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FOREVORD

This study was conducted for the Lyndon B. Johnson Space Center and directed by

Contracting Officer's Representative (COR), Mssrs. Reuben Taylor and Gordon Rysavy.

Grumman Aerospace Corporution's study manager was Mr. John Mockovciak Jr.

This final report is presented in seven volumes as follows:

Volume 1 - Executive Summary

Voiume 2 - Satellite and Services User Model

Volume 2A - Satellite and Services User Model - Appendix
Volume 3 - Service Equipment Requirements

Volime 3A - Service Equipment Requirements - Appendix
Volume 4 -~ Service Equipment Concepts

Volume 5 - Programmatics

This Appendix to Volume 3 - Service Equipment Requirements contains the func-

tional analyses of reference satellite missions (Appendix A), and level 1 on-orbit

service mission scenarics (Appendix B). The data presented was used to identify the

requirements and equipment needed for satellite services from the Orbiter.
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1.0 INTRODUCTION

Servicing equipment is required for satellite deployment, examination, retrieval
checkout, repair, maintenance, resupplying, reconfiguration, and earth return.
Five satellite missions have been analyzed in depth to identify service functions,
equipment, and related crew /setellite interfaces required to perform satellite

servicing. The following missions were analyzed:
e X-Ray Timing Explorer (XTE)
e Upper Atmosphere Research Satellite (UARS)
e Advanced X-Ray Astrophysics Facility (..XAF)

e Earth Gravity Field Survey Mission (GRAVSAT)

e Orbiting Astronomical Observatory (OAO) Retrieval.

Sateilite services equipment for the five missions have been grouped into common

functions in a table at the end of this appendix.
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2.0 REFERENCE SATELLITE:
X-RAY TIMING )
EXPLORER (XTE) L 7 s aven

'1=*¢:<\ /1”...&\

2.1 SPACECRAFT
DESCRIPTION AND
MISSION SEQUENCES

S il
el I

STATUS: Planned, two

spacecraft

LAUNCH DATE: 1986

STAR TRACKER ‘} \ \\
Sun omdm
LARGE ARCA PROPORT IOMAL /
. ] COUNTER -~ -~ - smn:::’um
LIFETIME: 2 years ‘ \\7\ l “\Qg aza. :

LAUNCH & TRANSFER

VEHCILES: Orbiter s i o Q)

o !
launched & integrated

K SOLAR ARRAY PANEL

X-RAY TIMING EXPLORER

propulsion

/’
SHUTTLE ( CRADUE ) PICK-UP POINTS J/

OPERATIONAL LOCATION: 0181030
400 km, 28.5° inclination

MASS AT OPERATIONAL LOCATION: 1000 kg
AVERAGE OPERATIONAL POWER: 600 W
OBJECTIVES:

To perform X-ray astronomy timing studies not addressed by experiments
aboard the High Energy Astronomy Observatory (HEAO) and the Advanced X-Ray
Astrophysics Facility (AXAF).

MISSION DESCRIPTION:

The spacecraft will be inserted into a 300 km circular orbit at 28.5° inclination
by the Space Shuttle and raised to and maintained at 400 km by its on-board
propulsion system. This orbit will minimize interference from the radiation belts,
while permitting easy deployment and retrieval. Communications for this mission
will be via the Tracking and Data Relay Satellite System (TDRSS) Multiple Access
System.
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INSTRUMENTS:

A Large Area Proportional Counter (LAPC) and All-Sky Monitor (ASM) or Wide

Field Camera will be used.

SERVICE NEEDS:

DEPLOYMENT | EXAMINATION [ RETRIEVAL SUPPORT EARTH
C/O REPAIR | MAINTENANCE | RESUPPLY | RECONFIGURATION | RETURN
PLANNED | POTENTIAL | PLANNED | POTENTIAL| POTENTIAL |POTENTIAL POTENTIAL PLANNED
R81-0181-001A(T)
REFERENCES:

e X-Ray Timing Explorer, GSFC, July 1980

e NASA Space Systems Technology Model, OAST, May 1980, A-10

A3



er
=
Ba
< 3
oo
oy
<,
Z 3
G o
€ u-
o O

NHN13H H1HVY3

—=3

N

AO01430-3H IJONVNILNIVIN

ION3IND3IS NOISSIW 31X

N @
g g2 4

QVA3IELIY
/ w00V

SNOILVHIJO HA Z
—

£

Ex!

sudi

tL)roo-zivt
Qve0-1910

HONNY

ANIWAOT430

NITONI G2 "W 00E
1NONI3IHD
tﬂuﬂ

Ad




EOLDOUT FRAME \

2.2 X-RAY TIMING EXPLORER MISSION OPERATIONS FUNCTIONAL ANALYSIS
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2.5 DESCRIPTION OF SERVICE EQUIPMENT

2.5.1 XTE Crew Service Equipment /Usage

Aft flight deck controls and displays are required to perform the following:

e Reposition service equipment in cargo bay for checkout, deployment,

retrieval, and servicing
e Orient XTE to release attitude and initiate release
e Initiate activation /deactivation of XTE power busses and subsystems*
e Deployment/folding of XTE appendages (solar arrays and TDRS antennas)*
e Initiate transfer of orbiter control alignment reference to XTE

e Initiate activation/deactivation of XTE command and data link* T ‘

e Initiate activation/deactivation and test of instruments*
e Initiate activation/deactivation and test of subsystems*
e Initiate XTE release signal

o Initiate active attitude control of XTE*

e Determine operational status after XTE deployment*
e TV display for MTV free flyer remote camera

e Install stabilization equipment for orbital storace (optional operation)

o Control MTV remote free flyer

e Control payload bay illumination.

Controls and displays requirements are dependent on resolution of:
o XTE operational verification, orbiter or POCC

o Use of remote free flyer (MTV) to perform inspection.

Control/display functions noted with an asterisk, (*), could be satellite-user con-
trolled from the ground via appropriate communication links provided for those

purposes, either through the Orbiter or through the satellite's communication
system,
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EMU usage is required during EVA for the following functions:

e Replacement of XTE subsystems and instruments

e Stowage of XTE subsystems ard instruments

e Transport of subsystems and instruments

e Repair of deployable appendages.

2.5.2 XTE - Integration Requirements for Servicing

XTE INTEGRATION REQUIREMENTS

ISSUES/RATIONALE

mechanism to orbiter support fixture

Grapple fixture located accessible to RMS
grapple and mounted on firm satellite
structure

Electrical power, control and data
connection to orbiter support fixture

Internal provisions to allow external
control, test and status monitoring of
appendages, subsystems and
instruments

Non-RCS attitude hold during Orbiter
separation

Provisions for safing propulsion and
RCS system. This includes expending
residue fuel and pressurants during
revisits

Provisions for (contingency) external
means of folding appendages

Accept signals to permit transfer of
Orbiter alignment reference to XTE

Inhibit RCS operation during deployment
and Orbiter separation. Provide other
means of attitude hold

Structural interface attachment and release

If appendage design is not compatible
with auto retraction, external release
for folding is required.
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2.5.2

\XTE - Integration Requirements for Scrvicing (Cont'd)

XTE INTEGR/ 'ION REQUIREMENTS

ISSUES/RATIONALE

Provisions for orbital storage

- accept environment protection covers/
shrouds as applicable

- attachment for passive stabilization

Attachments for subsystem, propulsion
and instrument modules that permit
removal and reinstallation

2.5.3

XTE - Service Equipment Requirements

n
[or—

SERVICE EQUIPMENT REQUIREMENTS

ISSUES/RATIONALE/REMARKS

Provide structural attachment of XTE to
the Orbiter cargo bay. This support
fixture shall provide lutches that allow
release and berthing of the XTE. It
shall permit deployment of appendages
and replacement of instruments, sub-
systems modules and propulsion

Provide electrical power, command and
data signal interface, as required, to the

XTE via the Orbiter support fixture

. Provide means of command and data

transfer from the AFD to the support
fixture

Provide covers, as necessary, to protect
the XTE from the space environment
during orbital storage

Provide passive stabilization equipment
to be attached to the XTE for orbital
storage

Provide tools, if required, to permit manual

deployment or storage of appendagcs

Provide an RMS snare to grapple the XTE

Provide means of holding & transporting
subsystem, propulsion. and instrument
modules from the XTE to storage location

HB1.0181-003A(T)
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i 2.5.3 XTE - Service Equipment Requirements (Cont'd)

SERVICE EQUIPMENT REQUIREMENTS ISSUES/RATIONALE/REMARKS

Make provisions for stowing the new &
used modules in the cargo bay

Make provisions for stowing special tools
required for servicing XTE

Provide cargo bey lighting to permit
servicing operations during dark side
passes. This requires illumination of the
XTE external surfaces

Provide a remotely controlled TV camera,
space maneuverable and/or EVA maneu-
vering system for XTE remote examination.
Also provide lighting for remote operations
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3.0 REFERENCE SATELLITE: UPPER ATMOS-
PHERIC RESEARCH SATELLITE (UARS)

(£
-

SPACECRAFT DESCRIPTION &
MISSION SEQUENCE

STATUS: Planned, two spacecraft
LAUNCH DATE: 1986
LIFETIME: 18 months

LAUNC!H & TRANSFER VEHICLES: Orbiter

launched and MMS prepulsion

OPERATIONAL LOCATION: 500 km,

56° inclination

0181-0370
TOTAL MASS AT OPERATIONAL
LOCATION . 3500 kg UPPER ATMOSPHERE RESEARCH SATELLITE TN
AVERAGE OPERATIONAL POWER: 10,0 W \
OBJECTIVES : AR

The initial mission of the Upper Atmospheric Research Satellite will be to study
the radiation, chemistry, and dynamics of the upper atmosphere at low, mid, and
moderately high altitudes and the coupling hetween these properties in order to
determine the seasonal correlations. Interaction and coupling between atinospheric

regions und process will be emphasized on this mission.
MISSION DESCRIPTION:

The satellite will be placed in a 56° inclination orbit at en altitude of about
500 km, providing adequate geographic coverage for many of the scieniific require-
ments. Processed scientific data will be transmitied to earth via TDRSS. The re-
trieval, reuse, and possible on-orbit refurbishment of the satellite will be accomplished

by the Shuttle in conjunction with the spacecraft's on-board propulsion system.
INSTRUMENTS:

UV spectrometer, Doppler interferometer, modulated gas cell radiometer, filter
radiometer, Nadir emi' —ion radiometer, emission radioni2ter, occulation radiometer,
UV airglow emission  »ctrometer, 1.27 micrometer-emmision spectrometer, far IR

spectrometer, laser heterodyne radiometer, microwave limb sounder.
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SERVICE NEEDS:

e
DEPLOYMENT | EXAMINATION| RETRIEVAL SUPPORT FARTH |
C /O REPAIR| MAINTENANCE | RESUPPLY | RECONFIGUKATION [ . ‘ “UIRN
PLANNED | POTENTIAL | PLANNED { POTENTIAL| POTENTIAL [POTENTIAL POTENTIAL PLANNED
R8'-0181-002A,7T)
REFERENCES:

e Upper Atmosphere Research Satellite Technical Report, GSFC, August 1979

e NASA Spacc Sysiems Technology Model, OAST, May 198G, E-T,

Al9

M



3ON3ND3S NOISSIA SHVYN
NHNL3Y H1YV3

(L)v00-2LvT

alLe60-1810

m@ f& 1“&
AOd30-34H

JONVNILNIVN

INIWAOTN4I0

NOILVYNITONI
.95 "W 00E
IVYAIIHLIY
-
=

1NOMD3HD
/ SNOILYNITONI
0L 8 ,95 "W 005

SNOILYHIdO HA Z-L

aA20

SHal

R,




R RN TR,

Ll

E;

I

[/
*

1

-

§

e
W

"

Wissiins)
L]

L4

Wiy
¥

3.2 UARS MISSION OPERATIONS FUNCTIONAL ANALYSIS
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5 / 6 /
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OPEN CARGO EXAMINE
BAY SUPPURT ! (ATTACHED) OR REPAIR
STRUCTURE BAY DOORS
7
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INSTRUMENTS|
UARS
STATUS OR RESUPPLY
MONITOR
RECONFIG —O@J
1472005(T) -
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]
b
y ORBITAL oRBITAL xFER| | UARS SAFING y 4
DEPLOY XFER SPACE FOR ORBITER
3 EXAMINE
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7
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DEPLOY L o) STORAGE |~ ORBITER DUE FUEL &
{NON-OP) {300 km) RENDEZVOUS PRESSURANT
T
CLOSE
EARTH ISOLATION
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Fig. 3.2 UARS Mission Operations Functionsl Analysis
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Fig. 3.3 UARS Seruicing Operations Functional Analysis
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3.5 DESCRIPTION OF SERVICE EQUIPMENT

3.5.1 UARS Crew Service Equipment/Usage

Aft flight deck controls and displays are required to perform the following:

e Reposition service equipment in the cargo bay during checkout, deployment,

retrieval and servicing

e Initiate activation/deactivation of UARS power busses and subsystems*

e Deployment/folding of UARS appendages (solar arrays, TDRS antenna, and

microwave scanning antennas)¥*
e Initiate transfer of Orbiter alignment reference to UARS gyros
e Initiate activation/deactivation of UARS command and data link*
e Initiate activation/deactivation and test of instruments* -
e Initiate UARS release signal
e Determination of operational status after UARS deployment*
e TV display for MTV free flyer remote camera
e Controls for MTV remote free flyer
e Controls and displays requirements are dependent on resolution of:
- UARS release approach, RMS or flight support equipment T
- UARS operational verification, Orbiter or POCC
- Use of remote free flyer (MTV) to perform inspection.

Control/display functions noted with an asterisk, (*), could be satellite-user con-
trolled from the ground via appropriate communication links provided for those pur-
poses, either through the Orbiter or through the satellite's communication system.

EMU usage is required during EVA for the following functions:
o Replacement of UARS subsystems and instruments

e Stowage of UARS subsystems and instruments

e Transport of subsystems and instruments

e Repair of deployable appendages.
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3.5.2

UARS - Integration Requirements for Servicing

UARS INTEGRATION REQUIREMENTS

ISSUES/RATIONALE

i Y i

PROTaT

Structural interface attachment to Orbiter
support fixture

Grapple fixture located accessible to
grapple and mounted on firm satellite
structure

Hlectrical power, control and data con-
nection to support fixture

Internal provisions to allow external
centrol end status monitoring of appen-
cages subsystems and instruments

Provisions for safing propulsion and
RCS systewr. This includes expending
residue fucl and pressurant during
revisits

Pro sisicns for (contingency) cxternal
means of folding appendages

Accept signals to permit transfer of
Orbiter alignment reference to UARS

gyros

Inhibit RCS operation during deployment
and Orbiter separation. Provide other
means of attitude hold

Provisions for orbital storage
accept environmental protection
- covers/shrouds as applicable
- attachment for passive stabilization

Attachments for subsysigm, propulsion
and instrument modules that permit re-
moval and reinstallation

If appendage design is not compatible
with auto retraction, external
release for folding is required.

PRI IR R AR P Sy

o Soiioin o iosa B ok




3.5.3 UARS Service Equipment Requirements

SUPPORT EQUIPMENT REQUIREMENTS ISSUES/RATIONALE/REMARKS

Provide structural attachment of UARS to Reference documentation describes de-

the Orbiter cargo bay. This support ployment of appendage while attached

fixture shall provide latches that allow to the RMS and maneuvered clear of ;
release and berthing of the UARS. It the cargo bay. Requirements for a
shall permit deployment of appendages module exch..age are not satisfied, :
and replacement of instruments. sub- therefore, a holding fixture is
systems, modules and propulsion. Equip- specified. ‘f

ment replacement may require the capa-
bility to rotate the UARS about its
longitudinal axis

Provide elecirical power, command and
data signal interface as required to the
UARS via the Orbiter support fixture

Provide meens of command & data transfer
from the AFD to the Orbiter support
fixture

Provide covers, as necessary, to protect
the UARS from the space environment
during orbital storage

Provide passive stabilization equipment
to be attached to the UARS for orbital
storage

Provide remotely controlled camera or
EVA maneuver aids

Provide tools, if required, to permit manual
deployment or stowage of appendages

Provide an RMS snare to grapple the | |
UARS : D

Provide means of hoiding & transporting
subsystem, propulsion and instrument
modules from the UARS to stowage
location

Make provisions for stowing the new &
used modules in the cargo bay ) 4

Make provisions for stowing special tools
required for servicing UARS

Provide for stowage of (instrument) cryo-

: genic dewar & transport to UARS Depending on selection of approach to
. ) replenish instrument cryogenics, one re-
: Provide for stowage of replacement cryo- quirement can be deleted.

genic tanks & transport to UARS

RA1-0181-004A(T)
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4.0 REFERENCE SATELLITE: ADVANCED X-RAY ASTROPHYSICS FACILITY (AXAF)
4.1 SPACECRAFT DESCRIPTION & MISSION SEQUENCE

STATUS: Planned, one spacecraft
LAUNCH DATE: 1987

LIFETIME: 10-15 years

LAUNCH AND TRANSFER
VEHICLES: Shuttle plus one
OMS kit

OPERATIONAL LOCATION: 460 km

orbit, inclination 28.5°

TOTAL MASS AT OPERATIONAL
LOCATION: 10,000 kg

AVERAGE OPERATIONAL
POWER: 900 W

0181-100D

OBJECTIVES:

The Advanced X-Ray Astrophysics Facilitv (AXAF) will serve as an x-ray
astrophysics facility to complement visual and radio observations made from the ground
and from space observatories such as the Space Telescope. The basic objectives are
to determine the positions of x-ray sources, their physical properties (ie: composition

and structure) and the processes involved in x-ray photon production.

.

MISSION DESCRIPTION:

AXAF is a free-flying, Shuttle-launched spacecraft designed to view celestial
x-ray sources. The facility has a 1.2 meter diameter Wolter type I mirror assembly
which has a 0.5 arc sec resolution geal. Instrumei ts using this mirror assembly are
mounted in a rotating carousel at the focal plane. AXAF is being designed for on-orbit
repair and instrument changeouts. Recovery for ground refurbishment and avionics

redundance are planned to achieve a 10 to 15 year lifetime.
INSTRUMENTS:

High and low resolution x-ray imagers; high, medium, and low resolution dis-

persive spectrometers; x-ray polarimeter,
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SERVICE NEEDS:

DEPLOYMENT | EXAMINATION| RETRIEVAL SUPPORT EARTH
C /0O REPAIR | MAINTENANCE | RESUPPLY | RECONFIGURATION | RETURN
PLANNED POTENTIAL PLANNED | POTENTIAL| POTENTIAL |POTENTIAL POTENTIAL PLANNED
R81-0181-005A(T)
REFERENCES:

e Advanced X-Ray Astrophysics Facility, MSFC, May 1978

e NASA Space Systems Technology Model, OAST, Ma, 1980, A-9.
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4.2 ADVANCED X-RAY ASTROPHYSICS FACILITY MISSION OPERATIONS

FUNCTIONAL ANALYSIS

HEATER POWER
(GYROS &
INSTRUMENTS)

AXAF STATUS
MONITOR

FOLDOUT FRAMR /

1
LAUNCH > ORBITER AXAF
& ASCENT OPERATIONS CHECKOUT
AXAF CARGO
BAY SUPPORT 825"0%‘52?
STRUCTURE

—

e
EXAMINE
(ATTACHED)

7

OR MAINTENANCE|
’8

é—ﬁ RESUPPLY

NS

; DEPY

(org
TION

y’

REPAIR

10,/
DEPL

(NON

ATIC

RECONFIGURE

P T o T T N A T




PAIR

ENANCE

PPLY

FIGURE

RETRIEVAL

7 3
AXAF SAFING
DEPLOYMENT g:‘;%i TIONS FOR ORBITER EXAMINE
(OPERA- opERAT! RENDE2VOUS : ’ (REMOTE)
TIONAL) {POCC CONT)
V4
DEPLOYMENT SPACE GRBITER 3‘35':325 s
OR {NON-OPER- STORAGE RENDEZVOUS| | |& PRESSURANT
ATIONAL) {450 km)
T
; CLOSE
EARTH ISOLATION
RETURN VALVES

Fig. 4.2 Advenced X-Ray Astrophysics Facility Mission
Operstions

Functional Anslysie

FOLDOUT FRang, a
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1472-009(T)

i
POSITION AXAF POSITION AXAF EXTE
ACTIVATE -XTEND
TO ALLOW EX- TO ALLOW SOLAR
CHECKOUT TENSIONOF |1 ACCESS FOR POWER v [
. BUSSES ARRAYS
APPENDAGES SERVICING
EXTEND OPERATE VERIFY INST VERIFY FOCAL ACTIVATE &
TDRS APERTURE _— COOLING SvS == PLAN ASSY et VERIFY HEALTH
ANTENNAS DOOR INTEGRITY CAROUSEL OPS OF SUBSYSTEMS
TRANSF .
VERIFY HEALTH TROL Af.'é,ﬁ_o“ ACTIVATE
OF MENT REF COMMAND &
INSTRUMENTS FROM ORBITER DATA LINK
2
; INITIATE STAND-OFF
DEPLOYM ORIENT AXAF
(Axkg OPEE:)T TO RELEASE RELEASE :gl::'\;SDE L—- OPERATIONAL
AXAF VERIFICATION
ATTITUDE CONTROL
I QR
3
/ DETERMINE DETERMINE
EXAMINE PROVIDE AXAF EXTERNAL
(REMOTE) ILLUMINATION STABILITY CONFIGURATION
| SR, —
4; CONFIGURE BERTH/SECURE
DEACTIVATE
RETRIEVAL ORBITER TO ORBITER AXAF TO —  AXAF
RECEIVE AXAF GRAPPLE/DOCK CARGO BAY
| -
5
EXAMINE PROVIDE E:?'E“A:iL
(ATTACHED) [ iLLUMINATION CONEIGURATION
|67 MANUAL/REMOTE
REPAIR DEACTIVATE RELEASE OF
(UNCAGE APPLICABLE —1 AFFECTED
APPENDAGES) SUBSYSTEMI(S) APPENDAGE
S
GLEOUT ERANYG




- S —_
EXTEND ; MAINTENANCE PROVIDE PROVIDE RELEASE STOW S/S
SOLAR (REPLACE joased  ACCESS TO S/S S/S HANDLING S/SMODULE  |==={ MODULE IN
ARRAYS $/S MODULE) MODULE(S! EQUIPMENT FROM AXAF CARGO BAY
 S——— —
] ACTIVATE & REMOVE NEW ATTACH
z VERIFY HEALTH S!S MODULE i NEW S/S MODULE
OF SUBSYSTEMS FROM STOWAGE TO AXAF
s
RESUPPLY PROVIDE PROVIDE RELEASE STOW PROP
(REPLACE PROP ===  ACCESS TO PROP HANDLING PROPULSION MODULE IN
IF REQUIRED) PROPULSION EOU!PMENT FROM AXAF CARGO BAY
STAND-OFF REMOVE NEW ATTACH NEW
OPERATIONAL PROP MODULE —— PROP MCDULE
VERIFICATION FROM STOWAGE TO AXAF
; RECONFIG/ PROVIDE ROTATE PROVIDE RELEASE INST
; MAINTENANCE L] ACCESS TO AXAF | CAROUSEL TO INST HANDLING MODULE FROM
: (REPLACE INST INSTRUMENTS AFFECTED INST EQUIPMENT AXAF
: MODULE)
ST VE NEW
DEACTIVATE oW INST - REMOVE ATTACH NEW
MODULE IN INST MODULE INST MODU
§ AXAF CARGO BAY FROM STOWAGE LE
1
; CONFIGURE PROVIDE
DEPLOYMENT | | INSTRUMENT STow 25:32““ PROTECTION
{NON-OPER) FOR ORBITAL EXTERNAL ABLE ™1 frROM SPACE
STORAGE APPENDAGES SUBSYSTEMS ENVIRONMENT
b ————
INSTALL ORIENT AXAF
PASSIVE beed  TO RELEASE "‘E:jfsf
l STABILIZATION ATTITUDE AX
CONFIGURE STOW AXAF
gé?g:u AXAF FOR IN CARGO
STOWAGE BAY

Fig. 4.3 Advanced X-Ray Astrophysics Facility (AXAF)
Servicing Functionsl Anelysis
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4.5 DESCRIPTION OF SERVICE EQUIPMENT

4.5,1 AXAF Crew Service Requirements/Usage

Aft flight deck controls and displays are required to perform the following functions:

® Reposition service equipment in the cargo bay for checkout, deployment,
retrieval and servicing

e Initiate activation/deactivation of AXAF power busses, subsystems and

instruments*

e Deploy/fold AXAF appendages, i.e., solar arrays, TDRS antenna

and aperture door (if not constrained by contamination requirements)*
e Control rotation of axial instruments carousel*
® Control and monitor parasitic heat load*
e Initiate transfer of orbiter alignment reference to AXAF
e Initiate activation/deactivation of AXAF command and data link*
e Initiate verification tests of instruments and subsystems*
e Initiate AXAF release signal
® Determine operational status after AXAF deployment*
e Initiate RCS attitude control at safe separation distance (200 feet)*

e Initiate deployment, activation, deactivation and retraction of non-

contaminating ACG system
e Initiate Orbiter support fixture for AXAF retrieval
e Activate supplementary cargo bay illumination
e Control maneuvering of MTV remote free flyer
e TV display for MTV free flyer remote camera.
Control and display requirements are dependant on resolution of:
e AXAF release approach; RMS or flight support fixture
o AXAF operational verification; orbiter or POCC
e Use of remote free flyer for inspection

e Need for orbiter non-contaminating ALS to minimize AXAF contamination of
optical surfaces.
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Control/display functions noted with an asterisk, (*) could be satellite-user con-
trolled from the ground via appropriate communication links provided for those pur-
poses, either through the Orbiter or through the satellite's communication system.

EMU usage is required during EVA for the following functions:

Replacement of AXAF subsystems

Stowage of AXAF subsystems and instruments

Transportation of AXAF subsystems and instruments

Repair of deployable appendages.

and instruments
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4.5.2 AXAF Integration Requirements for Servicing

AXAF INTEGRATION REQUIREMENTS

ISSUES/RATIONALE/REMARKS

Structural and electrical attachment to
Orbiter support fixture

Electrical power, control and data
connection to support fixture interface

Internal provisions to allow external
control and status monitoring of
appendages, subsystems and
instruments

Provisions for (contingency) external
means of folding appendages

Accept test signals and provide data
to permit analysis of instrument
operation

Accept external input for carousel
rotation

Accept Orbiter alignment reference

Grapple fixture located accessible to
RMS grapple and mounted on firm
satellite structure

Provide means of non-RCS attitude hold
during Orbiter separation. Accept and
process RCS operational activation

signal

Accept and process RF operational
verification commands and provide
operational data

Provisions for safing RCS/propulsion as
applicable (cexpend residue fuel and
pressurant) during revisits

Equipment modules access for
replacement

If appendage design is not compatible
with auto retraction, external

release for deployment/folding is
required.

Doors, if required.
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4.5.2 AXAF Integration Requirements for Servicing (Cont'd)

AXAF INTEGRATION REQUIREMENTS

ISSUES/RATIONALE /REMARKS

Attachments for subsystem and instru-
meat modules that permit removal and
reinstallation

Provisions for attaching orbital storage
equipment

- accept environmental covers/shrouds
- attachment for passive stabilization

AS52




4.5.3 AXAF Service Equipment Requirements

SERVICE EQUIPMENT REQUIREMENTS ISSUES/RATIONALE/REMARKS

oy ay

Provide structural attachment of the

; AXAF to the Orbiter cargo bay. This
support fixture shall provide latches
that allow release and berthing of the

{‘ AXAF. It shall permit deployment of

¥

appendages and replacement of instru-
ments and subsystem modules. Equip-
ment replacement may require the capa-
bility to rotate the AXAF about its
longitudinal axis and tilt to be within
crew /RMS reach

LI—
s

Provide electrical power, command and
data signal interface as required to the
AXAF via the Orbiter support fixture

Provide means of command and data
transfer from the AFD to the Orbiter
: support fixture

Provide control panel/displays in the AFD
to allow crew control of the support
equipment and AXAF while attached to
the Orbiter

Provide cargo bay lighting to permit
servicing operations during dark side
passes. This requires illumination of
the AXAF external surfaces and inside
the AXAF instrument and subsystem
access areas

P

Wiy

Provide a non-contamination attitude
control system for Orbiter use when
- contamination sensitive instruments

‘ are serviced
- Provide covers/shields as necessary to

H protect the AXAF from the space environ-

.- ment during orbital storage

- Provide passive stabilization equipment to
. é; be attached to the AXAF for Orbital

storage

. - .

3 Provide a remotely controlled TV camera

and/or EVA maneuvering aids for AXAF
examination while attached to the cargo
bay

I
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4.5.3 AXAF Service Equipment Requirements (Cont'd)

SERVICE EQUIPMENT REQUIREMENTS

ISSUES/RATIONALE /REMARKS

Provide tools, if required, to permit manual
deployment or stowage of appendages

Provide an RMS snare to grapple the AXAF

Provide a remotely controlled TV camera
(MTV), space maneuverable and/or EVA
maneuvering system for AXAF examina-
tion remotely from the Orbiter. Also,
provide lighting for remote operations

Provide means of holding and trans-
porting subsystem and instrument mod-
ules from the AXAF to storage

Make provisions for stowing new and used
modules in the cargo bay

Make provisions for stowing special tools
required for servicing AXAF

Ad4
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5.0 REFERENCE SATELLITE: Earth Gravity Field Survey Mission (GRAVSAT)

5.1 SPACECRAFT DESCRIPTION AND MISSION SEQUENCE

STATUS: Planned, 2 spacecraft

LAUNCH DATE: 1985

LIFETIME: 7 months

LAUNCH AND TRANSFER VEHICLES: Orbiter and integral prop

OPERATIONAL LOCATION: 160 km, 90° inclination

MASS AT OPERATIONAL LOCATION: 1600 kg

AVERAGE OPERATIONAL POWER: 210 W
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NOBJECTIVES:

A dedicated Earth Gravity Field Survey Mission (GRAVSAT) will sense the
gravity field fine structure and thus provide knowledge and understanding of (1)
the origin and structure of geological features on the Earth's surface, (2) the me-
chanical properties of the Earth's lithospheric plates and the forces which drive their
motion, and (3) the large-scale circulation of the oceans and major current systems

by the determination of an improved ocean geoid.
MISSION DESCRIPTION:

The mission plan is to release two free flying satellites from the Orbiter in a
300 km polar orbit. They will transfer to the same low saliitude (approximately 160 km)
circular, for a 6-month period. The tracking of one satellite following another in this
low orbit about the Earth yields Doppler data which, after analysis, provides informa-

tion about the Earth's gravitational field.
INSTRUMENTS:

GRAVSAT is unusual in that the spacecraft is the instrument itself; as such,
there is no separate instrument module. The spacecraft reacts to normal orbital body
forces (gravity) and the surface forces associated with a low altitude spacecraft
(drag and solar pressure). Within the spacecraft, at the center of its mass, is a
sensing system which includes a free-floating ball that reacts only to body forces.
The system senses motion between the bali and the rest ot the spacecraft and provides
a signal to a propulsion system that accelerates the spacecraft in a manner so that the

spacecraft closely approximates a zero surface force orbit.

SERVICE NEEDS:

DEPLOYMENT | EXAMINATION| RETRIEVAL SUPPORT EARTH

C/O0 REPAIR [ MAINTENANCE | RESUPPLY | RECONFIGURATION RFTURN

PLANNED POTENTIAL | POTENTIAL | POTENTIAL POTENTIAL POTENTIAL
R81-0181-008A(T)

REFERENCES:

e Preliminary Execution Phase Project Plan for Gravity Satellite, GSFC,
November 1980

® NASA Space Systems Technology Model, OAST, May '980, R-4.
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3.2 GRAVSAT MISSION OPERATIONS FUNCTIONAL ANALYSIS
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EXAMINE |
ATTACHED
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2/ S/C SAFING 3
ORBIT XFER SPACE ORBITAL XFER| | FOR ORBITER EXAMINE
. -+ 160 k
OePLOY =P ?ggcc ggN_'" || OPERATIONS |—p'60~ TBD km |} RENDEZVOUS L" RETRIEVAL

(POCC {POCC CON- {REMOTE)
TROL (6 MONTHS) CONTROL) TROL

EXPEND RESI-
DUE FUEL &
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RETURN

CLOSE
ISOLATION
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Fig- 5.2 GRAVSAT Misnsion Operations Functionsl Analysis
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ANEUVERS

) L —

C/O REPAIR STOW DETERMINE EFFECT
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RELEASE MECH) MALFUNCTION

7/
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Fig. 5.3 GRAVSAT Servicing Operations Functional
Analysis

A60

< FOeLDoyT Fiing,




2aN3IX1J
a1ddead aoj Suniunow 3 Asvq
03480 Y}IM S90BJa9IUL /S OM}
10} arpeao jazoddns aplaodd

Aevq o3avo wodj
9A0WAI § I[PBJD
9/s arddead

‘QINY 231vaadO

suorjeaado
1893 DOO0d £AJBA

suoryeaado
191 DDOd AJLIRA

saduanbas

1893 DOOd
£q paambaa se
I211QI(0 ISANSUBHY

suonysaado
1591 000d AJuaA

I92}1QJQ JIANSUBY

Keq

03aed woaj d[peId
D/S }O [BAOWAJ
pue arddead Sy

ezmzwoéﬁ
A

Jomod
3 DGO HABD AJLIdA

SJOSU3S B
3 UuozIIOY ‘SO0JAd
0/D % 21BATOY

JaAnausu
193110 AQ S09Ssld
0/0D B 91BATIOV

swajsAs aarddog
0/D B 91BALIDY

SS¥alL
0] SO1 pueg-S MoO[[e
0] JI9}1q20 UONIISOd

(0/D)
LNOMOIHD
I

INIWAINdI ADIAYIS HILIFY0

LAVEDdOVdS LVSAVHD

M3dO

NOILONNA

A61

SLNANTYINOTY ONIOIAYIS LVSAVYD 40 NOILLVOIAILNAAI 76

P~
-

™ s ‘ 4 4 - 1 1 : b ' ' . ‘ . ' . % o ' " 4 ; . )
? "ii L2 Sy [ T— Fipv— [, [a——— P P Frogvrrfh §oipmecif ’%3* ?,é { ?}{f”




wajisds Surrdanausw VAT
10 AL JOJ UOI}BUIWN[[I dPLAOI]

$aYyo}8] 24N}
-deo uoaalduoi 03 sutd 3unsw
3 juswudI[B 30BJJIDIUL I[PBID

D/S yum
908BjJI93UI 0} WSIUBYOIW
2SEJ[ad I[PBID IPIAOA]

sassed apIs NJIBp
Bulanp Ajelowaa
uoreUIWN[I [0IIU0D

Buryoyer
a18aado § ademols
Keq odaeo 01 SWYH

Y1IM J[PBJIO JdANBUBHY

asealad )/ WIFuo)

000d woJay suory
-onuajut aad SIWH

BIA D/S J9ANdUBY

suorysaado
152} D004 AjLaep

suoneaado
1591 DD0d AJLIPA

SYdL o1 SO 107 SINY
¥ I9}1QIQ JIPANDUB[Y

uorIBUIWN[[I dPIACI]

(ILOWAY)

mz_sé%
3

3[pBID MO1Q

3[pBJID WOJ) 3Sseadjad
J/S puewwod 59H0d

apniijje aseaad
0} D/S ustaQ

[euoryeaado
S/S Ajtaap

[OJ1U0D 3apninie
9l8All0o® DD0d

SSYAL ©} J/S uduQ

INIWAINOT IDIAYIAS HILIFHUO

LAVEDIOVdS LVSAVHD

MIHD

NOILONNA

(4(LNOD) SLNINFYINDIY ONIDIAYES LVSAVHD 40 NOILVOIALLNAULI bF°S

ABZ




sayoje] aanideo %
aanjonays duryjaag -jusawdmba
durylaaq psaqioajuod Ajdjowady

LVSAVYHD
atddead 03 aavus aplaoag

LVSAVYD 1daooe o} papraoad
wsiueydaw Uoilullad/sa2ydler]

walsAs 3urraanausw YAH 10
AL DP@II0I1U0D A[dj0Wad 9plaodd

woalsAs Jurrsanausw YAF J0
AL POII0d31u0d A[2j0WaJ d9PLAOI]

sayolef Suiyjaaq o}
20BJJI2IUL [BANIONIIS
*saaanausw 3uryiasq
Buranp juaosamnboy

aiddead aoj aanixy
alqeis aplaodd

sjuaa
doad pajjoajuoco
A1@jowaa aplaoad

UOT}UD]dJ BIPBID YIIM
21q118dWwod JUBWYDBIIY

UOI}BAI}OBID

D/S 000d Ajuap
‘Sdd.L o1 SOT O/S
19110 JI2ANdUBK

LVSAVHD Uigaq
0} juswdinba
ajouad [043U0H

juswidinba Burid
-dead ajowaa [013U0)D

duyyes
000d £J1aaA

uado sayojel
a[pBJID AJlIdA
Jo uado vATq
BLA JO A[d)0UWidy

uonIpuod A}IIqels
LYSAVYD M3IA

D0D0d woaj uorn}
-BULIOJUI BAI3IAJI IO
uonpuod A3Iqels
LYSAVYD MIIA

LVSAVYD 218AllORBA(Q

LVYSAVYHD uUlaag

LVSAVYD arddean

[eAd1a18a
10} O/S 948

LVSAVYD J0]
a[prJaO 2aedaag

_ TVAJIYdLIH
_ 14

uo13BANSIJUCD [BUIDIXD
LVSAVYD aurwaalaQqg

Aanqess
LVSAVYD dutwaalaqg

ININAINOA IDIAYIS YILIFHO

LAVHDIDVdS LVYSAVHD

M3dD

NOILONNA

i ¥

3 W% Pag “a;a’ "%;sﬁ ?ﬁisi._x- S [Rr—

(A, LNOD) SLNIWIHUINOIY DONIDIAYAS LVSAVYD 40O NOILVOIALLNAAL ¥°§

A63




S[00} aplaodd
juawdinba
158} 40/ pUB S[00} 3pPrAOId

sayole[
aanided uoaaduo] o0} suid 3unjew
3 juswuldi[e 308JIIIUL d[pRI)D

Sple J9ANdUBW YAH JO BUL3WED
poa[[0d1U0d A[9j0Widd 9pLAOId

VAT 40 AL

aredaa
VAd J0] SUOISIAOd]

1893} 8 uorjoadsul
nwaad 03 sadevjasiu]

saanpoadoxd aredaa
VAT wxojaad

VAd 40 A[ojowaa
189} 11INDJIO JO/ pus
Suruorjounj [8do1UB

-yoauw 3}onpuo)

dutyoie]

WJIIJuod 3 agemols
Aeq o8aeo 03
9IPBJD JIBANSUBN

WSIuBYOoaW juau
-yoeile § uoljwan
-2[Juoo [BUJd}IXd
LVSAYHD MITA

sassed

aredada 10931y

uonounjeW jo
asned auIwaalaq

3a[pBID MO1g

(HOdW dSVIATIYH
47avad 2/8)
d1vddd 0/0

9

uorjeandijuod
[BUJID]1Xd autwexy

A64

_ :,”.ﬁ

apis jyavp Juranp
djowad JOJ UOIIBUIWN[[I dPIAOCIJ — UOI}IBUIWN{[I [0A}U0)) ucnysulwN(l @praoayg
(QIHOVLILY)
mz:éﬁ
G
LNANINOT ADIAYAS HALIGHO LAVHDIOVdS LVSAVHD MIHD NOILONNO4A

(0WILNOD) SLNINFTYINDIY DNIDIAYAS LVSAVYD A0 NOILVOIJILNAALI b°¢




. aw YW,

sdumy/sdwepd apraoayg

uorlualad jo sueaw g Leq ofawo
ur Jemap Jo a8emolg -afemols
031 uorysjrodsued) aplaoag

3urrdnoo yuey Juiseajsa
% 3ulp[oy JO sueaw apiaodd

orodaadAy
dunioajuod jo sueaw apraoag

LVSAVYHD 01 aemap Burliodsusa)
% 3uIp[oy Jo suBaw 3plAOIg

uoljualad Jo sueaw 3 Aeq o8aeod

s3umiy
/sduieio 1daooy

110d [[13 apraoad

sdurny
/sdiugo umop

pP1oYy [[eisu]

judwdinba
adeols pue
uorjelaodsusa;
ajeaado/[0ajuo)

Burnidnooun
a1saado/[oa1u0)

sorjodaodAy
Jo Moy joxjuon

dmmba uornjeqeisur
9a1eaado/[0a1U0)

juowdinba [eAowaa

a[peID
0} LVSAVYD 2andag

NYNLIY mhmﬁ
8

ue} molg

jug} afdnoouqy

soro8asdAy
0] MO[j [0d}1U0)

(s)¥uey uorsindoad
01 juejl yoelly

ademols wouj

ur yuej jo ademols aplaoad ——— ajeaadoy[oa1uo) quel Aiddns aaowoy
NOISINdoyd
A'lddns1y
L
INIWINDT FDIAYAS HALIFHO LAVYDIdDVIS LVSAVYUD MIdud NOILDNNA

e )

"

s j [
L) frmmny $ommony

14
e

(QLLNOD) SILNIWIYINOAHY ONIDIAYIAS LVSAVUD 40O NOILVOIAILNAQI

"

b

w e w

18

i ¥
ﬁm__ﬁa,, ] Wiy

A65

[

+ +
W g




5.5 DESCRIPTION OF SERVICE EQUIPMENT

5.5.1 GRAVSAT Crew Service Requirements/Usage

Aft flight deck controls and displays are required to perform the following:

e Cargo bay cradle latching/release

e Control cargo bay auxiliary lighting for berthing and examining GRAVSAT and

stowing cradle

e TV display for MTV free flyer remote camera

e Controls for remote free flyer.

EMU interfaces are required for the following:

e Test equipment and tools required for repair activities.

5.5.2 GRAVSAT Integration Requirements for Servicing

GRAVSAT INTEGRATION REQUIREMENTS

ISSUES/RATIONALE/REMARKS

Structural interface attachments to cradle
fixture

Interfaces to permit inspection/repair

Fill port to replenish propellant
Provisions for safing propulsion/RCS sys-
tem. This includes expending residual

fuel and pressurant during a revisit

Grapple fixture accessible to RMS grapple
and mounted on firm satellite structure




-

W

5.5.3

GRAVSAT - Service Equipment Requirements

SERVICE EQUIPMENT REQUIREMENTS

ISSUES/RATIONALE/REMARKS

Provide structural attachment of GRAVSAT
cradle to the Orbiter cargo bay. This
cradle shall be provided with interfaces
to cargo bay latches to permit removal
and reinstallation during orbital opera-
tions. It shall also provide a grapple
fixture for RMS attachment. Attachment
and interfaces for 2 GRAVSAT satel-
lites shall be provided. Mechanisms
shall be provided for reinstallation of
the GRAVSATS

Provide cargo bay illumination for
cradle stowage, S/C berthing, examina-
tion and repair operations

Provide an RMS end effector to grapple
the GRAVSAT

Provide signal interfaces between sup-
port equipment and AFD

Provide a remotely controlled camera
(MTV) or EVA maneuver aids for cargo
bay examination operations

Provide tools, as required, for servicing
operations

Provide a remotely controlled free flyer
(MTV) with a TV camera and lights for
remote examination

Provide stowage of propellant supply tank
in cargo bay

Provide transport for the supply tank
from storage to the spacecraft

Provide controls for transfer of pro-
pcllant and attachment of supply to the
GRAVSAT

Propellant resupply is dependent on
Orbiter retrieval operations at low alti-
tude (160 km) or the GRAVSAT trans-
ferring to a higher orbit acceptable to
Orbiter operations.
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6.0 REFERENCE SATELLITE: ORBITING ASTRONOMICAL OBSERVATORY (OAO)

6.1 SPACECRAFT DESCRIPTION AND MISSION SEQUENCE

E
STATUS: Uncooperative spacecraft
NORAD catalogue satellite Number 2142
\
LAUNCH DATE: 1966 :

LIFETIME: Undetermined

LLAUNCH & TRANSFLER VEHICLE:
Atlas Centaur

OPERATIONAL LOCATION: 800 km
35 inclination

MASS AT OPERATIONAL LOCATION :
1900 kg

AVERAGE OPERATIONAL POWER:

Not applicable
OBJECTIVES: Not applicable |
MISSICN DESCRIPTION: Not applicable l
INSTRUMENTS: Not applicable
SERVICE NEEDS: Retrieval and earth return
REFERENCES:

e Systems Design Manual OAO Spacecraft 4, GAC, October 1971
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6.5 DESCRIPTION OF SERVICE EQUIPMENT

6.5.1 Crew Service Requirements/Usage

Aft flight deck controls and displays are required to perform the following functions:
e Close proximity flight operations controls for VSS
e Controls f.r cargo bay holding fixture if operation is not performed EVA

e Controls for cargo bay stowage equipment if operation is not performed
EVA

e Remote controls for grapple equipment
e Rcmote controls for berthing equipment
e Controls for cargo bay auxiliary lighting.
EMU interface: are required for the following functions:
e Positioning and operation of holding fixture/clamping mechanism
e Preparation and operation of OAO stowage
& Folding/removal operations of appendages
e Securing/stowage of appendages

e Transport of equipment.
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6.5.2 Service Equipment Requirements

SERVICE EQUIPMENT REQUIREMENTS

ISSUES/RATIONALE/REMARKS

Provide Versatile Service Stage (VSS)
with a capability to retrieve the OAO
and transport it to Orbiter

Grapple fixture mounted on VSS and lo-
cated accessible to grappler

Electrical power control, and data
connection on VSS to interface with
support fixture

Internal provisions to allow VSS retrac-
tion of TDRS antenna and control of
subsystems

VSS accept signal to permit trans’v} - °
Orbiter state vector/alignment

VSS rendezvous capability with an
uncooperative satellite

NMeans of VSS grappling on unstable
OAO and holding it securely for trans-
portation to Orbiter

Provision for safing VSS propulsion
(i.e., venting)

VSS attached structure compatible with
cargo bay support struciure

VSS acquiescent during deployment and
berthing operations

Provide support fixture to hold the VSS
in the cargo bay during launch, on
orbit and earth return

Provide mechanical latching mechanism,
guides, etc., to permit release and
berthing of the VSS

Provide electrical interfaces on the
support fixture for power, signal and

data transfer

Sticky pads could attach to polished
aluminum outer skin panels.

During retrieval, the OAOQO is attached
to the VSS; a means of holding the com-
bined VSS/OAO is therefore required.
The OAO could subsequently be re-
moved and stowed in another fixture.
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6.5.2

Service Equipment Requirements (Cont'd)

SERVICE EQUIPMENT REQUIREMENTS

ISSUES/RATIONALE/REMARKS

Provide a snare (RMS) to grapple the
VSS and remotely controlled berthing

equipment

Provide auxiliary cargo bay lighting as
required for ber'hing and stowing
operations

Provide means of dumping OAO pneu-
matic system nitrogen

Provide retention of the OAO during
Earth return and landing

Provide stowage for appendages and
tools

Provide tools for releasing appendage
deployment mechanism or cutters as
required

Provide for transportation of appen-
dages to stowage

If OAO structural attachment points
not available, may require containment
inside a "casket".
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7.0 REFERENCE SATELLITE MISSIONS-SERVICE EQUIPMENT GROUPS

The following table identifies the service functions/equipment surfaced for the

five reference satellite missions, in terms of equipment groupings.

M
J—

SERVICE EQUIPMENT GROUPS

/ &
T
%)
:u/o?é“@o
& ~
kgvgg

STRUCTURAL SUPPORT

Deployment Fixture

Spin Table

Berthing Fixture

Docking Module

Debris Stowage

Replacement Module Stowage

Tool Stowage

End Effectors Stowage

REMOTE CONTROL FREE FLYER

Inspection

Satellite Stabilization

.
°

o Retrieval
e “arth Entry
°

mstrumentation Platform

MANNED FREE FLYER

e Inspection
¢ Repair
e Lquipment Transport

e Assembly
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<
. SERVICE EQUIPMENT GROUPS (CONT'D) <l B io
| SEEHE
X/9[<[Z/O
. RMS END EFFECTORS
‘ e Equipment Transport e o o °
e Equ‘pment Exchange o o o
e Personnel Transport o o o
e Satellite Retrieval/Deployment e o o o o
e RMS Extender
e Dexterous Manipulator
CONTROL AND DIAGNOSTIC EQUIPMENT
: e Aft Flight Deck ® o o o o
e Payload Bay
EVA SUPPORT
e Work Site Restraints e o o o o
]
® Traverse Aids e o o o o
FLUID /GASES REPLACEMENT /TRANSFER
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