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g VOLUME 1, EXECUTIVE SUMMARY, SUMMARIZES THE RESULTS

< AND ACTIVITIES OF THE STUDY. DETAILED STUDY RESULTS
f ARE PRESENTED IN VOLUME I, TECHNICAL VOLUME, FINAL

. REPORT.
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Satellite Servicing Study Objectives

o DEFINE THE TESTBED ROLE OF AN EARLY (1990) MANNED SPACE
STATION IN THE CONTEXT OF A SATELLITE SERVICING EVOLUTIONARY
DEVELOPMENT AND FLIGHT DEMONSTRATION TECHNOLOGY PLAN WHICH

RESULTS IN A SATELLITE SERVICING OPERATIONAL CAPABILITY BY
THE LATE 1990s,

® CONCEPTUALLY DEFINE A SATELLITE SERVICING TECHNOLOGY

DEVELOPMENT MISSION (A SET OF MISSIONS) TO BE PERFORMED ON
AN EARLY MANNED SPACE STATION.

MARTIN MARIETTA



Satellite Servicing Study Flow

A structured approach was used to ensure all study elements defined,
— Satellite Servicing Mission Model Developed

— Task Assessment Identified All Servicing Tas!:s/Locations

— Mission Objectives, Scenarios, and Requirements Defined

— Technology Development Plan Established

— TDMs Identified, Developed, and Validated for All Servicing Tasks
— TDM Accommodation Needs and Interfaces Defined

— TDM Costs and Schedules Developed

-



Satellite Servicing Study Flow
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Servicing Tasks, Objectives
And Requirements

/MARTIN MARIETTA
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Servicing Mission Model and Task Development

Mission model assessment determined that servicing opportunities are abundant.
— Space Station Mission Model Totals 185 Missions in 1990s

— Each Mission Analyzed for Servicing Tasks

— Seventy Percent of Missions Surveyed Required Servicing

— Three Hundred and Eighty-Seven Servicing Opportunities Were Identified

14



Servicing Mission Model & Task Development

CoMPOSITE MIssion MoDeL (389)

TRADE STUDIES
SPACE STATION MissION MoDEL SERVICE INTERVALS
|
CATEGORIES B O > STORABLE FLUIDS 30 Mo
|
PLANETARY SCIENCE 11 J — ;:STRUME:TRgPGRsﬁs 1?2 :g
EARTH OBSERVATION 14 TERIAL sdr
: COMPONENT FAILURE 21 Mo
TotAaL | 185 . |
/ 98
32
2
O v
SERVICING TASK RamMTs | ;g;;
TASK No. 36
ASSEMBLY 26
ORBIT TRANSFER 126
RESUPPLY 135S
MAIMNTENANCE 96
TOTAL SERVICE
TASKS 387

MARTIN MARIETTA
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Satelliie Servicing Tasks

Survev and analysis defined 387 servicing tasks.

Four Task Categories Encompass 10 Mission Areas

Twelve Space Station Assenibly and 14 Spacecraft Assembly Missions
Identified

Spacecraft Delivery and Retrieval Missions Are Extensive

Resupply Provides Satellite Life Extension and k:nables Continuous Materials
Processing Activities

Deccatamination, and Planned (Module Replacement) and Unplanned Repair
Encompass Maintenancs Tasks

16



Satellite Servicing Tasks

LARGE
SPACECRAFT
ASSEMBLY
14

SPACE STATION
ASSEMBLY

12

F:£> ASSEMBLY

REFURBISHMENT
8

MAINTE-
NANCE

MODULE
REPLACEMENT

68

DECONTAMINATION

TOTAL
SATELLITE SERVICING
OPPORTUNITIES

(1991-2000)

ASSEMBLY 26
ORBIT TRANSFER 126
RESUPPLY 139
MAINTENANCE 96

TeTAL SERVICING 387
TASKS

FLUID SuPPLY
EARTH STCORABL

40

FLUID SUPPLY
CRYOGEN

18

&> RESUPPLY

MATERIALS
SUPPLY

81

ORBIT
TRANSFER

DELIVERY RETRIEVAL
106 20
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Servicing Task Assessment—Locations

Assessment of task matrix identifiec iull spectrum of servicing tasks and ‘ocations.
— All Servicing Tasks and Locations Considered

— Ten Major Tasks Raquired at Five Locations

— Servicing Required at Space Stai.on and Remote Locations

— Most Tasks Required at All Locations



Servicing Task Assessment-Locations

SERVICING SERVICING SERVICING LOCATIONS
TASKS SuB-TASKS SPACE  |S/C g§§THED S/C In LEO
Station | AT S/S Prat | User S/C | GEO
Ag S/S SYSTEM
Sg - / 4
Mg AsseMBLY/MoDIFICATION
LY LARGE S/C AsSEMBLY v v
Og TRy DELIVERY % v % /
By "Ng_ |
T rER RETRIEVAL v v/ v/ /
Re FLuips “EARTH STORABLE / y / / /
Sy -Mono, Bi-Prop
PPLY FLuips -CRYOGEN 4 / v v v
T LoGgISTICS / Y / y y
- RAW MATERIALS
Ma. MODULE REPLACEMENT 4 4 % % /
IN
i .
ENA REFURBISHMENT Y Y v/ v /
N
| DECONTAMINATION 4 4 v v v
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Satellite Servicing Objectives

Mission, system, and detailed objectives defined.
— Resulting in:

— 4 Mission Level Objectives

— 21 System Level Objectives

— 230 Detail Level Objectives



Satellite Servicing Objectives
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Servicing Objectives—Orbit Transfer (Example)

Orbit transfer objectives cover delivery and retrieval tasks.

— Results
— 5 System Level Objectives Defined

— 48 Detail Level Objectives Identified



Servicing Objective — Orbit Transfer (Example)

MISSION DEMONSTRATE CAPABILITY TO DELIVER/RETRIEVE SPACECRAFT To AND FROM OPERA
OBJECTIVE | LEO AND GEO ORBITS AND TOo AND FROM THE MANNED SPACE STATION
SYSTEM DEMONSTRATE CAPABILITY |DEMONSTRATE CAPABILITY |DEMONSTRATE DE- |DEMONST
LEVEL TO STACK TRANSFER TO LOAD STACK WITH PLOYMENT OF TOo DELI
OBJECTIVE | VEHICLES/SPACECRAFT PROPELLANTS STACK To REMOTE |[TO OPERA
REBOOST POSITION
DETAILED VALIDATE MOVEMENT OF VALIDATE CAPABILITY VALIDATE SPACE |VALIDATE
OBJECTIVES | TRANSFER VEHICLES OF SPACE STATION RMS |STATION RMS FOR FINA
(TMS/0TV) TO MATING TO TRANSFER STACK TO |TRANSFER OF SYSTEM C
PosSITION ON SPACE PROPELLANT STORAGE STACK TO DEPLOY- VALIDATE
STATION USING SPACE AREA MENT SITE ENGINE
STATION RMS VALIDATE PROPELLANT  |VALIDATE SPACE |(TMS, O
VALIDATE MATE OF LOADING: STATION RMS DE- VAL IDATE
TRANSFER VEHICLE(S)/ |- POWER STACK DOWN PLOYMENT OF MISSION
SPACECRAFT USING - CONNECT FLUID, ELEC-|STACK FROM SPACE MANNED
SPACE STATION RMS, TRICAL UMBILICALS STATION CONTROL
EVA, MMU/SpACE CRANE, |- LOAD VEHICLES
_ VALIDATE TMS TION GRO
CONTROL CONSOLES VALIDATE LOAD TRANSFER OF PRIOR T
ACCURACY
— MONITOR RESIDUALS STACK T0 ORBITAL |LINE OF
- DISCONNECT BoosT POSITION  |ya; 1paT
UMBILICALS VALIDATE SPACE |SPACECR
VALIDATE CHECKOUT OF Egﬁ1ég"cggzg?85 OPERATI
ORBIT TRANSFER STACK ITY To CONTROL VALIDAT
- Power STACK Up VICINITY ENVE-
- ConpucT COMPLETE $JE&L;,f—-_..;_a'
——/_/\_/‘-\_\/—\/\"
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Mission Scenarios

Total set of mission scenarios derived from task assessment and TDM objectives.

— Task, Locations, and TDM Objectives Primary Inputs
— Servicing Techniques Derived—Automation, EVA, and IVA

— Result—112 Servicing Scenarios Were Developed for Functional Analysis



Mission Scenarios
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Scenario Commonality and Combination
Analysis

Functional analysis completed for 18 unique scenarios.

— One-Hundred and Twelve Scenarios Examined for Commonality and
Combinations

— Result—Eighteen Functional Analyses Capture All Servicing Events



Scenario Commonality/Combination Analysis
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Functional Analysis Example—Orbit Transfer,
Payload Delivery

Detailed functional and operational analysis conducted for all 18 sce.arios.

— TDM Requirements Include Universal Docking System, Berthing System,
Transfer Mechanism

— New Technology Capabilities Required—Reusable TMS, OTV, Operational
Techniques



Func. Anal. Example—Orbit Transfer, P/L Delivery %
/ DeLivery / (ﬂe'-p/—L_' N\

0
SEPARATION
%\P/L g‘g
-]
o OTV TMS | 3%
- _am RENDEZVOUS "‘:
23
Em
™S s 2%
@___/ @
TMS/0TV/ INITIAL P/L DELIVERY | | FInaL THS [mssov ]
P/L MATING L EREOLIENT BY OTV "] SS RMS RETRIEVAL DEMATING|
REQUIREMENTS NEw TECHNOLOGIES
- UNIVERSAL DOCKING SYSTEM - REUSABLE VEHICLE REFURBISHMENT
- LoGISTICS SUPPORT - POWER SYSTEM REPLACEMENT/
- BERTHING SYSTEM REFUEL.ING
- CONTROL STAT]ON = UNSCHEDULED MAINTENANCE
- TRANSFER MECHANISM (SS RMS) - OPERATIONAL TECHNIQUES
- MATING FACILITY - COoNTROL TRANSFER OF OTV




Key Technology Issues Identified

Seven key technology development areas identified.

Fluid Transfer Issues Include Transfer, and Measureraent of Storables and
Cryogens

Space-Based, Reuseable TMS Required for Servicing at Space Station

Near-Term Technology Development for Space-Based OTV with Aerobrake
Required

Servicers for Remote Operations Identified
Space Automation Technology Development Required for Al! Servicing Aspects
Onorbit Maintenance Requires Substantial Technology Development

Operations and Control Complicated by Complex Tasks and Minimum Crew



Key Technolcgy Issues Identified

— Space Based-Reusable
— Aerobrake
— Advanced Engine

— Low, Variable Thrust

Servicers
(Fluids, Module Replacement,
Maintenance)

— Dexterity

— Level of Automation

— Dedicated vs Multipurpose

Orbital Fluid Transfer

— Transfer Mgmt-Earth Storable,
Cryogen

— Measure:nent Accuracy

— Quick Disconnect-Zero Spill
— Standard Interfaces

23
33
TMsia Based-R bl r } Servicing Ops/Cntl >
- ce Based-Reusable pe/! ) -
— Rendezvous & Docking Radar - gg E:aflucnr.‘t’ycgggm,om % a
- Telepresence — Limited Crew Constraints ?— "
p =
7 < U

: v

KEY ;

SERVICING , .

TECHNOLOGIES
oTVv

Onorbit Maintenance
— Unplanned Repair

— Renovation of Solar Panels/
Radiator Surfaces
— Decontamination

Space Automation

— Robotics, Teilepresence
— Man/Machine Allocation
— Control Meathods
— Sensory Parception

31



Evolutionary Technology Plan (ETP)—Fluid Transfer

Evolutionary technology plan was developed and provides technology development
roadmap.

Technology Status and TDM Requirements Compared for All Issues

Fluid Transfer Example Shows Ongoing and Planned Technology for Each
Storable and Cryogen

NASA Preparing Ground ard Shuttle Experiments Jsing Water/Hydrazine

NASA Planning Cryogenic Fluid Management Facility (CFMF) for Cryogenic
Transfer on Ground and Shuttle

Additional Fluid Transfer Tests Recommended—MMS/Mark | and TMS/Mark |l

“Battleship Tank’” Precursor Tests Required on Shuttle for TMS and OTV
Before Space Station Tests

Recommended Development of Automated Equipment and Procedures at
Space Station—Ground, Shuttle, Space Station Tests

Propellant Resupply—Related Issue—Studies Underway

Earth Storable and Cryogen Tests Required at Space Station



Evolutionary Technology Plan—Fluid Transfer
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Technology Development Mission (TDM)

Mission-level TDMs demonstrate satellite servicing capabilities.

— Mission-Levei TDMs Define:
— System/Subsystem Validation Requirements (Precursor TDMs)
— Space Station Facility Requirements
— Servicing Equipment
— OQperational Requirements

— Operational Satellites and Missions Chosen for TDMs

8l svva



Technology Development Mission ( TDM )

PURPOSE: DEMONSTRATE THE SATELLITE SERVICING OPERATIONAL CAPABILITY ON THE
EARLY SPACE STATION

PRECURSOR TDM’s MissioN LEVEL TDM

SYSTEM/SUBSYSTEM VALIDATION DEMONSTRATES A SPECIFIC SATELLITE

REQUIRED TO SATISFY A SERVICING CAPABILITY OR SET OF

MissIoN LEVEL OBJECTIVE CAPABILITIES. CONDUCTED EITHER AT
OR REMOTE FROM THE SPACE STATION.

_.==:::::::EE:::i§;ANCED X-RAY ASTROPHYSICS

FaciLity (AXAF)

SERVICING
EQUIPMENT
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Satellite Servicing TDMs

Eight TDMs encompass all satellite servicing tasks.

— Objectives Defined for Eight TDMs



Satellite Servicing TDMs

TDM

1

OBJECTIVE

SPACE STATION ASSEMBLY,
MODIFICATION, RESUPPLY
AND MAINTENANCE

LEO TRANSFER RESUPPLY
AND RETRIEVAL
(SOLID OBJECTS)

ORBIT TRANSFER
(GEO DELIVERY)

LARGE SPACECRAFT
ASSEMBLY

DM

OBJECTIVE

RESUPPLY (CRYOGENS)

MAINTENANCE/DECONTAMINA- 5
TION  (EVA) 8
JL
S5
MAINTENANCE/MOLULE(S) v
REPLACEMENT AND FLUID 2]
RESUPPLY (GENERAL PURPOSE

ROBOTIC SERVICER)

RESUPPLY (FLUIDS AT GEO)

MARTIN MARIETTA



TDM Operation Validation Analysis

TDM selections validated.

— Task/Location Matrix Analysis Verifies Servicing Requirements Satisfied
— Each TDM Demonstrates a Servicing Capability

— Multiple Tasks Conducted on 50% of TDMs (1, 2, 6, 7)



TDM Operation Validation Analysis

TAsK LocaTioN
SPACE ReMoTE FROM SPACE STATIO
STATION LEC HEC
LARGE STRUCTURE SPACE STATION TDM 1 NA NA
AsSEMBLY/ AsseMBLY/MAINT
M TI SPACECRAFT TDM 4
ODIFICATION ASSEMBLY TOH Y | HA NA
GRETS DELIVERY NA _%DE%J7 J{;D_E
IRANSFER RETRIEVAL NA éﬂg 2 | NA
ELUIDS M1 | [ TDM 8 | 23
ARTH STORABLE 2,3,4,5,6,7,8 -3
LUIDS M1 | IDM 5 | LS
RESUPPLY RYOGEN 3)”15:7;8 : ~ :
ATERIALS, TDM 1 25
EARGE ODULES 5 _um_zJ E‘.%
MoDULE DM 6.7 l Ilmzl 37
EPLACEMENT
GENERAL [Dﬂ_ﬁJZJ
MAINTENANCE MAINTENANCE NA
DECONTAM-
INATION - NA
LEC - Low ENERGY CHANGE

HEC -

HieH ENERGY CHANGE

MARTIN MARIETTA
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Satellite Servicing—TDM 1 (Example)

TDM 1 deronstrates Space Station assembly and modifications.

— TDM Time Phased for Space Station Evolution and Maintenance Requirement

42



Satellite Servicing—TDM 1 (Example)

DN
1

OBJECTIVE

SPACE STATION
ASSEMBLY,
MODIFICATION,
RESUPPLY, &
MAINTENANCE.

PRECURSORS

DESCRIPTION DATE
ASSEMBLE DEPLOYED 1990-
ENERGY SECTION AND 1992

INITIAL CREW HABITA-
BILITY MODULE.
INCREMENTAL SS MODI-
FICATIONS, RESUPPLY
& MAINTENANCE.

LOCATION:
SPACE STATION

TMS VALIDATION
FROM STS.

MARTIN MARIETTA
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TDM 1: Space Station Assembly and
Modification—Operations Analysis (Example)

TDM 1 demonstrates Space Station assembly service support.

— Operations Analysis Highlights Delivery, Assembly, and Checkout

— Top-Level TDM Requirements Are Displayed



TDM 1: Space Station Assembly and

Modification—Operations Analysis (Ex

SHUTTLE DELIVERY,
DEPLOYMENT, AND
CHECKOUT oF SS

{ -

ENERGY SECTIOE__J

OPERATIONAL
REQUIREMENTS

STS

TMS

EMU/MMU

GROUND/CREW

COMMUNICATIONS

AND CONTROL

- ASSEMBLY TooOLS.,
CCTV, LIGHTING

- ALIGNMENT
EQUIPMENT

- SS RMS

- BERTHING SYSTEM

- ENVIRONMENTAL
CoNTROL (MAN,
MATERIALS)

- CHECKOUT

EQUIPMENT

SHUTTLE DELIVERY
oF SS MODULES AND
SUPPLIES

{ f

e)
MATING OF SS S M LEVEL
MODULES AND H = c:ézﬁours
SuPPLY TRANSFER

SPACE STATION
28.5°

TITLE:
INCLINATION:
ALTITUDE:
S/C MISSION:

460 kM/250 NM

MANNED PLATFORM--
MAINTENANCE
OPERATIONS AND
RESUPPLY BASE

MAFTIN MARIETTA
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Satellite Servicing—TDM 4 (Example)

TDM 4 demonstraies onorbit assembly and delivery of large spacecrafi.
— TDM 4 Time Phased for Use with Operational Sateliite
— Multitasks Demonstrated in TDM— Assembly, and Delivery

— OTV Operations Validation Identified as Required Precursor




/

Satellite Servicing—TDM 4 (Example)

PRECURSORS

TDM OBJECTIVE DESCRIPTION DATE
. LARGE SPACECRAFT ~ ASSEMBLE ORBITING VERY 1993
ASSEMBLY LONG BASELINE INTER-

FEROMETER (OVLBI) AT
SPACE STATION AND
DELIVER TO LEO

LOCATION:
ASSEMBLE & C/0 AT SS.
DELIVERY - LEO 450,

OTV OPERATIONS VALI-
DATION, TEMPORARY
SPACECRAFT ELEMENT
STORAGE

ALYND ¥ood 20
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TDM4: Large Spacecraft Assembly—Operations
Analysis (Example)

TDM4 demonstrates onorbit assembly and delivery of large spacecraft.
— TDM Conducted with Operational Satellite
— Multitask Mission Demonstrates Assembly and Delivery

— OTV Operations Validation Is Required Precursor



TDM 4: Large Spacecraft Assembly—Operations

Analysis (Example)

SHgTTLE QOCKING rya- OVLBI ASSEMBLY
%o §§G° RANSFER AND CHECKOUT
L a‘.’LBI/OTV/(TMS) g\égwgm quS)
CﬁgézguﬁND e gg?h¥ TRANSFER
Gt o SVLBI/OTV/(TMS)'
EMATING AND
TRANSFER S/C ACTIVATION

i

OTV/(TMS) RETURN
TOo SS

OPERATIONAL REQUIREMENTS

- STS

- P/L BERTHING STATION,
TooLs, LOGISTICS

- EMU/MMU

- SPACE CRANE/RMS

- CRANE/RMS CoNTROL

CONSOLE
- CHECKOUT INSTRUMENTATION

- TMS

- OTV WITH AEROBRAKE

- TMS} CONSOLE TRADE
OTVf (SINGLE/MULTI)

*GROUND CONTROL

INCLINATION:
ALTITUDE:
S/C MISSION:

ORBITING VERY

LoNG BASELINE

INTERFEROMETER
(OVLBI)

ys°
800 KM/432 NM

MAPS COMPACT
CELESTIAL RADIO
SOURCES
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Satellite Servicing—TDM 7 (Example)

TDM 7 demonstrates module replacement, general repair, and fluld resupply
capability.

— TDM 7 Time Phased to Correspond with Needs of Operational Satellite
— Retrieval and Servicing at Space Station Demonstrated
— Planned and Unplanned Maintenance Conducted

— General-Purpose Servicer Validated



Satellite Servicing—TDM 7 (Example)

TDM OBJECTIVE DESCRIPTION DATE ~ PRECURSORS
/ MAINTENANCE/ REPLACE DEFECTIVE/ 1995  TMS OPERATIONAL VALI-
MODULE(S) REPLACE- OBSOLETE MODULE(S) DATION, GENERAL
MENT AND FLUID AND RESUPPLY FLUID PURPOSE SERVICER
RESUPPLY (GENERAL  FOR ADVANCED X-RAY VALIDATION
PURPOSE ROBOTIC ASTROPHYSICS FACILITY
SERVICER) (AXAF) AFTER RETRIEVAL

FROM LEO FOR SERVICING

AT SPACE STATION HANGAR gg
USING GENERAL PURPOSE §§
SERVICER, o

o N |
LOCATION: 55
RETRIEVE LEO 28.5°, Im

SERVICE AT SPACE
STATION,

MARTIN MARIETTA
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TDM 7: Maintenance and Module
Replacement—Operations Analysis (Example)

AXAF repair, replace, and resupply missior, demonstrates credible servicing
capability at Space Station.

— AXAF Retrieval and Delivery by TMS Demonstrated
— Robotic General-Purpose Servicer Validated

— Repair, Replacement, and Resupply of Operational Spacecraft Demonstrated

2



TDM 7: Maintenance and Module

Replacement—Operations Analysis (Example)

SHUTTLE DOCKING
& CARGO TRANSFER

TO SS

RETRIEVE AXAF
e UsInGg TMS

AXAF GENERAL

PURPOSE SERVICEZR

H ¢ INSPECTION SERVICING o
USING ROBOTIC GENERAL f}

RESUPPLY
FLUIDS/GASES

*
REDEPLOY AXAF
%9 T0 OPERATIONAL
ORBIT USING TMS

OPERATIONAL REQUIREMENTS:

- STS

- SPACE CRANE/RMS

- CRANE/RMS CoONTROL
CONSOLE

- EMU/MMU

- P/L BERTHING STATION
(HANGAR), TooLs,
LOGISTICS

- GROUND/SS CRew CoMM &
CONTROL

- RoBOTIC GENERAL

PURPOSE SERVICER

- AXAF CHECKouT
INSTRUMENTATION

- FLUIDS SERVICING
EQUIPMENT :

_ ONSOLE
8¥§ TRADE
SERVICER ﬁﬁt#?%E/

*GROUND CONTROL

TITLE:

INCLINATION:
ALTITUDE:
S/C MISSION:

ADVANCED X-RAY
ASTROPHYSICS
FAciLITY (AXAF)

28.5°
400 kKM/216 NM

ASTROPHYSICS
FACILITY FOR

DETERMINING X-RAY
SOURCES & PHYSICAL

PROPERTIES

émvno d400d 10
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TDM 7: Servicing Requirements

The AXAF Spacecraft Iis an excellent servicing TDM candidate,
— AXAF Design Supports Onorbit Servicing

— Complex Servicing Requirements Identified

— Standard and Nonstandard Interfaces Exist

— Access Provided to Several Spacecraft Locations



MECHANI SMS
(ACCESS)
® LRS
® LRI
® HRDS

TDM 7: Servicing Requirements
ANTENNA — CAROUSEL DRIVES &
FOCAL PLANE INSTRUMENTS

AXAF Spacecraft
(ACCESS)
RATE GYRO PKG
STAR TRACKER
ASPECT CAMERA .
L) \
.v///" <
5
§ (7]
<=
IR
e

4!'
45\?//‘.
s
\—SOLAR ARRAY ‘gﬁ?
7

REACTION WHEEL

\

APERTURE DOOR—.
MECHANISMS
L—TAPE RECORDERS

(ACCESS) \‘)
BATTERIES ) (C&DH MODULE)

(MPS MODULE
MON-FOCAL PLANE —
INSTRUMENTS (ACCESS)
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TDM 7: Interface Definition

Accommodation needs identified by interface analysis.

— Analyzed 16 Activities in Servicing Scenarios
— Identified More than 20 System and Subsystem Functional Interfaces
— Interfaces Included Physical, Operational, Crew, and rf

— Many Interfaces Capable of Standardization



TDM 7: Interface Definition

SERVICING ACTIVITY STEPS

INTERFACES 1(2|3(4]5|6(7([8]9
STRUCTURAL/MECHANICAL
RESTRAINT/STOWAGE XX XX XIX[X|IX]X X X
HANDLE/TRANSFER XX XX XIX|X[X]X XX X
ReMoveE/REPLACE X X :
MISCELLANEOUS X X1 X|X
ELECTRICAL
SuppLY PoweRrR/GROUNDING X X XXX X
Covers/PROTECTION X X
PROPELLANTS/PRESSURANT
STORAGE X XX
REsupPLY/REPLENISH X XX
THERMAL CcnTROL
CoNTROL/MONITOR X X XX
Aux TCS X X
DATA MANAGEMENT
ST0..AGE XIX|IX|X|X]|X
ProcessING/CoNTROL XX A XXX X
VIDEO X XIXTh X XIXIXI]X X1X X

MARTIN MARIETTA
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Servicing Activities Evaluation

Servicing scenario analysis provided TDM support equipment definition.

— Multiposition Translation Carriage Improves EVA Efficiency
— First Use of General-Purpose Manipulator Servicer
— Multiposition Cradel/Carriage Reproduces Cargo Bay

— Cradle Carriage and Carousel Mechanism Adaptable to Multiple Payloads

0



Servicing Aciivities Ev

INS 0 0
E
P

CONTAMINAT
MONITORS

PAYLOAD CRADLE/CARRIAGE

HANGAR
AXAF

FOCAL PLANE
SECTION

aluation .
VA TRANSLATION FLuip TRANSFER
ATH

VIDEO/
({A\\\‘ LIGHTS

CAROUSEL
MECHANISM
/// ~-TRANSLATION
PATH
10N \\\

PORTABLE
LIGHT

TOOL
KIT

\ i
‘- J
"SoFT” l
STOWAGE
OF GAS PORTABLE FOGT RESTRAINT
BOTTLE
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Servicing Activities Evaluation

MobuLe Servicing (EVA)

AIDS

RANSLATION

HANGAR
LIGHTING

MODULE SERVICE TOOL

MobuLe Servicing (RoBoTic)

HANGAR MODULE
LIGHTING SERVICE

FOOT RESTRAINT
WORK PLATFORM

MULTIPLE POSITION
TRANSLATION CARRIAGE

GENERAL
PURPOSE
MANIPULATOR-
SERVICER

MULTIPLE POSITION

TRANSLATION CARRIAGE

00d id6e
d TYNiBIN0

-tes

ALITYOA un
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Support Equipment

Accommodation needs Identified for TDM 7 include unique and multipayload
equipment.

— Major, Complex Accommodation Needs Are Part of Early Space Station
Capability

— More than 50% of Support Equipment Is Not Unique to TDM 7

— Most Support Equipment Technology Is Adequate

4



Support Equipment

DEVELOPMENT STATUS

SuPPORT LQUIPMENT A B C
STRUCTURAL/MECHANICAL :
StorAGE FOR TMS, ORU, Toors, EMU X
Space CRANE/RMS X
PAyLoAD CRADLE/CARRIAGE X
CAROUSEL/SERVICING MECHANISM X
MuLTipLE PosiTioN TRANSLATION CARRIAGE X L2
EVA TrRANSLATION AIDS X 'gg
EVA PorTABLE FooT RESTRAINT X SE
SERVICING ToOLS X =R
TETHERS, LANYARDS, ETC X 3]
MobuLe Service TooLs (MMS) X 3z
GENERAL PurPose RoBoTICS SERVICER X
ELECTRICAL: _
Power SuppLY AND CONTROL X
UMBILICAL CONNECTION X
ProTECTIVE COVERS X

A - CURRENT TECHNOLOGY
B - ExTensioN oF CURRENT STATE-OF-THE-ART (SoA)

C - New TecHNoLOGY DEVELOPMENT



GJINTI T0N ANV Aovy DNIAIDTY

Support Equipment (Cont.)

SuPPORT EQUIPMENT

DEVELOPMENT STATUS

A

B

C

DATA MANAGEMENT:
DATA PROCESSING AND CONTROL
STORAGE

SOFTWARE
DispPLAYS/KEYBOARD

COMMUNICATIONS:
RF Sets (TMS anp EVA)

RenDEzvous Rapar (THMS)
Renpezvous Rapar (SS)
SERV ANTENNA HAT/UMBILICAL

PROPELLANT RDSuPPLY:
STORAGE FOR GASES AND FLuiIDsS

PRESSURANT TRANSFER

FLuip TRANSFER
VENT/CONTAINMENT HARDWARE

> X

> <

ALITYND ¥oo4q
40
SI 39vd v g0
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Support Equipment Commonality

Evaluation of TDMs reveals a tendency toward commonality of support equipment
needs.

— Functional Interface Needs Are Similar
— Interface Adapters Can Be Used Effectively

— Structural and Electrical Commonality Is More Apparent than Fluid Resupply



Support Equipment Commonality

TDM 7

TDM 1

TDM 2

TDM 3

TDM 4

TDM 5

TDM 6

TDM 8

RESuPPLY ResuPPLY
SupporT EauipMeNT |SS Assy [ResuppLY|GEo XFER|LSS Assy ERYO REFURB EO
e STORAGE PrROVISIONS X X X X X X
e SS RMS X X X X X X
e PayLoap CRADLE X X* X X
o CAROUSEL MECHANISM ) A
e RoBoTiCS SERVICER X*REMOTE X*REMOTE X*REMOTE
o UNIVERSAL SERVICE X
TooL
e SS TooL KiT X X X
o EVA TRANSLATION X X X X*
o EVA RESTRAINT X X X* X
® TETHERS/LANDYARDS X X X X
o Power SuppLY/
CONTROLS X* X* x*
e UmBiLicAL CONNECTION X* X* X*
e ProTeECTIVE COVERS
ELECT/OTHER X*
e RF SETS X X X X X X
e RADAR X X X X X X

ALITYNO ¥00d 40
SI 39Vd WNIDINO
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Support Equipment Commonality (Cont.)

TDM 7 TDM 1 TDM 2 TDM 3 TDM 4 TDM 5 TDM 6
RESUPPLY REsuPPLY

SuPPORT EQUIPMENT SS Assy |ResuppLY|GEo XFER|LSS Assy| Cryo REFURB 850
e ANT/CABLE COUPLER X* X*
o Data DispLAY X X X X
e DATA STORAGE X X
e Data Proc/ConTROL X X X X X
e ViDEO X X X X X X
® SOFTWARE X* X" X X" X
o ConTAM MoNITOR X X
® LIGHTING X X X* X x* X
e SAFeTY Ea/Proc X x X X X
o GAS STORAGE X* X*
® FLuiD STORAGE X* X*
o PRESSURANT XFER X* X*
e FLuiD TRANSFER X* X*
o VENT EQUIPMENT X* X*
e FMU REsSuPPLIES X X X
® SERVICE PROCEDURES X* X* X* X* X*

*PoTeNTIAL UN1Que EQuiPMENT/SoFTWARE REQUIRED OR ADAPTERS NEEDED

MARTIN MARIETTA
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Programmatic Analyses

MARTIN MARIETTA
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Marginal Cost and Economic Benefits by
Capability Increment

Servicing tasks with the largest economic payoff were used to establish the
priority for each TDM.

— Economic Benefits Compare Servicing Based at Space Station versus Shuttle
— Marginal Cost Is the Additional Cost of Providing That Capability

— Economic Benefits Are Primarily Transportation Cost Avoidance

74



Marginal Costs and Economic Benefits
by Capability Increment

GEO

Z DELIVERY

FY
1984$%
BrLLions

BAsINnG

\

LEO SErvicCING

H,

MArRGINAL CosTs

AND Economic BENEFITS
FOR SPACE STATION
THRU THE YEArR 2000

Economic
BENEFITS

\ MARG INAL
CosT

LEO DeLivery

\Q: GEO SErRvICING
NN e~ ]
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Time Phased Servicing Tasks

Mission model analysis revealed early and Increasing opportunities to perform
cost-effective servicing.

— Orbit Transfer Is a Major Early Servicing Opportunity

— Demand for Resupply and Maintenance Grows in Mid-1990s
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Timed Phased Servicing Tasks

RESUPPLY

25% (FLuibDs,
MAINTENANCE SoLIDs)

35%

40 1

ASSEMBLY 7%

ORBIT TRANSFER

30+
(DELIVERY, RETRIEVAL

RESUPPLY

PROJECTEZ ORBIT
TRANSFER

SERVICING OPPORTUNITIES
N
?

N
MAINTENANCE
ORBIT TRANSFER

L] L

1991 92 93 94 95 96 97 98 99 2000
YEAR

vk INNO

AlNvnd 4004
S| 3Idvy 5 A9



Critical Items

Anclysis of critical service elements identified risk and high payoff areas.
— All Result in High Economic Payoff

— Most Have Critical Technical or Schedule Risks



Critical Items

TECHNICAL

DEVELOPMENT CRITICAL

HiGH
CRITICAL ITEMS PAYOFF Risk SPAN PATH
OTV - Space BASED, AEROBRAKED X X X X
RENDEZVous AND DOCKING SYSTEM X X X

IMS - SpAace BASED X X 89
3 2]
SPACECRAFT STANDARDiZATION X X g§
ex
OrRBITAL FLUID TRANSFER X X 22
35
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Critical Precursor Technology Schedules

Critical technology development issues are time-phased.
— Technologies Require Precursor Ground and Shuttle Development Efforts

— Development of Space-Based TMS and OTV Vehicles Critical to Early Servicing
from Space Station



Critical Precursor Technology Schedules

rTECHNOLOGY \\\JEAR 1983 | 84 |85 |86 (87 |88 (89 |90 93 (94 |95
SPACE STATION ATPA——J—L.%A A 10C
THS ~ INITIAL  REUSABLE
REUSABLE messssm  (GROUND
ON-ORBIT MAINTENANCE 10¢ a2 SHUTTLE
— gpACIls \
AT
0TV | TATIO
REUSABLE e FLT
TEST
AEROBRAKING 10C
ON-ORBIT MAIRTENANCE 10C
Emess
QRBiTAL FLUID TRANSFER
gP sS
SPACE AUTOMATION DE%@
SS TMS
CRANE | SERVICER
ngo DeMo |

40
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Technology Development Missions Schedule

TDMs with largest economic payoff are scheduled early.
— TDMs 1 and 2 Are a Set of Missions Accomplished over Span Shown

— GEO Orbit Transfer TDM Schedule Is Constrained by OTV Development
Timeline

32



Technology Development Missions Schedule

™

\\\yEAR

1990

1991

992

1993

1994 (1995 | 1996 | 1997

=

o U1 & W

SPACE STATION ASSEMBLY

LEO TRANSFER, RESUPPLY
& RETRIEVAL

CRBIT TRANSFER (GEO)
LARGE S/C ASSEMBLY
REsSuPPLY (CRYOGEN)

MAINTENANCE/MODULE
REPLACEMENT (EVA)

MAINT./MODULE REPLACE
éGENS PURPOSE ROBOTICS
ES.

RESuPPLY FLUIDS AT GEO

Od 40
NIDidO
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TDM 7: Associated Costs

Selecting existing and planned missions produces cost-effective TDMs.

— Sharing Costs with the User and Space Station Lowers TDM-Unique Costs



TDM 7: Associated Costs

TDM CosTs

i

AXAF Mission

Un1aue CosTs
$22M

Ops PLANNING & SuPPORT
AXAF CRADLE

REPLACEMENT MoODULE
STORAGE

CHECKOUT SUPPORT
EQuIPMENT

UMBILICALS

SPACE STATION
CommoN CosTs
$38M

GENerRAL Purrose RoBoTic
SERVICER

PayLoAD CARRIAGE
CAROUSEL MECHANISM
MobuLe Service TooL

TDM 7
Untque CosTs

$7.4M

RESEARCH & TECHNOLOGY

OPERATIONS PLANNING &
SUPPORT

EXPERIMENT HARDWARE
SuPPORT EQUIPMENT

MARTIN MARIETTA

ALNYND ¥ood 40

“i30Vd TYNIDINO




Conclusions

® OSATELLITE SERVICING TASKS/LOCATIONS/SCENARIOS ARE SATISFIED WITH EIGHT TDMs.

® THE SPACE STATION MISSION MODEL PROVIDES MANY OPPORTUNITIES TO CARRY OUT THE TDMs
AND DEMONSTRATE SATELLITE SERVICING OPERATIONAL CAPABILITY BY THE LATE 1990s.

® MANY TDM SUPPORT ACCOMMODATIONS ARE SATISFIED BY REQUIRED SPACE STATION
ARCHITECTURAL ATTRIBUTES,

MODIFICATIONS/ADAPTERS LIKELY),

5

<

2

ez @ NEW SUPPORT EQUIPMENT COMMONALITY EXISTS ACROSS OUR RECOMMENDED TDMS (MINOR
~

€ @ STANDARD PAYLOAD INTERFACES ARE REQUIRED TO PERFORM AUTOMATED SERVICING OF
= PAYLOADS/SATELLITES.,

E
E ® MAINTAINABILITY MUST BE DESIGNED INTO FUTURE HARDWARE THAT REQUIRES HANDS-ON

OR EVA SERVICING,

MARTIN MARIETTA
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Conclusions (Cont)

® I[DENTIFIED SERVICING ISSUES SHOULD BE RESOLVED TO PROVIDE STUDY DIRECTION AND
TO SUPPORT SATELLITE SERVICING PLANNING ACTIVITIES.

o USING REAL MISSIONS TO DEMONSTRATE SATELLITE SERVICING OPERATIONAL CAPABILITY
REDUCES UNIQUE cosT oF TDMs,

o FEARLY SPACE STATION PROVIDES FLEXIBLE "TEST BED"” FOR SERVICING PROCEDURES
BEFORE IN SITU OPERATIONS,

MARTIN MARIETTA
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