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FOREWORD

This final report documents the results of o study performed under NASA Con-
trauct NAS 9-15779. The study was conducted under the technical direction of the
Contracting Officer's Representative (COR), Herbert G. Patterson, Systems Design,
Johnson Space Center. Mr. Lester K. Fero, NASA Headquarters, Office of Space
Transportation Systems, Advanced Conceepts, was the cognizant represcentative of
that agency.

The Grumman Aecrospace Corporation's study manager was Charles J. Goodwin,
The major contributors and principal investigators were Ron E. Boyland, Stanley W,
Sherman and Henry W. Morfin.

This final report consists of the following volumes:
e Executive Summary - Volume 1

® Mission Handbook - Volume 2

® Program Requirements Document - Volume 3

© Supporting Analysis - Volume 4

® Turnaround Analysis - Volume 5

e Five Year Program Plan - Volume §




1 ~ INTRODUCTION

The intent of the Mission Handbook is to define for the reader how the MOTYV may
be used to support future space missions. Some 20 generic missions have been de-
fined, each one representative of the types of missions expected to be flown in the
future. MOTYV support of these 20 missions is defined in detail and illustrates the full
functional and performance capabilities of the MOTV. The user, by turning to the
appropriate generic mission nearest describing the one he has in mind, can thus select
the MOTV configuration best supporting that mission. More complex missions involving
several flights of an MOTV requiring a mixture of various generic missions can also be
constructed from the basic 20 missions described herein. Besides describing the pro-
pulsive and functional capabilities required of the MOTV to support a particular mis-
sion, the Handbook also contains data to enable the user to determine the number of
STS flights needed to support the mission, mission-peculiar equipment requirements,
parametrics on mission phasing and AV requirements, ground and flight support re-
quirements, recovery considerations, and IVA/EVA trade analysis.
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2 ~ MIBSION SELECTION CRITERIA

The objectives of the generic missions are to provide realistic, operatienally feasihle,
but stringent, missions to exercise the MOTV systems to their maximum planned capa-
bility wherever possible. These missions form the basis for deriving MOTV functions
and performance requirements, With this objective in mind the following guidelinns
and assumptions apply to the missions deseribed herein.

2,1 POTENTIAL USER PROGRAMS SUMMARY

Figure 2-1 is a summary of potentinl user programs and appropriate references for
each. Thse programs f.rmed the buckground in deriving the gencric missions de-
scribed below. Although the generic missions cannot be related to these user programs
on a one-to-one basis, they do incorporate the essentlal characteristies of many of the
user programs,

2.2 GROUNDRULES & ASSUMPTIONS

The following groundrules and assumptions were used in developing the material
presented in this handbook.

e Mission Phases - Figure 2-2 identifies the mission phases with respect to the over-
all MOTV mission. The handbook focuses on "OTV Mission Operations" and treats
the other phases in a less detailed manner.

¢ Abort timelines are not part of the handbook nor are contingency operations.

¢ Within the domain of "OTV Mission Operations" are those functions and tasks con-
cerned with "Vehicle Operation and Control" and those concerned with "Sortie
Operations." The timeline developed in this handbook relates primarily to "Sortie
Operations (see Fig. 2-3).

¢ All "Sortie Operations" are conducted IVA whenever possible. EVA is provided
for contingency and emergency operations. It is assumed that EVA will be neces-
sary twice per sortie mission except for passenger transport missions P1 to P4
where one EVA per mission is assumed.

2
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¢ SHUTTLE LAUNCH TO ORBIT o OTV MISSION OPERATIONS

QTV MISSION OPERATIONS
< L.AUNGH TO ORBIT SVENICLE OPERATION & CONTREL
- ORBITER RENDEZVOUS & DOCK/BERTH (CONSTRUCTION, INSPECTION, SERVICE, ETC)
- SORTIE OPERATIONS
o OTV DEPLOYMENT & C/0 A
= VEHICLE DEPLOYMENT ¢ APOTV DESCENT ___
. OTV ORBITAL STORAGE ~ THANSFER ORBIT INSERTION
T OTV SYSTEM BUILD UP - PHASING ORBIT INSERTION
- CREW TRANSEER «~ CIRCULARIZATION

PRE-ASCENT CHECKOUT
e APOTV RETRIEVAL

o QOTV ASCENT - ORBITER AENDEZ2VOUS & DOCK/BERTH
~ PHASING ORBIT INSERTION - CREW TRANSFER
- TRANSFER ORBIT INSERTION —~ PAYLOAD TRANSFER
- MISSION ORBIT INSERTION -~ NTV SYSTEM REMOVAL
- ORBIT ADJUSTMENT OR - VEHICLE RETRIEVAL

RENDEZVOUS & DOCK/BERTH
o ORBITER REENTRY & LANDING
T~3JEORBIT & REENTAY

1776-402W - LANDING

Fig. 2-3 OTV Flight Operation Phases

e The APOTV is baselinea for all MOTV operations

e The maximum warning time due to solar storms is 12 hr. No storm shelter is pro-
vided for GEO or HEO missions, therefore, abort within their 12 hr warning

period is imperative. For the Deep Space mission, P4, a shelter is provided due to
the long journey time, 14 days, to orbit.

¢ Mission Timeline Groundrules are as shown in Fig. 2-4,

e Typical work/rest cycles for transit periods between earth and GEO and return are
shown in Figs. 2-5 and 2-6.




¢ NOMINAL CHECKOUT (ASSUMING REMOTE MANIPULATOR COMPLEXITY)

¢ TYPICAL SUBSYS MODULE INSTALLATIO!
INCLUDES
~ UNSTOW, TRANSLATE & ATTACH MOUNTING PAD,
— UNSTOW, TRANSLATE 20m, POSITION & ALIGN MODULE
=~ ADJUST & FASTEN MODULE MECHANICAL ATTACHMENTS
= ATTACH ELECTRICAL CONNECTORS (POWER & DATA READOUT)
~ NOMINAL CHECK/QUT

~PLUS ADDED TIME FOR INSPECTION & SET UPSAY
OR
e DEPLOY ANTENNAS
® OPERATE BEAM MACHINE
¢ DEPLOY STEM DEVICES
® TYPICAL NESTED TUBE (i.e., DIXIE CUP) CONSTRUCTION
INCLUDES
= UNNEST, TRANSLATE & JOIN DIXIE CUP STRUTS ~ 2 MIN
(AUTOMATE)
- TRANSLATE 20 m & ALIGN I MIN
=~ ADJUST & FASTEN TO FITTINGS (BOTH ENDS) 5 MIN

10 MIN

® DEPLOY SOLAR ARRAY

1776-403W

~ 5 MIN
~ & MIN
~ 5 MIN
5 MIN
5 MIN

26 MIN

25 MIN

50 IN

~ 5 MIN

~ SOMIN

1 MIN/METER RADII
1 MIN/METER

1 MIN/3 METERS

10 MIN EACH

10 MIN

Fig. 2.4 MOTV Mission Timeline Groundrules.
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3 = Generic Misslon Summary

The following is a summary of 20 generie misslon seenarios; seven have been select-
ed for defailed study & illustration.

From the data presented here specifics for more complex missions may he drawn
from the seven generic missions which cover a variety of categories & non-orbit func-
tions. Thus, nearly any mission desired may be compiled from both the basic missions
presented here plus the mission parameters. The proper MOTV configuration can then
be selected, Figures 3-1 through 3-8 summarize the salient features and performance
characteristics of all generic missions.

‘:eenemc MISSION .| o SCENARIO CHARACTERISTICS
HDWR DURATION i SYMBOLS
CATEGORY |SvMBOL| ORBIT | (kg) | CREW| (DAYS) DESCRIPTION IN = INSPECTION
iNt]  GEO 510 2 4 SCIENTIFIC SATELLITE REVISIT § = SERVICE
INSPECTION l'_é_'%\ GEQ | 1684 3 18 MODULAR LEVEL SERVICE ER = EMERG REPAIR
SERVICE § 6E0 | 2066 3 21 COMPONENT LEVEL SERVICE & UPDATE |R® RETRIEVAL
& $3(a) GED 2600 2 2 SERV & UPDATE NUCL PWRD SATS 0P = OPER. LG SPACE
® | Geo | 2000 2 3 REPLACE NUCL REACTOR SYSTEM
REFAIR p = PASS. TRANSPORT
ER1 GEO 453 2 4 EMERGENCY REPAIR (GED) DR = DEBAIS AEMOVAL
[ERZ12 HR/BY| 272 2 4 EMERGENCY REPAIR (HED) C = CONST
R ]12 HR/B3| 4100 3 2 FAILED SATELLITE UC = UNMAN. CARGO
opt] GEO 550 2 16 TENDED STO
OPERATIONOF | p1 | GEO | 1683 2 4 3 MAN CREW ROTATION/RESUPPLY
A LARGE GFEO | 4485 2 4 10 MAN CREW ROTATION/RESUPPLY  |[] SELECTED
SPACESYSTEM | P3 | GEO | 16,819 2 4 30 MAN CREW ROTATION/RESUPPLY EOR DETAILED
DEEP STUDY
SPACE | 3364 2 30 & MAN CREV: SOTATION/RCIUPPLY
DEBRIS REMOVE DEGRIS FROM A 45° SECTOR OF
REMOVAL Geo | 6500 | 2 O leeo
1 10,000 2 3 UNFOLD WIRE WHEEL ANTENNA
8 loo [HS | 31T |G
17,000
consvaucrion| &3 (S0 | iiop | 3 3 | AUTOFAB COMMUN PLATFORM
(] 110,535 3 | 14/6/6/6 | AUTOFAB SPDA
(cel - 2 17 MOOULAR ASSY SPDA
UNMANNED VARIOUS| 15,000 NONE SECONDARY ROLE
CARGO ue 55,000 1776-406W

Fig. 3-1 Generic Missions
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SKILLS-PILOT/

MISSION SPEC

NO. PASSENGERS
1776-408W

VARR VAR VAR VARRVARR A NR VAR VAR /A BRTA
AR

MISSION DURATION NOMINAL RESERVE TOTAL| MISSION DURATION NOMINAL RESERVE TOTAL
PAYS REG-KWHR KWHR NAYS REG-KWRHR KWHR
INT 3.6 230 143 373 PR1 8.3 644 143 687
81 19 1131 148 1274 c1 3 157 143 300
g2 27 1637 143 1780 G2 66 347 143 490
8(o} 21 €3 6.0 370 143 619
(h) 3
ERY 3.6 208 143 381 (o7} 6.8 436 143 678
ER2 34 230 143 3n s . B 427 143 670
R1 26 138 143 261 114 938 143 1081
0Pl 16 1108 143 1249 cé 2 1836 143 1980
P1 4 230 143 373
P2 4 264 192 4686 uc T80
P3 4 318 336 652
P4 30 2796 173 298¢
1776-407W
Fig. 3-2 Mission Energy Requirements
l ON-ORBIT
"I ORBIT PHASING ASSUMES 9 HR WORK/DAY IVA
. -1 LEO OPS + Xir
= _ 2 TO ORBIT
30 -
i z
20+ B g
m -]
DURATION, ] ]
DAYS Z
- g u
. 10 -
- GENERIC MISSION INT St S2 S3 ER1ER2 R1 OP1 P1P2P3P4 DRI C1 C2 C3 C4 cS Cé
CREW SIZE 2 2 2 2 2 2 2 2 22222 2 3 3 3 3333 2

Y1 11 12 ye 12 12 2 N
12 12

18284

Fig. 3-3 Generic Mission Duration, Crew Size, & Skill Requirements




DESCENT TOTAL
ASCENTTO| FROM | oNomrBiT| moTV
ORBIT ORBIT TIME®* | DURATION | NO. CREW
IN1 0.75 1.2 1.8 3.8 2
INSPECTION st 0.76 1.2 16.8 18.8 2
SERVICE & s2 0.76 1.2 249 26.9 2
REPAIR s3] 076 1.2 186 206 2
b 0785 1.2 26 4.4 2
ER1 0.75 1.2 1.7 36 2
ER2| 075 12 1.4 3.4 2
R1 0.75 1.2 0.5 25 2
OP1 0.75 1.2 14.0 16.0 2
OPERATION OF | P1 0.76 1.2 2.0 4.0 3
A LARGE P2 0.75 1.2 2.0 4.0 10
SPACE SYSTEM | p3 0.75 1.2 2.0 4.0 30
: P4 13.6 14.0 2.0 29.6 6
DEBRIS DR1{ 0.75 1.2 63 | 8.3 2
REMOVAL
1 0.76 1.2 0.9 29 2
c2 0.75 1.2 3.6 5.6 3
, c3 0.75 1.2 4.0 6.0 3
CONSTRUCTION | 0.75 1.2 48 6.8 3
cs5 |075x4a 1.2x4 M7x27| 137487 3
‘ x3 4.7/4.7
ce 0.76 1.2 14.7 16.7 2
UNMANNED uc ' 0
CARGO

*ASSUMES 9 HR WORK PER DAY IVA

1776-409W

Fig. 3-4 Mission Duration Days
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R LA L e o

INSPECTION, SERVICE & REPAIR

EQUIPMENT NG 1 S $3(a) 8aib) ER1 LR2

MANIPULATORS

SHEACH (m) KED Kt "y 25 2.5 2.5 3.0

- DOF / / , 7 7 ] /

-NO., REQD. B g o 2 2 9 3

- UNIT WGT (ky) 195 1/ Hin 195 195 185 210

STABILIZER FOR BERTHING i

«REACH (m) 2 X A 2 2 2 2

- DOF 4 d a 4 a4 4 4 ;

SNOLRLOD. 1 i 1 1 1 \ 1 \

- UNIT WGT (kg) ) Hu HU 50 50 50 50

EVA SUITS

- TYPE/NO. REQD. GEO/? GEO/? GEO/2 GEO/2 GEOQ/2 GEO/2 GEO/2

-NO. EVA'S PERMISSION (NORM OR EMERG) 2 (EMERG) 2 (EMERG) 2 (EMERG) 2(EMERG) | 2 (EMERG) [ 1 (EMERG) 1 {EMERG)

- ENDURANCE TIME/EVA (HR) 6 ] 6 ) 6 6 6 4

- RAD PROTECTION REQUD. NG NO NO YES YES NO NO ’

S TETHER YES YES YES YES YES YES YES

- UNIT WGT (kg) 137.5 137.5 137.6 137.5 137.5 1375 137.5

MMU'S

- NG, REQD.

- MAX, RANGE/EVA (m)

- UNIT WGT (kg) R

DOCKING

- TYPE

-NO, REQD.

-UNIT WGT (ka)

C/O & CALIB EQUIP.

- TYPE OF C/O SUBSYST C/0 MMS + ANT, | comp, + ANT. | comp. - ANT. FEED SURV AT,
REQD, FEED C/O EEED C/O + ANT - + COMP. C/0O SUBSYST C/0
CRYO FLUID REPLEN!SHMENT . . - FEED C/O - - -

WGT ALLOCATION (kg) 10 10 10 30 10 10

EQUIP. STOWAGE RACKS, CONTAINERS
TYPE EXP TRAY RACK [ MMS TWT HOLDERS| BLACK - ANT.+EQUIP. SENSOIR MOD +

HOLDERS BOX - HOLD. S/A T RCS
NO, REQD, 1 12 40 RACKS 2 HOLDERS 2 HOLDERS
SIZE (m) 1x1 1.2x1.2x0.46 0.4x0.6x0.9 30 m ANT . +COMP VARRTOUS
UNIT WGT {kg) 20 8 3 200 - 20 20 )

1/76-410(1)
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OPER OF A LG

DERRIS . ‘
GONY i
SPACE SYST REMOVAL NHYRUCTIO
; ER2 R1 oP1 P1-P4 PRI c1 22 k]
3.0 2.5 2.5 4.0 a 4 4
. 7 7 7 U 7 / 7
. 3 ¢ 2 v 1 2 2
: 210 195 195 237 237 23 23
- 2 2 2 2
. 4 4 4 4
1 1 1 1
50 50 50 50
GEO/2 GEO/2 GEO/2 1 LEO+1 IN- GEO/2 GEO/2 GEO/3 GEO/S
1 (EMERG) 1 (EMERG) 2 (EMERG) CABIN/CREWMEN | 1 (EMERG) 2 (EMERG) 2 (EMERG) 2 (EMERC
6 ) 6 6 6 6 6 6
NO NO NO NO NO NO NO NC
YES YES YES NO YES YES < YES YE
1376 137.5 137.5 1275 1376 137.5 137.5 13
) 2
. 100 . 100 (
136 135 3
:1 INT’L DOCK INT'L DOCK -
s 1 1 -
: 408 408 - -
- SURV SAT. SAFING & SUBSYST + SAFING & ANT.FEED + SUBSYST 4 SUBSYST
; SUBSYST C/0 c/o INSTR C/O c/o ANT.PATTERN C/O ANT. FEED C/O ANT.FEE
: - - 5 kg CH2+5 kg CH4 . - - .
2 10 10 10+10: 20 10 10 10 1"
* | sensor Mob + P/L RET. LATCHES |SAMP TRAY + RCS HESUPPLIES STOW.RACK 17 ANT.PACKAGES
e S/A + RCS + SUBSYS LU SIA+ S5 SAME AS
. 2 HOLDERS 4 LATCHES LATCHES + BRACKETS | 49 LATCHES 1 B0 LATCHES c?
A8, | VARIOUS VARIOUS 16 BOXES (3 EA) | 3m TRIANGLE VARIOUS VARIOU!
20 20 40 5 100 4] b
k-
' FUL:v'JH " wivial 17




b DEBRIS onstruenen N UNMANNED
¥ REMOVAL CONSTRUCTION CARGO
DA (o} c2 C3 ca ch €6 e
4.0 4 4 4 4 4 20
7 / / ] ) / 1
) 1 2 2 2 0 2
= " 237 237 237 237 237 237 502
4 4 4
1 1 1
50 50 50
_";5141 IN. GEO/2 GEO/2 GEO/3 GEO/ GEQ/3 GEO/3 GEO/2
’\A‘}HCREWMEN 1 (EMERG) 2 (EMERG) 2 (EMERG) 2 (EMERG) 2 (EMERG) 2 (EMERG)| 2 (EMERG)
w6 6 6 6 6 6 G 6
NO NO NO NO NO NO NO NO
NO YES YES © YES YES vES YES YES
137.5 137.5 137.5 1315 137.5 137.5 137,56 137.5
(R 2 - 2 2 ?
B 100 100 100 100
T 135 135 135 135
SAFING & ANT.FEED + SUBSYST + SUBSYST 4 SUBSYST + SUBSYST | SUBSYST
c/o ANT.PATTERN C/O ANT. FEED C/O ANT.FEED S/O | ANT.FEED C/O | C/O c/o
10 10 10 10 1c 10 10
STOW.RACK 17 ANT.PACKAGES
+28/A+SS SAME AS SAME AS
L ATCHES 1 60 LATCHES c2 c? 8D
-+ I4ES (3 EA) 3m TRIANGLE VARIOUS VARIOUS VARIOUS
S 100 - 5 5 5
B Fig. 3-6b Generic Missions Equipment Requirements
rcq o '{‘ET A .\.A:\i.‘l\\‘iE }
—'%L‘:; 3-4
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INSPLETION, SERVICE & REPAIR

—rred

83 | S3 Y

e

COUIPMENT
o HINTUHES/IGS
CTYPCS
CWGT (ka)

e BEAMBUILDERS
-NO, REQL),
-BEAM SIZ2E (m)
CUNETWGT (hg)

o VA TOOLS
TYPES

TOOL LIST | TOOL LISTITOOL LIST

TOOL LIST

CEST TOTAL WGT (ky) 25 26 24 24

» SPLC. DIAGNOSTIC EQUIP. ;
- TYPE PART, PART.  |FLECT. ANALYZER | ELECT. & REMOT

DET DET SCANNERS

-EST WGT (ko) 10 10 20 20

o AIRLOCK
STYPE _ -
CUNIT WGT thg) -

® TELEOPERATORS/PROP STAB.UNITS IPSU) TELEOPER. pPsU
-CONTROL STATION LOCATION/NO.REQD. MOTV/1 MOTV/I
SMAX RANGE (in) B 1000 - 1000
CEST UNIT WGT (kg) B 1100/1481 } 612

e CHERRY PICKER
-OPEN/CLOSED
NO.MANIP, ARMS/REACH (m)
NO. GRAPPLERS/REACH (m)
-EST WGT (kq)

e STORM SHELTER
- NO. OCCUPANTS
SWGT (kg)

e OTHER

1776-410(2)




OPER OF A LG

pERNIG

— BPAGE BVET HEMOVAL ‘ o ‘f‘m”‘"“' ””_"'_Tf_!“
o GR2 1 oM P14 DRI cl 62 T
3 SUP SIS
am bIAa BUPY MAST Aty JHG
TUHNTHL B GRAPEL LI S CORT
) 20 "
[. —
TOOL LIST TOOL LIST TOOL LIST TOOL LISTY TOOL LIS TOOL LIS TOOL LIST TOOL LIST
25 26 N 2%} M 5 20 b
=y 26R | ELECT. 8 REMOTE |REMOTE ELECT. ANALYZER
SCANNERS SCANNERS
: 30 30 20
== PSU PSU
MOTV/1 MOTV/1
1000 1000 .
612 612
a1 ‘z-f"
o TierdhE
WV,
: §D“” »_’\x‘
N G ™ i - N R | PP 5\ WA RPN L =




- rmmr e n ey

DEBRIG o LUNMANNED
o ATMOVAL cpmmuummm CANGO
£ co  |ue

apa | pm e o

= e R SEEE

o 4

G

I A DEPL, MAST ABSY 4G tAB/ALSEY CONNLITASSY
< TURNTHL & GRAPPLEH HT1CONT NG NG 1 BEAM SP
b0 g b 100 100

i 1
1 1
1500 7500

TOOL LIS TOOL LIST TOOL LIST

24 M

8T TOOL L1 TOUL LIS TOOL LIST 100U LIST

A 26 24 2h 2h 25

M »
g

o e - 2
‘FOLF}E“L}“ b Evbsivei

o
i Fiy. 3-5 Generic Mission Equipment Requirements (Contd)




v e e e TerT— [V —
— - INSPRETION, OEAVIGE & REPAIR
INGRECTION ARAVIET ARAVICE AEAVICH ARAVIEN FMEAG NEPALT
- NI 1 2 (i3la) Aath) Y

B, (1158 2145 Ak - ne- ni. Ak ne. A B ne
PLOY | TURN PLOY | TURN PLAOY | TURN MLOY | TURN PLOY | TUAN pLOY | TURN

nereTTnREET bR i s MeEmas

Tz " omroTTET - -

o MISRION HDWA
NEPLACEMENT
MOBULLS, COM-
PONENTS, SPATILG,

cre, a0 460 1684 | 1084 1660 ] 10660 2000 | “006 ?8?;0 : A3 ann 224
CLCAR '
CORL)
SATELLITE ( .. -
SAT. SERVICING, :
Res, ETC, 60 10 - 1406 234 400 100 e ) M B
® ON.OHBIT MISSION 1
EQUIP, |
MANIPULATORS 300 300 366 366 300 300 390 300 300 300 300 300 )
STABILIZER FOR 1
BERTHING 50 50 ) 60 b0 60 80 50 50 50 40 B :
EVA & INCABIN :
SUITS 276 275 284 283 263 283 215 276 276 276 276 Y1 27
MMUg - - — — _ . o - - - —
- DOCKING ADAPTER] - - - _ - - _ - - . -
— C/O & CALIB EQUIP. | 10 10 10 10 10 10 30 30 10 10 10 10 1
~ EQUIP. STOW. )
RACKS, CONTAIN, 20 20 96 v6 120 120 200 200 120 120 a0 a0 1
— FIXTURES & JIGS - - - - - . _ - _ _ -
- BEAM BUILDERS - - - ~ - - - _ _ - . -
— EVATOOLS 26 25 26 26 26 25 26 26 26 25 26 25 i
— SPEC DIAG EQUIP, - — - - - 10 10 10 10 20 20
— AIR LOCK - . - _ - - - _ - - _
. TELEOPER,/PROP, :
STAB. UNITS - - — - - - - - 2581 800 - - &l
- CHERRY PICKER - — - - - _ - - _ _ - - “
— STROM SHELTER - _ _ - - - _ _ B _ . . ;
— OTHER j
o CREW MODULE 2020 | 2820 3465 | 346b 3636 | 3636 3187 | 3187 2807 | 287 2829 | 2820 28
e CONTINGENCY ** 832 832 924 924 959 59 v37 937 1602 | 1ob7 842 842 10
TOTAL apa1 | 4 6883 | 6883 8438 | 7268 7604 | 7204 9770 | 5544 434 | 4830 66

FoLnOUT FRAME \




INSPESTION, GERVICE & REPAIR OPER. OF A LARGE SPAGE BYSTEM
OPER LG '
SERVICE SERAVIGE SERVICE EMERG REPAIR EMERG REPAIR RETHIEVAL SPACE 5Y6 PASSENG TRAND
§2 63la) 83(h) GA ER2 a1 or1 P1
AE. DE- RE- DE- RE- NE- RE- OE- RE: DE- RE- DE- RE- BE- bit
TURN PLOY | TURN PLOY | TUNN PLOY | TURN PLOY | TURN PLOY | TURN PLOY | TURN PLOY | TUUN
1660 2000 2000 (23\&0 - 403 350 222 187 = 600 600 1433 435
CLEAR
CORE)
- - 4100 - -
234 400 100 - 50 8 60 8 - - 60 8 2560 42
390 390 390 390 390 390 390 420 420 390 390 390 390 - -
50 50 50 50 50 50 50 50 50 50 50 - - - -
283 276 275 275 275 275 275 276 275 275 275 283 283 283 283
- - - - - - - ~ - 270 | 270 - - - -
- - - - - - - - - - - 408 408 408 408
10 30 30 10 10 10 10 10 10 10 10 10 10 - -
120 200 200 120 120 40 40 40 40 80 80 40 40 - -
26 26 26 25 25 25 25 25 26 25 26 25 25 25 25
- 10 10 10 10 20 20 30 30 30 30 20 20 - -
= - - 2681 800 - - 612 612 100 - - - - -
3636 3187 3187 2807 2807 2829 2829 2829 2829 2807 2807 3388 3388 2917 2917
959 937 937 1502 1067 842 842 1007 1007 945 920 1006 1006 810 810
7266 7608 | 7204 9770 | 5644 4934 | 4839 5570 | 6493 ap82 | 8957 6120 | 6078 6126 | 4920
1776-411W(1)
53 P M‘JE‘ L/
porrtt (A

Fig. 3-6 Generic Mission Weights (Kg)
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TEOY TR - - w eary

OPERATION OF A LARGE SPAGE SYSTEM DEBRIS
PASSENG TRANS | PASSENG TRANS | PAS3ENG TRANS REMOVAL CONSTRUCTION | CONSTRU
P2 P3 P4 DRI 1 (1
ITCM UEPLOY|RETURN [ DEPLOV[RETURN| DEPLOY| RETURN| DEPLOY JRETURN | DEPLOYIRETURN| BEPLOVTE
o MISSION HOWR
~ REPLACEMENT MODULES 3818 1351 14319 5064 2864 867 - - -
COMIMONENTS, SPARES, ETC ’
= SATELLITE - . - - - - (6500) ** - 10000 - 16000
- SAT. SLRVICING, RCS, ETC 667 112 2500 420 500 83 - - -
® ON-ORBIT MISSION EQUIP,
-~ MANIPULATORS - - . - - - 474 474 237 237 474
- STABILIZER FUK BERTHING - - - - - - 50 60 - - -
~ EVA & IN-CABIN SUITS 321 3 491 49 306 306 275 275 275 275 283
- MMUs - - - - - - - 270 270 -
- DOCKING ADAPTER ©ang IV 408 | 408 408 | 408 - - - - -
- C/O & CALIB EQUIP, - - - - - 10 '3 10 10 10
- EQUIF, STOW. RACKS, CONTAIN, - - - - - - 100 100 - - 300
-+ FIXTURES & JIGS - - - - - - - - 50 50 ~0
-~ BEAM BUILDERS - - - - - - - - - -
-~ EVATOOLS 25 25 26 2% 2 25 25 25 2 25 25
~ SPEC DIAG FQUIP, - - - - - - - - - - -
~ AIR LOCK - - - - - - - - - - -
~ TELEOPER/PROP. STAB. UNITS - - - - - - - - ; - .
~- CHERRY PICKER - - - - - - - - — - - !
~ STUORM SHELTER - - - - 1369 1369 - - - - - E
- OTHER
CREW MODULE 3861 | 3861 8307 | 8307 | 4866 | 4866 | 2980 | 2980 2807 | 2807 3163
® CONTINGENCY ** 906 906 1404 | 1404 1402 { 1402 902 902 854 | 864 966
TOTAL 10006 | 6984 | 27454 | 16119 | 11740 | 9326 | 4816 . 4818 14528 | 4528 | 21241
*
*1ST C5 FLT; REMAINING 3 FLTS HAVE 28,898 kg DEPLOYVED )
**25% OF ON-ORBIT MISSION EQUIP. PLUS CREW MODULE LESS CREW AND CONSIMABLES
***PAYLOAD BROUGHT FROM GEO TO GEO + 2000 N M
1776-411(3)wW
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3

DOEBRIS CONSTRUCTION UNMANNED
BMOVAL | coNSTRUCTION | CONSTRUCTION | CONSTRUCTION | CONSTRUCTION | CONSTRUCTION | CONSTRUCTION CARGO
_ oA c1 62 c3 c4 n co | c6 UC
DY [RETURN | DEPLOYTRETURN | DEPLOY|RETURN | DEPLOY|{RETURN | DEPLOY[RETURN |DEPLOY[RETURN | DEPLOY[RETURN | DEPLOY | RETURN
— - - - - 40 - - -
Sl - 10000 16000 - 17000 - 18000 - (23841)*| - - -
> 474 237 237 474 471 474 474 474 474 474 474 390 390
> 50 - - - - 0 50 - - - - 50 50
=1 275 275 275 283 283 283 283 283 283 283 283 275 275
- 270 210 - - ©70 270 270 270 270 270 - -
- - - - - - - - 408 408 - -
10 10 10 10 i0 10 10 10 10 10 10 10 10
190 - - 300 300 300 200 300 300 20 20 - -
- 50 50 20 26 50 50 160 100 00 - -
- - - - - .. - . 7500 - - -
25 25 25 25 26 25 26 25 26 25 - 25 25
¥ 2080 2807 | 2807 3163 { 3163 3163 | 3163 3186 | 3186 3343 | 3343 3119 | 3119 5000 2000
902 854 854 966 966 1054 | 1054 1067 | 1057 1105 | 1105 872 872 TO TO
4816 14528 | 4528 21241 | 6241 | 22679 | 5679 20705 | 5706 37419 | 5913 4741 | a1 50,000 20,000
Iy
3

FOLRoUT FRae <

Fig. 3-6 Generic Mission Weights (kg) (Cont)




MMS REPLACEMENT -
MODULES (12)
20,000 MISSION EQUIPT
~ STORAGE BIN ON
NOSE OF ONE DROP
() TANK
Py .
PAYLOAD
RETURNED, 10,000
kg s2 °P4
® oF, °.4. !
®s, (b) 3
3 &C Cy
| " | L |
10,000 20,000 30,000
PAYLOAD DEPLOYED, kg
1776-600W

Fig. 3-7 MOTV Generic Mission Payload Requirements
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ON-ORBIT AV,FPS
MISSION MAIN RCS
s1 1490 460
ER2 236 100
P2 36 100
P4 36 100
DR1 1460 370
c3 20 100
ce 36 680
PAYLOAD PLUS
DEPLOYED MAIN & RCS ON-ORBIT
PAYLOAD PROPELLANT
- ———=0
: . = -——“} N, - S . .
MMS REPLACEMENT _wrooo bR Y Al
MODULES (12) o/ = i !
MISSION EQUIPT
— STORAGE BIN ON
- NOSE OF ONE DROP
10000 |- P4 TANK
-0
PAYLOAD P2
RETURNED, -L.o6--0
kg ER $1
©  pRi P
5000 |- N 1) PN c3
o 4
/
V i L L 1 A
0 5000 10000 16000 20000 25000

1776-412W PAYLOAD DEPLOYED, kg

Fig. 3-8 MOTV Generic Mission Payload Requirements




4 - GENERIC MISSION DESCRIPTION

This section presents a vivid description of each of the basic 20 generic mission
scenarios. Aided by these descriptions, the role and subsequent configuration of

the MOTV for each of the missions may be readily visualized and subject to further
study.




4,1 GENERIC MISSION IN1 ~ INSPECTION OF A GEQO ENVIRONMENTAL SATELLITE

Mission Description: A large-scale GEQ environmental interaction experiment platform
similar to that depicted in the figure is revisited two years after it was initially de-
ployed. The purpose of the revisit is to inspect material samples left on the satellite,
replace some of them with new ones, and retrieve others for further analysis back on
earth, In addition, standard servicing of the satellite's subsystems such as RCS fluid
replenishment would also be done.

: ‘L*:?»

Characteristics:

Weight . . . . ... ... ... 7000 kg
Size

Length. . .........., 100m

Width. . . . . . .. . v oo v 20m

Power . .. .. e+ s s+« RTG

Orbit ............. GEO

Timeframe . . . .. . ... . . Late 80s

Life/Servicing Period . ., ... 20/1yr 2l BERTHING

0721-046W POINTS
Rationale for MOTV Use: REB3

i

| . ,
R A I I T T I I e T n T T E A L RO ORI

e Man is required to inspect and change material samples and depends on the
results of his inspection

e Servicing of the satellite subsystems such as fluid replenishment for RCS
is simpler with man-in-the-loop.
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RENDEZVOUS MANEUVER INSPECT, REPLACE REBERTH & CHECK OUT
WITH & & RETRIVE ] SERVICE SAT. &
SATELLITE BERTH TEST MATERIALS SUBSYSTEMS SEPARATE
aa )
0721-043W
RB3
Fig. 4.1-1 IN1-Inspection of a GEO Environmental Satellite
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" ACTIVITIES/EVENTS 4 8 12 10 HouRe
F T | T T i T ] T T 1
MANEUVER & BERTH O IVA NOMINAL OF
' INSPECT, REPLACE, & RETRIEVE MATLS *
*CONTINGENCY OP
iF NEEDED
REBERTH D - IVA PRIMARY REPAIR MODE
~EVA BACK UP
INSPECT, REPLACE & RETRIEVE MATLS *
*
SERVICE RCS PROPELLANT TANKS
REBERTH D
*
SERVICE RCS PROPELLANT TANKS
CHECK OUT & RELEASE SPACECRAFT E:]
16 HR:20 MIN
3¢
MISSION
CREW 2 a a PILOT
L i : nnt o
0721.045W
RB3

Fig. 4.1-3 IN1-Timeline & Crew Requirements
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4.2 GENERIC MISSION 81, DESIGN REFERENCE MISSION (DRM) - SERVICING OF
FOUR COMMUNICATIONS SATELLITES USING MMS
MODULES.

Misslon Dgscri_pp}qn_): Four communications satellites, all using atandard Multimisaion
Module Spacecraft (MMS) type hardware for subsystem support functions and all lden-
tieal to ench other, are serviced by the MOTV. The satellites are all loeated in GEO,
90¢ apart. Perlodically, the MOTV visits each of these satellites and services the MMS
type subsystems as depicted in the figure below. Modular replacement of each of the
MMS subsystems is done on an "as required" basis. After servicing and checkout of
cach satellite ti:e MOTV returns to carth with the used MMS modules, jettisoning them
with the last propellant drop tank just before rendezvous with the STS in earth orbit.

Churacteristics: ~
weiglIt . [] . . [] * . . . 421 kg per Sﬂt. ‘\
W4
Size |
Length. . . . . ... 1.2m ,I\\
Width. . . . . e v+« 1.2m N
Height . * ® & o e & 0- 46 m !:
/
Power . . . ... ... 1l.2KkWAvg /N v

Orbit..........GEO

Timeframe . . . . . . . Late 80s
Life/Service Period . . . 20/2 Yr l Q
Rationale for MOTV Use:

e Servicing satellites remotely using teleoperators operated from carth is more
complex, less versatile, and less reliable than having man "on site" to per-
form this function

® Servicing and checkout is more thorough with man on-site, and contingencies

can be more readily handled.

e e 4
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RENDEZVOUS
WITH 18T
SATELLITE

MANEUVER
&
BERTH

REMOVE &

el REPLACE

MODULES

b

0721.048W
RB3

REPETITIVE OPERATION

CHECK OUT
& RELEASE
SPACECRAFT

RENDEZVOUS
WITH 2ND

SATELLITE

RENDEZVOUS
WITH 3RD

SATELLITE

1

RENDEZVOUS
WITH 4TH

SATELLITE

DESCEND
TO
LEO

Fig. 4.2-1 S1-Modular Level Servicing (4 Geo Satallites ~ 90° Apart)
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- 10 DAYHR -

MOTV CREW TIME
IN CAPBULE

T -
fan{an | an
o ABATELLITIG 007 APART IN GO Vo

e AQEAVICED BY CHANGE OUT OF MM f100ULED
o 0LO MODULES NOT RETURNCD TO CARTH /r§

& NMOTV CAPSULEL/CORE LAUNCHED FIRGT DROP TANKES
® 3. TANKS THEN LAUNCHED SEQUONTIALLY ‘/DEOQBITHD
® CHEW LAUNGHED TO LEO WITH 3RD 1) TANK |

THEN TRANSFER TO CAPSULL '
® HOLE OF LEO DEPOT TO BE EXPLORCL (TASK 6) ”’\

CAPSULE/ r D. TANK D, TANK D. TANIK
CORE NO. 1 NQ. 3 NO. 3
‘a!zm% .

N 7
| - TTS~<.ONE SHUTTLE PERFORMS ALL LAUNGHES |

14 DAYS 20DAYS & LOITER MODE RECOVERY
(Typ) (TYP)

ros- — . 71 DAYS OVERALL

177¢-415W

Fig. 4.2-3 Typical Overall Timeline S$1

0 2 4 4§ 360 362 364 386 HOURS
ACTIVITIES/EVENTS =TT 1—/\/ /\/1 S

RENDEZVOUS TO SATELLITE NO. 1 (N IVA NOMINAL OP
MANEUVER & BERTH
REMOVE & REPLACE MODULES
CHECKOUT & RELEASE SAT. NO. 1
RENDEZVOUS TO SATELLITE NO. 2 Y] 4% bAY RENDEZVOUS
MANEUVER & BERTH °
REMOVE & REPLACE MODULES °
CHECKOUT & RELEASE SAT. NO. 2 °
RENDEZVOUS TO SATELLITE NO. 3 °
MANEUVER & BERTH °
REMOVE & REPLACE °
CHECKOUT & RELEASE SAT. NO. 3 °
RENDEZVOUS TO SATELLITE NO. 4 o {]
MANEUVER 8 BERTH
REMOVE & REPLACE
CHECKOUT & RELEASE SAT. NO. 4

MISSION 2
CREW

0721.050W
RB2

Fig. 4.2-4 51.Timeline & Crow Requirements
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DROP TANK (3)
HI PRESS
EXPENDABLES
MMS REPLACEMENT EMERGENCY
MODULE (12) HATCH 4
PROPULSION
CORE
=T\ \ / I
1 \ \
y ]“ :;._/L In 7[ ) e —
(' '\'rl\ l\\l\/ 1L 2
WA LAY L
S T ARV ¢
B
P\
GRAPPLER /Z N\ /
RADIATOR — 4 DOF / .
PANEL (2) — 2M LONG
- 83m“AREA RL10 CAT 118 (2)
Wi.?' b
MANPULATOR (2 L crew
- TOOF et &N ‘

— 2M LONG

BERTHING & -
BOARDING HATCH

1776-416W

Fig. 4.2-56 MOTV Configuration For Mission S$1
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PRM CREW CAPSULE
® CREW8IZE 3
* MIXED GENDER
® DURATION 19 DAYS
ON-ORBIT

GRAPPLER MNT

FEET/LEGS
RECESS
(SLEEPING)

PRIVACY CREW PERSONAL
CURTAING  QTRS HYGIENE
N, //\,' e
P\ ‘.f.Ll EVA
INE \t\, ; SUIT
1o N DCNNING
| ) v
SECTN, W
D-D '
N
(" l) '- TN A s
B TRy WASTE
D | 1 3T
}4\ 'l]‘ {.,),l | MG
PN A i
CREW QTR GALLEY &
. FOOD STORE
l——~_ 4.35M ]
FLIGHT &
MISSION
STNS.
D
BERTHING &
BOARDING ~

HATCH

1776-4 47w

SECTN A.A

SECTN B-B

SECTN C-.C

Fig. 4.26 APOTV Crew Module (3 Man) 51

REPRODUC H%H It
ORIGINAL 1
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MISSION EQUIP'T
CREW PROP'LS'N DROP GENERAL |
CAPSULE CORB TANKS (3) | PURPOSE DEDICATED
DAY WEIGHT 39861 3328 4726 773 120
CREW/CONGUMABLES 677 61
RESERVES/RESIDS 296 706
BURNOUT WEIGHT 4628 3676 56430 773 120
MAIN PROP = (CAPACITY) {17,600) (81,810)
- LOADING 13,404 66,762
ACPS PROP 2870
MISC 145 1684
MOTV WEIGHT 4528 19,794 72,192 773 1804
TOTAL MOTV WEIGHT 99,001
1776-41eW
Fig. 4.2-7 $1 Summary Wt Statement, kg
CREW CAPSULE WEIGHT, kg
STRUCTURE 1615
THERMAL PROT 48
cPS 25
AVIONICS 149
ECLS 524
CREW ACCOM 894
PROPULSION 6
RECOVERY -
CONTINGENCY (26%) 790
TOTAL DRY WEIGHT 3961
CREW @ 245
CONSUMABLES (19 DAYS) 332
BURNOUT WEIGHT 4528
NOTES
® MANIPULATORS, ETC., CHARGED TO GEN PURPOSE MISSION EQUIP.
® EPS SUBSYS IS POWER DISTR ONLY - REMAINDER OF SUBSYS IN PROP. CORE
1176-419W

Fig. 4.2.8 S$1 Wt Statement (Crew Capsule)
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TRANGP Mcmcu QEO PEORS| onse] CIRCLS
MAIN PROP (FPS)| 8207 (833 1490 i1 KR] 7681
RCS (FP8) 60 460 ap
99,081 kg TIW ™ 0,14 » RENDEZVOUS
4 TIMES
)
D TANK 1 o PHASE 80 IN ORBIT
3 TIMES
|
- | |
1
D TANK 2
|
1 \3645 kg
ANK 5 2% g T/W = 0,69
| JETTISON DT 3 &
MMS MODULES
9464 ki
1 {¢]
PROP CORE INCLUDES 2%
\ ELT PERF RESERVE
1776-420W
.Fig. 4.2-9 Performance Data — $1
CREW PROPULSION DROP
CAPSULE CORE TANKS (3) TOTALS
MANAGEMENT 0.42
CREW PROVISIONS 0.06 0.06
TURNAROUND - 2.20
FUEL 0.02 0.09 0.11
DROP TANKS 3.45 3.45
MISSION OPS' 1.80
STS OPS 110.10
TOTAL 118.14

S

o SATEL L\TE
st
.COMSMCSJST 5g0M EA

Fig. 4.2-10 Typical Cost per Mission ~ Service Mission SI {Constant ‘79 $ M)
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4.3 GENERIC MISSION S2 -~ SERVICE & UPDATE FIVE COMSAT
COMMUNICATIONS SATELLITES

Mission Description: Five Comsat Communications Satellites are deployed in GEO,

The entire system i1s routinely serviced and its electronics updated. The routine
servicing tasks involve inspection and replacement of failing electronic black boxes

as well as scheduled replacement of electronic components and replenishment of RCS
fluids. The updating tasks involve replacement of outdated electronics packages

with updated ones, This mission differs from the previous one, in that serviced parts
are replaced on a black box or component level rather than a modular level. The
servicing operations are more complex and take longer to perform, as are the final
checkout procedures,

Characteristics:

Weigllt . . L] . L] . . L] . L] 1 ] L] . L] 1230 kg
Size

Length . . . ..., ....... 45m

Width . . . ... ........ 45m

Power . . ... v e e e e e 2KkW 3

Orbit  ............ GEO ,@i"‘ﬁrr;i i -Y,.E:“.S.T

‘ 117
Timeframe . . . . .. ... ... 1990s ;

Life/Servicing Period. . . , .. 20/2yr

tal NORTH SIDE
Update - 2 5 ?
NORTH
Rationale for MOTV Use: /"\\
. .. ﬂcl .
e Same as Generic Mission S1 o e
nNT TWT | BATT N., ﬁrﬁy
NG
|
olo o Jle of
O ci|° o
WEST ¢
~— 1 |ATT ligarr! DOCK fj ) AREA
CON /
o oLo Q
B"“E[fé""“ﬁo o|[o olo Sife o]
RN | ,
Nsz;_ BATT 'TWT |LTWT E TWTi ™t 3
AN i |
| | |
bo ofle 9o 0, c“g el 5 E
i o e
A\ 7/ \
\ 4
N y "
0721-051W "7 by DOCKING SIDE T

RB3
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STAUCTURE, |  LATCH/
COMPONENT HARNESS, ATTACH TOTAL NO. OF | SYSTEM
WEIGHT CONNECTORS | MECHANISMS | WEIQ | MODULES | TOTAL
; MODULE {Ib) (ib) (ib) (o, ) {ib) (Ib)
TWT* a0 12 14 86 8 688
RECEIVER 66 13 14 23 1 93
ATTITUDE CONTROL 60 12 14 80 2 172
BATTERY AND T&C 76 14 14 103 2 208
BATTERY AND CONVERTER 80 12 14 86 2 172
! "_ PROPULSION® 120 21 14 186 4 620
. 1961
*MISSION HDWR
0721.052W
. Fig. 4.3-1 $2-Modularized Spacecraft Module Weights Present Technology
RENDEZVOUS MANEUVER UPDATE CHECK OUT RENDEZVOUS
WITH 1ST & paoefpl COMPONENTS & pmep{ & RELEASE  fomf  WITH
: SATELLITE BERTH SERVICE SPACECRAFT SAT. NO. 2
REPETITIVE OPERATION
REND. WITH
—> —> » ~¥ sat.n0.3
“ —
REND. WITH
, > > —® saT.nO.4 [
. REND. WITH
: L = =P =P SAT.NO. 5
: I DESCEND
‘ — o TO
LEQ _J

GO/ aw
1R 4

g Fig. 4.3-2 $2-Component Level Service & Update 5 Geo Satellites — 72° Apart (S/A Power System)
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,

ACTIVITIES/EVENTS

RENDEZVOUS TO SATELLITE NO. 1
MANEUVER & BERTH

UPGRADE COMPONENTS & SERVICE
CHECKOUT & RELEASE
RENDEZVOUS TO SATELLITE NO. 2

MANEUVER & BERTH
UPGRADE COMPONENTS & SERVICE
CHECKOUT & RELEASE

RENDEZVOUS WITH SATELLITE NO. 3
L

rY XY XX L

RENDEZVOUS WITH SATELLITE NO. 4

ssscseeed T

*
RENDEZVOUS WITH SATELLITE NO. 5
MANEUVER & BERTH .

UPGRADE COMPONENTS & SERVIC
CHECKOUT & RELEASE

MISSION
CREW

0721-090W

RrRB3

8 16 448

456

5

’Q 3.8 DAY RENDEZVOUS

Fig. 4.3-4 S2-Timeline & Crew Reguirements
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4,4 GENERIC MISSION 83 - SERVICE & UPDATE A SYSTEM OF FIVE NUCLEAR
POWERED SPACE-BASED RADAR

Misslon Description: Five Large Space-Based Radar Systems are deployed In GEO
spaced 72° apart, The entire syatem 18 serviced, and periodically updated. The ser-

vicing involves replacement of falling electronic black hoxes, power supply control
and distribution components, and replenishment of ACS flulds, The updating tasks
involve replacement of outdated clectronics, whercas servicing the nuclear power sup-
ply is done at ten year intervals and involves replucing the core. This mission dif-
fers from missions S1 and S2 in that special care must be taken to avoid radiation ex-
posure from the nuclear power plant during servicing and updating opcrations. A re-
motely controlled flyer iz used for removal of the old reactor core.

The generic 3 mission has been divided into missions $3(a) and 83(b). Mission
S3(a) deals with the electronic and ACS servicing of the five satellites, Mission S3(b)
consists of the replacement of a single satellite's reactor unit.

Characteristics:

g;é;'lglﬁ'bCONE ANGLE
Weight . . . + . . . . . . . 14,000 kg ’ \
Size . ¢« v v 0 v v e e e 300 m dia EPS (NUCLEAR)

Power . . . .. ... ... 20 kKW, UPPER SYSTEMS
PACKAGE

()Pbitn ¢ & s o e B o e & » @ GEO STAYS FEED

MAST CANISTER
Timeframe . . . « ¢« ¢« « +» . 1990s

7

Life/Servicing Period . . . . 20/5 yr

U d t P . d 5 GORES som
ate Period . . . . . . . r

P y L7 RSN /RlMMEMBER
Nuclear Service Period . . . 10 yr LoweR \ N /
Rationale for MOTV Use: Y LOWLK SYSTEMS

FULLY DEPLOYED

® Same as Generic Mission S1 1/ 70-440W
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REACTOR BHUTDOWN RENDE2vOUS MANEUVER REFILL
2 WEEKS PRIOR W/1ST Py & BERTH AT el RCS
TO MOTV VISIT SATELLITE LOWER ACS SYSTEM

FIEPETITIVE OPERATION

MANEUVER &
BERTH AT
UPPER SYSTEMS

UPGRADE
COMPONENTS
& SERVICE

C/0 & RENDEZVOUS
RELEASE = W/ANTENNA
SATELLITE NO, 2

RENDEZVOUS
W/ANTENNA
NO. 3

RENDEzVOUS
W/ANTENNA
NO, 4

RENDEZVOUS
W/ANTENNA
NO.&

=== 5| £

F
L
*l

DESCEND
TO LEO

I Ty I e I B

'l
d
1
1

T el = =il = = G
— 1 ===

1776-441W

fig 4.41 33(95.06m;b;‘e};t Level Sorvice & ‘Uﬁdnt; 5 GEO
Satellites — 72° Apart (Electronics Updating)
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R

R R A )

TIME CREW NO.
ACTIVITY/EUNCTION HR: MIN | MODE | CREW CREW TASK REMARKS
MANEUVER & BERTH WITH SAT, NO. 1 (1:00)
(LOWER ACS SYSTEM)
- PREPARE FOR FINAL APPROACH 1VA 1 CPERATE MOTV FLT,
456 SYS,
- MANEUVER TQ INSPECY SATELLITE 1 VA 1
- MANEUVER TO BERTHING ALTITUDE 1 VA 1 OPERATE GRAPPLER
CONTROL
-~ ACTIVATE & POSITION BERTHING SYS, 106 1 VA 2
— PERFORM CLOSING MANEUVER 1 VA 2
10
—~ CAPTURE & SECURE SATELLITE 1 VA
BERTHING
REFILL RCS SYSTEM (2:60)
- C/O & SAFE SATELLITE S/S 16 1 VA 2
- ACTIVATE & POSITION MANIPU. 10 1 VA 1 OPERATE MANtPU.
LATORS (2} LATOR CONTROLS
— UNSTOW & CONNECT RCS FLUID TANK 1:00 1 VA 1
- REFILL RCS SYSTEM 126 1 VA 1 VIA REFILL LINE
— DISCONNECT & STOW FLUID TANKS 145 1 VA 1 EXTENDING PASY
ANTENNA WIRES
—~ SAFE/STOW MANIPULATORS 116 1 VA |
RELEASE SATELLITE (:16)
- RELEASE BERTHING DEVICE :06 1 VA ! OPERATE GRAP-
PLER CONTROLS
-~ SAFE/STOW BERTHING DEVICE 10 1 VA 1
MANEUVER & BERTH AT UPPER SYSTEMS (:40)
— MANEUVER TO INSPECT SATELLITE 1 VA 1 OPERATE FLT. SYS.
120
- MANEUVER TO BERTHING ALTITUDE 140 1 VA 1
UPGRADE COMPONENTS & SERVICE (10:26;
— C/O & SAFE SATELLITE §/S 10 1 VA 2 INCLUDES UPPER
ACS
— ACTIVATE & POSITION MANIPL. 110 1 VA 1

LATORS

1776-442W(1)

Fig. 4.4-2 S 3(a) Functions, Time, & Tasks




W

TIME CREW NGO,
ACTIVITY/FUNCTION HA: MIN | MOPE | CREW CREW TASK REMARKS
- C/0O & UNSTOW NEW BLACK BOX 120 1 VA 1 OPERATE MANIPU-
LATOR CONTROLS
- TRANSLATE TO SATELLITE 06 i VA 1
. RELEASE & REMOVE OLD COMPONENT 120 1 VA 1
TO SIDE
= INSTALL & C/O NEW UNIT 136 1 VA 2
= RESTOW & SECURE OLD UNIT 116 i vA 1
. REMOVE & REPLACE 4 OTHER 6:20 1 VA 1:36 EA
BLACK BOXES
- UNSTOW RCS RODS 110 1 VA 1 ION RCS SYSTEM
-- REFILL UPPER ACS PACKAGE 1:46 1 VA 1
— SAFE/STOW MANIPULATORS 16 1 VA 1
CHECKOUT & RELEASE SATELLITE {1:36)
— C/O SATELLITE SYSTEMS 126 1 VA 2 OPERATE & MON-
ITOR CONTROLS
& DISPLAYS
-~ RELEASE BERTHING DEVICE 1 VA 1
16
-~ SAFE/STOW BERTHING DEVICE 1 VA 1
— MANEUVER TO VERIFY SATELLITE 10 1 VA 1
CONFIGURATION
-~ SUPPORT SATELLITE SPACE-GROUND 4% 1 VA 1 MONITOR ANTENNA
c/O SYSTEM
RENDEZVOUS TO SATELLITE NO, 2 91:10 ~ 3.8 DAYS
SERVICE SATELLITE NO. 2 16:45 72° SEPARATION
RENDEZVOUS TO SATELLITE'NO. 3 91:10
SERVICE SATELLITE NO, 3 16:45
RENDEZVOUS TO SATELLITE NO. 4 91:10
SERVICE SATELLITE NO, 4 16:45
RENDEZVOUS SATELLITE NO. 5 91:10
SERVICE SATELLITE NO, b 16:45
TOTAL 448:55)
1776-442(2)

Fig. 4.4-2 S 3{a) Functions, Time, & Tasks (Contd)
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ACTIVITIES/IEVENTA HOURS

ha0

0 B A 10 32
| I N\ — N\
RENDEZUOUS TO 8AT. NO., 9

MANEUVER & DEATH
AEFILL ACS 8YSTEM

RELEASE SATELLITE .

MANEUVER & BCRTH
UPGRAIE COMPONENTS

CHECKOUT & RELEASE /

RENDE2VOUS W/ J\
SATELLITE NO, 2

rd

L ]
RENDEZVOUS W/ \
SATELLITE NO. 3 \
[ ]

”

®
RENDE2VOUS W/ \
SATELLITE NO. 4 \

e

RENDEZVOUS W/ \
SATELLITE NO, 6 \
®

N

€C/0 & RELEASE

639 HRS

MISSION
CREW

1776-443W

y

Fig. 4.4-3 $3(n) Time Line 8 Crew Requirements: Componsnt Servicing
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el

i

TIME | CREW | NGO,
ACTIVITY/FUNCTION HR: MIN| MoDE | cREW CREW TASK REMARKS
DEPLOY TELEOPERATOR BYRTEM (2:10)
—~ UNSTOW & POSITION MANIPULATORS 110 1 VA 1
— RELEASE TELEOPERATOR 120 1VA 1 OPGRATE & MONITOR
— UNSTOW & POSITION TELEOPERATOR 16 1 VA 1 CONTROLS & DIS- PARALLEL ACTIVI.
MANIPULATOR PLAYS TIES
— ©/0 TELEOPERATOR SYSTEMS 1VA 1
~ ATTACH PROPULSION UNIT 70 130 1 VA 1
TELEOPERATOR
-~ MANEUVER TO INSPECT SATELLITE 130 1 VA 2 OPERATE MOTV
FLT. SYS,
~ MANBUVER TO BEATHING ATTITUDE 10 1 VA 1 MONITOR DISPLAYS
~ ACTIVATE & POSITION BERTHING 106 1 VA 1
PROBE
~ PERFORM CLOSING MANEUVER 1VA 1
10
~ CAPTURE & SECURE SATELLITE 1VA 1
BERTHING
REMOVE & DISPOSE OF POWER UNIT {1:25) OPERATE C & D'S FOR
MANIPULATOR AND
~ UNSTOW & POSITION PROPULSION UNIT) 120 1 VA 1 PAYLOAD SYSTEMS
- ATTACH PROPULSION UNIT 126 1 VA 1 OPER. MANIP, END
EFFECTOR
- DISCONNECT & POSITION POWER 136 1VA 1
PLANT
DISENGAGE TELEOPERATOR SYSTEM (0:28)
- RELEASE BERTHING PROBE :03 1 VA 1 OPERATE GRAPPLER
END EFFECTOR
-- MANEUVER TO STANDBY POSITION 120 1 VA 1 OPERATE FLT. SYS.
— LAUNCH REACTOR :06 1 VA 1
MOTV MANEUVER & BERTH W/SATELLITE {0:55)
~ PREPARE FOR FINAL APPROACH l
140 1 VA 1 OPERATE FLT. SYS.
- MANEUVER TO BERTHING ATTITUDE ’
~ ACTIVATE & POSITION BERTHING :05 1 VA 1 OPERATE GRAPPLER
DEVICE CONTROLS
—~ PERFORM CLOSING MANEUVER
110 1 VA 1
— CAPTURE & SECURE SATELLITE
BERTHING
REPLACE POWER UNIT (2:25)
— POSITION MANIPULATORS 110 1 VA 1 OPERATE C & D's FOR
MANIPULATORS, PAY.
LOAD RACKS
- C/O & UNSTOW NEW UNIT 130 1 VA 1
- POSITION UNIT 125 1 VA 1
— CONNEGT UNIT 1:20 1 VA 1 OPERATE MANIP. END
EFFECTORS
RECOVER TELEOPERATOR SYSTEM {1:00)
— MANEUVER TO STANDBY POSITION 120 1 VA 1 OPERAJE MOTV
FLT. SYS.
— DEACTIVATE TELEOPERATOR 116 1 VA 1 VIA REMOTE MOTV
— RESTOW & SECURE TELEOPERATOR 126 1 VA 1 COMMUNICATION
ACTIVATE & CHECKOUT SATELLITE (1:20)
— ACTIVATE CORE AND CONTROL 140 1 VA 1 VIA REMOTE MQTV
SYSTEM COMMUNICATION
— SUPPORT SATELLITE SPACE - 40 1 VA 2 MONITOR ANTENNA
GROUND c/0 SYSTEM
1776-445W (1)

Fig. 4.4-5 S 3(b) — Functions, Time, & Tasks
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iy
R HOURS
i ACTIVITIES /EVENTS 0 2 4 6 8 10
) 1 1 A 1 1
: . REACTER SHUTDOWN ]
. RENDEZVOUS
n ,; DEPLOY TELEOPERATOR
: N
N REMOVE & DISPOSE OF POWER UNIT
DISENGAGE TELEOPERATOR
MANEUVER & BERTH
e REPLACE REACTOR
i RECOVER TELEOPERATOR
ACTIVATE & C/O SATELLITE
o v ///7 /) y Y
- piLOT ,; % / /
‘ MISSION // gII74 Y / ‘A // /
: CREW ::'-'-.'.-.0.:..::'_' '_ . ‘. . L . Lo Y. '. . .' : K
» WTECHNICIANS "L L ) e T
: ..A A A a2 % g -. v . * * * » . . "t . »
' 1776-446W
o Fig. 4.4-6 S3(b) Timeline & Crew Requirements
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4.5 GENERIC MISSION ER] - EMERGENCY REPAIR OF A MULTIDISCIPLINED
GEO PLATFORM

Mission Deseription: This missjon is characterized by the unexpected nature of the
failure incurred. It may be due to electronic component failure or mechanieal fallure.

In either case it is seriousness enough to warrent immediate repair. Furthermore,
the total extent of the damage is not entirely known. The MOTYV is deployed with
spare parts, repair tools, and on-board checkout equipment to determine the full ex-
tent of the failure and fix it. In addition, standard servicing of the satellite sub-
systems such as RCS fluid replenishment would also be done. The figure illustrates
this type of mission.

Characteristics:

Weight. . « o v v v o v o oo« 25,000 ke

SiZ€ v v 4 o e v s e e 80m
POWEr .+ + o « ¢« o s s o s+« 40KkW
; Orbit .« .+ .+ ¢e.4+44+.. GEO
1' Timeframe. . « o « ¢ + + « o » 1990

Life/Servicing Period . ... 30/3yr

072)-080W
RBS

Rationsale for MOTV Use:

e Full nature of the failure cannot be determined remotely, and requires man on-

site for repair and checkout

e Man's visibility and on-site decision making capability are not easily replaced

by remote controlled, automated systems.
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RENDEVOUS MANEUVER DIAGNOSE REMOVE & CHECK OUT
WITH REPLACE
o o & FAILED A &
RTH
FAILED BERT EQUIPMENT LD T SEPARATE
1776-422W

Fig. 4.5-1 ER1 — Emergency Repair (GEO)

4-28




€8y ,,
$yse)l g awn) ‘suonduny-* y3 z-gp b1y

MBYO-12.0
oest  hvioy
oL 4NOD "1VS ASIHIA O HIANINYIN — wm
GE: 0/ ANNOXD-3IVdS LHOJdNS —

Si: HOLVYINJINVIN MOLS B 35VS -

VAl (00: 1) 0/J 3131dW0D B 31VYHVJIS e ;
00:€ (3A08V SV) (2) SLINN SOH 3DIAHIS — u
oz: 0/0 ANNOYH IDVJS 1HOLINS —

- AIN3INOJINOD MOLS B IAOWIY © L

0zt SAS VNNILNV W 01 BIVJIY - K

HOLYININY NOI1ISOdIY © »

- HAH3I83H B YIANINVIY '3SYI 13y ©

SHOLVYINAINYWA MOLS © sp

St HiY383H — ,
MNYL 'dOYHd 0/3 8 TIVLSNI ‘MOLSNN ©
NV dOHd MOLS B IAOWIY ©

00-¢ (2) SLINN SOH 321AH3S — i
0c: 1NOXIIHI ANNOYS-IDVAS 1HCEINS —

YNNIINVY AQTd30 0
VNNILINY M3IN ANNOW o
S0°L YNNIINY 30V id20

- AN3INO3S %301 ® 35V1d3Y o
ANIWD3IS Y38 MOLS B IAON3IY o

i
- ANINOINOD 30V 143y ©
i

4-29

ot: Wv38 HIvday —
- VYNNI LNV MOLS 8 IAONSH o _
- YNNILNY W 0F 304 0 W
Sy YNNILINV W OF IAONIY —
YAl | (Spio1) "diND3 03 Y4 30V 143N B IAONIY o
00z « G3033N SV 1531 SAS ONHO-3DVdS 1 HOddNS —
NOILYIOS! 11NV B LNONIIHD TIvL3G - w
oc: SASENS 3117731VS 1N0 MO3HD -
S0 G3033IN SV SAS "i3373 MOGLNHS ~ '
oL: SAS HOLY INAINVIN 21VAILOY — s
YAl | (Sp:2) AN3IWAIND3 Q371V4 3SONOVIQ e -
or: “ ONIHLY3E IUND3S B I111IILYS JUNLIYD —
HIANINVIN ONISO 1D WHO 483d —
S0° SAS ONIHLHIE NOLLISOd ® 31VAIL DY — !
3GNL11LY ONIHIHIE 01 HIANINYIA — ]
vivao Sy _ 3417131VS 1334SN1 O1 HIANINYA —
TNL IDVIS HOVOUHddY TYNid HOJ IHVY4IHd —
vAL | (00:1) H1Y38 B HIANINVIY »
SHEYWIY WSV1 MIHD a.;.w,.__.o u_m._ﬂe“.._ zm"ﬁ_.w: NOILLONNS/ALINILDY

-



MISSION
CREW

0721-091W

RRJ

ACTIVITIES/EVENTS 0 5 10 15 20
I L 1 I I
; MANEUVER & BERTH O
8 DIAGNOSE FAILED EQUIPMENT
REMOVE & REPLACE FAILED EQUIP
SEPARATE & COMPLETE C.O.
16 h 3@ min

PILOT

MISSION SPECIALIST

Fig. 4.5-3 ER1-Timeline & Crew Requirements
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4.6 GENERIC MISSION ER2 ~ EMERGENCY REPAIR OF A SURVEILLANCE SATELLITE
IN A 12 HR/63° INCLINED ORBIT

Mission Description: This mission is characterized in the same manner as Generie
Misslon ER1. In this case, however, the satellite and its orbit are very different.
The satellite's electronics, opties or mechanical system may have falled, The MOTV
is deployed to rendezvous and dock with the disabled satellite even assuming it has
lost its stabilization and control system and is uncontrollebly tumbling. The MOTV
would stabilize the satellite and perform repairs as required. In addition, standard
servicing of the satellite subsystem such as RCS fluid replenishment would also be

done. The figure illustrates this mission.

{ Characteristies:

Weight. . . . . . . « . . . 4100 kg

P Size. « v v v v e e e e e NA

. Power. . . « +« « « ¢« ¢ « 4,5 kW

*( Orbit . . . . . . . . . 12 hr/63°

J Timeframe. . . . . . . . . 19908

y Life/Servicing Period . . . 20/3 yr

i

! Rationale for MOTV Use:

g ¢ Same as Generic Mission ER1

' 0721-081W

( RENDEZVOUS MANEUVER STABILIZE CAPTURE DIAGNOSE
WITH TUMBLING & DEPLOY b= SATELLITE & —.[FAILED
SATELLITE PORTABLE STAB. UNIT CONTROL BERTH EQUIPMENT

L

r
REMOVE & CHECKOUT
REPLACE &

g{aza“"ssw FALILED EQUIP SEPARATE

Fig. 4.6-1 ER2-Emergency Repair (HEO)
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ACTIVITIER/EVANTS SN S SN N N NN N L [

MANEUVER & DERLOY PU |
8TABILIZE SATELLITE

CAPTURE & AERTH
DIAGNOSE FAILED EQUIPMENT

REMOVE & REPLACE FAILED cauip,

CHECKOUT & SEPARATE

12h GOmin

2 Y
g / PILOT 7/
MISSION // A /]
CREW ! e e bhedllndicd
0
0721.092w
RB3
Fig. 4.6-3 ER2-Timoline & Crew Requirements
SATELLITE
STABILIZING
UNIT
DROP TANK
DIAGNOSTIC - RETAINED ON ORBIT
& REPAIR M
EQUIPMENTS
' g/ T
GRAPPLER \W [ ' )
— 4DOF o ‘ |
= 1.75TO 2.5 m LONG R N J RL 10 CAT 118(2)
ot

- 2.5m LONG H,G;‘,‘,'RESSURE\RCS MODULE (4)

EXPENDABLES

RADIATOR PANEL (2)
TOTAL AREA = 7.6 m2

Fig. 4.6-4 MOTV Configuration For Mission ER2

CREW CAPSULE
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[ _MISSION BQUIPT_
GNEW PROP'LEN RAROP GENERAL
CAPSULE CORR TANKE (1) | PURPOSE PEDICATER
DRY WEBIGHT 3641 3169 1478 (8¢]:] 1012
CREW/CONSUMABLES 271 130
RESERVES/RESIDS 290 236
BURNOUT WEIGHT 3812 3L96 1710 669 1012
MAIN PROP — (CAPACITY) (17,600} (27,270)
= LOADING 17,369 18,063
ACPS PROP BG7
MISC 145 77
MOTV WEIGHT 3812 21,676 19,773 669 1089
TOTAL MOTV WEIGHT 47,019
1776421W ]
Fig. 4.6-6 ER2 Summary Wt Statement, kg
CREW CAPSULE WEIGHT, kg
STRUCTURE 1615
THERMAL PROT 48
EPS 26
AVIONICS 149
ECLS 493
CREW ACCOM 697
PROPULSION 6
RECOVERY -
CONTINGENCY (26%) 708
TOTAL DRY WEIGHT 3641
CREW . (2) 163
CONSUMABLES (3.4 DAYS) 108
BURNOUT WEIGHT 3812
NOTES
® MANIPULATORS, ETC., CHARGED TO GEN PURPOSE MISSION EQUIP,
® EPS SUBSYS IS POWER DISTR ONLY —~ REMAINDER OF SUBSYS IN PROP, CORE
1776-423wW

Fig. 4.6-6 ER2 Wt Statement (Crow Capsule)
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TAANSE

M0
COURSE

CHACK

12 HA B34 INGYL

DEORD

M0
COURGF

CIAGL

MAHN BROP 1EPR,

acs P

ORI ING

R

50

2700

240
100

27100

0b

0224

: 47,010 kg

i B TANK 1

TW 020

PAYLUAD
&

Pl

® PHASE IN OABIT
e RENDEZVOUS

20,769 kg

19,872 kg

TIW = 083

9367 kg

. . PROP CORE

INCLUDES 2*
FLT PERF RESERVES

1776-424W

Fig. 4.6-7 Performance Data — Emergency Repair Mission (ER2)
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Y 4.7 GENERIC MISSION R1 - RETRIEVAL OF A SURVEILLANCE SATELLITE FROM
12 HR/63° INCLINED ORBIT

g Mission Description: The same satellite deseribed in Generle Misalon ER2 ia assumed
disabled and must be retrieved, As before, the satellite can be tumbling and muat be
— , atabilized before it can be re'rleved. The MOTV is deployed to the proper orbit,

i locates and rendezvous with the satellite, and performs the appropriate stabillzation
functions. Once this is accomplished the MOTV grapples the satellite and prepares it
for the return trip to LEO, and subsequent trip back to earth in the Shuttle. The
figure depicts this type of operation.

Characteristics:

Weight, . . . . . . . . . 4100 kg
Size., . . . ... ... .NA

Power. . . . . .. ..., 4.5kW
Orbit . . . . . .. .. . 12 hr/82°
Timeframe. . . . . . . . 1990s
Life/Servicing Period . . 20/3 vr

Rationale for MOTV Use:

e Same as Generic Mission ER2

0721-081w
RENDEZVOUS MANEUVER & STABILIZE CAPTURE SAFE/
WITH e DEPLOY PORTABLE SATELLITE eure=edy o e STOW FOR
TUMBLING SAT, STAB. UNIT CONTROL BERTH TRANSPORT
0721-086wW
RB3

Fig. 4.7.1 R1 — Retrieval of Failed Satellite
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4.8 GENERIC MISSION OP1 - OPERATION OF A LARGE SPACE SYSTEM, STO GEQ
PLATFORM

Mission Description: A large Solar-Terrestial Ohservatory (8TO) of the type shown In
the figure is deployed in GEG. It operates automatieally most of the time telemotoring
Its findings back to aarth, Once a year. however, for n perjod of two weeks It In
manned., Duving this tlme, in-eltu cxperiments are conducted, experiment packuages

are changed out, instruments are recalibrated, eritical fluids are replenished, and other
servicing or maintenance, as needed. is performed.

Characteristics:
.
weig’ht' [} . . . L] 1] * . L] L] . 26)000 kg
? Size L B I ) ¢ o s ¢« ¢ 8 NA AGNETOMETEﬁK
Power . . [ [ L) L] [ ] ] . £ ) [ L] 50 kw OOM i‘
Orbit ............GEO i,
‘ Timeframe. . . . ... ... 1991 ‘: f‘“
s Life/Servicing Period . .. 20/1 yr -
i": s ittt et BBM e e
|
: !
, | : o liesm
L T TEd > D
gszal-oaaw S R}
Rationale for MOTV Use:
e Man is needed to conduct in-situ experiments which are sometimes dependent on

targets of opportunity

e Changeout of experiments, calibration of instruments, and general service/
maintenance is simpler with man,
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RENDEZVOUS MANEUVER SERVICE/ SERVICE
WITH & z:gxsren =P RECALIBRATE [=~#| OBSERVATORY
STO Dock INSTRUMENTS SUBSYSTEMS

CONDUCT INSPECT/ REMOVE CHECK OUT

IN-SITU RETRIEVE |y  MEMO | &

EXPERIMENTS SAMPLES SEPARATE
378231-057W

Fig. 4.8-1 OP1 — Tended Solar Terrestrial Observatory
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4,9 GENERIC MISSION P1 - PASSENGER TRANSPORT 3-MAN CKREW ROTATION/
RESUPPLY TO GEQ

Mission Description: A 3-man crew is transported with supplies fo a GEO Spage Con-
struction Base (SCB). The SCB assembles PSP's, §PDA's, Navigation & Surveillance
antenna and operates an STO., Iiis permanently manned and requires quarterly
visits. The functions of the MOTV in this scenario are: crew rotavion, SCB resupply,
transfer of special tools and equipment and return of high priority cargo, wastes and
crew. The overall MOTV stay time in GEO is short, at most a couple of days.

Characteristics:
Weight . . . .« « « v &

SiZe « o v o e e 0w e

Power . . « « « o .

Orbit. . + .+ + . . . . GEO
Timeframe . . . . . .+ & Early 90s

Life/Servicing Period . . 20/4X per yr
Rationale for MOTV Use:

e Required for Crew Rotation.

4-41

b




P P2 P [
LEO* GED ! GED ' GEO GED
10MEN | 3IMEN S00AYS | 10MEN _30DAYS 30 MEN 90 DAYS 8 MEN 90 DAYS
RESUPPLY ITEM WGT ki DEPLOY.kg ' RETURNKg | DEPLOY.kg | RETUAN.kg  DEPLOY kp RETURN.kg  DEPLOY.kg RETURN, kg
L 4 n
- OXYQEN - - - j - ; ~ : - -
- NITROGEN (LEAKAGE MAKEUP) [18681 5gy w - e 834 5604 2802 RH 561
~ POTABLE WATER 1802 5 6 0, 1] 570 ] 14 "
~ LiOH - - ; - ' - : - - - . -
- FOO0D 2603 | g5 e a0 70 8750 810 1386 18
- CLOTHING 2 8 88 | ! 228 875 87§ 135 138
- FILTER MATERIAL - 1 n ! 40 240 70 120 184 184
83 ' e 46 . am | 1ees 14319 5084 2884 897
- RCS 12004 | 250 Q2 823 139 2500 420 500 83
TOTAL RESUPPLIES 5741 w an . 6608 . 1827 16.818 5484 388 950
NDTES:
1 INCLUDES 1 ky N2 TANK/kg N2
2 INCLUDES 0.1 kg H20 TANK/kg H20
3 FOOD RESIDUE = 0.3 k/MEN-DAY
A RCS TANKAGE = 0.2 ky TANK/kg PROP.
"REF: SSAS FINAL REPORT, PART 2, 17 JUNE 1977 PG 4.4) 0721.122w
RB3

Fig. 4.9-1 Passenger Transport Missions P1-P4 Consumables/Expendables for 90-Day
Spacebases




4.10 GENERIC MISSION P2 - PASSENGER TRANSPORT §-MAN _CREW ROTATION/
RESUPPLY TOQ GEO

Misslon Deseription: This mission is similar to Generic Mission P1 except the crew
size and consequently the resupplies are much larger., An 8-man Space Construction
Base is assumed in GEO performing essentially the same functions as previously
described. The structures being assembled are larger and more complex therefore
requiring more construction workers.

Characteristics:

w ei ght . L] L] . . . . . .

Size . . . ... . ...
Power . . ... . ...
Orbit . ... .. .. .GEO
Timeframe . . . . . . . Mid 90s

Life/Servicing Period . . 20/4X per year
Rationale for MOTV Use:

e Required for Crew Rotation
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HIGH PRESSURE DROP TANK (2)

EXPENDABLES .
RADIATOR PANEL
AREA = 14,86 M2
PROPULSION CORE
INTERNATIONAL
DOCKING RING '
mcet] RLIO CAT 11B (2)
CREW RCS MODULE (4)
CAPSULE
RESUPPLY
BOXES
0721-219W
RB3
Fig. 4.10-1 MOTYV Configuration for Mission P2

1 CREW MEMBER AT
FLIGHT STATION EMERGENC/Y HATCH
INTERNATIONAL: 5 CREW IN LAUNCH/
BOCKING AING RE-ENTRY COUCHES
4 CREW IN ZERO /
“G" SEATS -
=

I
1
i
!

VOLUME ON EITHER SIDE

SUBSYSTEMS
SECTION A-A OF AISLE FOR:
® SUBSYSTEMS
e W/M & FOOD
PRESSURIZED VOLUME = 25.0 M3

Fig. 4.10-2 APOTV Crew Module (Large) — 10 Man

REPRODUCTEIATY ol THIS

I

QitlGUSAL

u
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MISSION EQUIP'T
CREW PROP'LS'N DROP GENERAL
CAPSULE CORE TANKS (3) | PURPOSE DEDICATED
DRY WEIGHT 3002 3330 4426 763 1463
CREW/CONSUMARBLES 088 61
RESERVES/RESIDS 296 706
BURNOUT WEIGHT 4980 3677 6130 763 ; 1463
MAIN PROP — (CAPACITY) (17,600) (81,810)
- LOADING 12,204 65,197
ACPS PF.OP 1011
MisC 145 3022
MOTV WEIGHT 4980 17,127 70,327 763 4486
TOTAL MOTV WEIGHT 97,682
1776-425W

Fig. 4.10-3 P2 Summary Wt Statement, kg

CREW CAPSULE WEIGHT, kg

STRUCTURE 1465
THERMAL PROT 48
EPS 26
AVIONICS 149
ECLS 782
CREW ACCOM 719
PROPULSION 6
RECOVERY -
CONTINGENCY {26%) 798

TOTAL DRY WEIGHT 3992
CREW (8) 663
CONSUMABLES (4 DAYS) 336

BURNOUT WEIGHT 4980
NOTES
o MANIPULATORS, ETC., CHARGED TO GEN PURPOSE MISSION EQUIP.
e EPS SUBSYS IS POWER DISTR ONLY — REMAINDER OF SUBSYS IN PROP. CORE
1776-426W

Fig. 4.10-4 P2 Wt Statement (Crew Capsule)
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TRANSF Ldls] ; MID
ORBINS |coumse| CIREL GEO OEORBIT COURSE CIACL
MaiN PROP  ifpS) 0197 5833 38 6833 7083
RCS (FPS) 50 100 65
¢ RENDEZVOUS
97,682 kg L, TWe01g
} l
D TANK 1
I | |
— D TANK 2 N
D TANK 3 . 36,537 kp
I l 31,684 kg
p— T , le = 070
PAYLOAD 11,303 kg
&
PROP CORE INCL 2
FLT PERF RESERVES
1776-427w
Fig. 4.10.5 Parformance Data ~ Passenger Transport
Mission (P2)
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4.11 GENERIC MISSION P3 - PASSENGER TRANSPORT 30 MAN CREW ROTATIONL

RESUPPLY TQ GEQ

.\ussiqn D‘esgﬂptjqx}: This mission 1a charaeterized in the same manner as the pre-
vious two penerie misalons except the size of the construction base now dictates a
J0-man crew size for its operation, This Advanced SCB is envigloned as the pllat

facility needed for SPS construction.

Characteristies:

Weight, . . . . . . .,

Size. . . . .. ...
Power. . . . ... ..

Orbit . . . . .. ... GEO
Timeframe. . . . . . . Mid-Late 90s
Life/Servicing Period 20/4X per yr

Rationale for MOTYV Use:

¢ Required for Passenger Transport to- GEO,

4-47




4.12 GENERIC MISSION P4 ~ PASSENGER TRANSPORT SIX-MAN CREW ROTATION/
RESUPPLY TO A DEEP SPACE COMMAND POST (DSCP)

Misslon Deseviption: A DSCP as {llustrated in the flgure ia located 400,000 n mi from
earth, The MOTV visite tiia facility twiea a year bringing with it proviniona and crew
for a three-month tour of duty, The MOTV stays long enough to tranafer crew, sup-
ples and provisiong then leaves. The gupploea inelude parts, gpeecial tools, and c/o

equipment if needed, ete., to serviee the conmand post,

Characteristics:

Weight. . . ... .. ... 45,000 kg
Size LI ) [ L] L . L] . L] L] L *

Power . « v v v v o v v v

Orbit . .. ...+ ... 400,000 n mi
Timeframe . . . . . . .. . Late 90s
Life/Servicing Period . . . 30/2X per yr

Rationale for MOTV Use:

0721.083W
RB3

e Required for Crew Transfcr

HIGH P; ESSURE

EXPENDABLES PROPULSION CORE

RADIATOR PANEL (2)

TOTAL AREA = 10,13 m2 f I
' \"'T | _.L RLIOCATIIB (2)

INTERNATIONAL 5 s |
DOCKING ' A O S
RING |
SOLAR ARRAY
CREW ~ STOWED
CAPSULE
DROP TANK (3)
RESUPPLY BOXES

0721.220W
RrB3

Fig. 4.12.1 MOTV Configuration for Mission P4
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MISBION EQUIPT
CREW PROPLAN | DROP QENERAL
CAPSULE CORE TANKS (3) | PURPOSE | DERICATED
DRY WRIGHT 0460 3320 An26 703 060
CREW/CONBUMARLES 1a00 ™
REREAVES/ARIIDS 280 706
BURNOUT WEIGHT 7836 3676 612 763 960
MAIN PROP - (CAPACITY) (17,600} (81,810)
~ LOADING 8057 68,736
ACPS PROP 1167
MISE 148 2414
MOTV WEIGHT 7836 14,948 73,866 763 3364
TOTAL MOTV WEIGHT 100,772
1776-428W
Fig. 4.12-2 P4 Summary Wt Statement, kg
CREW CAPSULE WEIGHT, kg
STRUCTURE 1465
THERMAL PROT
& PROTON SHELTER 1417
EPS 2
AVIONICS 149
ECLS 747
CREW ACCOM 1366
PROPULSION 6
RECOVERY -
CONTINGENCY (26%) 1204
TOTAL DRY WEIGHT 6469
CREW 6) 490
CONSUMABLES (30 DAYS) 876
BURNOUT WEIGHT 7836
NOTES
® MANIPULATORS, ETC., CHARGED TO GEN PURPUSE MISSION EQUIP.
® EPS SUBSYS IS POWER DISTR ONLY — REMAINDER OF SUBSYS IN PROP. CORE
1776.429W

Fig. 4.12-3 P4 Wt Statement (Crew Capsule)
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FLT PERF RESERVES |

TRANSE | MI0) o DECP SPAGE MID e
ORBING | counar]  CREH 140,000 ki CHRC DEORBIT | coonae]  ©1Ret
MAIN PROP, (EPS)| 10522 2121 35 2121 10,327
RCS (FPS) 69 100 66
W =014 ® RENDEZVOUS
100,772
D TANK 1
|
D TANK 2
\ 40,270
] 26,964
D TANK 3 T/IW = 0.44
‘0—,
%‘ 13,683
PAYLOAD &
PROP, CORE INCL 2%

1776-430wW

Fig. 4.12.4 Performance Data - Passenger Transpert Mission (Pg)
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4.13 GENERIC MISSION DR1 - DEBRIS REMOVAL FROM GEO

Mission Descrlption_: The MOTYV ia dispatched to GEO to aweop debris from a 45° sector
of the 6rbit. Three atops are made in orbit; the flrst two t. plek up dead hat aotable
communieations satellites (Intelsat type) each separated 2219 in longitude, and the
third to remove spent propellant tanks, propulsion, stages, otc., which were pra-
viously deposited in a GEO space junkyard, After colleeting caeh of thoso pavloads

the MOTV propels them to a higher orbit where their presence would not Interfore

with future space endeavors. The orbit of this newjunk yard is between 1000 and 5000
n mi above GEO, After depositing its payload the MOTV deorbits.and returns to earth.
The figure illustrates this mission seenario,

MAGNOTIE
Churacteristics : A Pray
cvuu;;sum.me ““Mé; Pt ‘\
Wei ght ., . ., .., vooe o 5500 kg ’ MANIFUL ATORS . o (S Mt e el ) et
& QRAPVLLRA nen b
51 ’ KT »
SIZG . . ° . . . . . . . . . . NA A * -e\

P REW CAPSULE /
§ . Sptwe e IWBEOORY

acy v va 8YAQES ﬁ";, )
POWGP L L L NAL\ ;tr‘. / ,
Ol‘bit A L GEO ,’. ’ e %‘/ P : v’

-‘\'i

L ~7 10 0ebRIE A DHOP TaNR

. . PROPULSION dovdhy PARKING OREIT SOLAR ARRAY 1
Timeframe ., . . , . . . . . . 1990s cont ) 2w, " ok ounT
i icing i T 151 grep
Life/Servicing Period . . . . NA « chetue Do wostee

o TRANSEEH DEBIIS * BERTH T0 DEBRIG PARKING OEAM

. . TOMTG AD ® THANSFER DEBHIS TO BEAM

Rationale for MOTV Use: © REPEATY ViMEs PREPEAT S TIMES

® The MOTV may perform this mission as part of a servicing or repair mission,
or independently depending on the number and physical characteristics of the
satellites being transferred

e This mission is much more complex if attempted unmanned and is beyond the
performance capabilities of future teleoperator systems or cargo OTVs,
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&
4 MANEUVER & SAFE & STOW PERFORM PHASE
- s ?«.E?'.?ES‘(«?X? » BERTH TO CONSAT 1 =3 MANEUVER TO
* COMSAT =1 FOR TRANSPORT COMSAT NO. 2
) MANEUVER & SAFE & STOW PERFORM PHASE MANEUVER &
~$|  BERTH TN COMSAT NO. 2 MANEUVER TO | BERTH TO SPENT
COMSAT NO. 2 FOR TRANSPORT GEO "“JUNKYARD" PROPULSION STAGES
i
SECURE SPENT PERFORM ALTITUDE MANEUVER & DE~LOY DEBRIS
STAGE FOR & PHASE MAN. BERTH TO HIGH |p=ei & STOW IN
TRANSPORT TO NEW "JUNKYARD" ALT JUNKYARD JUNKYARD
PERFORM ORBIT
<= TRANSFER FOR
RETURN TO EARTH
0721-058wW
RB3

Fig. 4.13-1 DR1 — Debris Removal From GEO
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MAGNETIC
' ___ DAMPERS
SATELLITRS PARKING
R
DERRAIG SATELLITE AN ‘|
i o MANIPULATORS ‘ (=
: .2 / & GRAPPLER - bl
b é - 'B
- 1% GREW CAPSULE -
& X IUS SPENT *,:.:. -
b2 ;‘7 STAGES r;ﬁ "t r .‘
*" . ’ a— \ h ‘
£ U L :‘_ g
' ~ -~ PHASE MOTV 'r“\‘”{{ - J‘W RO
~-r TO DEBRIS N A7 T DROP TANK
PROPULSION st = ,/ PARKING ORBIT ‘- o SOLARARRAY o Tloboinen
CORE S .12 kW
e e ON ORBIT
1ST STEP
¢ CAPTURE DEBRIS 2ND STEP
® TRANSFER DEBRIS » BERTH TO DEBRIS PARKING BEAM
TO MTG PAD ¢ TRANSFER DEBRIS TO BEAM
® REPEAT 3 TIMES ® REPEAT 3 TIMES
Fig. 4.13-4 On-Orbit Scenario for Mission DRI
MANIPULATOR(2)
- 7DOF
- 4m LONG
HIGHPRESSURE _____
GRAPPLER EXPENDABLES . s . i
- 4 DOF l ‘,5
—-1.75T0 2.5 m LONG RCSMODULE 4
m. IO CAT 11 B (2)

CREW
CAPSULE

‘ | SOLAR ARRAY
DEBRIS MTG Nl ~ STOWED
PAD (4) ,,,\

RADIATOR PANEL (2) DROP TANK (2)
TOTAL AREA = 7.62 m2

0721-214W
rB3

Fig. 4.13-5 Conf For Mission DR1
LYW

0N AR
\\s\\-\\ ! R
[ \
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- “MISSION EQUIP'T
CREW PROP'LS'N | 0OROP  [TGENERAL | DEDICATED
CAPSULE CORE TANKS (2) | PURFOSE |
DAY WEIGHT © O ae8e | a8 | oe6o | 81| 12k
CREW/CONSUMABLES 207 61
RESEAVES/RESIDS 296 470 )
BURNOUT WEIGHT 3902 3646 3420 a1 196
MAIN PROP — (CAPACITY) {17,500) {64.640)
-~ LOADING 16,374 62,338
ACPS PROP 1839
MiSC 145
MOTV WEIGHT 3992 22,054 66,7658 921 126
TOTAL MOTV WEIGHT 82,860
1776-431w
Fig. 4.13-6 DR1 Summary Wt Statement, kg
CREW CAPSULE WEIGHT, kg —]
STRUCTURE 1515
THERMAL PROT a8
EPS 26
AVIONICS 149
ECLS 499
CREW ACCOM 706
PROPULSION 6
RECOVERY -
CONTINGENCY (25%) 737
TOTAL DRY WEIGHT 3685
CREW 2 163
CONSUMABLES {8.3 DAYS) 144
BURNOUT WEIGHT 3092
NOTES
® MANIPULATORS, ETC., CHARGED TO GEN PURPOSE MISSION EQUIP.
® EPS SUBSYS IS POWER DISTR ONLY - REMAINDER OF SUBSYS IN PROP. CORE
1776-432W ,

Fig. 4.13-7 DR1 Wt Statement (Crew Cepsule)




A TRANSF | MID e GEQ & onp | MID o,
- onins | counsc| €€ GEO 1 3700 km DEORB [onunse|  “IRCt
S MAIN PROP.(FPSIl 8157 5833 1460 5699 8166
RCS (FPS) 40 370 65
'\‘§.
I
L TAW =0.16 o RENDEZVOUS V4 TIMES
g 82,850 kg o PHASE IN ORBIT v TWICE
i o TRANSF TO GEO
D. TANK 1 +3700 km,
= ‘:) 1
| | |
| |
A |
o TANK2 DEBRIS “JUNK YARD"
PICK-UP
‘.;;f (5600 kg TOTAL)
B
25,900 kg
, - — —— | T/W=086
= : ? 30,820 kg
: ' PAYLOAD
. & = 9037 k
~ PROP, CORE -
B INCLDS 2%
: FLT PERF RESERVES

1776-433W
Fig. 4.13-8 Porformance Data — Debris Removal Mission (DR1)
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4.14 GENERIC MISSION C1 - UNFOLDING WIRE WHEEL ANTENNA N GEO

Mission Description: A wire wheel antenna approximately 236 m in diameter is trans-
ported to GEO folded, The MOTV crew will unload the antenna, initiate deployment,
observe the unfolding, and initiate any corrective action should a problem arise, The
b entire package as shown in the flgure will then undergo final checkout prior to the
‘ MOTV flight back to earth,

EPS (NUCLEAR)
b Characteristics: \.«ﬁ

UPPER SYSTEMS A7

- weightl . L] L] . * L] . L[] + . L] L] 10’000 ]cg PACKAGE )/‘
& .
i Size FEED/,;',Z UPPER
Diameter. . ... ... ... 23m "
(lk‘;i Length . L] . . ° L) . . L L] . 354 m

Power.............SOkW g
o ) STAYS /4
%\‘ Orblt L L T TP ¢ 0 e GEO MAST CANISTER /

/

Timeframe . . . , , . o« v, 1990
Life/Servicing Period . o0 10/3 yr

GORES

RIM MEMBER

LOWER SYSTEMS
PACKAGE

Rationale for MTOV Use: 0721-004w FULLY DEPLOYED

® Launch Payload Is Beyond IUS/SSUS Capability

® LEO to GEO transfer g's are .3/.5 with MOTV compared to 2-g using clustered
IUS

® To assure mission success with IUS transfer the payload must be unfolded and
checked in LEO, then transported unfolded to GEO, With MOTV, pavload can
be transferred and then anfolded and checked out in GEO. Transfer g's are
lower using MOTV resulting weight savings, but with the same or greater
chance of mission success

® Manned monotoring of the unfold Sequence and the ability to intervene on an
as required basis.

- avoids ultra complex remote automation
- redundant mechanism

- provides higher probability of success
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ws

ACTIVITIES/EVENTS

EXTEND ANTENNA MAST

UNFURL ANTENNA WHEEL

MISSION
CREW

0721-094wW
RB3

POSITION PAYLOAD & TURNTABLE E

] 8 HOURS

—H
-

SEPARATE DEPLOYED ANTENNA

COMPLETE ANTENNA CHECKOUT

* CONTINGENCY OP MODES
PRIMARY ~IVA REMOTE REPAIR
BACKUP-EVA ASSISTED REPAIR

]

7 HR: 40 MIN

PILOT PROVIDES
EVA BACKUP
IF NEEDED

PAYLOA

N
NN

Hm4j¢30$ﬁmﬂhe&¢mwﬂmMmmmu
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4,15 GENERIC MISSION €2 - UNFOLD TETRAHEDRON PLATFORM FOR
MOUNTING COMMUNICATIQONS ANTENNAS

l\fliﬂaipn_ﬂpqs_cription: A large tetrahedron structure together with a complement of
varlous sized antenna wiil be tranaported to GEO, The maln structure and antenna
will arrive folded In a number of separate packages each of which must be unloaded,
unfolded, and assembled together to form the final satellite as shown in the flguro,
Subsequent checkout by the crew is then initlated before departure back to earth.

Characteristies:
weight ] . L] 1 ] . ’ [ ] L[] . . . 16'000 kg
Size

Length . . . ....... 8'm
width L] L] . L ] L] L[] L[] ° L] . 31 m
orbit L] L] . . [ ] L ] ] L[] a GEO
Timeframe . . « . + . . . . Mid 90s
Life/Servicing Period . . . 30/3 yr
Rationale for MOTV Use:

¢ Payload weight is beyond IUS.

e Manned GEO assembly vs LEO assembly and unmanned transfer has the
following benefits:

effects of transfer g's are minimized saving weight

simpler and higher fidelity checkout possible

avoids problems of day/night assembly and possible thermal gradient problems
thus eliminating difficulty in assembly due to differential expansion

antenna alignment is more precise

mission success is enhanced.
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ACTIVITIES/EVENTS Q 8 16

24 32 HA

MOUNT DEPLOY.BERTH MAST
DEPLOY TETRAHEDRON STRUCTURE *

INSTALL MID BUSES & STABILIZATION -

REBERTH & INSTALL $/A & RCS *

INSTALL 9 ANTENNAS *

® CONTINGENCY OP-IF NEEDED

= IVA PRIMARY REPAIR MODE
- EVA BACKUP

REBERTH & COMPLETE SUBSYS INSTL

INSTALL 8 ANTENNAS

SEPARATE & “OMPLETE CHECKOUT

]

32 HR 05 MIN

PILOT

T B B
MISSION 2 .

CREW

0721-095w

R83

Fig. 2.16-3 C2-Timeline & Crew Requirements
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4.16 GENERIC MISSINN CBf PREFAB PLATFORM FOR MOUNTING COMMUNICATIONS
ANTENNAS
Sl bl

Mission Deseription: A space platform similar to that descrlbed in (eneric Mission Cc?
is constructed in GEQ using Prefab "Dixie Cup" structural members, Upon arrival in
GEO the stowed packages of "Dixie Cup" members are unloaded from the MOTV, fabri-
cated into structural members and assembled to form the platform. The various antenna
are then mounted to the platform together with a common power supply and electronics,
The final comflguration is shown in the figure,

Characteristics:
Weight.............17,000kg
Size

Leng‘th......,.....99m
Width,............llm
Power.............

Orbit * s v v v v .... GEO
Timeframe e e v v e .., Mid 90s
Life Servicing . , . , . . <+ 30/3 yr

0721-086W
RB 2

Rationale for MOTV Use:
® Payload weight is beyond the capability of the 1US.

e \Manned GEO assembly vs LEO assembly and unmanned transfer has following
benefits:

- effects of transfer g's are minimized saving weight

simpler and higher fidelity checkout possible

- gravity gradient loads reduced by a factor of 200 in GEO minimizing attitude
hold propellant requirements during construction

- antenna alignment is more precise

mission success is enhanced,
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s

MOUNT ERECT INSTALL ERECT
PLATFORM END SOLAR 18T BAY
ASSEMBLY JIG STRUCTURE ARRAY STRUCTURE
INSTALL INSTALL ERECT ERECT INSTALL
RCS & ANTENNAS  |feup{ BAYS 2-10 BAY RCS &
BUSSES (2) STRUCTURE STRUCTURE BUSSES _‘
INSTALL
ANTENNAS (2)
& STAB. PACK
INSTALL ERECT INSTALL SEPARATE
ANTENNAS END o SOLAR =P & COMPLETE
(2) STRUCTURE ARRAY CHECKOUT
0721.061w
RBJ

SR

SRR
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Fig. 4.16-1 C3-Assemble Communication Platform with Prefab Structure
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MOUNT PLATFORM ASSY JIG
BRECT END 8TRUGTURE

INSTALL SOLAN ARRAY

ERECT 19T BAY STRUCTURE
INSTALL RCS & BUSSES

INSTALL ANTENNAS

ERECT BAYS 2.10 STRUCTURE
INSTALL ANTENNAS & STAB, UNIT
ERECT BAY 11 STRUCTURE
INSTALL RCS & BUSSES

INSTALL ANTENNAS
ERECT END STRUCTURE

INSTALL SOLAR ARRAY
SEPARATE & COMPLETE ¢/0

3
MISSION 2
CREW 1
0
0721-096W
RB3

8 10 18 20 28 30 a8
1 f | 1 | i i J HRB
1.1 ]
UL
36:08 HR
PILOT

MANIPULATOR OPERATION

Fig. 4.16-3 C3-Timeline & Crew Requirements

SEMI STRUTS (69)

. / SEMI STRUT
~ JOINING
FIXTURE

N
SArSULE I\ PROPULSION CORE
saaer ey
oo “ RL10CAT 1B (2
TOTAL AREA = 8,27 m2 TV - (2)
[
o\
M i 2D “Nres MODULE (4)
P —
MANIPULATOR (3 I
- 7DOF ‘ // \
~ 4mLONG
\ \onop TANK (4)
MISSION EQUIPT
~ STORAGE BIN ON
NOSE OF ONE DROP
TANK
0721.213wW

RB3

Fig. 4.16-4 Configuration For Mission C3
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FLIGHT S:IA'NON

HAND CONTROLLER™.
FWO CONSOLE |

&+ .~ MANIPULATOR OPERATOR
71 MANIP CONTROLS CREW QTN =1

¢ {\\\\"? )

CREW QTRS.NO. 3
EMERG HATCH

\FLDA DOORS (3)
OVHD HATCH (STWD) || GREW LOCKERS’(S) N _ g%%slcgmgg
ADJUSTABLE PLATFORM | - ELECTRONICS N » WM
. S 7Y LONNING/
CREWQTRSNO.2 . ™, ges® CHARGING STA,
INTER COMPARTMENT 5 EMU NO. 2
DECK =\ ';*{*' STOWED
X
— s 1)
-t LS S
FOLD-UP TABLE ffy WASTE MGMT RN =y
by a2 A R R PPN
t i ‘ N S "GALLEY/REFRIC/
FLDG CMPT DOORS $u. e / 00D STWG.
.ﬁ*\ -5 LWR CMPT FLOOR /

0721-198W
Figure 4.16-56 APOT\ Craw Module {Large) 3 Man (C)
MISSION EQUIP'T
CREW PROP'LS'N DROP GENERAL
CAPSULE CORE TANKS (3) PURPOSE DEDICATED

DRY WEIGHT 3796 . 3367 4425 921 775
CREW/CONSUMABLES 410 51 706

RESERVES/RESIDS 206

BURNOUT WEIGHT 4206 3704 5130 21 776
MAIN PROP — (CAPACITY) {17,600) (81,810}

— LOADING (16,735) 78,061

ACPS PROP 1274

MISC 145 17,000
MOTV WEIGHT 4205 20,868 83,181 921 17,176
TOTAL MOTV WEIGHT 126,940

1776-434W

Fig. 4,16-6 Construction C3 Summary Wt Statement, kg
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ong vy _Jcaune| Sk a0 BEORBIT | cotioeel  cinct v
120,948 kg 8332 833 20 6835 7983 | MAIN PROP (FP3)
ao 100 66 _Rea (FR8)
D, TANK 1 - ® CONTINUQUS
TW=0.11 CONSTRUCTION
w_\ IN GEO
| | | ] |
B, TANK 2
46,237 kg
D. TANK 3
28,232 kg
‘ TIW=0.78
PAYLOAD &
PROP, CORE 9978 kg
INCLUDES 2%
FLT PEHF RESERVES
Pled/
Fig. 4-16-7 Parformance Data — Construction Mission {C3)
CREW CAPSULE WEIGHT, kg
STRUCTURE 1515
THEMAL PROT 48
EPS 265
AVIONICS 149
ECLS 502
CREW ACCOM 791
PROPULSION 6
RECOVERY -
CONTINGENCY (25%) 769
TOTAL DRY WEIGHT 3796
CREW (3) 248
CONSUMABLES (8 DAYS) 166
BURNOUT WEIGHT 4205
NOTES
® MANIPULATORS, ETC,, CHARGED TO GEN PURPOSE MISSION EQUIP,
¢ EPS SUBSYS IS POWER DISTR, ONLY — REMAINDER OF SUBYS IN PROP, CORE
1776.435w

Fig. 4.16-8 C3 Wt Statement (Crew Capsule)
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4.17 GENERIC MISSION C4 - AUTOFAB OF A PLATFORM FOR MOUNTING
COMMUNICATIONS ANTENNAS

Mission Desaription: A large fpace platform almilar to that deserihed for Generle

Missions €2 & Ca 1swfabr'iented nsing autofab techniques, A heam bulldep 1o unnd to
fabricate structural memhera of the spacae platform which are subsequently joined to-
gother to form the flnal assembly, The varous

antennas are mounted to tho platform
a8 portions of the platform are completed, Eleetronies nnd poewer supply are also add-
ed In a step-hy-step fashion to complete the assembly prior to final checkout, The

figure depicts the final confipuration of the space communications platform,

Characteristies:

Weig‘ht...-n------ 15'000kg
Size

SS Length., . . .. ... 9%m
PP Width .. ...... 1im
Power ., ..., ..,...
Orbit . ., ........ GEO

Timeframe . . . . . ., .. Mid 90s
Life/Servicing Period 30/3 yr

-087
Rationale for MOTV Use: Y

e Same as for Generic Mission C3
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POBITION FARB B ATTACH INGTALL INSTALL

BPACE FAR d LONGITUDINAL =i END ACH A Pl ANTENNAS
¥ AGSY NG AEAME AEAM 501LAR ARRAY {21

PRI oo 2

i

ﬁ“%ﬁ’ég ATTACH INSTALL INSTALL AEPARATE &
phin END ACS & ANTENNAS | COMPLUTE
N B NS 15 BEAM SOLAR ARRAY (2) CRECKOUT
INSTALL
ANTENNAS (13)
& STAB, PKG
i C4 Assembly Sequence

Mmmm

MANIP, BEAM
CREW L MACHINE
.l - = = = = . \ -
D (n>1 I— e 1] K1 a0
oTv L_BEAM ]
MACHINE
e BUILD FIRST e INDEX MACHINE
LONGL. 8EAM ALONG JIG TO
BUILD FOUR A
MORE LONGLS. N
e USING MANIP.
- ADD LATL, END
BEAM, ANTENNAS,
SOLAR ARRAY
o INDEX JIG ALONG

LONGLS., ADDING

PWR. DISTRIB
NOTE: o LONGL.BEAMS SPACE FAB o USING MANIP

e LATL. BEAMS GROUND FAB. - ADD INTERMED.
— INCLUDE MATING HDWRE, BEAM & ANTENNAS
MTG. PADS FOR ANTENNAS, e REPEAT TO COMPLETE
0721-062W : RCS PODS SATELLITE

Fig. 4.17-1 C4-Assemble Communication Platform with Spece Fabricated Structure
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POSITION 416 & Apm

FAB G LONG, DEAMS

ATTACH END BEAM

INST RCS & S/A

INST ANTENNAS

INDEX & ATTACH LATERAL BEAMS
INST ANT, & STAB, PKG

ATTACH END BEAM

INST RCS & $/A

INST ANTENNAS

SEPARATE & COMPLETE ¢/0

won® o
wh

PILOT-ﬁ-is,

L LT

oo mnn
L]

T

=

43 YR

8. B. OPNS

MANIPULATOR OPERAT IONS

3
0
0721.097w
RB3

Hm4ﬂ%3C¢ﬂth9&meRmemmw
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4,18 GENERIC MISSION C5 ~ CONSTRUCTION OF AN EARLY SOLAR POWER
DEVELOPMENT ARTICLE (SPDA) TO PROMOTE
MPTS TECHNOLOGY

Misalon Deneription: An early SPDA is constructed in GEO, which has a full scale
micrawavo nntennambarmy that can transmit up to maximum power density to the
ground., The integrated satellite is complete with power source, stabilization and con-
trol and translational station-keeping capability, The solar array whieh has a power
output of approximately 14 MW (200M x 400M area) is constructed using autofab (beam
builcder) techniques as is the main structural members of the antenna. Once the array
and antenna constructions are complete, they are joined together through a rotary
joint. Subsystem integrated electronics and RCS for station keeping are then attached
to form an operational satellite, Before MOTV departure back to earth the entire
satellite is given a complete checkout to make sure everything is operating properly.
The figure shows the SPDA in its operadonal configuration,

Characteristies:
Weight. . . .. ... ..., 110,535 kg
Size .
Length. . . .. ... ... 200m
Width . . . . . e v e ... 400 M ; FINISH
Power . .. .. ... .... 14 MW ! l
| 18m x 18m !
Orbit e & & o 8 ¢ @+ 4 ) ° . GEO | “~ ]
Timeframe. . . . . . . . .. 1990 | START .
‘3 e'soqeeO" |
Life/Serving Period .. .. 10/1yr ’ g
9730 JHBW RBS J

Rationale for MOTV use:

e Same as Generic Mission C3.
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ACTIVITIES/EVENTS 0 20 40 60 80 100 120 140 160 180 MR

MOUNT CORNER ASSY JIG
ASSEMBLE CORNER FRAME
FAB 400 m BEAMS

INSTALL STABILIZATION ov
REBERTH g
ASSEMBLE 400 m TRI-BEAM
REBERTH

FAB 200 m BEAMS
REBERTH
ASSEMBLE 200 m TRI-BEAM
REBERTH

FAB 400 m BEAMS
REBERTH

ASSEMBLE 400 m TRI-BEAM INVESTIGATE
REBERTH EVA & FREE FLIER

FAB 200 m BEAMS S/A DEPLOYMENT MODES
REBERTH . .

ASSEMBLE 200 m TRI-BEAM ya -///
ASSEMBLE LAST CORNER ‘

REBERTH if;’
INSTALL SOLAR ARRAY BLANKETS

ASSEMBLE ANTENNA STRUCTURE

i1

INSTALL ANTENNA SUBARRAYS 177 HR

SEPARATE & COMPLETE CHECKOUT LATERAL INDEXING 20 MIN
S

MISSION
CREW

0721-098wW
RB3

Fig. 4.18-3 C5-Timeline & Crew Requirements
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~ MOTV PAYLOAD WEIGHT-TO-ORBIT b
- TOTALWT. | FLIGHTNO.1 .| FLIGHTNO.2 | FLIGHT NO.3 | FLIGHT NO. 4
WEIGHT ITEM (kg) (ka) (kg) {kg) (kg)
- e MISSION HARDWARE {110,536 23,841 28,898 28,898 28,898
~ S/A BLANKET 71,003 7,400 21,231 21,231 21,231
i — STRUCTURE 13,781 13,781 - - -
g ~ MAST 1,276 1,276 - - -
: — ANT. SUBARRAY 24,385 1,384 7,667 7,667 7,667
e CREW MODULE 4,448 4,448 4,448 4,448 4,448
e DOCKING ADAPTER (408) (408) (408) (408) (408)
e ON-ORBIT MISSION EQUIP. 8,722 8,722 1,097 1,007 1,007
- — MANIPULATORS 474 474 474 474 474
i - FIXTURES/JIGS 100 100 - - -
— BEAM BUILDER 7,600 7,600 - - -
— CONST TOOLS 26 26 - - -
~ MMUs 270 270 270 270 270
— EVASUITS 283 283 283 283 283
— CALIB & C/O EQUIP 10 10 10 10 10
- — SPARE PARTS 40 40 40 40 40
— EQUIP. STOWAGE RACKS 20 20 20 20 20
: TOTAL 124,113 37,419 34,851 34,861 34,851
1776-466W

Fig. 4.18-4 Construction Mission C5-Flight Analysis
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4.19 GENERIC MISSION C6 - MODULAR ASSEMBLY OF A 60 MW SPDA

Mission Deseription: A large solar power development article shown in figure below
ia eonstruated and partially assembled In LEQ., The modular assemblies, each three-
bays wide, are then transported to GEO via a cargo OTV (COTV) to await final as-
sembly by the MOTV, Once all six modules are In GEO, separated from each other at
a safe distance of approximately 50 n mi, the MOTV is dispatched to oversee the final
phasing, docking and assembly of modules, It is assumed that the phasging and dock-
ing maneuvers, module-to-module, are performed by the COTV thrusters, but con-
trolled from the MOTV. This may be nccomplished with the MOTV herthed to one of
the modules or accomplished through a remote duta link to the MOTV "standing-off"

a short distance from both modules. Once docking is complete the MOTV crew would
then begin the process of connecting the remaining hardpoints together, A short
time prior to completion of this task another module is commanded to phase and
rendezvous with the new assembly. Since these phasing maneuvers may take up to

a day to complete it saves time to begin them somewhat prior to completion of the pre-
vious assembly tasks. This sequence is repeated five times after which final checkout
is performed. In the entire assembly process it is presumed that the microwave antenna
is part of one of the modules assembled in LEO,

Characteristics:

Weight. . . .. .. ... ... 800,000 kg
Size :

Length., . . . . ... ... . 450m T
Width . . ... ... ....90m T
Power . . . ... ... ..,..60MW
Orbit . ............GEO , m‘%—-ﬁ%ﬁﬁ rﬁ'r»—‘
Timeframe . . . . .. ... . .Mid 90s ' m{_—':—‘]__;:
Life/Servicing Period . . . . . 30/3 yr e L L

4721-089W
R\J

Rationale for MOTV Use:

e This mission is a forerunner to full scale SPS construction and assembly. It is
an end-to-end demonstration, on a reasonable subscale basis, to verify that a
solar power satellite can be built and operated in GEO., Man's involvement here
is typical of that which is expected for the full scale SPS.

e On-orbit crew participation in joining large structural modules together is an
integral part of this end-to-end demonstration.
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e Performing the unfold /asaembly and checkout operations in the final orbit
(GEQ) rather then LEQ has the following henefits:

~ Provides constant thermal environment which avaida the day/night cyelen

In LEO

~ Failure to deploy due to differential expansion 1s minimized

- Manned supervised checkout and rectification is done In proper orbit which

avolds the need of high slew rates that are required for LEO checkout.

RENDEZVOUS &

BERTH MOTV

MOTV BERTHS

N CHECKOUT
COMPLETED SPDA

0721-064W

RBJ

DOCK 18T TWO SECURE 1ST
-—* MODULES '-’ ngs\:'DA MQOD -I_Dl LATCH ;gsz'!l\’lloo::‘ATCH q
TOGETHER
SECURE 2ND REPEAT FOR MOTV DEBERTHS REPEAT PROCESS
e LATCH el EACH OF 8 pemmnflt  TO SAFE STAND FOR REMAINING |feemedp
LATCHES OFF DISTANCE 4 MODULES

Fig. 4.19-1 C6-Modular Assembly of a 60 MW SPDA
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ACTIVITIES/EVENTS Q__ 0 20 30 a0 '\‘ 200 210

ARND & DACK 187 Twa spoA mopa [
ARATH MOTY Ta aPpA

AOCUNE 18T LATCH

REABATH T 2ND LATCH PORIT,
8ECUAN 2ND LATEH

REPGAT GIX MONE TIMER

BEAGATH TQ SAFT STANDORR

REPCAT ALL STGPS 4 Timeg £
CHGCKOUT COMPLETEO ShpA TOTAL 265 bR

// plLOT \\\
2 | gy iy 77 7 ,./,r./ '/"I"""/’ 1l r, s 7
ARG
MISSION /////////////////////// /) f /////// .'/ (/7 ///,-*/{// s
CREW et
Mi
0 .
0721-999wW
Fig. 4.19.3 C6-Timaline & Crew Roquirements
MISSION EQUIP'T
CREW PROP'LS'N DROP GENERAL
CAPSULE CORE TANKS (2) | PURPOSE | DEDICATED
DRY WEIGHT 3766 3200 2050 816 0
CREW/CONSUMABLES 382 51
RESERVES/RESIDS 296 470
BURNOUT WEIGHT 4147 3646 3420 816 0
MAIN PROP - (CAPACITY) {17.600) (54,540)
- LOADING 15,081 44,930
ACPS PROP b7
MISC 145
MOTV WEIGHT 4147 22,150 48,360 816 0
TOTAL MOTV WEIGHT R 74,472 ‘
1776-437W - _‘ !

Fig. 4.19-4 Construction C6 Summary Wt Statement, kg
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— Ciligadaiiiaing. it el
El -

CREW CAPSULE WEIGHT, kg
STRUCTURE 1816
THERMAL PROT 48
EPS 25
AVIONICS 149
ECLS b1t
CREW ACCOM 768
PROPULSION 6
HECOVERY -
CONTINGENCY (26%) © 763

TOTAL DRY WEIGHT 3766
CREW (2) 163
CONSUMABLES {17 DAYS) 219

BURNOUT WEIGHT 4147
NOTES
¢ MANIPULATORS, ETC., CHARGED TO GEN PURPOSE

MISSION EQUIP,

e EPSSUBSYS IS POWER DISTR. ONLY — REMAINDER OF

SUBSYS IN PROP, CORE
1776-438BW

Fig. 4.19-6 C6 Wt Statement (Crew Capsule)
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- TRANAF fip o . NOPTTE ALY ey
ORRING  Jeoufkp | S QU bt

MAIN PRB R 0y (TN i GHAR FONITH
(2[4} NELH] ) Hit 1t

N o HENDE VOGS
: 8 MEHTIING G ke n

' '
AT v LT o

TRRIT

- D TaNk ¢ |

’ v ] L8208 wy
e : : L l
" \Ermm— ] 2,602 ¢

s PAYLOAD & N 8040+ ¢
PROP CORE

- 1776-439W

- Fig. 4.19-6 Performance Data — Construction Mission (C6)
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4,20 GENERIC MISSION UC - UNMANNED CARGO TRANSPORT 10,000-100,000 kg
TO VARIOUS ORBITS

Ml.nnion Dorerlptlon: The MOTV ia used In an unmanned modoe to tranafar varloun
nlzad cargon from LEO ta bigh earth orbitn not attalnable with the Shuttle and TU§,

Tha propulslve eapabllity of the MOTV to tranafor these payloads to-arbita ranping

from 1500 nmi nnd high inelinatlon te GEQ, oy LEO oy ancapo will he dofinod,

( hrn”lotﬂriﬁllc

*—tn:—_——__::-r;:

Welpht o o 0 0 v o 0w o v 5000 - 50,000 kg
Siz¢ v o v v v v e . ... NA

Power . . v . ... ...., NA

Orbit . ., ... ....., Various
Timeframe . . ... ... 1980-2000
Lite/Servicing Period , . NA

Rationale for MOTV Use:
e Outside the payload capability of Shuttle/IUS system
e Lower transport g's than [US

e Available assuming manned version is adapted,

4-92
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5~ Turnarvound Analysls

Development of a routine turnaround process is roquired in order to owploy the
MOTYV to enhance man's util'zution of the geosynehronous space region.  Since turn-
around operations represent approximately 709 of the total MO'L'V mission, the process
necessary to check, restore and prepare the returning MOTV for its next mission
should be analyzed and optimized to provide a relinble low cost turnaround program.

A definition of the turnaround requirements for the desipn reference mission
(DRM), S-1, MOTV configuration and an analysis of the primary sensitivity issues indi-
cate the following:

e The MOTV is a fairly sophisticated spacecraft with man-rated systems, in-
cluding two RL10 II B engines, an attitude control and stabilization system, a
full complement of avionics and satellite servicing equipment.

e A routine cost effective turnaround plan must make maximum use of flight data
for maintenance planning, a high degree of test automation and MOTV main-
tainability features in order to minimize tests, facilitate repair and reduce the

manpower requirements.

e Dollars spent on an effective turnaround maintenance program restore the re-
turning MOTV hardware reliability to the design goals, providing a payback
in terms of reduced risk.

The turnaround/maintenance analysis discussed in detail in Volume 5 of this re-
port, entitled "MOTV Turnaround Analysis" indicates the following:

¢ The recommended turnaround scenario baselines ground turnaround because it
utilizes in place fucilitics, has the flexibility to deal with co;ltinp,‘cucics which
will occur during the operational shakedown period and provides a benign
environment in which to gain experience, work out procedures, and refine

support equipment requirements,

® SOC turnaround at 200 N MI provides a viable alternate because it decouples
the turnaround operations from the SIS support flights and saves approximate-

ly $11M per mission. SOC turnaround, howcver. requires a rignificant




investment in facllities, support equipment and MOTV maintainability features,
approximately $330M. Paybnaeck tukea about 15 years, assuming an MOTV {light
rate of 6/year, The SOC option should be retained untll the appropriate pro-
gram milestone, when the following can be resolved,

~ 80C operationul attitude lowered to 200 NM rather than the current nssump-
tion of 2656 N MI.

- Definitive costs obtained for facility, MOTV design, and support cquipment
costs.

- An assessment of the portion of the initial investment for fuacilities which are
chargeable to institutional improvements or other programs rather than
MOTV.

If the decision at the appropriate program milestone is to proceed with SOC, then
a progressive program which transitions from ground turnaround to STS tended LEO
turnaround, which would qualify and refine the SOC equipment, procedures and per-
sonnel to the final phase utilizing SOC is recommended.

(21
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6 - SUPPORTING STUDIES

This section contains supporting analysis relavent to mission modes selection,

MOTYV performance, IVA/EVA trades, crew capsule sizing and unmanned QTV payload
performance. It serves as the basis for selecting various modes of operation for the

MOTYV and permits consideration off-design alternates.
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r @ 1% STAGE CONCEPTS

HIGHEST PERFORMANCE
° AMOTV & AMRY

HIGHEST PERFORMANCE FOR

TIONABLE WITH THESE MODES
® APOTV, AMOTV, & AMRY

® SINGLE LAUNCH/MISSION

MODEST PERFORMANCE USING AUGMENTED STS & HIGH
PERFORMANCE ENGINES ~ Low MARGINS
® MULTH LAUNCH/MISSION

¢ LEO TURNAROUND

® LEO TURNAROUND MAY BE WORTHWHILE WiTH EVENTUAL HEAVY TRAFFIC
(USING MANNED DEPOT)

“ROUND TRIp" PAYLOADS - guT RETURN
OF BULKY PAYLOADS IS QUES

NOT cosT BENEFICIAL
(USING STS ONlLY)

1776-447w

Fig. 6-1 Mission Mode Findings — First 3 Mo,

ALL PROPULSIVE ORBIT TRANSFER AERO MANEUVERING TRANSFER
VEHICLE (APOTV) -

VEHICLE (AMRV)

NORMAL -
MOTV ' coRe
l EMERG . _ __ ,
\
(LZZANNT72N\ Y227 X7 NN RK NN
BACK.UP sPS

DRIVER CONSIDERATIONS: -
CREW & CREW CAPSULE
1776-4a8w

o j/f_ P

PERFORMANCE & OPS
COsTS

|

Fig. 62 APOTV vs AMRYV Modes & I3sues




e CREW CAPSULE

o PERFORMANCE

© RETURN FLIGHT OPERATIONS

e DEVELOPMENT COST
e COST PER MISSION

1776-450W

12/24 HR TO GROUND

DATION:
9 . CONCEN-

LESS ROOM IN FLIGHT DECK &
MANIPULATOR WORK STATION

GENERALLY 6% HIGHER STACK
WEIGHT

MORE COMPLEX
HIGHER ENTRY 'G’

7 HR TO GROUND
16% HIGHER

10% HIGHER

Fig. 6-4 APOTV vs AMRY Summary & Recommendations

ENTRY MODE APOTV
CAPSULE VOL. 105 m? 26 m3
By, _
! I AMRV WEIGHTS DIFFER
hevdfen FROM APOTV WEIGHTS
BECAUSE:
' T
STRUCT 856 1628 LESS RAD. PROTECT.NEEDED
™S - - ENTRY HEATING
EPS 56 60 SOLO PWR SUPPLY (4 Kw Hr)
AVIONICS 140 140 FULL GN&C AND COMM
ECLS 258 274 ENTRY HEAT SINK
CREW ACCOM 418 .704 HIGH ‘G’ COUCHES
RCS FULL SUBSYST. .
RECOVERY CHUTLS/RETRO SRM/LND GR.
CONTINGENCY 173 281 298 445
TOTAL DRY 1901 3087 3281 489
CREW 163 163 163 163
CONSUMABLES 95 176 113 196 RCS PROPELLANT
CAPSULE 2159 3426 3557 5256 1776-449W
Fig. 6-3 Typical Crew Capsule Wts
APOTV AMRY




CHANGE IN e 30,000kg
CENTER ANGLE o CREWOF3
e INGEO

2000F

OPTIMUM POINT ~ TAKING
ALCOUNT OF:

-]

:' ¢ MOTV GROUND SUPPORT COST
:.‘.'9 e STSON-ORBIT RENTAL

g 1000

© 704-

s

2

T

a

0 5 pAYS TO PHASE
1776-41 3w

Fig. 6:5 Phasing Weight (A V PROPELLANT PLUS Food, Water, Atmos Make-up,
RCS Prop.) vs Days to Phase

MODE VA +
IVA EVA
MISSION EVA
o PARAMETRIC
2 MAN [
TRADES INSPECTION Vs Vs

VS

3 MAN s
CONSTRUCTION Vi

e PRODUCTIVITY CONSIDERATIONS
1776-451W

Fig. 66 IVA Vs EVA Study
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~ TYPICAL 3-MAN MISSION
USING 2 x 4 m MANIPULATORS
& GRAPPLER
2000 } - -
DUMP
AIRLOCK

1600 o 13 e o el 5
WEIGHT DUMP CABIN PUMP DOWN
PENALTY = AIRLOCK
(kg) PUMP DOWN CABIN /

1000 } ! i PUMP 5OWN

CABIN
DUMP CABIN
500 | L - ——— < NO AIRLOCK
= — aWITH AIRLOCK
0
0 100 200 300 0 100 200 300 0 100 200 300
MAN HOURS
VA ONLY . %
1776-a52w IVA ONL IVA (90%) + EVA (10%) EVA ONLY

Fig. 67 IVA vs EVA: Prelim Weight Penalty vs Man Hours for 2-Man Inspection Mission

~ TYPICAL 2-MAN MISSION
USING 2 x 2.5m MANIPULATORS & GRAPPLER

DUMP
1500 -
L AIRLOGKN
- = —
= T pUMP DOWN
AIRLOCK
1000 | ‘ s - DUMP CABIN
PUMP DOWN CABIN
WEIGHT —‘._/__—_z—-  ™\\PUMP DOWN
(PEP;JALTY “\DUMP CABIN CABIN
kg
——  NO AIRLOCK
500 |- - === WITH AIRLOCK
0 . X ! 1 L | 5 ! ]
0 100 200 300 0 100 200 - --300 0 100 200 300
MAN HOURS
1776453 IVA ONLY IVA (90%) + EVA (10%) EVA ONLY EVA ONLY

Fig. 6-8 IVA vs EVA: Prelim Weight Penalty vs Man Hours for 3-Man Construction Mission
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IVA (80%) + EVA ONLY
IVA EVA (10%) ["BUMPT PUMP ON. |
ONLY | -DUMP CABIN| cABIN | cABIN
BASIC WEIGHTS (INCL EMERGENCIES)
MANIPULATORS 380 390 - -
GRAPPLER 60 50 50 50
OPEN CHERRY PICKER - - 340 340
VIEW DOME 20 20 - -
TANTALUM SHIELD - - 140 140
GEO SUIT - 324 304 324
LEO SUIT 258 - - -
ATMOSPHERE PUMP DOWN EQUIP. - - - 33
EMERGENCY ATMOSPHE RE 16 15 15 1
733 799 869 888
EXPENDABLES PER WORK SHIFT
ATMOSPHERE - 15 15 1

1776-454W

Fig. 6-9 IVA vs EVA: Detailed WT Penalties (kg) for Typical 2-Man Inspection/

Repair Mission

VA (90%) + EVAONLY
VA EVA (10% | DUMP | PUMP DN.
ONLY | -DUMP CABIN |CABIN | CABIN
BASIC WEIGHTS (INCL EMERGENCIES)
MANIPULATORS 474 474 - -
GRAPPLER 60 60 60 60
OPEN CHERRY PICKER - - 340 340
VIEW DOME 20 20 - -
TANTALUM SHIELD - - 340 340
GEO SUIT - 324 324 324
LEO SUIT 258 - - -
CABIN SUIT 8 8 8 8
ATMOSPHERE PUMP DOWN EQUIP _ - _ 44
EMERGENCY ATMOSPHERE 37 37 37 2
857 923 1109 1118
EXPENDABLES PER WORK SHIFT
ATMOSPHERE - 37 37 2

1776-455W

Fig. 6-10 1VA vs EVA: Detialed WT Penalties (kg) for Typical 3-Man

Construction Mission




REPLACEMENT QF MMS-TYPE MODULES REPRESENTS
A REALISTIC FUTURE TASK FOR GEO SERVICING

¢ MMS MODULE REPLACEMENT REQUIRES USE OF OCP. MMS
UNITS ARE TOU LARGE TO HAND CARAY FROM MOTV
STOWAGE AREA TO SATELLITE

o EVA EVENT TIMES ARE BASED ON NASA WATER TANK
TESTS, SKYLAB, AND MRWS DATA

@ IVA EVENT TIMES FOR MANIPULATOR OPERATIONS
ARE BASED ON PRINCETON “TOKAMAK"” AND LOS ALAMOS
EXPERIENCE WITH THIS PARTICULAR MANIPULATOR SYSTEM
1776-456W

Fig. 6-11 Productivity Considerations — Groundrules & Assumptions

NOTE: TASKS INCLUDE

100 PIN REMOVAL & REPLACEMENT,
[ WRENCH & SCREW TASKS, BOLTING
90 | & ALLIGNMENT
84
80 - BFR = BILATERAL FORCE REFLECTING
NFR = NON-FORCE REFLECTING
70} RMRC = RESOLVED MOTION RATE CONTROL
0 F
TIME
RATIO 90 F
40.2
40 b USED FOR
PRODUCTIVITY
30} COMPARISON
20 b
10+ 49 6 6.1-65
] 1 /M ™M ﬁ
HAND  EVA VA EVA VA IVA
SHIRT  APOLLO BFR GES NER RMRC
SLEEVES SUIT MANIP  SUIT MANIP  MANIP
1776-457W

Fig. 6-12 Times to Perform Typical Space Tasks
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DON EVA 8UITS

et cmtt——

DEPRESS CABIN

(61 MIN)

REMOVE & REPLACE
MMS MOD FROM

§/C & STOWOLD
MODULE

OPEN HATGH, RGRESS,
ATTACH TETHER &

TRAVERSE TO QEP

(0 MiN)

(64 MIN)

DETACH TETHER,
INGRESS, CLOSE HATCH
REPRESSURIZE CABIN &

REPEAT LAST
STEP TWO MORE

UNSTOW & €/0
oce

(20 MIN)

TIMES

{108 MIN)

STOW ocP &
TRAVERSE BACK

TO MOTV

(26 MIN)

TOTAL TIME = 308 MIN

54 + 108

REMOVE EVA SUITS PRODUCTIVITY = 308" 53%
(34 MIN)
1776-458W
Fig. 6:13 EVA Events & Times to Service Onec MMS Type Satellite
1.0 2.0 3.0 4.0
‘ MANEUVER =1 USE #2 MANIP REMOVE MODULE
——t C/0 MANIPULATOR

TYOP BOLT. HOLD

LOWER BOLT. HOLD.

RECEIVING RACK

{3 MIN) (5 MIN) {6 MIN) (5 MIN)
EVENT TIME
5.0 8.0 7.0 8.0
UNSTOW NEW MMS INSTALL NEW . REPEAT STEPS STOW MANIPULATORS
MODULE & MANEUVER MODULE & SECURE 2.07086.0 TWO & SHUTDOWN
TO SATELLITE TOP & BOTTOM BOLTS MORE TIMES CONTROL STATION
(7 MIN) (10 MIN) (64 MIN) {2 MIN)
TOTAL TIME = 101 MIN
96
PRODUCTIVITY & ww = 05%
1776.450W 101

Fig. 6-14

IVA Events & Times to Service One MMS Type Satellite




SINGLE SHIET WITH PHASING

9 =
PRODUCTIVE
. — _ TIME
TASK 7.8 53 HR
TIME, 4 }- a b L
HRS 24
) e
.y . A
;Y 71 NON-PROD.
"I L/ TIME
1.6 2 - 4 27 WR
L P> =
0 A ° '4 ’ i
IVA  EVA IVA EVA
1776-460W

Fig. 6-15 IVA/EVA Productivity Comparison For 2 Types of Taks

e IVA FOR MOST ANTICIPATED TASKS

-- BFR MANIPULATORS
- STABILIZER FOR BERTHING

o EVA FOR CONTINGENCY AND EMERGENCY OPERATIONS

- LEO SUITS & TETHER (2 REQ'D)
- IN-CABIN SUITS FOR 3RD CREWMAN
- EVA TOOL KIT

1776-461W
Fig. 6-16 1IVA/EVA Recommendations
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WGT DRY CAPSULE + CREW {kgl~

P4 (INGL STORM SHELTER)
[17) ) I —— - B [! o — i
|
! .82 “—r_ 3 MAN MISENS
Y] e Lo
R 62 | e e 7210 ;"s:?om
20 = CBR g e L = 2 e s s
R1 = DR . - - e e 423
voLume, | P18Y Em A ! -6 MISSIONS
m3 ER2 '
IN1
L[ ) ——— - - —t
|
o .
0 10 20 30
DURATION, DAYS
1776:414W
Fig. 6-17 Total Cabin Volumo vs Duration for 17 Missions
CAPSULE DRY WT vs NO. CREW vs DURATION CONSUMABLES vs MANDAYS
8000 p—

6000

4000

2000 (=

Q J

30 DAYS
(INCL. STORM SHELTER)

18 DAYS

1.5 DAYS CREW
TRANSFER TO GEO

1776-462W

NO. OF CREW

10

0 40
MANDAYS

T 600 -
2
]
w -
]
<
E 400|—
=}
2]
2
2
Q
&
W 200~
4 ‘ 1 1 1 _J
80

Fig, 6-18 Crew & Crew Capsule Weights




2 70,000 -
3 6 LNGHS
- 00,000 |-
6 LNGHS
60,000 I~ PAYLOAD DEPLOYED
. EXPENDABLE OTV
40,000 }-
PAYLOAD, ]
’ kg PAYLOAD DEPLOYED
HEUSABLE OTV
30,000 §-
20,000 |-
10,000 ¢~
0
0 ok \ | e
0 50,000 100,000 150,000 200,000
A UNMANNED OTV IGNITION WEIGHT, kg
1776.463W
Fig. 6-19 Unmanned OTV Paylnad Capability for Payload Loitering in LEO
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it

/0,000

DT M LNCHS
_ 40,000}

3DTHH LNCHS

PAYLOAD DEPLOYED

¥ EXPENDABLE OTV

' PAYLOAD DEPLOYED
30,000 REUSABLE OTV

PAYLOAD 233
(Kg)

§

20,000

i 10,000

1 . L 1 J
0 0 50,000 . 100,000 160,000 200,000

UNMANNED OTV IGNITION WEIGHT, kg

" 1776-464W

-\ Fig. 6-:20 Unmanned OTV Payload Capability for Ground Launched Payload
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L LG Rda T

. 30,000 (-
4 LNCHS (0 CORE PROPELLANT)

N 20,0004 PAYLOAD DEPLOYED

) REUSABLE OTV
N PAYLOAD,

.‘ kg

B LNCHS

10,000~ PAYLOAD ROUND TRIP

REUSABLE OTV

: 1

‘_‘. 0 ] i i ]

0 50,000 100,000 150,000 200,000

: UNMANNED OTV IGNITION WEIGHT, kg
N 1776-465W

‘ Fig. 6-21 Unmanned OTV Payload Cafmblllty for Ground Launched Payload
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7 - CONCLUSIONS & RECOMMENDATIONS

The pgeneric missions presented here represent a best estimate at this time of
manned misslon requirements for the future. As a design goal, the MOTV should en-
deavor to capture as many of these missions as possible within reasonable cost and
funding constraints. The MOTV configuration selected to support these generic
missions is u versatile, cost effective, design. It is capable of accomplishing nearly
all generie missions with minimum modification. Propulsively, propellant drop tanks
can be added to the propulsion core capability to handle the full range of payload
requirements. Similarly, the crew module can be kit modified at low cost and weight
panalty to accommodate a wide range of crew sizes, mission duration, and mission
dedicated hardware. Future studies should continue to develop this type of versatile
MOTV design.
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