q .

1. 2 i L ! 2 } 40
0 10 20 30 40 50 60
~ MISSION DURATION « DAYS |

F1_SPECIAL HANDLING

WHS-311
) -Pag'e 19

ot




- € ) » ‘ . )
~_ NRO APPROVED FOR . . s s T X .g -
RELEASE 1 JULY 2015
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EXTENDED DURATION INTEGRAL LAUNCH -

'ORBITING VEHICLE
. {50 DAY MISSION DURATION)

" EXTENDED ' a _ :
GEMINI B DURATION uaoxu'roxv — 14

- COMPARTMEN MODULE

fa)

\ J.BEEEEL.SPE@ AL HANDLING o
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WHOLLY UNMANNED VEHICLE - TII 7 SEG BOOSTER .

MISSION :
CONTROL : .
MODULE | SUPPORT MISSION MODULE
' N *. FLIGHT
- FE DIRECTION
Seé ON-ORBIT
N/ - - v .
N\ $ :
u > ' . ' .
| ) b 16, 0 ——fa——14. 0 . 36.9 ' -l |
00 0‘-—0*4——- 130 . ) - ' !i
|

ATTITUDE CONTROL NOZZLES (16)

. SOLAR PANEL (ERECTED) o NiE
/ ATTITUDE CONTROL GAS (6} . - | | .
AL L2

RE-ENTRY VEHICLES
EQUIPMENT BAY

PROPELLANT
TANKS (4)

i

BACK-UP THRUSTERS (2) - 1
PRIMARY THRUSTER o : -
: i

g \ - SECTIONB®-B DMPECML HANDLING
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GROWTH AVENUES
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e
- . s

p )
RIV RIV
RENDEZVOUS RRV A RRV S
—rSUPPLY il A t-mumiz. 7k PIL TP T-11IM 20. 8K P/L
- A CONTINUOUS CONTINUOUS
M/ || AM 1 OPERATION . - ]| OPERATION.
AM T 60 DAY 60 DAY
15 MOL RESUPPLY RESUPPLY
S , ' CYCLE e CYCLE
FOLLOW-=-ON . avp o o :
PROGRAM
et T-11 LDC 1 - 7 SEG SRME\  T-1II LDC 1 & 2-7 SEG SRM _
-1 M 12. 7K P/L - 50 DAY 20. 8K P/L - 60 DAY
12.7K P/L - | ,
30 DAY
" BASIC MANNED SYSTEMS
|| MoL WHOLLY ¢ : -
PROGRAM uUNMANNED sysTEM| )
- T-11M 12. 7K P/L

/85 DAY DESIGN . WUM
(58 DAY MMD)
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RESUPPLY SYSTEM STUDIES |

RENDEZVOUS OPERATING MODES

. RENDEZVOUS MECHANICS

VEHICLE SIZING ANALYSIS

VEHICLE CONFIGURATION DEVELOPMENT |
DOCKING MECHANICS B -
PERFORMANCE ESTIMATES

ATTAINMENT OF Ex'rznbr:i? DURATION
BASELINE w;nnw.mz mpucx_rxons

OPERATIONS ASPECTS

s

GROUND OPERATIONS IMPLICATIONS

POSSIBLE RENDEZVOUS GROWTH WITH MINIMUM
BASELINE IMPACT

SYSTEM COST AND BENEFIT COMPARISONS

WHS-311 '
"-Page 24 o
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VEHICLE SIZING SUMMARY
(RRV)

[ )
- SUPPLY MODULE | 10'
-40 -y ) " . .{;.; . et— ..-J i

e o —

LAUNCH VEHICLE CAPABILITY FOR i= 96. 40

304 — -~ (80/180)-- - — -- /

-

OFF-LOADING RATE __— — _
60 DAY DESIGN

g, W

| S L - e Aee et et b o

20- - L20

104 - 10

VEHICLE LAUNCH WEIGHT, W~1,000 LBS

SUPPLY MODULE LENGTH, ./ ~ FT.

0o 10 20 30 40 50 6 70

DURATION -~ DAYS - J

~SPECIHL. WAROLINE

R
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D T SPECIAL HANDLING

 RENDEZVOUS/RESUPPLY VEHICLE SIZING APPROACH

!

FIXED VEHICLE ELEMENTS

Vv GEMINIB : :
4 RENDEZVOUS PROPELLANT AND TANKAGE

/ . THRUSTERS + & STRUCTURE

Y DOCKING HARDWARE S
‘TIME DEPENDENT VEHICLE ELEMENTS '
CRYOGENIC STORAGE
PROPELLANT STORAGE AND PRESSURIZATION
FUEL CELLS AND POWER DISTRIBUTION

ENVIRONMENTAL CONTROL (ATMOSPHERE)
SPARES
DATA RETURN VEHICLES AND FILM

UNPRESSURIZED HOUSING STRUCTURE AND
CREW TUNNEL EXTENSION

LS S . S

D )sc,m:r/ SPECIAL HANDLING

PERSONNEL (FOOD, CLOTHING, MEDICAL, ETC.)

: WHS- 31 1
Page 26
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VEHICLE GROWTH EQUATION

. (RRV)
|
' @ VARIABLE VEHICLE ITEMS
o _ o A ® "_o + O + & +2 L
v vProp. Sys. _w-l:Ps tw wPot‘onud wn.w vs»:« vCrw Tunnel

EC/L8

= 1724 (L46% 10°Y W_ AV +(24 + 40,3 LB/KW-DAY)+ 15.87 + 5,74 63,8+ 6.0+ &8

= | 139+ 40,3 LB/KW-DAY + (1.46 x 10"%) w

 NOTEs HOUSING STRUCTURE INCLUDED WERE APPLICABLE

i

. . Page 27 |
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! RESUPPLY VEHICLE DESIGN
® GEMINI B + CREW &k EQUIP, - . 6, 450
FI '@  SUPPLY MODULE (ZERO DAY)
o ACTS (THRUSTERS, TANKS, svppon'rs) 1,850
DOCKING HARDWARE o 230
FUEL CELL (1) + DISTRIBUTION - 290
: RENDEZVOUS RADAR (GEMINI B) 90
HOUSING STRUCTURE (~1.5') c o 75
SR A n , PROPELLANTS (RENDEZVOUS) , : 2,300
SR S T " * CONTINGENCY (DRY WGT 20%) L . 970
B | » . TOTAL S o 12,228 LBS"
- | '® 60 DAY GROWTH @ 293 LBS/DAY" - o 17,580
. TOTAL VEHICLE WEIGHT fo 29,805 LBS
'/ OFF-LOADING RATE o .
© . PROPELLANT (O.K. + LIMIT CYC.) 75
© EPS (163 KW-AVG.) | 35
, _ DATA 55 :
R : EC/LS + PERSONNEL - . 13
O - SPARES g 6
iy b "y v . —
» 184 LBS/DAY .
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VEHICLE

£y

. 600"

RRV/RLV=322
209 - o :

o CpA~ SQUARE FT. .

-0 .8 : 100 150

TOTAL VEHICLE LENGTH (L) FT.

D SERREL seeenn mpune

DRAG CHARACTERISTICS AND
NMANCE REQUIREMENTS _

EC

WHS-311
Page 29,

(R1V) |
R.M/AM=3, 08 A o
‘ RRV/RLV=
.67

: LBS PER DAY PER FT/SECOND

v,
av
o

0 " 40,000

AVERAGE VEHICLE WEIGHT (W) LBS

20,000

- Dttt

AL HANDLING

ZS8 U o

e e At et e e w s P .
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BASELINE AM VEHICLE

1T

- .
) £ : i
B ; .
!
3
i
i

RENDEZVOUS RESUPPLY VEFRITLE RENDEZVOUS INFTIAL WERICLE PR B

&——{DRV + FILM HANDLING | BRI

ST
o

B

: EXTENDED : - )
E I B o DURATICN,, o DELETE GEMINI B

un%?zmgggzzz . @ ADD EXTENDED DURATION N D

| s =
‘COMPARTMENT o PROVISIONS I

® ADD DOCKING SYSTEM AND

- INTERFACE
® ADD BASELINE SUBSYSTEM |
COMPONENTS | ® ADD ASCENT FAIRING

+‘ o @ ADD DOCKING,SYSTEM AND |
\r 'INTERFACE
- T s T"SPECIAL HANDLING
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SE T SPECIAL HANDLING . _—

EMNDEZVQUS PPLY V - Y 0

FILM :
} CHUTE %
| 3 LH, TANK |
7,427 :
J - / - ’!
{/ 4 H
STORACE
\J COMPARTMENT 4
. & CREW TUNNEL _ l
PRESSURANT L
i TANK b .
VIEW B b ;
. :
. 3 :
i . r A l——.l '-. C 1.
N
- / /‘ ~ - e Y
' 3 ) \ . ” - 1 - .
. O ! «‘ I\“ ’ ! . s o* 4
U -— === e — - ——r i
P . \'\- T ' ) ‘/T. I: ‘
\ — ~ / Y B Y& = b‘.’.—zzrg .
s = = :.:.. « \.- ol o -%
' Vy” \ ' N \ \ J
! {) O '< ) < ( . \ _:r \ ;
: : : u.c. : - o~ RENDEZVOUS ~ °
- BASELINE GEMINI B + LAB U.C. e , EXTENDED DURATION MODULE {20°) “eeen{ x‘x;n u‘é‘é‘in
. B - * ) . . ) “- ) ; .
ad : : - i _ - - :
“SECRET_SPECIAL HANDLING
‘ N
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RENDEZVOUS
RESUPPLY
VEHICLE

RRV FUNCTIONS .
CREW TRANSPORT VEHICLE
ACTS PROPULSION
PRIME POWER SYSTEM
LIFE SUPPORT EXPENDABLES
DATA RETURN SYSTEM

— SPECIAL HANDLIVE

NRO A?VH] FOm—
RELEAE 1 JULY 2015 .
‘ . _RENDE OUS ORBITING VEHICLE CONCEPT

SUBSYSTEM SPARES/REPLACEMENTS

Page 32

RENDEZVOUS . =
INITIAL -
VEHICLE -

-

DOCKING AND SEPARATION

"PLANE

RIV FUNCTIONS
LIFE SUPPORT SYSTEM

ATTITUDE CONTROL REFERENCE/
'ELECTRONICS

ENVIRONMENTAL CONTROL
HRO SYSTEM

EGIAL MN[DMN@:

WHS-311 ~~

COMMUNICATIONS AND DATA HANDLING

Ll
i . i e U Aot e e e e e e i
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DOCKING SYSTEM/INTERFACE CONCEPT

4

MATING SEQUENCE: - aE

1. DISSIPATE DOCKING ENERGY

‘& STABILIZE STRUCTURE

L , 2. INDEX & LOCK STRUCTURE;
, TUNNEL

3. MATE MECHANIZFD

UMBILICAL CONNECTIONS

4. PFRFORM FUNCTIONAL CHK,
S. OPERATE

TV TARGFT . |

UMBILICAL

EARTH i CONNECTOR = —e ¢” ELECTRICAL POWER _
| 1{‘ . . cowumcmxoug ‘ 1
ORT C e LIFE SUPPORT o
~ FILM TRANSPORT CHUTE * LIFES |
,' e INSTRUMENTATION
| e ACTS CONTROL SIGNAL

uscw,mnp;,mc S | |
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C 0 DSERER TR e R )

- CONCEPT OF EXTENDED LIFE SYSTEMS

' 4

et e e i e e o e d

®  COMPLETE REPLACEMENT EACH RESUPPLY CYCLE
o Y FUEL CELLS
/ ‘CRYOGENIC TANKAGE
/  THRUST CHAMBER ASSY.
/ PRQPELLAN‘T TANKS/FUEL SYSTEMS

' @  INTENSE APPLICATION OF SPARES FOR MANNED MAINTENANCE/
" REPAIRS/REPLACEMENT. .
- ®  UTILIZATION OF MAN IN TROUBLE-SHOOTER ROLE
) ELIMINATION OF MAJOR EQUIPMENT PROBLEMS DURING INITIAL

MOL DEVELOPMENT PROGRAM.
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| . WHs-311
- RENDEZVOQUS ORBITING VEHICLEWVAILABILITY FOR LONG DURATION  Page 35
SYSTEM UP 4 . ¥ Y - ,
| ' ) A ] " '
8 s ] NE ] !
SYSTEM DOWN H t 1 L X A
" 1,00, ¢ |SYSTEM DOWN DURING 7 :
t DOCKING & MOORING _J SYSTEM DOWN FOR REPAIR =
(TYPICAL EACH RRV )" |AFTER MAJOR FAILURE '
| < 90p | ’ PROBABILITY OF |,
' ; FAILURE INCREASE .
CRODABILITY ¥ DUE TO CHECKOUT|| D |
OF SYSTEM s} | T ' _EFFECT OF REPLACEMENT
BEING OUT OF ‘JL | T BY RESUPPLY
COMMISSION e } TR
s | : | - | il
‘ IF NO CHECKOUT . T
' MADE
° ) 30 P ' . '
| i |
. _E 8 J
.20} | L. A i /| Ara
- 13 | v DOCKING, EFFECT
| /! N/ / /
| / ~ | / |
.10} 7 M R - —
] / L/ v ¥ .
P 4 v TN EFFECT OF UNIMPROVABLES
e .
o . 60 120 180 240 300 360
'c'- YCLE 'l_ N FRO T C

A . N . ‘ | . |

SPECIAL FAHDLING
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| a | PECIAL MANDLING rss-311

EARLY RESUPPLY FOLLOW-ON PROGRAM ESTIMATED CQSTS
NON-RECURRING
o RRV DEV, 67.5
o / DESIGN/INTEGRATION 50. 0
' / HARDWARE 17.5
® DOCKING SYSTEM DEVELOPMENT 18.5
® RIV DESIGN/INTEGRA TION : 18.0
Q ROV INTEGRATION/TEST ' : : 12.0
] LAUNCH SITE REQUIREMENTS 142. 5
N ® ADDITIONAL PRODUCTION FACILITY ' 10.0
J AND FACTORY AGE {RRV) .
(5] MISSION SIMULATOR MODS ' 5.0
TOTAL M$ 273.5

I



RELEASE 1 JULY 2015 D NE SL BV’ A
. . J-oL gPEC”M_ ANDLING - WHS-3I1T N\
| RRY DESIGN AND INTEGRATION, . ‘PagedT .

ESTIMATED COST IN $1000 a

ENG'R DESIGN |

$ 3000/ MM . ' ?

MEN MAN-MON _FOR 18 MON  DEV.TEST QUAL,TEST = |,

® EXTENDED DURATION 20 360 1,080 1,500 ° 1,500 :
- MODULESTRUCTURE . o , : | ‘

© PROPULSION SYSTEM » 15 270 810 1,000 1,500 ‘;

 “INSTALLATION | | o | .;
' ® POWERSYSTEM . ; 15 270 8lo 1,000 1. 500
: " INSTALLATION g : .

® CRYOGENIC TANKAGE 15 . 270 810 - 1,000 1, 500
: INSTALLATION . R | .

@ CARGO COMPARTMENT 10 . 180 540 800 1,000 ] :
.. & CREW TUNNEL N . : , .
'® DOCKING SYSTEM - 10 180 . 540 T N
. INSTALLATION. | —_— :

® ACQUISITION AIDS 200 360 " 1,080 1,000 1,500
' - INSTALLATION | - o | |

@® DATA SYS. INSTALLATION 20 360 1,080 1,500 2,000

® DOCKING PLANE INTER 20 360 . 1,080 1,soo 2000 |

i CONNECTIONS , | - 1
' ® GEMINI B INTEGRATION . 45w 810 2,50 - . 4,000 5,500 i
- & LIFE EXT, | | ‘ '

® UNPRESSURIZED COMPART- 15 270 - 810 1,000 - 1,500 | :

~ MENT DESIGN/INTEGRATION | i
©® SYSTEMS INTEGRATION 30 540 1, 620 S " aea
@ SIMULATION & TRAINING 20 360 1,080 2,000 .- o

’ | 255 4,590 13, 840 16,300 19,500 -
TOTAL _ 49, 640
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.

/

RRV GROUND TEST HARDWARE

(RESUPPLY MODULE)

/ QUALIFICATION TEST UNIT (COMPLETE SET)

/ STRUCTURAL TEST UNIT

STRUCTURE & CREW TUNNEL
PROPELLANT TANKS/FEED
CRYOGENIC TANKS

FUEL CELLS (SIMULATED)

DATA SYSTEM (SIMULATED UNITS)
DOCKING SYSTEM

VEHICLE ASSEMBLY & CHECK OUT

TOTAL HRDWR COST

—
.

—
.

L |
DSERET seeciar namouie

WHS-311
Page 38

11.8

| DsfﬂﬂH\SPE®ﬂAL HANDLING
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' . upi SPECIAL HANDLING WHS-311
: Page 39

RENDEZVYOUS/RESUPPLY MODULE RECURRING COST ESTIMATE

MILLIONS OF DOLLARS

@ STRUCTURE SHELL ~ . 1.0
Y SHELL 0.8 '
B J INTERIOR SUPPORT

®©  ACTS 2.2
Y TCA/LOGIC 1.0
/ PROPELLANT '_R%N%ss/ 1.2
® pps MANIFOLDS, VALVES, ETC. 3. 4 :
/ CRYOGENIC TANKAGE 1.6 e
-/ FUEL CELLS (5) : _ 1.5 -
/ CONTROLS/DISTRIBUTION
®  THERMAL CONTROL | 0.2
_ COMMUNICATIONS/TRACKING 0.2
t ° . . P . . o .
o ® INSTRUMENTATION . 0.2
DATA RETURN SYSTEM ‘ 1.8 i
/ FILM TRANSPORT & DRV SUPPORT 0. 3 ‘ ;
J/ DRV'S (6) . 1.5 . , e

® DOCKING SYSTEM :
SPARES COMPLIMENT (60 DAY) 1.0
® VEHICLE ASSEMBLY/CHECKOUT 1

, - o | TOTAL 1.8 |
| nDTSESRET SPECIAL HANDLING

®

e Apees L aen s 2w

-




TR | S o By
o DSERET s e v N\
" ’ : DOCKING SUBSYSTEM DEVELOPMENT - age: :

 ESTIMATED COST IN $1000 ‘
DESIGN DEVEL, TEST @AL TEST TOTALS
® RRY MECHANISM (ACTIVE) 2,500 2,50 . 2,500 | 7.500 . o
ENGAGEMENT & CAPTURE | |
DEVICE ACTUATING SYS., _ ‘ - i
CONTROLS, SENSORS ALIGN- . : '
MENT DEVICE ° . , R o -
‘® RIV MECHANISM (PASSIVE) . 2,000 2,000 7 2,000 6.000
| ENGAGEMENT & CAPTURE, | | - o o :
DEVICE ACTUATING SYS,, - b o o S T
CONTROLS, SENSORS ALIGN- S | o ' . S R
- MENT DEVICE | | o | . » . S B R
“| ®. SYSTEMINTEGRATION . = 1,000 - =ea’' - . 1000 i
" DISPLAY (CRT) EQUIP FOR 500 | S S R
DOCKING | 4 | B R
 MODIFY NASA SIMULATOR 1,600 1,500 a
® MISSION CONTROL . 2,000 2000 ||
3,500 6,000 4, 500 4, 500 18, 500 B I
REI’-‘ERFNCE- L - o | | | ,; R
'® AGENA TARGET DOCKING ADAPTER (TOTAL PROGRAM GOST: INCLUDES srnucruan. -
~ ELECTRICAL, ELECTRONICS: AND 7 SETS OF FLIGHT HARDWARE) ~ 10 MS 4
\ @ PASSIVE TARGET VEHICLE (TOTALgGOST: INCLUDES ALL HARDWARE m;v. PLUS =
N2 FLIGHT ARTICLES) $ 427,000 1) or |
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/0 DSERT e ol g €

RENDEZVOUS INITIAL VEHICLE
(NON-RECURRING COST ESTIMATE) | L
| 1,000/$ N
DESIGN ~ - D.T. ..Q.T. |
. ¥ -_— . ' R ) —_‘_ I
© DOCKING SYSTEM INSTALLATION ' .. : 200 o o |
- ® INTERCONNECTION INSTALLATION - 1,000 1,500 600 | :
(DESIGN + FLUID & ELECT, DEV.} 4 | o g
® TUNNEL HOOKUP - 200 © 300 400
" (DESIGN & INSTALL - DEV,) | | . . 1
@  DATA HANDLING S . S 1,000 . 300 600
. (DESIGN & INSTAL - DEV.,) : :
'®  INTERDOCK SYSTEM . , o N ;
- ATTITUDE CONTROL ("MINIMUM" TYPE) - - 1,500 1,000 1,500 “‘;
, - POWER SYSTEM 200 300 ©. . 400 »
'®  AUTOMATIC SYSTEM o : 200 200 600 |-
" (INITIAL & INTERDOCK REQ.) | o N
@®.  NOSE CONE . 200 400 - 300 |-
. (DESIGN&INSTALL DEV,) - , o R
TOTAL COQST (INCLUDING HARDWARE) _ 4, 500 4,000 4,500
'®  LAB EXTENDED LIFE TEST | | 5,000, | 1
TOTAL - ' ‘ 18,000 K, $

SPECIAL w&m@u{w@ R
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Rage 42
EARLY RESUPPLY FOLLOW-ON PROGRAM ESTIMATED COSTS '
' LAUNCH SITE REQUIREMENTS #
| TOTALS
' Mi o
® FACILITIES Lo | o ]
e LCC MODS - 0.5 SR R B
e’ PAD #1 MODS 0.5 - : | 1.
e PAD#2- NEW" | - 15.5 . : : s
' ® SUPPORT AREAS MODS 4.0 - 20.5
@ AGE | o
: e LCC - . s8,0 : b
e PADNL - . s ]
- e PAD#2 56. 0 119.0 ,
® OTHER .
e TV/COMM 2.0
e SYSTEMS ENG/INTEG. . 3.0
{
TOTAL COST o 142.5
*  SAME RATIONAL AND COSTING AS "MOL LAUNCH FACILITIES OPTIONS" |
. STUDY (PLAN #1), DATED 15 FEBRUARY 1967 3

D\Sfﬁﬁﬂ SpegiL I%{IAN@M}N@
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-

(*]

®

RIV

RRV

SECRET SpEciAL MANDLING

EARLY RESUPPLY FOLLOW-ON PROGRAM ESTIMATED COSTS

RECURRING

HARDWARE

) T-IIIM
o I.AB VEHICLE
o MISSION PAYLOAD
o MISC., - NOSECONE
- AUX, ACTS
- DOCKING & INTERFACE

o&M

] LLAUNCH SERVICES
o TRACKING
. FLIGHT OPS & SUPPORT

HARDWARE

e T-UIM .

e RRV MODULE

o GEMINI

o PRESS, SUITS, ETC,

M

&
o LAUNCH SERVICES - PRIMARY
° - BACK-UP
o RECOVERY/TRACKING
o FLIGHT OPS. & SUPPORT
o CREW TRAINING

(62.

23.
22.

15 cowmw
"

O 00 O W=

WHS-311
Page 43

TOTAL/LAUNCH

(MS$)
69. 4

———

T
"
()

SPECIAL MANDLMG

e
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NRO APPROVED FOR ’ . i e
RELEASELJIIL Y. 2015 N . ..
. DT HTAINIE j _ _ .
,f | [FSERRET SPECIL WIDUNE — v
1 FISCAL FUNDING ESTIMATE FOR A RESUPPLY FOLLOW-ON OPTION -
cY 68 69 70 71 72 73 4 | 15 76
FY 69 70 71 72 - 73 74 15 | 6 B B
© BASELINE PROGRAM XX ©oo00-
. § © EARLY RESUPPLY FOLLOW-ON PROGRAM A=—— 1ST LAUNCH .
' 800} . | b

'~ CONTINUING RENDEZVOUS -
PROGRAM , -

@

$377 M/YR

73




- ReLeAse 1 ULy 2016 | - "J - ”“‘34\’) v
e D) SEGKET secun mamome — wso |

EARLY RESUPPLY FOLLOW-ON PROGRAM ESTIMATED COSTS

FISCAL FUNDING

rv]69170r‘71r72T73{74}15[.16

. STUDIES . 6.0
NON-RECURRING ~ 11L0 850 69.0 - 9.5
. RECURRING " 88.0 .265.0 311.0 313.9 101.8 7.3 8.2

. GSE/TD - - - 1.0 40 50 40 30 20 1.0

YEARLY TOTAL 6.0  200.0  354.0 3850 327.4 104.8  73.3 9.2 -

REL SPecial hampume
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REVIEW OF MOL PLANNING ACTIVITIES 1 . . A ' SR

ORGANIZATION AND SCOPE OF BRIEFING

O EARLY SYSTEM DEFINITION STUDIES (1963 - 1965)

O RECENT SYSTEM IMPROVEMENTS AND GROWTH STUDIES (1965 - 1967)

O CURRENT MOL PLANNING FRAMEWORK (1967 - 1968),

DS vmmawmm -/ |

N EOrTa e n .« s e o it o o .. - USRS Rt A B S e 4 1 e T T T T
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. "D" SEeRET SPECIAL HANDLING . WHS-311
- Page 4§ -

MOL GROWTH OBJECTIVES | . T

® IMPROVED SYSTEM ECONOMICS

V  INCREASED MISSION DURATION | -
- .~} EXTENDED UTILIZATION OF SYSTEM SEGMENTS. -

'@ IMPROVED OPERATIONAL FLEXIBILITY - | .
| ¥ RECALL/REPEATER CAPABILITY ' |
" CREW NUMBER INCREASE | . S
ORBITAL ASSEMBLY : - , o .
ORBITAL STORAGE ' '
' VULNERABILITY COUNTERMEASURES

- @ IMPROVED MISSION PERFORMANCE

/ BASELINE P/L CAPABILITY

v HIGHER RESOLUTION P/L

'/ ADDITIONAL/COMPLIMENTARY P/L ELEMENTS
Y DATA RECOVERY TECHNIQUES

[

e ADDITIONAL APPLICATIONS OF MOL HARDWARE TO
‘ "DOD/NASA NATIONAL SPACE GOALS

"DTSBGRET SPECIAL HANDLING
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. |
POSSIBLE MOL PLANNING FRAMEWORK '
cy 70 IRE T BT 3 | 74 75 g
. e 60 0g -
MOL DEVELOPMENT ®e00c0000000000000
. RESUPPLY SYSTEM N
® ANNUAL COVERAGE e 309, et e _-— ~100 % ———i | |
. g o o » ADVANC
' @ PAYLOAD ELEMENTS e ~~—— BASIC PAYLOAD >+ PAYLOA
| - ADDITIONAL P
 p— PIL ELEMENTS ™
| ' SPRTEE i I R
® LABORATORY SUBSYSTEM b BASELINE . »l~ RATED™] .| °
® REENTRY VEHICLES .-----cr:umxn —_— e e
a EARLIEST an
. ® LAUNCH VEHICLES = j=- T-mM — - ——— | i
. - i . ‘
| - : | Lpc 1 2 |
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WHS-311 ]
. MOL SYSTEM SHORT RANGE PLANNING ACTIVITIES ‘Page 49 \
IN HOUSE STUDIES FY-68 : | L
INITIAL FOLLOW-ON MIX ADVANCED PAYLOAD & TECHNOLOGY |
@ FLT. FREQUENCY ALTERNATIVES '~ @ MIRROR MATERIAL & FABRICATION
® MANNED & AUTO FLIGHTS © NAVIGATION ACCURACY REQMTS.
© FOLLOW ON PROGRAM TIMING | ® MAN VS AUTOMATED FUNCTIONS |
® COST ESTIMATES - ' \ . @ CONTROL MOMENT GYRO DEVELOPMENT|
® LEAD TIME & FUNDING REQMTS, o © FORMAT SIZE AND CAMERA REQMTS ' | |
 RENDEZVOUS/RESUPPLY | ©® FILM TRANSFORT & HANDLING | f@
' ® DAC CONTRACT (5 MOS, STUDY)  IMPACT OF ADVANCED P/L ON MOL k
® OPERATIONS MECHANICS (ALTERNATIVES) - SYSTEM DESIGN/PERFORMANCE |
. @ DOCKING D YNAMICS @ STRUCTURAL DESIGN | 5
: 0 DESIGN EVALUATION @ SYSTEM DYNAMICS | g{
| - SYSTEM LIFE EXTENSION @ NAVIGATION SYSTEM REQMTS 1
" @ MAN'S ROLE IN REPAIR/DIAGNOSIS © ATTITUDE CONTROL REQMTS A
. @ EFFECTIVENESS MODEL EXTENSION ® ELECTRICAL POWER SYSTEM 1
@ ACCESSIBILITY STUDIES ® LABORATORY CONFIGURATION CHANGES | |
| DATA MANAGEMENT/RECOVERY VEHICLES ® SYSTEM PERFORMANCE R B
“ (FOLLOW-ON APPLICATIONS) . ® LAUNCH VEHICLE REQMTS o
® MULT! DATA-RECOVERY-VEHICLE - ® OPERATIONS (ALTERNATIVES, MAN'S.
® WIDE-BAND LINK . - | - CONTRIBUTION) = |
® VEHIGLE SYSTEM IMPACT | ® PRODUCTION FLOW f -
' ® P/L-LABORATORY INTEGRATION L
' COMPLIMENTARY PAYLOADS - S E
(FOLLOW-ON) . B . ' N
VULNERABILITY/SURVIVABILITY
® ELINT, IR, FWD, & SIDE LOOK RADAR, LASER

K o | D“srurukspzcuu. HANDLING 4 o | E /
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. ‘ "WHS-311
/ ﬁssempzcmx. HANDLING . Page 50

MOL SYSTEM SHORT RANGE PLANNING ACTIVITIES
JN-HOUSE STUDIES FY-6B (CONT.)

GEMINI B IMPROVEMENTS STUDIES - . OTHER DOD/NASA APPLICATIONS 1.
@ LAND LANDING ST . ® EXTENDED BIO-TEST N
@ REFURBISHMENT/RE-USE '; ® EARTH SENSOR COMPLEX = .
® STRANDING HAZARD REDUCTION ' ® ASTRONOMY/SPACE PHYSICS = !
@ ORBIT STORAGE LIFE EXTENSION © ORBITAL ASSEMBLY
® CREW SLZE INCREASE - . ® DOD P/S EXPERIMENTS
MANEUVERING RE-ENTRY VEHICLE = - | STATUS REVIEW - ADVANCED S
APPLICATIONS: - . o '~ SUBSYSTEMS TECHNOLOGY |
. ® SYSTEM REQUIREMENTS (MISSION) o © ELECTRICAL POWER
' @ CONFIGURATION DEVELOPMENT ' ©® PROPULSION | .v
© FLIGHT SYSTEM INTEGRATION ® GUIDANGE & ATTITUDE CONTROL
' @ PERFORMANCE ANALYSIS . '@ NAVIGATION |
® DEVELOPMENT CYCLE (TEST FLOW) ® LIFE SUPPORT
‘® OPERATIONS ® THERMAL CONTROL
'FUTURE MOL VEHICLE SYS, PLANNING -
"60 DAY'" AUTO MODE VEHICLE . ‘
IMPLEMENTATION ‘ | | T

@ SCHEDULE & COST ESTIMATE - ‘ | ' B R
® TEST REQUIREMENTS '

o . - | Dﬁtkaupscuu. HANDLING
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MOL SHORT RANGE PLANNING REVIEW

SUMMARY /CONCLUSIONS

o 'PLANNING EFFORTS HAVE CONTRIBUTED TO ESTABLISHING
' A VIABLE PROGRAM

O LOGICAL AVENUES OF SYSTEM GROWTH HAVE BEEN '
VDEFINED AND PROTECTED '

O A PLANNING BASELINE HAS BEEN ESTABLISHED

. O SHORT TERM PLANNING TASKS HAVE BEEN IDENTIFIED . o |

| SPECIAL HANDLING
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' POSSIBLE UTILIZATION OF MOL HARDWARE

© FOR LONG DURATION BIOASTRONAUTICS TES’I‘_ MISSIONS

WHS-311
Page 52
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POTENTIAL APPROACHES FOR BIOASTRONAUTIC TESTING

@ 60 TO 90 DAY DURATION

¢ INTEGRAL LAUNCH MODE SINGLE OR DUAL COMPARTMENT
: MODULE :

o DURATIONS EXCEEDING 90 DAYS

/ RENDEZVOUS MODE - 4 MAN DUAL COMPARTMENT LABORATORY
CONFIGURATION ,

- J 2 MAN DUAL COMPARTMENT LABORATORY CONFIGURATION
~+ + (COMBINED MISSXON) :

SP[E@ l&\[L HAN[DJMN@

P

~WHS-311 N\
Page 53 '

R




ETR '
INTEGRAL LAUNCH DUAL COMPARTMENT LABORATORY
, (CONFIGURATION AND PERFORMANCE)
o CONFIGURATION » o . o
B . 3 . AVAILABLE
: . ACTS THRUSTOR/\ FOR MISSION EXTENDIBLF
' MODULES (4) EQUIPMENT  ,~TUNNEL FUEL
’ Ve CELLS(3)
N v
LHe TANKS
(3
L TANKS 13 LO, TANKS (6)
LH, TANKS (2) ACTS FUEL - ENTRIFUGE
» TANKS(4) _ ' H, TANKS (6)
LO, TANKS (2) , : — 2
L CTS PRESSURANT o A"‘“;“Bi‘g‘m
T e _ : 72.0' SN
o Pnronwmcn: SO
B TOTAL PRESSURIZED VOLUME (SHIRT SLEEVE mvmoum:m) - 2,000 r'r:

. AVAILABLE PRESSURIZED VOLUME FOR CREW \ 1,200 r‘r
AVAILABLE PRESSURIZED VOLUME FOR EXPERIMENT nommu:m‘ 400 l"x'3
AVAILABLE UNPRESSURIZED VOLUME FOR EXPERIMENT EQUIPMENT s 700 FT

_ I:XPERMNT PAYLOAD CAPACITY (ETR, i = 28.5° 180 N M CIR) A5.800 LB
(WTR, i = 80°, 180 N M CIR) ~ 1,000 LB
ELECTRICAL POWER (AVERAGE) 1,650 WATTS®
MISSION DURATION 90 DAYS
' «INCLUDES zoo WATTS FOR EXPERIMENTS

f“éw o DISEGRET sreciw mammume w0

“SPECIAL H&N@MN@
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. ' - @ : Page 55 = ' \. :
APPROACH TO INTEGRAL LAUNCH EXTENDED DURATION i
. S 30 DAY 0 DAY ° |
- _ ) MOL BASELINE EXTENDED r?U'RmoN VEHICLE »
(80/180 N MI OKBIT, 1=80°) {180 N MI CIR, ORBIT, 1=80")
® PROPULSION | ] | _
-~ PROPELLANTS 2,000 LBS . 1,450 LBS
- TANKAGE'® . . : 4 FUEL + 4 OXID, B 4 FUEL + 4 OXID. , 4
‘@ PRIME POWER = ., 3 FUEL CELLS - 6 FUEL CELLS D R ’ L
e 1,650 WATTS - .~ 1,650 WATTS ' .
@ CRYOGENICS - | | N
-~ FLUD (LO,, LH,, LH)  1,330LBS . '5,320LBS 1
| “ TANKAGE © . 2LO;42LH+1 H 8LO,+8LHt4 H oy
®  PERSONNEL PROVISIONS | 3 | | i
. FOOD & PERSONALGEAR  * 148 LBS . R 443 LBS ;
® SUBSYSTEM SPARES - - 160 LBS 410 LBS -

$DUAL COMPARTMENT LABORATORY
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MISSION DURATIONS EXCEEDING 90 DAYS

" (RENDEZVOUS)
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VA SPECIAL HANDLING ot

ENDEZVOUS RESUPPLY VEHICLE

(CONFIGURATION AND PERFORMANCE)

o CONFIGURATION ' DOCKING Mn:cmmsw
: (ACTIVE)~» .

ACTS THRUSTOR ACTS PRESSURANT

- MODULES (4) TANKS (6) REW TRANSFER
. 0, ACCUM. TUNNEL :

- TANKS (4)

— -~ Cantionton.
77 N\ . AN e
{ o )

QI NeD\NLS @D

+ <+ ' J
TANKS (5) g ; / -

i
-~ 3‘"‘
.IvJ % i

LH

2 o A\ ACTS FUEL  “~ AVAILABLE FOR
LO, TANKS (5) | TANKS (6) PAYLOAD «,

T dl - - — 43. 5" ‘ -
. 6 PERFORMANCE |

i

e e

UNPRESSURIZED VOLUME FOR EXPERIMENT EQUIPMENT | 2,000 FT3
EXPERIMENT PAYLOAD CAPACITY (WTR, i = 80°, 180 N M CIR) 10,000 LBS 1.
ELECTRICAL POWER (AVERAGE) | 2.000 WATTS*

RESUPPLY CYCLE (TO SUPPLY 4 MAN CREW) ‘ : 60 DAYS

| \ | %200 WATTS AVAILABLE FOR EXPERIMENTS J

| SPECIAL %&N@&HN@
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o CONFIGURATION

G

(CONFIGURATION AND PERFORMANCE)

AVAILABLE FOR
MISSION EQUIPMENT

DOCKING MECHANISM
(PASSIVE)

DOCKING MECHANISM

-

‘ (PASSIVE)
CTS PRESSURANT \~CREW TRANSFER |
TANKS (4) /  TUNNEL \
& = | D K,
— £ I 10.0".
- = : _ 1
LH, TANKS (4 e Z
2 SPARE
CTS THRUSTER | :
PARTS . ~ LAVAILABLE FOR
LO, TANKS (4}/ MODULES (4 .. | o
1202 _ \_AcTS FUEL | | PAYLOAD
| ~ TANKS (4)
- 72.0" -

"o PERFORMANCE

\

- TOTAL PRESSURIZED VOLUME (SHIRT SLEEVE ENVIRONMENT)

AVAILABLE PRESSURIZED VOLUME FOR CREW |
AVAILABLE PRESSURIZED VOLUME FOR EXPERIMENT EQUIPMENT

"AVAILABLE UNPRESSURIZED VOLUME FOR EXPERIMENT EQUIPMENT
- EXPERIMENT PAYLOAD CAPACITY (WTR, i = 80° 180 N M CIR)

ELECTRICAL POWER (AVERAGE)
RESUPPLY CYCLE

# 200 WATTS AVAILABLE FOR EXPERIMENTS

2,000 FT>
1,200 FT?
600 F13
950 FT>
5,700 LBS
2,000 WATTS*

60 DAYS .

WHS-311 '
Page 58 '

T e
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;
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| | | WHS-311 |
s D SPECIAL FANDLING e N\
- RESUPPLY VEHICLE DISCRETIONARY PAYLOAD : I R
- A | | | ROV DISCRETIONARY PAYLOAD . R
14. 000 k- ; ETR = 10, 200 (i = 28.5%, 180 NM CIR) [
L | WwTR= s,700f (i = 80°, 180 NM CIR)" ,
12,000 | - ETR
s 1= 28.5°, 180 NM CIR Do
NT) i
1% i
- & 10,000 | : 1
' S 2
“”2;3.00'0 - \ WTR \
g _ 1= 80° 180 NM CIR.
Z - |
) .
[ , |
= 6000 R
a -t
400041 A 1 ) ' SRR TS
. 60 70 80 90 - S
S . 'RESUPPLY CYCLE TIME~DAYS R B R
_ *DISCRETIONARY PAYLOAD = BOOSTER CAPABILITY LESS WEIGHT OF LOADED RRV o SRR P
o _SPECIAL HAMDLING
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FIGUR Page 60
2 MAN DUAL COMPARTMENT L ABORATORY CONFIGURATION age =
(counmsn MISSION)
ol WD AED G NS Gt -3
RENDEZVOUS nmnzvous DNITIAL v:-:mcm:
RESUPPLY VEHICLE Ll RLY) A
(RRV) - ‘

H POSSIBLE CREW | R
TRANSFER FROM e . | . : . R
SUBSEQUENT RRV'S ' S . - o L

TR ===~

L4 .-LJ’.. N
RENDEZVOUS ORBITING VEHICLE
~ RRY FUNCTIONS . * R1V FUNCTIONS

'@ CREW TRANSPORT VEHICLE '~ . .@ LIFE SUPPORT SYSTEM | R
® ACTS PROPULSION ® ATTITUDE CONTROL REF, m.:-:cmomcs
® PRIME POWER ® COMMUNICATIONS AND DA'I‘A_I'_!ANDLINGu |
® LIFE SUPPORT EXPENDABLES ® ENVIRONMENTAL CONTROL
® DATA RETURN SYSTEM ; ® PERFORMANCE DATA
® ' SUBSYSTEM SPARES/REPLACEMENTS

LSRRG
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‘ ‘ C e o N ’ :
" NCE 1 1 e , y

K o | ' gEl:M S‘PE@“I[ NANDLING vlgHs 36111 \ |

‘ ' ’ age- :

- _ UTILIZATION OF MOL HARDWARE FOR : g o :

4 MAN DUAL COMPARTMENT LABORATORY CONFIGURATION

- 72 — '..1 L

o . | e e e

O MOL BASELINE VEHICLE o )’“‘* 1 | S : ]

A ' ‘ . i { k\ £l ‘ . ]

; ' ! PRESS, MISSION ’
é ) coug'r. MODYLE | i :
1 L - ~ 'GEMINI LABORATORY I ) | .

. EEE 4 | s MODULE | * | JCREW TUNNEL ..

I PO . S l \/ : * DOCKING SYSTEM | i
e - : ——— (PASSIVE) - N
1o nréwx-:z.vous DNITIAL VEHICLE.. ([]i&w[ h 2 PLACES 8
. | £ — o be “—————— ‘DOCKING PLANE ||

: CKING ADAPTER MODIFIED L -4
| PLANE MISSION g
| ' MODULE d
UNPRESS [ o f
? ¢ J DOCKING SYSTEM ]
=== (ACTIVE)
O RENDEZVOUS stuppw vr:mcu: 'S S M Sl | | ;
_;!_..‘__.'.A:_M_,__ e i e ) ittt =+ oamras < aries ottt L e — [
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SPARE EQUIPMENT

4 MAN DUA

i SPECTAL TENDLING

MPARTMENT LABORATORY

-t
V-—J
S

PR

WHS-311
Page 62

}, .'Z."_'Z.'.j |

. @ INITIAL LAUNCH CONFIGURATION (2 MAN OPS)

e/ \ W4 RS S—— —_— = = ——=
T4 A T T 1 e T
\\ F A 1

N

. ® FIRST RENDEZVOUS RESUPPLY (4 MAN OPS)

\.;_'_._.;.-_

RRV#1

7
=~
1
N

\V4

i
A

A1

pUSRENORE. P
- RRV#2
/ /. 3

® ON-ORBIT CONFIGURATION (4 MAN OPS)

RRV FUNCTIONS

ACTS PROPULSION

PRIME ELECTRICAL POWER
LIFE SUPPORT EXPENDABLES .
EXPERIMENTS ‘

“EXPERIMENTS .

SPECIAL HANDLIG

LABORATORY FUNCTIONS

LIFE SUPPORT/ENVIRONMENTAL CONTROL
ACTS - REFERENCE

- COMMUNICATIONS/DATA

Bl1O-MEDICAL EQUIPMENT

y)
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RELE _ :
. ' S T SPECIAL HANDLING

2 MAN DUAL COMPARTMENT LABORATORY
. CONFIGURATION AND PERFORMANCE SUMMARY

(COMBINED MISSION)

® CONFIGURATION

— : 107!

WHS-311
‘Page 63

® PERFORMANCE DATA

TOTAL PRESSURIZED VOLUME (SHIRT SLEEVE ENVIRONMENT).
AVAILABLE PRESSURIZED VOLUME FOR CREW | '
~ AVAILABLE PRESSURIZED VOLUME FOR EXPERIMENT EQUIPMENT
R.L Y. EXP,  PAYLOAD CAPACITY (i = 96,4°, 80/180 NM)
ELECTRICAL POWER (AVERAGE)
RESUPPLY CYCLE

: DOCKING & SEPARATION PLANE
RESUPPLY VEHICLE RENDEZ_VOUS {g{.‘;’lI\L VEHICLE .

2,060 Fr3
1,200 F1°

210 F13

3,000 LBS ",

3,960 WATTS
60 DAYS

o
E
{

.§»

K e »D',suwﬂ’spscux,umnnmc

CLO-1000 9-27-66
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. D,v:em:ﬁpzcuu. HANDLING WHS-311
' _ Page 64 s,
‘ . . ER . 0 {-
- COMBINED MISSION OPE. ONS | ‘ |
TYPICAL WORKCYCLE FOR A NORMAL DAY |
SUBCYCLE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ]
. r 2NZANY :..1;“..‘:2‘,".-’.1‘ 7 o T.‘.",‘t:;l".‘ﬁt“f"-u‘u‘ﬁ Ty Er _' =P IS r g = . ' . !.
P/L ACTIVlTY ) % 7 B ‘ Lz z1 o
AREAS b 1 : \ . :
3 - CoL
CREW REQ'D s 2 2 2 2 12 2 |2 2 1 . ' L
FOR P/L OPS _ ~ e
READOUT o b x % .
: " |REST/SLEEP ' ' 3
. CREW #1 g - -1
CREW. #2 f : |
R i .
'DAILY SEQUENCE LOAD 4 : | : , ] , N i :
. UPDATE EPHEMERIS I A ¥ Al A A A A : _ B R B
_ (+ WEATHER, PROGRAMMING ca.mcsm) "l

POSSIBLE TIMES AVAILABLE FOR CREW TESTING AND VEHICLE HOUSEKEEPING . ' _
» . _ Jd o

CREW #1 -

CREW‘ 2 " L*mﬂ

I
|

D SEcRsc_bpEciaL HANDLING

CLO-100). .9.27.66
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S Dsggm”gpg@ AL WAKDLIG

POTENTIAL BIOASTRONAUTICS TEST PROGRAMS

-

2 MAN - DUAL COMPARTMENT LAB
mmmmm DATA

WHS-311
- Page 65

LR it A e i e e i 6

. 4 MAN - DUAL COMPARTMENT LAB
LAUNCH DURATION ON-ORBIT TEST DATA
~— _(MONTHS) v
12 2 2,220 2

3. 4 4,4,0,2 4

4 6 6,0,2, 4 6

5. 8 8,2,4,6" -

6 10 10, 4, 6, 8 - .

7 12 12,6,8,10 12, 6,8,10

. TEST DATA TOTALS

1 MAN X 2 MO,
1 MANX4MO, - = *
‘2 MEN X 6 MO,
1 MAN X 8 MO,

1 MAN X 10 MO,
1 MAN X 12 MO,

LAU -
| ~ {(MONTHS) . —
1 &2 2 2,0 2
3 ' 4 0, 2 4
4 6 0, 4 2 -
5 8 2, 0 6
6 10 . 4,0 2
7 12 62 -
8 &9 14 0,2 8
10 16 .0, 4 L
- 18 2,6 -
12 - 20 0,10 ‘.
13 22 2, 12 2, 12

TEST DATA TOTALS

5 MEN X 2 MO.

© 2 MEN X 4 MO,

1 MAN X 6 MO,
1 MAN X 8 MO.
1 MAN X 12 MO.

Bt & L e L St B e e
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?aﬁu-mw 2045 —
*

e Z MAN - DUAL COMPARTMENT LAB 285 . 332 ' 562

o .
""" @ 1 YEAR PROGRAM . ' 515 466 - 981

. "e 2 YEAR COMBINED MISSION PROGRAM . 299 . 97 396

COST RANGE SUMMARY - WTR N\
INCREMENTS ABOVE MOL BASELINE#

\ . NONRECURRING RECURRING TOTAL**
PROGRAM , ' COosT, M$ COST, M$ . COST, M$"~

-
4 ) -

60 TO 90 DAY BIOASTRONAUTICS TESTING
(INTEGRAL LAUNCH)
1 YEAR BIOASTRONAUTICS TESTING o . -

4 MAN - DUAL COMPARTMENT LAB
(INTEGRAL LAUNCH)

2 MAN - DUAL COMPARTMENT LAB
(RENDEZVOUS)

. 2 MANNED AND 3'UNMANNED LAUNCHES PER YEAR ASSUMED FOR BASELINE
" FOLLOW-ON PROGRAM

*4 NOT INCLUDING NASA PAYLOAD ELEMENTS

SPECIAL MANDUNG —  heees O\ .

 [SEBREL. SPemm e

e e 10 miame
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. L Cwas-311 \
( ~ AVAILABILITY OF ALTERNATE SYSTEMS-WTR - ‘Pagehh -

MONTH FROM : ;
PHII ATP 21222 124 zs]zélzizalzjsd 330 sd3Tseldads faFadadaslad sTaslaglsds b2 ]s s 459 651

MOL BASELINE (REFERENCE) | A A

. Al A A O o
LAUNCH FACILITIES? _ACTIVATION | - |I | o L
VEH. ENGG. $SDESIGN .~ _QUAL, TESTING _________ | ‘ N
1°t M/AM [_.EAL__L._Aﬁs.Y_ - :
x“ AM - [ Fap___I __AssY Txc/ol]
. * ‘ :

INTEGRAL LAUNCH-DUAL COMPARTMENT LAB (90 DAYS)
DES. MOD/TEST _Z DES..~~_ TEST 1 «
1" NASAFLT VEH. [ _FAB [ Assy e c/o 11

ADD'L LAUNCH FACIL ;{C:ONSTR. _J_—:ﬁ gnygngu ]

‘]4-MAN DUAL COMPARTMENT LAB (RENDEZVOUS) :
DES.MOD/TEST < DESIGN . TEST 1

N i
ADD'L LAUNCH FACIL'S > CONSTR .—— ACTIVATION | | , UNMANNED
RRV UNMANNED FLT, TEST | [ FAB | AsSsY [1& C/Of| o] LAUNCRRV

1** MANNED RRV I CFap_TassY Iiuc/oll ® LAUNCH

st ' RIV
1** MANNED R1V [_EaB . [ assy I'I (xc/o 1] A 1 AUNCH
! .

A : o
v : } ' o '
DOD 2-MAN DUAL COMPARTMENT LAB (COMBINED MISSION - RENDEZVOUS !

ESIGN MOD/TEST ¢ " DESIGN = TEST _ | LAUNCH

DD'L LAUNCH FACIL JCONSTR,——. AGTIVATION 1 | _ I ~ RV

UNMANNED RRYV,
RV UNMANNED FLT. TEST LEaB | Assy lixc/oll OLAUNCH /
J18t MANNED RRV ' & C/O ¢

|
1%t MANNED RILV — | [ FAB [ ASSY [T C/C_ T[] A

. |
ows S

38p94d 4147434445 a1z 53545587
pramt ——d .

o Vb
1
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o V USEGRELSPE@UM MANDLING - “1232.;"’2{\

CONCLUSION

N | TEST DURATIONS UP TO 90 DAYS APPEAR POSSIBLE WITH :
MOL KNTEGRALLAUNCH APPROACH

. MOL RENDEZVOUS APPROAGCHES PROVIDE FLEXIBILITY , R D I
1 FOR LONGER DURATION TESTING - . R

‘o _COMBINED M!SS!ON APPROACH APPEARS PROMISING
' BASED ON PRELIMINARY ANALYSIS -

K . . | o D\SECEEL SPECIIL BBLINE. | | J 1
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REVIEW

: . SHORT RANGE PLANNING ACTIVITIES
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(DS

GROUND RULES FOR MOL AM - 7 SEGMENT WUM COMPARISON

® ESTIMATE COSTS FOR 30 DAY DESIGNS AT ACCEPTABLE RELIABILITY
® PROVIDE EXPENDABLES FOR 65 DAYS (AM) AND 85 DAYS (WUM) . - |5 5nf «

® IDENTIFY wma-ourr PRONE COMPONENTS S S ERRERS

* . @ DETERMINE APPLICABILITY OF STAND-BY REDUNDANCY OR EXTEND RS
R LIFE TESTING TO IDENTIFIED wsm-om' ITEMS ROV AT I

'® ESTIMATE RECURRING Anb NON-RECURRING COSTS, AND MEAN h
' MISSION DURATION OF THE EXTENDED LIFE SYSTEMS,
. g
N\ DSrtcRer seeci mwoume
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WHOLLY UNMARNNED VEHICLE .

" NRO APPROVED FOR

~ (1-SEGMENT T-IIC)

MEAN MISSION DURATION
comms |
COST - BENEFIT COMPARISONS

©0000O0OGOO
8

\____ DrSeRer seenu s

__AJ_..ﬂ“_.A- S
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| ' Page 72 ,
\

WHOLLY UNMANNED VEHICLE - THI 7 SEG BOOSTER

MISSION : ' '
CONTROL , :
MODULE SUPPORT MISSION MODULE

MODULE o

.| FLIGHT
DIRECTION
~ ON-ORBIT

S

ol -
14,0 e 36.0' — _

ATTITUDE CONTROL NOZZLES (16) S IR
AN SOLAR PANEL (ERECTED) - ENS DR
/ ATTITUDE CONTROL GAS (6)

PA

B

. Q - —

N A wAw)

B RE-ENTRY VEHICLES
EQUIPMENT BAY

PROPELLANT
TANKS (4)

BACK-UP THRUSTERS (2)
PRIMARY THRUSTER




J

SUBSYSTEMS -

- [ISEGRET speciar ruoLs

WHS-311

- Page 73
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-

”p.

(.

.

STRUCTURE
ENVIRONMENTAL CONTROL
ORBIT KEEPING PROPULSION

ATTITUDE CONTROL

3

ELECTRICAL POWER
COMMUNICATIONS/
DATA MANAGEMENT
MISSION SUPPORT
MISSION MODULE

D SECRETspeoinr manoLme

WHS-311

7 SEG.- WUM VEHICLE

' CONVENTIONAL ALUMINUM - o

N\

PASSIVE, HEAT SINK PLUS INSULATION

BIPROPELLANT, PASSIVE CONTAINMENT, B‘
THRUST CHAMBER. APOLLO THRUST
CHAMBERS BACK-UP, ' .

DIGITAL ELECTRONICS, ANALOGUE BACK-UP. -
"REDUNDANT HEAD HORIZON SCANNER.

REDUNDANT 3 X 2 DEGREE FREEDOM
STRAP DOWN INERTIAL REFERENCE,

 COLD GAS STABILIZATION SYSTEM. REDUNDANT -

THRUSTERS AND PROPELLANT VALVES,

ROLL-ORIENTED SOLAR PANELS PLUS BATTERKES
1000 WATT AVERAGE POWER OUTPUT.

- Page 74

BN

SGLS, WITH FUNCTIONAL AND BLOCK R’EDUNDANCY- :

. 8DRV, s60f FILM
MOL AM SYSTEM

- SPECIAL FANDLING
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ELECTRICAL POWER SUBSYSTEM

NRO APPROVED FOR

b e e et it e €
i,

u:su.vz M‘l“l‘ﬂY

an_A i "’“/ .

. )
,’|A - l, |
wresial  [oduiuans

‘_._....'rosuwmuupnwm~

v

MAIN D, C, BU&

BATT. #4 1

A-H SENSOR

1H

'A-H SENSOR

SOLAR ARRAY CHARACTERISTICS |

380 FT® TOTAL AREA

~ — 1000 WATTS AVERAGE POWER - o .
K ‘ B D}Uxmﬁﬂzcuu. HANDLING o o / R

Y S

{‘"—”L*#—A—‘« etk e e el - RN LI e . it i e . . s . - e el PESE)
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‘ ASE 1JULY 2015 - : %* | .
' | WHS-311 - =
/ . Dﬁ:eux\spzm HANDLING i \ 5‘

' .\\} . ._. “' [
ELECTRICAL POWER SUMMARY
SUBSYSTEM ) AVE. POWER - WATTS | - o
. ATTITUDE CONTROL AND TRANSLATION ‘-\ | - I
ELECTRONICS ' B ' ‘
| PROPULSION o 50
ENVIRONMENTAL CONTROL * | | R 4 Q
COMMUNICATIONS/TRACK/COMMAND - B
INSTRUMENTATION - | 88
DATA MANAGEMENT . - o L 4
- ELECTRICAL POWER CONTROL/DISTRIBUTION 80
C ‘: SUBTOTAL CONTROL MODULX T | 405 | e
~ MISSION MODULE AND COMPUTATION | | oser R R
' MISSION/SUPPORT MODULE o . 2 |
SUBTOTAL MISSION PAYLOAD = = | 592
 ZOTAL ORBITING VEHICLE 997
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/ ) __SECRET SPECIAL HANDLING WHS=311 -\ & .
. o ‘ - Page 17 - S

ACTS ELECTRONICS AND STABILIZATION SUBSYSTEM !
, ; 4 4
A
ROLL ATT, EIGHT =~ COMMITTED , \7cyep SOLENOID
A/D | THRUSTERS [ GAS ISOLATION VALVES
PITCH ATT. _JA/D Wi _ STQRAGE (' —| |
== DIGITAL i .- RESERVE
HROLL]ROLL RATE
| TTCH L TPITCH RAfﬁAumpn,o'r QJ GAS STORAGE
| ' " | | /FILL VALVE
.| HORIZON I | | '
-~] SENSOR | | o
. | (ADV.0GD | © DUAL RANGE ( )
| 4 HEADS YAW ! REGULATORS] | |
“puaL |1 | ~ ' '
. | ROLLT ! i ”
| | . } -
! IROLL R QI# ; COLD GAS |
/,‘ A ANALOG | || ~ ATTITUDE |
PITC STABILIZATION 1|
1 [¥aw HYAW RATE SUBSYSTEM !
WEXAW T oiTcH arT. JAVTOPILOT/SW b
- ROLL ATT, EIGHT
- ~ THRUSTERS
STRAP DOWN INERTIAL REFERENCE ASSY. |
(3) TWO-DEGREE OF FREEDOM GYROS
BACK-UP UNIT CARRIED IN STAND-BY MODE
SWITCH COMPLETE UNIT BY GROUND
COMMAND IF NECESSARY
N QJ%PEG:AL HANDLING

A g e et ep g e Kb e e s iRt = oo
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Page 78
PROPULSION SUBSYSTEM " '

-

FILL VALVE ~ CHARACTERISTICS

® BIPROPELLANT - |
@ 280 SEC ISP MINIMUM

'@ 1,14LB DRY WEIGHT®
® 7, %4 LB LOADED WEIGHT

PROPELLANT TANKS

® EQUAL VOLUME - 44" DIA.
TITANIUM-

' @ PASSIVE CONTAINMENT
VALVES

@ QUAD REDUNDANT, OX, FUEL
» (PRIMARY ENGINE)

'@ DUAL REDUNDANT, OX, FUEL
(BACKUP ENGINES) '

PRIMARY THRUST CHAMBERS

* @ BELL AERO

RE-ENTRY PROPULSION SYSTEM,
MINUTEMAN III (1 YR QUAL)

* @ COLUMBIUM-RADIATION COOLED
® 300 LB THRUST '
® 10" DIA X 23" LENGTH

BACK-UP

® TWO 1004 APOLLO ENGXNES 1 5_;-’ {

T. G A, . )
PECIAL HANDLING o @‘”B c /




NRO APPROVED FOR
RELEASE 1 JULY 2015

.

. gy - WHS-311
MMUNICATIONS/DATA MANAGEMENT SUBSYSTEM (TT&C) Page 79
[ controL MopuLE!' Mission MobuLE & ]
| (R) _ __ _DATA____jBUPPT MODULE DATA
~ (R)* (R)*
A P MULTIPLEX | " MULTIPLEX
A | RECORDER \ COMMUTATE COMMUTATE
- e A/D CONVE ONVERT
| ®RP ®) »/ CONVERT A/D C
s | DIGITAL  fjo-4— ]
X-MITTERS T/MUNIT & L, 1o -
, CRYPTO ]
:7 N R
=1 ‘ IR}, |
 RECEIVERS DECRY ADAPTER COMPUTER jo—rdi
(R) 1
. | DECODER | L |
| ~*] CONTROLLERS
" (R) = REDUNDANT EQUIPMENT - : ‘
(R)*s FUNCTIONAL REDUNDANCY TRELAY “I[RELAY — 1.0
, : ' S - | DRIVES |IDRIVES |
E o -~ | CONTROL||MISSION |
o ) | MODULE || MODULE &
[] §PE@HML [}{]A{M@MN@' SUPPORT | .
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. _ SPECIAL HANDLING WHS-311 a |
) ‘Page 81 *
, WEIGHT SUMMARY | ) - : ( .
; ' 85 DAY DESIGN LIFE, 8 DRV ‘ -
- - 7 SEG. WUM VEHICLE v
80 NM, 90° i
ITEM = SUPPORT MODULE CONTROL Momu.r. MISSION MODULE TOTAL VEHICLE |
DRY WEIGHT T as1a 4,711 N 8, 380 o anees” o
GENCY) . | | - co== | 25299 S
CONTINGENCY S 92 1,413 - 1,680 3, 685
DRY WEIGHT WITH 4,366 6,124 o 10,060 20,850
'RESIDUALS - , S 162 . : 762
PROPELLANT = - S 400 ' - : 400
PRESSURANT L - . 282 | | o 252
ATTITUDE CONTROL e - ' R 110
I GAS . . . . ' 1::.
EMPTY WEIGHT 4,366 . &886 10,060 21,312
‘EXPENDABLES = 88 - 8,883 o 8,883
'ORBIT KEEPING - 6. 350 6, 350
PROPELLANT o - , o \
"ATTITUDE CONTROL - 1,970 ' ' 1,970 .
GAS : ) | . :
DE-ORBIT » | .. 415 475 .
PROPELLANT o - ‘ b
'CAMERA S 88 88 88
PRESSURIZING GAS B
TOTAL 5,254 15,681 10,060 _ 30,995
1
B —-etcm-:'r‘s'px-:cmx, HANDLING
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RELEA

\ anﬂWm&;mwmo;b HANDLING

VED FOR
C_.< 2015

— O
® ® WEIGHT SUMMARY
[V
S
T & 85 DAY DESIGN LIFE, 8 DRV
= M 7 SEG. WUM VEHICLE
80 NM, 90%i A ,
) ITEM , . " WEIGHT - POUNDS
SUPPORT MODULE S S 5,254
DRY WEIGHT - : S 4,574
STRUCTURE , - ) 720
ENVIRONMENTAL CONTROL - 80
MISSION SUPPORT COMPONENTS (560 LB, RECORD) 1,193
CAMERA PRESSURIZATION SYSTEM o T 46
FILM CHUTES AND CUTTERS B 85
DATA RECOVERY VEHICLE LAUNCH SYSTEM 50
DATA RECOVERY VEHICLES (8) - ° : 2,400
CONTINGENCY S o 592
CAMERA PRESSURIZING GAS o 88
CONTROL MODULE | . © -.15, 681
— e
DRY WEIGHT . - . T 4,711
PRIMARY STRUCTURE a — 800
PROPULSION | g . S 1, 114
ATTITUDE CONTROL - e . 942
TELEMETRY AND TRACKING 400
COMMAND AND CONTROL 145
ELECTRICAL POWER SOURCE (1,000 W, AVG.) 1,030
ELECTRICAL POWER CONVERSION & DISTRIBUTION 7210
ENVIRONMENTAL CONTROL o 70
CONTINGENCY | S S 1,413
RESIDUALS . - - 162
PROPELLANT - : . . 400
PRESSURANT = - © 252
ATTITUDE CONTROL GAS . | e
EXPENDABLES _ o A o 8,795
ORBIT KEEPING PROPELLANT | T 6,350
ATTITUDE CONTROL GAS : . 1,970
DE-ORBIT PROPELLANT c S 475
MISSION MODULE . o . = 10,060
SPECIFIED MODULE DRY WEIGHT .. . 8,380
CONTINGENCY , T - . 1,680
.. - 30,995

v
_‘,.-,..._E.. . -
CE
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ELEASE 1 JULY 2015

WHS-311

Page 83

- DATA ADAPTERS

4 LESSCORTINGENCY

STRUCTURE
ENVIRONMENTAL CONTROL .
MISSION SUPPORT COMPONENTS

CAMERA & FILM HANDLING
azor. LOOPERS)

QO%SMNW
STAR TRACKER Eﬂgozﬂom

. V/R SENSORS (2)

ELECTRICAL AND MISC,

CAMERA PRESSURIZATION §Y STEM 4

GAS BOTTLES
REGULATOR AND PLUMBING

FILM CHUTES AND CUTTERS )
DRV LAUNCH & SEPARATION SYSTEM
DATA RECOVERY VEHICLES (&)

SUPPORT MODULE DRY WEIGHT

CAMERA PRESSURIZATION GAS
CONTINGENCY

TOTAL SUPPORT MODULE
» ) ]

.. 140

309

216

" WEIGHT STATEMENT
“SUPPORT MUODULE™

WEIGHT - POUNDS

10%

860

. 45
90

- 28
12

72 b)ﬂm 85 DAYS 72 DAYS 85 DAYS

720

1,993

3

. TS
L
+ I

590

»:L‘-

Sse

10%

46

&84
- 592

' wse
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WHS-311

mO<mD FOR

Y70 U

“SPECIAL HANDLING

WEIGHT STATEMENT

¢
® : s - CONTEOL MODULE -
%D o ’ .
~ ITEM - WEIGHT - POUNDS
, 30% 10% ° 30% -
72 DAYS 85 DAYS 172 DAYS
PRIMARY STRUCTURE “ 800 .
PROPULSION 1,080
" MAIN ENGINE 120 ,
GIMBAL POWER .- 50
100 LB, THRUSTERS (2) 12 o
PROPELLANT TANKS 168 175
PLUMBING 20 _
PRESSURANT TANKS 60 62
PRESSURANT SYSTEM 45 -,
WIRING 10 .
MOUNTS AND SUPPORTS 595 620
ATTITUDE CONTROL SYSTEM . .. 920
THRUSTERS R - 33
TANKS 480 495
PLUMBING AND VALVES .60 -
HORIZON SENSORS 24 .
. GYROS & FLIGHT CONTROL 64
: ELECTRONICS B
WIRING 9 T
MOUNTS AND SUPPORTS 250 257
TELEMETRY AND TRACKING ; 400
PROPELLANT GAUGING SYSTEM 26 .
WIRING AND PLUGS 70
TAPE RECORDERS (2) 60
MULTIPLENERS & END Hzmawcz,mzam 60
A/D CONVERTERS (2) 20
TIME REFERENCE UNITS (2) 24
SIGNAL CONDITIONING 40
DTU (2) 100
COMMAND AND CONTROL 145
COMMAND CONTROLLERS AND 40 2
DECODERS (2) .
DECRYPTOR 5
SGLS (2) 58 .
WIRING 25 .
ANTENNAS 7
MISC. 10
ELECTRICAL POWER mocwom “

1,030

10%
85 DAYS

1,114

942
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LEASE,] JULY 2015 b : B . . —
\ : Iudnﬂmﬂwmmuna.pr HANDLING ) j
N | WEIGHT STATEMENT - CONTINUED o 1
m_ m° CONTROL MODULE - CONTINUED | o o . :
N | , , . . : _
ITE : WEIGHT - POUNDS . ;
, . 30% | 10% L30% 10% .

72 DAYS 85 DAYS 72 DAYS 85 DAYS'

SOLAR PANELS (INCL. DRIVE & LOCK) 570

T i st s AR g

(379 SQ.FT.) | | :
BATTERIES 340
POWER REGULATION : 40
SUPPORTS 80 .
ELECTRICAL POWER CONVERSION _ R ‘ - 210
& DISTRIBUTION : o | :
“ 3" BOXES AND PANELS L 55
WIRING AND CONNECTORS . 100
POWER CONVERSION : 55
ENVIRONMENTAL GONTROL a R L 70
CONTROL MODULE DRY WEIGHT o 7T 4,655
CONTINGENCY - | 1,395
CONTROL MODULE DRY WEIGHT . - 6,050
~WITH CONTINGENCY B _ ;
ORBIT KEEPING PROPELLANTS - 6,560
DE-ORBIT PROPELLANTS : | . 475
ATTITUDE CONTROL GAS S : 2,020
PRESSURANT GAS _ . : . 245
TOTAL CONTROL MODULE " 1s,350
T(NCL. CONT. & EXPENDABLES) . .. . _.
, i
» i
i
|
. . - * i

g e

PRECRE

ir TR
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R JULY 2075
-

D) SECRET specian manouits

.
VEHICLE WEIGHT COMPARISON

- AM WUM

MODULE. . (65 DAY) (5 SEG-35 DAY)

' LABORATORY VEHICLE  ° . 12,546 -- _‘

* CONTROL MODULE e - 6,330

. MISSION SUPPORT MODULE 7,753 3,040
"' MISSION MODULE o 7,35 . 8,380
: TOTAL# 21,658 17,750

' *CONTINGENCY WGT FOR GROWTH NOT INCLUDED

WHS-311 / -
Page 86 I

. WUM ,
(7 SEG-B5 DAY)
14,268
27,310 . :
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 SUN ANGLE ("p DEGREES -

PWPECU\L HANDLING

SUNLIGHT CONSIDERATIONS

i.= 90°

WHS-311
Page 88
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RELEASE 1 JULY 2015

A

;o

] [ SECRET Specinr mamome

WUM PERFORMANCE

® PROPELLANT RATES | ‘1‘
wa (PROPULSION) A ‘= 68 LB/DAY
fw (STABILIZATION) o .~ = 21 LB/DAY

~ TOTAL (INCLUDING 10% CONTINGENCY] = | 98 LB/DAY |

'® MISSION DURATION

AVAILABLE PROPELLANT = 8, 320 LBS.

h .
DURATION (8, 320 + 98) = ' 85 DAYS

WHS-311 b
Page 90 - i .

4
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VELOCITY KEEPING
WUM - WITH SOLAR PAN

3.0 4

7°,t70, N‘ = 16

o
o

N
..
N

80‘1137‘ N = 31§
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WHS-311
. < | - Page 94" Z
: S T SPECIAL HANDLING _ . R S

7-SEGMENT WUM | o |
PERFORMANCE SUMMARY = - ‘
(80/180'N. M.) R
ORBIT INCLINATION, DEG. 90 97 ‘
* NUMBER OF D,R.V.'s 8 T . -
— * MAXIMUM MISSION DURATION, DAYS 85 81 < .
“MEAN MISSION DURATION, DAYS , @\ S\
FILM USE RATE, LB./DAY » | - 2
*INCLUDES BOOSTER R (e
K S D?:eu;r\spscmx. HANDLING
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(- [)SEGRET el TUBINE V;E:;?\?.

YEHICLE RELIABILITY ESTIMATES (30 DAYS)

SUBSYSTEM . L MOL - AM . 7 SEG. WUM
'EPS y R L .99 - 995 |
THERMAL CONTROL | e 9999
- cryo o | - 999 R - ’,
‘ACTS - P , o .996 - .998° L
ACTS'-E - o 995 999 '
COMMUNICATIONS . J‘ .90 R . .985 .
" COMPUTER o C.ess . e . ¢
| MALFUNCTION CORRECTION/CONTROL  .940  .960 |
" STRUGT/RADIATOR .99 £9999 |
o LAB VEHICLE SEGMENT x  .880 SR
CONTROL MODULE . | -—. B L S
MISSION MOQULE } PV  see
‘SUPPORT MODULE o . -
TOTAL : v 15 2 BT S
| SPECIAL HANDLING




NRO APPROVED FOR

/aasg_umvmﬁ
*

MEAN MISSION DURATION

SIMPLIFIED RELIABILITY MODEL - STANDBY REDUNDANCY

MEAN MISSION DURATION ~ DAYS

) . ' ) J ¥
e /, { : ;
20 'L// .» " m: § :
10 1 . D: |
“ | < BJ
0 4 - oo - 3 R j 4 N " ;" {
) .4 .5 .6 ] .8 .9 . 1.0 s

RELIABILITY FOR 30 DAY DESIGN LIFE . N j
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RELEASE 1JULY 2015

. WHS-.311
: B : MEAN MISSION DURATION | | .Page97 = Z
| o | | MOL - AM | o | | .'
® COMPUTER MODEL ' - 3 . -
' | | DESIGN o ‘
'LIFE, DAYS

8/24/66 o




NRO APPROVED FOR ST
RELEASP™ JULY 2015 T TR TN LOTING
. 7-SEGMENT WUM "WHS-311
TIME/CYCLE SENSITIVE COMPONENTS Page , o8
Vehicle Nominal Mission Estimated . Wearout Life —g— : . A
Component Segment  Life Rqmt (1) - Wearout Life Miasion Life Rgmt Nature of Wearout -
Gyro (2) CM, MM 2040 hr. 8000 hr, 3.9 Bearing degradation
Horiz. ' _ ' ) ' -
Sensor(2) CM 2040 hr. ro >lyr. 4.3 Flexure fatigue
Bi-Pro - | | - ~ ’ | .
Thruster (2) CM 1.8 hr. > 6 hr. . > 4.0 (3) Throat or injector
S _ g : erosion ‘
‘Tape Recorders (2) 'CM 2040 hr. 6570 hr. 3.2 ' Bearing degradation,.
) B I drive belt fatigue,’
. - ¢ , ‘ tape wear
Batteries (2) CM 2040 hr, - - 2yr. _ 8.6 - Separator
' L (%£30% depth of . ' destruction
. R _ : discharge)
. Propellant ' . . ‘ } 5
L] Valves.(2) - CM - <100 eyc. - >100,000 cyc. Large Seat galling
-~} Cold Gas . | o | - | S
C L Valves (2) CM 80,000 cyc - > 300,000 cyc. 3.8 Seat galling .
_Press. Switch (2) CM - 300,000 cyc 1,000,000 cyc. 3.3 Diaphram failure
Solar Panel - : o
Actuator (2) CM - ~10 steps C3dyr. Large Linkage wear
Puinp (2) CM 2040 hr. . 3yr. 12.9 Bearing degradation
Torquer MM 680 hr/40, 800 cyc 3yr, 38,6 Bearing degradation
Mirror Bearing MM 680 hr/40, 800 cyc Jyr, 38. 6 Bearing degradation
IMC Mechanism MM = hr/40, 800 cyc >150,000 cye 3.7 Linkage wear
Thermal Door Mech, MM 20, 400 cyc 2150, 000 cyc 7.4 ‘Linkage wear
LI .- (1) Orbital Operation Only
@) Redundant in CM
(3) Vendor Estimate, B, T.C. A.

§

J ] TSEERET SPECIAL HANDLING
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v ' TYPICAL DISTRIBUTION FUNCTIONS OF CESSATION OF SUBSYSTEM OPERATIONJ :

DUE TO WEAROUT AND/OR STORES DEPLETION '
' SUBSYSTEM AFFECTED

o BY STORES -
g DEPLETION

NUMBER OF ,. (EXPENDABLES)

. A GIVEN -

SUBSYSTEM .
. CEASING - |
OPERATION SUBSYSTEM AFFECTED |

BY WEAROUT

MEAN MISSION

e e j‘f; "

DURATION

VEHICLE |

DESIGN LIFE
»
§ e o

tMMD tp, I
(~.1/z tp. L.) ‘ |
. TIME | ]
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" NRO APPROVED FOR : ' ) - ) : SRR AU A / b ot ;
REL| JULY 2015 g _ » S
: SPECIAL HANDLING . dms-alt
' . . Page 101 _;
COST SUMMARY COMPARISONS | ’ : 1
o 7 SEGMENT WUM 5 SEGMENT WUM MOL .
NONRECURRING 6 FLIGHTS ", _6FLIGHTS . 5 FLIGHTS
ocv - 351.4, o 3444 716.8
MISSION PAYLOAD 270.1 : - 270.1 ., \285.5 ™
LAUNCH VEHICLE 142, 0% . : 42.8 - 206. 9%
 LAUNCH FACILITY '~ ' - AU . 78.0 - -—
. GSE/TD ’ 26.0 - , . 26.0 46.2
. OTHER e _ . -- : : 16.5
\ SUBTOTAL = . / 789.5 1761.3 1,271.9
RECURRING ‘ .‘ | oo | :
ocv . S 121.8° - 11,0 - 220.1
MISSION PAYLOAD  147.4 : 140. 4 c 137.0 _ R I
' 'LAUNCH VEHICLE . 102.0 . 56. 4 ' . 105.0 N Y R
RECOVERY, TRACKING ~ - . 24.0 S o162 9.0 | N RN
OTHER I T o .- 8.4 o
SUBTOTAL o 395.2 o 3240 : 479.5 . oot
.~ TOTAL PROGRAM L | o _
.. OCV | 4132 455. 4 ' 936.9,
.. MISSION PAYLOAD 417.5 o o 410.5 - 422.5
© - LAUNCH VEHICLE ' 244.0 L 99.2 311.9
- | . : RECOVERY, TRACKING 24.0 16.2 : 9.0
.+ LAUNCH FACILITY - .- . 78.0 --
GSE/TD - 28.0 | . 26,00 46,2
'OTHER A .- -- : 24.9 |
. TOTAL PROGRAM o 1,184. 7 ~1,085.3 1,751.4 D
10 FLIGHT PROGRAM 1,448.3 1,120
R DESIGN FOR EXTENDED R
DURATION + LIFE TESTING 33.6 o
o ' . . 1,785.0 g
L QCL. FACILITY COSTS, BUT DOES NOT INCL. $37. lM OF 'r-m LINE FUNDS.




" NRO APPROVED FOR
RELEASE 1 JULY 2015

- L

D) SEGRET specuil koL

RECURRING COST COMPARISON
(DOLLARS IN MILLIONS)

WUM e BASELINE MOL

!

ITEM  1SEGMENT  5SEGMENT .  AM § M
LABORATORY VEHICLE ' - e 33,500  sal2)

CONTROL MODULE- 20.3 . 18.5 o
.. MISSION EQUIPMENT . 24.6 Co23.4 - 240 27.0
LAUNCH VEHICLE . 17,0 a4 210 a0

RECOVERY, TRACKING - ' 4.0

2.7 4.0
TOTAL . 659 - 54,0 . 8L2 105.7

—t—
omemm—

(1) INCLUDES SUPPORT MODULE @ 4.0M
(2) INCLUDES GEMINI @ $19.2 M -

A r e L

JsPEML WUME
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HEASETISTY20TS g - J ‘ B Lp ,; ’
C ~ [DSERRET_ Specian manLivg N

. COMPARISON OF 7 SEGMENT AND 5 SEGMENT WUM |
" RECURRING COSTS IN MILLIONS

. 7 SEGMENT | 5 SEGMENT .
' ocv S 20,29 o - 18.50
CONTROL MODULE 18,74 | a2

SUPPORT MODULE (.50 . : . 0.50 e .
STRUCTURE . : ‘ | . o L _

MISSION MODULE 0, 80 b e.80°
STRUCTURE S -

FAIRING | 0,25
_mssxc'mmnoanl . 24.60 SR 23.4
“ . MISSION MODULE 20.6 = - 20,6 |

R EQUIPMENT "

SUPPORT MODULE 4.0 | 1 2.8
| EQUIPMENT - | - |
LAUNCH VEHICLE ' - oo | 9.4
RECOVERY 2,00 . 1.5
FLIGHT OPERATION SUPPORT ~ 2.00 1.2

L mfg@um WNDUME _
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EASE 1 JULY 2015 B
. ’

JDW ""1/66

COST COMPARISON
o ~ 7SEGMENT & 5 SEGMENT WUM
. - | | MAJOR SYSTEM
' - (DOLLARS IN THOUSANDS)

- SPEGIAL HANDLING

6 FLIGHT PROGRAM

WHS-311 \\Z/

Page 104 \

]

. ocv

: , ' NON-RECURRING RECURRING ,

s S 7 SEGMENT | 5 SEGMENT 7 SEGMENT |5 SEGMENT
CONTROL MODULE & FAIRING - 343, 000 338, 000 114, 000 103,200 - .
MISSION MODULE STRUCTURE 3,400 3,400 4,800 4,800 - '
SUPPORT MODULE STRUCTURE 3,000 | 3,000 3,000 3,000

TOTAL OCV_ 351,400 344,400 121,800 111,000
~ .MISSION PAYLOAD ‘ e |
~ EQUIPMENT ' 245,000 245,000 123, 400 123,400
FACILITIES : 13,100 13,100 -- --
'SUPPORT MODULE EQUIP, . 12,000 12,000 2¢, 000 17,000
TOTAL PAYLOAD 270, 100 270,100 147,400 140, 400

S[Ecul; MM@W@
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s

DL SFERFT speviiL nAilDLIE

WHS- 311
Page 105

COST COMPARISON - CONTROL MOLULE 7 SEGMENT & 5 SEGMENT WUM

- .MANAGEMENT

SYSTEM ENGINEERING
MODULE DESIGN
FLIGHT HARDWARE
AGE )

OV TEST AND LAUNCH

ON ORBIT SUPPORT

- FLIGHT EVALUATION
LOGISTICS & SPARES

TEST MODELS
INTEGRATION
FAIRING
ADDED CONFIDENCE

TESTING FOR WEAR-OUT

TOTAL

i

DOLLARS IN MILLIONS

NON-RECURRING

7 Segment

15.0
30.0

172.0

54.9

6.8
L5
1.2
3.5

34, 6
7.5
8.0

10.0

345.0

5 Segment

15,0 -
30.0
177.9
60.0
6.8
1.5.
= 1.2
3.5
34. 6

. 1.5

*

338.0

7 Segment
1.4

1,5

114,0

* INCLUDED IN MODULE DESIGN AND FLIGHT HARDWARE COSTS

RECURRING (6“ FLT, PROG. )

5 Segment
1. 4

103.2

D\SEERELSPE@ 1L HARDLIS ‘
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- RELEASE 1 JULY 2015 - (/

3 DSECRET seecun wmume . R ). |

. SUBSYSTEM COST COMPARISON/7 SEG. AND 5 SEG WUM .
DOLLARS IN MILLIONS = o e
NON RECURRING . RECURRING (6 FLT. PROG. ).
: . 7 Segment 5 Segment 7 Segment * 5 Segment
 Structure o 5,500 . 3210 3.00 270
‘ ACTS Sta.bxlization , 1. 500 1.000 ' .90 : . 60 g
 Orbit Adjust Propulsion - / 11. 120 8210 . 55 - 48
© ' ACTS Electronic " 18.800 18. 800 362 Losaz
- Electrical Power » 20,000 -~ - 20,000 - 18. 00 . 8.52
.-Cryogenics S T T , 8.900 S eme 3.00
. Environmental Control 5,000 Y8660 | 1.58 2.58
Separation : . .500 . .s00° N . 60 .60 S
74 Data Management - 12.800  12.800 . 5.00 440
. . TT&C . 17.600 17. 600 S 8.88 8.88 .
' . Instrumentation 3,000 - 3000 300 3,00
" Assembly & Teat =~ 22.150 21. 400 C 9.10 | 8.46
' Sustaining Engmeeriug : -—- ‘ e 10,38 10, 38
 ST/TE | - 21.830 21,830 S eee . -=-
" Mockups - Substitutes 3,450 . 3.450 - C e o eee
SUB-TOTAL 43.250 149,420 69. 56
- “Travel, Other Direct, Fee 28.75 s . 28.48 ' ' - 12.04
~ TOTAL CM . 172,00 - 19 - 81. 60

D\SEﬂREI\SPE@ 0L L
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85 DAY WUM

b
SUBSYSTEM LIFE

O DSEGREY seemiL Ui e

'~ WEAROUT LIFE TESTING REQUIREMENTS -

3,

-

COST

© @  BI-PRO THRUSTER * 10,000 SEC. 30,000 SEC.

| ® IMC MECHANISM - «  ° - . 250,000 CYC,
m ’

$ 3.5M (3 TEST ITEMS)

$ 6. 5M (25 TEST ITEMS)
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ELEASE 1.JULY 2015 WHS-311 | ,
B SPECIAL HANDLING pageios \ 71
| TITAN Il M (OPTION 6) R SR
Nonrecurring ‘Recurring - ;
Baseline [ Dev. | GBQ | LVD Automatic (2) | Total [Option 6 Total. ,
Titan [lIM | 164.9 | 21.0 21.0 42.0 105. 0 3 ; ; . ‘l)"' :
Option 6 . +37.1 .
7 Flt. 3BT
1 Not Man- | -10.0 ] -21.0 | -21.0 -1.0 - : £
2 T-mc |-.3%.0f o | o -7.0 17. 8 '
Reliab. Ty | - T0 L] 1209, 9*e
A .. Step l.i ‘ Remove Man/llomovo C?ow Safety. ‘Remove GBQ and LVD Flts. . o o ‘ .
T Step 2. Remove Man/Remove Reliability, i. e . except T-1II C Rellability. o R o R
5 Remove Nonrecurring Recurring
whT | Strap down Guidance Pk; Gemini Backup 1
- Step 1. Malfunction Detection Kit. GBQ and LVD ' :
B 10 + 42 = 52 $2.0 0.5 Each
e Triple Redundancy Autopilot & go to thc ' ,;'g;;
~ Step 2. T-11I C G &C with risp comp - S o
A | e — e o . 30.0 3.5 Each |
Total: 311.9+ (40.0+ 42) « 82+ (5 x 4,0 each) = 311.9 - 102.0 = 209, 9
' #311.9 Includes facilities cost but does not include $37. 1 M of T-III line money. , - e |
*#1{ LVD Flight Incl. Baseline | : | | | SRS ¢
R . : Unmanned : Total - = LVD : - T
311.5 -102 = 209.9 ¢+ 17.0 = 226.9 C C
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. .. Page 110\ .

‘g

SUNLIGHT CONSIDERATIONS

i=90°

¥

 SUN ANGLE ('.']) DEGRELS

10

— . _ _ »
0 2 ¥ e _ | 90
' ' MISSION DURATION mws T

4}
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RELEASE 5 : - ‘ ————
/"“““ — | Dﬁmpscmn HANDLING " Page.,\lm o

|
 COMPARISON OF BASELINE AND POTENTIAL RENDEZVOUS VEHICLE
CAPABILITIES FOR TECHNICAL INTELLIGENCE DATA RETURN
6 M/AM 6 AM 6 WUM 2 RAMV + 5 RRV
' FLIGHTS FLIGHTS FLIGHTS _  FLIGHTS
. , % SEC, i
“TOTAL NUMBER OF CLEAR 13,308 21,060 24,000 29,200 :
PHOTOGRAPHS/YEAR ‘ B :
 TOTAL NUMBER OF CLEAR, 1,344 894« 1,020 2,540 |
SPECIAL PHOTOGRAPHS/YEAR o | ;
ANNUAL COST -M$ . . 520.8  402,0 321.0 343.0
RELATIVE COST, PER C.S.P, 2.9 3.3 2.4 1.0
@ .
RECURRING COST EST,
(ED) ' .
MAM AM 7 SEG. WUM RAM RRY
.‘J 87 67 5.5 67 42
N
N
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65 DAY AUTOMATIC MODE VEHICLE BRIEFING

R, .
~ . L 4

2
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1 , 65 DAY MISSION SUPPORT MODULE Page 113 -
INTERNAL ARRANGEMENT -

FULL CELL (2)

T

LM, TANK (2)
LO, TANK )

oxmxzmw 3

- ACTS W . , o
PR SUPPORT MODULE
- | ) ‘ A | ,
FUEL TANK (4) | 120.0
. RE-ENTRY .
VEHICLE (6) ~

. S .. N -
+ e # .
e e i o e . )
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s
WEIGHT SUMMARY
\ AUTOMATIC MODE MOL VEHICLE
65 DAY DESIGN LIFE
SEGMENT WEIGHT, LBS.
SUPPORT MODULE 8,050
, LAB YEHICLE 12,200
e MISSION MODULE 7,285
P CONTINGENCY 3,465
R
| TofAL 31000
= ‘ . >
‘ ', ! ,
!: «. ' )
B o D?mtxépncw. HANDLING
; o . e, ) .
EO . . o
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- : WEIGHT ESTIMATE |
' , : SUPPORT MODULE ‘
o | (65 DAY DESIGN LIFE) o K
— o 80/180 NM ‘
| ITEM | " WEIGHT, LBS. .
" ~ STRUCTURE (10' LONG) , 610 I‘ |
NOSE CAP (EFFECTIVE) + n:'r'rxsou 70 e 4
\ DRVs (6) . A 1,860 | o
. DRV SUPPORT swnucruns T A R 180 s
JETTISONABLE DOORS (6) . , ' : 120 4
TRANSPORT SYSTEM I o ' L 350 _ . o
INTERFACE ATTACH , - 9 SR R
L T . INSTRUMENTATION/CABLES . | ‘ 70 ' o 11
» .. . i coesceoannvwoecncrace evsvovracacne o-.----.--...---‘---;--.--(3' 350)«---..--.‘0"--—‘ . - . '2
" ' ' SPROPELLANT TANKAGE AND RESIDUALS (4 SETS) o 720 | I '
"' . ° USABLE PROPELLANT - o 1,880 | 1~
#*CRYOGENIC REACTANT TANKAGE & RESIDUALS (2 sz:'rs) - 800 { !
... USABLE REACTANTS ’. ‘ 800 | ‘l
~ " FUEL CELLS, INSTALLED () = C 00 . | B
| TOTAL ‘ | S . 8080 |
: SBASELINE MOL HARDWARE . B
"« 8965 DAY THERMAL COVERING . ' o ”
D\Stsu:'r\spscw. HANDLING R / /-ﬁ
. :._‘_j"* ! . b T TS e o e
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| : ADDITIONAL WEIGHT REQUIREMENTS FOR EXTENDED
[ ‘ AM DESIGN LIFE
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_EXPENDABLE RATE - LBS/DAY |
, PROPULSION SYSTEM _ - _ 60,8 |
Lo 64 TOTAL EXPENDABLES

. . NOT INCL,HARDWARE - 86,5 |

REACTANT SYSTEM

“WT, INCREASE, LB. X 10”7
_ S
4

—— GvmAm M e s GUmmmu d—

_ o | | ! . _[—'rwo FUEL CELLS s

-y
-y

o 1. | .
S . L L) LB | | L !
SARTAN 8 12 16 20 24 28 32 36 40

AR G . ADDITIONAL DESIGN LIFE, DAYS .
e - ‘ T SPECIAL HANDLING .

e . . N T S e Sy e N .__.:’_’,_.‘)_ .- ‘-'»".'~'L'".-'Z, . T : . -
Bl e B A e e A T ¢ ‘ : )
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ME AN. MISSION DURATION~/DAYS

B

SPECIAL HANDLING WHS-311
- Page 117
INCREASE IN MEAN MISSION DURATION WITH EXTENDED DESIGN LIFE
6op B
- DESIGN LIFE, DAYS
AN
~
: = w 3 - ' ’
20 | 2 & S @ BRI MEAN MISSION TIME
<3 2wl MMT = MMD X Rpnocrpn
o Y MMT/ = 49,3 X .93 = 45.9 DAYS
or % -z' A Ray=.76s ‘
» < < MMT/ =  47.1X .93« 43.8 DAYS
. “ | “ ‘ . ' r' RAM .730 .
o ‘ A ) 1 ! _l 2 i y] 4
04‘ os ‘ s6 "7 o '08 ‘ 09 loo

RELIABILITY FOR 30 DAY. LIFE

| DMSPECML HANDLING  * L

PO R O . e e ey

i
i

i

i

B

{

o ¥
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EFFECT OF PR?GRAMMING fOR ACTIVE INDICA TORS TAB;GETS

o 30% CLOUD COVER o .0.09 INCIDENCE OF ACTIVE
INDICATOR

- 1_ACTIVE INDICATOR TARGET 4 ACTIVE INDICATOR TARGETS "

[
.

[~ 2
) |

1.0

PROBABILITY OF SPECIAL
PHOTOGRAPH/INDICATOR TARGET

i ' ! : ] . '

R —— 0 E— —
o 10 20 L I o 10 20 30
NO, OF FLIGHTS - | | NO. OF FLIGHTS

PROBABILITY OF SPECIAL PHOTOGRAPH =
| o

T v

6 1 ¢ 3 ¢« 35 631 . &1

N *_Q'_D}Beugspzcm HANDLING o ’

R B . P
ol . . S

[

33 % 5 ¢ 1
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COST - COMPARISONS

MANNED AND UNMANNED PROGRAMS

—

W | oL masELmNE o | | §1,784M

——

M) WHOLLY UNMANNED PROGRAM $1,120M-$1,255M e " | o ,;
- (35-DAY, TIII 5-SEG) o .
g (65-DAY, TIII 7-SEG) - S o $1,400M-¢1,5700 | 1
N ~ FOLLOW-ON RECURRING |
MOL - -AM . $ 6TM
WHOLLY UNMANNED
5-SEG
7-SEG

$ 45M
$ 5TM

i @

e R M R s e o B g s b an
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. DTEW&& SPECIAL HANDLING WHS-311 .

VERIFICATION EFFECTIVENESS FOR TOTAL TAKE . . “

V = (
o AVG 0.5

¥

' o 50% OF TARGETS HAVE TWO ACCESSES PER CLOSURE'
50 o ' 0

Ko Count Down -

veo

AT AR ATREE R AL D s

" "MANNED IMPROVEMENT FACTOR ~ %

. o+ 20 e 80 100
SR - %qrms'rcx.osunzmcmsmcxmn:

o - HYGH-PRIORITY . ' | ‘
T e e *Dt\.@m&\‘\-smcm»mum R R

A . .
i e A e i a2
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ORBIT PHASE RESCUE/ESCAPE

CONSIDERATIONS FOR THE MOL

® RESPONSE TO HOUSE COMMITTEE ON SCIENCE & ASTRONAUTICS
QUESTIONNAIRE "SPACE FLIGHT EMERGENCIES"

-J.  ESTIMATE CREW ORBITAL STRANDING RISK

/ REVIEW EFFECTIVENESS OF POSSIBLE COUNTERMEASURES

WHS-311

:
‘ \
.
i

Page 121
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APPROACH TO ON-ORBIT STRANDING ESTIMATE

ABORT EVENTS =

{~———= DENIED INGRESS TO GEMINI B

| . SUCCESSFUL INGRESS
)

TO GEMINI B

 COUNTER MEASURES ?

g e

v SPECIAL HDLING . W

f~w= NORMAL RE-ENTRY -~ || !

&~ STRANDED ON ORBIT .

L S
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i
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7 DSEGRET Seecis pmmoume  ocis
| | ACCESS ROUTE PROBABILITIES - N
| | (LABORATORY TO GEMINI B) N | |
GEMINI HATCH _ - . IV | _ :
| '}’_# \ ' HATCH o '
=\ TUNNEL v i ‘
o - G o 2wy (IV MODE)
T S
o , a
. {
%za ,,,,,,, EV HATCH o
(EV MODE) / | 1
y | E A
INTRA- VEHICULAR MODE (IV) EXTRA- VEHICULAR MODE (EV) 1
EVENT PROBABILITY* | EVENT M" EE
. l . . - 6 : .
® HATCH INOPERATIVE 3,0 x 10°° ® DRV TUBE HATCH INOPERATIVE 3.0 X 10 |
L ] .6 o A' ‘
) -6 03x10"° |1
@ CRUSHED TUNNEL 3 X 10 © PRESSURE SUIT ASSEMBLY .03 :
| , — ~ INOPERATIVE : $ % :
' . . s b P
. o A @ GEMINI B HATCH INOPERATIVE = 6 X 10 R N
A (OPEN) }
* PROBABILITY OF OCCURRENCE FOR 30 DAY IN-ORBIT TN : L

SPECIAL HAN@MNG
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REL 1 Jikbe204:5

-  TLSEBRET e ypmnis e \

PROBABILITY OF DENIED INGRESS TO GEMINI B
_ |
~~ COMPARTMENT S e
ABORT LOCATION OF PROBABILITY OF DENIED
FAILURE OR HAZARD FAILURE/HAZARD _PATH OF INGRESS TO GEM. B _ INGRESS TO GEM, B _
FIRE ~ ‘ u.C. L V. WITH E. V. BACKUP . T soxi10 7 S
o ’ : C E. V. IF TUNNEL DAMAGE S 15x 10 U
P.C, 1.V, ONLY - I P T
. L ;-"' .. ' b | :
 EXPLOSION ~ u.c, " CRUSHED TUNNEL, USE E, V. ~ 15 x 10 ’ £ I
. P'c' . . | "x. v' . ) ' ) . E 3 x lo-b . '. ‘:‘\ - l 1
- DEPRESSURIZATION - P.C. GENERALLY LV. WITHE.V., . -~ sox107'® | 77
L - - , ' BACKUP ' o ' | . oI
i . 3 v o _ _ “12
NOXIOUS GASES P.C. ~ LV.ORE.V, | - Sox 10
SUBSYSTEM ANOMOLIES U,C, 1.V, OR E. V. DEPENDINGON = Y
,_ | " EFFECT ON SYSTEM (POWER , o
LOSS, 0, LOSS) 15 x 107
| o - TO .12 |
P.C, 1,V, OR E,V, DEPENDING ON 50 x 10
' EFFECT ON SYSTEM - |
. p . I B
PROBABILITY OF DENIED INGRESS TO GEMINI B IS VERY REMOTE
A

S@F@WM;‘ fl:ﬂ.fn\f.\nrm.n m@ e

e e i 4
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POSSIBLE CAUSES OF FAILURE OF GEMINI B TO INITIATE NORMAL RE- ENTRY

~ TYPE OF EVENT PROBABILITY OF OCCURRENCE
. SYSTEM - (RE-ENTRY PRECLUDING FAILURES) FOR 30 DAYS IN- ORBIT :
. s .
GUIDANCE ~ HAND CONTROLLER INOPERATIVE OR - 0.001 X 10° o e
& CONTROL . FAILURE IN BOTH DIRECT AND RATE - R
COMMAND MODE, | B e
. ‘ ‘; v ‘ ° v -5
PROPULSION  LEAKAGE OF BOTH RCS RINGS OR BURST : 9. 686 X 10
T OF PRESSURE TANK DAMAGING BOTH RINGS. o
SHORT OR OPEN CIRCUIT - BOTH RINGS ~ o.200x 107" :
* INOPERATIVE, FAILURE OF MORE THAN :
- FOUR RETRO- ROCKETS | | . :
'ENVIRON.  BURSTING OF 0, TANKS CAUSINGO, 7.200 X 10” IR B O
_CONTROL | L T B
 SYSTEM. - LOSS OR RETRO-ROCKET DAMAGE A - LIRSS
"ELECTRICAL  SHORT TO GROUND OF COMMON BUS * 7.415x10°° N
' POWER CAUSING LOSS OF ALL FUNCTIONS, . e
S | MULTIPLE BATTERY LOSS, [
CREW HEAT SHIELD/PRESSURE HATCH ~ o.400x10% T
TRANSFER' FAILURE OR FAILURE TO SEPARATE | |
(1. V.) GEMINI FROM LAB
o ~
TOTAL PROBABILITY OF A GEMINI B 24.962 X 10

EQUIPMENT FAILURE WHICH WOULD o E
PRECLUDE INITIATION OF RE-ENTRY N | | i

SPELUL LG T P 0000l
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S SPEGTL WOOLE  F

EN

PROBADLE RESCUE OR ESCAPE ESTIMATE SUMMARY

" ' ’ b
- \ ~ PROBABLE EVENTS
EVENT SR - PER 10, 000 MISSIONS
. @ OCCURRENCE PRECLUDING mcm-ss TO .  MUCH LESS THAN 1
| GEMINI B FROM LAB , | . ,

.l‘\'
. ® OCCURRENCE pm-:cwomc nz:-mrmy , . AT MOST 3 - g
- OF GEMINI B | AR o S 3 o e

e 'ESTIMATED EVENTS PRECLUDING RESCUE - -~ AT LEAST 1 R
OR ESCAPE (CREW FATALTIES, VEHICLE - | S
DYNA MICS)
® ESTIMATED RESCUE OR ESCAPE OPPORTUNITIES - - AT MOST -2
[

SPE@ IZNL IH}@&N[DMN@
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VAl ) | T RN

. EARTH BASED RESCUE CONSIDERATIONS :
© @ WITH NO CONSTRAINTS ON GEMINI B OR LAUNCH VEHICLE CAPABILITY Wt

Y SYSTEM USED TWICE IN 10,000 MISSIONS

o CURRENT GEMINI B LOITER AND LAUNCH VEHICLE PAYLOAD
CONSTRAIN‘I"S FURTHER REDUCE EFFECTIVENESS.

S RESCUE
1 POSSIBLE

- ) ' ' ORBIT PLANE > 4 : , | . i
- : - EARTH'S ROTATION | )
\c 1/10,000 CREWS RESCUABLE 8 | - /o

SPECIAL RANDLING

i Ao er
At s
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ON- BOARD ESCAPE SYSTEM CONSIDERATIONS
¢ R , v ) ‘ . . ’: . S
, ® TECHNOLOGY GENERALLY AVAILABLE
® SYSTEM COMPATIBILITY REQUIRES EARLY DESIGN INTEGRATION
. (TOTAL SYSTEM DESIGN) . | S
® LIMITED UTILITY, CONSIDERING ALL CAUSES OF ORBITAL STRANDING - I R
(DEVICES DISABLED OR NOT AVAILABLE) R I D
B ® - RE-ENTRY, RECOVERY, RETRIEVAL HAZARDS, |
(UNSOPHISTICATED SUBSYSTEMS, LARGE DISPERSIONS)
" "
i

+.. SPECIAL GANDLIG
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e 9 e o

‘ ?zmz TIOTY 2075

"T) SERRET creciiL i

- COMPARISON OF ORBITAL STRANDING RISK WITH

- RISKS OF SOME FAMILIAR ACTIVITIES

|
¥

© Page 12

- ACTIVITY | T 100, 000 MAN DAYS

® DOMESTIC PASSENGER AIR CARRIERS

~ ® ESTIMATED MOL CREW .STRANDING

® ACCIDENT FATALITY RATE, U.S. POPULATION

‘.0 o

.7

D 1 SPECIAL MN@MNG o

WHSZ311 o
9} .
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LEASE 1 JULY 2015 SPEH& ML HAND&HN@ . Page 130
'_ T SUMMARY I E
MOL BASELINE PROGRAM ORBITAL RESCUE/ESCAPE | N
®  MOL SYSTEM DEVELOPMENT APPROACH . , R E
. J RELIABILITY o S f |
/ BLOCK AND FUNCTIONAL REDUNDANCY
: y
-/ TESTING i
/ SYSTEMS MONITORING | | X o .
N J EMERGENCY PROCEEDURES AND TRAINING | ' o .
®  REMOTE POSSIBILITY OF ORBITAL STRANDING (. 9998 PER MISSION) ii ,.
\
NO SUBSTANTIAL REQUIREMENT FOR RESCUE OR ESCAPE | I R \
SYSTEMS IN THE MOL DEVELOPMENT PROGRAM."

RS
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FOLLOW-ON PROGRAM CONSIDERATIONS
® MOL MAY HAVE RENDEZVOUS/RESUPPLY CAPABILITY IN
EARLY SEVENTIES -

@ NASA AAP PLANS RENDEZVOUS/RESUPPLY OPERATIONS
STARTING IN LATE SIXTIES - ' :

® ELEMENTS OF THESE TWO SYSTEMS MIGHT BE COMBINED
. TO PERMIT AN EARLY SPACE RESCUE SYSTEM

g pfe e
St TS L o T

SPECIAL HAMDLMG .
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N ' Ay — WHS-311 _
* : : P 1 o

D'SEGREL speciiL nanpLiNG S R

'. i
MOL/NASA APPLICATIONS "A" _
\
POSSIBLE UTILIZATION OF ‘MOL FOR-ACCOMPLISHMENT OF
NASA SCIENTIF ;C EXPERIMENTS - SPACE APPLICATIONS .
MISSION "A, " .
" powNER ST AT 3 YEAR INTERVALS:
DECLALNFIZD AFTER 12 YEARS. @ 4
, LOD DIR 5200.10 | SRR
Sy dagieant :2formation afiecting the naticnal , ' o

s vy evhin the mearing ef the . ' ) } N
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»~

[

o SWUELIGCTL NS L CECLASSIFIED AFTER 12 YEARS.
is ¢ne et containy informatiog: atfecting the nafions! R A 00D DIR 5200.10
o within_the meaning of | fal _ . . . .
x t;p-m 2 L-ws, ulol ,3.C., dechion an T

lransﬂ‘f.. o _tho revelstion of its conlents in any : L Y o A : N
Ltk W unmhe "ived eeson u trohitlicd by e el Wk ~. W nl _ .

£ HS-311

 DSReanil maum -

MOL/APPLICATIONS "A"
BACKGROUND

® NASA'STUDIES/DEFINITION OF "APPLICATIONS A'' PKG. (OSSA)
. o DEVELOPMENT-IMPROVEMENT OF AUTOMATED METEOROLOGICAL SATELLITES
e 14 EXPERIMENTS-CURRENT BREADBOARD OR FURTHER ADVANCED
e EXPERIMENTERS REQUIRE POLAR ORBIT AT 125 N. MI. CIRCULAR

5

'® NASA S- lB/APP'A}INTEGRA'I‘ION STUDY (MSC)
' © e CAN ATTAIN 50° INCLINATION AT 125 N. MI. CIRCULAR
o EXPERIMENT VOLUME NECESSITATES SPECIAL CARRIER ~
o PERFORMANCE CAPABILITY LIMITS MISSION TO 2 WEEKS

o SUBSYSTEM PROBLEM AREAS FOR CSM

J/ POWER
J/ DATA

/ THERMAL = , - ' ' . »' ' \

J DISPLAY/CONTROL
s COST $32M EXPERIMENTS + $20M FOR SPECIAL CARRIER

. ® -~ NASA SUBMITTAL OF "APP A'* TO MANNED SPACE FLIGHT EXP, BOARD 6 FEB. '67
L ‘e DOD QUESTIONED NEED FOR MAN TO CONDUCT EXPERIMENTS
¢ ACCOMMODATION OF SOME OR ALL EXPERIMENTS ON MOL FLIGHTS?

' ® MOL SYSTEM OFFICE DIRECTIVE 8 FEB.'67 TO MOL/SPO
‘e COST & SCHED TO FLY "APP A" ON SEPARATE MOL FLIGHT (POLAR ORBI‘II)I"

¢ ACCOMMODATIONS FOR INDIVIDUAL EXPERIMENTS ON BASELINE FLIGHTS

. J PIGGYBACK BASIS
- J MANNED FLIGHT
/ UNMANNED FLIGHT

DOWHGRADED AT 3 YEAR INTERVALS.

i
-
. . FE: B
‘/ » e
e
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SPEGIAL HANDLING

"APPLICATIONS A" EXPERIMENTS
OBSERVABLE PHENOMENA - METEOROLOGY
ATMOSPHERIC PHENOMENA ' SENSING MODE
.CLOUD CHARACTERISTICS PHOTOSRAPHY
. SPECTROMETRY
RADIOMETRY
ATMOSPHERIC _CIRCULATI'ON : 'SPECTROMETRY _
- SEVERE STORMS . o ‘ PHOTOGRAPHY
. - : ‘ SPECTROMETRY
| RADIOMETRY
VERTICAL PRESSURE PROFILE  STAR TRACKING
VERTICAL TEMPERATURE PROFILE  PHOTOGRAPHY
‘ SPECTROMETRY
RADIOMETRY
! HEAT BALANCE ’ . SPECTROMETRY
. RADIOMETRY
WATER VAPOR DISTRIBUTION SPECTROMETRY
B ,, L RADIOMETRY
PRECIPITATION DISTRIBUTION RADIOMETRY
ATMOSPHERIC ATTENUATION _ RADAR |
OF MICROWAVES _

S{"PE@ Aﬂ, &M\N@M\N@

WHS:3

EXPERIMENTS '

S~ 039. §-040, s-042
S-050
S- 048, S=- 057.

S-045.-S-048, 5-049, .

S-050

§-039, $-040, S-042

S-049

$-057
'5-047

5-047
S-043, S-050, 5-049

§-044C, 5-060

S$-045
S-057

5-046, S-049, $-045
S$-044B, 5-060

S-044A, S-044B

S-041

L

- Page 13

’
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SCHEMATIC ARRANGEMENT

WHS-311

VT )3 ) S AANDLING

Page 135

© EQUIP. SCALE
. (APPROXIMATE) °
4

ol 2 3
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. | ) WHS-311 |
' "APPLICATIONS A" EXPERIMENTS | | Page 136 SV
TECHNICAL REQUIREMENTS ' o o
WEIGHT VOLUME POWER DATA - § ATT. CONTR{TW I
EXPERIMENT EQUIP, (LBS) (FT3) | FILMEJA DGTL | ANLGIPOINT|RATE| (SEC)| - L
- asc | RET | AsC | RET\WATTS KWH!|(FRMS (BPS)| (CH) | (DEG)| C/sEC) | i
$-039 - DAY-NITE CAMERA|{ 75| 20| 2.1l0.5 79.{10.250 0 5] 6 j+5% 05) 1 X
| ~ " . e 2
S-040 DIELECTRIC TAPE | s | | 100 : :
 CAMERA 83 0 2.0/ 0 551 0.6| 0 0! 35 |10 1541 |
. - - : L
_ ‘ : |
5-041 MILLIMETER WAVE{ 5001 0! s.0| 0 | 224 a.5] o 80 0 |4s5° - 1 |
. PROP, i : - — I S
' §-042 MULTI-SPECTRAL : ' : | . o ' ‘
5 I TL-SPE 1,4001 200 !39.0l2.5- | 900 %;3.0 10.4k| o 7 {0.5° 0.0} 1 n
O S NoNG 40) 104 1.810.3 | 100268 | 1.0kl 13K, 0 +1° Jo.z o4l o T
5-044 O, & H,O MICRO- - ‘ b | ~100 P o - 1o.00s SRR A IS
2 & Hp0 MICRO 260 0 |14.8] o | 166 (16,6 | o | 100 +2° RS B
. §-045 .IR.FILTER WEDGE 30 0{.1.3] 0. 5 0.04f 0 204 ; o |+2° | - L
S-046 . POLARIZATION sl 1 2.200.1 50 | 4.0 | 100 | 160 o |0.5° | o0.05! 1
S-047 STELLAR e | i 1o.s° 0.001f -
REFRACTION 110 0 4.5E 0 701 4.6 0 890 : 0 {0.5 0.05 aE
a . ! ' .
' §-048  UHF SFERICS 3, 01! 0.7* 0 10| 33| o 500 o {+2° | - 1
5-049 IR INTERFEROMETER 36 0 | 1.4 0 14| 1.6} - aki o [+0.5°] 0.05{ 1
§-050 IR TEMPPROFILE | 90: 0| 58| o | 25! 1.7{ - | Lsk| o [+1° | #1] 1
5-057 MULTI-CH | L o 0.1 S E
O N ADIOMETER 18 0} 0.8 0 9 L6 | - sok | 0 |s0.5°) 0.05] 0.1} ¢
S-060 CHOPPER T | T
. RADIOMETER 18 6071 - | 42 0
L OR om | 48
'\ STRINGENT RRQM'T. - }
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EXP. NO.
5-044
S-046
|s-057
$-040
'i  55047

‘5'060 T
5-045 '

S-043 .
‘18039 -

S-049

S$-048
1 S-050 .
Sf042

5-041

EN A

Th dagwme »
ERE R LA
cremsogr Al laesiacen of as conteds n any
manare 1330 anzuheriiad serson 18 prohibitad by law

SUBJECT

MICROWAVE RADIOMETER

VISIBLE RADIATION
POLARIZATION MEAS,
FROM ATMOS.

RADIOMETRIC MAPPING

CLOUD COVER
METEOROLOGY TV

- ATMOS. MEAS. FROM

STELLAR REFRACTION

' CHOPPER RADIOMETER

IR FILTER WEDGE
SPECTROMETER

IR TEMP SOUNDING
DAY/NITE CLOUD COVER

- IMAGE ORTHICON

IR INTERFEROMETER
SPECTROMETER

UHF SFERICS
IR TEMP, PROFILE

- MULTI-SPECTRAL

PHOTOGRAPHY

MILLIMETER WAVE
PROPAGATION

1+ viformation effeciing the aationas
v % T4 o3 achia the meaning of the
120 5.4 Saction 793 d 794 bis

SPONSOR

AFFILIATION SAME OR SIMILAR EXPER. AUTOMATED EXPER.|

. WHS-311
. Page 137+ \

CURRENT PLANS FOR FEASIBILITY OF

GODDARD .

INST. & MIT‘.\ :

UCLA

U OF CAL.

GODDARD

SFC
U OF MICH

 OXFORD'U

"GODDARD
. SFC

OHIO ST. U

GODDARD
SFC

GODDARD

v
U OF WIS
ESSA

ARMY
ENGRS,

GODDARD

- SFC

- 7 .AUTO
- | : AUTO
-- - AUTO )
-- " .. MAN REQ'D
- NIMBUS D-1970 AUTO - =
NIMBUS D-1970 AUTO |
NIMBUS B-1967, NIMBUS D-1970 = AUTO
ATS-D, 1968 : "AUTO
NIMBUS B-1967, NIMBUS D-1970 AUTO
~ NIMBUS D-1970 © AUTO
NIMBUS B-1967, NIMBUS D-1970  AUTO
NOT SPECIFICALLY MAN REQ'D

- AUTO

METEOROLOGY | -

NOT SPECIFICALLY xy..ion 00 AT 3AERP INTERVALS:
METEOROLOGY DECL wr FIED AFTER 12 YEARS.
- » CCD OIR 520010

[Af

. __jﬁ@E@ﬂMMMNBMN@“'* -

ANALYSIS OF "APPLICATIONS A" BY :
JOINT METEOROLOGY SATELLITE PROGRAM OFFICE
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MOL/NASA APPLICATIONS "A"

" CONSIDERATIONS FOR EXPERIMENT INTEGRATION

®  VEHICLE SUBSYSTEM
e STRUCTURE : ' ;

POWER " : ﬂ
‘COMMUNICATIONS/ COMMAND/DATA MANAGEMENT .
GUIDANCE AND ATTITUDE CONTROL
PROPULSION | . _ : - aro
THERMAL CONTROL ‘ . o
EXPERIMENT DISPLAY, AND CONTROL - . R RN

-
e o © © o o

. AGE
@ OPERATIONS
- o TEST FLOW

e LAUNCH/FLIGHT
e CREW ACTIVITY

'@  SOFTWARE .
| e ON-BOARD COMPUTER PROGRAMMING | .
"e GROUND BASED COMPUTER PROGRAMS | ' RARE

_ OOVINGY %I AT 3 YEAR INTERVALS:
- _ ) o ‘ , : DECLMJ..J[‘?ED FFTER 12 YEARS.
| ; | COD DIR 5200.10

Gegumet o 's information affecting the national

Lt ag Ciatig within the meaning of the
S e, JSC  Seetion 793 and 794 I1s
agen ot ‘r;»ﬁ o its contents in any
R Ty o arsan 13 prohibted by law.




P éégg%gkavéo:éﬁ»;n 3 , ‘ | % |
2 BL HANDLING RS
% ‘ -
MOL/APPLICATIONS "A" -
STUDY APPROACH |

o FLTS 1, 2 - NOT FI:iASIBLE FOR APP. A - LACK NEEDED SUBSYSTEM CAPABILITY

e FLTS 3, 4, 5 - INDIVIDUAL EXPERIMENTS PIGGYBACK - WITHIN FLT. CAPABILITY?

.~ . e NO INSTALLATION IN MM

2 | e " FLTS6,7 - UP TO COMPLETE APP. A PKG PIGGYBACK - WITHIN FLT CAPABILITY?

| e AUTOMATED EXPERIMENTS .
P e INSTALL IN SM OR LM
®  SEPARATE MOL VEHICLE FOR APPLICATIONS "A" S

“Y ‘o COMPLETE APP, A PKG.
| e DURATION UP TO 60 DAYS 1

B 1

SN e PHYSIOLOGICAL AND PSYCHOLOGICAL TESTING CAPABILITY

SRR S - S#ice LTS REQUIRED
e | | | CLAS i 37ACE PROGRAM

,' [ ‘ O NUMECR 8324 s

‘!’m duc. a X et .pl.u arton SHSCHAD the mmo...i
T defense’ ¢f 4 inhrd TTai’s vibin the meaning of the
hw!omm Lave, U4t 18 U.5.C, Section 793 und 794: Iis
~ . Wansmistion. or tho avel.mon ol its conlenls in any
mannes lo an unauthcrized porson is prohibited by law.

MO T T s LY s e 0 R AR AT R Y 2 T

] z £ P 2 PRI 0 S R TR ey B S
e R e DU 7> S

e SELECT FROM 5 EXPERIMENTS RECOMMENDED BY JMSPO (040, 044, 046 047, 057) »

!5,:

Lo 'CRADED AT 12'YEAR RS RIS
£ TOMATICALLY S
E@U DIR 5200.10 o




DUING

defensa ! h- ijife Stuteg within the meaning of the
Espﬁone o Liws, Tll e u.s. C, SOcﬂon 793 and 7&4 s

s in nny

- LATITUDE ~ DEGREES.

e

INTERYALS; -NOT AUTOMATICALLY
'7E(‘¥ ATCFIED, DOD DIR $200.10

! WHS-311
. ; Page 140
NUMBER G 32« “APPLICATIONS A'* EXPERIMENTS i
ORBIT'ALTITUDE CHARACTERISTICS VS, PREFERRED ALTITUDES
, FOR EXPERIMENTS t
~
5-039,
: 5-040,
‘ ¥OL BASELINE ORBIT ‘ ) S- 04,1'
i - - e— - 125 N, ML, "e 1" EXPERIMENT S 044
5 MI, "CIRCULAR Py NUMBER | 5. 04 \
- AND PREFERRED.. S§-05
.‘ .-YI ig0- ALTITUDE RANGE S'—06O . :
LT S-047 /
": 1170 S-0487
S 1601 S-042 \
o . $ .
8 'r4o0 o
S 1130 ql_ _— Y.
< . ' \ . .
{1120 1 ) '
12 1
8 '1 10 4.
100 -7 |
90
80
’i"v‘ i wl 3 . N4 '>' v —— o v " “ ™ r —— 4 ) 2 ' 4 \J T v v . t
'90S- 80 70 60 S0 40 30 20 10 O 10 20 30 40 30; &0 7O B8O 9OM)
© s darte s veine alormiaiion allecting thc aationsi DOWNGRADED AT 12 YEAR
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"~ NROARRRGVED FOR - . Voo R ST U

RELEASE Jdttr-2015 '

/ © Page 141" :
D\SEERELSL@E@HM HANDLING S
MOL/NASA APPLICATIONS "A" i
. | ; \ a2 ;

J , )
\ : ’ i

3 ‘1{1‘01‘4 DEVELOPMENT pROGRAM |
“
i i . ’
| e G s D PECIAL HANDL @ i ol
) lransmistive or b y.elaion of its contgmis in any :

R A TR IO ’ |) .‘f.‘tﬁ 12 YEARS.

N mener 0 at e -ed s i peohibited by faw : W v LoD DI 5200.10
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MOL/NASA APPLICATIONS "A" '

FLIGHTS 3, 4, AND 5 (MANNED)

(30 DAY DURATION)

° $-047 STELLAR REFRACTION EXPERIMENT o \

(158 LBS - :74 WATTS OPERATING POWER) B S

—7/ e

/ MANUAL OPERATION FOR STAR ACQUISITION
MINIMUM SUBSYSTEM IMPACT

v INSTALLATION REQUIREMENTS COMPATIBLE WITH o R
VEHICLE DESIGN FEATURES _ o e,

v LESS THAN 1 KWH ELECTRICAL ENERGY PER MISSION -
/ LESS THAN 4 HOURS OF CREW TIME PER mssroN

<

THis docu)vlm;‘ 4 cantaing !n'ovmnhon n'!'-d?nq the nafional D SPE@UA& MAM@EBRN@\DCD AT 3 YEAR IINTERVAL& T | 4
k‘éf&?ﬂ;& L‘w;,”;.',‘,idm’&‘s’3"2:2..:.?;’33‘22?5&'?.: DECLASSIFIED AFTER 12 YEARS. Y A

s fransmission or tha revolation of its tond ™~
N v oot o ek vy e CONEIDENTHAL- - bop OIR 520010
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RELEASE 1 JLLY.2015 . -

' - CONFBENTAE— owms-31 O\
ik E@MM: [H}@N@MN@ . . , Page 143 . .

POSSIBLE S-047 EXPERIMENT INSTALLATION ' ' .
(MOL FLIGHTS 3, 4, AND 5) , co o ,
: : . |
. . $-047 WEIGHT (INSTALLED) . ' 158 LBS ) ‘3
.. $-047 VOLUME (STOWAGE) . 4.5 CU, FT. - :
o S-047 ELECTRICAL ENERGY ' 9.5 KWH ‘_ ) '
e  5-047 POWER PEAK B 74 WATTS . 1
. CREW TIME REQUIRED o 20 HRS . B |
e ACTS PROPELLANT REQUIRED : 20 LBS - R
STOW IN SLEEP POSITION FOR LAUNCH T T I
OPERATE FROM DRV TUBE ' !
I - _? _
- AR
N 4 n b
*
DRV TUBE
X : COVER (MODIFIED)
| T 5
_ P ' % « A . : B ..
. EXPERIMENT SUPPORT ; DRV TUBE ;» i
S ‘ STAR TRACKER _ N ]
S This decumsnt contains information affecting the national . : : o
: L defense of hir U.ted Srats within the meaning of the
g LN Repionars Laws, This % U.S,C., Section 793 and 794, 1ts - .
N\ 'J&'.lf.“.‘i".'.,".ﬂn.’.'... Tt:"i",.‘l'.l"mii?»',f,ia" by ;2?." - EVA HATCH- . ) EVA HATCH OPEN

DOWNUGAUED AT 3 YEAR INJ

, DOD DIR 5200 lO




" NRO APPROVED FOR

WHS-311 :
‘Page 144 :
POSSIBLE S-042 EXPERIMENT INSTALLATION -
{MOL FLIGHTS 3, 4, AND 5) }
- . |
1
= =t (D -
s e " ) - . ,
| \, ‘ [ J
\ e~ 1 o :
.EVA HATCH - , ' L
-~ PERMANENT
FAIRING :
ASTRONAUT &
ACCESS
BY EVA \
: CAMERA (6 REQUIRED) | .
JETTISONABLE
FAIRING . 4,
o S-042 WEIGHT (INSTALLED) " 2000 LBS e
e  5-042 ELECTRICAL ENERGY 3.2 KWH i
. 5-042 POWER PEAK - T 945 WATTS ]
. EVA REQUIRED FOR EXPERIMENT o » e
a SUPPORT ~ 1.5 HRS , SR
: . . WY, Lt
o CREW EXPERIMENT OPERATING TIME 2 HRS . o Loty
' o DATA RETURN 200 LBS
ThiNdoncument oniring information afiecting the nalions 1 e e . S
dateNg cf *hz Whiicd $tatus within the meaning of the . W UUh: \.“\I\UL LN S YA uvi ERVALSY
Espionadhawe, Title 13 U.S.C., Socuon 793 anri 794 i Tt :

. transmission of fha tovelaiion
.. mannes to en uumh«-zod o0r30n i pvoh»nlod bv v

- SPE@ AL HANDLING

DOD OIR 520010 -~ 1
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" RELEASE 1 JUL ?5

DWSPE@ L BANDUN 3

AVAILABLE VOLUME FOR EXPERIMENTS

(MOL FLIGHTS 6 AND 7)

'SECTION A-A  SECTION B-B SECTION C-C SECTION D-D

|~ 'SUPPORT MODULE U,P..COMPARTMENT DRV TUBE AREA EXTERNAL FAIRINGS
rpA ' r’-B rC r.-D
N S

| l_,, A L, B '., c l—‘.'D' ~ , DOWN(.RADED AT 12 YEAR
L v ‘ ) ' , : INTERVAL S, NOT AUTOMAT lCALLg
TR N : , ' B yeo ! DIR 5200.1
.1 7 o - AVAILABLE VOLUME } : DEC!. +1ED. 309 : <
v IR ' " SUPPORT MODULE . 366 CU. FT. :
U.P. COMPARTMENT o 33 CU, FT. SPECi), ACCESS PEQ‘UIRED
Fa - DRV TUBE AREA 23 CU. FT. T SSIFIED SPACE PROGRAM
R ~  EXTERNAL FAIRING (2) 36 CU. FT. A L
DR Wty oy Eodon il  NUMBER.____ 6324 .
T hwongu:: w2, u’e! Us.C. ct:on / 4. Is ‘ ) ) , ) . .b -
L N v 1w e roaned by D SPECIAL HANBLING , / L2
;M'i““w P _,‘M, - ,V\_,_,__ S v e “_.’ _ ‘ ! .&_ m_w.. - .>z€‘:!::;?jii::1nmrm‘,4ur:"-.,,...w? el AR T A SR AR .\‘..',;" ” o

S e
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© RELEASE 14U

' LT
.- - NRO APPROVED FOR

N

| |
!

CLASS
NUMBER

SPeCiti. ACCESS REQUIRED
iFIED SPACE PROGRAM

6?2¢L

SPECIAL HANDLING ek

MOL/NASA APPLICATIONS "A'"

FLIGHT 6 OR 7 (UNMANNED)

(30 DAY DURATION)

L]

J1

' "m docun

N

e,

3 nl ront hu.m nk.rmnon aliecting the Mﬁml A
i dolomo of N: Urilod Siates within the meaning of the
: Titde 18 U‘S C., Section 793 and 794.1s

i f o 1]

‘v

fonls in eny

EXPERIMENT INSTALLATION ' '

-~ ADEQUATE PAYLOAD MARGIN FOR EXPERIMENT WEIGHT
REQUIREMENTS .

_ADEQUATE POWER AVAILABLE FOR EXPERIMENT REQUIREMENTS

J  SUPPORT MODULE DESIGN MODIFICATIONS

J
v ON-BOARD SOFTWARE REVISION
/o

CAPABILITY FOR ALL EXPERIMENTS EXCEPT S-042 AND S- 047
AMPLE VOLUME AVAILABLE IN SUPPORT MODULE FOR

SYSTEM IMPACT

DATA MANAGEMENT SUBSYSTEM AUGMENTATION

3 : DOWCRADCD AT 12 YEAR™
SYSTEM TEST FLOW/AGE REVISIONS - \+roa's’ NOT AUTOMATICALLY
DECLA‘S.‘:FILD DOD DIR 5200.10




RS & T

ol

ML ACCESS REQUIRED
SEE/E r:ED SPACE PROGRAM

6 ZAd

WHS-311
Page 147

hA[MDiL N

| Tj\gﬁﬁﬂ\&mum

PROPOSED CONFIGURA’I‘ION

NM3ER : | -
' - ‘NASA APPLICATIONS "A" EXPERIMENTS ON FLIGHT 6 OR 7 L

I' e o . \-\‘\\
' - s . ,\’ e 'V,.x;ig.:;-l.f_c‘

'EXPERIMENTS PACKAGE

. EXPERIMENTS PACKAGE
DEPLOYMENT

"'DEPLOYMENT .

(ALTERNATE "A") (ALTERNATE "B")'
b K+ + R ‘;g %
' ! ‘ v o
= : + F 3
: + ’4 ‘é‘:_, - = '
~— '\ -\ (DL | -. )
7 049 041 \057 o, - e
o : . b msxczmnzmmrzou 30 DRTYS
G ) o AVAILABLE PAYLOAD MARGIN . 7460 1L/BS -
A | o
R Mm eomins mlomuci.;. .)um'mg e naltons
de of the Uniled Ststes wicthin the of the -
‘ s, Tille 18 U.$.C., Section 793 and 794, Its

PR 'rlmml'ﬂmv or the revelaiion ol Conlents 1n ane .
'mannor to en unaulhomod pason ix prohnbnod by l e




: :NRdAPP’ROVEDFOR N _ o - Voo g e e e ’")
REL Y245~ - po— .
e , Vivi fwla . Page 148 ’
| EGREL aoLG 0 |
ELECTRICAL POWER CONSUMPTION . : S
. !
POSSIBLE FLTS 6/7 WITH NASA APPLICATIONS "A" EXP, INTEGRATED . R IR
) | CONTINUOUS -
' ' AVERAGE%* PEAK - ENERGY*
(WATTS) (WATTS) (KWH) -
® BASELINE POWER - SUBSYSTEM . 2,170 - 4,500 1,567 ° :
- CAPABILITY ' . | A
'@ ELECTRICAL POWER LOAD ESTIMATE =~ - '. ' I IR I

- -~y NORMAL FUNCTIONS 2 1,510 | 3,500 1,087 ;

/' APPLICATIONS "A" EXP. 130, 979 . 85 1o
i 'MAXIMUM LOAD CONDITION 1,640 . . 3,500 L A
: ® POWER MARGIN 530 1,000 395 L TR

~ #SHOWN FOR 30 DAY TIME PERIOD | | _' ’
L .‘:;‘ g G wihin the masning.of the . ‘ SPE@ ML [H]AN By N@ U0 AT 3 YEAR INTERVALS: ‘
: Ee.m.v ¥y ithe 18 U.5,C. Saction 793 and 794, Its i

Wity led toof She owlwon of its contents in sny

SSIFIED AFTER 12 YEARS.

N m.m\a .lo an unmhmnd Dersdn nlwoiubtlodlixy law. | __e& : F - ' » ffOD DIR 5?00 10




{: \ . p’-\ﬂ]‘: Zw\‘ r—{\‘T'A‘ . Lo B L T TSN 15

" NRO EDTOR RAW BN ACE Y A . ‘ e
RELEASE 1 JULY 2015 ¢ MIMOLF LLGHJ.S 6/7 ;VHS'S‘:; \ .G\
. age
. COMND/DATA;MANAGEMENT SUBSYSTEM AUGMENTATION* B¢ :
' FOR APPLICATIONS A" EXPERIMENTS | Tirji [\ | il
i { Rl
I GRESPEciAL HAmDLING
= ._l FANALOG | e = = .1'— AAPPLIC. A" | tBASELINE _
| | RECORDERS | LEXPE.RLMErNLbATA_J __'EQUIP, DAT'A" '
o /M e : : MULTIPLE‘X ' SR
" CRYPTOM DIGITAL [« t l fMULTIpLEX I " ’ i
| RECORDERS | COMMUTATE | "COMMUTATE |
v . | I A/D CONYVERT
. ' : | '
SGLS = . DIGTIAL |- Yo — —
XK+MITTERS = ; '&"[‘M UNIT & |g # - 1
_. N — , CRYPTQ' X K I o
- ~SGLS N ) " : :
N . : {COMPUTERS ; : -
T REGEIVERS | T[PECRYPTI—™ & R L
‘ DATA ADAPTERS$ . ,
I DECODER -‘" DECODER _ |
CONTROLLERS ) ™ CONTROLLERS
—— == k
’-— . W tmin . o—— p— _.& _____ —— . l ’ %
‘RELAY DRIVES APP A EXPERIMENTS - o R
*1]_ Rl “T T T‘j’ .| RELAY PRIVES.
ngl?l’@‘ri$ =h 313-}%‘)‘812'8@ BASELINE
-4 L] @ @ Q'G!Q:QAO:CGO‘ : ¢
IR RN BN R Tl T Bl

SPEMAL TANDLI N@/

. 12, 08
7 \ \ODITIONS INDICATEDBY IPASHED LINES

dafense ¢t K. L d :alug within the meaning of the

Espianayo Laws, Tids 16 U.S.C., Section 793 and 794. s . ATe JAL VOWSSS .+ .. AT 3 YEAR INT ERVAL&“{' 9}’
ST wansmissicn or the (w.elaiion of its contens in any ' _ J T DLCLASSIFIED AFTE Y ’
a.j_“,mnnm io an unaulhoried oerson is womed byhw, . : R : , - LOD DIR 52 ’?Wg" k \V;.)“"

. R co T . TR T
c—— ==



NRO APPROVEDFOR  * {; o I j
RELEASE 1 J il - - " -31 1
) —~ KM‘T AL N e 150
SPECIAL ACCESS REQUIRED el SPECIAL HANDLINGy2ge
CLALL 7T UCACE PROGRAM MOL/NASA APPLICATIONS "A' :
S FLIGHT 6/7 IMPACT 1

® APPLICATIONS "A'" EXPERIMENTS .
e FLY 12 OUT OF 14 (S-047 AND S-042 AS PRESENTED REQUIRE MAN) ‘
e ADD NIMBUS VIDICON SUBSYSTEM TO SUPPLY VISIBLE IMAGING FOR IR GROUP.
e EXPERIMENT AUTOMATION FEASIBLE (INHERENT IN THE SELECTED 12)

e "IMPACT ON VEHICLE SUBSYSTEMS
" | ' ‘e STRUCTURE - MODIFY SUPPORT MODULE FOR INSTALLATION
ELECTRICAL - ACCOMMODATE THROUGH PROPER OPS SCHEDULING
. & COMMUNICATIONS/DATA o
- ADD REMOTE MULTIPLEXER FOR EXPERIMENTS PR .
- ADD ANALOG RECORDERS
. COMMAND/ CONTROL '
- ADD DECODER/CONTROLLERS FOR EXPERIMENT OPS. °
'+« |. ' e ATTITUDE CONTROL - CAPABLE OF HANDLING EXPERIMENT REQMTS.

L ."’ ‘}‘:I ,
* ¢ PROPULSION - ~~ 100;LB A DRAG PROPELLANT _ . ..~ 20" s /00de < 207
SO ' R ,r""a ;,» AT
| ° IMPACT ON AGE/SYSTEM TEST ¢ -
SRRT * SIGNIFICANT INTEGRATION EFFORT EXPEGTED FOR SYSTEM TESTS (FACTORY &

| LAUNCH BASE) | _
e COMPATIBILITY OF EXPERIMENT/VEHICLE CHECKOUT EQUIP MUST BE ASSURED.

0 MISSION SOFTWARE
" e ON-BOARD SOFTWARE MAY BE SIGNIFICANTLY IMPACTED

| © / TIMING AND STATE OF DEVELOPMENT OF EXECUTIVE PROGRAM

‘.1 .. - . e AUGMENTATION OF GROUND COMPUTER SOFTWARE REQUIRED

w7 " | COMMAND PROGRAMS '

mi Y TELEMETRY FORMAT

W Bt L) Onm mlommton atfecting the lllllon.l

AT ULD AT ~12 YEAR

S ' T AUTOMATICALLY
o i SP E@ ML [H%N'[L pDOD _DIR_5200.10
"IH Ml-{m--?"q '} t : s ’ - "
'Mm”" s ver Lhe : -.l;ofn s:{c'::" Zoonst.:‘:g ZI? 46":;

RETIVE SYPRIN S - . . -
At S TN A A A MR T 1 Vo AR

v'~~ .t

n: e n enenthye iz e«,l \Onon is P'-’hlbyled by O, s e
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ANDILING

e

:‘._'ROVAPPiQOVE[')‘IFO"R'w.' SPEL@ ML WHS- 311
. _vb;‘.ELEASE 1‘ JULY 2% ] Page 151 -
o ApaCian SCCESS REQUIRED Fai i3 4B . \ ,
CLAGS "1 SrACE PROGRAM MOLTNASA APPLICATIONS "A | |
e g £32e. COST ESTIMATE SUMMARY
MODIFICATIONS TO FLIGHT 6 OR 7
(R.O. M. )
® DEVELOPMENT AND MODIFICATIONS ° $27.0M
e SUPPORT MODULE MODIFICATIONS (14.0)
-/ ENG. - DESIGN CHANGES 4.0
o J/ MODIFIED SM 4.0 |
- J TEST QUAL. VEH.. FOR #6 4.0 :
e / STATIC & DEVELOPMENT TESTS 2.0 ’
o LM MODIFICATIONS (13.0)
- | / ENG. - DESIGN CHANGES 5.0
" , IR . / MODIFICATIONS TO LM (ADD, HDWR) 4.0 \ | |
B S '/ AUGMENTED QUAL. TEST 2.0 Lo ey
R RSt : / STATIC & DEVELOPMENT TESTS J2.0, R
; i Wit 0. @ REVISION OF ON-BOARD SOFTWARE PROGRAMS | $ 5.0M
"N @ SYSTEMSIENGINEERINGHT ! $17.0M
o ' o GSE/TD./ Ti» | 2. .
S e SYSTEMS Ehet | ‘ 8. |
o o AGE atil ‘ 7.0
s 2 o TOTAL $49.0M
SEIRCE B FISCAL YEAR - 1968|1969 1970
W . : |MILLION DOLLARS $10.0 |$25.0 | $14.0
Sl ) IR -
‘ ”‘; f':* . M”'Mh:n’ 'l:(n)f:s NOT INCLUDE NASA PECULIAR COSTS DO 0(‘)0 :JT(;&A%%’}S_LY "
_?-f.e' '-f’._i-,':x g Ty wi fi the mwaning J".'";..' . ‘ QECL,_’\.’SS!("...D DGO DIR 5200. 10
i s .:;.‘,:;;'7:‘“. e AL WANDLWNG .




r-
e v e

. NR® APPROVED FOR . . ' 3
“‘._. RELEASF-t BTRIRVALY. V0 < - . " WHS 311
SL@E@HM?, MANDLING == 1
MOL/NASA APPLICATIONS "A"
PRELIMINARY CONCLUSIONS
BASELINEJDEVELOPMENT PROGRAM
® MANNED FLIGHTS #3/4/OR 5: " .
J  S-047, STELLER REFRACTION EXPERIMENT, APPEARS TO BE
| COMPATIBLE WITH MOL FLIGHTS 3/4/OR 5 AND WOULD REQUIRE _'
_— ’ MODEST INTEGRATION EFFORT..
'Y AUTOMATK:MODEETJGHTS#éOR? )
-J . CAPABILITY FOR ALL EXPERIMENTS EXCEPT S-042 & S-047
kY
i Cd SIC:I\IIFICAN‘I‘ IMPACT ON SYSTEM DESIGN AND TEST o |
T o J EARLIEST LAUNCH DATE APPEARS TO FALL IN LAST _
o ' QUARTER OF CY 1971 ‘ o P
SRR | ' - SPECiAL ACCESS REQUIRED
C T B L CLA - 7\in G-ACE PROGRAM
S o A ‘ - ' N AR 63a .
' l’hi; d'v-u':ru ' ‘t_,m ol matr, Jliecting the nationss

1 IEETEE , | " YEAR S SERPR
! datanre ". i 1o Ttal g withine th { the Y TG R 2D AT 12 . bk

, si’umc, Ui q;'»s o s:c "s.;.;'m’v";'a‘::.?ﬁa s N . gN%h LS o7 AUTOP.’IAT‘ZCO%LLY : o=

! ! . h auicn of its conl H . 3 i\ . ‘:
.:,:’,,., o ...funaulm-lnzod, person is pro::'bm b: l::v, o e . 4 SPE@” Cwmﬂ ﬁm‘j'a 5 . - i

B R R T ata s EYE SR S PR A R T RO A PORIRTREN

X ; by D 3 . e f
= = = s —————
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RELEASE 1 JULY.2015 ' — _

TAT WHS-311 '
* ' ) e . Page 153 . [ , )
; : . .. o N - ' ! N
K | ' '
SPErIAl HANDLING
MOL/NASA APPLICATIONS "A" =+~ = '
4 " ! . ‘w
g
\ -
X - t
POSSIBLE SEPARATE VEHICLE CONCEPTS :
1]
.. | D\E&REL SPE 1AL MNHD& ING | ,
Ty e e .;‘.s inf m.n:nqlLaa;n: ::; na:;o:\hn.l ' ) :
ii;‘,.:n v St S‘Cn.nlucu‘o:793‘anclg7;4 i - . _ O M 5 1t iIN1ERVALS; — L
pfraaohintae of Chi teecleiion of its conlents in any . U..(;_ S AFTER 12 YEARS. e
manner *9 an unaulhonud “person is prohibited by law. ‘U]'“r' LoD DIR 5200.10 £ o
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. . Page 154

mouNe - - |0

MOL/NASA APPLICATIONS "A" . |

POSSIBLE SEPARATE VEHICLE APPLICATION CONCEPTS ‘ S A

. @ CONCEPT A o o ;&- , ‘ o
. : . ]

1. . BASELINE VEHICLE . o @‘\ @"l |

(LESS MISSION P/L EQUIP) :

. o) ' : . .
S 2. 30 DAY SYSTEMS QUAL fj » - : - :
©© 3, APP. "A" PACKAGE e Wi NN ' e

4 BIO-TEST (PILAND P12)  © ° N7 @_/ @J B R B
5.. AIRLOCK . ‘ - , ~ o | N B

[~

. 'e CONCEPTB S L . ' B R

1, BASELINE VEHICLE ' :
: (LESS MISSION P/L EQUIP) ‘ , :
2.

30 DAY SYSTEMS QUAL - c NN

_ 3- APP. “A" PACKAGE co—

\ T
4. BIO-TEST (P11 AND P12) “ . oo : BN ‘ :
5, AIRLOCK = - OO (F§ S R
6. EXTENDED DURATION CAPABILITY (A 30 DAYS) a ' IR
' /' + ELECTRICAL POWER (CRYOGENIC TANKS AND FUEL CELLS) ’ o
/ .. POWER CONDITIONING. AND DISTRIBUTION

/'~ EC/L8 EXPENDABLES
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POSSIBLE SEPARATE VEHICLE APPLICATION - CONCEPT A |

EXPERIMENTS P11 AND P12 g | - BN L
(BIOMEDICAL AND- PHYSIOLOGICAL ' ) : ' S D o
. EVALUATION) - SR L
. ; .
049 S
046 ' B
SECTION A-A SECTION B-B 045~ SECTION C-C : :
Moe SPARES, F‘AAIRLOCK\[‘B . 039 |
. /f ' ) . \ \ AI)‘I;IATIONAL, "
S o I g a—[\\AVAILABLE " | . |
gl - - (| - VOLIME - — |
L\; \ S “t - - l )

) { A [— & : :
| - T LA 27 Lp 043 047 L—c 044/p>048 BT/ 3Fl—- |

» ' 'MISSION DURATION"' 7 30 DAY Wm:
‘s PRESSURIZED VOLUME (INGLUDING AIRLOCK) 1125 U, FT, ,
¢ EXPERIMENT PAYLOAD \ ;o A§A &PF "A" + P+ Pl2

ADVIrLie ADDITIONAL AVAILABLE VOLUME

~ AUNPREBSURIZED) . s ‘A .~ 1700 GU, FT., or
e N U& [M. ﬂ{]@m LIINI® WNGRABEU Xt 3 VEAR
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POSSIBLE SEPARATE VEHICLE PERFORMANCE
CONCEPT A
®  ORBIT ALTITUDE i 125 N, Ml, CIRCULAR
©  ORBIT INCLINATION . - 80°
®  T-1II M (PAYLOAD SELF INJECT) 32, 500 LBS
\ @ . ORBITING VEHICLE ‘ ‘
/ ~ MISSION DURATION IR | 30 DAYS )
./ * O.V. DRY WEIGHT - . 19,100 LBS
/ . NASA APPLICATIONS "A' PKG . ‘ 3,500 LBS
. . . 1Y
: '~/ BIO-TEST PKG (Pll, P12) S 600 LBS
: |/ 30 DAY EXPENDABLES /2,200 LBS
' | / AVAILABLE DISCRETIONARY PAYLOAD 7,100 LBS
. l‘ . ‘ . .
.’-.‘.,- SO b : ‘
SPECitL FCCESS KEQUIRED
CLASS!Fi~o SPACE PROGRAM
1 | : o o ' NUMRER. ¢ F2a,
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POSSIBLE SEPARATE VEHICLE APPLICATION - CONCEPT-B, o
‘ ' " ‘. . . o . > N »'- '
EXPERIMENTS P11 AND P12 | - | ' SR ~
(BIOMEDICAL AND PHYSIOLOGICAL !
EVALUATION) »_
. _ iy
X ) ;
, 049 § |-
A 046 1
- *SECTION A-A ECTION C S TENDED. DU .ATION |
SPARES A a1n1ock” B 039 C /E CAPABILITY
h‘ : ) . N s vy rt O
. | ADDITIONAL :
4T <= AVAILABLE =~ . -
. " = ' T i:; ‘i
iy o , Y i
043 047 L. ‘044B>048—18 1/3 FT—" : i
S e e R PR
o MISSI,(ON DURATION , o 60 DAY E/ENEAB,WLE’S’- ) ¥
e Nl e CIACL G Ao ) / i
e PRESSURIZED VOLUME (INCLUDING AIRLOCK) 125 QU BT ; f
o  EXPERIMENT'BAYLOAD ¢~ | MNASA APP, AW+ P11+ P12
onm - .
/l ADDITIONAL AVAILABLE VOLUME | . g, T :
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v POSSIBLE SEPARATE VEHICLE PERFORMANCE
CONCEPT B
®  ORBIT ALTITUDE | . 125 N. ML CIRCULAR
B ®  ORBIT INCLINATION | " 80°
B {15,-; S e 'T-IIIM(PAYLOAD SELF INJECT) . | 32,500 LBS
- ©''®  ORBITING VEHICLE - |
oy MISSION DURATION D o L ~ 60 DAYS '
/ . O. V. DRY WEIGHT . © 21,000 LBS
/ NASA APPLICATIONS "A" PKG - g 3,500 LBS \
: . '/ BIO-TEST PKG (P11, PI2) ' /600 LBS ) - . R
SR /. 60 DAY EXPENDABLES | . 4, 400 LBS L
Y AVAILABLE DI“SCRETION'AR‘Y PAYLOAD, . 3,000 LBS |
N BT A , . ' " . , R
B . S B -~ SPECI"'. ACCESS REQUIRED
T CLASSIFIZD SPACE PROGRAM
|t i et st
Eantorace Lews, Tile 18 U.S.C., Section 793 and 794, hs DoV’ ‘AADED AT 12 YEAR

1 transmission or tho revelation of its contents in any
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LN oo ~ POSSIBLE SEPARATE VEHICLE

.‘-'i;'."'f""' . . : -: : COST ESTIMATE SUMMARY
L U ) (M3Y)

| ) FY 68 69 70 71 TOTAL

' ® VEHICLE | .

vl - DEVELOPMENT | 66.5 | 79.0 |, 30.5 1.0 177.0

Al U PLIGHT sYsTEM .2 | 29.5 39,0 16,3 85. 0
.I,‘. 3 e N KK . 66. , . llsg. !; 6;0 5 . 3 2. e

" %] ] @ B/L PROGRAM | ss.0%
o pwT ] . SCHEDULE IMPACT '

v |- ]  TOTAL REQMTS '¢8 | 124.7 | , o Doy

o B/L PROGRAM FUNDS FROM FISCAL YEARS 69 - 71 REQUIRED IN FISCAL YEAI} 168
~ DUE TO INCLUSION OF ADDITIONAL NASA LAUNCH VEHICLE IN FISCAL YEAR '71.

o i a% DOES NOT INCLUDE AN? NASA - PECULIAR HARDWARE, SUPPORT EQUIPMENT,
. ' ... ' SOFTWARE, OR PROGRAM MANAGEMENT COSTS. -

" ¢io creres REQUIRED

J"h* t AN et L

oy . . - | Cio =0 SPAGE ‘PROGRAM
: ‘\IUI l..‘.‘~——-~€:—3‘*'3&—‘_ .
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“..,ALLY Y A '
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SGITFOAPRROMEREOPROGRAM

IMB/‘E( GCEa. | | e | TN \
ettt oo he moon POSSIBLE SEPARATE VEHICLE . AT 1z ¥EAR
v [T X A ¢ wihin the meanin Sy e J
o el e Clsoion 793 o704 e DEVELOPMENT COST ESTIMATE INTERVAL®: 107 AUTOMATICALLY
to t unauthociiad serson i probibied by e DECLASSIEIED. DOD_DIR 5200.10
' FY 68 69 70 71 TOTALS
LAB, VEHICLE ’
ENG,,DEV, & TEST
o . "
- SYSTEMS ENG. & INTEGRATION 7.0 6.0 1.5 .5 - 15,0
- SUB-SYSTEMS ENGR, (EPS, CRYO, MM)14, 0 10.0 1.0 25.0
- SUB-SYSTEM TEST 10.0 5.0 15.0
- AGE INTEGRA TION 3,0 2.0 5.0
- MISSION SIMULATOR ADAPTER 4.0 5.0 1.0 10.0 _
- QUALIFICATION TESTING 6.0 8.0 1.0 15.0 0.0
- AIR LOCK DEVELOPMENT . 3.0 2.0 ' 5.0 99
‘HARDWARE .
- SUB-SYSTEM DEV, HARDWARE 1.0 2.0 1.0 4.0
-~ SIMULATORS 1.0 4,0 2.5 7.5
: - SUBSTITUTES 1.5 1.0 2.5
' - OTHER (SPEC, TOOLING, 2.5 5.0 2.5, 10.0
TEST EQUIP,) | ; 49.0
. . .- QUAL TEST VEHICLE AND - 1.0 10. 0 5.0 25.0 v
o MM STATIC . .
OTHER “ : LT S . R : -
* TEST OPERATIONS o 2.0 ‘30 2.0 7.0
- -« PROGRAM MANAGEMENT 3.5 3,0 2.0 .5 9.0
- (CONTRACTOR) : R 21.0
=~ GSE/TD - 2.0 2.0 1.0 - ‘ .
‘. = DEV, 60 DAY ON- ORBIT STORAGE 40 50 30 | 120
' ADDN'L PROD, FACILITIES - | s.0 | . S 5.0
{ . *‘rmmme 66 5 E;E— 0.5 T.0 —

PR [t . . S | i
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MCESS REQUIRED
D SPACE PROGRAM

6 7Ra.

FLIGHT SYSTEM COST ESTIMATE

FY

68

69

70.

71

TOTALS

GEMINI |
. , ’: o LAB, VEHICLE

T-III M

5.2

18.0

41.0

15. 7

. 12,0

3.0

4.0

19.2
37.7
21.0

6.0

’ RECOVERY TRACKING,
ETC, -

GSE/TD | .2 .3 .3

.3 1.:1

NASA PECULIAR : o ~ ‘ o

I‘ . - !
. . ¥

HARDWARE NOT INCLUDED

) - -—---

L - -

- LAUNCH OPS, NOT INCLUDED

o (BSTIMATED TOTAL.COST_ (- v 280
; L © his doc:mul Jontaing mlorm;hon affecting m. »ﬁu.l

r ) . DOWNGRAUED AT 12 “YEAR
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POSSIBLE SEPARATE VEHICLE

MOL FUNDING SHIFT DUE TO RESCHEDULING

. PROGRAM SCHEDULE IMPACT FY 1968
- GEMINI : - 8.0
- LAB VEHICLE . - . . 39,0

- T-IIM . 1Lo

e ) o . ‘ - ‘ | .;':58.0

SPECIAL ACCESS REQUIRED
CLASSIFIED SPA_CE._ PROGRAM
ER . B 3R au |

" Yis document contains information affecting the national

) United States within the meening of the . - ‘ : ‘ ; o a LY R I

o Q.,::E‘:;.::L‘Z‘, ';:::'Io 18 i'slc'f,’s.'ai:: 793 1d 794. 1 D o . TDE%‘(,V,'{’,_QRASS? :JT()IGA%ECAA%LY' ]
‘ o nathort i i ‘ ‘ f R 30 o SR
o manner 10 an uneutheri-¢d ~erson iy prohibited by l.w... : \SEGRtL SPE L R A @ AR LoD DIR .5200.10 _ S,

o AR A T e b sk PR H ’ 3 A W = Lt
) L —— . . [ ) ! X B EZ : § B ~ =
e Tt e s st S U SN n




. (9 L e R
NRO APPROVED FOR ’ . 5 .
RELEASE 1 JULY 2015

a o | | USEERE[gp JAL HANDLING Wg:*:;izg.\_

SCHEDULE ESTIMAT ES

FY'68 | FY'69 | Fy'70 | Fy'71 | Fy'72 | FY'13

cy'6r]| cy'es | cy'e9 | cY'70 | CcY'7l cv'vg

.

 "APPLICATIONS A" EXPERIMENTS .

(14 EXPERIMENTS) .

" FLT. HDWE. DEVELOPMENT |
DELIVERY OF FLT. HDWE, ' A

EXPERIMENT INTEGRATION : \@222zZa

POSS[BLE LAUNCH DATES

SATURN/APOLLO (stvs REVIS!T)

MOL BASELINE PROGRAM
» SEPARATE FLIGHT VEHICLE

'METEOROLOGICAL SATELLITES

NIMBUS-B e
- NIMBUS-D
ATS-D
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OVQDF%CCESS REQU!RED
§43§$“ “E5 SPACE PROGRAM

MBER
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o defense ol
© . Ewionoas Laws, Titie 18 U.S

PEC BiAL '}

év.?ﬂz[(/

GROUND RULES FOR COSTS/S CHEDULES
POSSIBLE SEPARATE VEHICLE .

[ J NASA FLIGHT (FV-8) IN SEPT, 1970

® NASA VEHICLE (FV-8) AND AIR FORCE VEHICLE (FV- 3) ARE BOTH MANNED
J» SAME PREFLIGHT TEST OBJECTIVES

COMPLETE DYNAMICS TEST FOR FV-8 LAB*VEHICLE

ACOUSTIC AND STATIC TEST FOR FV-8 MISSION MODULE
SEPARATE NASA MISSION MODULE QUALIFICATION ARTICLE
"ELECTROMAGNETIC COMPATIBILITY TEST MUST BE IN FV-8 FLOW

AT LEAST TWO COMPLETE SETS OF NASA EXPTS REQUIRED
(COMPATIBILITY TESTS & FLT. ITEMS + BACKUPS)

LSO N

QUALIFICATION OF NASA VEHICLE FOR 30 DAY MISSION DURATION ONLY S o "
® SCHEDULING INTERFERENCES REQUIRE _ | :
/ PROVISION OF SEPARATE NASA ASSEMBLY AREA @ DAC, HUNTINGTON BEACH
J SEPARATE NASA MISSION SIMULATOR ADAPTER A
.J TWO STATIC TEST FACILITIES REQUIRED '
"/ NO THERMO VACUUM FACILITY DOWN TIME OVER SPAN OF 20 MONTHS
. .J. ECLS ACCELERATION (5 MONTHS IN ADVANCE OF 12 MONTH SCHEDULE)
' ®  COSTS INCLUDE AEROSPACE GSE AND TD )
'® ' NASA EXPERIMENTS WILL BE AVAILABLE J'ANUARY 1969, FOR INTERFACE COMPATIBILITY _
. TESTS = . .
' . ONE LAUNCH NO FOLLOW-ON SCHED. OR DOLLARS

g | . DO\'«.\!G\AUED AT 12 YEARLY”‘; - :
D—SEEREF‘SPE[@ R DL
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. PROGRAM MANAGEMENT INTERFACE CONSIDERATIONS: NASA/DOD '_
° ® SPECIFIC RESPONSIBILITIES/DEGREE OF PARTICIPATION HAS NOT BEEN ;
, DEFINED L ' L
® ASSUME NASA TO.SUPPLY (FOR PURPOSES OF STUDY) !
‘ ’ ¢ EXPERIMENTS QUALIFIED TO MOL SPECIFICATIONS ' . R I ‘
S oM ./ APPLICATIONS "A" EXPERIMENTS | .
N J PHYSIOLOGICAL AND PSYCHOLOGICAL TESTING EXPERIMENTS o
l:' ‘_',\" .‘."J, R v’ _" : . ' ' " “:‘; ;
B S e MANAGEMENT OF EXPERIMENTS DEVELOPMENT, TEST AND ol
Cefre T - ACCEPTANCE ’ ' I It
i.r:" R J/ INTERFACE REQUIREMENTS ~ N , - ‘ ; Nt
S E | / CONFIGURATION CONTROL o
J INTEGRATION AGTIVITIES, SCHEDULES, MILESTONES - R
S ‘ e EXPERIMENT AGE & SUPPORT REQUIRED AT FACTORY AND | o IR
‘ol - LAUNCHSITE ¢
2 e EXPERIMENT DATA REDUCTION AND DOCUMENTATION
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5 ”SPf:C AL ACCESS REQUIRED MOL/NASA APELICATIONS nA
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, ’ ; _CL” ALTIED SFZ\CE_, PROGRAM POSSIBLE SEPARATE VEHICLE ‘
G L MUGEER IRa, PRELIMINARY CONCLUSIONS

" 1 '@ . SEPARATE MOL VEHICLE FOR COMBINED NASA APPLICATIONS "A" EXPERIMENTS

(L fwepotet 77 " AND PROLONGED BIOMEDICAL TESTING IS TECHNICALLY FEASIBLE.

+|-2.", 7, | RESCHEDULING OF MOL DEVELOPMENT FLIGHTS #1 & #2, & SIGNIFICANT TEST
bt " FLOW MODIFICATIONS. :
<, +®" | UNRESOLVED PROBLEMS REQUIRING FURTHER CONSIDERATION -
S et / LAUNCH DELAY OR FLIGHT FAILURE.OF:THE FLIGHTIWOULD )
i RESULT.IN MOL PROGRAM SLIP; ,
... - J SERIOUS DIVERSION OF EFFORT DURING EARLY CRITICAL PHASE
Se:| 7 OF MOL PROGRAM; ,
R N ' LARGE-SCALE ENGINEERING AND MANAGEMENT RESOURCES E
C P REQUIRED TO MAINTAIN SEPARATE DESIGN, TEST, INTERFACE, :
o] Lew, wie' 07 TRAINING, AND PROGRAM DOCUMENTATION ! Co
.' { S i IMPLICATIONS OF "COST SHARING' APPROACH: | o
'14". 72 I . ‘: o » . B
coaEl b T e - - PROGRAM MANAGEMENT AUTHORITY AND RESPONSIBILITY
SRR IRREREE N A . , A _
AL '~ DOD/NASA INTERFACE'STRUCTURE |
Sihie . . . IMPACT ON MOL DEVELOPMENT PROGRAM FUNDING
B J’ I!(I'PERFACEIDEFINITIONS INVOLVYED IN PROGRAMS WJ.TH T g mad

e T | DIFFERENT OBJECTIVES.

'rhudtww ‘ ylikits information’ aliecting the.nationad
" NV ‘h- Uried Salas williin tlu munlng of the
uwmmt fwis, Tily 18 U.S.C., Section 793 and 794. 115 - DO' i aRADtD AT 12 YEAR

, A.. - @ LAUNCH IN LAST QUARTER OF CY 1970 APPEARS POSSIBLE, BUT WOULD REQUIRE
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OUTLINE ) )
SUBSYSTEM LIFE EXTENSION

STUDY OBJECTIVES B

LIFE EXTENSION APPROACH B o e
STUDY ROADMAP b
SUMMARY OF EARLY STUDIES |
SUMMARY OF RECENT STUDIES T . .
LIFE EXTENSION CONCEPTS | . - o B
FAILURE EVENT AND EFFECTS SUMMARY

LIFE EXTENSION APPROACH BY SUBSYSTEM

i A B e i

X Ty e e
iR A Sk

LABORATORY RELIABILITY AS FUNCTION OF MISSION DURATION
WEIGHT CONSIDERATIONS FOR SUBSYSTEM LIFE EXTENSION

® © 0 ¢ 0.6 6 6 ¢ O 0

COST ESTIMATE FOR EXTENDED LIFE SUBSYSTEMS A | - R
/ NON-RECURRING . ) SRR B
/  RECURRING | | ‘ ?

» .
MAINT/REPAIR/REPLACEMENT TIME VS MISSION DURATION

® IMPORTANCE OF MAN'S ROLE
’ / MAN VS REDUNDANCY _ : _ _
/ UNIQUE ABILITIES FOR TROUBLE SHOOTING/CORRECTIVE ACTION

./ SPECIFIC EXAMPLES FOR AIRCRAFT AND SPACE FLIGHTS
®  CONCEPT OF MEAN MISSION DURATION

e ) SPECIAL HAWDLING .
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/ IDENTIFY LIMITATIONS DUE TO FAILURE-RATE, WEAR OUT, & STORES DLPLETION. '
/ DETERMINE OPTIMUM DESIGN MIX BETWEEN ON-ORBIT MAINTENANCE/REPAIR/
SPARES REPLACEMENT AND REDUNDANCY. . *
Y ESTIMATE COSTS TO ATTAIN EXTENDED OPERATING TIME FOR SUBSYSTEMS
APPROACH .
SUBSYSTEM-BY-SUBSYS’I‘EM ANALYSXS TO DETI‘:RMINE METHOD(S) UTILIZFD
SUCH AS: ‘
v/

Page 1l
SUBSYSTEM LIFE EXTENSION STUDIES ‘
OBJECTIVES
4

DEFINE MEANS TO EXTEND SUBSYSTEM dPERATlNG TIMES TO ACCOMMODATE

MISSION DURATIONS OF 60 DAYS OR LONGER WITH NO APPRECIABLE DF‘GRADATION
IN THE PROBABILITY OF MISSION SUCCESS,

WSTRETCH" QUALU?ICATION TESTING AND DESIGN MODIF!CATIONIUPRATING
 EXPLOIT OVERDESIGNED CAPABILITY WHEREVER PRACTICAL
IMPROVE ACCESSIBILITY FOR MAINTENANCE
REDUCE WEAR-OUT RATE
/ ON-ORBIT MAINTENANCE/REPLACEMENT/REPAIR BY FLIGHT CREW
PREVENTIVE MAINTENANCE FOR WEAR-OUT LIMITED ITEMS

CORRECTIVE MAINTENANCE BY REPLACING FAILED ITEMS WITH SPARES

MALFUNCTION DIAGNOSIS AND REPAIR WHERE FEASIBLE
" v ADD REDUNDANCY

MALFUNCTION REQUIRES IMMEDIATE SWITCHING FOR SAFETY OR MISSION

MAINTENANCE NOT PRACTICAL BY REASON OF COMPLEXITY OR TIMI"‘
v ADDITIONAL DEVELOPMENT

WHERE OBJECTIVES CANNOT BE ATTAINED BY OTHER METHODS

PECIAL WANDUNE
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. Subsystem

SPECIAL DINDUNE e 1\

P
LABORATORY DESIGN OPTIMIZATION age 17 1

(30 DAY DESIGN)

Basic Design

(Non-Redundant, Unspared

—r —“H

Optimum ' . o
) + Rodundancln & Spares == Optimum Baseline .

Roliablility {Pounds) ____ (Pounds)  Design Rellability
. 'BPS .17 w1 0 | <992 '
. | Fuelcelle (. 942) (343, ' ( 0) . .996) .
~ Dist. & Coatrol (.817) (99 ) (.99)
~ ECLS ‘ .696 s 8 .988
CRYOGENICS <99 2 I 997
ACTS .606 s . e .08
_Electronics (.618) ( o) 67) o .994)
Prop. &k Tank. (.980) ( %) - o) (.990)
2 CaD | 632 e 11 998 .
 NAVIGATION 187 3s e .99%
MDS & IFTS . 950 18 o 999
STRUCT. & FURNISH. . .999 o o 999
CONT. & INTERFACE .99 1n6 24 .99
| ‘v . 4183

W

s9%6 120 . .948
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'EC/LSS RELIABILITY - HAMILTON-STANDARD

om : | . o CUM
M "W MOD # E . DESCRIPTION w
oo™ : . . :
E8 0 BASICSYSTEM . -
1 GEMINI/TUNNEL 0.5 PSI PRESS. m§om (1st m. <62"
2 CABIN FAN ASSEMBLY (l1st S) 3.62
3 WATER CHECK VALVE (R} 3.69
4 0, RELIEF VALVE (R) 4.00
'5 0, SHUT-OFF VALVE (R} & REPRESS. VALVE (S} 5.73
- COOLANT PUMP (R) 10.73
= 7 'INSTALL VOTING CIRCUITS ON wmvwmmm. SWITCHES 13.71
. M 8 FWD. CABIN DUMP AND RELIFE VALVE (R) 15.51
= 9 AFT CABIN DUMP AND RELIFE VALVE (R) 17.31
=510 0, INFLOW VALVE (R) | 18.90
_; 11 SHUT-OFF VALVE FOR WATER HOSE ASSY. (R) = 19.15
=t 12 SUIT FAN (R) ‘ 24.85
.m.._.m.:..-w&%ﬁ.@dmm.m.w.mm.wm.mmm.mw.-mﬁm..mm.c.mmﬁy....~m.uN
G 14 AFT CABIN ATMOS. RETURN CHECK VALVE (R) 26.02
9 15 FWD. CABIN ATMOS. RETURN CHECK VALVE (R)  26.72
16 PRESSURE RELIFE VALVE - AFT CABIN (R) 27.52
17 PRESSURE RELIEF VALVE - FWD CABIN (R} ? 28.23
18 CAP GLYCOL QUICK DISCONNECT - FEMALE (R)  28.42
19 CAP GLYCOL QUICK DISCONNECT - MALE {R) 28.52
20 CAPS AND REPAIR KIT - WATER DISPENSER (S) 28,77
21 SECOND SPARE FOR MOD. 1 . 29.39
22 COOLANT ACCUM. & SHUT-OFF VALVE (R) 32.18
23 . WATER ACCUM. & SHUT-OFF VALVE aa 34.97
24 SUIT RELIEF <>r<w (R) 36.72
25 SECOND SPARE FOR MOD 2’ 39,72

.69

.713
. 769
171
776
.91
.867
. 884
.904
.923
©.933
.934
<964
966

. 967

.968
» 969
<970
971

971
.97
.91

. 973
. 975

+ 976

e oﬂﬂ

e *ﬂ.t.-“ “--ﬁ-a -

SPECTL WANDLWE
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- , I | FC/18S RELIABILITY - BAMIUTON-STANDARD . b
< ' . .e . S A
o S . - .
~ : . -
. A

- N

v § ,
1 REPLACE GEMINT/TUNNEL 0.5 PSI PRESS. SWITCHE (lst S8PARE) (351)** .03008
2 -  EEPLACE CABIN FAN ASSEMELY (1st SPARE) (102) 01093
3 SERTES REDUIDART WATER CHECK VALVE (M01) +0105%
M REDUNDART O, RELIEF VALVE (303) =~ | 01000 .
5 . wﬁgo SHUT-CFF VALVE (30h) AMD SPARE REFRESS. EﬁaSVSRu.
6 REDUNDART aooEg PP ?.me . 00815
7T ggagﬁgﬁﬁggﬁaﬂma& 00607
8
9
10
1
12

" REDUNDART FWD. CABIN DUMP AND RELIEF VALVE (30T) 00386
gsgﬁgsgﬁuﬁaé | ¢ .00383
REDUNDART O, INFLOW VALVE (306) +00309

SPEGIAL HANDI NG

BACKUP mmﬁ.a.w VALVE POR WATER HOSK ASSY. ?mc 00302
gﬁmaﬁﬂibe . ‘ T 00272

13 REPLACE emnuuxﬂﬂﬁ. 5 PSI PRESS. SWITCH (lst SPARE) {354) +00125
pr gﬂaﬁmﬁg g §<F§A¢$ ..§8
G

&)

=

=]

=)

==

=g

==

—

=s

€5

L]
B |
REDUNDAKT FWD. CABIN ATMOS, RETURN CHECK VALVE (113) 00108 ’
16  REXNDANT PRESSURE RELTEP VALVE - AFT CABIN (157) ° «00095 -

17 REDUNDANT PRESSURE RELIEF VALVE - FWD. CABIN (157) ‘ 00095

18 CAP GLYCOL QUICK DISCONNECT - FRMALE (223) S 00072

19 CAP GLYCOL QUICK DISCONNECT - MALE (21k) ‘ - 00070 &

20  PROVIDE CAPS AND REPAIR KIT - WATER DISPENSER c.m& 400057
S SECOND SPARE FOR X0D. 1 (351) A +0003%

22 REDUNDARY COOLANT ACCTN, (210) & SHUI-GFY VALVE A 00033

23 REDUNDANT WATER ACCIM. (451) & SHUT-OFF VALVR «00033

2k REDUKDANT SUIT RELIEF VALVE (117) o 005

25 SECOND SPARE FOR ¥OD 2 (a2) - * o 00021

*R ) = Degradation wzeEQ ,
zeae r.v!.z, s are Hamilto .mcpapm:a"

SR ]
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INRO APPROVED FOR
|RELEASE 1JULY 2015 . -
— ® ACTS RELIABILITY - HONEYWELL
oy ™ s 3 . :
D MAINTENANCE SPARES ONLY
g | B4 _ | :
m_ L 4 ) . - 2
s MOD.. # - - DESCRIPTION v CUM W - CUMR
) Basic System (264.73#) 0 . 6177
1 BMAG Gyro I , 1.500 STl
2 Rate nﬁo . . . 2.100 . 7265 '
3 Attitude Control, .».3@. >uu<. , AGAP-G & 3.014 . 7369
N Demod. v
4 Attitude Control, Jet Driver Assembly . 3,856 . 7460 €3
5 _ Attitude Control, Amp. Assy., Stick & Rate 4,886 . 7563 W
_ Demod. o =]
[ 6 Attitude Control, Jet mEE.:Sm Assembly 5.610 . 7632 =
. 7 BMAG Elect,, Buffer Preamp. 6.214 - . 7683 =
| 8 BMAG Elect., TCA & TIA Assy. . 6.764 - .7726 =%
9 . BMAG Elect., Torquer Amp. Assy. o 1.546 L7787 =25
3 10 Attitude Control, Amp, Assy., Jet Switching 8,227 0
11 Attitude Control, Min., Impulse Feedback 8.825 ol
12 Attitude Control, Power Supply DC ‘ 10.975 R
13 - BMAG Gyro - 12,475 M_
14 AGCU Resolver >na<. , Pitch & Yaw 14,771 :
15 . Attitude Control, Zoao & Jet Select Logic Assy. ,15.577 _
N P&Y
16 Attitude Set 17.797
17 FDAI Amp. Assy., mo~.<o. P,R,Y Att, 18, 468 ;
18 BMAG Elect,, Mode Logic . *19.652 _
; 19 Att. Control, Mode & Jet Select Hbmmo 20, 484
Assy., Roll
: 20 AGCU Resolver Assy., Roll 4 - 22.948
21 BMAG Elect., Power Supply . 25,191
22 Mode Select Relay Assy., SCS Omv 26.101 :
23 Horizon Scanner 40, 601 A
24 FDAI Amp. Assy., Meter, P, Y Error 41,214 !
25 BMAG Elect.,, TC Logic 42, 320 k
26 AGCU, Stepping Motor Control bom»o 43,000
27 -~ FDAI Amp, Assy., Meter, Roll Velocity 43. 681
————=XRelays e e d
28 AGCU, Amplifier & Level Detector 44,390 « 9371
29 ~ Flight Director Attitude Indicator 53.990 . 9540
30 . FDAI Amp. Assy., Servo, Roll Error 54,662 +9552
'31 FDAI Amp. Assy., Meter, P, Y Velocity 55,287 . . 9563 LY
32 Inverter 71.087 . 9799 .
33 AGCU, 400 cps. Reg. Carrier Supply - 72.908 . 9819
34 Aux. ECA Aux. Par. Supply, AC-DC 73.844 . 9828
35 AGCU, Sq. Wave Reference & Gating m.e. >=<. 74. 657 . 9835
36 : FDAI .Pomnn Switch >u3~. ) L 75.214 . 9840




' NROAPPROVED FOR
| RELEASE 1JULY 2015
\ .

! et g e on g 3 et o e A
z - * ACTS RELIABILITY - HONEYWELL (CONT.
T MAINTENANCE SPARES ONLY
o Lo : .
s BM
S MoD. ¢ L DESCRIPTION CUM W CUMR
37 mu»&oﬂ Power m&i« : ‘ 76.385 . 9849
- 38 FDAI/ASGPD, Signal Transformers r w&n&- 78.186 . 9864
39 AGCU, Demod. Assy. -~ 18,998 . 9869
- 40 - Att, Oosnu.ow Source'Redundancy & ME 78.418 . 9871 i
41 Aux, ECA Transformer & Reg. Assy. . 81,353 . 9882 {
42 Rate Gyro Electronics . 82,133 . 9886

43 Rate Gyro ‘ . : 82.733 . 98838

ey () -

S SPECIAL HAWDLING
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{ NRO APPROVED FOR
| RELEASE 1 JULY 2015
4

r .
-
‘ 1]
I .
1
‘ \ | |
,
S ., o

S5 * COMMUNICATIONS RELIABILITY - GDA
;o N g .
m m
| . 1
0 " pASIC SYSTEM (283F) 0 632
1 AUDIO CONTROL CEMTER (S) :5 723
2 mﬁnm C-BAND BEACON (R) I 3 827
3 = WEF VOICE XMIR-REC (S) -~ 16 88
I B 'PCM-PM TELRMETRY QMR (S) 19 912
5 WAW_ VOICE RECORDER (S) o 24 930
6 . AUDIO CONTROL CENTER (S) . 28 938
- ..nnm. e e e o e e = e o = = = &
T & DIGITAL CQMMAND SYSTEM (R) 55 979
8 G C-BAND BEACON (R) . s 588 .
9 . C-BAND POWER DIVIDER (R}’ T2 .99
10 [lam ‘UHF VOICE XMIR-REC (S} 75 9%
n b PCH-F TELEETRY QMR (S) 78 .95%
12 UBF BLADE/WHIP ANTENNA (R) - ’ 83 995
13 /e URF STUB ANPENNA (R). . T 9% |
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‘NRO APPROVED FOR
‘RELEASE 1 JULY 2015

H . PIRCA e A ¢ S T = 3 e R g et i B

1\

g " COUMNICATIONS RELTABILITY - GDA

oo - _—

=

o " pAsIC SYSTEM (283F) - 0 . 6R L ,

1 AUDIO CORTRQL CEMIER (S) _ 5 23 :

2 C-BARD BEACON (R) o 13 827

3 . UHF VOICE XMIR-REC (S) 16 868

LY PCM-F¥ TELEMETRY XMIR (S) - 19 o912

5 VOICE RECORDER (S) B ‘ 2k 930 B

3 AUDIO CONTROL CENTER (S) = 28 938 |

I~/ S 1

T = DIGITAL CQMMAND SYSTEX (R) 55 979 1

8 w C-BAND BEACON (R) .. & %68 . €8

9 = - C-BAND POWER DIVIDER (R) T2 R =

0 =5 -UHF VOICE XMIR-REC (S) 5 o a) |

no PCM-FM TELBMETRY XMIR (S) , T8 9% M o

2 = UHF BLADE/WHIP ANTEMMA (R) - 83 95 =51 |

13 m UHF STUB ARTENNA (R). . - .996 m
_ ~ Tl o

S ]
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W o0 ™.

2 luw

o ALd

N = . , )

2 FUEL CELL RELIABILITY - GE

(REDUNDANCY ONLY)
MOD ¢ DESCRIPTION " . cuMw CUM R _
0 BASIC SYSTEM - N I . 1043
1 TWO DUAL wmnc;eowms - 6.4 . 104
! |e=p SECTION . | ,
M Z= CROSS-OVER ELIMINATED
2 |7=) PARALLEL STACK COOLING * 64 . 3856
! M INLET TEMP (103°) REDUCED | : .
¢ |= 1018° : < .
1 |y ADD SIXTH SECTION e 76.4 . 8893
1 % , ﬂH so mw<§§ mggz | T meecees ~. *.0‘0.“.....-..---'...@'“.“.0 .....

5 E ADD EIGHTH SECTION 216 9966
m N F
' 165 .
N
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{ 1 | ’ L PER BAC STUDY
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o 1000 2000 3000
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RELEASE 1 JULY 2015 P

- DR e e R N

* PYPICAY LABORATORY RELIABILTTY IMPROVEMENT ITEMS
{REDUNDARCY / AINTENANCE)

- REPLACEABLE U.V. LAMP (EC/L8) : '
" REDUNDANT LiCH CANNISTER (EC/I8) ‘ T . ﬂ
* REDUNDANT WATER SEPARATOR AND TREATMENT WNIT (2C/18)
MAINTAINABLE PUMP IN WATER MANAGEMENT UNIT (EC/18)
REDUNDANT CHECK VALVES, SEUP CFF VALVES, RELIEF VALVES, IEJECTOR
‘ . 'SOLENOIDS (ATTTITUDE CONTROL PROPULSION) 1;
L REPLACEABLE AGCU ELECTRO-MECEANICAL ASSY., FATE GTROS (AFTIIDE CONTACL KLECE.) S L
a REDUNDANT REACTANT CONIROLS (POWER) o
mmmw,mmm,mmmm(cmmmm) o N
REDUNDART TIME PROGRAMMER, TIME CODE GENERATOR, TRARSCEIVERS, 8-BAND o .
- BEACON, HEADGETS, MICROPHONES (CORMUNICATIONS) '
REDUNDANT SUPERCRITICAL TANK HEATERS, mmnm, s CONTROLS AND
FLMBING (EC/18) "
REDUNDANT HEAT TRANSFER LOOP (2C/18)

R i et 25T
T i et e i :

;
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/ﬁgfe‘?xse UL 2015 WEIGHT PENALTIES FOR TWO TYPES OF WHS-311 N\

" REDUNDANCY AS A FUNCTION OF - . ‘Page 186 "\

o MISSION DURATION -, . : |

) Yk | 3

110" : - _ Lo

. . “oh“c}/ . i

wol _ B “Eo“/go\\_cgqe\' |
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L A
s
3

8ot . o ; /

.
g

L)
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.o
B
o
- 4
Q.
. lL
v | .f | :
v 4 ‘ K
3 o / o - IN-FLIGHT MAINTMNABU:‘ ::'SET:" B : {s -
.= 40t WITH SPARE SUBASSE T I \
§ 300 o ' '_ | ' i . . . ‘ %
® a9d | - v ®BASIC SYS. CONSISTS OF APOLLO !
® | | ‘ SCS + HORIZON SCANNER + PWR. |
1°1L i

INVERTER  weiGHT: 250 LBS.

0 $ . - l l |
| 15 20 30 40 50 60

- MISSION DURATION IN DAYS
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RELEASE 1. 0Ll Y 2015

RECENT STUDIES - SUBSYSTEM LIFE EXTENSION . -

@  ALL ASSOCIATE CONTRACTORS

/ DETERMINATION OF COMPONENT ON-ORBIT ACCESIBIUTY:

Y

@ DAC
LIFE EXTENSION TRADES OF ALTERNATE SUBSYSTEM CONCEPTS

v/ ‘ UPDATING OF COMPUTERIZED SYSTEM MODEL AND RELIABILITY
' EVALUATION . ‘ -

Y AEROSPACE

ANALYSES OF on-onarr SPARES PROVISIONING
v EVALUATION OF ACCESSIBILITY OF SUBSYSTEM COMPONENTS

Y CAPITALIZATION OF MEAN MISSION DURATION CONCEPT BY .
PROPER DESIGNATION OF STORES DEPLETION TIME FOR CER'I‘AIN
- SUBSYSTEMS .

I ROLE OF MAN, BACKUP MODES ANALYSES. FUNCTIONAL VERSUS
K BLOCK REDUNDANCY

) DETERMINATION OF THE PROBABILITY OF SYSTEM BEING OUT-OF-
COMMISSION, SUBSYSTEMS AFFECTED BY WEAROUT AND STORES
DEPLETION REPLACED BY RENDEZVOUS AND RESUPPLY,

SPECIAL (IANDLING BETRY

g ol B S e s
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RELEASE 1JULY 2015 - i’l:g“? =
TEOm. WHS-311 S
o ‘ui ' Pag'e 188 e
| . FAILURE DISTIBUTION nmc'rxom ron VEHICLE suasvs'r!: :
fi
;
'"I'YPICAL CURVEFORA SR R
SUBSYSTEM AFFECTED S ( *
BY STORES DEPLETION - ' ‘ ,

FOR PARTICULAB |
FAILURES

MEAN MISSION
DURATION
D

FAILURE RATE - SUBSYSTEM
FUL, E .
RANDOM OR CHANCE

ESIGN LIFE

(EXPENDABLES)

TYPICAL CURVE FOR A
SUBSYSTEM AFFECTED .
BY WEAROUT rAxx.unm

VEHICLE

\
,‘ \\
EARLY
FAILURES.
o MISSION

. S8TART

A\ @,\x\

SPECIIL WANDLOE =t
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« COMMISSION

1.0
(E) SUBSYSTEM WITH REDUNDANT PATH AND
INFINITE SPARING CAPABILITY '
y (D)hunsysn.m AFFECTED BY WEAROUT OR
REL;.A(?)IMTY 51TORES DEPLETION B
(C)sUBSYSTEM WITH REDUNDANT PATH ON.
COLD STANDBY |
(BYSURSYSTEM WITH REDUNDANT PATH
OPERATING ACTIVELY .
- (A) SINGLE COMPONENT OR sunsvsrsm PATH
" Fla 2a
1. 01
PROBABILITY
" OF SYSTEM
BEING OUT OF
© COMMISSION
Q (¢)
Q(t)=1-R(t)
Fia 2
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_ 3
LIFE EXTENSION OR ' } !
M/R/R® CONCEPT OF TYPICAL | PROBABILITY
COMPONENT ASSEMBLY SUBSYSTEM SCHIEMATIC FUNCTION

1. NO SPARING OR REPAIR PCSSIBLE . '+ COOLANT LOOP,
MAY HAVE REDUNDANCY TO ACHIEVE PROPULSION
PARTIAL PERFORMANCE . :

. (UNIMPROVAB LES) ' S .

—r—

2. REDUNDANT PATHS PLUS SWITCHING ; COMM :g}_
' | SW-NOT APPLICABLE
: TO ALL COMPONENTS
3. smnmc/nzzmm ONLY (SUB- ECS- FAN ' _-.LD—-—
SYSTEM DOWN DURING smnma/ : . -

'~ REPAIRING)

4. REDUNDANCY PLUS SPARING/REPAIRING

ACTS-SCE
(FINITE SOURCE OF REPLACEMENT UNITS) ' T
L

sH

5. SAME AS 4. WITH INFINITE SOURCE Ol-“ SAME

REPLACEMENT UNITS

- kwn/a = MA:NTENANCFIRPPMCEMENT/REpAm _ .

SINGLE PATH

SINGLF. PATH

AFTER FAILUR E

DUALPATH | |

[P[E@UZM. HAN]MN@

3.
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a8 , SPECIAL HAWDLING - ﬁfﬁ:%ﬁ\ RED

ACHIEVEMENT OF 60 DAY MISSION DURATION FROM BASELINE DESIGN

® < COMPONENTS AFFECTED BY WEAROUT

./ ‘AT LEAST ONE COMPONENT (FUEL CELL) HAS BEEN mx:nnrmn FOR
| ' WHICH WEAROUT LIFE MAY BE < 60 DAYS, N .
/ ' 3B, L, CELLS WILL BE SUPPLEMENTED WITH 3 ADDITIONAL CELLS ON N
(COLD STANDBY, L -1

A

-] suns'lsrzms WITH STORES nz:pu:'rxou : : '_

/ PROPELMNTS‘ IMPULSE REQUIREMENT MET WITH B.L., STORED

CAPACITY, .
/!  REACTANTS, oxmm. He - 60 DAY REQUIREMENTS MET BY ADDITIONAL SR I
Y I COMPONE-NTS AFFECTED BY RANDOM OR CHANCE FAILURES ‘ ( ,.";
| . ' GROWTH CAPABILITY INHERENT IN B, L. (RBDUNDANCY. BACKUP MODES) . 3

IS FULLY UTILIZED,

, v
M

/  ADDITIONAL SPARES, TOOLS AND CREW TIME ARE PROVIDED FOR
PLANNED MAINTENANCE/REPLACEMENT/REPAIR,




i Sy i e
- NRO APPROVED FOR : . .

RELEASE 1 JULY 2015 | o M§PE@ : AEMQLUN@ | i’}}lm , 'j |

, | WHS-311 N
| SUBSYSY M LIFE EXTENSION : " Page 192 S
SUBSYSTEM/ : : , - ' |
. _COMPONENT LIFE EXTENSION APPROACH AND M/R/R PROVISIONS 4
FUEL CELL ADD 3 FUEL CELLS ON COLD STANDBY. NO ACCES$, ADDITIONAL - o]
' o SENSORS AND SWITCHING FOR STARTUP. . : o o
DISTRIB, & - SPARE TIMER, INVERTER AND 0. LOAD DEVICES, PROVIDE" L -
CONTROL ADDITIONAL TEST POIN TS AND ACCESS DOORS. . S , ﬂ
. Eclis '» - R A
" 'CRYO STORAGE ADD TANKAGE:; SYS, SEGMENTATION MINIMIZES LOSS. NO ACCESS o
" FLUID LOOPS GROWTH CAPABILITY INHERENT IN B, L, REDUNDANCY. NO ACCESS b
. MOLEC, SIEVE ~ B.L. HAS TRIPLE REDUNDANCY, CYCLE TO VACUUM. ‘ : - L ;
FAN, VALVES, ' : . |
- TRANSDUCER .} ADDITIONAL SPARING, EXTEND B, L. M/R/R PROVISIONS : ;
TIMER, P.P,SENSOR . | _ - I
ACTS- ELECTRONICS _ - S J N '
CIRCUIT CARDS' ADDITIONAL SPARING; CANNIBALIZATION WITHIN SUBSYSTEM- é\)gg;:% lt)«;‘_:g b
" GYRO & ELECT, . USE B, L, REDUNDANCY AND COMMON SPARING | BASELINE L
_ H/S & ELECT, USE B. L. REDUNDANT HEADS AND CIRCUITRY ~ JPROVISIONS| - .4 °
- ACTS- PROPULSION j 4 S SR {\ |
' TCA'S USE B. L. REDUNDANT MODES, NO ACCESS e
TANKS & PROP, B, L, HAS REDUNDANCY; SYSTEM SEGMENTATION memzu LOSS .
. DISTRIBUTION - NO Acc:ss
- COMM . |
REC'VR, DTU ETC, USE B, L. REDUNDANCY, MULTI-PATHS, PROVIDE SPARING
RECORDERS ' MAINTAIN, POSSIBLE REPLACEMENT, PROVIDE ACCESS
DATA MANAGEMENT  USE B,L, REDUNDANCY, M/R/R NOT UTILIZED IN 60 DAY DESIGN

\!ﬂETR & MON/ALARM  USE B, L, REDUNDANCY ON CRITICAL PATHS. UTILIZE COMMON SPAy

"\ STRUCTURE PROVIDE ADDITIONAL SEALS & LATCH KIT TO REPAIR HATCH.

'.D.SE&RH\SMUML HANDMN@ | N‘* |

. o ——— : - e . o
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SUBSYSTEM LIFE EXTENSION .
ACCESSIBILITY FOR MAIN TENANCE/REPMCEMENT/REPAIR
GEMINI B
UBSYSTEM/ . | ML POSSIBLE PROV!%Q?&SOR | B
COMPONENT LOCATION = ACCESSIBLE REQUIREMENTS TROUBLE SHi |
m;‘ e RS S S A R R - S
3 . : ’ ]
SATTERIES ADAPTER ~ NO 'REMOTE ACT}-  PROVIDE ACCESS PANELS i
IR | | VATE REDUNDANT A T 7
o o UNIT e 1
PARACHUTE NOSE NO NONE . - . o
RETRO ROCKETS  ADAPTER ' NO . REDUNDANT - ‘ SO IR R
ECS PUMPS ~  CABINSEC. NO  REDUNDANT "
NSTRUMENT, VARIOUS SOME REDUNDANT ON | -
. CRIT, COMP,
\CS PROP, TANKS NOSESEC, @ NO NONE -
. . . ‘
- . kD
DDITIONA L CONSIDERA T IONS 1
GEMINI STATUS MUST BE MONITORED »
'LOW PRESSURE WILL BE MAINTAINED IN VEHICLE TO ELIMINATE HARD VACUUM o
) M/R/R ¥ MAINTENANCE/REPLACEMENT/REPAIR "

O 4 ot An e £ e R ' - S e




’ | J
NRO APPROVED FOR ‘ - <o
RELEASE 1 JULY 2015

.
L}

[
ALP - 5/18/66

EClAL [ampLg ST -

WEHS-311 \

e

(

* o2 R AN =,

Page 194

FAILURE EVENT AND EFFECTS SUMMARY

BERUE el o 2] -n.ngnod-ﬁlun_ﬁ.-u
.

Sy

SPECIAL HANDLING

. ‘ ESTIMATED. | . C
. ‘ CRITICALITY . TIME FOR . . DI
.{ EVENT/CRITICAL COMPONENT OF FAILURE CORR.ACTION REMARKS - e
tRea e ML CATR et e St pasas e » o 8 _u_-:m_e.-;;-:a:mx:.-.'.rr.a:‘-'z».rnar x'--.t-.l-.ve.suwhv-&"‘\“‘?'"“"“"v"""'"'"""'—"""'_T . : : " C e
4 ' . . Lo .
1 1. LOSS OF ATTITUDE CONTROL . MISSION ABORT ’ o , . : B
f HOR, SENS, & ELECTRONICS| DEGRADAT < : SWITCH TO STANDDY } - === |
; : o _ 'LEGTRONICS| DEGRADATION | <24 HRS. WGl AN BACK-UH . 1
A , . : _ . - : I ‘
s o GYRO & ELECTRONICS . ' o ‘ , " , -l
] . . . ' . O : ! -
; o CONTROL ELECTRONIC " " : " T e
] ASSEMBLY ' ’ : : I S
N _ . : !
2. _10SS OF AY CAPABILITY  DEGRADATION SHORTENS MISSION % D
o THRUST CHAMB, ASSEM, o - IMMEDIATELY SAVE PROPELLANT RS
‘ : o PROP, PRESSURIZATION CREW SAFETY " TANK RUPTURE MAY
N ‘ . ' RESULT .- - A
o o PROP. STORAGE/FEED DEGRADATION <90 MIN, - SWITCH TANKS g '”
I R ” :
§ 3. LOSS OF ELECTRICAL POWER MISSION ABORT AFFECTS CREW . ‘ i
I v SAFETY IN SHORT =
i ' TIME {
: : s
1° o POWER PLANT DEGRADATION IMMEDIATELY “4
3 o CONTR/PROTECT UNIT o - K PROTECT FUEL CELL{ o )
o' INVERTER | " " ' SWITCH INVERTER . ;;-;%t'
i o NC/DC CONVERTERS ‘" " SWITCH CONVERTER R
T o CRYQGRNIC ’ " " ISOLATFE MAL- .
p : _ FUNCTIONED CRYO. / e
\' ‘ ' LOOP o
' i ) : ;
Pt o s - i St t.,. . . T ’ . -
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‘ FAILURE EVENT AND EFFECTS SUMMARY (CONT'D) DRI
. ESTIMATED ~ Lo o S
: , CRITICALITY, TIME FOR . o
EVENT/CRITICAL COMPONENT OF FAILURE CORR. ACTION | RISMARKS P
s i o ; _— N !
4. LOSS OF COMMAND & DATA  |DEGRADATION . CREW CONTINUES ! T
MANDLING : . ; WITH VOICE LINK i ; ,
P et s ~ eomn > ) . : ’ : . ! i
o SIGNAL COND/PROCESSOR REEL : <<90 MIN. A o o o
o TRANSMITTER E " - o :
‘0 RECFIVER - : "o ' ' " e i
o MULTIPLEXER R “ o oon N
" o CONVERTER " : AU o , _ , - : A
- © RECORDER & TELEPRINTER| - L : " : : Lo 3 DR S
- o COMPUTER : " IMMEDIATELY | . S 1
~ | 5. LOSS OF VOIGE COMM. DEGRA CREW CONTINUES
- o SIGNAL COND/PROCESSOR N . <90 MIN. AND COMPUTER/
o TRANSMITTER ‘ o " DATA MANAGEMENT
} v o - EQUIPMENT |
o RECEIVER U : "o ' .
o MULTIPLEXER . " : noo N
o CONVERTER L " Lm ' g |
o VOCODER COMPONENTS " N R : ’ g
¢ VOICE CONTROL CENTER | = n S T | R
. L
} Pt
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FAILURE EVENT AND RrFECTS SUMMARY (CONT'D) ‘ t
L x‘ﬁ ' - .
. . A 1
. - KSTIMATED oo | ’
. CRITICALITY TIME FOR . KS o o
EVENT/CRITICAL COMPONENT | OF FAILURE | - CORR. ACTION REMARKS i - ra
e 2 - 3 < -~ Pty " . ' ’
6. LOSS OF CABIN ATMOSPHERE | . °. o | TEMPORARY OPER.
. CONTROL A - B BY CREW IN SUIT |
) 'A ' . . . : . l'
. " o FAN DEGRADATION IMMEDIATELY : g o
' o MOLECULAR SIEVE e <90 MIN. S
' o PO, SENSOR ., " " IMMEDIATELY | = . b
o REGULATOR/VALVING . " <90 MIN. - IR S
. o CRYOGENICS o S IMMEDIA TELY ' S B S
. LOSS OF ‘THE .1 bE i ' - PROVOKES FAILURE |. . = 1.
7 OF THERMAL ;ONTROL DEGRADATION | PR O B, CRITICAL R
) B EQUIPMENT. = S 1
- o PUMP. ' " R <90 MIN. . ' . : IRURERRE
o FLUID LOOP ' ‘ " ' " .o R ».;;’X
. ™ . . 4 o ,
8. 1LOSS OF MONIT g CREW CAN ASSESS S 1
o) OR & {\LARM CREW SAFETY S MALFUNCTIONS | :
‘ 4 WITHOUT INSTR. o ; ;
o SENSORS , : DEGRADATION <90 MIN, cf
o CONTROI.LERS " R :
o ELEGTRONIC CIRCUITS " . = , :
o DISPLAYS : o ‘ S .
o TRANSDUCERS " B }
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FLEGTRIGAL POWER SUNSYSTEM

g - e - . S

BLOCK DIAGRAM

" PISPLAYS

' & CONTROL
" FUNCTIONS

. . KT,y MR g Vs WY SO0 © o Wbl S 45
L
i CRYOGINIC GAS
' STORAGE SYSTEM |+
! ! * - A - TR P
] -
1 ‘ X
' g EC/LS . FUEL CELL "
; INTERFACE | SYSTEM | .
: ! . :
v { . .
' ] ' J i4
i ¢ . / *
. LOAD
- CONTROL
- , | SWITCHES & | |
oo ! i | CCT BREAKERS
PR , » ’ ’ [ l
_ ; 4l }
! AC REDUNDANT REDUNDANT
( LOADS AC UNIT DC UNIT
] 1 5 CONTROL ]t CONTROL
4 St .
. S
PECIAL YAMDLWNE o -

A et 325
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SPECIAL FIANDLING W

LIFE EXTENSION SUMMARY

et g s e A 4 <t

REDUNDANT ITIEEMS

..} SPAREDITEMS -~ -

. DESIGN MODIFICATIONS |

NEW DEVELOPMENT

. n
ITEMS FOR STRETCH TESTING - FUEL CELL POWERPLANT
' - PURGE TIMER N \
- LELECTRICAL CONTROL AND PROTECTION UNl l (sCcPrvu) .

"« MINOR MODS DISCLOSED BY STRETCH TESTING
: s Yo L

- INVERTERS AND DC/DC CONVERTERS

- ADDITIONAL STANDBY FUEL CELL MODULES
FOR 60 DAYS (INCLUDES ECPU)

- VOLTAGE LIMITER SENSOR
- INVERTERS
- DC/DC CONVERTERS

- INVERTERS . : ]
- PURGE TIMER 4 '
- ELECTRICAL CONTROL AND PROTFCTION UNIT (ECPU“ _
- SWITCHING AND OVERLOAD DEVICES (DISTRIBU TION) 1}

.= DC/DC CONVERTERS

.« NONE EXPECTED FOR 60 DAYS
- CONSIDER USE OF LONGER LIFE FUEL CELLS

NOW UNDER PEVELOPMENT o /

H
i
i

» ’5‘*'n‘ ot e e
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REDUNDANGY AND 5PARE REPLA \CEMENT
FULL CEL1, POWER SOURCE
T e | R
| I \ e 15 | UNPRESSURIZED contpia <f——| ~L- PRESSURIZED COMP'T
: maE b 5 30 o 28 | 31.8
! H0 COOLANT N R S a
I T T B FURL CELL ZLECT, CONTROL .
_' § Rl:cov ' pump (T T FAZN Tl MopuLe - " AND PROTECT'N !
- 4 : _, e e araennd | | ' U NIT B}
, . .= — y | _,
. o | ,LCOOLAIE.’; ' N, J 4 l
S PUMP ;' AN _ '
=~* e ! .8
: - B R ' ! ?.,LLCT'CONL‘RO]’ e
’ P N h A ] s :. D . M
. et N3 FUEL CELL | AND PROTEGT N~ )
‘ { . ! ll FAN ] MODULE" | N Iégﬂ, TN e
: 1 | . - |
. kR :— Nz i % l ECPU L
e FAN | : | PROTECTS FUEL CELL BY . .
: x 7 , © /| SWITCHING IT OFF LINE o
! " _ I ALSO REGULATES PURGE
- ;
i r | FAILURE OF ECPU <
: PATALLELIUSL Crinmobvies | BT UNAVARABLLITY.
03 . " .
) t o : ‘ - SPARE THIS ITEM
. lei?spl;;l;g:gz?‘cv 2R EXT. MISSION . | » COMMONALITY OF EQUIPMENT °
: ; s DIFFICULT'PEIL]I)I’CI?I?,{“I;AA!:‘TI‘L:A&I\S:L‘ || SACCESSIBLE IN PRES. COMP'T
: i ! "y o FAILURY: COULD B CRITICAL
g o I 7 yo Misston sUGCESS - . '_
| e APPRIECIABLE WT. ITEM = 20 LB
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T v SRR S @ o —
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e i miw oy T
N . -

i
' FUEL CELL LOW R SOURCE

. _, ! )
L F ‘\ : \ \ - e o] . }:
' r — ol
W N\ o P S et s
P 9999 4 \,\ s e A— -
i : e N e e - L
' . \ e e b W ot o B
| ' == "L e C ’
P g \ o ULES OPERATING | I IR
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| 3 . - 3
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TTITUDE CONTROL AND TRANMSLATION SUBSYSTIM

oa. oy coguess

BODY RATES

|

. "Gi’Y_I_'(O.S

B

* 71 SENLOR

INTERFACE

L

HORIZON' SBNSOR

[ TOW POWER SENS on_s_}-

— T

ASSEMBLY

¥ .

ASSEMBLY

~~~~~ ] g Y

r-- o v o o]

INTERFACE AND
_ DISPLAY
ELECTRONICS
ASSEMBLY '

¥y

CONTROL
. LOGIC
AND
DRIVER
ASSEMB LY

- e ———— it s S e

']“ |

¥

HAND
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ATTELUDE CONTROT, AND "RANSILATION SUD SYSTEM

LIFE EXTIENSION SUMMARY , S !

»

ITEMS FOR STRETCH TESTING - HORIZON SENSOR (1. 8.) . THRUST CHAMBER ' v
| GYROS ASSEMBLIES (TCA'S) . »
- 3

G . PROPELLANT TANK & -
- REGULATOR AND VALVES £§1’UI~1()N DEVICE

i, . | REDUNDANT ITEMS -~ "4 H.S. HEADS & ELECTRONICS TCA'S

B | ‘ ' - LOW POWER SENSORS - - REGULATORS & VALVES CE
L D . - RATRINDICATOR . %% - PROP MODULES INTER- | o
FR T ' : E e 7 CONNECTED FOR |
o < . : - GYRO PACKAGE & LLECT : o )LC:l{ADED MODE OPI‘R. R
-« INVERTER » | o

Y
b

SPARED ITEMS . LS. ELECTRONICS . . BS. HEADS > 60 DAYS
S ‘ s - GYROS ./ INVERTER -
P . . FLECTRONIC CIRCUIT CARDS - POWER SUPPLY ' | ;
- . | S Lo (VARIOUS ELECTRONIC ASSEM) _ swITCHES BT R

) E DESIGN MQDIFICATIONS e MINOR MODS DISCLOSED BY STRETCH TESTS . -
3 AT L ~* . PROVIDE ACCESSIBILITY FOR MAINTENANCE ' |
L ‘ o ' - EXPLOIT COMMONALITY OF COMPONDNTS FOR SPARING .
., NEW DEVELOPMENT = . - /Ngm_zw:c:'rnn FOR 60 DAY MISSION B
UM | o IS OF LONG LIFE GAS BEARING GYROS AND e
(R RE + " EDCFTRACKING #, 5, UNDER m.vx- I,OPMI‘ NT - o
D i et T 4 Ly o A a0 iv“‘ V",f*"} oy x ;——;—' Aw:“ ! v vt ‘m< T e e et ;'-:,;.W.J..,N.;,“:;A v“',__‘ o 8 e A .’v »‘ Lk
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| , WHS-311 \
USE OF REDUNDANCY AMD SPARES : Page 2

IN THE ACTS - ELECTRONICS SUBSYSTEM
»? - - CANNIBALIZATION v
e i INTERFAGE AND DISPLAY :
o : ‘ " ELECTRONIC ASSEMBLY ~ j
__/"’!i:':; :
. ZZTOR -
. ' REPLACEABLE 'Q_‘\ == S
: " SPARLED : N, AT j L
A ELECLRONIC "{__fr T4 . ‘ - . REDUNDANT B
CIRCUIT CARD Y - . ‘ INTERFACE AND "
i ‘ ; - ] BT . . : DISPLAY ASbEMBL
e ; ' |
P !  ASSEMBLY CONTAINS - SIGNAL CONDITIONING, POWER suppx..n:s ‘GYRO ELECTRONICS
! ) ; : /AND DISPLAY ELECTRONICS
[ [ . h o , h , »
b ! = REDUNDANCY - PARALLEL ASSEMBLIES REQUIRED }OR FAST SWIT CHOVER TO ‘_
b o - ‘ PREVENT LOSS OF ATTITUDE CONTROL.
b w0 U SPARING : = SIMILAR CIRCUITS PERMIT EXPLOITING COMMONALITY OoF . o3
e S — SPARED CIRCUIT CARDS, : ,
P ) , |
r ) - MULTIPLE USE OF SPARES AND USE OF DUAL . '
* N o N o  REDUNDANCY FOR LONG MISSIONS PERMITS WEIGHT SAVINGS.
R B v TING
B, ‘ Co e - SPARES NOT AT RIoK 'ro OPFRATIONAL FAILURE AS ARE OPERA
BT A , - REDUNDANCIES,
T ) ' . B g .
b © "+ 1 CANNIBAYIZATION . = CANNIBALIZING OR SAI,\'AGING PARTS WHERE TWO S{M]{ﬁ{if}. (glf,‘,.
EIR -, i L DUFFHRENT) COMPONENTS IIAVE FAILED, SO AS TO CRF
SR T : THAY WILL PROVIDE PI‘lxI‘ORMANCB

B e £ IR L e

R i M @ K ey




5/18/66

age X5

WHS-31

N\

.. .
eia® Goe $ I TV OB NI 0" A2V o BIN N a sl b

o)
Cv
[

Lood

e

C:
i
ol
=i
-
‘..”

SPAR

[
»

UBSYSTEM . E

RSUS ADDED

-
%

ELIABILITY VI

ATTITUDE CONTROL AND TRANSLATION

PREDICTED R

ES AND REDUNDANGCY

N DURATIONS

FOR VARIOUS MISSIO

NRO APPROVED FOR ~
RELEASE 1 JULY 2015

1,
{;

CORL LSRG’ 16 . P TIPYR MLV SO YR e 287

RIS O AR YT X

R S IR

RE DR ALY O DR

2 AL R LY S TPV VO VIR R Y i

e

AW (LBS) OF SPARES AND REDUNDANCY

R SN W T oA e e e e L

LA A e v




NRO APPROVED FOR
RELEASE 1 JULY 2015

et i o -
FUURTRE ! R
L

>o..H.m- mwomc.hoz wroowurwow.wz
_A- ~ _

: . L
-t |

<
. ]
. +

WHS-311
. Page 206;

., . ADDITIONAL MODULES
2ATGOE WODULE .H..&o. @ ADDITIONA ‘
-

- FILL
VALVES

.
9
e ——

O tmmmi e

71
6

-

o~ B \ L
e———— o bnans

2.
2

RE - SPrici HANDLIEE

0D
R0

Y]
-
S
%

pocs
o
[>)~.

=

Ay - N .
.
N ——— A S G S— —— o jmn Gl  — Gmate GEeam  G— Gais it o Grnae  Gmeam  swnts  emes (eake ovmme Sem e seme feee] e el
] : . : .

L e ——— ————t—— o
- . PR




.‘NRQ ABPROVED FOR

N
e 207

WHS-31
Pag

5/13/66

v 1o S

SPARES AND REDUNDANCY

ED

5 ADD

veoweh

AND_TRANSLATION SUBSYSTEM - PROPULSION

ELIABILITY VERSU

Ppaipindugd

ATTITUDE CONTROL

PREDICTED R

TIONS

RIOUS MISSION DURA

A

FOR V

PR R Lo g

e et e

RELEASE 1JULY 2015 "

Yo Bl Ve r s RATIREUL by B M5 -

02 Wi

RS Bl

AW (LBS) OF SPARES AND REDUNDANCY

. <9999 '

e T e

»
PPy PR CL IR P TR Tl ek d LI adie o

et eriw

LY Y T e I T T Ly SPLY Y

o

>

e S

SPE@Hgﬂ, HAND

A g e L v e




N it 12 i

————— . .

NRO APPROVED FOR
RELEASE 1JULY 2015

5

!

SPECIAL FANDLING

ALP - 5/20/66

WwWHS-311
Page 208

ENVIRONMENTAL CONTROL/LIFI SUPPORT SUBSYSTEM

LIFE EXTENSION SUMMARY

)

RN

3

ITEMS FOR STRETCH TESTING

REDUNDANT ITEMS

SPARED ITEMS

DESIGN MODIFICATIONS

'NEW DEVELOPMENT

- CATALYTIC OXID, UNIT

~ VALVING

- MOLEC, SIEVE ASSEM.
- CO2 REMOVAL UNIT

H. EXCH. -WICK SEP,

FAN
PUMP PACKAGE

TEMP, CONTROLLER

- MOLEC, SIEVE ASSEM. - PUN:P/I\«IOTOI?S "
» CRYO TANK HEATERS - WATER HEATE
"« PARALLEL REG - LIQUID LINES.
'~ HEAT EXCHANGER/ - RADIATOR.
COLD PLATES - . : :
- PO, SENSOR & ELECTRONICS = FANS .
; ' - H_AND O, murx-:ns
- TOTAL PRESS. SENSOR - H,
- CHEMISORBENT CARTRIDGES -~ PUMPS
, 4 s
- SENSOR & CONTROL ELEC. ~ MOTOR
‘ - MOTOR SPEED CONTROL
: '}_ . -
- .. MODS DISCLOSED BY STRETCH TESTING

G
‘- IMPROVL CRYOGENIC TANK INSULATION & VEN'rlN

'« SOME DEVELOPMENT FOR CRYOGDNIC 'rANK

R INSUT.ATTON N
"~ | SPE@H!M aoLME |
b e i S ,-.ﬂ,._ P - . N ) :
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COMMUNICATIONS/DATA HANDLING : :
LIF'E EXTENSION SUMMARY
’: : ” N
- " ITEMS FOR STRETCH TESTING - RECORDER !/
_ .~ TELEPRINTER N
0 o R ‘ ' - POWER SUPPLY(S)
| - , | - ULTIPLEXERS, -
. ] _REDUNDANT ITEMS - * - SIGNAL CONDITIONER ° - MULI ~ ER
F ‘ - TRANSMITTERS : - VOICE CONTROL CENT
] | | -~ ' - RECENVERS . . - - OTHER VOICK LANK S
z o ‘ T s COMPONENT . . ~
! ‘ - CONVERTERS (D-TO-A) ) S SRR RETE
{ . COMPUTER - . ' - SECUREDEVICES
' {4 . SPAREDITEMS .= . .= RECORDER COMPONENTS (HEADS) .
T : s - TELEPRINTER COMPONENTS (HEAD) . s
i VSR BT o : . - POWER SUPPLY(S) ° R - S [
R ? . DESIGN MODIFICATIONS ° - NONE EXPECTED FOR 60 DAYS . |
) ' NEW DEVELOPMENT .« NONE EXPECTED FOR 60 DAYS ‘
. p

DL I .

e 7

R - _Li e
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. INSTRUMENTA TION/MONITOR -ALARM SUBSYSTEM
LIFE EX'TENSION SUMMARY
R ITEMS FOR STRETCH TESTING - POWER CONVERSION/CONDITIONING
q REDUNDANT ITEMS - CONVERTERS (D-TO-A) - UHF TRANSMITTERS
3 | - EXCITERS . SECURE DEVICES
) § .
; - BASEBAND ASSEMBLY
S E : | - DTU
; . . . ‘ ) . . - TWT .
. ! SPAREDITEMS .~ . CREW CAN ESSENTIALLY "SPARE" BY
L - SWAPPING CHANNELS o
. - 7~ o SIGNAL CONDITIONING N
) . S ' o REMOTE MULTIPLEXERS
DESIGN MODIFICATIONS .= NONE EXPECTED FOR 60 DAYS .
, -NEW DEVELOPMENT - ° . NONE EXPECTED FOR 60 DAYS
.;\:'A-‘ .’ ) Al ’ ' . ' . : ~ , N -
'»‘.’. ' o o : o o ' ’;'
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i

STRUCTURES SUBSYSTEM
LIFE EXTENSION SUMMARY
T N b
. , ITEMS FOR STRETCH TESTING - RADIATOR
} . _
i REDUNDANT ITEMS - UTILIZE BASIC SYSTEM AS IS - o
[ o SPARED ITEMS .= DOOR SEALS o .
— 1 - LEAK KIT. . L
B ‘ '« DOOR LATCH KIT L . ,
i y [+ . . . . .
| / ; . o ‘ : .
t . B . .
' . ) - DESIGN MODIFICATIONS | «.INCREASE WALL THICKNESS LAB AND RADIATOR,
! S - : ' FOR MISSIONS, > 60 DAYS (MICROMETEOROID)
| S L | o CRITERIA) TO MAINTAIN P_ = . 995 :
|
I A _ , “l' '« LENGTHEN FWD UNPRESSURIZED COMPARTMENT .
to 5w 8 NEW DEVELOPMENT " - NONE EXPECTED FOR 60 DAYS -
. 1]
¥ : y
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T STRUCTURE

METEOROID CRITIERIA IMPACT ON LABORATORY DESIGN
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PROBABILITY OF NO PENETRATION VERSUS TIME

. 999 , -
, . 30 DAY ‘ | . B R .
998 - —— REQUIREMENT ° . B I
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995 1 / o R R 1. - T
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WV IIGHT COMIDERATIONS FOR suns':sr.,u LITE EXTZNZION . - ~
' LABORATORY VEHICLE

g Pn..mcmn RELIADILITY FOR LABORATORY VEHICLE e. "0
) ». WEIGHTS INCLUDZ 205, CONTINGENCY FACTOR
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SUBSYSTEM LII'E EXTENSION
NON-RECURRING A COST ESTIMATE FOR 60 DAY SUBSYSTLMS

SUBSYSTEM | C
ATTITUDE CONTROL

. PROPULSION

NON-RECURRING & COST_$
7, 000, 000 ’
10, 000, 000 -

ENVIRONMENTAL CONTROL/LIFE SUPPORT 6, 000, 000
COMMUNICATIONS/DATA HANDLING 4, 000, 000
ELECTRICAL POWER - : . 13, 000, 000 3
FUEL CELLS " 5,000,000 - -
CRYOGENIC SYSTEM 8,000, 000 o
MISSION P/L EQUIPMENT | .10, 000, 000
INSTRUMENTATION 1, 000, 000
STRUCTURE, PRIMARY AND SUPPORT 7, 000, 000
GEMINI B | ... 2,000, 000
e 60, 000, 000 _
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: SUBSYSTEM LIFE z:x'rwsxou .
RECURRING {\ COST ESTIMATE FOR 60 DAY sunsys'rsms

'w'Hs.-311,\
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© 0 0 0°

O ¢ 0 O

SUBSYSTEM

ATTITUDE CONTROL AND PROPULSION
- ENVIRONMENTAL CONTROL/LIFE SUPPORT

COMMUNICATIONS/DATA HANDLING

ELECTRICAL POWER SUBSYSTEM
(CRYOGERICS AND FUEL CELLS)

AMISSION P/ L EQUIPMENT

ms'rnuunm-A-rzou
STRUCTURE ;
GEMINI B
- TOTAL |
, .

' RECURRING D COST
1,800, 000.
291,000 |
830,000 "
1,200,000° Lo

700,000
’1so.oob,
600,000

90,000
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 MADITEMANCE/REPATA/RTPLACEMENT TRAE VERIUS
‘ : " MISSION DURATION

AL HANDLING . .
WHS-311 .
OUBITEIG VEHICLE - SUDSYSTEM LIFE BXTEMSICN "o, 55 N

USSR

L T p—— — - e ; e . - - - )
-y o -UNSCHEDULED MALITINANCE : .
S ey  CALCULATED TTMIE FOR SPARE ZQUISMEINT RIEPLACEMENT .
- :') )  DASTD ON PREDICTED FAILURES FO2 SPECIIIED MISIION DURATION |

', ‘o SCHTDULTID MATITENANCE ' ' | B

ESTBAATED AT 0,5 3. PER MISTION DAY (AVERAGE) e
. INSPECTION, PREVENTATIVE MANTENANCE L

] AVERAGE CXPECTED TIME  ©
| -. PER MISSION DAY = 1,0 MAN-HR, *

FOQR MAINTENANCE, REPAIR
AND REPLACEMENT TASKS

. MAINTENANCE/REPLACEMENT TDAE A E2S,

e e SN+ S
f i A4 | 2ICTICN DUDATION - DAYS
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~( DESRELseeoiw mmmme e

+ ON-ORBIT MAINTENANCE/REPLACEMENT/REPAIR
: (BASELINE VEHICLE)

&

. ON-ORBIT MAINTENANCE/ | T%%%%
: -~
n DESIGN PROVISIONS
By " @ ACCESSIBILITY | e ACCESSIBILITY
' @ INTERCHANGEABILITY | e INTERCHANGEABILITY
» . o . STATUS AND OPERATING DATA '
F." | e INSTRUMENTATION e INSTRUMENTATION
g e MONITOR/ALARM & TELEMETRY e MONITOR/ALARM & TELEMETRY &
s M ’ . UMBILICAL .
» . TROUBLE SHOOTING | |
e EQUIP, TEST POINTS e EQUIP, TEST POINTS
b e PANEL & J-BOX ACCESS PANELS - |7 o PANEL & J-BOX ACCESS PANELS
. @ CIRCUIT & PIN DIAGRAM & DATA e CIRCUIT & PIN DIAGRAM & DATA g
b o - | e AGE Co |
i o | ' | REPLACE FAULTY EQUIPMENT .
e DISCONNECT & PLUG-IN FEATURES , e DISCONNECT & PLUG-IN FEATURES
3 .. ® AVAILABLE SPARE REPLACEMENT . e AVAILABLE SPARE REPLACEMENT
0 e TOOLS AND TEST CHECK EQUIP, '] e TOOLS AND TEST CHECK EQUIP.
i . , : g :
. * || e THE DESIGN PROVISIONS, AND PROCEDURES TO PERFORM ON-ORBIT MAnsz-xE-:EsA'l{qigllb Rg}‘!’é&f?'

.« L , MENT/REPAIR ARE BASICALLY THE SAME AS REQUIRED FOR PRE-LAUNC N TG
OUT OPERATIONS., THUS, FOR ALL PRACTICAL PURPOSES, THE IMPLEMENTATIONT O FHE
o . ACCOMPLISH ON-ORBIT TROUBLE SHOOTING AND CORRECTIVE ACTION IS INHERE :
S \t BASIC VEHICLE IF ADEQUATE SPARES ARE PROVIDED ON-ORBIT. _ :
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1 ' SUBSYSTEM LIFFE EXTENSION

L ' MAN VERSUS REDUNDANCY '

P '

A

, | I o

. O MAN AND EQUIPMENT REDUNDANCY ARE, COMPLEMENTARY

RS T ' © SWITCH TO STANDBY UNIT WHEN TIME IS VITAL sBSYS

. j ' ' '~ © MAN CAN FIX FAILED REDUNDANT UNIT WITHOUT SHUTTING DOWN sco&,‘“;" |

wor o ' o REDUNDANT UNIT ON LO-DUTY CYCLE COULD PROVIDE SOURCE OF oN -

e PARTS NEEDED IN MORE CRITICAL SUBSYSTEM. :
L O WITHOUT REDUNDANCY . . +ION TO '

I © CREW MUST NECESSARILY DEVOTE HIGHEZR DEGREE OF ATTEN .

FQUIPMENT OPERATING STATUS AND "STAT E-OF - HEALTH" - LESSENS
. TIME FOR OPERATIONS AND OUTSIDE OBSERYATION. .
e O HOW MUCH REDUNDANCY? .
k T o REDUNDANCY/SPARES SHOULD OPTIMIZE CREW T!MJB'F?‘\l‘\AgIégRAT!ONSa'

R x MONITORING AND CORRECTIVE/PREVENTATIVE MAINTIE .

; " - S _ " © TIME CRITICAL FUNGTIONS FOR CREW SAFETY AND MISSION OBJYECTIV

1 Y R : : SHOULD BE BACKED UP WITH REDUNDANCY. - '

T . © . AVOID CASCADING REDUNDANT COMPONENTS THAT WILL REQUIRE

4 s . . COMPLICATED VOTING LOGIC AND SWITCHING SCHEMES. .

. o . . . . )

7} O CREW MANAGEMENT OF REDUNDANCY : : o .'xA-us m 5 =

T i N R © CREW MUST MAINTAIN COGNIZANGE OF PRIMARY/STANDBY STA . A 4

~ OPERATING TIME FOR REDUNDANT UNITS. : JON o '

R D S B ‘o AUTOMATIC SWITCHING MUST BE "#LAGGED" FOR CREW ATTENT oey
S e L e AVOIDSWITCHING BACK AND FORT:l BETWEEN PRIMARY AND STA e J .
i R . UNITS (FIRST LAW OF NEWTON EFFECT). o - —
coho o DOSEGRET SeeciaL mamoume 00 .

} . “Mm‘m%;wm_h.M%“M‘M};v; M;:.-,M,; :_:- , & .' 3 o . | ) : | _ e | :

- e = . x J _ DN S ] IR L RN R S Y g A .~eu.v,ltw.:¢an.'vt R e s oA
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[

. R .. . SUBSYSTEM LIFE .-:x'rEsNgg}f!E
o IMPORTANCE OF MAN!' TION
ummm ABILITIES FOR TROUBLE SHOOTING/CORRE TIVE AC
* ‘1. . MAN HAS REASONING ABILITY (UNMATCHED BY MACHINE), ADAPTABILITY (CAN
b REPROGRAM), AND VERSATILITY (CAN CORRECT ERRORS).
'3 - 2, ‘QUICKLY SENSES AND REACTS TO UNEXPECTED FAILURE uom:s o
S ' 3. IS CAPABLE OF REPLACING ANY OF A LARGE NUMBER OF COMPONBN'I’S (USING -
. HIMSELF AS A MULTI-PURPOSE SPARE).
R R 4. 1S SELECTIVE IN INSTALLING SPARES, :
“+ . ] " s. CANSENSE INCIPIENT FAILURES AND TAKE ALTERNATIVE STEPS pmon TO THE
SR ' FAILURE OCCURRING AND PERHAPS SPREADING OUT IN SYSTEM. . SRS
' a ' CHIS
P - 6. DETERMINES WHERE OR WHAT FAILURE ACTUALLY IS (NOT :ms'r srs'rau. WHICH 13
T . INSTRUMENTED, BUT AT PART LEVEL). ‘
Y ‘7. CAN UTILIZE MAN /GROUND COORDINATION TO DEFINE CORRECTIVE ACTION. |
;o ) o 8. . PROVIDES AN UNDERSTANDING OF REASONS FOR FAILURE. . . ' G .
. | . 9 HASABILITY TO BY-PASS MALFUNCTIONS OF wwur nn:rzcnou 'AND xsouvrxo o
TR " SYSTEM. SRR | : - .
AR ,)' __'l\', ‘. T EDED A.r T . v .
[ = | .. 10. CANCANNIBALIZE PARTS OR compomm'rs FROM ONE SYSTEM (NOT NE |
g ‘ s Y . THAT MOMENT) FOR USE IN A CURRENT CRITICAL SYSTEM. “
SRR R - OPERATIO
S L { 11, CAN CONTINUE UNDER CONDITIONS OF DEGRADED PERFORMANCE, ATTAB; WALT .
T ' WIHERE AUTOMATIC SYSTEM WOULD JUST SHUT DOWN (OR WOULD HAVE T T
cE . ANALYSIS AND SPECIAL INSTRUCTIONS), o rLow y o
b . " i e EV . o
oL \{ 12, PROVIDES DETAIL mromxrmn FOR DESIGN mpnovzuznx & FUTURE D PME _
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SUBSYSTEM LIFE EXTENSION

PECIAL HANDLING ssuoree ~

umouz: ABILITIES FOR TROUBLE suoo'rmc.(comm IVE ACTION

B il g~ et
.

.. MAN HAS REASONING ABILITY (UNMATCHED BY MACHINE), ADAPTABILITY (CAN
REPROGRAM), AND VERSATILITY (CAN CORRECT ERRORS).

QUICKLY SENSES AND REACTS TO UNEXPECTED FAILURE MODES

1S cAPABu: OF REPLACING ANY OF A LARGE NUMBER o) 2 coumﬂzurs (USING
HIMSELF AS A MULTI-PURPOSE SPARE).

13 SELECTIVE IN INSTALLING SPARES, -

CAN SENSE INCIPIENT FAILURES AND TAKE AL‘I’ERNATIVE STEPS PRIOR TO THE
- PAILURE OCCURRING AND PERHAPS SPREADING OUT IN SYSTEM '

DETERMINES WHERE OR WHAT FAILURE ACTUALLY IS (NOT .ms'r sys'rsu. WHICH 13 s
ms'muuzwrzn. BUT AT PART LEVEL). ' '

CAN UTILIZE MAN /GROUND OOORDINAT!ON TO DEFINE OORRECTIVE ACTION
PROVIDES AN UNDERSTANDING OF REASONS FOR FAILURE '

HAS ABILITY TO BY.PASS MAL!‘UNC'I‘!ONS OF n\uur DETECTION AND !SOLATION Y '
S8YSTEM., -t

CAN c.mmnauzs PARTS OR coupom:wrs FROM ONE SYSTEM (NOT NEEDED AT
_THAT MOMENT) FOR USE IN A CURRENT CRITICAL SYSTEM. :

CAN CONTINUE UNDER CONDITIONS OF DEGRADED PERFORMANCE, ATTAIN OPERATION
WIIERE AUTOMATIC SYSTEM WOULD JUST SHUT DOWN (OR WOULD HAVE TO AWAIT

.ANALYSIS AND SPECIAL INSTRUCTIONS).
| LOPMENT,

PROVIDES DETAIL INFORMATION FOR DESIGN mpnovr:m-m'n & FUTURE m:vz
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IMPORTANCE OF MAN'S ROLE

SPFCIF!C EXAMPLES FOR AIRCRAF ').‘ AND SPACE FLIGHTS

.‘\o"v

O X-15 EXPERIENCE a

© FLIGHT 22 - PILOT SUCCESSFULLY RESET CONTROLS AND STARTED UFPPER
ENGINE AFTER INITIAL START FAILURE - MISSION SAVED.

o FLIGHT 23 - PILOT MANUALLY RESET ALL CHANNELS AFTER STAB[LIT'Y -
: AUGMENTATION SY3TEM TRIPPED OUT - MISSION SAVED. :

o FLIGHT 50 « PILOT DIAGNOSED FROZEN LN; VALVE PROBLEM, CHANGED . -
COOLING MODES AND THAWED VALVE MISSION co.vu:r..s-rmo. .

.Q GEMINI EXPERIENCE

o GEMINIL3 - COOPER DISASSEMBLED, TROUBLE SHOT, 'AND REPAIRED
' : RETICLE SIGHT FOR EXI’*ER!MENT'; RF‘PLACCD FRAYED povll-:lt
. CORD SHORTING OUT LIGHTING ELEMENTS WITH SPARE AND
' . REASSEMBLED,

‘o GEMINIS - ASTRONAUT REPLACED FRAYED O-RING SEAL FOR BLOOD PM:SSUR‘
- CUFF IN PRESSURE SUIT WITH SPARE ITEM, :
© GEMINI7 '« ELECTRICAL CONNECTOR BETWEEN COMMAND PILOT SULT AND

SEAT UNLOCKED DURING MISSION, WAS RECONNECTED AND LOCKED
BY ASTRONAUT, - \

o GEMINIS - CREW INSERTED ALUMINUM FOIL FROM FOOD PACKAGE nzrgggﬂ
WINDOW AND FILTER TO BLOCK HEAT AND mcm: DURING SL
‘PERIODS, .

O B-70 EXPERIENCE = l : : .

O
o NOSE GEAR JAMMED BY DOORS mpnopnm.'t SEQUENCED DY COMPUT' %‘c’:“cn L
CREW WITH GROUND ASSISTANCE DIAGNOSED PROBLEM, SHORTED-OU'T HO SAVED
* CIRCULT WITH METAL CLIP ALLOWING GEAR TO BE LOWERED - AIRCRAFT 3

-
et ¥+ 4
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SPECIL HAMNDLING

SUB.SYSTEM LIFE EXTENSION
APPLICATION OF 60 DAY "BUILDING BLOCK" SUBSYSTEMS .

WHS- 311
Page 227

N

TO POSSIBLE GROWTH VEHICLE CONFIGURATICNS

.

o § . (BASELINE) )
: ' e " nnunr:zvous
. INTEGRAL T-INC(U) INTEGRAL LDC-1 RENDEZVOUS
. o ORBITING VEH, ORBITING YEH, RESUPPLY VEH. ORBITING VEH,
Sy 30 DAYS 60 DAYS 50-60 DAYS __60-300 DAYS
R I _ , r ‘"(nocxmainrrnFACE)E
T | STRUCTURE STRUCTURE STRUCTURE. — v} STRUCTUR
v b e/ equre P/L EQUIP p/L EQULF. ON-ALARM.
-} | msTRUM/MON- INSTRUM/MON-ALARM INSTRUM/M MGT Mi |
. . § | COMM/DATA MGT. COMM/DATA MGT. . . - coMMIDATTA
ST ELECT PWR & DISTR.| | ELECT PWR & DISTR. ELECT PWR —3%- ELECT DIS P;.o'ﬁ 1S
L ACTS ELECT & PROP.| | ACTS ELECT & PROP.{ {ACTS PROPULSION 'ACTS ELECT :
KR EC/LS EC/Ls . : gRYocmrcs - = EC/LS " V'ISIONS |
SR CREW pnov&zoxm' CREW PROV & EQUIP | {CREW EQUIP CREW PRO |
' SPARES SPARES ' SPARES ————Fy~ SPARES ..
. { |cemmiB ] GEMINI B GEMINI B ‘
R FXPENDABLES EXPENDABLES EXPENDABLES .
SN , 4 MANNED P
' T " * orT.)
R MANNED * . MANNED | MANNED (GEMINI B) (EXCEPT CREW ROT.}
- v | AUTOMATIC OPS CAPAB  REDUNDANCY ' ASTERT ) x%%'sunsys.‘
S q R EDUNDANCY - ALL CRITICAL SUBSYS %ﬁ%’% ¥s m=' s
e 'A‘I:!:"Ciznr'm. suasrs SPARES SPA TICAL suasYs.v
CoLe SARE: , ALL CRITICAL SUBSYS SPARYS . ON 50 DAY
i TITR: .ul,. MAINLY n.gé%m' & REPAIR fu‘b SUBSYS ROV .cyan
FOR EC/LS SUBSYS 3 ka'x)n&.afgssr TEQUIP e ST ON 50 MAINT & REPAIR
- ' DAY CYCLES. FOOLS & 1L

REPAIR AIDS
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MEAN MISSION DURATION CONCEPT

Design Life, L

R(t) dt

MEAN MISSION DURATION, MMDROV’

FOR A SINGLE THREADED SYSTEM:

\ - L
MMD = 8(1- ¢~ )

WHERE @ = MEAN- TIME- TO- FAILURE OF THE SYSTEM

""FOR A BASIC SYSTEM WITH STANDBY REDUNDANCY:

Ctae &
MMD*ZQ[}'Q‘. (4' zo)]

. THE RENDEZVOUS ORBITING VEHICLE, WITH SOME SPARING AND MULTIPLE

RED}JNDANCY. OPERATES SIMILARLY TO THE SECOND EQUATION FOR A |

_ SYSTEM WITH STANDBY REDUNDANCY.

wHS-311 .
Page 228

R — T SPECIAL FAMDL
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- R . MEAN MISSION DURATION . - Page 229 I
- . SIMPLIFIED RELIABILITY MODEL - STANDDY REDUNDANGY = © |
N : ) . . i
. DESIGN | :
, ' LIFE, DAYS :
) ) . S, ! )
. 90 ! :
' 1
' |
80* f

: m-
2 70 .
& o |
[ ¥ -
2 . R ,
21 - 50 o :
.« & '
.9 40 S
- N st
- ‘ 130 ;
. 2 2
$ 1 2' .
10, S Bt i "
. <) B B
o [ A " 5 8. " Y . L I~ » 8 4
'3 04 05 06 n? 08 ;9 ‘oo | E
‘ . ¢

\ L RELIABILITY FOR,30 DAY DESIGN LIFE

- $e0 0N ng i mr g

~SPEGIL BADLG
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" MOL - AM

@ COMPUTER MODEL . o :
' : " DESIGN -

- LIFE, DAYS “ |

. . .\ v 90 l.v': . . .‘i

" MEAN MISSION DURATION ~ DAYS

s 4 s .6 .1 . .8 9, Lo

RELIABILITY FOR 30 DAY DESIGN LIFE
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ST s T - - WHS-311\
: / - ESTIMATED VELICLY: RELIABILITIES ANO SPARE ALLOTMENT Page 231. .\
| o BASELINE 30 DAY DESIGN' 60 DAY VEHICLE DESIGN
Co RELIABILITY  WT - SPARES  RELIABILITY WT - SPARES
© SUBSYSTEM_ ~ {LBS] . (LBS) ..
EPS R e .
. 'FUEL CELLS _. .99 U e o .992¢1) L e -
. DISTRIB, & CONTROL S . . 18. o
.| Ecls : : | : o
. L.S./ATMOS CNTRL °  .990 333 . 988 -, 600 -
! THERMAL CNTRL | .99¢ - <, 988 m---
GRYOGENICS . -2
_ CRYOGENICS .99 eee L , 995(2) . -

ACTS 4 : i . oo _
ELECTRONICS T .999 e 368 .99 L 7?’°
PROPULSION .99 - = --=c =~ . .90&° ' cime

‘ - COMM T .9999 o tae) .99 98.0

DATA MANAGEMENT . - .985 —— T e —

" INSTR & MONJALARM 992 20.4 991 44.0

STRUCTURE 9998 . LS RS L ,

LAB, VEH, SEG, . 950 - ¥l .895,.. . 300.0
BXPERIMENTS . ‘ .9“ Y Y Y ) ~-;- S ‘f‘..
Gmml-n . ‘ ‘e 9” ' . anme . 98' ‘-

TOTAL .  ,903 Q.0 - .884° . 300.0

(1) CONSIDERS 3 F.CELLS ON COLD STANDBY, ADDITIONAL SENSORS/S}VITCHING FOR
STARTUP AND PARTS OF DISTRIBUTION SYSTEM USED COMMONLY,

(2) DOUBLE TANKAGE OF BASELINE, BUT LESS DUTY CYCLE PER TANK SINCE N;AR
BASELINE DEMAND, - -

o

SPECIAL HANDLING
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ALP
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i SPECIAL HANDLING T Page2z )
VEHICLE ESTIMATED PROBABILITIES OF SUCCESSFUL OPERATION :
INITIAL LAUNGH P, (30 DAYS) ' = .88 (LAB) X .87 (M/M) =~ . . = 765"
. RIV() | | :
BASELINE . 'P,(30 DAYS) = .95 (um) X .96 (MIM) x.99 = .903 v
M/AM . (GEM) ’ .
waM? P, (30 DAYS) = .960 (LAB) X.96 (M/M) ~ = .922
. RV P_(60 DAYS) = ‘= (60 DAY DESIGN, SPARES - .888
_ | 4 £ WT, = 375 LBS) |
RRY P_ (60 DAYS) = .988 (GEM) X . 979 (MODULE = .958
| LN LESS DATA) X . 99 (DATA)
' .
. : v i
ROV P, (60 DAYS) = 888 (RIV) X .958 (RRV) + = . 851
(1) UNATTENDED, WITHOUT GEMINI | . Sy
N {2) PROPULSION, CRYOGENICS, FUEL CELLS AND GEMINI REMOVED FROM . | 1o
\ BASELINE M/AM / o

W@E@Ul HANDLINE
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RENDEZVOUS ORBITING VEMICLE AVAILABILITY ¥OR LONG DURATION

WHS-311 o
Pagle 233 .

i 1CYCLE l '

SYSTEM UP 4 . . ‘ - ¥ . '
] | ] R [ ] !
' ] ] it ' \
SYSTEM DOWN ] t 1 IV | 'l |
T L00, ¢ ,SYSTEM DOWN DURING
- DOCKING &.MOORING _| SYSTEM DOWN FOR REPAIR
(TYPICAL EACH RRV , AFTER MAJOR FAILURE
l CYCLE)
| . . %0 | PROBABILITY OF ' ‘
- " FAILURE INCREASE
PROBA.?“"“ | DUE TO cm:cxoun i .
OF SY. TEM . g0 4 X EFFECT OF REPLACEMENT
|2EmG ouTor " . _ BY RESUPPLY
| commssion o | |
| |
. IF NO cuzcxou'r -
sol MADE ] . : |
: . - : }.pr.,z.‘t.(l?s-?.?t
R A ' . -7
' ,T /1 pofxmg,ﬁrrzcr
_ % .
.10} /7 /7 V7 Vv — F
s, L _ |
AT L — ¥
P | ‘ EFFECT OF UNIMPROVABLES
o S ot v
0 60 _ 120 180 240 300 360

MISSION TIME FROM INITIAL LAUNCH ~ DAY

'\SEERH\SPE@!M o

4

M e : > oo

e e i b it o o AR =
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. CONCEPT OF EXTENDE?) LIFE SYSTEMS
" (RESUPPLY SYSTEM)

©  COMPLETE REPLACEMENT EACH RESUPPLY CYCLE
Y FUEL CELLS '
4 CRYOGENIC TANKAGE
J THRUST CHAMBER ASSY, _
{ PROPELLENT TANKS/FUEL SYSTEMS . -

REPAIRS/ REPMCEMEN’I‘.

®  UTILIZATION OF MAN IN TROUBLE-SHOOTER ROLE

‘MOL DEVELOPMENT PROGRAM,

SPECIAL H[&\N@MN@

o INTENSE APPLICATION OF SPARES FOR MANNED MAXNTENANCB’ '

® ELIMINATION OF MAJOR EQUIPMENT PROBLEMS DURING INITIAL .
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. -~ SUBSYSTEM LIFE EXTENSION SUMMARY Page 233
: 1,
® . COMBINATIONS OF LIFE EXTENSION METHODS APPEAR MOST EFFECTIVE FOR MOL
AND FURTHER STUDIES ARE REQUIRED TO DEFINE OPTIMUM APPROACHES
® M/AM ORBITING VEHICLE DESIGN INCORPORATES MUCH REDUNDANCY .
® FOLLOW-ON LONGER-LIFE ORBITING VEl{ICLEb SHOUL.D UTILIZE M/AM REDUNDANCY
TO GREATEST ADVANTAGE ‘_ -
L e REDUNDANT EQUIPMENT BACKED- UP WITH SPARES FOR 60 DAYS OR LONGER SO
‘e PROVIDE FOR "PLUG-IN' REPLACEMENT CAPABILITY AT MODULE LEVEL
) MODULES TO PROVIDE FOR COMPONENT REPLACEMENT WHERE ADVANTAGEOUS
| OP" I'IMMED FOR WEIGHT/COMPLEXITY/REPAIR TIME/FAILURE MODES
/ MAXIMIZE USE OF PART COMMONALITY (CIRCUIT CARDS, SWITCHES)
‘e RETAIN AUTO AND REMOTE CONTROL SWITCHING FEATURES OF M/AM WHERE
o ADVANTAGEOUS
/ CREW ROTATION DURING RENDEZVOUS/DOCKJNG ‘
K _Q 60 DAY SUBSYSTEMS WITH SPARES PROVISIONING APPEAR TO BE "BUILDING BLOCKS" \
i ° INTEGRAL LLAUNCH WITH LDC-1
_ e - RENDEZVOUS/RESUPPLY VEHICLE WITH T-11IC {U)
B ° MAINTAINAB LE SUBSYSTEMS FOR 60-300 DAY RENDEZVOUS ORBITING VEHICLB C
® SPECIAL CONSIDERATIONS FOR 60-300 DAY RENDEZVOUS ORBITING VEHICLE INCLUDB
e - METEOROID CRITERIA
' /¢ ADD APPROX 200 LB, (PRES, STRUCT. & RADIATOR) OR ACCEPT 0,990 PROB.
3 - OF NO PUNCTURE
‘_ L "PLAN FOR ACCOMPLISHMENT OF MORE EXTENSIVE MAINTENANCE BY CREW
4 EVA FOR ACCESS AND REPLEACEMENT FOR EXTERNALLY MOUNTED EQUIPMENT
/ LIQUID LOOP COMPONENT REPLACEMENT (VALVES/ PUMPS/FILTERS)'
'@ IMPLEMENTATION

e GROUND TEST PROGRAM FOR EQUIPMENT AND COMPONENTS

4~ DEFINE LIFE AND DETERMINE WEAK POINTS
v MAKE NECESSARY IMPROVEMENTS FROM ANALYSIS AND TEST DATA -

e ADDITIONAL QUALIFICATION PROGRAM FOR IN SPACE START FUEL CELLS & TANKS
e FWD LOOKING DESIGN APPROACH FOR M/AM TO FACILITATE MAINT. &

.‘?NST.SLLI_S.PAR‘E:S ' Yiﬂn S]PE@MM H]AN@MNG e SR j ;

J S [ © g e

PRRSERN e U . 4
TR s> TR AR EESE e LR 4 S
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SUMMARY OF EXTENDED VEHICLE LIFE

o MEAN MISSION DURATION FOR MAJORITY OF BASELINE SUBSYSTEM = ..
) EQUIPMENT APPROACHES 60 DAYS. ;

o UNFIXABLE VEHICLE EQUIPMENTS ARE FEW, TEND TO BE PASSIVE : o
' ELEMENTS OR HAVE EXTREMELY LOW PROBABILITY OF FAILURE, '

B e) COMPLETELY REPLACE LIFE- LIMITED EQUIPMENT AND WEAR- ouT
‘ ITEMS AT RESUPPLY INTERVALS. ‘

O  INTENSE APPLICATION OF SPARES FOR MANNED mrmwcz/nzPAmsl | | R
REPLACEMENT WITH SPARES UPDATED AND REPLENISHED AT EACH A i
RESUPPLY CYCLE, i

0 CREW TROUBLE SHOOTS PROBLEMS IN CONJUNCTION WITH GROUND TO
| PROVIDE A HIGHLY EFFECTIVE TEAM FOR DIAGNOSIS AND CORRECTIVE
~ ACTION. . “ . -

o PROJECTED VEHICLES AVAILABILITIES SHOULD BE ATTAINABLE WITH T
' MINIMUM CHANGES TO BASELINE SUBSYSTEMS. A S :

o 5 FULL DEVELOPMENT FLIGHTS IN BASELINE PROGRAM

-

SPECUL NIDLNE e
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| | | Page 237

UNFIXABLE VEHICLE EQUIPMENT EXAMPLES

® ITEMS AFFECTING MISSION ABORT
‘. MALFUNCTION OF INACCESSIBLE COMPONENTS
PROPELLANT/CRYOGENIC FLUID LINE AND TANK LEAKAGE
~ WATER LINE, TANK AND HEAT EXCHANGER LEAKAGE
' DEBRIS TRAP MALFUNCTION '
LEAKAGE OF STRUCTURAL SHELL
| INACCESSIBLE TERMINALS AND WIRING FAILURE
. MULTIPLE FAILURES OF REDUNDANT EQUIPMENT

e LOSS OF PRIMARY COMPONENT AND EXHAUSTION OF SPARED .
EQUIPMENT STOCK

%

“NSN S«

® ITEMS AFFECTING SYSTEM PERFORMANCE

e FAILURE OF EQUIPMENT WHICH IS INHERENTLY INCOMPATIBLE WITH
REDUNDANCY .

/ DRIVE MIRROR

v FLAT MIRROR

/  ROSS CORRECTOR SYSTEM
v THERMAL DOORS"

e LOSS OF EQUIPMENT WITH SUCH HIGH RELIAB!LITY THAT REDUNDANCY
IS NOT ECONOMICAL -

e SIMILAR COMMENTS AS ABOVE FOR INACCESSIBLE, REDUNDANT AND
' SPARED EQUIPMENT .

THE UNRELIABILITY OF SINGLE UNFIXABLE COMPONENTS IS EXTREMELY SMALL, BUT
A FINITE UNRELIABILITY FOR SUMMED UNFIXABLE EQUIPMENT EXISTS. :

N

| Dseszspscx;u. HANDLING.
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