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FOREWORD

This study was conducted for the Lyndon B. Johnson Space Center and directed by
Contracting Officer's Representatives (COR), Mssrs. Reuben Taylor and Gordon
Rysavy. Grumman Aerospace Corporation's study manager was Mr, John Mockoveiak Jr,

This final report is pregented in seven volumes:

Volume 1 -~ Executive Summary

Volume 2 - Satellite and Services User Model

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

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

Volume 5 - Programmatics

Volume 3 contains the requirements for on-orbit satellite service equipment
associated with Orbiter service operations. Appendices A and B contain functional
analyses and on-orbit service mission scenarios that were used to identify requirements
and the equipment needed for satellite services. The equipment requirements contained
herein also identify the related spacecraft and crew interface requirements.
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ACRONYMS
Abbreviations and acronyms used frequently throughout the Satellite Services
System Analysis Study (SSSAS) are defined as follows:
ACS - Attitude Control System
AFD - Aft Flight Deck
ASM - All Sky Monitor
AXAF - Advanced X-Ray Astrophysies Facility
CCTV - Closed Circuit Television |
C & DH - Command & Data Handling
C & DL - Command & Data Link
C/C = Checkout
DDT&E - Design, Development, Test & Evaluation
DoD - Department of Defense
DOF - Degrees of Freedom
EMU - Extra-Vehicular Mobility Unit
EVA - Extra Vehicular Activity
FSS - Flight Support System
GAC - Grumman Aerospace Corporation -
GEO - Geosynchronous Earth Orbit
GRAVSAT - Earth Gravity Field Survey Mission
GRO - Gamma Ray Observatory
GSE - Ground Supjport Equipment
HEAO - High Energy Astronomy Obsgrvatory
HPA - Handling & Positioning Aid

IR - Infrared

e ———t



IRAD - Independent Research and Development
[US - Inertial Upper Stage

IVA - Internal Velilnular Activity

JSC - Johnson Space Center

KSC - Kennedy Space Center

LAPC - Large Area Proportional Counter

LASS - Large Amplitude Space Simulator

LASSII - Low Altitude Satellite Studies of lonospheric Irregularities
LEO - Low Earth Orbit

LOS - Line-0Of-Sight

MDF - Manipulator Development Facility

MFR - Manipulator Foot Restraint

MMS - Multimission Modular Spacecraft

MMU - Manned Maneuvering Unit

MRV - Manned Reconnaissance Vehicle

MTV - Mansuverable Television -
NOSS - Nation'al Oceanic Satellite System

OAQ - Orbiting Astronomical Observatory

OBC - Onboard Checkout

OCC - Operations Control Center

OCP - Open Cherry Picker

OMNS - Orbital Manet;vering System

PAM A - Payload Assist Module (type) A

PAM D - Payload A.ssist Module (type) D

PIDA - Payload Installation & Deployment Aid

PM I/II - MMS Propulsion Module I & II

POCC - Payload Operations Control Center

viii



POM - Proximity Operations Module
R B.CS - Reaction Control System
RMS - Remote Manipulating Sy;tem
ROM - Rough Order of Magnitude
S/C - Spacecraft
SExI - System Engineering & Integration
SMM - Solar Maximum Mission
SRM - Solid Rocket Motor
SSS - Satellite Services System
SSSAS - Satellite Services System Analysis Study
$/S - Subsystem
S/SUM =~ Satellite and Services User Model
STE - Special Test Equipment
STS - Space Transportation System,
TDRS(S) - Tracking & Data Relay Satellite (System)
TMS - Teleoperator Maneuvering System
TV = Television
UARS - Upper Atmospheric Research Satellite
UV - Ultraviolet

V8S - Versatile Seryice Stage
WBS ~ Work Breakdown Structure

WETF -~ Weightless Environment Training Facility

WIF - Water Immersion Facility

WRU - Work Restraint Unit

ks g v XTE - X~Ray Timing Explorer
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1 - SERVICE SYSTEM PRt GRAM REQUIREMENTS

e Tho satellite service system requirements shall be based on functions and
operational tasks in support of three primary mission events: initial launch,
revisits, and earth return. Within these mission events the applicable service
functions, as shown in Fig. 1~1, ghall be considered,

MISSION EVENTS

A INITIAL LAUNCH
O REVISITS

v EARTH RETURN
R81:0101:001(T)

NOMINAL SERVICE FUNCTIONS

DEPLOY | EXAM | RETRIEVAL HE&%}HN C%%QI'K. MAINT SL?P%LY RECONFIG
® *
. ) ® . ] . .
® [ ®

Fig. 1+1 Mission Events/Service Function Relationships

e Service requirements on or near the Orbiter (within a few kilometers) will be

emphasized

e Requirements in the 1983-88 time frame receive primary consideration, although
potential requirements in the 1988~93 time frame shall also be considered

e Equipment related requirements for crew and spacecraft interfaces shall be

identified

#» 'The service equipment shall be capable of being transported to and from orbit in
the Space Shuttle Orbiter

e Service equipment shall be reusable and have multiple flight capability with
appropriate between-flight maintenance as required

e Service equipment shall be standardized (to the extent practical) and designed
for generic use with various classes of spacecraft

1-1/1-2
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2 =~ SERVICE EQUIPMENT MISSION REQUIREMENTS

2.1 ON=-ORBII' OPERATIONS
2,1,1 Standardization

Where practical, the on-orbit operations associated with initial launeh, revisits,
and earth return shall be performed using the same procedures and utilizing the same
types of cquipment.

2,1.2 Orbit Equipment

The servicing equipment shall operate at all LEO orbital inclinations and altitudes.
The equipment design shall permit operations during both daylight and dark-side
passes.

2.1.3 Operationa

Service equipment shall be capable of intermittent operation during 30~day space
missions. Periodic maintenance shall extend operational life to ten years.

2.%Z SATELLITE CLASSES

'The satellite classes to be considered in formulating service equipment needs and
requirements are shown in Fig. 2-1.

The satellite classes are defined as follows:

e Direct Delivery/Servicing Those satellites capable of direct delivery to
orbit and/or servicing by the Orbiter

e LEO/Propulsion Those satellites whose LEO operational altitude
is above the Orbiter's nominal delivery orbit

o GEO Satellites Those satellites destined for GEO that are
deployed in LEO by the Orhiter. Does not
include DoD satellites

e B T
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Fig, 21 Satollite Classes
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e Planetary/Others Spacecraft destined for planetary migsions that

are deployed in LEO by the Orbiter. Addition-
ally, undefinable satellite/payloads as might
presently be carried as reflight opportunities
in the ST'S manifest are also grouped herein

¢ Sorties/DoD " Sortie missions (e.g., Spacelab flights) and

DoD Orbiter flights are grouped herein., To

- retain the unclassified nature of this study,
only publicly-known information relating to
DoD flights or payloads is carried in
Grumman'sg Satellite User Model.

2,3 REFERENCE SATELLITE MISSIONS

The following satellite class9s/spacecraft have been used as typical satellite
references for supporting the development of servicing equipment requirements:

K]

Direct Delivery/Servi: i1

Gamma Ray Observatory (GRO)

Low Altitude Satellite Studies of lonospheric Irregularities (LASSII)
Advanced %-Ray Astrophysics Facility (AXAF)

Earth Gravity Field Survey Mission (GRAVSA'T)

LEO/Propulsion

X-Ray Timing Explorer (XTE)

Landsat D'

Upper Atmospheric Research Satellite (UARS)
National Oceanic Satellite System (NOSS)

H

Geosynchronous
- Simultaneous Astronomical Mission
~ Intelsat

Orbital Debris
- Orbiting Astronomical Observatory (OAO)

- Solar Maximum Mission (SMM)
- Large Debris.

2-3/2-4
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3 - SERVICE EQUIPMENT USAGE AND REQUIREMENTS

3.1 EQUIPMENT IDENTIFICATION METHODOLOGY

3.1.1 Functional Analysis

Figure 3.1-1 illustrates the functional analysis methodology that was used to
initially identify service needs and related crew and satellite interactions. Five
referance satellites were analyzed:

e X~-Ray Timing Explorer

e Upper Atmosphere Research Satellite

MISSION OPERATIONS

FUNCTIONAL
L—I}EF} ’“""*?  ANALYSIS
? HEFEHE?‘CES O ‘RO ‘ﬂﬂ[:}
SATELLITES (L . SERVICING
(| OPERATIONS

"CREW SATELLITE SERVICE

INTERACTION FEATURES NEEDS I'D’D
e A o V) famedin NNSOSU AN nmnn,
B e SR | TN T . g @DDDD
e e~ apnd e
= | | === | =—==| mooo
s PN NN ——e N

F stanpaRDIZE |
ON-ORBIT OPERATIONS |

FOR

L | SATELLITE CLASSES |

- R81-0181-003(T)

- Fig. 3.1-1 Initial Methodology
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» Advanced X-Ray Astrophysics Facility
o GRAVSAT A
e Urbiting Astronomical Observatory.

Appendix A contains the detailed functional analysis of the five reference satellites
indicated. The analysis showed that the same or similar functions are needed for a
number of different spacecraft. Consequently, the same items of servicing equipment
could be designed to support a number of spacecraft,

These functional analyses suggested that standardization of on-orbit service opera-
tions and service equipment usage appears reasonable. We, therefore, turned our atten-
tion toward developing standardized, on-orbit servicing scenarios for the various satel-
lite classes identified in our Satellite and Services User Model (S/SUM). The scenarios
were then used as the basis for identifying service equipment needs and on-orbit usage.

3.1.2 bDevelopment of On-Orbit Operations Scenarios

Appendix B contains the compilation of on-orbit servicing scenarios that have been
developed for initial launch, revisit, and earth return. In developing the on-orbit oper-
ations servicing scenarios, the following fundamental goals or objectives were sought:

e Standardize on-orbit service operations
- e.g., checkout, servicing, deployment performed from a single Orbiter location
- standardize satellite interfaces/checkout approach

e Maximize use of existing equipment and that under development
o Enhance utilization of STS to satellite users
- Minimize service equipment user charges and cost of on-orbit opef'htions
o Multipurpose equipment usage
o High equipment usage
0o Minimize on~orbit service time
- Maximize mission success prospects
o Satellites in fully operational condition before deployment
o Improved attitude/state vector information
o Sun-impingement protection with payload bay doors open

o Provide for orbital storage in event of malfunctions.

3-2
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‘I'o accomplish these goals, our approach involved an examination of a broad spec-
trum of potential servicing scenarios to surface the likely service equipment needs.

Within
[ ]

these scenarios are considerations of the following:
Nominal*/alternate scenarios

RMS inoperative situations

Backups for hangup of mechanical devices
Contamination-sensitive satellites; retrieval/servicing

Orbiter plume impingement/satellite control implications during close proximity
operations.

Additionally, the following assumptions were made in developing the on-orbit opera-
tions scenarios:

Status monitoring, checkout, activation/deactivation of satellites is user
controlled (satellite communications via Orbiter S-band or satellite's
communications system, as appropriate)

Minimize Orbiter status/checkout involvement
- Power (as required)
~ Overall health (extent tbd, but standardized for all satellites)

- Go/No-Go for deployment and servicing verification/effectiveness is satellite
user decision

Satellite deployment is via Orbiter command
EVA is acceptable service mode

MTV usage

- Record LEO/GEO upper stage firings

- Examine all satellites prior to Orbiter capture/berthing

Compare RMS/tilt table (FSS cradle A') usage with RMS/Handling and Positioning
Aid "PA) for initial launch, revisit, and earth return

Satellite separation AV during deployment imparted by RMS or HPA

*Nominal scenarios use existing service equipment such as Remote Manipulator
Sys, *Flight Support System Tilt Table, PAM~A, PAM-D, etc.

3~3



e Consider various close proximity operations

~  Orbiter closure

-~ UClean" vehicle closure from 1000 ft separation
- Versatile Service Stage closure
o All unmanned vehicle closures are controlled by the Orbiter crew

e Orbiter safety considerations

- Satellite RCS firings >200 ft separation
- Liquid rocket engine firings >2700 ft separation
- Solid rocket engine firings OMS separation burn required to assure

Orbiter exit of hazard envelope

® Uncooperative STS-era satellites assumed capturable via RMS/grapple
techniques

- High tumble rates assumed as "debris situation."

3.1.3 Service Equipment Identification Process

The overall methodology used in identifying the satellite service equipment is illus-
trated in Fig. 3.1-2. A matrix of servicing scenarios was initially developed for the pri-
mary mission events: initial launch, revisit, and earth return. Within the matrix were

reflected the applicable satellite classes, nominal and alternate modes of operation, con-
tingency situations (as RMS inoperative), end potential close proximity operations.
Level~1 on-orbit operations scenarios, representing sequences-of-events, were devel~
oped for a sufficient number of cases in each servicing scenarios matrix in order to rea-
sonably project equipment usage for the total matrix. Over twenty percent of the 180
scenarios considered within the matrix of mission events were developed in sequence-of-
events fashion. Tre final step involved a compilation of the equipment utilization for
each of the scenarios represented in the initial launch, revisit, and earth return mat-
rices. The service equipment identification process, reported herein, was supported by
Grumman's Independent Research and Development (IRAD) efforts.

3.2 SERVICE EQUIPMENT USAGE ANALYSIS

3.2.1 Initial Launch

Figure 3.2~1 shows the matrix of initial l4unch scenarios considered in the study
and identifies thirty-four scenarios potentially applicable for deployment. 'The sce-

3-4
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narios noted with numerical designations (e.g., D1, D2, ete.) represent those for which
Level 1 sequences-of-events were prepared and are provided in Appendix B.

' 2§ P ——————
SATELLITE CLASSES . MATRIX AT

EARTH RETURN

e DIRECT DELIVERY

G =
REVISIT W - -
e LEO/PROPULSION ’ZWZ?ZD' INITIAL LAUNGH olole s o=
e GEO/PROPULSION NN ololo[ol2)° — =
(A= = -
NOM| b bl o~
e SORTIES ~—|o|0|oio|s|o]o]® ::: - - r
~—|olslole|o|e/e|elslole NN
f‘ff ARRARAAR o|o|e ON-ORBIT OPERATIONS
~—~|glale|o(ole|olo - EQPT NEEDS
~ OPERAT'L USAGE

EQUIPMENT UTILIZATION

INITIAL LAUNCH REVISIT EARTH RETURN
ALTERNATE ~—— ALTERNATE ~— ALTERNATE ~—~—
NOMINAL ~s NOMINAL NOMINAL ~—~r
E'QT M EQT bl b b E;IT oo
—— lo|olole|olelole]q!” Moooaoaoow': ~—~lolololcloinlele|el®le
A lolel (¢ |@®] |@] |P|® r~~~lol|s] 0|8 |Oj0] |® Sanand plole| |0 jo] |®
~~| [o[o]o]e]a]s] [HL| ~—|o| lo] |o]e] o2 ]® ~~lo| lo[o|o oo:.t:_
A lalo|ole| |alele ‘ ~=| lolojel |ejole] ~—lele]| iojelo] |e
| AU AL BENEY

R61-0181:004(T)
Fig. 3.1-2 Service Equipment Identification Process

The Direct Delivery class payloads consider both multiple Orbiter payload deploy-
ments and a single large payload (e.g., Space Telescope and Advanced X-Ray Astro-
physics Facility (AXAF)). The LEO/Propulsion satellite class includes an integral pro-
pulsion stage (as applicable to MMS~type satellites) and a Versatile Service Stage (e.g.,
Teleoperator Maneuvering System (TMS)) with two options: stage mating on the ground

s and stage mating on-orbit. The GEO/Propulsion class includes considerations of solid
and liquid upper stages, the solids reflecting usage of IUS, PAM-A, and PAM-D. The

deployment scenarios also consider nominal and alternate cases, RMS inoperative situa-

\ tions, and the applicable close proximity operations. (The VSS is the active vehicle

: returning/closing with the Orbiter after delivering a satellite to its operational orbit.)

: Nominal scenarios reflect use of existing equipment as RMS and the FSS Cradle A' Tilt

| Table; alternate scenarios reflect usage of the RMS in conjunction with a Handling and

3-5
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Positioning Aid (HPA). Additionally, all secenarios include backups for hangup of
mechanical devices.

3.2.1.1 Nominal Initial Launch Scenarios = RMS and/or RMS/Tilt Table Usage

The nominal series of scenarios, referred to in the Initial Launch-Deployment
Scenarios matrix (Fig. 3.2-1), represents scenarios in which the RMS is used to deploy
payloads from the Orbiter, and/or serves to support a deployment operation involving a
Tilt Table (e.g., FSS Cradle A') or payload deployment devices as PAM~A and D. As
shown in the Initial Launch-Deployment Scenarios matrix, eleven Level-1 sequences-of-
events were prepared (D-1, D-2, D-5, D~6, D~13, D~9, D-11, D-15, D-16, D-17, D-18)
to aid in surfacing equipment utilizations. The D1 and D2 scenarios are highlighted in

Fig. 3.2-1 as they will be addressed further to illustrate the technique used to identify
service equipments/usage.

AYLOAD CLASS DIRECT DELIVERY LEO/PROPULSION GEO}'PBOFOLSION
& -
ATEGORY] INTEGRAL VEBSATILE SERVICE STAGE]  SOLID STAGES LIQSTAGE
SCENARIO MULTIPLE | LARGE | PROPULSION | 5TG MATING | 5TG MATING| JUS| PAM-A | PAM.D T8D
PAYLOADS | PAYLOAD STAGE ON GRD ON ORBIT SPINNER| SPINNER

o NOMINAL (AMS
AND/OR RMS/
TILT TABLE
USAGE)

* RMS D6 ® ® ®
INOPERATIVE @ e d e ®

DB D13 D9 D1 p6[ 017 D18 ®
D10

CLOSE PROXIMITY

ors NONE "CLEAN' VS5 CLOSES NONE
* ALTERNATE D:3 D:7 D14 0-10 D12 ® D9 ®
(RMS/HPA USAGE) : 1
& RMS D4 D8 e ® ® @ ® ®
INOPERATIVE
CLOSE PROXIMITY
o NONE “CLEAN" VSSCLOSES NONE
(1rAD) D-N = SCENARIOS COMI'LETED

RB1:0181-005(T)

Fig. 3.2-1 Initial Launch — Deployment Scer arios
(all scenarios include backups for hangup of mechanical devices)

3-6
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Figure 3.2-2 illustrates a simplified form of the D1 Level~1 on-orbit sequence~of-
events for the direct delivery payload class, multiple payload deployment, and primary
RMS usage situation. The service equipment needs associated with a particular event
shown in the figure are highlighted. Note that the first event calls for:

e Retention Structure
e Remote Manipulator System (RMS)
o AFD Controls/Displays for satellite checkout.
The backup situations have also identified equipment needs, namely:
e Manipulator Foot Restraint (MFR) to cover retention latch hangups

e MMU/WRU with a stabilizer attachment to assist a potential satellite appendage

hangup.
e RETN STR
e RMS
e C&D-RMS
CONTR
e C&D-C/O =

1= u./ TN ﬂ:—/l_;m;' ; lr\
o oo LS @ O T —

RMS ATTACH SATELLITE ACTIVATION
]
® 9 ®
APPENDAGE DEPLOYMENT SATELLITE RELEASE
MMU/WRU
MFR/RMS A | wstaB
R = [ — 3™
E LiLJL. E )
LATCH HANGUP APPENDAGE HANGUP

§S EQPT

6
d

RB81-0181-006(T)

Fig. 3.2-2 D1 Initial Launch Sequence —~ Direct Dealivery Payload Class — Multiple Payloads — RMS Usage
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The equipment vsage segment of the nominal scenario (RMS and/or RMS and tilt table
usage) addressing the B-1 scenario is highlighted in Fig, 3,2-3, within the overall for-
mat being used to identify equipment utilization for all the scenarios applicable to this
nominal (RMS and/or RMS and Tilt Table usage) case, The Level-1 sequence-of-events
identifies the primary and backup service equipment needed for the D-1 scenario. Addi-
tionally, optional service equipment is also applicable, at the discretion of the satellite
user. This optional equipment consists of:

¢ Sun Shield - to provide solar impingement protection to a satellite with the
Orbiter's payload bay doors open

e Orbital Storage - to enable the satellite user to leave the spacecraft on orbit for
subsequent revisit/repair in the event of a malfunction detected prior to deploy-
ment, The orbital storage mode obviates the need to return the satellite to
earth and relaunch, incurring additional launch costs

PAYLOAD CLASS | DIRECT DELIVERY LEO/PROPULSION GEG/PROPULSION
& I INTEGRAL | VERSATILE SERVICE STAGE SOLID STAGES LIQ STAGE
ATEGORY| MULTIPLE | LARGE | pRropuLSION [ STG MATING | STG MATING PAMA | PAMD | yap
EQUIPMENT PAYLOADS | PAYLOAD STAGE ON GRD ON ORBIT 1Us SPINNER | SPINNER
"
NOMINAL
 RETENTION STRUC: ®
TURE
e TILT TABLE
o SPIN TABLE
e PIDA
o RMS ®
¢ MFR/RMS O+
* Yirior
c
oMWY ) e wisTaBL| o
LIZER
e HPA
o MTV
e VSS— W/DELY/RENDEZ
W/RMS o
WiC'KOUT @
* AFD—C&D | wicL PROX CONT
OPTIONAL
e SUN SHIELD 'Y
e OHBITAL STORAGE eV
e ATTITUDE TRANS. ®
FER PKG
e LIGHTING ENHANCE: o)
MENT
CODE: @ PRIMEUSAGE  O% SECOND o-—o} ONE UNIT v MMU/WRU REQD
O BACKUP MMUWRU REQD @—O REQD * EVA VIA HANDRAILS
OPTIONAL

R81-0181-007(T)

Fig. 3.2-3 D1 — Initlal Launch — Equipment Utilization Summary — RMS and/or RMS/Tilt Table Usage
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» Attitude Transfer Package = to provide improved attitude and state vector
information to the satellite

e Lighting Enhancemont needs could apply in all situations involving EVA; thus,
where EVA is shown as a backup need (with MFR/RMS, for example) it is also
reflected as a backup in the optional equipment category.

Figure 3.2-4 {s identical to Fig, 3.2~1 but now highlights the strip of ten individual
scenarios applicable to the nominal (RMS and/or RMS/'1'ilt Table usage) scenarios. This
is done to further illustrate the equipment identification techniquesr and to aequaint the
reader with the format for the equipment utilization summary cherts that follow in this

report.

DIRECT DELIVERY L.EO/PROPULSION GEQ/PROPULSION
NTEGRAL VERSATILE SERVICE STAGE|  SOLID STAGES LIQ STAGE
v TEGRA
SCENARIO MULTIPLE | LARGE | PROPULSION | STG MATING | STG MATING | iUS| PAM.A | PAMD TBD
PAYLOADS | PAYLOAD|  STAGE ON GRD ON ORBIT SPINNER| SPINNER
® NOMINAL (RMS D DB D13 o3 ] 0IB] D7 D.18 ®
AND/OR RMS D16
TILT TABLE
USAGE)
o AMS D:2 D @ ®
INOPERATIVE g ® o o o
CLOSE PROXIMITY
oPs MONE "CLEAN" VSS CLOSES ~ NONE
® ALTERNATE D3 D7 D14 D10 D12 ® D18 (]
{AMS/HPA USAGE) .
® RMS D-4 D8 ) ® ® ® @ ®
INOPERATIVE
CLOSE PROXIMITY
oPs NONE “CLEAN" VSS CLOSES NONE

RB1.0181.008(T)

Flig. 3.2-4 Initial Launch — Deployment Scenarios — Nominal Scenario Emphasis — RMS and/or

RMS/TIit Table Keige
{all scenarios include backups for hangup of machanical devicos)
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Figure 3,2=5 now shows the equipment utilization summary that rofleets the service
equipment usage for the nominal ten scenarios highlighted in Fig, 3.2-4. In addition,
the Level=1 sequonce-of~events (e.g., D=1, D=5, ote.), which were prepared to surface
the equipment identifications, are nlso identified on the figure. Their equipment
utilizations can be correlated with the sconarios found in Appendix B.

Figure 3.2-5 identifies the nominal, optional, and backup service equipment
applicable to these initial launch scenarios for the satellite classes/catoegories shown,
wherein the principal equipment usage involves an RMS and/or FSS Cradle A' Tilt Table,
Note that an MFR/RMS appears as a backup for all scenarios, although EVA via handrails
could also be used, The MMU/WRU with stabilizer adaption appears on four scenarios.
In consonange with our original assumptions, an MTV is deployed to view and record sll
propulsion stage firings and thus appears on seven scenarios, Exclusive of AFD

1 GD & @ 6D

PAYLOAD CLASS | DIRECT DELIVERY LEO/PROPULSION : GEO/PROPULSION
- ATEGORY "INTEGBAL |_VERSATILE SERVICE BTAGE SOLID STAGES LIQSTAGE
MULTIPLE | LARGE | ppopuLSION |~ STG MATING | STG MATING PAMA | PAMD '
EQUIPMENT PAYLOADS | PAYLOAD |  sTAGE ON GRD ONORBIT | 1US | spiNNER| SPINNER| TOF
NOMINAL
¢ RETENTION STRUL: ] 0
ToRe I I I I
o TILT TABLE ®
o SPIN TABLE
® PIDA ®
¢ RMS ® ® °® ® ° ® o} o} ®
¢ MFR/RMS o O« O o o)) O« O o+ O+
e,
® MMU 3 o wisTABI
IWRU { tiZeR o o} o e}
o HPA
* MTV * ® ® ® ® @ ®
® V55~ W/DELY/RENDEZ ® @
(3 S NS NS 3 - -
* AFD - C&D mﬁ. PROX CONT ® 3 : ® ® 'Y ®
OPTIONAL
o SUN SHIELD ® ® ® ® ® ® ™ ®
o ORBITAL STORAGE oy ® P * ° o | o oV | oV
o AU1iTURE TRANS. ® ® ™ ® ® o e ®
FER PKG
¢ LIGHTING ENHANCE. 1) o) o} o o o}
MENT

CODE: @ PRIME USAGE  OF SECOND 0—0 } onEunT Y MMUMWRU REQD
O BACKUP MMUMWRU REQD ~ @—O * EVA VIA HANDRAILS OPTIONAL

 APPENDIX B SCENARIO
R81-0181.009(T)

Fig. 3,2-5 Initial Launch ~ Equipment Utilization Summary — Nominal Scenario — RMS and/or
RMS/Tlit Table Usago
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Controls/Displays and opticnal equipment, between three and six items of servieo equip=
ment are necded to cover these initial launch scenarios,

Figure 3.2-6 illustrates the simplificd form of the D=2 Level~1 on-orbit sequence=
of»avents for the direct delivery payload class, multiple payload deployment, with an
RMS-inoperative situation. The service equipment neods associated with a particular
ovent shown in the figure are highlighted. Note that the first ovent calls for:

e Ratention Structure
o MMU/WRU with RMS ond effector adaptinn

e AFD Controls/Displays for satellito checkout,
The backup situations have also identified equipment needs, namely:

» MMU/WRU with stabilizer to cover retention latech hangups, or EVA via handrails
could be employed

e A second MMU/WRU with stabilizer which would be needed to assist a potential
satellite appendage hangup while the first MMU/WRU with end effector maintains
the stability of the satellite.

o ® RETEN STH| © E]
e MMU/WRU -
’ W/END EFF
== s C&D-C/O -
f @ Lawd LJ ) (2) D ,L_"..':.:l
MMU/WRU ATTACH SATELLITE ACTIVATION

LN )
,/ o == “‘5 MMU/WRU W
bt/ W/STAB MMU/WRU
g \Q’ /,/ LJLJLJ

LATCH HANGUP APPENDAGE HANGUP

R81-0181-010(T) @

0247:357{TD)
Fig. 3.2-6 D2 — Nominal Initial Launch Seenario ~ Direct Dalivery Payload Class — Multiple
Paylcads — RMS Inoperative
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The equipment usage segment of the D=2 RMS~inoperative scenario is highlighved in
Fig. 3.,2=7, Note that a second MMU/WRU would be needed to also support the orbital
storage option, However, since the nominal equipment complement would contain two

MMU/WRUs, the orbital storage option could be accomplished within the basic scenario's
complement of equipment.,

GD

PAYLOAD CLASS |  DIRECT DELIVERY LEO/PROPULSION GEO/PROPULBION
B rEaony INTEGRAL | VERSATILE SERVICE STAGE 8OLID STAGES  [LIOSTAGI
» MULTIPLE | LARGE | ppopyLsioN |“5TG MATING | ST0 MATING oAMA | PAMD
EQUIPMENT PAYLOADS | PAYLOAD | gyt ONGRD | ONORBIT | 1S | spiNNen |spinnen | TBP
NOMINAL
» NETENTION STRUG: )
TURE
* TILT TABLE
o 6PIN TABLE
» PIDA
* AMS
» MFR/RMS
{” Brrecr
* MMU '\ o W/STABI. Iz
AL P
* HPA
s M7V
® V88 - W/DELY/RENDEZ
W/RMS
¢ )
* AFD - 8D {mcnl.( PROX CoNT
OPTIONAL
o SUNSHIELD ®
o ORBITALSTORAGE |  ®VV
o ATTITUDE THANS. °
FER PKG
o LIGHTINGENHANCE]  ®-O
MENT
CODE: @ PHIMEUSAGE * EVA VIAHANDRAILS O% SECOND 2.0 } ONEUNIT v MMUMWRU REQD
O BACKUP OPTIONAL MMUMWRU REGD ®—Of ReaD  +/ 4/ SECOND MMU/WRU REQD

R81-01831-011(T)

Fig. 3,2-7 D2 — Initial Launch — Equipment Utilization Summary — Nominal Sconario — RMS and/or
RMS/Tiit Table Usage ~ RMS Inoperative
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Figure 3.2-8 now highlights the strip of nine individual scenarios applicable to this
. RMS~-inoperative situation for the various satellite classes/categories shown in the origi-
nal initial launch deployment scenarios matrix (Ref: Fig. 3,2-1),

AYLOAD CLASS | DIRECT DELIVERY LEC/PROPULSION GEO/PROPULSION
%‘ATEGORY " VERSATILE SERVICE STAGE|  SOLID STAGES LIQ STAGE
‘ TEGRAL ~
SCENARIO MULTIPLE | LARGE | PROPULSION | STG MATING | STG MATING| IUS| PAM.A | PAM-D TBD
; PAYLOADS | PAYLOAD|  STAGE ON GRD ON ORBIT SPINNER]| SPINNER
i * NOMINAL (RMS D1 D6 D13 D9 D1 DAS{ DA7 D18 ®
; . AND/OR RMS D-16
TILT TABLE
USAGE) v
. Rmso PERATIVE D-2 D6 ® () ® ® ® © ®
‘Mm
CLOSE PROXIMITY
oPS NONE "CLEAN" V$S CLOSES NONE
e ALTERNATE D3 D7 D-14 D-10 D12 ® n-19 o
(RMS/HPA USAGE)
* RMS D4 D8 ® ° ) ® ® ®
INOPERATIVE
CLOSE PROXIMITY
oPs NONE “CLEAN" VSSCLOSES NONE

! DN = SCENARIOS COMPLETED

° R81-0181-012(T)

Fig. 3.2-8 Initial Launch — Deployment Scenarios ~ Nominal Scenaric — RIS and/or RMS/Tilt
Table Usage -~ RMS Inoperative Emphasis
(all scenarios include backups for hangup of mechanica! devices)
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Figure 3,2-9 reflects the equipment utilization summary for the strip of nine indivi-
dual scenarios highlighted in Fig. 3.2-8. Also identified are the Level-1 sequences-of-
events (e.g., D-2, D-6) which were prepared to surface the eguipment identification.
The figure identifies the nominal, optional, and backup service equipment applicable to
these RMS~inoperative initial launch scenarios for the satellite classes/categories
shown. Note that the MMU/WRU adaptations have replaced both the RMS and MFR/RMS
functions previously shown in the RMS usage situation (Ref: Fig. 3.2-5). Note, also,
that a second MMU/WRU with stabilizer is needed for four of the scenarios shown.
Exclusive of AFD Controls/Displays and optional equipment, between two and five items
of service equipment are needed to cover these initial launch scenarios.

IORS,

PAYLOAD CLASS | DIRECT DELIVERY LEO/PROPULSION ' GEO/PROPULSION
8 EGORY ) INTEGRAL | VERSATILE SERVICE STAGE SOLID STAGES  |LIG STAGE
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o TILT TABLE ® é
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® W/END
EFFECT
wlB L L L]
WRU i t’lfzsgsal 2 * 2 2 2 #* * #* #*
o HPA
o MTV L] ® (-] ® ® @ [
o V5SS — W/DELY/RENDEZ ® ®
WGRMS ° [ Y o ° ® ° ° °
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® AFD~C&D )w/c PROX CONT ® ° ¢ P e ® ®
OPTIONAL ,
o SUNSHIELD ° ® ® ® ® o) o ®
e ORBITAL STORAGE evVv| eV oV 'S oV | o eV| oW| eV {
o ATTITUDE TRANS: ® ® @ ® o| o e ® . !
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o LIGHTINGENHANCE.|  ®—O -0 e-o o ® o| o o ®-0
MENT
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+ APPENDIX B SCENARIO

RE1-0181-013(T)

Fig. 3.2-9 Initial Launch ~ Equipment Utilization Summary — Nominal Scenario -- RMS and/or
RMS/Tilt Table Usage — RMS inoperative
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3.2.1.2 Alternate Initiel Launch Scrnarios -~ RMS/HPA Usage

The alternate series of scenarios referred to in the Initial Launch-Deployment
Scenarios matrix (Fig. 3.2-1) represents scenarios where the RMS serves to support
deployment operations involving a Handling and Positioning Aid (HPA), or payload
deployment devices as PAM~-A and -D. In these scenarios is shown in Fig. 3.2~10 and
dard location" from which satellite checkout is performed and from which the satellite is

deployed. As shown in the Initial Launch-Deployment matrix, eight Level-1 sequences-
of-events were prepared (D-3, D-4, D-7, D-8, D-14, I-i0, D-12, D-19) to aid in sur-
facing equipment utilizations.

The equipment usage for these alternate scenarios is shown in Fig. 3.2~10 and
3,2-11. TFigure 3.2~10 shows the equipment complements for the eight individual sce-
narios wherein the RMS and HPA are prime service equipment. The figure identifies the

IONCORECD)
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t APPENDIX B SCENARIO

OPTIONAL

Fig. 3.2-10 Initial Launch — Equipment Utilization Summary — Alternate Scenario — RMS/HPA Usage
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R81-0181-015(T) T APPENDIX B SCENARIO

Fig. 3.2-11 Initial Launch ~ Equipment Utilization Summary — Alternate Scenario — RMS/HPA
Usage — RMS Inoperative

nominal, optional, and backup service equipment applicable for the satellite classes/
categories shown. The figure also identifies the Level-1 sequences-of-events (e.g.,
D-3, D-7, etec.) that were prepared to surface the equipment identifications shown,
Exclusive of AFD Controls/Displays and optional equipment, between four and six items
of service equipment are needed to cover these initial launch scenarios.

Note that in the previous equipment identifications for the Nominal scenarios (RMS
and/or RMS/Tilt Table usage), an Attitude Transfer Pagkage was identified as an item of
optional equipment to provide improved attitude/state vector information to satellites.
For scenarios that utilize an HPA, however, the attitude transfer function ig built into
the HPA.

Figure 3.2-11 shows the equipment usage for the eight individual scenarios wherein
the RMS/HPA are the planned prime service usage equipment, and the RMS is inopera-
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tive. The figure again identifies the nominal, optional, and backup service equipment
applicable for the satellite classes/categories shown. It also identifies the Level~1
sequences-of-events (e.g., D-4, D-8) that were prepared to assist in surfacing the
equipment identifications noted therein. Note that in this RMS-inoperative situation, the
MMU/WRU adaptations have again replaced both the RMS and MFR/RMS functions shown in
the RMS~inoperative case (Ref: Fig. 3.2~10). Also note, however, that in this HPA
usage situation, a single MMU/WRU is needed as contrasted with the Tilt Table usage case
(Fig. 3.2-9) where two MMU/WRUs are called for. Exclusive of AFD Controls/Displays
and optional equipment, between three and five items of service equipment are needed to
cover these initial launch scenarios.

3.2.1.3 Summary of Initial Launch Service Equipment and Usage

Figure 3.2~12 consolidates the equipment utilization summaries that apply to the 34
scenarios considered in the Initial Launch-Deployment Scenarios matrix. A total of 17
service equipment needs have been identified for initial launch to cover the matrix of ap-
plicable scenarios shown in Fig. 3.2-12. Thirteen of the equipment needs represent nom-
inal (or basic) equipment that would be carried in the satellite operations. Four of the
identified equipment needs represent optional equipment/services thét could be made
available to the satellite user community. The service equipment needs identified are as
follows:

Nominal Equipment Needs

(1) Retention Structure Satellite retention can be satisfied by an inte-
gral structure built into the satellite, the
Flight Support System (FSS) which is adaptable
to MMS-type (or configuration) payloads, or by
mounting payloads in Spacelab pallets. Payload
retention latches should be designed for back-
up manual release; following release they
should maintain the satellite in a "caged" condi-
tion to enable RMS attachment for deployment
(if applicable).

(2) Tilt Table This d;eployment capability can be satisfied by
the FSS Cradle A' and is also available for
Inertial Upper Stage (I1US) and PAM A
payloads.
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(4)

(5)

(6)

(7

Spin Table

Payload Installation and
Deployment Aid (PIDA)

Remote Manipulator
System (RMS)

Manipulator Foot
Restraint (MFR)/RMS

Manned Maneuvering Unit/
Work Restraint Unit
(MMU/WRU)

Spin capabilities for deployment can be pro-
vided for PAM A and PAM D payloads, and can
also be accommodated on the landling and
Positioning Aid (HPA),

Enables deployment (and re~installation) from
the payload bay of very large size/mass pay-
loads (e.g., 15 ft diameter and 65,000 lb)
without exceeding the 8.0 inch Orbiter
clearance envelope.

The RMS can be used to deploy payloads from
the Orbiter payload bay, provided that the sat-
ellites contain an RMS-compatible grapple
fixture. The RMS will release a satellite with
essentially no differential velocity during
deployment. It should be noted, however,

that most of our operational scenarios call for
satellites to be released by the RMS with a 4V
of about 1 ft/sec -- a capability for which the
RMS has not been nominally designed.

The MFR/RMS serves as a backup for potential
hangup of retention latches, mechanical hangup
situations aswiGciated with satellite appendage
deployment, and for EVA support of sortie
missions.

Adaptations of the WRU in conjunection with the
MMU serve as the backup for RMS-inoperative
situations for initial launch/deployment. A
WRU adapted with an RMS snare end-effector
would remove a satellite from the payload bay
and deploy it with a AV of about 1 ft/sec. A
WRU adapted with a stabilizer could serve to
support hangups of retention latches and
similar situations associated with appendage
deployment of satellites.
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Fig. 3.2-12 Service Equipment Utilization for Initi:
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Alternate Scenario

3-19

Z FOLDOUT FRang

E—— A

>




(8) Handling and Positioning Aid
(HPA)

(9) Maneuverable Television (MTV)

(10) Versatile Service Stage (VSS):
e Delivery/Rendezvous
Capability

(11-13)  Aft Flight Deck-Controls
& Displays (AFD-C&D):
¢ RMS Control Panel

e Satellite C/O Panel

e Close Proximity Ops

Panel

The HPA will support satellites outside the con-
fines of the payload bay and, with its "over-
the side" feature, could enable full deployment
of satellite appendages (if desired) prior to
release from the Orbiter. It contains a stan-
dardized berthing and umbilical interface for
initial checkout prior to deployment, has
provisions for an attitude/state vector trans-
fer for all satellites, and provides the means to
impart a AV to a satellite to effect Orbiter
separation. Additionally, a spin table capa-
bility can also be accommodated.

For initial launch/deployment, the MTV can be
deployed to view and record propulsion stage
firings of satellites destinzd for higher LEO
altitudes and GEOQ.

The VSS is used to transfer satellites to higher
energy LEO orbits. Following satellite place-
ment, the VSS would return to the Orbiter and
rendezvous within about 1000 ft. The close
proximity flight control to RMS capture of the
VSS is remotely controlled by the Orbiter
crew.

Controls and displays will be provided in the
AFD for control of the RMS, for standardized
satellite checkout and deployment, and for
close proximity flight control of the MTV and
Versatile Service Stage.
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Optional Equipment
(14) Sun Shield

(15) Orbital Storage

(16) Attitude Transfer Package

(17) Lighting Enhancement

This equipment provides solar impingement
protection to a satellite with the Orbiter's
payload bay doors open and is modularly
adaptable to accommodate varying length
satellite payloads.,

Provides the satellite user with the option to
leave the spacecraft on-orbit for subsequent
revisit/repair in the event of a malfunction
detected prior to deployment that would
categorize the satellite as nonoperational.

Thig unit provides a means for accurately
transferring attitude reference data from the
Orbiter nav-base to satellites requiring accu-
rate attitude/position information prior to
deployment.

Supplementary lighting or enhanced viewing
capabilities are provided for backup EVA
activities potentially associated with satellite
deployment.
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3.2.2 Rovisit

Figure 3.2~13 shows the matrix of revisit scenarios considered in the study and
identifies forty=-eight scenarios as applicable. The scenarios noted with numerical
designations (e.g., R1, R2, ete.) are those for which the Level~1 sequences~-of-events
have been prepared and are provided in Appendix B. The Direct Delivery class pay-
loads enver retrieval/servieing of satellites directly reachable by the Orbiter and
include nominal (MMS-type) payloads, large satellite payloads, and contamination~
sensitive satellites. The LEO/Propulsion satellite class involves payload retrieval from
highuer energy orbits followed by rendezvous witn the Orbiter for servicing. This satel-
lite class includes consideration of integral propulsion stages (e.g., MMS-type) and

48 |
SCENARIOS_~

PAYLOAD CLASS| ~ DIRECT DELIVERY-REVISIT " LEO/PROPULS|ON - REVISIT
ATEGORY | NOMINAL CONTAM |_INTEGRAL PROP STAGE | VERSATILE SERV STAGE
, (MMSTYPE)| LARGE | SENSITIVE [ NOMINAL | CONTAM | NOMINAL | CONTAM

SCENARIO PAYLOAD | PAYLOAD | PAYLOAD | PAYLOAD | SENSITIVE | PAYLOAD | SENSITIVE

o NOMINAL Cr1) ° RE ° ° R7 .
(RMS/TILT TABLE USAGE :

e RS INODPERATIVE R-2 [ ) ® ® ® ® ®

' “CLEAN" HOLEAN"

CLOSE PROXIMITY OPS ORBITER CLOSES VERICLE %’{_‘gggs” VEHICLE | "CLEAN" VSS CLOSES
CLOSES CLOSES

o ALTERNATE NO. 1 @ ° ° ° o | e A8
(RMS/HPA USAGE)
o RMS INOPERATIVE R4 ° ° ° . . o

"CLEAN" ORBITER | [CLEAN"
CLOSE PROXIMITY OPS ORBITER CLOSES VEHICLE CLOSES VEHICLE "CLEAN' VSS CLOSES

CLOSES CLOSES
o ALTERNATE NOQ. ? @ ® ® ™ o NA
(RMS/HPA, MANNED
RETRIEVAL AT 1000°)
e RMS INOPERATIVE ® ' ° ® @ NA
CLOSE PROXIMITY OPS MANNED VEHICLE CLOSES J——

s ALTERNATE NO, 3 . ° ° ¢ NA

{RMS/HPA, UNMANNED
RETRIEVAL AT 1000’}

o RMS INOPERATIVE ° ° . ° ° NA
[ cLOSE PROXIMITY OPS UNMANNED VEHICLE CLOSES | _—
‘ NA = NOT APPLICABLE
R-N = SCENARIOS COMPLETED

R81-0181-017(T)

Fig. 3.2-13 Rovisit — Servicing Scenarios
{all scenarios include backups for hangup of mechanical devices)
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Versatile Service Stage usage; for both propulsion enses, a nominal and contamination~
sonsitive payload are shown. Additionally, the revisit scenarios consider nominal and
alternate cases, RMS=-inoperative situations, and the applicable close proximity
operutions below:

e Direct Delivery payload class
-~ Orbiter closure/satellite capture

= "Clean" vehicle closure/satellite capture of contamination~sensitive
spacecraft within 1000 ft of the Orbiter

¢ LEO/Propulsion payload class
- Orbiter closure/satellite capture

- "Clean" vehicle closure/satellite capture of contamination~sensitive
spacecraft within 1000 ft of the Orbiter

- "Clean" VSS closure where the VSS ig the active vehicle closing with the
Orbiter for RMS capture, after retrieving a satellite from its operational
orbit,

Two additional alternate scenarios (No. 2 and 3) are also shown which utilize either
manned or unmanned retrieval of satellites within 1000 ft of the Orbiter. All scenarios
also include backups for hangup of mechanical devices. The R-1, R-3, and R-6
scenarios are highlighted in Fig. 3.2-13 as they will be addressed again to illustrate the
techniques used to identify service equipment/usage for revisit missions. Further, the
R~1 scenario, involving RMS/7Tilt Table as prime service equipment, will be compared
with the R-3 scenario using the RMS/HPA.

3.2.2.1 Nominal Revisit Scenarios = RMS/Tilt Table Usage

The Nominal series of scenarios referred to in the Revisit~Servicing Scenarios
matrix (Ref: Fig. 3.2-13) represent scenarios where the RMS is used to retrieve satel-
lites and place them on a Tilt Table for on-orbit servicing. Subsequent to servicing and
checkout of the satellite, the RMS is used to redeploy the spacecraft from the Orbiter,

The scenarios apply to the Direct Delivery-Revisit and LEO/Propulsion~Revisit
payload classes. The LEO/Propulsion class satellites, with integral stages, would
return from their operational orbit to the Orbiter's nominal orbit to enabie direct
retrieval/capture by the Orbiter. LEO/Propulsion class satellites compatible* with the

S o o -

S *capable of being docked to the VSS

3-23




Versatile Service Stage (VSS) would be captured and returned from their operational
orbit to theo vicinity of the Orbiter, where the close proximity oporations would be
remotely controlled by the Orbiter crew. ‘I'he VSS's "elean~-burning” propulsion system
would be used for these close~in operations to bring the VSS/satellite to within the RMS
reach distanee to effect capture. For contamination-sonsitive payloads (excluding VSS-
compatible satellites) a "clean-burning" Proximity Operations Module (manned or
unmanned) would be deployed when the payload is within 1000 ft of the Orbiter to bring
the satellite to within the RMS reach distance. As ghown in the Revisit~Servicing
Scenarios matrix, four Level-1 sequences-of-events were prepared (R-1, R-2, R~5,
R=-7) to aid in surfacing equipment utilizations.

Figure 3,2~14 shows the R~1 Level~-1 rovisit on~orbit sequence-of-events for the
Direct Delivery-Revisit payload class, nominal payload (MMS-type), and primary
RMS/EFSS Cradle A' Tilt Table usage situation. Retrieval is directly accomplished by the
Orbiter after examination of the satellite. Service equipment needs associated with a
particular event are again highlighted, as was formerly illustrated in the sequence-of-
avents charts presented for initial launch. Note that the initial events call for:

e Maneuverable Television (MTV)

e Remote Manipulator System (RMS) and associated AFD Controls/Displays

e AFD Controls/Displays for close proximity flight control of the MTV,
Subsequent operations identify:

e Tilt Table (FSS Cradle A')

e OCP work platform associated with the Tilt Table

e Open Cherry Picker (OCP) and RMS

e AFD Controls/Displays for satellite checkout/servicing support

Equipment stowage/fluid transfer system for servicing support,
The backup situations identify equipment needs:
e Manipulator Foot Restraint (MFR) to cover Tilt Table or latch hangups

e MMU/WRU with stabilizer attachment to assist a potential satellite appendage
hangup.
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'The equipment usage segment of the R-1 revisit scenario, with RMS/Tilt Table prime
usage, is now highlighted in Fig. 3.2-15 to illustrate the format for summarizing equip-
ment usage for all the scenarios applicable to this nominal (RMS/Tilt Table usage) case.
The equipment corresponds to that previously identified in the R~1 sequence-of-~events
charts. Optional equipment is also applicable, at the discretion of the satellite user.

G

. . . e e e S —
e,

PAYLOAD CLASS DIRECT DELIVERY/REVISIT LEO/PROPULSION
NOMINAL l CONTAM AGE

VEHSAT!LE SERV STAGE

NOMINAL | CONTAM
PAYLOAD | SENSITIVE

(MMSTYPE) | LARGE SENSITIVE | NOMINAL | CONTAM
PAYLOAD | PAYLOAD | PAYLOAD PAYLOAD | SENSITIVE

B e T e R

EOUIPMENT

NOMINAL
e EQUIP STORAGE PROV'N
.| ® FLUID TRANSFER 55
® TILT TABLE
@ RMS

TILT TABLE WK PLAT
* oce l OCP/RMS

* MFR/RMS
{ W/END EFFECT

O E}OI OIOO

® MMU/
WRU

W/STABILIZER
W/PL'D HDLG
PROX OPS MODULE
® FROX OFS MODULE

» MANNED VERSION
© PROX OPS MODULE

+MTV ADAP'N

* HPA
® NON CONTAM ACS
® MTV
® VSS - W/RENDEZ/D'R'G
W/RMS
W/C'KoUT
W/CL PROX CONT

OPTIONAL
® ORBITAL STORAGE
® ATTITUDE TRANS PKG
* LlGHTINGM!;NHANC'T

° AFD-C&D‘

g&‘ &e® &

CODE: @ PRIME USAGE fy OPTIONAL 0—0 v/ MMU/WRU REQD
O BACKuUP -0 ONE UNIT # EVA VIA HANDRAILS OPTICNAL

R81.0181-019(T)
Fig. 3.2-16 R1 — Revisit — Equipment Utilization Summary —~ Nominal Scenario — RMS/Tilt Table Usage

Figure 3.2~16 is identical to Fig. 3.2-13 but now highlights the strip of seven
individual scenarios applicable to this nominal RMS/Tilt Table usage situation for the
various satellite classes/categories shown. Figure 3.2-17 presents the total equipment
utilizations for the scenarios highlighted in the strip of scenarios in Fig. 3.2-~16. Shown
is the nominal, optional, and backup service equipment applicable to the seven revisit
scenarios, represented by the satellite classes/categories indicated for this RMS/Tiit
Table prime usage situation. Also identified are the Level-1 sequences-of-events (e.g.,
R-1, R-5, etc.) that were prepared to aid in surfacing the equipment identifications
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oRIEE ey
OF POOR QUALI
~ PAYLOAD CLASS DIRECT DELIVERY/REVISIT LEO/PROPULSION
ATEGORY | NOMINAL CONTAM |_INTEGRAL PROP STAGE | VERSATILE SERV STAGE
(MMS-TYPE)| LARGE | SENSITIVE| NOMINAL | CONTAM | NOMINAL | CONTAM
SCENARIO PAYLOAD | PAYLOAD | PAYLOAD | PAYLOAD PAYLOAD

SENSITIVE

® e °
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RETRIEVAL AT 1000°)
o RMS INOPERATIVE ® © e e ® NA
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e ALTERNATE NO, 3 ® ) R-6 ® -] NA
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RETRIEVAL AT 1000°)
e RMS INOPERATIVE ® . ® 6 ® NA

L_[g_mse PROXIMITY OPS

UNMANNED VEHICLE CLOSES

prome—,

R81-0181-020(T)

NA = NOT APPLICABLE
R-N = SCENARIOS COMPLETED

Fig. 3.2-16 Revisit — Servicing Scenarios — Nominal Scenario Emphasis — RMS/Tilt Table Usage
(all scenarios include backups for hangup of mechanical devices)
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Fig. 3.2-17 Rovisit ~ Equipmant Utitization Summary — Nominal Scenario — RMS/Tilt Tablo Usage
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shown, which can be correlated with the scenarios found in Appendix B. Note thsic the
§ equipment complements for these scenarios are essentially identical, except for the

| contamination-sensitive satellites wherein a "clean" propulsion form-of-retrieval and a
noncontaminating Orbiter ACS are called for. Exclusive of AFD Controls/Displays and
Optional Equipment, between seven and nine items of service equipment are needed to
cover these revisit servicing scenarios.

Figure 3.2-18 presents the equipment complements for the same seven nominal sce-
narios wherein the «MS/Tilt Table is the planned prime service usage equipment (Ref,:
Fig. 3.2-17), but the RMS is inoperative. The equipment coinplements are seen to be
similar to the RMS~-operative situation but now the MMU/WRU variations are necessary to
complete the missions. Note, however, that a second MMU/WRU with stabilizer is also
needed for these seven scenarios. Exclusive of AFD Controls/Displays and optional

| t

PAYLOAD CLASS DIRECT DELIVERY/REVISIT LEO/PROPULSION
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Fig. 3.2-18 Revisit — Equipment Utilization Summary — Nominal Scenario — RMS/Tilt Table Usage —
RMS Inoperative
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equipment, between six and eight items of service equipment are needed to cover these
revisit serviecing scenarios.

3.2.2.2 Alternate Revisit Scenarios No. 1 ~ RMS/HPA Usage

The Alternate No. 1 series of scenarios referred to in the Revisit-Servicing
Scenarios matrix (Ref: Fig. 3.2-13) represents scenarios where the RMS is used to
retrieve satellites and place them on a Handling/Positioning Aid (HPA) for on-orbit
servicing. In these scenarios, the HPA becomes the "standard location" at which
servieing and checkout of the satellite is performed, and from which the spacecraft is
redeployed from the Orbiter.

The Alternate No. 1 scenarios apply to the Direct Delivery-Revisit and LEO/
Propulsion-Revisit payload classes. The close proximity and retrieval operations
assoclated with the payload classes/categories are the same as with the Nominal Revisit
Scenarios (Sec. 3.2.2.1). As shown in the Revisit-Servicing Scenarios matrix, three
Level~1 sequences-of-events were prepared (R-3, R~4, R~8) to aid in surfacing equip-
ment utilizations.

Figure 3.2-19 shows the R~3 Level-1 revisit on-orbit sequence-of-events for the
Direct Delivery-Revisit payload class, nominal payload (MMS-type). Retrieval is again
directly accomplished by the Orbiter after inspection of the satellite. Service equip-
ment needs associated with a particular event are again highlighted, as was formerly
illustrated for other sequence-of-events charts. The initial events call for:

e Maneuverable Television (MTV)

@ Remote Manipulator System (RMS) and associated AFD Controls/Displays

o AFD Controls/Displays for close proximity flight control of the MTV.
Subsequent operations identify: |

e Handling and Positioning Aid (HPA)

o Work Platform for the HPA

e Open Cherry Picker (OCP) and RMS

e AFD Controls/Displays for satellite checkout/servicing support

o Equipment stowage/fluid transfer systems for servicing support.

The backup situations identify the following equipment needs:
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e Manipulator Foot Restraint (MFR) to cover latch hangups

e HPA work platform (also identified above) to assist a potential satellite
appendage hangup.

The equipment usage for ii.e R-3 revisit scenario,

with RMS/HPA prime usage, is

highlighted in Fig, 3.2-20, within the overall format being used to identify equipment
usage for all the scenarios applicable to this Alternate No. 1 (RMS/HPA usage) case,

The equipment corresponds to that identified in the R-3 sequence-of-events chart shown
previously, and also includes the optional equipment applicable for this scenario.
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Fig. 3.2-20 R3 - Ravisit — Equipment Utilization Summary — Alternate Scenario No. 1 — RMS/HPA Usage
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Figure 3.2~21 again repeats the original ReVisit-Servicing Scenarios matrix (Ref:
Fig. 3.2-12), but highlights the strip of seven individual scenarios applicable to this
RMS/HPA usage situation for the various satellite classes/categories shown. Figure
3.2-22 summarizes the equipment utilizations for the scenarios emphasized in Fig.
3.2-21. Shown is the nominal, optional, and backup service equipment applicable to the
seven revisit scenarios represented by the satellite classes/categories indicated for this
RMS/HPA prime usage situation. Also identified are the Level-1 sequences-of-events
(R~3, R-8) that were prepared to aid in surfacing the equipment identifications shown
and can be correlated with the scenarios found in Appendix B. The equipment comple-
ments for these scenarios are essentially identical, except for the contamination-
sensitive satellites wherein a "clean" propulsion form-of-retrieval and a noncontam-
inating Orbiter ACS are called for. Exclusive of AFD Controls/Displays and optional

PAYLOAD CLASS DIRECT DELIVERY/REVISIT LEO/PROPULSION
CAT%GORY NOMINAL CONTAM INTEGRAL PROP STAGE | VERSATILE SERV STAGE
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CLOSES CLOSES
o ALTERNATE NO. 2 ® °® ® ® ® NA
(RMS/HPA, MANNED
RETRIEVAL AT 1000)
® RMS INOPERATIVE ° e ® ° ® NA
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—

NA = NOT APPLICABLE
R-N = SCENARIOS COMPLETED
R82-0181-G25(T) )
+ Fig. 3.2:21 Revisit — Servicing Scenarios — Alternate Scenario No. 1 Emphasis — RMS/HPA Usage
(all scenarios include backups for hangup of mechanical devices)
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R81-0181-026(T)
Fig. 3.2-22 Revisit ~ Equipment Utilization Summary — Alternate Scenario No.1 — RMS/HPA Usage

equipment, between six and eight items of service equipment are needed to cover these
revisit service scenarios.

A comparison of the equipment utilization summaries between RMS/Tilt Table usage
(Fig. 3.2-17) and RMS/HPA usage (Fig. 3.2-22) shows that one less item of service equip-
ment (MMU/WRU with staebilizer) is needed for the service scenarios utilizing the HPA.
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The equipment complements for the RMS-inoperative situation relating to the seven
(Alternate No. 1) scenarios, where the RMS/HPA is the planned prime service usage
equipment, are shown in Fig. 3.2~23. The equipment complements are similar to the
RMS-operative situation (Ref: Fig, 3.2-22), but now the MMU/WRU variations are again
necessary to complete the missions. Exclusive of AFD Controls/Displays and optional
equipment, between five and seven items of service equipment are needed to cover these
revisit servicing scenarios.

 LEO/PROPULSION B
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&
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Fig, 3.2-23 Revisit — Equipment Utilization Summary — Alternate Scenario No, 1 — RM$/HPA Usaga ~
RMS Inoperative

Comparing the RMS/Tilt Table (Fig. 3.2-18) vs. RMS/HPA (Fig. 3.2-23) usage
? scenarios with RMS-inoperative, we again find that one less item of service equipment
' (MMU/WRU with stabilizer) is needed for the service scenarios utilizing the HPA.
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3.2.2.3 Alternate Revisit Scenarios No., 2 - RMS/HPA Usage - Manned Retrieval at
1000 ft Separation

The Alternate No. 2 series of scenarios referred to in the Revisit-Servicing Sce-
narios matrix (Ref: Fig. 3.,2-13) represent scenarios in which the Orbiter would rendez-
vous within 1000 ft of a payload, and a manned Proximity Operations Module (POM) is
dispatched to retrieve and bring the payload to within RMS reach distance., The payload
is then captured by the RMS and placed on the Handling/Positioning Aid for on-orbit
servicing. Following servicing and checkout, the spacecraft is redeployed from the
Orbiter.

The scenarios apply to the Direct Delivery~Revisit payload class and the LEO/
Propulsion-Revisit payload class with an integral propulsion stage. The satellite, with
its integral stage, would return from its operational orbit to the Orbiter's nominal orbit
to enable capture of the satellite/stage by the POM and retrieval by the RMS/Orbiter.

The equipment usage for the Alternate No. 2 revisit scenarios is shown in Fig.
3.2-24, The nominal, optional, and backup service equipment is shown for the five
revisit scenarios in which manned retrieval of satellites at 1000 ft separation is appli~
cable. Manned retrievals can be accomplished by Proximity Operations Modules (POM) in
either of two variations: an "MMU/WRU adaptation" or a "Manned Version." The distine-
tion between the two is that the POM~-MMU/WRU adaptation applies to masses in the range
of MMS~type payloads (or smaller); for larger payloads (such as AXAF), a larger POM~

Manned Version has been called for.

As shown in Fig. 3.2-24, the service equipment complements for these scenarios are
similar, except for the contamination~sensitive payloads which call for a noncontami-,
nating Orbiter ACS during on-orbit servicing. Exclusive of AFD Controls/Displays and
optional equipment, six or seven items of service equipment are needed to cover these
revisit service scenarios.
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Fig.3.2-24 Revisit — Equipment Utilization Summary ~ Alternate Scanario No, 2 ~ RMS/HPA Usage —
Mannad Retrieval of Satellites at 1000 Ft Separation
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Figure 3.2~25 presents the equipment complements for the same five Alternate No. 2
scenarios reflected in Fig, 3.2-24, but now with the RMS-inoperative. Once again, MMU/
WRU adaptations appear as the contingency clements for RMS-inoperative situations.
Note, however, that in this HPA usage situation a single MMU/WRU is needed, as con-
trasted with the Tilt Table usage case (Fig. 3,2-18) where two MMU/WRUs are called
for. Exclusive of AFD Controls/Displays and optional equipment, five or six items of
service equipment are needed to cover these revisit service scenarios.

Of interest is that one less item of service equipment is needed for this RMS-
inoperative case than was called for in the RMS-operative situation, The MMU/WRU
adaptations (e.g,, with end-effector, with stabilizer, and with payload handling capa-
bility) built within a single, modularly-adaptable WRU could replace the RMS and
OCP/MFR functions.

3.2.2.4 Alternate Revisit Scenarios No. 3 = RMS/HPA Usage ~ Unmanned Retrieval at
1000 ft Separation

The Alternate No. 3 series of scenarios referred to in the Revisit-Servicing L
Scenarios matrix (Ref: Fig. 3.2~13) represent scenarios where the Orbiter would T
rendezvous within 1000 ft of a payload. An unmanned Proximity Operations Module
(POM) is then dispatched to retrieve and bring the payload within RMS reach distance
where it is captured by the RMS and placed on the Handling/Positioning Aid for on-orbit e
servieing. Following servicing and checkout, the spacecraft is redeployed from the I
Orbiter.

The scenarios apply to the Direct Delivery-Revisit payload class and the LEO/
Propulsion-Revisit payload class with an integral propulsion stage. The satellite, with - '
its integral stage, would return from its operational orbit to the Orbiter's nominal orbit , ,g
to enable capture of the satellite/stage by the POM and retrieval by the RMS/Orbiter,

As shown in the Revisit-Servicing Scenarios matrix, the R-6 Level-1 sequence-of-events
was prepared to aid in surfacing equipment utilizations. S
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Fig. 3.2-25 Revisit — Equipment Utilization Summary — Alternate Scenario No, 2 - RMS/HPA Usago -
Manned Retrieval of Satellites at 1000 Ft Separation — RMS Inoperative
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Figure 3.2-26 shows the R-6 Level~1 revisit on-orbit sequence~of-events for the
Direct Delivery~Revieit payload class, contamination-sensitive satellite. Service equip-
ment needs are again highlighted as they appear in the scenario and for backup
situations. The initial events call for:

e Proximity Operations Module (POM) which can be an adaptation of the
Maneuverable Television (MTV)

® Remote Manipulator System (RMS) and associated AFD Controls/Displays

¢ Handling and Positioning Aid (HPA)

e AFD Controls/Displays for checkout of the POM

® AFD Controls/Displays for close proximity flight control of the POM,
Subsequent operations identify:

® Noncontaminating Orbiter ACS to enable servicing of the contamination-
sensitive satellite

Work Platform for the HPA

e Open Cherry Picker (OCP) and RMS

e

AFD Cortrols/Displays for satellite checkout/servicing support

®

Equipment storage/fluid transfer for servicing support.
Backup situations identify the following equipiment needs:
® slanipulator Foot Restraint (MFR) to cover latch hangups

e HPA work platform (also identified above) to assist a potential satellite
appendage hangup.
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The equipment usage segment of the R-6 scenario is shown highlighted in Fig.
3.2-27, within the overall format being used to identify equipment usage for ail the
scenarios applicable to this Alternate No. 3 case. The primary/backup equipment shown
corresponds with that appearing on the previous Level-1 sequerice-of-events charts.

Optional service equipment that are applicable are also shown.
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Fig. 3.2-27 R6 — Revisit — Equipment Utilization Summary — Alternate Scenario No, 3 — RMS/HPA
Usage — Unmanned Retrieval of Satellites at 1000 Ft Separation



Figure 3.2-28 repeats the original Revisit~Servicing Scenarios matrix (Ref: Fig.
3.2-13), but highlights the strip of five scenarios applicable to this RMS/HPA usage
situation, coupled with unmanned retrieval of satellites within a 1000 ft Orbiter
separation distance. The next illustration (Fig, 3.2~39) summarizes the equipment
utilizations for the scenarios emphasized in Fig. 3.2-28,
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\ PAYLOAD CLASS
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Fig, 3.2-28 Revisit — Servicing Scenarios - Alternate Scenario No. 3 Emphasis — RMS/HPA Usage
- Unmanned Retrieval at 1000 Ft Separation
{all scenarios include backups for hangup of mechanical devices)
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Figure 3,2-29 identifies the nominal, optional, and backup service equipment for
these five revisit scenarios. Retrievals are accomplished by a Proximity Operations
Module-MTV adaptation capuble of handling the spectrum of satellite masses projected in
our Satellite and Services User Model (S/SUM). Service equipment complements are
almost identical to the manned retrieval scenarios (Fig. 3.2-25), but with the addition
of an Aft Flight Deck Control/Display for close proximity flight control (remote) of the
POM by the Orbiter crew. Exclusive of AFD Controls/Displays and optional equipment,

six or seven items of service equipment are needed to cover these revisit-servicing:

scenarios.
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Fig. 3.2-29 Revisit — Equipment Utilization Summary — Alternate Scenario No, 3 — RMS/HPA Usage —
Unmanned Retrieval of Satellites at 1000 Ft Separation
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Figure 3.2-30 prasents the equipment needs for the same five Alternate No. 2
scenarios reflected in Fig. 3.2-29, but now with the RMS inoperative. Again, the

R cnd

MMU/WRU adaptations appear as the contingency elements for RMS-inoperative situa-
tions. Exclusive of AFD Controls/Displays and optional equipment, five or six items of.
service equipment are needed to cover these revisil servicing scenarios. As was noted
for the manned retrieval situation with RMS inoperative, this unmanned retrieval situa-
tion also calls for one less item of service equipment than in the RMS~-operative

situation.
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Fig. 3.2-30 Revisit — Equipment Utilization Summary — Alternate Scenario No. 3 ~ RMS/HPA Usage —
Unmanned Retrieval of Satellites at 1000 Ft Separation — RMS Inoperative
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3.2.2.5 Summary of Revisit Service Equipment and Usage

Figure 3.2-31 consolidates the equipment utilization summaries that apply to the 48
scenarios considered in the Revisit-Servieing Scenarios matrix, A total of 21 service
equipment nceds have been identified to cover the revisit scenarios shown in Fig,
3.2-31, Eighteen of the equipment needs represent nominal (or basic) equipment that
would be carried in the satellite services inventory to cover both planned and contin-
genecy operations. Three of the equipment needs identified represent optional
equipment/services which could be made available to the satellite user community. The
service equipment needs identified for revisits are as follows:

(1) Equipment Storage

(2) Tilt Table

(3) Open Cherry Pickey (OPC)
Tilt Table Work Platform

(4) Open Cherry Picker/Remote
Manipulator System (OCP/RMS)

sttt o A At Y

Provisions are needed for transport/stowage of
components, modules, instruments, ete., to
enable satellite maintenance, refurbishment,
and reconfiguration. "The wide variety of
potential package geometries/masses may call
for unique support arrangements for each
satellite being serviced.

The FSS Cradle A' is used as a support struc-
ture for on-orbit satellite servicing within the
confines of the Orbiter payload bay. The
Cradle A'/satellite interface contains pro-
visions for berthing/retention, umbilical
connectors, and a rotational (turn table)
mechanism to enable access to the satellite.

A work platform can be adapted to the FSS
Cradle A' to enable servicing of variable
diameter/length satellites mounted on the Tilt
Table. This capability, together with the 360°
rotational feature provided with the Tilt
Table, provides total access to all locations on
a satellite.

The OCP is a movable work station ¢ontrolled
by an 'VA astronaut on the tip of the RMS arm.
Servicing capabilities include lighting, tool
storage, a payload handling/transport device,
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(5) Manipulator Foot Restraint
(MFR)/RMS

(6) Remote Manipulator System
(RMS)

(7) Handling and Positioning
Aid (HPA)

> Yo

and a stabilizer to rigidly position the
astronaut relative to a work site,

The MFR/RMS serves as a backup for potential
hangups of mechanical devices in the payload
bay, and hangup situations associated with
satellite appendage deployment. For those
missions where an OCP is carried as part of the
basic service equipment complement, the
QCP/RMS would replace the backup functions
of the MFR/RMS.

On revisit missions, the RMS is used to deploy
the MTV for examining payloads prior to re~
trieval. It subsequently retrieves the pay-
loads when within reach~distance of the RMS .
arm. The payloads are then placed on the

Tilt Table or Handling and Positioning Aid

for on-orbit servicing. The RMS is slso

used to support OCP and MFR utilization.

The HPA is used as a support structure for on-
orbit satellite servicing outside of the confines
of the Orbiter payload bay. Servicing can be
accommodated by rotating turn-table provi-
sions in the HPA and via a movable work sta-
tion with translational and vertical motion
capabilities to enable total access to all
locations of a satellite. The HPA contains a
standardized berthing and umbilical interface
for checkout prior to satellite redeployment
(following servicing), has a fluid coupling
interface to transfer propellants, has provi-
sions for an attitude/state vector transfer for
all satellites, and provides the means to impart
a AV to a satellite to effect Orbiter separation.
Additionally, the "over-the-side" feature of
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(8) Fluid Transfer System

(9) Noncontaminating Attiiude
Control System (ACS)

(10-12) Aft Flight Deck Controls &
Displays (AFD-C&D):
e RMS Control Panel
e Satellite C/O Panel
e Close Proximity Ops
Panel

(13) Maneuverable Television (MTV)

the HPA could enable full deployment of satel-
lite appendages prior to release from the
Orbiter,

Provisions are needed for storage and transfer
of propellants for satellites and the Versatile
Service Stage (which is used to deliver/
retrieve satellites beyond the nominal delivery
altitude of the Orbiter). Fluids replenishment
could involve both direct tankage/fluid replace-
ment and transfer of propellants via a special
fluid transfer system. The needs for either
approach are dependent upon more definitive
definitions of satellite(s) and propulsion stage
requirements than are prosently available.

Orbiter servicing of contamination-sensitive
satellites can be effected by providing a non-
contaminating ACS package in the payload bay.
The package would provide precision, long~
term attitude control without the use of the
Orbiter's Primary or Vernier reaction control
systems. Alternatively, and if acceptable, the
Orbiter could be placed into a free~drift mode.

Controls and displays will be provided in the
AFD for control of the RMS, for standardized
satellite checkout and deployment, and for
close proximity flight control of the MTV,

Versatile Service Stage, and unmanned Proxi-
mity Operations Module.

The MTV is used to remotely examine all satel~’
lites prior to Orbiter retrieval, and can also be
deployed to view and record Versatile Service
Stage propulsion firings. The system is flown
by the Orbiter crew from the Aft Flight Deck,
with video and telemetry transniission back to
the Orbiter.
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(14) Proximity Operations Module
(POM) -~ MTV Adaptation

(15) Proximity Operations Module
(POM) - Manned Version

(16) Manned Maneuvering Jnit/
Work Restraint Unit
(MMU/WRU)

E yooe 4

g -

e Lrmevertate e~

The Orbiter can readily rendezvous with a
satellite to within a 1000 ft distance. Un-
manned retrieval of satellites within this

1000 ft range can be accomplished by a POM=-
MTV adaptation. Controlled by the erew in the
Orbiter, the POM would be dispatched to cap-
ture the satellite and return it to within the
reach distance of the RMS. It would be flown
via TV (essentially using M1V equipment) and
would effect capture via the satellite's RMS~
compatible grapple fixture. The POM has been
initially configured for retrieving satellites
with masses up to 10,000 lb, It utilizes a non~-
contaminating cold gas propulsion system which
provides three axes of control during free~
flight and satellite towing operaiions.

The Manned Version of the Proximity
Operations Module was configured for retrieval
of large satellites ( ~ 30,000 lb mass) within a
1000 ft range of the Orbiter. Our present
satellite & services user model (S/ELiM), how=
ever, projects a low usage rate for this POM~
Manned Version. This suggests thi' ™. vge mass
retrieval capability be designed in to the POM~
MTV adaptation to minimize the number of new
equipment developments, and to reduce user
charges by accommodating satellite retrieval
with high usage service equipment.

Adaptations of the WRU in conjunction with

the MMU serve as the backup for RMS-

inoperative situation.s for revisit service

missions. A WRU adapted with an RMS snare
end-effector would retrieve payloads within
the local vieinity of the Orbiter and position
the payloads on the Tilt T'able or HPA for on-
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(17) Proximity Operations Module
(POM) - MAG/WRU
Adaptation

(18) Versatile Service Stage (VSS):
¢ Retrieval & Rendezvous

orbit servicing. Furtheyr, a payload handling
adaptation of the WRU would transport replace-
ment equipment/modules from the payload bay
to the work platform at the service site. To
support hangups of mechanical devices in the
payload bay and situations associated with sat-
ellite appendage deployment, a WRU adapted
with a stabilizer would be deployed to allow
manual release by an EVA astronaut. The
three adaptations of the WRU (RMS snare
end-effector, payload handling, stabilizer)
referred to above, are implemented in terms of
"kits" adaptable to a single WRU carried on the
service mission. :

Manned retrieval of satellites within a 1000 ft
range can also be accomplished by a POM=-MMU/
WRU adaptation. An astronaut would fly the
MMU/WRU to the satellite, capture it via the
satellite's RMS-compatible grappile fixture, and
tow the satellite to within the reach distance
of the RMS. For near-term satellite retrieval
missions, the POM-MMU/WRU adaptation
appears to be the more readily available POM
approach, since most of the major hardware
elements exist or are in late stages of develop-
ment. Downstream satellite retrieval missions
would likely favor the POM-MTV adaptation.

The VSS retrieves satellites from higher energy
LEO orbits not accessible directly by the Orbi-
ter. It is equipped with a high performaﬁce
propulsion system for performing large AV
maneuvers and a clean-firing cold-gas pro-
pulsion system for close-in satellite retrieval
and Orbiter close proximity operations. The
VSS contains TV systems for satellite exami-
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Optional Equipment

: (19) Orbital Storage

(20) Attitude Transfer Package

nation and to support remote control of the
VS8S-to-satellite docking/capture operation.
Servicing of the satellite takes place on the
Orbiter. After appropriate checkout of the
satellite/VSS and refueling of the VSS, the
payload is deployed from the Orbiter; the VSS
then delivers the satellite to its operational
orbit and returns again to the Orbiter. Follow-
ing satellite capture, the VSS would return to
the Orbiter and rendezvous within about 1000
ft. The close proximity flight control to RMS
capture of the VSS/satellite is remotely con-
trolled by the Orbiter crew. On-orbit refuel-
ing of the VSS would be accommodated by an
appropriate fluid transfer system in the Orbi-
ter payload bay. The VSS would also be de-
signed to operate with a special front-end
attachment (or "kit") to permit retrieval of
satellites known to be oscillating or tumbling
at rates higher than acceptable for docking by
the VSS. The "kit" would enable the VSS to
stabilize the "noncooperative satellite," follow
with VSS docking/capture, and return to the
Orbiter.

Provides a means to leave the serviced satellite
on-orbit for subsequent revisit/repair in the
event of a malfunction detected during servic-
ing and/or prior to redeployment which weuld
render the sateliite non-operational. '

This unit provides a means for accurately
transferring attitude reference data from the
Orbiter Nav-base to satellites requiring
accurate attitude/position information prior to
deployment from the Orbiter.
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(21) Lighting Lnhancement Supplemen'tary lighting or enhanced viewing
capabilities are provided for nominal and
backup EVA activities associated with revisit
servicing missions.

3.2.3 Earth Return

Figure 3,2-32 shows the matrix of earth return scenarios that were considered in
the study and identifies ninety-eight scenarios as applicable. The scenarios with
numerical designations (e.g., ER-1, ER~2, etc.) are those for which Level-1
sequences-of-events have been prepared and are provided in Appendix B. The Direct
Delivery-Return class payloads cover retrieval and earth return of those satellites
directly reachable by the Orbiter. The LEO/Propulsion-Return class payloads involve
satellite retrieval from higher energy orbits followed by rendezvous with the Orbiter.
The payload classes/categories shown are identical to those in the Revisit-Servicing
Scenarios matrix in Fig. 3.2-13, with the addition of debris de-orbit and debris return
categories and the cooperative/noncooperative satellite situations applicable to the
respective payload categories. The earth return scenarios also reflect similar nominal
and alternate cases, RMS inoperative situations, and close proximity operations as the
Revisit-Servicing Scenarios matrix.

All scenarios again include backups for hangup of mechanical devices. The ER-9
scenario is highlighted in Fig.‘ 3.2~32 because it will be addressed further in Section
3.2.3.3 (Alternate Earth Return Scenario #1) to illustrate the approach used to identify
service equipment/usage for earth return missions.

3.2.3.1 Nominal Earth Return Scenarios No. 1 - RMS Usage

The Nominal No. 1 series of scenarios referred to in the Earth Return Scenarios
matrix (Ref: Fig. 3.2-32) represent scenarios in which the RMS is used to retrieve
payloads and then stow the spacecraft in the Orbiter payload bay. The scenarios apply
to the Direct Delivery-Keturn, and LEO/Propulsion-Return payload classes.

LEO/Propulsion class satellites compatible* with the Versatile Service Stage (VSS)
would be captured and returned from their operational orbit to the vicinity of the Orbi~
ter, where the close proximity operations would be remotely controlled by the Orbiter
crew. The VSS's "clean burning" propulsion system would be used for these close~-in
operations to bring the satellite/VSS to within the RMS reach distance to effect capture.

*capable of being docked to the VSS
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98 SCENARIOS

; PAYLOAD CLASS DIRECT DELIVERY RETURN LEO/PROPULSION RETURN |
{ &
i CATEGORY NOMINAL JNTEGAAL PROPULSION STAGE
, {MMS.TYPE) LARGE CONTAMINATION NOMINAL CONTAMINATION
SCENARIO PAYLOAD PAYLOAD SENSITIVE PAYLOAR SENSITIVE
‘a‘ COOP/NON-COOP | COOP/NON.COOP | COOP/NON.COOP COOP | NON-COOP| COOP | NON.COOP
| o NOMINAL #1 ER-1 ® e -] L L ] @
: {AMS USAGE)
* RMS INOPERATIVE ER-2 © [ J L) ® ¢ ®
) [CLOSE PROXIMITY OPS ORBITER CLOSES “CLN" VEH CLOSES | OR-CL | VS§-CL |CL.VE | CL-V55.CL
; o NOMINAL #2 e o o ® e o ¢
{AMS/TILT TABLE USAGE)
* RMS INOPERATIVE ® [ ) @ ) ® ] @
|CLOSE PROXIMITY OPS ORBITER CLOSES “GLN" VEH CLOSES | oR-CL | vss-ct [CLVE | CL-VSS-CL
» ALTERNATE # ER-3 ' [ [ ] [ ] ® ® ®
; {RMS/HPA USAGE)
: * RMS INOPERATIVE ER4 ® (J @ 0 ® (]
fCLOSE PROXIMITY OPS ORBITER CLOSES "CLN" VEH CLOSES | OR-CL | VBS-CL | CLWVE | CL-VSS-CL
* ALTERNATE #2 ER6 ERG ® ® NIA ® N/A
(RMS/HPA USAGE-MANNED
RETRIEVAL AT 1000')
¢ RMS INOPERATIVE @ (] ® ® N/A ® N/A
[cLosE PROXIMITY OPS MANNED VEHICLE CLOSES VSSCL | MD-VE | CL=VS5-CL.
v * ALTERNATE #3 ® ® ER-7 NIA NIA
| (RMS/HPA USAGE-UNMANNED ® ®
. RETRIEVAL AT 1000')
' ® RMS INOPERATIVE ® L ] ER-8 @ N/A ) N/A
[cLOSE PROXIMITY OPS UNMANNED VEHICLE CLOSES VSS.GL | UN-VE | CL-VSS-CL
t . "
PAYLOAD CLASS .
& LEO/PROPULSION + RETURN DEBRIY DEBRIS
CATEGORY DEORBIT RETURN
VERSATILE SERVICE STAGE
SMALL OR SMALL OR
SCENARIO NOMINAL CONTAMINATION LARGE LARGE
PAYLOAD SENSITIVE DEBRIS DEBRIS
coop NON-COOP coop NON-COOP NON.COOP NON-CQOP
o NOMINAL =t ® ] @ ® ® @
{RMS USAGE)
. RMS INOPERATIVE ® e d o ] ) ®
lCLOSE PROXIMITY OPS YCLEAMN' VSS CLOSES
* NOMINAL =2 ® ® L ® ® ®
H {RMS/TILT TABLE USAGE)
o AMS INOPERATIVE ® [ ) [ ) L] ® @
; | CLOSE PROXIMITY OPS “CLEAN" VSS CLOSES
o ALTERNATE =1 ER-10 @ [ ER-11 ER-12
. {RMS/HPA USAGE)
o RMSINOPERATIVE o ® d o o ®
! [CLOSE PROXIMITY OFS "CLEAN" VSS CLOSES
o ALTERNATE =2 N/A N/A N/A NIA N/A N/A
{RMS/HPA USAGE ¢
MANNED RETRIEVAL
AT 1000}
¢ RMS INOPERATIVE NIA NIA N/A N/A N/A N/&
I CLOSE PROXIMITY OPS "CLEAN" V§S CLOSES
o ALTERANATE =3 NIA N/A NIA NIA N/A N/A
{RMS/HPA USAGE -
UNMANNED RETRIEVAL
AT 1000')
o RMS INOPERATIVE N/A NIA N/A N/A NIA N/A '
iCLOSE PROXIMITY OPS “CLEAN’' \!S8 CLOSES
NOTE: ~ FOR NON-COOPERATIVE SATELLITES THAT ARE VSS.COMPATIBLE (CAPABLE OF DOCKING TO VSS) AND STS-COMPATIBLE (E.G,
OUTFITTED WITH RMS GRAPPLE FITTING), IT IS ASSUMED THAT THE DEGREE OF SATELLITE INSTABILITY 15 NOT THAT SEVERE AS

TO PRECLUDE CAPTURE BY TECHNIQUES APPLICABLE T(; COOPERATIVE SATELLITES
= THE UNLIKELY SITUATION OF VEFY HIGH TUMBLE RATES (E,G, ~ 10 RPM) WPULD BE COVERED BY THE DEBRIS RETRIEVAL/
RETUAN SCENARIO, ASWOUI.D APPLY TO SATELLITES TO BE RETRIEVED/RETURNED WHICH ARE NOT STS-COMPATIBLE (E.G, OAO)

E CODE: OR-CL = ORBITER CLUSES CLVE = CLEAN VEHICLE CLOSES
V8S-CL = VSS CLOSES MD-VE = MANNED VEHICLE CLOSES
R81;0];81:-0»37(T) CL-VSS-CL = CLEAN VSS CLOSES UN-VE = UNMANNED VEHICLE CLOSES

Fig, 3.2-32 Earth Return Service Scenarios
(all scenarios include backups for hangups of mechanical devices)
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"Noncooperative" VSS-compatible satellites that are STS-compatible (e.g., eutfitted with
an RMS grapple fitting) would be captured by a VSS adapted with a front-end "kit"
capable of sufficiently stabilizing the satellite to enable VSS-to-satellite docking,
followed by return to the Orbiter/RMS capture. Debris return or deorbit situations
would be handled by another VSS front end "kit" designed to capture uncooperative/
unstable spacecraft. Following capture, the VSS could impart a 4V io effect a controlled
reentry of the debris, or return/rendezvous with the Orbiter, with the VSS being
"flown-in" by the Orbiter crew to enable RMS capture.

"Cooperative" LEO/Propulsion class satellites, with integral stages, would return
from their operational orbit to the Orbiter's nominal orbit to enable direct retrieval/
capture by the Orbiter. "Noncooperative" LEO/Propulsion class satellites, with inte-
gral stages, would be captured by a VSS adapted with the debris retrieval front-end
"kit." Following capture, the satellite/VSS would rendezvous with the Orbiter to effect
RMS capture.

For contamination-sensitive payloads (excluding the VSS-compatible satellites) a
"eclean burning" Proximity Operations Module (manned or unmanned) would be deployed
when the payload is within 1000 ft of the Orbiter to bring the satellite to within the RMS
reach distance.

Figure 3.2-33 shows the nominal and backup service equipment applicable to the
earth return scenarios represented by the satellite classes/gptegories indicated. The
equipment complements vary considerably depending upon the type of payload being
retrieved. An MTV is deployed to examine all payloads prior to retrieval, except for the

contamination-sensitive payloads wherein a Proximity Operations Module (containing

viewing capabilities) is deployed. For large spacecraft, a Payload Installation/ o
Deployment Aid (PIDA) is used to position the satellite in its retention structure. A ©f
Versatile Service Stage (VSS) is used in eight scenarios; six basic and two involving t
retrieval of noncooperative nominal and contamination~sensitive satellites with integral . ’
propulsion stages. Exclusive of AFD Controls/Displays, between four and seven items :
of service equipment are needed to cover these earth return service scenarios. i
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Fig. 3.2.33 Earth Return — Equipment Utilization Summary — Nominal Scenario No. 1 — RMS Usage
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Figure 3.2-34 presents the equipment complements for the sama earth return
scenarios represented by the Nominal No. 1 case, but now the RMS is inoperative. The
same basic equipment complements apply as in Fig. 3.2~33, but now the MMU/WRU
variations are again necessary to complete the migsions. Note thai a second MMU/WRU
with stabilizer is also needed for all of theme scenarios. Exclusive of AFD Controls/
Displays, between four and six items of service equipment are needed to cover these
earth return service scenarios.

3,2.3.2 Nominal Earth Return Scenarios No. 2 - RMS/Tilt Table Usage

‘I'he Nominal No. 2 series of scenarios referred to in the Earth Return Scenarios
matrix (Ref; Fig. 3.2-32) represents scenarios in which the RMS is used to retrieve
satellites and place them on a Tilt Table for checkout/appendage or equipment removal,
The Tilt Table is also used as a mechanism to rotate the satellite into its retention strue~
ture for return to earth. The scenarios apply to the Direct Delivery-Return and LEO/
Propulstion-Return payload classes. The close proximity and retrieval operations asso-
ciated with the payload classes/categories are the same as with the Nominal Earth Return
Scenarios No. 1 (Sec. 3.2.3.1).

Figure 3.2-35 shows the nominal and backup service equipment spplicable to the
earth return scenarios represented by the satellite classes/categories indicated. The
equipment complements are comparable to the Nominal No. 1 RMS usage situation (Ref:
Fig. 3.2-32), but with the addition of the Tilt Table and OCP~Tilt Table Work Platform
(which is considered as a single unit of equipment). Exclusive of the AFD Controls/

Displays, between five and eight items of service equipment are needed to cover these o
earth return service scenarios.

Figure 3.2-36 presents the equipment complements for the same earth return
scenarios represented by the Nominal No. 2 case, but now with the RMS inoperative.
The same basic equipment complements apply as in Fig. 3.2-35, but now the MMU/WRU
variations are again needed to complete the missions. Note that a second MMU/WRU with

stabilizer could also be called for, although EVA via handrails in the payload bay might
also be used for these backup retention latch hangup situations. Exclusive of AFD .
Controls/Displays, between four and seven items of service equipment are needed to "

cover these earth return sgirvice scenarios.
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Fig. 3.2-34 Earth Return — Equipment Utilization Summary — Nominal Scenario No, 1 — RMS;
Usage — RMS Inoperative '
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Fig. 3.2-35 Earth Return — Equipment Utilization Summary — Nominal Scenario No, 2 — RMS/Tilt Table Usag~
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Fig. 3.2-36 Earth Return — Equipment Utilization Summary — Nominal Scenario No. 2
— RMS/Tilt Table Usage — RMS Inoperative
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3.2.3,3 Alternate Earth Return Scenarios No. 1 - RMS/HPA Usage

The Alternate No. 1 series of scenarios referred to in the Earth Return Seenavios
matrix (Ref. 3.2-32) represents scenarios in which the RMS is used to retrieve payloads

and place them on a Handling & Positioning Aid (HPA) for final checkout/appendage or
equipment removal, prior to RMS stowage of the payload in the Orbiter payload bay.

The scenarios apply to the Direct Delivery~Return, and LEO/Propulsion~Return
payload classes. The close proximity snd retrieval operations associated with the pay-
load classes/categories are again the same as with Nominal Earth Return Scensrio No, 1
(Sec, 3.2.3.1) and No. 2 (Sec. 3.2.3.2). As shown in the Earth Return Scenarios
matrix, six Level-1 sequences-of-events were prepared (ER-3, ER-4, ER-9, ER~10,
ER-11, ER~12) to aid in surfacing equipment utilizations. The ER~9 scenarios will be
elaborated further to illustrate the process utilized.

Figure 3.2-37 shows the ER-9 Level~1 earth return sequence-of-events for the
LEO/Propulsion payload class, nominal payload (MMS-type), in which a satellite is re-
trieved from its operational orbit and returned to the Orbiter by the VSS to effect RMS
capture. Service equipment needs associated with a particular event are again high-
lighted, as was illustrated for previous sequences-of-events charts. The initial events

call for:
e Versatile Service Stage (VSS) and its retention structure within the Orbiter
e Remote Manipulator System (RMS) and associated AFD Controls/Displays
e Handling & Positioning Aid (HPA)

e AFD Controls/Displays for checkout of the VSS

e Maneuverable Television (MTV) to view VSS firing and to examine the VSS and
the satellite prior to "flying-in" the VSS within the RMS reach distance

e AFD Controls/Displays for close proximity flight control of the MTV.
Subsequent operations identify:

e VSS capabilities to rendezvous/dock with the satellite

e AFD Controls/Displays for close proximity flight control of the VSS

e Retention structure for satellite stowage

e Options to enable removal/stowage of satellite equipment and, potentially, to
provide power to the satellite during the earth return flight
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Fig. 3.2-37 ER9 Earth Roturn — Alternate Scenario Mo, 1 —~ LEO/Propulsion Payload Class —
Cooperative Nominal Payload — RMS/HPA Usage — VSS Application
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e IIPA work platform for servicing the VSS prior to stowage.
Backup situations identify the following equipment needs:

o MMU/WRU with stabilizer to assist with a latch hangup during stowage of the
satellite

e MFR/RMS to cover a latch hangup associated with the VSS

e HPA work platform (also identified above) to assist a potential satellite
appendage hangup.

The equipment usage segment for the ER~9 scenario is shown highlighted in Fig. 3.2-38,
within the overall format being used to identify equipment usage for all the scenarios
applicable to this Alternate No. 1 case.

. DEBRIS DEBRIS
LEQ/PROPULEION - RETURN oeonis .| peenls
VERSATILE SERVICE STAGE

SMALL OR 5MALL OR
NOMINAL CONTAMINATION LARGE LARGE
PAYLOAD SENSITIVE DEBRIS DEBRIS

EQUIPMENT v Ccoop | NON.COOP COOP | NON.COOP NON.CooP NON-.COOP

NOMINAL
RETENTION STRUCTURE &

PAYLOAD CLASS

&
CATEGORY

frasmnasi o055

HSPECIAL" RETENTION S5TR
EQUIP STORAGE PROVISIONS
TILT TABLE
PIDA )
ims TILT TAGLE WK PLAT ®
LT TAG
oce { Gearams
MFR/AMS o
MMy | WIEND BFFECT
WRU { W/STABILIZER o
" { PROX OPS MODULE
PROX OPS MODULE
—~ MANNED VERSION
PROX OPS MODULE
= MTV ADAP'N
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NON.CONTAM ACS
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W/OOCKING/RENDEZ
o V8§ {WIEND EFFECT
WIDEBRIS CAPTURE
A;WIRMS

® & ® 6 v e e e

* -

o ARD.WICHECKOUT
oD | WICLOSE PROXIMITY
CONTROL

90 ‘Og

CODE: @ PRIMEUSAGE O BACKUP  ® OPTIONAL WOO}ONE UNIT  *EVAVIA HANDRAILS OPTIONAL

+ APPENDIX B 5CENARIO

R81-0181-043(T)

" Fig, 3,2-38 ERY Earth Return — Equipment Utilization Summary ~ Alternate Scenario No, 1 —
RMS/HPA Usage
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Figure 3.2-39 repeats the original Earth Return Scenarios matrix (Ref: Fig.
3.2-32), but highlights the strip of thirteen scenarios applicable to this RMS/HPA usage
situation.

Figure 3.2-40 summarizes the equipment utilizations for the scenarios emphasized in
Fig. 3.2-39. Shown are the nominal and backup service equipment for these thirtoen
earth return scenarios. Also identified are the Level-l sequences-of-events (ER-3,
ER-9, ER-10, ER-11, ER~12) that were prepared to aid in surfacing the equipment
identifications shown, and can be correlated to the scenarios found in Appendix B, Tho
equipment complements are the same as the Nominal No. 2 RMS/Tilt Table usage situation
(Ref: Fig, 3.2-35), but with the HPA replacing the Tilt Table/OCP~Tilt Table Work
Platform. Exclusive of the AFD Controls/Displays, between five and eight items of
service equipment are needed to cover these earth return service scenarios.

Figure 3.2-41 presents the equipment complementb for the same earth return
scenarios represented by the Alternate No. 1 case, but now with the RMS inoperative.
The same basic equipment complements apply as in Fig. 3.2-40, but now the MMU/WRU
variations are again needed to complete the missions. Note that a second MMU/WRU with
stabilizer could also be called for, although EVA via handrails in the payload bay might
also be used for these backup retention latch hangup situations. Execlusive of AFD
Controls/Displays, between five and seven items of service equipment are needed to
cover these earth return service scenarios.

3.2,3.4 Alternate Earth Return Scenarios No. 2 - RMS/HPA Usage ~ Manned Retrieval
at 1000 ft Separation

The Alternate No. 2 series of scenarios referred to in the Earth Return Scenarios
matrix (Ref: Fig. 3.2-32) represent scenarios where the Orbiter would rendezvous
within 1000 ft of a payload. A manned Proximity Operations Module (POM) is then dis-
patched to retrieve and bring the payload within RMS reach distance. The payload is
then captured by the RMS and placed on the Handling/Positioning Aid for fine: checkout/
appendage or equipment removal prior to RMS stowage of the payload in the Orbiter
payload bay,

The scennrios apply to the Direct Delivery-Return and LEO/Propulsion~Return
payload classes. (Only the cooperative payloads with integral propulsion are considered
gince the balance of the LEO/Propulsion payload categories would be handled via
Versatile Service Stage usage which were covered in Alternate Scenarios No, 1.) The
satellite; with its integral stage, would return from its operational orbit to the Orbiter's
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‘Fig. 3.2-40 Earth Return - Equipment Utilization Summary — Alternate Scenario No. 1 — RMS/HPA Usage
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Fig. 3.2-41 Earth Return — Equipment Utilization Summary — Alternate Scenario No, T ~
: RMS/HPA Usags — RMS Inoperative
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nominal orbit to enable capture of the satellite/stage by the manned POM and retrieval by
the RMS/Orbiter.

As shown in the Earth Return Scenarios matrix, two Level-1 sequences-~of-events
were prepared (ER-5, ER~6) to aid in surfacing the equipment usage. The overall
equipment usage for the Alternate No. 2 revisit scenarios is shown in Fig. 3.2-42. The
nominal and backup service equipment is shown for the five earth return scenarios in
which manned retrieval of satellites at 1000 ft separation are applicable. Manned
retrievals would be accomplished by Proximity Operations Modules in either of two
variations: an "MMU/WRU adaptation" or by a "Manned Version." The distinction
between the two is that the POM~-MMU/WRU adaptation applies to masses in the range of
MMS-type payloads (or smaller); for larger payloads (such as AXAF or Space Telescope),
a larger POM~-Manned version has been called for.

As shown in Fig. 3.2-42, the service equipment complements for these scenarios are
similar, except for the contamination-sensitive payloads which call for a noncontamina-
ting Orbiter ACS for the earth return migsion and the use of the Payload Installation/
Deployment Aid (PIDA) for large payloads. Exclusive of AFD Controls/Displays,
between five and seven items of service equipment ars needed to cover these earth
return service scenarios.

Figure 3.2-43 presents the equipment complements for the same five Alternate No. 2
scenarios reflected in Fig. 3.2-42, but now with the RMS inoperative. Again, the MMU/
WRU adaptations appear as the contingency elements for RMS inoperative situations.
Exclusive of AFD Controls/Displays, five or six items of service ei;uipment are needed to
cover these earth return service scenarios.
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— Manned Retrieval of Satellites at 1000 7t Separation
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Fig. 3.2-43 Earth Return — Equipment Utilization Summary, Alternate Scenario No. 2 — RMS/HPA Usage
-~ Manned Retrieval of Satellites at 1000 Ft Separation — RMS Inoperativd
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3.2.3.5 Alternate Earth Return Scenarics io. 3 - RMS/HPA Usage - Unmanned
Retrieval at 1000 ft Separation

The Alternate No. 3 series of scenarios referred to in the Earth Return Scenarios
matrix (Ref: Fig. 3.2~32) represents scenarios where the Orbiter would rendezvous with-
in 1000 ft of a payload. An unmanned Proximity Operations Module (POM) would then
be deployed to retrieve and bring the payload to within RMS reach distance. The pay-
load is then captured by the RMS and placed on the Handling & Positioning Aid (HPA) for
final checkout/appendage or equipment removal, prior to RMS stowage of the payload in
the Orbiter payload bay.

The scenarios apply to the Direct Delivery-Return, and LEO/Propulsion payload
classes. (Again, only the cooperative payloads with integral propulsion are considered
herein, since the balance of the LEQO/Propulsion payload categories would be handled via
Versatile Service Stage usage which were covered in Alternate Scenarios No. 1.)

The satellite, with its integral stage, would return from its operational orbit to the
Orbiter's orbit to enable capture of the satellite/stage by the unmanned POM and
retrieval by the RMS/Orbiter.

As shown in the Earth Return Scenarios matrix, the ER-7 Level-1 sequence-of-
events was prepared to aid in surfacing equipment usage. The overall equipment usage
for the Alternate No. 3 scenarios is shown in Fig. 3.2-44. The nominal and backup
service equipment is shown for the five earth return scenarios in which unmanned re-
trieval of satellites at 1000 ft separation are applicable. Retrievals are accomplished by
a Proximity Operations Module~-MTV adaptation capable of handling the spectrum of
satellite masses projected in our Satellite and Services User Model (S/SUM). Service

equipment complements are almost identical to the manned retrieval scenarios (¥ig.
3.2-42), but with the addition of an Aft Flight Deck Control/Display for close proximity
flight control (remote) of the POM by the Orbiter crew. Exclusive of AFD Controls/
Displays, six or seven items of service equipment are needed to cover these earth return
servicing scenarios.

Figure 3.2-45 presents the equipment needs for the same five Alternate No. 3
scenarios reflected in Fig. 3.2-44, but now with the RMS-inoperative. Again, the
MMU/WRU adaptations appear as the contingency elements for RMS-inoperative situa-
tions. Exclusive of AFD Controls/Displays, between five and six items of service

equipment are needed to cover these earth return servicing scenarios.
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3.2.3.6 Summary of Earth Return Service Equipment and Usage

Figure 3.2-46 consolidates the equipment utilization summaries that apply to the 98
scenarios considered in the Earth Return Scenarios matrix. A total of 19 service equip~-
ment needs (18 nominal, one optional) have been identified to cover the earth return
scenarios in Fig. 3.2-32. This equipment would be carried in the satellite services
inventory to cover both planned and contingency situations. The service equipment
needs identified for the earth return service missions follow:

Nominal Equipment Needs

(1) Retention Structure Satellite retention for earth return would
merely duplicate the form of retention used for
initial launch in the Orbiter.

(2) Special Retention Structure Earth return of satellites previously launched
by unmanned launch vehicles will require
unique retention structures duplicating the
original launch vehicle's support interface.
Special structures would also be required to
support earth return of pieces or elements of
satellite debris.

(3) Equipment Starage Stowage of spacecraft elements, such as equip-
ment or appendages, may be 1eeded to enable the
satellite's support in ii4 retention structure
(e.g., nonretractable appendages). In these
cases, it would be expected that these stowage
provisions will be provided in the basic
retention structure for the satellite us part of
"special hardware" for ¢arth return.

(4) Remote Manipulator The RMS retrieves payloads when within the
Sys.tem (RMS) reach~distance of the RMS arm and is used to

place the payloads in their retention struc-
tures within the payload bay. The RMS is also
used to deploy the Maneuverable Television to
examine payloads before retrieval and supports
EVA operations with the Manipulator Foot
Restraint unit.
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(5) 'Tilt Table and Open Cherry
Picker (OCP) Tilt Table
Work Platform

o e

(6) Manipulator Foot Restraint
(MFR)/RMS

(7) Maneuverable Television (MTV)

r s sz

(8) Payload Installation and
Deployment Aid (PIDA)

ecmsmerian

PR —

(9) Handling and Positioning
Aid (HPA)

(10) Noncontaminating Attitude
Control System (ACS)

For those satellites that utilize the FSS Cradle
A' Tilt Table (or equivalent) for initial launch,
and the Tilt Table/OCP Work Platform for on-
orbit servicing, the same hardware could be
provided to enable checkout/equipment or
appendage removal prior to earth return.
Additionally, the Tilt Table could also serve as
an element of the satellite's retention
structure.

The MFR/RMS serves as a backup for potential
hangups of mechanical devices in the payl»ad
bay for earth return missions and hangup
situations associated with satellite
appendages.

As in the revigit-servicing missions, the MTV
is used to remotely examine all satellites prior
to Orbiter retrieval and can be deployed to
view and record Versatile Service Stage
firings. 1he system is flown by the Orbiter
crew from the Aft Flight Deck.

Enables re~-installation into the payload bay
of very large size/mass payloads (e.g., 15 ft
diameter and 65,000 1b) that are "tight" in
terms of the 3.0 inch Orbiter clearanse
envelope.

The HPA, with its standardized burthing and
umbilical interface, supports the deployment
of the Versatile Service Stage, and also enables
checkout/equipment or appendage removal from
a satellite prior to earth return.

Orbiter retrieval of contamination-sensitive
satellites could be supported by providing a
noncontaminating ACS package in the payload
bay or, alternatively, by placing the Orbiter,
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(11-13) Aft Flight Deck Controls &
Dispinys (AFD~C&D):
e RMS Control Panel
o Satellite C/0 Panel
e Close Proximity Ops
Panel

(14 Manned Maneuvering Unit/
Work Restraint Unit
(MMU/WRU)

(15) Proximity Ops Module
(POM)~-MMU/WRU Adaptation

(16) Proximity Ops Module
(POM)-Manned Version

(17) Proximity Ops Module
(POM)-MTV Adaptation

(18) Versatile Service Stage (VSS)

e Rendezvous/Retrieval
Capability

e Non-cooperative
Satellite Retrieval
Capability

e Debris Capture
Capability

into # free-drift mode during satellite capture
operations.

Controls and displays will be provided in the
AFD for control of the RMS, for checkout of
the satellite prior to earth return, and for
close proximity flight control of the MTV,
Versatile Service Stage, and the unmanned
Proximity Operations Module.

Adaptations of the WRU in conjunction with
the MMU again serve as the backup for RMS
inoperative situations for carth return service
missions. Two "kit" adaptations apply for
these migsions: (1) an RMS snare end-
effecor to enable payload retrieval, and (2) a
stabilizer to allow for manual assist (by an
astronaut) of mechanieal hangups in the pay-

load bay area.

Retrieval of spacecraft within 1000 ft of the
Orbiter would be accomplished by Proximity
Operations Modules in the same manner as
previously described for the revisit-service
missions.

The VSS is again used to retrieve satellites
from higher energy orbits not directly acces-
sible by the Orbiter. In addition to the capa-
bilities needed for revisit-service missions,
the earth return service missions call for
debris retrieval and controlled debris de-orbit.
The VSS would be armpted with a special
front-end "kit" designed to capture uncoopera-
tive/unstable spacecraft. Following capture,
the VSS could impart a AV to effect controlled
reentry of the debris, or return and rendez-
vous with the Orbiter.
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Optional Equipment

(19) Lighting Enhancement Supplementary lighting or enhanced viewing
capabilities are provided for nominal and
backup EVA activities associated with earth
return service missions.

3.2.4 Orbital Storage

The orbital storage mode provides the satellite user with the option to leave the
spacecraft on-orbit for subsequent revisit/repair in the event of a malfunction detected
prior to deployment that would categorize the satellite non-operational, Orbital stor-
age negates the need for carrying backup spares, ete. (incurring added user charges),
and eliminates the necessity for returning a satellite to earth for repair and subsequent
relaunch (also additional user charges).

Scenarios for four orbital storage options have been developed (Ref: Fig. 3.2-47)
and ave provided in Appendix B. The scenarios indicate that the operations involved, to

completely envelop a satellite with an enclosure, ave slightly different depending upon
whether a satellite is greater or less than 15 ft long.

PAYLOAD CLASS & ORBITAL STORAGE OPTION
CATEGORY
» SAT, <156 ft LONG SAT, > 156 ft LONG
SCENARIO
® NOMINAL 081 08-3
(RMS/HPA USAGE)
® RMS INOPERATIVE 08-2 08-4

RB1-0181-055(T)
0181.3380

Fig. 3.2:47 Otibital Storage Options

Satellites longer than 15 ft must be lifted off the HPA and supported by the HPA
work platform while the enclosure is fitted over the satellite. To effect this operation
the HIPA work platform would be adapted with an RMS end-effector to enable the platform
to support the satellite via its grapple fixture.

In contrast, satellites less than 15 ft long can be fitted with the enclosure while
remaining attached to the HPA. The scenarios in Appendix B contain additional details
relating to the on~orbit operations associated with effecting the orbital storage mode.
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3.3 SERVICE EQUIPMENT - SUMMARY

Figure 3.3-1 summarizes the service equipment needs identified for the major
mission events: initial launch, revisit, and earth return, as reflected in the 180
on~orbit opaerations scenarios considered herein. 'The service equipment needs and their
related equipmont categories ave:

EQUIPMENT CATEGORY IDENTIFIED SERVICE EQUIPMENT NEEDS
Support Structure 2
On-Orbit Equipment 15
Free=Flight Systoms 10
Optional Equipment 4
Advanced Capabilities
Tools 1
Total 34

Primary (solid bullet) and backup equipment (open bullet) is shown; bullets with
connecting lines refer to equipment needs that could be satisfied by single units of
service hardware. Clearly, many service equipment needs appear on more than one
major mission event.

Figure 3.3-2 indicates the status of the equipment identified and notes
aquipment which exists, is under development, or has beon newly identified. Each item
of hardware under development and the new equipment identified is referenced to the
service equipment requirements sheets that follow.
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EQUIPMENT CATEGORY MISSION EVENT

INITIAL EARTH
LAUNCH REVISIT RETURN

SUPPORT STRUCTURE
¢ RETENTION STRUCTURE ®
¢ SPECIAL RETENTION STRUCTURE
ON-ORBIT EQUIPMENT

* REMOTE MANIPULATOR SYSTEM (RMS)
® TILT TABLE (FSS, US, PAM.A)

¢ OPEN CHERRY { TILT TADLE WORK PLATFORM
PICKER (OCP) | OCP/RMS

¢ MANIPULATOR FOOT RESTRAINT/RMS

* PAYLOAD INSTALLATION/DEPLOYMENT AID (PEDA)

¢ HANDLING & POSITIONING AID {HPA)

* SPIN TABLE (PAM-A, PAM.D)

i

®
o OO0
L an X J

(B N e
260

3 3 «x | ON-ORBIT SUPPORT
¢ EQUIPMENT STORAGE { EARTH RETURN

e FLUID TRANSFER SYSTEM
¢ NON-CONTAMINATING ACS
W/BMS CONTROL

W/STD SATELL C/0
W/CLOSE PROX CONTR

® AFD-CONTR/DISPL

ee4® ¢ 0 o
e ©

L 11

FREE FLIGHT SYSTEMS

¢ MANEUVERABLE TELEYISION (MTV)
* PROXIMITY OPS MODULE » MTV ADAPTATION
e PROXIMITY OPS MODULE » MANNED VERSION

W/END EFFECTOR 8
«  MAN, MANEUV UNIT/WK W/STABILIZER
RESTRAINT UNIT (MMU/WRU) | W/PAYLOAD HANDLING
PROXIMITY OPS MODULE

W/DELIVERY, RETRIEVAL ®
e VERSATILE SERVICE RENDEZ, DOCKING
STAGE (VSS) W/END EFFECTOR KIT
W/DEBRIS CAPTURE KIT

€ 8CCO o0 €

-9 @ CO @0 ¢

OPTIONAL EQUIPMENT

* SUN SHIFLD

* ORBITAL STORAGE

* ATTITUDE TRANSFER PKG
¢ LIGHTING ENHANCEMENT

ADVANCED CAPABILITIES

WIRMS
WIHPA

e DEXTEROUS MANIPULATORS [

TOOLS
* HANDLING/EQUIPMENT REMOVAL ® ®

RB1-0183.056(T)

a Fig. 3.3-1 Service Equipment Summary
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3.4 SERVICE EQUIPMENT REQUIREMENTS

Requirements for each item of equipment identified in Fig. 3.3~2 are contained
herein. A sketch of the concept for cach item is included, and tables list the require-
ments for the equipment and the interface requirements imposed on the spacecraft and
crew,

SERVICE EQUIPMENT

STATUS

Support Structura

Retontion structurg
Speciol rotention structure

On-Orbit Equipment

Equipmont stowaga-an orbit support
Equipment stowage-aarth return
TIIt table

' OCP/RMS
OCP/tiit table work platform
MFR/RMS
Spin table
PIDA
Handling & Positlioning Ald
Fluld transfer eystem
Non-contaminating ACS
RMS
AFD controls & displays - RMS control
AFD controls ~ standard sat. chockout
AFD controls = close proximity flight control

Froe Flight Systems

MMU
MMU/WRU ~ ond affector

- stablilzor

- payload handling

- Proximity Ops Module
Proximity Ops Modulo — Manned Version
MTV

Proximity OPS Module — MTV Adaptation
VSS ~ delivery, retrioval, rendezvous & docking
~ond effoctor kit
= dobris capture kit

Optional

Sun shield

Orbital storage

Attitude transfer package
Lighting enliancement

‘Advancod Capabilitios

Daxterous manipulator/AMS
Dexterous manipulator/HPA

Tools

MMS handling tool
01810490
R81-0181-057({T)

Existing IMMS F8S, trunnion fittings)/Naw Intogral, Fig. 3.4 - 182

Now, Fig, 3.4 - 3&4

Now, Flg, 3.4 « B&A

Now, Flg. 3.4 « 788

Existing, (FSS, 1US, PAM-A) standard hordware Fig, 3.4 -9&10
Development hardware, Fig, 3.4 » 11&12

New, Flg, 3,4 » 13814

Dovelopmant hardware, Fig, 3.4- 16&16

Existing, {PAM-A, PAM:D)} standard hardware Flg, 3.4 - 17&18
Dovolopment hardware, Flp, 3.4- 19820

New (concapt study) Flg, 3.4 » 21822
New, Flg, 3.4 - 22824

TR R ey

Now, Fig, 3.4 » 26826

Existing, STS standard oquipmant Fig, 3.4- 27&28
Exlsting, STS standard hardware Flg, 3.4 - 20830
Now, Fig, 3.4 « 31&32

New, Fig. 3.4 » 33&34

Exlsting, STS stondard hardware, Fig, 3.4 - 35&36
New, Flg, 3.4 « 37838

NOW, F'ﬂn 3!4 - 39&40

Now, Flg, 3.4 « 41842

New, Fig. 3.4 - 43&44

Now, Fig, 3.4 » 45846

Pevelopment hardwore Fig, 3.4 + 47%48
New, Fig, 3.4 - 49&50

Now, {Concopt Study) Flg, 3,4 » 51862
New, Flg, 3.4 « 63&564

New, Fig, 3,4 - 66&56

Now, Fig, 3.4 « 67&68
New, Fig, 3.4 - BO&G0O
Now, Flg. 3.4 « 61&62
Now, Flg. 3.4 » 63864

New, Fig. 3,4 - 65866
New, Fig, 3.4 + 67868

New, Flg. 3.4 - 69870

Fig. 3.3-2 Service Equipment Status
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ORIGHIAL 10 1S

OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: Rotontlon Structure
FUNCTION; Stowago of spacecraft in the Orbltor cargo bay during launch & earth return

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERFACES
e Provide structural support and ® Structural attachmont fittings to 8/C e AFD controls & displays requirad
mechanico! attachment of the ratention structure or trunnions for for power, command signals, date
S/C 1o the Orbiter cargo bay Orbiter fittings and 8/C releasa latchos
* Provide o stondardized satollite o Electrical power connactlon to §/C
Interfocy to onabie power, rotention structure or Orblier os
command signals and data applicable
from the 8/C

e Commaond & data signal Interface
¢ Provide mechanism to releasa to orbiter
ond iatch the S/C to the
S/C rotontion structure a3

spnlicable

® Provide o backup manual o EVA capabliitiss for
relense and latch to the S/C manual rolease or lock
ratontion mechanism; of rotention latchos

following rolonse the
mechanism should maintain
tho satollito In a “coged”
condition to enablo RMS
attachment for deployment

e Provide AFD controls &
displays for the S/C power,
command slanals, data and
lotching moechanism

R61.0183.068(T)

Fig. 3.4-1 Reteption Structure Requirements

FLIGHT SUPPORT SYSTEM (FSS)
~ ADAPTABLE TO
MMS-TYPE PAYLOADS

® INTEGRAL
- BUILT INTO SATELLITE

¢ PALLET MOUNTED (NOT SHOWN)
~ COMPATIBLE WITH SMALL
SORTIE-TYPE PAYLOADS
RB1-0181-059(T)
» Fig. 3.42 Retention Structures
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SERVICE EQUIPMENT REQUIREMENTS: Spoclal Retention Structura

ORIGINAL PAGE 15
OF POOR QUALITY

FUNCTION: To provide corgo hay stowage for Inactive satellites & space debris

SUPPORT EQUIPMENT

SPACECRAFT INTERFACES

CROW INTERFACES

®  Provide means of greppling
Inactive satollites (attachmant
of RME gropple fixturo)

® Provide mounting and/or tie
dawn support for the satollite
In the Orbitor cargo bay,
Mounting to match orlginal
launch vehicle Intarfoce

RB1:0161.060()

01810810

¢ None

¢ Control of RMS and effector

e Control of 8/C & debrls securlng
equipmant

Fig. 3.4-3 Spocial Roten’lon Structury Raquiromants

R81.-0181+061(T)
0181-0770

Tty b % it

SPECIAL

Fig. 3.4-4 Concept for ““Special’ Rotention Structure
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SERVICE EQUIPMENT REQUIREMENTS: Equipment Stowage =~ On Orb¥ Support

FUNCTION: Orbliter cargo boy stowage of now replacement S/G aguipmant for sorvicing
ravisits and carth return of used S/C equipment

SUPPORT EQUIPMENT

SPACECRAFT INTERFACES

CREV/ INTERFACES

s Provide nructurbl support
and mechanicnl attachmont
of §/C squipment In tho

Nana

Craw visibllity & oporation
of equipmont rolanso 8 stowsge
potuators via EVA

Orblter corgo bay

o Provide mochanism to permit
+ EVA rolenso & latching of
the 8/C equipmont

R01:0161:062(T)
9181-0520 Fig. 3.4-6 Requiremonts for Equipment Stowagoe - On Orbit Support
- ,\5 ., 2 N
'/ \ REMOVE & REPLACE /7 —~[I
e( ) MODULESWITH
\ 3 ; IN PLANE MOTION Tk caniaren TN
. S A .
PGSITION OF /é ) ) TELESCOPING
CANISTER I L Yaadh ) =1 ELEC SCREW JACK
rtd )/ TR, n '
ok ¥ =i d ‘-.:,.l o a
EXIST PIDA \k-‘ x ! "
ACTUATION CARGO J+—SHUTTLE
SYSTEM DOOR E i
/—‘ OPEN
SHUTTLE
SIDE SWING SWING ELEVATOR
(NEW)
DIRECTION OF MOTION ¢ OF ROTATION
TO REMOVE OR
REPLACE MODULES
SHUTTLE

ROTARY (CAROUSEL)

R81:0181:063(T)
0181:070D

Fig. 3.4-6 Concopts for Equipment Stowage — On Orbit Support
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ORIGINAL PAGE IS
OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS; Equipment Stowage ~ Earth Return
FUNCTION: Orbiter cargo bay stowage of equipment removed from debris » spacecraft for earth return

SUPPORT EQUIPMERY SPACECRAFT INTERFACES CREW INTERFAGES
¢ Provide structural support ond Nona Craw visibllity & oporation
méchanical attachmant of 8/C of equipment stowage
components to 5/C flight sctuntors via EVA
support aquipment In the
cargo bay

o Provide mechanism to permit
EVA oporation of equipmont
rotontion structuros

RE1:0181:064(T)
0181.083D

Fig. 3,47 Roquiromoents for Equipmont Stowage » Earth Roturn

EQUIPMENT
STOWAGEON  (NEW)
SUPPORT

STRUCTURE

RB1:0181-065(T)
0181.0770

Fig. 3.4-8 Equipment Stowage —~ Earth Return Concopt
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ORIGINAL PAGE 18
QF POCR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: Tilt Tablo
FUNCTION: To rotate spacecraft out o1, 3nd Into the payload bay for deployment, retrieval & positioning

spacecraft for servicing

SUPPORT ECGUIPMENT

SPACECRAFRT INTERFACES

CREW INTERFACES

L J

Provide support for spacecraft In the
Orbiter corgo bay during launch,
orhital oparations and Isnding

Provide stendardized iatches for space.

croft release and berthing operations

Provide standerdized signal and power
interfacas with the S/C

Rotota spacecraft & 00° out of the
corgo by and provide tha capability
of Intermacdiate positioning

Provide 360° roil capabllity for S/C
accoss

AFD controls & displays requlred
for tiit table oparation

R81-0181:066(T)
01812140

g : R81-0181.067(T)

BERTHING LATCH (3)

TILT TABLE EXTENSION/
STRUCTURE

e e

Y

0181-3150

UMBILICAL
CONN (2)

MMS
CRADLE A’

¢ Standardized barthing Interface toat
Is compatible with the tiit seble,
This includas mochan'sal, elogtrical
powor, and sigha) In‘erfocos

BERTHING/POSITIONING
PLATFORM

3-89

o AFD control of tiit teble
positioning

Fig. 3.4-10 Tilt Table (MMS - FSS Adaptation)




SERVICE EQUIPMENT REQUIREMENTS: Opon Cherry Pickor/RMS

FUNCTION: To transport EVA, astronaut & equipmaent, & provide a stable work platform for on-orbit servicing

SUPPORT EQUIPMENT

SPACECRAFT INTERFACES

CREW INTERFACES

* provide a platform mounted on
the ond of the RMS to support an
EVA crewman

® Provide a groppla fixture on the
OCP that is compatible with the
RMS snaro ond offoctor

o Provide stowage for S/C
equipment & tools

o Provide sttachment jor EMU
boots on a rotating (360°) foot
platform

o Provide a payload handling
device to support S/C roplace-
nble components and parmit
astronaut exhangoe of
tpmponents

o An articulating stabilizer attached
to tho OCP base shall permit a rigld
connection to bo established
between the OCP and work
structure, Tho free end of
tho stobilizer shall have a
grapple to pormit attachment
to S/C or Orhiter hard points,

o Hardline communlications shall
be provided betwaen the EVA
QCP operator & AFD

& Controls & displays shall be
provided on the OCP to pormit
EVA astronaut cgnirol of the
stobilizer & RMS {51 fnaneu
vering and positioning the OCP

o Lights shall be provided for
work site itlumination

® Provide for QCP remote
releaso and stowage in the
Cibiter cargo bay

@ Provide Orbiter AFD selaction
of control for OCP operator
and control of OCP release
& stowage

RE&1:0181-070(7)
0181.3160

e Roplacoable components shall be

EVA compatible

EMU support

S§/C equipment & tools shall
be EVA compstible

Controls & displays shall be
EVA compatible

Fig, 3.4-11 Open Cherry Picker/Remote Manipulator System (OCP/RMS) Reqsiirements
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ORIGINAL PACGE IS
OF POOR QUALITY

WORK LIGHT

PAYLOAD HANDLING DEVICE
TOOL BOX

%

SN b
S

i —3d

I
4

/
f
7 PAYLOAD
HANDLING
DEVICE

LIGHT
STANCHION

FOOT RESTRAINT
PLATFORM

MECHANICAL
STABILIZER

RB1.0181.071(T)
0181-317D
Fig. 3.4-12 Open Cherry Picker Concept
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SERVICE EQUIPMENT REQUIREMENTS: OCP/Tilt Table Work Platform
FUNCTION: To provide a work platform for EVA servicing of tiit table mounted spacocraft

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERFACES

o Provide OCP/EMU support rastraint Nonu o EMU support on work platform
systeny; Include tools & equipment )
stowago provisions and work lghts » Controls & displays required to

position OCP

@ Provide nccoss to spacecraft by sup-
porting the OCP with a boom that e Tool & oquipiment stowage
poermits 1 to 3m varlation In
radinl position from the tiit teble o QCP doployiment oporations

conter, and aujusttble vertical
positlon from the S/C to tilt table
Interfaco up to 10m

e Provide controls & displays to por-
mit the EVA astroworker to adjust
tho position of the OCP to the
work site, The OCP shall move
with the tilt tablo

e Provide stawage for the OCP on
the tiit table & mechanism for
automatic doployment

R81-0181-068(T)
0181.054D

Fig. 3.4-13 Requirements for OCP/Tilt Table Work Platform

\Q‘Q T A :
‘e,\ "\
,i»" ~

—
|

4

r ELT SUPPT SYS

\“—"" CRADLE A’
BERTHING/POSITIONING
PLATFORM

EXTENDABLE
BOOM

R81-0181.069(T)
Fig. 3.4-14 Concept for Cpen Cherry Picker~Tilt Table Work Platform
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ORIGINAL PAGE |s
OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: Manipulator Foot Restraint/RMS
FUNCTION: To transport EVA astronaut & provide a stable work platform for backup situations In the

payload bay
SUPPORT EQUIPMENT SPACECRAFRT INTERFACES CREW INTERFACES
¢ Provide s platform mountoed on e Replacenblo equipment shall be & EMU supprrt
the ond of thoe RMS to support an EVA compatible
EVA crowman ®  5/C equipmont & tools shall bo

EVA compatible

e Provide a grapple fixture on tho
MFR that is compatible with the
RMS snaro end offactor

¢ Provide stownge for tools

& Provide attachment for EMU boots
on a rotating {360°) font platform

o Provide for MFR rernoto rolease
& stowago In the Orbiter cargo
bay

e Provide Orbi 'r AFD control of
MFR reloase & stowage

RB1:-0181-072(T)
Fig. 3.4-15 Manipulator Foot Restraint/Remote Maripulator System (MFR/RMS) Requirements

TOOL BIN &
HAND HOLD

\ ROTATING

FOOT RESTRAINT

o

FOOT RESTRAINT

RMS ASSEMBLY
R81:0181.073(T)
. Fig. 3.4-16 Manipulator Foot Restraint Concept

3-93




ORIGINAL PAGE 13
OF POOR GUALITY

SERVICE EQUIPMENT REQUIREMENTS: Spin Table
FUNCTION: To spin-up spacecraft and impart separation aV

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERFACES
o Provide support for spacocraft Nono e AFD control of spin table
in the Orbiter cargo hay during operatiuns

launch and orbital operations

@ Provide ratontion/release
mechanism for SRM/payload
soparation from the Orblter,

o Provido signal and power
interfaces to the SRM/payload

® Rotato spacecraft 90° out of
the cargo bay if required
{ref PAM A)

® Provide separation &V of up
to 6 ft/soc

o AFD controls & displays
required for spin table
oporation/payload release

RB81-0181.074(T)
0181-320D

Fig, 3.4-17 Spin Table Requirements

R81-0181-075(T)
Fig. 3.4-18 Spin Table — PAM A, PAM D Solid Rocket Stage Adaptations

.
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ORIGINAL PAGE 14
OF POOR QUALITY

ety

SERVICE EQUIPMENT REQUIREMENTS: Payload Installation and Deployment Ald

FUNCTION: To move large, heavy payloads out of and into the Orbiter cargo bay

SUPPORT EQUIPMENT

SPACECRAFT INTERFACES

CREW INTERFACES

o Accommodate doploymont &
stowange of paylrads up to 4.8 m
din % 18,3 mlong & 289 kN

*  Mowi payloads without oxceeding
corgo bay 76 mm (3,0 inch)
clearnnce envelope

¢ Dosign to stow under closod
doors with large paylond in
cargo bay

e Provide means of positioning
PIDA to deploy and roceive
payload

¢ Provido line of sight release &
docking mechanism outslde of
corgo bay

s Provide onergy absorption at
docking intarfaco

o AFD displays and controls
requtred for poylond release
and cupture

R81-0181-076(T)
01813220

o Passlva docking Interfacos to
nate with PIDA

¢ Oporato PIDA controls In AFD

Fig. 3.4-19 Requiremonts for Payload Installation and Deployment Aid {PIDA)

PASSIVE DOCKING
INTERFACE

R81-0181-077(T)
0181-323D

ACTIVE DOCKING
INTERFACE

FWD PIDA ASSY

PAYLOAD

REMOTE

MANIPULATOR

SYSTEM

AFT PIDA ASSY

Fig. 3.4-20 Concept for Payload Installation and Daployment Aid (PIDA]}
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SERVICE EQUIPMENT REQUIREMENTS: Handling & Positioning Ald

FUNCTION: To provide a stanclard fixture to support §/C during on-orbit servicing

SUPPORT EQUIPMENT

SPACECRAFT INTERFACES

CREW INTERFACES

o Provide n standord structural
attnchmant (HPA) of S/C
during orbital sorvieing that
Is complotoly clear of tha
eargo bay

e Provide o standard location
In the Orbiter corgo bay for
the HPA

o Provide means of rotating and
tiiting the S/C to facllitate per
cuss and doployment of S/C
uppendages

o Provide » stondard umbllicol
for power, command signals
to, ond dato from tho S/C

e Provide o standard fluid
connector intarfac to
enablie §/C refuoling

e Provide tha active haif of o -
S/C borthing muechanism

¢ Provide o mochanisim to Impart
soparation velocity of at least
1 ft/soe to spacecraft

o Provide an uxtondable boom
mounted on the HPA with
an OCP and work platform
for EVA crow sorvicing
oporations

e Provide for transfor of attitude
& state vector information to
S/C prior to deployment

e Provido o spin table copable of
launching satallites

® Provide AFD controls &
displays requirod for
manauvering the HPA and
positioning tha work
platform

RB1-0181-080(T)

o Standordized borthing Interface

compatibla with the HPA, This

Includes machanical, tloctrical power,

signal and {luld interfacps

* AFD controls & disploys
roquired for maneuvering the
HPA & positioning work
platform

® EMU support on work
platforn:

Fig. 3.4-21 Handling & Positioning Aid (HPA) Requirements
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R41-0181.081(T)

Fig. 3,4-22 Handling & Positioning Aid Concept
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SERVICE EQUIPMENT REQUIREMENTS: Fluid Transfor Systom
FUNCTION: To provida for the replenishment of S/C propulsion propeliants and satellite fluld

expendables
SUPPORT SPACECRAFT INTERFACES CREW INTERFACES
®  Provide equipment © Provide mating connections for fluld e Control of propellant
to remotely replenish roplenishmont compotiblo with HPA transfor operation
$/C propulsion and
fluid subsystems » Provide redundant shut off valves

to lsolote fluld connoctions

®  Provide b standard fluid
connector to interface
with the HPA to enable
fluld transfer to the
HPA == spacecralt
interfaco,

¢ Provide fluid storage
tonk s) In the Orbiter
cargo bay, o meons of
mating fluid connoctions
to the HPA & u pressure
soutce to offoct fluld
transfor

e All connections to the
HPA, to effect fluid
transfor, shall be moade/
eheeked-out on tho

ground prior to launch

®  Design fluid trensfor
systom to accommodate!

= Hypuorgolic propellants

= Flulds: xenon, propang,
carbon dioxide, argon

~ Solld cryogenic:
mothone ammonia,
neon, nitrogen,
helium, carbon
dioxide

RB1.0181-082(T)

Fig. 3.4-23 Fluid Transfer System Requirements
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|

R81.0181-083(T)

Fig, 3.4-24 Fluid Transfer Concept
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SERVICE EQUIPMENT REQUIREMENTS: Non-contaminating ACS

FUNCTION: To provide Orblter attitude control when RCS operation would be detrimental to

contamination-sensitive S/C

SUPPORT EQUIPMENT SPACECRAFT INTERFACES

CREW INTERFACES

® Proyide corgo bay mountod Nono .
ottitude contirol systom that
utltizos minimum cargo bay length

* Doeslgn approach shall not
contaminate S/C during
sorvicing or retriovel oper-
atlons

¢ Doad band doesign polnt £0,01° Jaxls
& o stabllity rate of £ 0,01°%/s0c/axis

& Tho control system shall stabilize
the Orbiter for 6 hr/mlssion

* Provide controls to doploy and
nctivate ACS o3 opplicoble

01061:067D

RO1.0181-084(T)

Flg, 3.4-26 Requiremonts for Non-Contaminating ACS

DEPLOYED COLD GAS
THRUSTERS/Ny PROPELLANT

A o %
. A@”‘c
A S
'K 4 b‘?\
““7‘;‘,,._} R
v N Yo Xy
"R 2
o T g
e = i, CONTROL
o o e
\&‘:k’h&. RS MOMENT GYROS
Q:&,&r‘}: - S
A
\.}_& v
/{ '. OV
Y/
; o /—"“
l N‘f@
§ \\2’5“

© PRECISION LONG DURATION CONTROL WITH MINIMUM PLUME
IMPINGEMENT EFFECTS & NO CONTAMINATION

0181.082D

R81-0181-085(T)

Activate non-contaminatian
ACS

Fig. 3.4-26 Concept for Non-Contaminating Attitude Control Systam
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ORIGINAL PAGE 19
OF POOR QUALITY,

SERVICE EQUIPMENT REQUIREMENTS: Ramote Manipulator System
FUNCTION: To deploy spacecraft from the cargo bay, rotriove free flylng spacecraft, then berth them on

support structure
SUPPORT EQUIPMENT SPACECRAFRT INTERFACES CAREW INTERFACES
*  Provide mepns of grasping 8/C ¢ Provide mounting for a grapple fixture s Oporation of the RMS controls
located anywhere in the locoted close to the S/C center of Inthe AFD
Orbiter carpo bay gravity

» Remove S/C up to 65,000 Ib from
tha corgo bay and orlant them for
relonse

o Provide mosns of imparting n
separation veloglty to S/C and
releasing tham on command

o Gropplo fre flying 8/C up to
32,000 ib and manuaver them to
; borthing fixture In the cergo
oy

o Provids o standardizod snare ond
effoctor for groppling oporations

* Provide controls & disploys;
cargo bay visibllity to pormit AFD
crow operation of the RMS

o Provido structural support for the
RMS durlng Orhltar Isunch and
landing and when not In use
during orbital operations

R81:0181.078(T)
Fig. 3.4-27 Remote Manipulator System Roequirements

RMS AR

¢ PAYLOAD HANDLING CAPABILITY: 66,000 LB

® POSITIONING ACCURACY: 2 INCHES % 1°
WITHIN REACH ENVELOPE

® PAYLOAD RELEASE: *5°ATTITUDE
<0,016°/SEC
RELATIVE

STANDARD ELEMENTS

GRAPPLE i ‘
FIXTURE @

SNARE
END EFFECTOR

R81.0181-079(T)
Fig. 3.4-28 Remote Manipulator System (RMS)
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ORIGINAL PACE 15
OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: AFD Controls/Displays = RMS Control
FUNCTION: To provide controls and displays required for RMS operation

SUPPORT EQUIPMENT BPACECRAFT INTERFACES CREW INTERFACES
e Provide switches to activate AMS None e Operation of the RMS from the
Orbiter AFD

9 Provide hand controliers for RMS
tansiotion and attitude oxcursions

o Provide direct, "out the window"
view of the cargo bay ares for the
RMS operotors

* Provide CCTV for RMS operation
when direct view obscured

o Provide RMS tip positional
information

e Provide C & W 1o alort the
oporator to conditions thot
could domago the RMS

¢ Provido differont control mode
referencos {eg, cargo bay, end
offecior) to psslst operator In
manoeuvering RMS

# Provide cuntrols to operato
camora, lights, and snare end
pifector

0181.320D

RB1-0181-086(T)

Fig, 3.4-29 Requlroments for AFD Controls/Displays ~ RMS Control

AFT WINDOW FOR PANEL A8, RMS C & D
“~w... RAMS OPERATOR

TRANSLATIONAL
tIAND CONTROLLER

(THC) \(_:
]
Ne— JJ J

PANEL A7 /

CCTV CAMERA CONTROL

AND EXTERNAL LIGHT (Includes manual
CONTROLS ST capture/release,
0181.327D

: rate hold and
RB1.0181-087(T) vernler rate select)
Fig. 3.4-30 RMS Oporator Station

(RHC)

» ROTATIONAL
E i HAND CONTROLLER
r?‘r -,
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ORIGINAL PAGE IS
‘~ OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: AFD Controls/Displays — Standardized Satellite Chackout
FUNCTION: To provide standordized checkout of spacecraft prior to deployment

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CAEW INTERFACES
s Provide a standordized AFD * Accopt Intorrogation slgnels & provide o Operatlon of contrels & fntere
control console to chackout response pretation of dats

spacecraft prior to depfoyment

e Provide oppropriatoe displays to
vorify spacecraft stotus

o Providoe controls/displays to dee
ploy spacecraft from tho HPA

RO%-0181-068(T)
Fig, 3.4-31 Requiramants for AFD Controls/Displays ~ Standardized Satellite Chackout

RMS CONTROLS
& DISPLAYS
(EXISTING)

STANDARDIZED
SATELLITE
CHECKOUT

AFT FLIGHT DECK
VIEW LOOKING AFT
RB1-0181-089(T)
1Fig, 3.4-32 Potential Locations of Aft Flight Dack (AFD) Standardized
Satollite Checkout Control Panel
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ORIGINAL PAQGE 1S
OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: AFD Controls/Displays — Close Proximity Flight Gontrol
FUNCTION: To provide AFD controls & displays for flight control of spacecraft in close proximity to the Orbiter

SUPPORT EQUIPMENT SPACECRAFT INTERFACES SHEW INTERFACES
e Provide a control pansl to be ® Accopt conirol signals & provide S/C Operatlon of controls & Interpret-
used for close proximity flight positional data atlon of displayed data

control of frea flying spaco-
craft to bring them within the
RMS roach distance for capture

e Provide spacecraft position,
range & range rate displays

o Provide controllers for rotation
& translation control of the
spacecraft

0181-0590

R61-0181-090(T)

Fig. 3.4-33 Requirements for AFD Controls/Displays — Close Proximity Flight Control

RMS CONTROLS
& DISPLAYS
(EXISTING)

CLOSE PROXIMITY SATELLITE
FLIGHT CONTROL

AFT FLIGHT DECK
VIEW LOOKING AFT

0181.083D
R81-0181-091(T)

‘Fig. 3.4-34 Potential Locations of Aft Flight Dack (AFD) Closr Proximity Flight Control Panel

- 3-104




: ORIGINAL PAGE 13
OF PGOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS; Manned Manecuvering Unit (MMU)
FUNCTION: Free flyer to transport one EVA crew & equipnient to worksite

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERFACES
o Provide a self contained propulsion ¢ Reploceable components shall be s Oporation of MMU controls during
unit that attachos to an astronaut compatible with EMU/EVA manouvers
oporatione

e Provide cold gas propulsion to permit
rotatlon & translation in any direction

s MMU hover capabllity shall be provided

o Provide hand controllers, one for
rotation the other yur translation, con-
venlent for use durlng EVA

o A clear work zona must be provided
In front of the astronaut

e Provide attachment Interface
for a Work Restraint Unlt (WRU)

e Support structure & assoclated release
mechanism sha!t He provided for the
MMU in the Orbiter cargo bay

o  An MMU recharge/replonishment
statlon is required in the cargo bay

R81:0181:092(T)
0181-3280
Fig. 3.4-35 Manned Maneuvering Unit (MMU) Requirements
THRUSTERS (24)
HAND ,
4 CONTROLLERS
1 il _, R81-0181-093(T)

Fig. 3.4-36 Manned Maneuvering Unit (MMU)
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ORIGINAL PAGE 1S
OF POCi; QUALITY

SERVICE EQUIPMENT REQUIREMENTS: MMU/WRU — End Effector Adaptation
FUNCTION: To grapple and deploy spacocraft with the MMU/WRU during RMS ~ inoperative situations

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERFACES
e Provide a snaro ond effector ¢ Install an RMS compatible grapple o Operation of MMU flight controls
mounted on an extendable hoom fixture, ot the S/C cg, accessibleto
on end offector e Oporation of snare end effector/
e Attach the end-effoctor assombly boom

to the WRU In front of the crow-
man, convenient to line-of-sight

o Provide lighting, alignment &
distance cues for the oporator

e Provide EVA compatible Controls
& Displays for operation of the
share end effector/boom

e Make provisions for MMU/WRU
stowage in the payload bay

R81-0181-094(T)
0181-060D

Fig. 3,4-37 Requirements for MMU/WRU — End Effector Adaptation

SNARE END EFFECTOR

MVU/WRU
INTERFACE

EXTENDABLE MAST

4

r<t— 6 IN. HT ADJUSTMENT

‘—l\MODIFIED WORK RESTRAINT UNIT

Fig. 3.4-38 Concept for MMU/WRU — End Effector Adaptation

BATTERY

A81-0181-095(T)
0181-084D
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ORIGINAL PAGE |3
OF Pnon ormmg

SERVICE EQUIPMENT REQUIREMENTS: MMU/WRU ~ Stabilizer Adaptation

FUNCTION: To stabilizo the MMU/WRU at o worksitoe to backup mechunical hangup situations

g with the RMS inoperative, and to suppert manual release of satellite appendages
}
SUPPGRT EQUIPMENT SPACECRAPT INTERFACES CREW INTERFACES
§ o Provide.a stabilizer on the WRU o Siabiilzor attochmont point e Oporation of MMU flight controls

to attach to the worksite
e Operotlon of stabilizer
e Provide clomping jaws on the end P
) of the stabilizer for worksitu

¢ sttachmant

! e Provido o menns of rigidizing
and derigidizing the stabilizer

; e Locate the stobilizer within
WRU oparator reach for
nttachmont to the worksito

o Thae stabilizer should bo approx-
imataly 6 {t long and permit
MMU/WRU relocation within o
samisphara described about the
stabllizer attachmant polnt

s g

e EVA compatibla controls to
oporote stabilizer Jows ond rig-
! Idize/dorigidize

® iviaka provisions for MMU/WRLU
stowage in the payload bay

RB1-0181-096(T)
¢ Fig. 3.4-39 Requirements for MMU/WRU-Stabilizer Adaptation

.

pos MANNED

STABILIZER MANEUVERING UNIT

X

3%.‘5 TS

(

MODIFIED
WORK RESTRAINT UNIT \

=z

R81-0181-097(T)

0181-328D B oo || Bt s
: § Fig. 3.4-40 Concept for MMU/WRU Stabitizer Adaptation
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ORIGINAL PAGE IS
OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: MMU/WRU ~ Payload Handling Adaptation

FUNCTION: To onable the MMU/WRU to transport S/C equipmeant for servicing during RMS Inoperative situations,

o The payload handling device
shall be copable of transporting
S/C replaceable equipment
such as MMS modules

e Controls for operating the
payload handling device
shall be EVA compatible

* Make provisions for MMU/WRU
stowage in the payload bay

0181.062D

RB1-0181-098(T) Fig. 3.4-41 Requirements for MMU/WRY — Payload Handling Adaptation

MODIFIED
WORK RESTRAINT UNIT—™

PLAN VIEW

RB1-0181-099(T)
0181-3290

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERFACES
& Provide o payload handling None e Operation of MMU flight controls
device on the MMU/WRU

@ Operation of the puylood handling
davice

PAYLOAD HANDLING,
DEVICE (REF: OCP)

MANNED
MANEUVERING UNIT @

Fig. 3.4-42 Concept for MMU/WRU ~ Payload Handling Adaptation
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SERVICE EQUIPMENT REQUIREMENTS: Proximity Opsrations Module (POM) » MMU/WRU Adaptation

FUNCTION: Manned retrioval of MMS:ty

SUPPORT EQUIPMENT

ypo satallites at 1000 ft soparation from Orbiter

SPACECRAFT INTERFACES CREW INTERFACES

¢ Provide o Work Restraint Unit (WRU)
compatibla with the MMU that will
enobla retrloval of sateltites wilghing
obout 5000 Ib

*  Jrovide an MMU mechanlcal attochment
to the WRU

o Mount to tho WRU an RMS snare ond-
offoctor/extendable boomn thet extends
ah ndequate distanco to permit grappling
and towing of o S/C

o Provide a rotating pivot at the snoro
end-effector /foxtondable boom
interfaco to anable the S/C cg to
olign itsolf with the POM's thrustor
oxis/tow force voctor

o Pravide o hovar/fly-around capabllity
to anable inspection of the satollite
prior to copture

& Provide crew visibility to mansuver
and attach the snare end-offector to
the S/C's grapple fixture

o Provide tighting and snaro alignment
cues for the operotor

e Provide a rotating foot restraint
platform on the WRU with two
locking positions: ono aligned with
the snoro end-of fector/boom and the
other at 180° to ennble towing of a S/C

s Provide EVA-compatible controls on
the WRU for operation of the snare
end-offoctor/boom and rotating foot
restraint platform

e Make provisions for POM storage in
the payload bay

R81.0181-100(T)

o Provide an RMS - compatible e Opoeration of MMU flight
gropple fixtura mounted os close controls
as practicol 1o the S/C cg
e Controls and displays for
snare/boom operation

e Tl e T e R e I I ]

DEPLOYABLE BOOM

SNARE END
EFFECTOR

WORK RESTRAINT UNIT
R81:0181-101(T)

Fig, 3.4-44 Concapt for Proximity Operations Modute —
MMU/WRU Adaptation

Fig. 3.4-43 Requirements for Proximity Oporations
Module — MMU/WRU Adaptation
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ORIGINAL PAGT 13
OF PCOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: Proximity Operations Module (POM) - Manned Version
FUNCTION: Mannod retrieval of large, hoavy satellites at 1000 ft separation from Orbiter

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERFACES
Providoe @ manned vehiclo thot ® Provide an RMS-<compatiblie grapple * Controls & displays assoclated
will retrieve sotellitas welghing fixture mounted as close as practical with POM bwom & snare operation

up to 32,000 Ib

Provide a cold gas propulsion
system to pormit rotationsl/
transiational mansuvers in any
direction

Locate thrusters to minimize
plume impingament on the
satoliite

Provide an RMS snare end-
effector/extendable boom that
oxtends an adequate distance
to permit grappling and towing
of 8 S/C

Priwvide a hover/fly-around cepa-
bility to enable inspection of the
sateilite prior to capture

Provide craw visibility to maneuver
and attach the snare end-effector
to the 8/C’s aranple fixture

Provide fighting and allgnment
cues for the operator

Provide a rotating foot restraint
platform on the vehicle with two
locking positions: one allgned
with the snare end-effector/boom
and the other at180° to enable
towing of a S/C

Provide EVA-compatible con-
trols for flying the vehicle,
operating the snare end-effector/
boom, and rotating foot restraint
platform

Mount a grapple fixture on the
vehicle to enable deployment
and retrieval by the RMS

Make provisions for storing the
vehicle in the payload bay

RB81-0181-102(T)

to the S/C cp

O - P G putath ot s Wiy pront Gt |t s o p——- v, — - " — o —

R8£-0181-103(T)
Fig. 3.4-46 Concept for Proximity Operations Module —~ Manned Version

Fig. 3.4-45 Requirements for Proximity Operations
Module — Manrnied Version
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ORIGINAL PAGE 15
OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: Manouverable Telovision (MTV)
FUNCTION: Visual remote examination of satellites

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERFACES
e Provide remote TV inspectlon None e Controls & displays for MTV
capability of up to 1 mile distance operation provided In the
from the Orbiter Otblter AFD

» Provide Controls & dlsplays in the
Orbiter AFD for crow oparation of
the MTV

e Provide a color TV system with
close-in zoom copabillty

e Provide MTV consumables {(power &
propelfent) to permit >3 hr oporation

® A nop contaminating propulsion
subsystem shall bu provided

¢ Provide a grapple fixture on
the MTV to énable deployment
and retrioval by the RMS

® An MTV recharge/replonlsh
statlon Is required In the cargo
bay for arbital sorvicing

R81-0181-106(T)

Fig. 3.4-47 Maneuverable Television Requiremaents

THRUSTER olo
TRIAD (8)

= ANTENNAS

DOCKING
INTERFACE (3)

TV LIGHTS

RB81-0181-107(T)

Fig. 3.4-48 Maneuverable Television Concept
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ORIGINAL mc-zrs 1S
OF POOR QUA

SERVICE EQUIPMENT REQUIREMENTS: Proximity Operations Module (POM) - MTV Adaptation
FUNCTION: Unmanned retrioval of satellites at 1000 ft separation from Orbiter

SUPPORYT EQUIPMENT

SPACECRAFT INTERFACES CREW INTERFACES

o Provide an unmanned vehicle,
which Is on extension of the MTV,
to rotriovo satollites welghing up
to 32,000 Ib

s Provido o cold gos propulsion
systom to pormit rotatlonal/tronse
Jatlonal maneuvars In any dirges
tion

o Locata thrusters to minimize
plume impingomeont on the
satéllite

e Provide an BMS snore end-pffoce
tor/extendoble boom thot extends
on odequate distance to pormit
groppling and towing of a 8/C

& Provide a hover/fly-around copa-
bllity to enable TV inspection of
the satellito prior to capture

e Provido TV visibility to manouver
and attach the snoare end-of fector
to the 8/0's grappla fixtusm

e Provide lighting and alignment
cues for the romote operator in
the AFD

o Provide controls/displays in tha
AFD for crow operation of the
POM

o Make provisions for POM stowage
In the payload bay

R81-0181-104(T)

o Orblter AFD controls & displays
for POM flight control/operation
{craw flys POM to RMS reach)

s Provide an RMS » compatible gruppio
fixture mounted as close ps practical
to the S/C ¢

o Controls & displays for snaro/boom
oparations

PR T e T e T T e e ey e I Il T B I B

* RETHRIEVAL OF BATELLITES WITHIN 1000 OF ORBITER
® FLIGHT CONTROL VIA CREW IN ORBITER AFD

THRUSTER MODULE {4) \

E- 5

R4

o4
3
\:{ffﬁ'
FOLDABLE BOOMS {4)

’
\\‘\“ _;i

EXTENDABLE BOOM
WITH RMS SNARE END EFFECTOR

R61.0181-208(T)
Fig. 3.4-60 Concopt for Proximity Operations Module ~ MTV Adaptation

Fig, 3.4-49 Requirements for Proximity
Operations Module — MTV Adaptation
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SERVICE EQUIPMENT REQUIREMENTS: Versatila Service Stago (VSS) — Dolivery/Retricval
FUNCTION: To transport and retrleve satellites from high energy orbits not directly accassible by the Orbiter

SUPPORT EQUIPMENT

SPACECRAFT INTERFACES

CREW INTERFACES

VSS desigred for mlntrhum cargo
bay length

Compatlbllity with standard HPA
Intarface for doployment, checks
out, & refucling

Sofing prior to Orbiter capturoe
and stowage

Provide grapple fixture for RMS
doployment, retrieval & berth.
ing

Dalivery or return S/C with
masses shout 3000 kg

Rendezvous with cooperative
S/C in high energy LEO orblits
up to 2000 km

Provide vV visibility to remote-
)y control VSS docking to §/C

Mechanism for docking & re-
leasing spacecraft

Rendezvous with Orbiter within
1000 ft

Provide s clean burning propulsion
system for close-in satellite re-
trioval and Orbiter close proximity
operations

Provisions far stowing tho VSS In
payload bay

RB1-0181-108(T)

Fig. 3.4-51 Requirements for VSS Delivery/Retrioval

Compatible machanism to interfoco
with VSS docking mechanism

Providoe for satellite S&C deactiva-
tlon ot VSS$ docking

SE pmn S Guas eSS puaet G et et fmetme ol pusw

RB81-0181-109(T)

8&0 panel in AFD to support
s 1

- chockout

~ rpmote control of docking/
undocking to satellite

= glosa proximity flight control
of V8S in prepuration for
RMS capture

« refueling

Alternaie

e Flight control of VSS from the

ground

UNDER
STUDY

Fig. 3.4-62 Concept for VSS Delivery/Revijuval
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GRIGINAL PAGE IS
OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS; Versatile Service Stage (VSS) =~ End Effector Kit
FUNCTION: To capturu & stabilize . n unstable satellite for docking with the VSS

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERFACES

* Provide a kit with a gnare ont ¢ Provide an RMS compatlbie *  Maneuver/control VSS to
effector mounted onwon oxtends grappla fixture, at the 8/C cg, synchronize with satellite
able boom accessible to o groppler motion

End offector kit shall Interfoce
with V88

Provide TV visibllity & illum-
Ination for remote control of
synchronlzation maneuvers

Operate boom & snoro
ond effostor

TV display of flight operotians

Alternote

and grappling operations
o Flight control of VSS from

the ground

R81:0181-110(T)

Fig. 3.4-63 Raequirements for VSS — End Effactor Kit

RMS END N
EFFECTOR \\/ g@/’\&\\ 4

VS§s d

R1-0181-111(T)
Fig. 3.4-564 Concept for VSS With End Effector Kit

3-114

TR



ORIGINAL PAGE IS
OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: Varsatile Sorvice Stage (VSS) = Debrls Copture Kit
FUNCTION: To capture & secure space debrls to the VSS for deorblt or return to Orbiter

SL'PPORT EQUIPMENT

SPACECRAFT INTERFACES

CREW INTERFACES

Provide two “crebelike’ arms
{doxterous manipulate 7s) with

Nono

Maneuver/control V88 to syne
chronize with satellite motion

ond effectors to gelze debris
*  Operate manipulators 1o solze
® Provido bumper stops to onable spaco dabris

arms to cinchsup’t debrls
, o TV display of flight oporations
o Mount orms on o rotating base

(10 RPM max) for synchronl- Altornate

zatlon with tumbling satellite '
o Flight control of VSS from the
® Provide rotating base with de- ground

spin copebliity relative to V58

o Dohrls copture Kit shall intor-
face with V§S

o Provide TV visibility & Ilu-
mination for remote contro}
of synchronizotion maneuvers
and copture oporations

R61.0161.112]T)
Fip, 3.4-65 Requiraments for VSS ~ Debris Copture Kit

GRAPPLE

TV/LIGHT \

STOW CONFIGURATION

ROTATING PLATFORM

R
\

DEXTEROQUS MANIPULATOR

"

DEPLOYED CONFIGURATION

R61-0181-113(T)
Fig. 3,4-56 VSS Debris Capture Concapt
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ORIGINAL PAGE IS
OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: Sun Shield ’
FUNCTION: To provide sun impingement protection for payloads with cargo bay doors open .

SUPPORT EQUIPMENT SPACECRAFPT INTERFACES CREW INTERFACES ’
e Provide o sun shicld to cover None o Cparate thermal shield controls
paylaoeds In tho corgo bay when
theo doors ore open

* Mochonism shall bo provided to ol
octivato the shigld os the payload £
boy doors open, and to opon the
shleld for paylond deploymant

o Shall bo of modufar design to
provide for varlous length sot-
oflitos

o Provide controls & disploys to
remotoly oporate the thermal
shield from the AFD

181:0181-114(T)

Flg, 3.4-57 Sun Shield Requiremonts

I "h\"”’“‘
ZE N )

ol AR e
<‘\ \;}% \x;(a \ﬂl\\ % ' /”
\ Lo ) -’
: / /\ ',‘—\"i“""w
X, / < N )
\".“N"u " < . 7z J\ /,,
. y ¢ o s
g AR
SUNSHIELDOPEN <\ Sy IV Vo5
WITH PAYLOAD BAY ™\ Z e
DOORS CLOSED 3 7(’ ;

SUN SHIELD CLOSES
AS PAYLOAD BAY

@ DOORS OPEN

SUN SHIELD OPENS .
TO ACCOMMODATE
SATELLITE DEPLOYMENT

R81.0181-1156(T)

Fig. 3,4-58 Sun Shiald Concept
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SERYVICE EQUIPMENT REQUIREMENTS: Orbital Storage
FUNCTION: To provide a therma! enclosiure for a spacecraft placed In orbital storage

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERPACES
s Provide on enclosure thit complots | o Provide additionol grappio ® Imstoll thermal onclosura by
oly covers the spacecralt for fixture for satellites more remote RMS oporotions and/
thermal protection than 16 ft In length or EVA support os rogulred

o Provida nccess to a groppla fixs
ture for doploymant & rotrieval

o Providsé for gravity gradiunt
stabilizatlon upon plscemont
of satwllite In orbital storage

s Modularize dosign to
sccomodate varying length
sotollites

0181:070D

R81-0181-116(T) .

Fig. 3.4-59 Orbital Storage Roquiremen s

RMS SNARE END THERMAL ENCLOSURE
EFFECTOR

N

.0181.089D
RB1-0181:127(T)

'Fig. 3.4-60 Orhital Storage Concept
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ORIGINAL PAQE I8
OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: Attitude Transfor Package
FUNCTION: To provide improved attitude/state vector Information to payloads

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERFACES

s Provide moans for accurately Mone o Control alignment measuring
transferring attitude reference equipment daployment &
data from the Orbiter Nav- transfor Information to poy-
base to payloads in the pay- loads
load bay

o The goal Is to improve the
presont misallgnment arror
of £2° to 20,2°

itor0it1
R#1-0181-118(T) Fig, 3.4-61 Attitude Transfer Package Requirements
FIXED FOR CARGQ BAY ALIGNMENTS
NEW
\\ &\ *W\\
\,_' NS
g 5 >
ALIGNMENT
OF LOCATIONS .
ALONG LENGTH OPTIONAL TRANSFER
OF CARGO BAY DIRECTLY TOPALLET
0181-0900 INSTRUMENT
R81-0181-119(T)

Fig. 3,4-62 Optical Attitude Transfer System Concept
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SERVICE EQUIPMENT REQUIREMENTS: Lighting Enhancement
FUNCTION: To enhance existing cargo bay illumination during orbltal operations

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERFACES
o Provide means of enhancing Nono »  Holmet-mountad light oug-
Iumination in the vicinity of meontation

the cargo bay

o Additional llghting Is required
In & obova the cargo boy for
EVA operations during dark
side orbital passes

0181-072D
RB1-0181-120(T)

Fig. 3.4-63 Lighting Enhancoment Requiremonts

TN

UNDER
DEVELOPMENT

S

-

SWITCH BUTTONS

-

|

e LIGHT-ADAPTING VISION SYSTEM

AMPLIFICATION OR ATTENUATION
OF VIEWED SCENE VIA MILITARY
NIGHT VISION GOGGLE/SCOPE
TECHNOLOGY

HELMET LIGHTS

0181-091D
R81-0181-121(T)

Fig. 3.4-64 Concepts for Lighting Enhancement for EVA Operations
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ORIGINAL PARCE 15
OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: Dexterous Manlpulator — RMS Adaptucion
FUNCTION: To provide capability for remote servicing operations with the RMS

SUPPORT EQUIPMENT

SPACECRAFT INTERFACES

CREW INTERFACES

e Provide a general purpose end
effector for the RMS

e The end effoctor shall have two
dexterous manlpulator arms
and provide force feedback

o Provide stereo TV, lighting,
payload stowego proyisions,
and mechanical stabilization

® Provide master controllors
& TV displays for AFD opara-
tlon of the manjpulators

e Provide dexterity to operate
equipmant release mechanisms
& remove/replace equlpment

RB1-0181-122(T)

e Spaceeraft equipment requiring removel

& replacement shell be designed for
oosy access & fastoning compatible
with dexterous manipulator ond
of{octors

Equipment occoss & fastanings
shal} nlso be EVA compatible for
backup operations

¢ Master controller operation &
TV displays

Fig. 3.4-65 Requirements for Dexterous Manipulator - RMS Adaptation

R61-0181-123{T)

DEXTEROUS

MANIPULATOR (SLAVE)

Fig. 3.4-66 Concept for Dexterous Manipulator — RMS Adaptation
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ORIGINAL PACE I
OF POOR QUALITY

SERVICE EQUIPMENT REQUIREMENTS: Daxtorous Manipulator — HPA Adaptation
FUNCTION: To provide capability for remote servicing operations with the RMS

P

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERFACES
¢ Provide u genoral purpose ond » Spacecraft equipmont requiring o Master controller oporation
offactor compatible with the HPA removal & roplacement shall be & TV displays
work platform dosigned for casy accoss
& fastening compatible with
® Tho end ¢ffector shall have dexterous manipulator end
two doxterous manipulator offectors
arms with the capablility of
duplicating human arms and e Equipmont accoss & fostonings shall
provide force feedback nlso be EVA compatible for backup

oporations
e Provide stereo TV, lighting,
payload stowage provisions,
and mechanical stabllization

e Provide master controller
& TV displays for AFD
operation of the manipuletors

e Provide doxterity to operate
equipment release maechanisms
& ramove/replace equipment

R81:0181-124(T)
Fig. 3.4-67 Requiroments for Dexterous Manipulator - HFA Adaptation

HPA/DEXTEROUS
MANJPULATOR

R81-0181-125(T)
01810930

Fig. 3.4-68 Concept for Dexterous Manipulator — HPA Adaptation
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SERVICE EQUIPMENT REQUIREMENTS: MMS Module Handling Tcol
FUNCTION: To facllitate EVA crew handling of MMS subsystem modules

SUPPORT EQUIPMENT

SPACECRAFT INTERFACES

CREW INTERFACES

© Provide a menually operatod oce
tuator to Interface with the MMS
module attachment scrows

e Provide tool Intorface with the
OCP payload handling device

[o Provids hand grips for EVA

handling of tool

R81-0181-126(T)

e Standard attechmant scrows

® Operate the too! during EVA re-
placement of modulos

Fig. 3.4-69 Requirements for MMS Handling Tool

TOOL
HOUNNG///'

HANDGRIP (2)

R81-0181-127(T)

=

TORQUE
DOWE Li

(@

U\

A\

PAYLOAD HANDLING

DEVICE INTERFACE

Fig. 3.4-70 Cencept for MMS Module Handling Tool
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3.5 SERVICE REQUIREMEN'TS/EQUIPMENT SUMMARY

3.5.1 Service Equipment Status

A summary of the status of the service equipment identified within the 180 on-orbit
operations scenarios (initial launch, revisit, and earth return) that were considered in
the study is shown in Figure 3.5-1. A total of 27 items of service equipment could sat-
isfy all of the equipment needs of the scenarios considered. Of the twenty~seven equip-
ments identified, their status is as follows:

Existing 6
Under Development or Study 5
Modifications 3
New 12%
Unique 1
Totol ?

*Four of the 12 are optional.

For the equipment identified in Figure 3.5-1, those with connecting lines refer to
equipment needs which could be satisfied by single units of service hardware adapted
with appropriate kits to perform the needed service functions.

3.5.2 Crew Interaction

Orbiter crew interactions involve remote control functions from the aft flight deck

and performance/control of service operations during EVA.
Aft flight deck crew involvements are:

e Control of Service Equipment Operations as those associated with the RMS, HPA,
FSS Tilt Table, and Retention Structure Latches

e Close Proximity Flight Control of the MTV, Proximity Operations Module-MTV
Adaptation, and Versatile Service Stage

e Satellite Activation and Checkout which could involve providing power to the

satellite, transferring attitude and state vector information, and a minimal
(TBD...standardized) checkout of status/health prior to deployment.
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UNDER
SUPPORT STRUCTURE EXISTS DEV OR MODIF NEW UNIQUE

STUDY
o RETENTJION STRUCTURES BK ]

e SPECIAL RETENTION STRUCTURE ¢
ON-ORBIT EQUIPMENT

e REMOTE MANIPULATOR SYSTEM (RMS) ®
* TILT TABLE (FSS, 1US, PAM-A) ®

e OPEN CHERRY TILT TABLE WORK PLATFORM ]
PICKER {OCP) OCP/RMS

o MANIFULATOR FOOT RESTRAINT/RMS

e PAYLOAD INSTALLATION/DEPLOYMENT AID (PIDA)
¢ HANDLING/POSITIONING AID (HPA)
L]
L]

®e e

SPIN TABLE (PAM-A, PAM-D) .
EQUIPMENT STORAGE ‘ow-onsn‘ SUPPT ® @

EARTH RETURN
e FLUID TRANSFER SYSTEM

o NON-CONTAMINATING ATT CONTR SYS

o AFT FLT DECK [ W/RMS CONTROL ®

W/STD SAT C/0 i
CONTR/DISPL { W/CLOSE PROX CONTR

FREE-FLIGHT SYSTEMS
o MANEUVERABLE TELEVISION {MTV) ®
o PROXIMITY OPS MODULE ~ M7V ADAP'N

e PROXIMITY OPS MODULE ~ MANNED VERSION
o

MAN'D MANEUY UNIT/ { W/END EFFECTOR
WK RESTRAINT UNIT i W/STABILIZER ®

¢

W/PAYLOAD HANDL'G | (MMU)
IMMU/WRU) PROX OPS MODULE

W/DELIVERY, RETRIEVAL
o VERSATILE SERVICE ]} RENDEZ, DOCKING
STAGE (VsSs) W/END EFFECTOR KIT
W/DEBRIS CAPYURE KIT

69
seee

OPTIONAL EQUIPMENT

o SUNSHIELD

e ORBITAL STORAGE

° ATTITUDE TRANSFER PKG
s LIGHTING ENHANCEMENT
ADVANCED CAPABILITIES

e DEXTEROUS MANIPULATORS l WIRMS
TOOLS

e HANDLING/EQUIPMENT REMOVAL e

Fig. 3.5-1 Service Equipment — Status
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Crew Extra-vehicular activities involve:

e Control of Service Equipment Operations within the payload bay, as those associ-
ated with the operation of the OCP/RMS, OCP work stations on the ¥SS Tilt Table
and HPA, and support of RMS equipment removal and stowage operations '

° Eree—flight Operations Involving Close Proximity Satellite Retrieval as those
associated with retrieval operations using the Proximity Operations Module -
MMU/WRU adaptation

e Hands-on Repair/Maintenance including module exchange and potential fluids

replenishment

e Contingency Situations with the RMS inoperative or involving mechanism hangups
which would call for deployment of the MFR/RMS or appropriate MMU/WRU

adaptations.

The above crew interactions clearly indicate that on~orbit crew involvement is an
inherent part of satellite services in primary and contingency service operations.

3.5.3 Satellite Features Facilitating Servicing

Suggested satellite features that will enhance serviceability of satellites by the
Orbiter/Orbiter crew are:

@ A standardized interface should be established between all satellites and the
orbiter to contain berthing, umbilical, and fluid transfer connections compatible
with the HPA and FSS Cradle At Tilt Table

o The extent of Orbiter crew involvement in satellite checkout operations should
be standardized and, to the extent possible, minimized to reduce control/display

implications on the Orbiter

e Satellite appendages should be deployable while attached to the Orbiter to take
advantage of the crew's presence for backup; appendages should also be retrac-
table to allow for servicing flexibility, access to equipment, and storage for
earth return

o An RMS grapple fixture(s) should be located on the satellite to be compatible
with planned servicing operations

e Satellite safing should be incorporated in all satellites calling for retrieval for
servieing or subsequent earth return (e.g. expell residual propellants prior to

s Ay

retrieval).
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Satellites intended for on~orbit maintenance should be designed with basically the
same type of ground rules applied to man-tended systems, with particular attention to
man=-tended EVA compatibility. Five basic ground rules applying to satellites designed
for on-orbit servicing are:

e Accessibility
- EVA Servicing - Reach/Visibility Requirements
-~ Mobil Foot Restraint/OCP Positioning Capabilities

! e Size/Form Factors Compatible with EVA Handling

¢ Removal and Replacement Simplicity
~ Minimize Equipment Mounting Points
Mechanical Retention Mechanisms
-~ Umbilical Connectors
- Visual Verification of Connection Acceptability

e Transportability Via EVA and/or RMS
e Standardized On=0Orbit Tool Usage

3.5.4 Observations

- Overall observations that apply to service requirements and equipment identifica-
tions are summarized in Figure 3.5.2. Of major significance is that Grumman has based
its identification of service equipment needs, and thus their concept definition, upon a
broad base of on-orbit service operations scenarios. These scenarios have addressed
operations associated with various types of satellite classes expected to be flown by the
Space Transportation System in the next two decades.

z*“-‘*"“"
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HPA VS TILT TABLE USAGE

SERVICE EQUIPMENT NEEDS BASED ON ON-ORBIT OPERATIONS/USAGE
MMU/WRU ADAPTATIQNS COVER BRMS INOPERATIVE SITUATIONS
- WITH TILT TABLE, , , RMS LOCATES P/L. ABOVE AFD FOR AFPENDAGE DEPLOYMENT

+++AMS SHOULD "TOSS" P/L TO EFFECT SEPARATION
« WITH HPA .+ APPENDAGES DEPLOYED WHILE HPA ATTACHED

+»+HPA IMPARTS SEFARATION AV

INITIAL LAUNCH REVISIT
RETENTION STR EQUIP STOWAGE
RMS FLUID TRANS
MFR RMS
HPA ocp
AFD C/D HPA

MTV

AFDC/D

¢ CLOSE PROXIMITY RETRIEVAL OF SATELLITES AT 1000 FT SEPARATION CALLS FOR PROX

OPS MODULE VARIATIONS

TYPICAL EQUIPMENT USAGE FOR DIRECT DELIVERY SATELLITE CLASS

EARTH RETURN
RETENTION STR
RMS

MFR/RMS

HPA

MTV

AFD C/D

Fig. 3.5-2 Observations
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