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FOREWORD

The Satellite Services System Analysis Study (8SSAS) 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 presented in seven volumes:
Volume 1 - Executive Summary
Volume 2 - Satellite and Services User Model
Volume 2A - Satellite and Services User Model ~ Appendix
Volume 3 - Service Equipment Requirements
Volume 3A - éerviee Equipment Requirements - Appendix
Volume 4 - Service Eq_uipment Coneepts
Volume 5 - Programmatics

This volume contains the service equipment utilization analysis, development/
production schedules, program cost estimates, and facility/advanced technology require-
ments. Appendix A to this volume presents a preliminary Program WBS Dictionary;
Appendix B identifies equipment utilization by service function, satellite class, and :
by year; and Appendix C summarizes the utilization of each piece of service equip-
ment. User charges are also presented for each item of service equipment and for

representative service missions.
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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-Ra-y Astrophysies Facility
CCTYV - Closed Circuit Television
C & DH - Command & Data Handling
C & DL - Command & Data Link
C/Q - Checkout
DDT&E - Design, Development, Test & Evaluation
DoD - Department of Defense
DOF - Degrees of Freedom
EMU - Extra-Vehicular Mobility Unit
EVA - Extra Vehicular Activity
FS8S - Flight Support System
GAC - Grumman Aerospace Corporation
GEO - Geosynchronous Earth Orbit
GRAVSAT -~ Earth Gravity Field Survey Mission
GRO - Gamma Ray Observatory
GSE - Ground Support Equipment
HEAQC - High Energy Astronomy Obsgrvatory
HPA - Handling & Positioning Aid

IR - Infrared

Preceding page blank



IRAD - Independent Research and Development
IUS - Inertial Upper Stage

IVA - Internal Vehicular 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 Ionospheric Irregularities
LEO - Low Earth Orbit
LOS - Line-Of-Sigh{:

MDF - Manipulator Development Facility

MFR - Manipulator Foot Restraint

MMS - Multimission Modular Spacecraft

MMU - Manned Maneuvering Unit

MRV - Manned Reconnaissance Vehicle

MTV - Maneuverable Television

NOSS - National Oceanic Satellite System
N ‘0OAO - Orbiting Astronomicdl Observatory
OBC - Onboard Checkout
OCC - Operations Control Center
OCP - Open Cherry Picker
OMS - Orbital Maneuvering System
PAM A - Payload Assist Module (type) A

PAM D - Payload Assist 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

RCS - Reaction Control System

RMS - Remote Manipulating System

ROM - Rough Order of Magnitude

8/C - Spacecraft

SE&l - System Engineering & Integration

SMM - Solar Maximum Mission

SRM - Solid Rocket Motor

SSS - Satellite Services System

SSSAS - Satellite Services System Analysis Study
S/8 - 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 Atmospheéric Research Satellite
UV - Ultraviolet

VS8S - Versatile Service Stage

WBS - Work Breakdown Structure

WETF ~ Weightless Environment Training Facility

WIF - Water Immersion Faci]ify
WRU - Work Restraint Unit

XTE - X-Ray Timing Explorer

ix
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INTRODUCTION

Programmatic tasks within the Satellite Services System Analysis Study (SSSAS)
consisted of tasks 5, 7, and 8. Their objective was to scope the overall program and
resources needed for development and operation of a Satellite Services System.
Assessment of program requirements covered system operations through 1993 and was
completed in preliminary form (or, rough-order-~of magnitude: ROM) in Part 1, Task 5
of the study. Program requirements were based on the system and equipment concept
definitions derived in Part 1, Tasks 3 and 4.

In Part 2 of the study, program requirements were refined based on equipment pre-
liminary design and analysis completed in Task 6. This refinement pertained to Tasks 7
_and 8, in which equipment development planning and program planning were updated.
Schedules, costs, equipment utilization, and facility/advanced technology requirements
were included in the update. In addition, equipment user charges were developed for

each piece of equipment and for representative satellite servicing missions.

The products of this programmatics activity, including the approach to and

development of program requirements, are presented in this volume.

PART 1 PART 2~
CONCEPTUAL ANALYSIS PRELIMINARY DESIGN & PLANNING

TASK 10
;?f.r“ SATELLITE USER MODEL
ANAL

220

NOMINAL -

SCENARIOS, | SATELLITE &

SENSIT REF |SERVICES USER MODEL (5/5UM)

SATELLITES

SATJSVCS
USER MODEL

+30

SERVICE FUNCTIONS
OPERATIONAL SCENARIOS
EQUIPMENT RCMTS

a0 610

[_ ggz\égigommsm I—o—.l PRELIMINARY DESIGN & ANALYSIS|-<

SVC EQPT
REQMTS

- 50 470 SVC EQPT
RESOURCE BEvED CONCEPTS
ASSESSMENT | - PLAN

88 ¥

PGMIOPS
PLAN

PROGRAMMATICS

EXECUTIVE
SUMMARY

NN

1472-002(T)
1117-045wW

Fig. A Study Logic & Major Qutputs
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1 - METHODOLOGY

The first step in the develuopment of SSS program requirements was to establish a
program Work Breakdown Structure (WBS). This WBS and a corresponding dictionary

(see Appendix A) define the scope of the program and provide the framework to develop

a program cost estimate. The top level WBS established for this program is shown in
Fig- 1"1.

SATELLITE
SERVICES
SYSTEM
—
SERVICE FACILITIES EE?E_M
E E
SEGMENT | SEGMENT INTEGRATION
& TEST
R81-1108-0C10
1472-501(T)

Fig 1-1 Preliminary WBS — Satellite Services System
The format of this WBS and its lower level breakdown can be characterized as
follows:
# Conforms with the standard WBS established by the Standardization

Subgroup of the Joint Government/Industiry Space Systems Cost
Analysis Group

e Is compatible with Grumman’s computerized cost model

o Formulates estimates for equipment and support functions to enable calculation
of a user fee charge

e Categorizes work effort consistent with probable NASA coniracting

methods,
1-1



The programmatic approach utilized to develop preliminary S5S program

requirements is presented in Fig. 1-2, and is consistent with the WBS described

herein.,
INPUTS TASK S TASK 7 TASK 8 QUTPUTS
» um
SSJ'S e PRELIMINARY SSS UTILIZATION
e SERVIC ASSESSMENT PRELIMINARY PROGRAM
SCENARIOS OF DEVELOPMENT 1 _____ > PROGRAM REQUIREMENTS
PLANNING PLANNING
e EQUIPMENT PROGRAM N — DEV COST/SCHED
CONCEPTS REQUIREMENTS — PROD COST/SCHED
— OPSPLANNING/COST
® EQUIPMENT
DESIGNS — FAC /ADV TECH
REQUIREMENTS

1372-502(T)
R81-1108-002D

r —

L

PART 1 STUDY

I NASA/GRUMMAN
| REVIEW

|
I

e

— PROG COST/FUNDING

SCHED
USER CHARGES

- EQUIPMENT
— REP MISSIONS

Fig 1-2 Programmatics Approach

To develop these requirements, the S/SUM mission model was used in which

satellite users are organized into the following classes:

e Sortie missions

e Planetary satellites

o GEOQ satellites

o Direct delivery/servieing satellites

¢ LEO/Propulsion satellites

& DoD missions.

Additional inputs included servicing scenarios derived for Initial Launch, Revisit, and

Earth Return service events, as well as equipment concepts/designs defined by this

study,

Using these inputs, SSS equipment utilization was established for each mission

event or service function by satellite class covering each year from 1983 through 1993.
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Data was then summarized by specific equipment item to obtain an annual usage figure
for all functions and satellite classes. The end result was a complete utilization

schedule for all equipment during the 1983 through 1993 operational period.

Considering equipment complexity from an operational turnaround viewpoint and
the size of the planned Orbiter fleet, a required quantity and production schedule for
each piece of service equipment was established. These production requirements, to-
gether with DDT&E requirements and Grumman-formulated facilities/operations con-
cepts, provided the basis from which preliminary SSS program costs were developed.

The actual equipment utilization analysis and program planning/costing were per-
formed in iterative fashion. In the initial process, the results were developed and pre-
sented at the Part 1 study review. NASA feedback to the Grumman presentation and the
results of the Task 6 preliminary design were then reflected in the programmatics acti-
vity during Part 2 of the study. The end results of this iterative programmaties activity
are presented in this report. The format is consistent with the WBS: one section per

WBS segment followed by sections which cover program cost and user charges.
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2 - SERVICE EQUIPMENT

2.1 UTILIZATION

5SS requirements were established by relating service equipment usage to the
service events in the Satellite and Services User Model (8/SUM). To determine service
equipment production quantity and schedule requirements, an equipment utilization

analysis was performed which included the following ground rules and assumptions:
e RMS/FSS Tilt Table is prime usage through 1985
¢ RMS/HPA is prime usage from 1986 and beyond
e All scenarios include equipment for backup of mechanical device failures
o 20% of payload missions each year will require optional services

e Propulsion for LEO/Propulsion class satellites through 1986 is provided by an
integral propulsion stage

e Propulsion for LEO/Propulsion class satellites after 1986 is provided by the V.SS
o MMU/WRU with POM (end effector) is treated as one system

e [US/PAM A/PAM D include retention structure, spin table, and tilt table

consistent with their system definitions
& Debris removal missions are excluded.

These ground rules and assumptions were then applied to each serviece event and
satellite class identified within the S$/SUM from 1983 through 1993, Figure 2-1 shows the
format used to develop this utilization data. Equipment to be utilized for a given
satellite revisit mission is indicated by an "X" in the appropriate column. Detailed data
sheets were prepared in this format for each service event and satellite class by year;
they are documented in Appendiﬁc B of this volume.
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SATELLITE
ERBS — EARTH RAD BUDGET
SAT. (E-4) Xx | x X X x Ix |Ix Ix |x |x
NOAA (E-5) x | x X X X |x Ix | x
ORBITER CAMERA FREE
FLYER (MML) x2 | x2 x? x2 x2 | x2 | x2 ] x2
UARS-UPPER ATMOS
RES (£-7) x2 | x? %2 x2 x2 | x2 I x2 | x2 X
OP LAND OBSER SYS
(LEP) (R-5) x | x x | X X |x |x | x
ALL WEATHER MICRO-
WAVE (LEP) X | x X X X [x [x [x
EARTH SURVEY (LEP} X X X X X X X X X
LAMAR-LG AREA MOD
ARRAY (A-14, GSE) X | X X X X |x Ix I x [|X
OPTIONAL SERVICE
MISSIONS
1472-503(T) NOTE: EXPONENT INDICATES NUMBER OF USES
R81-1108-003D

Fig 2-1 Revisit—Equipment Utilization Summary—HPA Prime Usage

Based on the detailed equipment usagé data in Ap')pendix B, a utilization matrix was
developed for each item of service equipment. The format for these tabulations is shown
in Fig. 2-2 which summarizes the utilization of the HPA for all 8/SUM service events by
mission category, satellite class, and year. Equigment complexity (relative to opera-
tional turnaround and Orbiter fleet size) was also considered when translating equip-
ment utilization into required production quantity and delivery data. HPA utilization
frequency, required quantity, delivery schedule, and cumulative uses through 1990 are
shown in Fig. 2—-2 and similar data for the OCP is presented in Fig. 2-3. Comparable
information for each item of SSS equipment is presented in Appendix C of this volume.
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FREQUENCY OF USE/YEAR

MISSION
CATEGORY ‘B3 '84 85 ‘86 g7 ‘88 ‘89 ‘90 ‘91 ‘92 ‘93
A. INSTIAL LAUNCH
[1} DIRECT DEL /SERV — — —_ 6 10 7 7 [+ 2] 5 7
(2) LEO/PROP SAT. - - - 12 ) 10 1 8 5 7 a
(3} DaD - — - 11 12 11 7 7 7 8 4
{4) PLANETARY - - - 6 1 1 2 - 1 1 4
{5) GED SAT. - - - 15 17 22 24 26 21 21 31
{6} SORTIE - - - - - - - - - - -
B. REVISIT
{1} DIRECT DEL /SERV - - - 2 4 7 8 9 9 11 12
{2) LEO/PROP SAT, - - - 1 7 8 10 12 11 7 12
€. EARTH RETURN
{1) DIRECT DEL/SERV - - - 1 4 4 3
{2) LEG/PROP SAT. - - - 1. 3 3 3 6 7 4
TOTAL USES - - - 55 66 71 75 78 74 62 81
NO. UNITS REQD - - - 3 4 5 /""R
REQD DELIVERY - - 2 1 1 1 w
Bhtigrae
Fig. 2.2 Satellite Service System — HPA Utilization
FREQUENCY OF USE/YEAR
MISSION
CATEGORY ‘B3 ‘84 "85 86 ‘g7 ‘a8 ‘89 30 ‘99 92 ‘93
A INITIAL LAUNCH
{1) DIRECT DEL /SERV ’
(2} LEO/PROP SAT.
{3) DoD
{4) PLANETARY NONE -
{5} GEO SAT.
{6) SORTIE .
B. REVISIT
(1) DIRECT DEL /SERV - - 1 2 4 7 9 9 9 1 12
(2) LEO/PROP SAT. - - - 1 7 8 10 12 1 7 12
C. EARTH RETURN
(1) DIRECT DEL /SERV - - - - - - - _ _ - _
{2) LEG/PROP SAT. - 1 - '3 1 1 1 1 - - -
TOTAL USES - 1 1 6 12 16 20 22 20 18 24
NO. UNITS REQD - 1 2 3 4 /"‘\
REQD DELIVERY - 1 1 1 ETHRU'9D=78 } -
S \/?

Fig. 2-3 Satellite Services System — OCP Utilization
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A summary of these service equipment utilizations is shown in Fig. 2-4. The
maximum frequency of use per year, cumulative uses through 1990, and required pro-
duction quantity are identified for each item of equipment. This summary provides a
basis for production costing, indicates the relative need for various equipment items,

and indicates the potential for standardized equipment usage for orbital service

operations,
SSS EQUIPMENT MAX USE FREQ/YR* CUM USE* REQD QTY
s MANIPULATOR FOOT RESTRAINT 82 509 6
e OPEN CHERRY PICKER 22 78 4
s WORK PLATFORM (OCP/TILT TABLE) 3 9 1
+ HANDLING & POSITIONING AID 78 345 5
e PYLD INSTALL. & DEPLOYMENT AID 7 36 2
s ECPT STOWAGE PROVISION 21 70 4
* FLUID TRANSFER SYSTEM 21 70 4
* ATTITUDE TRANSFER PKG 7 186 2
s NON-CONTAM ACS & . 28 2
e FLIGHT SUPPORT SYSTEM 28 160 5
* AFD CONTROLS & DISPLAY PANEL 75 553 6
e MMUMWRU/STABILIZER & END EFFECTOR 114 675 12
* MMU/WRU POM ADAPTN 5 20 2
s PYLD HANDLING (MMU/WRU) 2 70 4
e MANEUVERABLE TV 32 111 5
e MTV POM ADAPTN 14 45 2
e SUNSHIELD 1 59 3
¢ ORBITAL STORAGE 15 80 5
e LIGHTING ENHANCEMENT 15 80 60
* VERSATILE SERVICE STAGE 22 62 4

*THROUGH ‘80

RE1-1108-006D
1472-506(T)

Fig. 2.4 Service Equipment Utilization Summary

The data shown in Fig, 2-4 is identical to information presented at the Part 1 study

review except for the following changes:

e The POM/manned version has been deleted from the $SS and replaced by the
POM/MTV adaptation. This change was made because the manned POM had low
utilization and its function can be handled by the unmanned POM/MTV
adapiation

e The MTV is used less frequently to monitor upper stage firings



e The IUS retention structure is provided with the IUS and considered
part of the IUS purchasé.

These changes reflect NASA feedback to the Part 1 study review and/or

Grumman analysis of equipment utilization to consolidate equipment requirements.

2.2  DEVELOPMENT/PRODUCTION

The development/production of SSS equipment falls into either of two categories:
integrated or individual equipment development. The integrated category involves
development of basic core equipment and supplementary kits that provide a multi-
equipment configuration and caﬁability. SSS equipment applicable to this integrated
program approach includes:

e MFR
- Basic
- OCP (RMS compatible)

- OCP work platform (Tilt Table compatible)
- OCP work platform (HPA compatible)

e MMU/WRU .

- POM adaptation*
- Stabilizer
~ Payload handling

¢ MTV

- MTV (Basic)
- MTV/POM adaptation

e Equipment Stowage/Fluid Transfer

- Basic structure
- Fluid transfer package
- Equipment stowage sections.

* MMU/WRU End Effector version (identified in Part I of the study) was subsequently
determined to be identical to MMU/WRU-POM.

2-5



DBevelopment schedules for this integrated, multiple-use equipment and their appro-
priate schedule interrelationships are shown in Fig..2-5. Production and operations
phases for this equipment are also presented based on the data developed in the
equipment utilization analysis described in Section 2.1. The development/
production/operations phasing for the second category of 58S equipment (individual

equipment developments) is also presented in Fig. 2-5.

Two points are worthy of note relative to these equipment developments: (1) F58
equipment has been developed and schedule requirements are, therefore, limited fo
production/ operations; and (2) the HPA is an equipment item that lends itself to a
basic unit plus a "kits" design approach. Although not reflected in this study,
it is recommended that subsequent efforts (relative to the HPA) adopt this approach.

) Figure 2-5 also presents schedules for system-level tests/simulations involving the
HPA, MMU/WRU POM, and MTV/POM. Objectives of the tests/simulations are discussed

in- Section 4.2.
2.3 ADVANCED TECHNOLOGY REQUIREMENTS

According to current design concepts, SSS equipment does not require advanced
technology developments; all components and material are current state-of-the-art.
Equipment development programs, where required, are conventional as are the system

level development tests/simulations noted above.
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3 - FACILITY REQUIREMENTS
Basged on the S8S equipment requirements identified to date, contractor and/or
governiment facilities are available for development, manufacture, test and prelaunch/
turnaround of the full complement of system equipment. It is recommended, however,
that JSC's MDF consider adding a six degree-of-freedom (6~DOF) motion base and
computer facilities 1o enable system~level simulation and crew training with relative
6-DOF motions between SSS equipment and payloads or the Orbiter.

The advantages of a 6-DOF facility can be summarized as follows:

e [MHigh fidelity - Relative motions can be reproduced, with limited test hardware
but appropriate math model complexity, to a high degree of accuracy

e High flexibility - Different configurations can be mounted on 2 servo-driven

support and math models reprogrammed to produce required motions

e Good availability - Once the sérvo-driven support structure is available,

modification and programming for alternate configurations are reasonable.

Given the advantages of a 6-DOF facility and the wide range of operational com-
plexities involved with the SSS servicing functions, a new NASA/JSC facility that pro-
vides this capability is considered a program requirement.

In addition to the new facility, the program will require facility modifications for

development and operational support. While basic facilities for system development
exist, modification of the Grumman LASS simulation facility, as well as the NASA/JSC
MDF and WETF facilities, will be required to support system analysis and derive design/
performance specification data. Furthermore, a launch site facility will be needed for

S88 equipment initial checkout, turn-around, and update.
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4.- SYSTEM LEVEL INTEGRATION AND TEST

4.1 SYSTEM ENGINEERING AND INTEGRATION (SE&l)

The S8E&I funection for this program is coriventional except that $SS involves a

number of equipment items that are functionally independent. Although the development

and production of this equipment may be funded by NASA under separate contracts, a

system level contractor may be needed to integrate various elements of 8SS. The systems
level contractor could help JSC to perform a variety of tasks:.

Analysis of service requirements
Preparation of appropriate specifications
Documentation

Definition and control of system interfaces

Performance of on—-orbit operations analyses as well as system integration,

analysis, and modeling

Analysis of equipment designs from the viewpoint of mass properties, loads

and dynamics, thermal performance, and contamination
Review/approval of plans for, and resulis of, equipment verification

Performance of safety, reliability, maintainability, configuration management,
and quality engineering functions related to satellite services.

The SE&I contractor would also prepare and support development of simulation/

training and ground/f{light operations plans and procedures as well as maintain SSS

equipment during the operational phase of the program.



4.2 SYSTEM TEST AND EVALUATION

In developing the SSS and equipment concepts, it became apparent that the develop-
ment of certain equipment would require system level test or simulation. This was due
" to a significant interaction between a number of service equipment items during func-
tional operation. The flight hardware requirements, or issues identified to date, can be

resolved by three system level tests/simulations.

The first system test/simulation involves the HPA and its functional interface with
the RMS, AFD Controls and Displays, EVA Operations, STS Cargo Bay, and OCP Work
Platform. It is required to verify the capability of the HPA to be stowed and unstowed
in the STS cargo bay, to support spacecraft servicing, and to perform berthing and
docking operations. The HPA and service equipment will be evaluated in EVA and IVA
operating modes. The adequacy of the AFD controls and displays for these HPA opera—
tions will be assessed in terms of visibility, RMS, CCTV, and lighting constraints. Most
important, this test/simulation will verify the suitability of the HPA to providé a gtan~-

dard satellite interface for on-orbit service operations.

The second and third system level test/simulations involve free-flying simulations
of the MMU/WRU-POM adaptation and the MTV POM adaptation. These simulations re-
quire local manned control and remote AFD control, respectively. Both would be
conducted with a 6-DOF motion base and computer facility to ensure that the manned or
unmanned POM approaches, captures, and returns the satellite to the Orbiter for
capture by the RMS. The ability to complete these operations will involve functional
interfacing of the POMs with the RMS, AFD Controls and Display Panel, and HPA or

equivalent,
4.3 SYSTEM OPERATION

The SSS equipment concept definitions and utilization analysis provided a basis for
SSS DDT&E and production cost estimates. To complete the preliminary program reguire-
ments assessment, Grumman established an operations approach which includes the

following features:

e Preparation of generic-type mission plans, timelines, and procedures for

SSS equipment

e Establish and maintain an organization for preparation, turnaround,

maintenance, and modification of $8S equipment



e Preparation of delis mission plans, timelines, and procedures for mission-

specific S5S equipment requirements/usage

e Develop and conduct simulation/training programs for 8SS

operational utilization.

This operations approach defined a set of operational requirements that provided the

basis for development of a program operations cost estimate.

To develop the cost estimate, it was also necessary to establish a number of ground

rules/assumptions:

e The organization performing SSS operations includes engineering/technician/
support/supervisory personnel working out of NASA provided facilities

e Mission simulation/crew training is conducted in existing or modified facilities
as defined by the facilities' WBS

e Mission operational planning requirements are based on Grumman-derived data.

To estimate SSS mission planning requirements, Grumman used the S/SUM data base.
Initial Launch, Revisit, and Earth Return service events were plotted and smoothed (see
Fig. 4-1) to give a Payload Service Events per year planning requirement. In its pres-
ent form, this requirement is somewhat conservative since service events for the 1990s
are not well defined but are expected to continue to grow rather than level off as indi-

cated by the curve in Fig. 4-1.
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Fig 4-1 Operational Planning Requirements

Figure 4-1 also includes a Man-Month per Payload Service Event curve representing
the unique planning effort required for each service event. This unique planning effort
supplements the generic mission planning data consistent -with our defined operations
approach. The initial part of the curve is based on past experience, and the "learning-
curve" aspect of the manpower requirement reflects the reduction in requirements due
to standardized operations. The "learning-curve" aspect continues into-the late 1980s
due to continuous introduction of new service equipment. This manpower planning
requirement and the service events/year curves provided the estimate for a major

portion of the program operations costs.,
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5 - PROGRAM COSTS

5.1 COST SUMMARY

. To determine program costs that are consistent with available equipment concepts

and design deffnitions, the following costing approach was established:

Develop DDT&E, production and operations (10 year) costs for Satellite
Services System

Exclude mission hardware, STS, and propulsion stage costs

Include guoted or projected production costs only for developed equipment or

that which is under development

Utilize study-derived DDT&E and production cost estimates for equipment that
has been defined by concept studies

Derive DDT&E and production cost estimates for new equipment concepts
Base production gquantiiy/schedule on utilization analysis

Base operations cost on assumed operations concept.

The development of a program cost estimate also required the establishment of the

following ground rules/assumptions:

Cost data in 1980 constant dollars

Program costed per Grumman proposed WBS

New equipment estimates based on standard CERs and cost factors -
Equipiment level facility and test costs included in equipment estimates
System level simulation/test

~ Three test article/programs required

~ 6-DOF facility required at J SC



- KS8C/JSC and contractor facility mods required for simulation/test

and operations activitieé
e JUS and PAM A/D costs excluded.

These ground rules/assumptions provided an understanding of the scope of particular

costs and a basis for interpreting the cost results.

The resultant program cost estimate is detailed in Fig. 5-1. This ROM estimate
shows the costs for the service equipment segment (including 20 pieces of SSS equip-
ment), facilities segment, and the system level integration and test segment. Costs are
presented- by program phase (i.e., DDT&E, Production, and Operations) and in total.
DDT&E costs are included as applicable, production costs are for the equipxﬁent quanti-
ties defined in Fig. 2-4, and reflect learning curve effects. Operations 'costs cover 10
years of system operation.

PRODUCTION
COST ELEMENT DDT&E | TEU* | QTY | TOTAL | OPERATIONS | TOTAL
SAT SERV SYSTEM 317 96.2 355 151 | 823
e EQUIPMENT SEGMENT 301 94.3 . 348 - 549
- MTV
o BASIC 7 5.8 5 | 26 - 33
o POM ADAPN 14 13.0 2 24 - 38
— MFR
o BASIC ) 3 0.2 6 1 - 4
o OCP/RMS 20 2.0 4 7 - 27
o QCPWORK PLATFORM 13 20 1 2 - 15
— MMU/WRU
o BASIC MMU/WRU CORE 10 85| 12 76.4 - 86.4
o END EFFECTOR/POM 9.2 1.2 12 6.1 - 15.3
o STABILIZER 0.74 0.4 12 3.9 - 4.6
o BASIC WRU CORE WITH END 18.9 2.0 12 17.1 - 37.0
EFFECTOR/STABILIZER
o PYLDHDLG 0,52 0.1 4 0.48 - 1
— FLD XFER/DRY STORAGE RACK 20 8.4 a/4 30 - 50
— HPA 37 8.3 5 37 - 74
~ PIDA 10 11.0 2 23 ~ 33
~ FSS, - 35 4 16 - 16
— SUN SHIELD/ORBITAL STORAGE 10 25 3/5 9 ~ 19
— LIGHT ENHANCEMENT 0.4 0.1 60 2 -~ 2.4
— NON-CONTAM'ACS 39 9.4 2 18 - 57
~ ATTITUDE XFER PKG 04 0.1 2 0.2 - 0.6
~ Vvss 73 17.0 4 63 - 137
~ AFD CONT & DISPLAY 2 0.7 6 a -~ 6
—~ SOFTWARE 17 - - 17
— SERVICES (LOGISTICS/MGMT) 13 - - 13
e FACILITIES SEGMENT 4 - - 4
— GROUND OPS 1 1
~ TRAINING & SIMULATION 3 3
e SYSLEVEL & T SEGMENT 13 6 151 170
~ SE&1/SYS TEST 7.1 3 ~ 10.1
~ SERVICES (MGMT/OPS) 5.4 3 151 159.4
* THEORETICAL FIRST UNIT
** INCL 7.0 MIL FOR MMU 1472-508(T)

Fig. 5-1 Satellite Services System Cost Summary ROM Cost Estirmates — 1980 Dollars (In Millions)
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A number of important points on the cost data summarized in Fig. 5-1 are worthy of
note. The first four items: MTV, MFR, MMU/WRU, and Wet/Dry Storage Rack (Fluid
Transfer/ Equipment Stowage Rack); are considered as four development projects in
which a number of service equipment items would be developed around a single core unit

using a "kit" design approach as described in Subsection 2.2.

The MMU/WRU development project will require further effort to update the cost
estimate presented. First, current costs exclude MMU development costs, but do in-
clude MMU production costs. Secondly, a late development in this study has indicated
that the MMU/WRU End Effector and MMU/WRUO-POM configurations can be identical.
Therefore, with further definition and analysis, the MMU/WRU costs presented in Fig.
5-1 can most likely be reduced.

The Wet/Dry Storage development project assumes the development of a common
" primary support structure that would be used for both the Equipment Stowage and Fluid
Transfer System service equipment. Although development and production costs are
shown for the combined equipment in Fig. 5-1, production costs have been allocated to
Eguipment Stowage and Fluid Transfer equipment for the common structurée, as well as
for hardware that is applicable to each. The Wet/Dry Storage ROM estimate is con-
sidered "very loose" at this time for two reasons:

e A wide variety of potential (dry) package geometries/mass may be required,

which could dictate unique (no standard) support arrangements

e Fluids replenishment could involve direct tankage/fluid replacement and/or

transfer of propellants via a special fluids transfer system.

The diversity of potential requirements for "dry" and "wet" storage is apparent. More
refined definitions of satellite and propulsion (stage) requirements are needed than are
presently available. This service equipment area is, therefore, recommended for

further study,

Relative to other individual equipment developments, the FSS has already been
developed and only production costs are included in the cost summary. As noted
earlier, the HPA is amenable to a "kit" design approach and is, therefore, subject to
cost refinement as the current Grumman OBCES* study evolves. The ROM estimate for
AFD controls and displays is strictly for the control/display function and assumes that
any microprocessing requirement will be'handled via Orbiter computers, or a user-

provided microprocessor.

*Qrbiter Based Construction Equipment Study
5-3



5.2 FUNDING SCHEDULES

The program cost estimate was converted to a program funding schedulé by the
application of spreading curves to major WBS elements with appropriate start and com-
pletion dates. The result (see Fig. 5-2) includes funding schedules and annual cost
increments for each program phase and in total. This funding schedule reflects the
service events projected in the 3/SUM model, assumptions of various equipment usage for

each of the service events, and service equipment production quantities over the 10
year time frame. Note that the curves and yearly increments are presented only through

1990 (due to computer program limitation of 20 inputs and our desire for semiannual
input definition) although the cumulative totals are given through 1993,

§ i TOTAL COST THROUGH 1993
{IN 1980 $ MILLIONS)
OPERATIONS TOTAL PROGRAM 823
al. DOT &E 317
e PRODUCTION 355
OPERATIONS 151
w PAF 171
@
< [=)
il PRODUCTION
a =
[m]
u‘ o
@]
g
o 2
ot}
2
E —
o}
A3
o 1 1 I 1 L L L .
82 ‘g3 84 ‘85 ‘86 ‘87 ‘88 ‘89 - 90
oY DISTRIBUTION THROUGH 1930 {IN 1980 $ MILLIONS)

] ‘82 33, 84 ‘g5 ‘86 ‘87 ‘88 ‘89 ‘a0
DOT & E 32 101 108 67 9 0 0 o | 0
PROD 3 23 47. 77 85 62 37 17 3
OPS 6 12 16 20 - 20 16 .14 12 6
TOTAL 41 136 171 164 114 78 51 29 9

1472.510(T)

Fig- 5-2 Satellite Services System Funding Schedule



Service equipment hardware items, which are considered as key generic elements in
the SS5, are needed early in the program to provide viable services to the user com-
munity. Hardware items are as follows:

Backup/Contingency Equipment
¢ Manipulator Foot Restraint (MFR)
e Work Restraint Unit (WRU) Adaptations

Close Proximity Retrieval Equipment

e Maneuverable Television (MTV)
e MTV - Proximity Operations Module
¢ WRU - Proximity Operations Module

On-Orbit Servicing Equipment

e Open Cherry Picker (OCP)
e Flight Support System - OCP Work Platform
e Handling and Positioning Aid (HPA)

An estimate of DDT&E and TFU (Theoretical First Unit) costs was prepared for thése
"core service equipment” items and is shown in Fig. 5-3. As illustrated, these initial
core equipment elements could be brought on-line in a 4 to 5 year period within a

nominal funding limitation of approximately $50 million.

60
=
@ CORE
2 EQUIPMENT
& ELEMENTS
20§
0 I i 1 ! K
0 1 2 3 4 5
YEAR
1472-511(T)

Fig. 5-3 “Core Service Equipment” — DDT&E/TFU Spreads
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& - USER CHARGE

6.1 EQUIPMENT USE CHARGE

To determine eguipment use charges for the Satellite Services System, the following
approach was used:

® Assumptions/Ground Rules

~ User charges over the equipment's lifetime will recover production
and operations costs

~ Equipment utilization is based on Grumman's Satellite and Services
User Model (S/SUM)

- Where conceptual definition or hardware exist, production costs for
service equipment will be in accordance with prior or actual estimates.
Grumman developed estimates will be used if prior estimates are not agvailable
- Facility costs will be included only for Satellite Services unique facilities,

contract direct charge type activities, and the productionloperations phase

-~ Operations costs will be prorated against equipment utilization

Costing will be in 1380 dollars

e Methodology

- HEstablish a satellite servicing scenario for the 10 year period (1983
through 1993) using Grumman's S/SUM

- Summarize the service events by year, the assumed servicing equipment
for each service event, and total utilizations per service equipment over
the 10 year period

- Determine the quantity of serviéing equipment required to meet the
projected utilization



- Establish an-operational support organization to implement ground functions
for the Satellite Services System; to plan and support flight operations of ser-

vice equipment; and to provide management, logistics, training/simulation

and spares required to operate a Satellite Services System
- Estimate the cost of maintaining an operational support organization

- Establish a user charge factor for production cost equal to the production
cost of an item of equipment divided by the number of uses of that equip-

ment over its 10 year life.

- Establish a user charge factor for operations cost which, for an item of
equipment, will be proportional to the equipment production cost and uses

relative to system production cost and uses.- For example:

Ops factor =1 [eqpt prod cost egpt uses "ops cost®
2 (system prod cost ¥ sys eqpt uses/ \egpt uses

e The user charge factor will equal the sum of the production and operations

user charge factors.

In developing the user charges, STS charges were excluded since they depend on the
Shuttle mission and its requirements for cargo manifesting, optional flight systems, and

optional payload related systems.

Using the methodology described above, user charges were calculated for each of
twenty items of satellite service equipment. The results _e}ré tabulated in Fig. 6-1.
Depending upon equipment quantity, production cost, and frequency of use, the
equipment use charge ranges from $17,000 to $640,000. Charges per equipment use are
similar to the prices quoted in the STS Reimbursement Guide for ;)ptional equipment.

Examples of optional equipment quoted prices per flight (in 1980 dollars and without use

fee) are:
.o Dockingmodule « 4 s s v 6o 4 v o0 0 0 0 4 s $ 22,600
.‘ OMSKit/Stanks * 8 6 & & 8 8 8 e B B " e s e $155,000

Spacelab complete
pallet (element OPS)  « ¢ v ¢ 4 o ¢ v ¢ 0 o o » $1, 260,000
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EQUIPMENT PRODUCTION EQGPT OPS COST OPS CHG PROD. CHG TOTAL USER
QTY COST USES PER EQPT PER USE PER USE CHARGE
e MTV
— BASIC 5 26 199 8.8 0.044 0.131 0.17%
— POM ADAPTN 2 24 64 6.3 0.098 0.381 0.479
& MFR "
— BASIC 6 1 725 11.7 0.016 0.001 0.017
— OCP/RMS 4 7 140 39 0.027 0.053 0.080
— OCPWORKPLTFM 1 2 9 0.6 0.070 0.249 0.31¢
s MMUMWRL
— MMU i2 66.9 293 15,1 0,015 0.063 0.083
— BASICWRU CORE 12 171 203 18.9 0.019 0,017 0.036
WITH END
EFFECTOR/
STABILIZER
— BASIC MMU/WRU 12 a4 993 34.0 0.034 0.08% 0119
CORE WITH END
EFFECTOR/
STABILIZER
— PYLD HDLG 4 0.6 132 2.2 0.017 0.004 0.023%
— POM 2 2.2 32 1.0 0.031 0.089 0,100
*» WET/DRY STORAGE
— STOWAGE PROV 4 13 132 4.8 0.037 0.096 0,133
— FLUID XFER 8YS 4 i7 132 5.7 0.043 0.127 0.170
e HPA 5 37 569 17.0 0.030 0.065 0.085
s« PiDA 2 23 70 6.0 0.086 0.324 0410
e« FSS 4 16 236 7.2 0.030 0.067 0.097
+ SUN SHIELD 3 3 87 2.1 0.024 0.037 0.081
¢« ORBITAL STORAGE 5 5 120 3.5 0.029 0.046 0.075
e LIGHT ENHCMT 60 2 120 2.3 c.019 0.015 0.034
s NON-CONTAM ACS 2 18 60 4.3 0.080 0.205 0.375
» ATTITUDE XFER PKG 2 0.2 16 0.3 0.019 0.013 0.032
* VS3 4 63 123 15.6 0127 0.513 0.640
e AFD C&D 8 4 831 13.9 0.017 0.004 0.021

R81-1108-011D
1472-512(T}

Fig. 6-1 Equipment Use Charge — Nominal Utilization-Satellite Service System

— 1980 Dollars {in millions)




To determine the sensitivity of user charges to equipment utilization, the user

.charges for each piece of equipment (based on a utilization that was 50% or 200% of the

nominal estimated usage) were calculated. The results of these calculations are given in

Fig. 6-2 and 6-3. As expected from the costing relationship, the variation in user

charges range from a near linear relationship to one that is relatively insensitive to

frequency of use, depending on production cost and frequency of use. For example, the

user charge per flight for the HPA, based on the nominal utilization rate, is $95,000.
The same charges for 50% and 200% of the nominal utilization are $175,000 and $56,000,

respectively. On the other hand, the AFD C&D panel has user charges per flight for
nominal, 50%, and 200% utilization of $21,000, $27,000, and $18,000, respectively. This
sensitivity is shown graphically in Fig. 6-4.

EQUIPMENT PRODUCTION | EQPT opscosT | opscHG PROD CHG TOTAL USER
. cosT USES PER EQPT || PER USE PER USE CHARGE
e MTV
— BASIC 26 ag 7.2 0,073 0.264 0.337
— POM ADAPTN 24 a3 5.8 0,181 0.762 0.943
* MFR
~ BASIC 1 362 5.9 0.016 0.003 0.019
— OCP/RMS 7 70 2,7 0.039 0.108 0.145
— OCP WORK PLTFM 2 4 0.6 0.138 0.560 0.698
* MMUMWRU
— BASIC MMU/WRU 84 496 26.1 0.053 0.223
CORE WITH END
EFFECTOR/
STABILIZER
- PYLD HDLG 0.5 a6 1.2 0.017 0.007 0.024
~ POM 2.2 16 0.7 0.046 0.138 0,184
® WET/DRY STORAGE
— STOWAGE PROV 13 66 3.8 0.058 0.193 0.251
— FLUID XFER 8YS 17 66 4.7 0.071 0.255 0.326
e HPA 37 284 12.6 0,044 0.131 0.175
e PIDA 23 35 8.5 0.156 0.648 0.804
e FSS 16 118 5.3 0.045 0.134 0.179
e SUN SHIELD 3 43 1.4 0.032 0,075 0.107
e ORBITAL STORAGE 6 60 2.2 “ 0.036 0.093 0.129
e LIGHT ENHCMT 2 &0 14 0.023 0.021 0.054
e NON-CONTAM ACS 18 30 a3 0.144 0.590 0.734
e ATTITUDE XFER PKG 0.2 8 0.2 0.021 " 0.026 0.047
e VSS 63 61 14.7 0.240 1.035 1.275
» AFD C&D a 415 7.4 0.018 0.009 0.027
1472-513(T) ° .

Fig, 6-2 Equipment Use Charge — 50% Utilization Rate-Satellite Services System

— 1980 Dollars {in millions)



EQUIPMENT PRODUCTION EQPT QPS5 COST OPS CHG PROD CHG TOTAL USER
COST USES PER EQPT PER USE PER USE CHARGE
s MTV
- BASIC 26 398 12 0.030 0.066 0.096
- POM ADAPTN 24 128 7.3 0.057 0.191 0.248
* MFR )
— BASIC 1 1450 23.1 0,016 0.001 0.017
— OCP/RMS 7 280 6.0 0.022 0.027 0.04%
— QCP WORK PLTFM 2 18 0.8 0,043 0.124 0.167
* MMU/WRU
— BASIC MMU/WRU 84 1986 49.6 0.025 0,042 0.087
CORE WITH END
EFFECTOR/
STABILIZER
— PYLD HDLG 0.5 264 4.3 0.016 0.002 0.018
— POM 2.2 64 1.5 0.023 0.034 0.057
* WET/DRY STORAGE
— STOWAGE PROV 13 264 6.9 0,026 0.048 0.074
— FLUID XFER 5YS 17 264 7.8 0.030 0.064 0.094
* HPA 37 1138 26.0 0.023 0.033 0.056
s PIDA 23 140 7.1 0.051 0.162 0.213
¢ FSS 16 472 109 0.023 0.033 0.056
® SUNSHIELD 3 174 34 0.020 0.018 0.038
* ORBITAL STORAGE 6 240 5.0 0.021 0.023 0.044
®* LIGHT ENHCMT 2 240 4.2 0.017 0.008. 0.025
* NON-CONTAM ACS 18 120 8.7 0.048 0.147 0.195
® ATTITUDE XFER PKG 0.2 32 0.6 0.017 0.007 0.024
® VS5 - 63 246 17.6 0.071 0.257 0.328
* AFD C&D 4 1662 27.0 0.016 0.002 0.018
1472-514(T)
1

Fig. 6-3 Equipment Use Charge — 200% Utilization Rate-Satellite Services System
— 19880 Dollars {in millions)
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Fig. 6-4 User Charge Sensitivity

~6.2 REPRESENTATIVE MISSIONS —~ SERVICE COSTS

Satellite services user costs are the sum of the equipment use charge, miscellaneous
services charges, and the STS transportation charges that apply to the service equip-
ment utilized for a particular STS mission manifest. User costs were assessed for four

representative service missions:
e UARS Launch
¢ UARS Revisit
e SMM Earth Return

® AXAT Revisit.

The service equipment complements assumed for these service missions are shown in
Fig. 6-5.
The UARS launch mission reflects a typical complement of service equipment for a

satellite deployment mission, including primary and backup service equipment.

The UARS revisit represents a LEQ/Propulsion satellite class service mission in

which the satellite's LEO operational altitude is above the nominal delivery altitude of

6-6



the Orbiter. The Versatile Service Stage (VSS) is used to retrieve, and subsequently

return, the satellite to its operational orbit after servicing at the Orbiter.

The SMM earth return illustrates a complement of service equipment for an earth
return mission. The Orbiter would rendezvous with the satellite to within 1000 £t and

accomplish retrieval with a Proximity Operations Module - WRU adaptation.

The AXAF revisit represents a service mission involving a contamination sensitive
satellite. The Orbiter would rendezvous with the spacecraft to within 1000 ft and
accomplish retrieval with a Proximity Operations Module - MTV adaptation.

The basis for development of user costs includes SSS equipment, STS packaging,
costing assumptions/ground rules, and mission operations scenarios. The equipment
packaging, completed for each of four missions (see Fig. 6-8), provided a basis for
determining whether length or weight was the driver for STS transportation charges. In
developing the service equipment layouts, all equipment was packaged in the forward
section of the cargo bay, including a 4 ft allocation for EVA. In addition, except for the

AXAF revisit mission, clearance for an outside airlock was provided.

SERVICE MISSION SERVICE EQUIPMENT COMPLEMENT
UARS LAUNCH e FLIGHT SUPPORT SYSTEM
* MANIPULATOR FOOT RESTRAINT
* MANNED MANEUVERING UNIT
* WORK RESTRAINT UNIT — END EFFECTOR

ADAPTATION
* HANOLING AND POSITIONING AlD
¢ REMOTE MANIPULATOR SYSTEM

UARS REVISIT VERSATILE SERVICE STAGE i
ELUID TRANSFER SYSTEM
HANDLING AND POSITIONING AID
MANEUVERABLE TELEVISION
OPEN CHERRY PICKER

MANNED MANEUVERING UNIT

WORK RESTRAINT UNIT — END EFFECTOR
ADAPTATION

REMOTE MANIPULATOR SYSTEM

$SMM EARTH RETURN FLIGHT SUPPORT SYSTEM
MANEUVERABLE TELEVISION
OPEN CHERRY PICKER
MANNED MANEUVERING UNIT

PROXIMITY OPERATIONS MODULE — WRU
ADAPTATION

REMOTE MANIPULATOR SYSTEM

& & & 8 =

AXAF REVISIT HANDLING ANB POSITIONING AID
ELUID TRANSFER/EQUIPMENT STOWAGE
NON-CONTAMINATING ACS

PROXIMITY QPERATIONS MODULE — MTV
ADAPTATION

QPEN CHERRY PICKER
+ MANNED MANEUVERING UNIT

* WORK RESTRAINT UNIT — END EFFECTOR
ARAPTATION

* REMOTE MANIPULATOR SYSTEM

8 &

1472-516(T)

Fig. 6-5 Representative Service Missions and Equipment Complements
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Assumptions/ground rules used to develop service cost estimates included:

e All users are civilian U.S. government agencies

e Transportation costs are based on STS Reimbursement Guide

e All shuttle missions are shared payload flights

s MMU/WRU and AFD C&D panels are common service equipment and STS

charges are shared, but each user is charged a use fee

e Earth Return and Revisit missions are missions of convenience, i.e., planned
as opportunity revisits or retrievals following initial launch (deployment) of

payloads
e All cosis are in 1980 dollars.

Operations scenarios are based on launch, revisit, and earth return scenarios
developed within the study. The scenarios identified the needed service equipment and
provided a base for STS packaging and calculation of STS charges as well as equipment
use charges. In addition, each mission was analyzed to determine impact on‘i(SC flow

and requirements for EVA, days on orbit, and payload specialists.

Based on the equipment packaging, ground rules/assumptions, and operations
scenarios defined above, estimated total user costs for representative missions are:

@ UARS Launch - $12,8 million
o UARS Revisit - $13.2 million
e SMM Earth Return - $ 9.1 million
® AXAF Revisit - $16,0 million

Input data and output costs for the representative missions are shown in Fig. 6-17.

Figure 6-8 clearly indicates that the domiﬁant user charge for satellite services is
that associated with the STS transportation charges for the service equipment. Miscel-
laneous service charges are moderate, and equipment usage charges (amortized as a func-
tion of total estimated usage) are minimal. Of key significance is the fact that total user
charges for revisit missions appear to be about 5-10% (or less) of the cost to build and
relaunch a replacement satellite. This clearly indicates that satellite servicing from the

Orbiter is cost effective.
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UARS LAUNCH MISSION

UARS REVISIT MISSION

INPUT
P/L LENGTH {(m) 6.1
P/L WEIGHT {ka) 5317
INCLINATION {deg) 57
GOV =0, NON-GOV = 1 0
NO. OF EVAs 0
LOITER DAYS (-1} 0

_ FLIGHT KITS 0.418*
CPTIONAL SVCS 0
KSC FLOW IMPACT 0.27*

QUTPUT
STS FLIGHTS 12.11*
ELT KITS [SSS USE CHARGE} 0.418*
OPT SVCS 0
EVA 0
LOITER 0
KSC FLOW IMPACT 0.27*
TOTAL USER CHARGE 12,798*

R81-1108-014D

* MISSION COSTS

SMM EARTH RETURN MISSION -

INPUT
PFL LENGTH {m) 37
P/L WEIGHT (kq} 4581
INCLINATION {deg) 285
GOV =0, NON-GOV =1 0
NO. OF EVAs 1
LOITER DAYS {-1) 1
ELIGHT KITS 0.494*
OPTIONAL SVCS 0.66*
KSC FLOW IMPACT 0.18
QUTPUT.
8TS FLIGHTS 7.345*
FLT KITS (S55 USE CHARGE) 0.494*
OPT SVCS 0.66*
EVA 0.12¢
LOITER 0.3*
KSC FLOW IMPACT 0.18*
TOTAL USER CHARGE a.000"

R81-1108-016D
1472-518(T)

R81-1108-017D

INPUT
P/L LENGTH (m} . 49
. P/JLWEIGHT (ka) 5369
INCLINATION {deg} 57
GOV =0, NON-GOV = 1 0
NO. OF EVAs 2
LOITER DAYS {-1) 3
FLIGHT KITS 1,386"
OPTIONAL SVCS 0.66*
KSC FLOW IMPACT 0.36*
QUTPUT
STS FLIGHTS 9.728*%
FLT KITS {855 USE CHARGE) 1.356%
OPT SVCS 0.66*
EVA 0.24*
LOITER 0.9*
KSC FLOW IMPACT 0.35*
“TOTAL USER CHARGE 13.244
R81-1108-015D
AXAF REVISIT MISSION
INPUT
P/L LENGTH (m) 6.4
P/L WEIGHT lkg) 4260
INCLINATION (deg) 28.5
GOV = 0, NON-GOV =1 0
" NO; OF EVAs 2
LOYTER DAYS {-1) 2
ELIGHT KITS 1,395*
OPTIONAL SVCS 0.66*
KSC FLOW IMPACT 0,36*
QUTPUT
STS FLIGHTS 12.706*
FLT KITS {SSS USE CHARGE) 1.395
OPT 3VCS 0.66*
EVA 0.24*
LOITER 0.6*
KSC FLOW IMPACT 0.36*
TOTAL USER CHARGE 15.961* -

Fig. 6-7 Representative Mission Costs {1980 Miltions of Dollars)
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Fig. 6-8 Representative Missions — Service Costs

Since each of the representative missions (in terms of STS charges) were driven by
service egquipment length, each was analyzed to determine user costs for payload length
variations of +25% in the packaged equipment. In all cases, the packaged equipment
length continued to drive the STS charge. Similarly, the effect of varying payload
lengths for the SMM Earth Return Mission, with a fixed payload weight, was calculated.
The same calculation was also made for varying payload weighis with a fixed payload
length. These results, plotted in Fig. 6-9, show the breakpoint at which inereasing
payload length or weight begins to increase user costs. For instance, with a constant
service equipment weight of 4561 kg, packaged service equipment lengths above 2.8 m
drive the 8TS charges; below 2.8 m, the STS charges are driven by weight. On the other
hand, with a constant packaged service equipment length of 3.7 m, service equipment
weights above 6000 kg drive the STS charges; below 6000 kg, STS charges are driven by

packaged service equipment length.
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7 - PROGRAMMATIC OBSERVATIONS

A summary of the programmatic observations applying to this study follows:

e Service traffic projections and servicing scenarios indicate a high usage
frequency for most servicing equipment identified; the opportunity exists to
standardize training and on-orbit services operations

» MMU/WRU programmatics require updating sinee further consolidating of
WRU adaptations (and related "kits") appears promising

s HPA should be developed around a basic unit, with "kits" adapted for its
many applications

e Fluid Transfer/Dry Storage equipment concepts require further study and
amplification

e AFD functional servicing requirements include Controls/Displays for RMS
controls, standardized satellite checkout, and close proximity flight control;

the latter items require further study and analysis of both C&D requirements
and microprocessing needs vs Orbiter capabilities

® Development schedules for a number of equipment items require early go-aheads
to meet apparent need dates

e User charges for service equipment appear quite reasonable compared with
present optional shuttle flight system charges

¢ Representative service missions appear to cost approximately 5-10% (or less) of a
satellite's replacement cost on-orbit (assumed fo include unit cost for production
plus relaunch).
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INTRODUCTION

The Satellite Services System program contains all labor and material required for
DDT&E, Production, and Operations phases of all program elements. The phases are
defined as follows:

DDT&E - Includes all labor, materials, tooling, facilities, studies, and analyses
required to determine specification requirements and the subsequent analysis, design,
development, evaluation, and redesign of the Satellite Services System and associated
equipment.

The following items are included:
e Preparation of

- specifications

t

drawings

- pearts lists

wiring diagrams
- data reduction
¢ Development & testing of
- component hardware
- subsystem hardware
e Requirements for & analysis of
- Flight hardware/GSE
o Reliability
o Maintainability
o Quality Assurance
e Coordination between
- engineering & manufacturing

- vendors & purchasing.



In addition, costs are included for efforts to complete the planning, design,
fabrication, assembly, inspection, installation, and modification of: initial tooling,
jigs, fixtures, special test equipment, and trainers/simulators. DDT&E also includes
the efforts expended to conduct system design reviews, evaluate the results of those
reviews, and perform engineering cost and materials analyses, as well as DDT&E
management and engineering that is charged directly to the system, a particular

subsystem, or a GSE unit.

Also included under DD T&E are costs associated with system level test articles for
both test hardware acquisition and development/qualification testing, Hardware items
such as engineering models, breadboards, engineering mockups, and related items
Tequired in the development of individual subsystems and components are covered as
well., Facility construction/modification and facility/GSE 'operational readiness

activities are also included.

Production - Includes all labor and materials required for the production of space
hardware and GSE through the acceptance of this hardware by the Government.

Included are all costs associated with:

e Procurement, fabrication, assembly, checkout, and acceptance testing of space

hai’dware and GSE
¢ Initial spares
e Maintenance of tooling and factory test equipment

e Management and sustaining engineering for liaison support of space hardware and
GSE production.

Operations - Includes all costs associated with ground and flight operations and

their support. Included are all costs associated with:

s Ground Operations -~ Receipt, assembly, checkout, servicing, launch support,
post-launch support, and maintenance/refurbishment of reusable space hard-
ware; maintenance of GSE and trainers/simulators; and inventory control of

operational spares

e Mission Operations -~ Mission planning, support of ground mission control, and
development/implementation of {raining/simulation programs for flight personnel

¢ Management and engineering support of system operations.



1 - WBS DEFINITION

The Work Breakdown Structure (WBS) applies to the DDT&E, Production, and
Operations phases of the program. When totalled, the cost of WBS elements for all three
phases will comprise the total cost of the Satellite Services System program.

Figure A-1 shows the top level breakout of the Satellite Services System composed of:

e 1.1 Service Equipment Segment

e 1.2 Facilities Segment

e 1.3 System Level Integration & Test

Figure A-2 expands the breakouts to the third and fourth levels.

1.0
SATELLITE
SERVICES
SYSTEM
1.1 1.2 - 1.3
SERVICE SYSTEM
EQUIPMENT FACILITIES LEVEL
SEGMENT SEGMENT INTEGRATION
& TEST
1472-501{T)

Fig. A-1 Preliminary Top-Level WBS — Satellite Services System
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1.3
'SYSTEM
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HARDWARE SOFTWARE SERVICES
SOFTWARE
PROGRAM
e SE&1 =l |NTEGRATION
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Fig. A-2 Preliminary WBS — Satellite Services System
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1.1 SERVICE EQUIPMENT SEGMENT

The Service Equipment segment encompasses hardware, software, services, and
facilities that are required to develop, produce, operate, and maintain Satellite Services
equipment.

1.1.1 Hardware

This category includes systems engineering and infegration for Satellite Services
elquipment; systems test and evaluation (incl;lding hardware integration, assembly,; and
test); analysis, design, fabrication, assembly, and test of flight hardware and GSE;
design and fabrication of tooling/STE; fabrication of spares; and maintenance of

production STE/tcoling.

1.1.1.1 Systems Engineering & Integration (S8E&l) ~ includes the requirements

analysis; interface definition; integrated equipment design, analysis, and modeling;
mass properties, loads and dynamics, thermal performance, and contamination analyses;
verification definition; safety, reliability, maintainability, configuration management,
and quality engineering for the equipment. Hardware/software integration is also

included as well as system engineering in support of production.

1.1.1.2 Systems Test & Evaluation - includes planning and performance of system

level ground tests of Satellite Services equipment necessary to evaluate and verify
hardware integrity and performance. System level testing includes development test,
qualification test and integration, assembly, and acceptance test of SSS flight equip-

ment. Test article and instrumentation as well as test program costs are included,

1.1.1.3 Service Equipment - covers design, development, tooling, and production of

subsystem hardware and initial spares. Service equipment includes:
¢ Versatile Service Stage
o Handling and Positioning Aid
e Open Cherry Picker
o Retention Systems

o Etc.

A-T7
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For each item of service equipment xioted, cost and technieal programmatic data are
correlated, as applicable, to the following generic subsystem hardware:

& Structures

& Mechanisms

o Thermal control

e Primary propulsion

e Attitude control propulsion

¢ Ordnance

e Electrical power

e Guidance, navigation & control (GN&C)
e Tracking, telemetry & command (TT&C)
e Communications

e Data management

e Instrumentation

e Crew accommodations

e Environmental control/life support (ECLS).

All equipment costs required to perform the Satellite Service functions (e.g.,
Versatile Service Stage) include the labor and material necessary to design, develop,
manufacture, assemble, test, and deliver the applicable subsysiem hardware. These
costs are estimated and presented within the generic categories noted above. Costs also
include the design, fabrication/ pufchase of test specimens and test equipment; the prep-
aration of engineering drawings, procedures, and specifications; supplier qualification
and coordination; design and fabrication of tooling; and development/qualification test
as well as acceptance testing.

1.1.1.4 Ground Support Equipment (GSE) - covers labor and material required to de-

sign, manufacture, procure, assemble, test, and deliver all GSE hardware for Satellite
Service equipment transportation/handling, final assembly checkout, development/
verification test, ground and mission operations support, and training/simulation. GSE
includes electrical/mechanical/hydraulic equipment required for Satellite Services
equipment test/checkout, fault isolation, handling, transportation, servicing, and

repair, as well as the initial spares for this equipment.

A-8



1.1.1.5 Hardware Maintenance & Support - covers hardware-related factory support

of operational phase activities. Production of operational spares for flight equipment
and GSE, factory refurbishment of flight hardware, and maintenance of factory tooling/

test equipment are included.
1.1.2 Software

This category includes all software effort associated with the development, produc-

tion, and operational support of computer programs for Satellite Services equipment.

1.1.2.1 Tlight Software — covers preparation of the software requirements document;

design/development of the algorithm; coding, test/validation, and documentation of

specific fiight equipment computer programs.

1.1.2.2 Ground Software - covers preparation of the software requirements document;

design/development of the algorithm; coding, test/validation, and documentation of
specific computer programs required for GSE support of flight equipment checkout/ test,

ground operations, and mission operations.

1.1.2.3 Software Support ~ consists of all sustaining Satellite Services equipment

software activity in the operations phase. Software troubleshooting, mission-peculiar

program modifications, and software documentation/control are included.
1.1.3 Services

This category includes Satellite Services equipment activities that are not end-item
or systems engineering-oriented. Program management, logistics, and ground/mission

operations support are included.

1.1.3.1 Program Management - covers management activities such as planning, organiz-

ing, directing, coordinating, controlling, and approving actions required for the develop-
ment, production, and operations activity of Satellite Services equipment. The program
manager, administrative staff, cost/performance management, contraet administration,
subcontract management, material procurement, and manufacturing planning personnel
are included.

1.1.3.2 Logistics ~ covers the establishment and operation of a logistics system for
Satellite Services equipment flight hardware and related GSE. Included is preparation
for and transportation of equipment with special requirements due to size, weight,

shape, or the need for a controlled environment, When these charges are indirect,



transportation of hardware items that do not require special consideration will be
excluded. Provisioning, warehousing, and control of flight hardware and GSE spares

are included herein.

1.1.3.3 Operations Support - covers all effort associated with Satellite Services

equipment operational support. It includes facility/GSE activation for service
equipment production and test as well as equipment support for system ground and

mission operations.
1.1.4 Facilities

This category includes acquisition and operations costs for the construction (or
modification) and operation of facilities required for Satellite Services eguipment
production, test, and operations support., Facility/GSE activation is excluded since it

is covered in the Operations Support WBS, Subsection 1.1.3.3.

1.1.4.1 Production - covers acquisition of production facilities for Satellite Services
System flight hardware and GSE. New construction or modification of existing produc-
tion facilities are included. These costs encompass only "brick and mortar" type
expenditures for plant, office, specialty areas and their associated_utilities, but they
do include planning, design, procurement, fabrication, and assembly activities for these

facilities.

1.1.4.2 Test - covers acquisition of facilities for development, qualification, and
acceptance testing of S8S flight hardware and GSE. It includes new construction or
modification of existing test facilities. These costs encompass only "brick and mortar"
type expenditures for building, test stands, chambers, office areas and their associated
utilities, but they do include planning, design, procurement, fabrication, and assembly

activities for these facilities.

1.1.4.3 Facilities Operation & Maintenance - covers operation and maintenance of

Satellite Services equipment produetion and test facilities for the operations phase of
the SSS program. The operation and maintenance activity covers only the basic facility
and excludes service equipment/GSE operations activity included in the Hardware Mainte-

nance and Support WBS, Subsection 1.1.1.5.
1.2 FACILITIES SEGMENT

The Facilities Segment encompasses acquisition and operation costs for the con-
struction (or modification) and operation of facilities required for SSS ground opera—
tions, mission operations, and training/simulation. Facility/GSE activation is excluded
since it is covered in the Services WBS, Subsections 1.3.3.3 through 1.3.3.5.
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1.2.1 Ground Operations Site

This category covers the acquisition of facilities for pre- and post-launch SSS
ground operations. These costs encompass only "brick and mortar"” type expenditures
for checkout, maintenance, offices and their associated utilities. Planning, design,

procurement, fabrication, and assembly activities for these facilities are also included.

1.2.2 Training & Simulation

This category covers the acquisition of tlraining and simulation facilities for the
training of flight personnel and the evaluation of SSS mission operations. Planning,
design, manufacture, proeui’ement, and assembly of these facilities ("brick and mortar"

type expenditures only) are also included.
1.2.3 MCC & POCC

This category covers the acquisition of Mission Control Center (MCC) and Payload
Operations Control Center (POCC) facilities for Satellite Services System mission opera-
tions. These costs encompass only "brick and mortar" type expenditures for mission
control and support. Planning, design, procurement, fabrication, and assembly

activities for these facilities are also included.

1.2.4 Operation & Maintenance

This category covers operation and maintenance operations and training/simulation
facilities for the operations phase of the SSS program. The operations and -maintenance
activity covers only the bhasic facility and excludes service equipment/GSE and trainer/
simulators operations activity contained in the Ground Operations, Mission Operations,
Training/Simulation Operations WBS, Subsections 1.3.3.3 through 1.3.3.5.

1.3 SYSTEM LEVEL INTEGRATION & TEST
‘System Level Integration and Test encompasses system engineering; system-level

integration, test, and software; as well as the services required to develop, produce,

operate, and maintain the Satellite Services System.
1.3.1 Hardware

This category includes system engineering, integration, and testing for the Satellite
Services System. It also includes the integration and test of this system, from a
development/qualification viewpoint, with mission hardware, launch vehicle, and ground

segment.

. A-11



1.3.1.1 Systems Engineering & Integration (SEgI) - covers the effort required for

systems engineering and integration of the Satellite Services System. It includes the
requirements analysis; interface definition; integrated system design, analysis, and
modeling; mass properties, loads and dynamics, thermal performance, and contamination
analysis; verification definition; and safety, relisbility, maintainability, configuration
management, and quality engineering for this system. Hardware/software integration is

also included along with systems engineering support of production.

1.3.1.2 Systems Test & Evaluation ~ covers the effort required to plan and perform
the system level ground tests of Satellite Services equipment necessary to evaluate and
verify hardware capability and performance. This systems level testing includes

development and qualification tests essential to SSS verification. Test article and

instrumentation as well as test program costs are included.

1.3.1.3 S8S/Mission Hardware IA&T - covers integration, assembly, and testing of the

Satellite Services System and mission hardware. This is an acquisition phase activity
that includes analysis of applicable Satellite Services equipment/mission hardware
compatibility and integration/test of applicable hardware for interface compatibility

verification.

1.3.1.4 88S/Launch Vehicle IA&T - covers integration, assembly, and testing of the

Satellite Services System and Launch Vehicle. This is an acquisition phase activity that
includes analysis of applicable Satellite Services equipment/Launch Vehicle compatibility
and integration/test of applicable hardware for interface compatibility verification.

1.3.1.5 888/Ground Segment [A&T ~ covers integration, assembly, and testing of the

Satellite Services System and the Ground Segment. This is an acquisition phase activity
that includes analysis of applicable Satellite Services equipment/Ground Segment compati-
bility and integration/testing of applicable hardware for interface comp_ati‘dility verifica-
tion. The Ground Segment interface includes the MCC, POCC, and TDRS elements.

1.3.2 Software

This category includes the development, production, and operational support of
system-level computer programs for Satellite Services System flight and ground

operations.

1.3.2.1 Software Integration & Test - covers the systems level effort for SSS

computer software. Software management and control, internal and external interface
control, and integrated systems tests are also included. Hardware/software integration

is execluded since it is ineluded in the SE&I WBS, Subsection 1.3.1.1.
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1.3.2.2 Flight Software - covers the preparation of the software requirements docu-

ment, design/development of the algorithm; and coding, testing/validation, as well as

documentation of specific flight system computer programs.

1.3.2.3 Ground Software - covers the preparation of the software requirements docu-

ment, design/development of the algorithm; and coding, test/validation, as well as
documentation of specific computer programs required for GSE support of flight system

checkout/testing, ground operations, and mission operations.

1.3.2.4 Software Support - consists of all sustaining SSS software activity in the

operations phase. It includes software troubleshooting, mission-peculiar program

modifications, and software documentation/control.
1.3.3 Services

This category includes SSS activities that are not end-item or systems engineering
oriented. Program management, logistics, and ground/mission operations, including

training/simulation are also included.

1.3.3.1 Program Management - includes planning, organizing, directing, coordinating,

controlling, and approving actions required for the development, production, and opera-
tions phases of the program. The program manager, administrative staff, cost/
performance management, contract administration, subcontract management, material
procurement and program planning personnel are included.

1.3.3.2 Logistics - covers the establishment and operation of a logistics system for §SS
flight hardware and related GSE. Provisioning, warehousing, and controlling flight hard-

ware as well as GSE spares are included.

1.3.3.3 Ground Operations - covers planning, coordination, and implementation of

launch site activities for the Satellite Services System, It includes activation of launch
' site facjlities/GSE, initial checkout of flight hardware, integration of flight hardware
with the STS and payload, and launch support. In addition, post-flight safing and
inspection, maintenance and field site refurbishment, and revalidation/functional
checkout of flight hardware for subsequent mission operations are included. Tasks
covered in this effort are: development of requirements,- ground operations planning,
coordination of schedules, preparation of procedures, and liaison between equipment

suppliers and field site as well as hardware related checkout and maintenance activities.
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1.3.3.4 Mission Operations ~ covers planning for and support of mission operations uti-
lizing SSS flight hardware. Control/scheduling of flight hardware utilization, develop-
ment of timeline inputs for mission operations procedures, preparation of procedures for

flight hardware mission operation, activation of facilities/GSE for mission support, and

real-time ground support of mission operations are included.

1.3.3.5 Training/Simulation Operations - covers planning for and support of training
and simulation operations for the Satellite Services System. It includes the training of

flight personnel and the evaluation of mission operations for SSS functions. This
activity encompasses the development of training/simulation requirements, preparation
of schedules, activation of training/simulation facilities, and the preparation of
manuals, procedures and any other aids required for training/simulation programs.
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81 — INITIAL LAUNCH - EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS {83 TO “85)
RMS PRIME USAGE
SATELLITE NOMINAL EQUIPMENT GPTIONAL EQUIPMENT
RETENTION | 7ILT | sein | ’Ms | PIDA | Mer/AMs MMUMWRY #wea  |mrv  |vss | sunsHmiELD | oRBITAL [ATTITUDE LIGHT
1953 MISSIONS STRUCTURE | TABLE | TABLE STORAGE |[TRANSFER | ENHANCE-
, WITH END wiTH PACKAGE MENT
EFFECTOR | STABILIZER
SPAS-01 STS PALLET SAT X X X X x2
1984 MISSIONS
SPACE TELESGOPE (A-3) X x b X X
LDEF (11-10) X X X X x*
OPTIONAL SERVICE MISSIONS % x x
1985 MISSIONS
SPAS01 STS PALLET SAT. % X X X %2
GRO-GAMMA RAY OBSERV (A-T) X X x X X2
R81-1108-065D067D .
1472-5034T) NOTE: EXPONENT INDICATES NUMBER OF USES |.




B2 — INITIAL LAUNCH ~ EQUI!PMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS (‘86 TO 88}

HPA PRIME USAGE

QPTIGNAL EQUIPMENT

i

SATELLITE NOMINA L EQUIPMENT
RETENTION | TILY | sPIN [RMS | PIDA | MER/AMS MMU/WRU HPA | MTV SUN SHIELD | ORBITAL | ATTITUDE LIGHT
STRUCTURE | TABLE |TABLE STORAGE | TRANSFER | ENHMANCE-
1986 MISSIONS WITH END wITH PACKAGE MENT
EFFECTOR | STABILIZER
LDEF {01-10} X X X X X X
SASP-5C1 & APP 5P PLAT {U-7 & L2} X X X X X x
25kW PWR MOD {U B} X X x X X x X
LG STAUCT CONSTR (U 6) x ' x x X X X
MAT'LS EXPERIMENT CARRIER {U-3 & -10) X X X X x x
SUBSAT FACIHLITY {59} X X x x x X
OPTIONAL SERVICE MISSIONS X b x
1987 MISSIONS
SPAS01 STS PALLET SAT X X X ® % X
MAT'LS EXPERIMENT CARRIER {U-2 & -10) X X 'y X X X
SUBSAT FACILITY {59} X X x x x X
AXAF-ADV X-RAY ASTRO IA-D) X X ® x % ®
CRO.COSMIC RAY OBSER [A-13) X x X x X x
GRAVITY PROBE B (A B} X x X x X. X
POLAIRE {LEP) X X X X X x
COASTAL SAT. {NAS} x X X X X X
SOCSP OPS CTH {5 YR x2 %2 x? x2 x? x2
OPFTIONAL SERVICE MISSIONS %2 x2 %2
1983 MISSIONS
SASP-SC! & APPSP PLAT (U-7 B L-2} X X ® % X X
25 kW PWR MOD 08l T - X X x X X X
MAG FIELD SURY BIR X X ® % X X
MAT'LS EXPERIMENT CARRIER {U-5 & -10) X X X X X X
SUBSAT FACILITY {5 X % x % X X
SOC-SP OPS CTR {5 YR.) x2 X2 X2 x2 %2 2
OPTIONAL SERVICE MISSIONS ! x2 x? x2
R&1-1108-0600-07QD
1472-504(T) NOTE: EXPONENT INDICATES NUMBER OF USES |

n-

LB}



B3 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY ~ DIRECT DELIVERY/SERVICING SATELLITE MlSSIONS {'89 TO 92)
HPA PRIME USAGE
SATELLITE NOMINAL EQUIPMENT OFTIONAL EQUIPMENT
RETENTION | 7iLT | sPin |RMS | PIba | MrR/AaMs MMLU/WRL HPA | mTv | vss | sunswiero | oreitaL | ATTITUDE LIGHT
STRUCTURE | TABLE | TABLE - STORAGE | TRANSFER | ENHANCE-
1989 MISSIONS WITH END wITH PACKAGE MENT
EFFECTOR | STABILIZER
SPAS01 5TS PALLET SAT. X X X X X X
LDEF (01-10} X X X X X X
MAT'LS EXPERIMENT CARRIER {U-9 & -10} X X X X X X
SUBSAT FACILITY {58} X . X X X X X .
$0C-5P OPS CTH (5 YR) ' X X X X b X
OCEAN RESEARCH SAR {E-11) X x X X X X '
HVY NUCL] EXPL (GSF) X X ® x ® X
OFTIONAL SERVICE MISSIONS ' R b4 X
1990 MISSIONS
SPACE TELESCOPE {A-3) x X ) X X b X
MAT'LS EXPERIMENT CARRIER (L0 & -10} X X X X X x
SUBSAT FACILITY (58] X X X X X X
SOC-5P OPS CTR {5 YR) x2 x2 . x2 x2 x2 x2
LG SOLAR OBSERV (LEP} X x ® X X X
OPTIONAL SERVIGE MISSIONS X b X
1931 MISSIONS i .
SPASO1 STS PALLET SAT. X X X X X b
25KW PWR MOD, {U-8) X X X X X X ,
MAT'LS EXPERIMENT CARRIER {U-9 & -10) x X X X X X
SUBSAT FACILITY (59} X X X x S X
AXAE-ADV X-RAY ASTRO (A-9) . X X K. X P X
CRO-COSMIC RAY OBSER (A-13) X X ® x % x
SOLAR TERR 0BS {5-12) X X X X X X
ADVANCED RELATIVITY {LEF) "'x2 x2 x2 X2 x2 x2 .
OPTIONAL SERVICE MISSIONS %2 x2 x2
1892 MISSIONS
MAT LS EXPERIMENT CARRIER {U-D & -10) b X % X o X
POLAIRE (LEP) X X X X ¥ X
SPS TEST ARTICLE {MDC} (L-13} x2 x2 %2 %2 %2 x2 ’
AMBIENT DEPLOY. IR TELE {A-17) X X X X X X
OPTIONAL SERVICE MISSIONS X X X
RA1-1108-071D-0740
1472-505(T) NOTE: EXPONENT INDICATES NUMBER OF US_EEJ




B4 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS (*93}
' HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION TILT SPIN RMS FIDA MFR/EMS MMU/WRU HPA MTV VsS SUN SHIELD | CRBITAL | ATTITUDE LIGHT
1393 MISSIONS STRUCTURE | TABLE | TABLE STORAGE | TRANSFER | ENHANCE-
WITH END wWITH PACKAGE MENT
EFFECTOR | STABILIZER
SPASO1 STS PALLET SAT. X X x X X X
LDEF {03-10} x X X X X X
25kWPWR MOD, (U8} X X X X b X
MAT'LS EXPERIMENT CARRIER (U-0 & -10) * x X X X X
SPS TEST ARTICLE (MDC) {U-13} ) 2 x2 x2 x? x2 x2
IR INTERFEROMETER (A-18) X X X X X X
OPTIONAL SERVICE MISSIONS . x2 x2 X2
ABL:1104-0750
1472.506{T) NOTE: EXPONENTINDICATES NUMBER OF USES




B5 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY —~ LEO/PROPULSION SATELLITE MISSIONS (83 TO 86}
RMS PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPFTtaNAL EQUIPMENT
. RETENTION | TILT | sPin | &MS | PipA | MFR/RMS MMU/MWRU HPa | mTv | vss | SUNSHIELD | ORBITAL | ATTITUDE LIGHT
1983 MISSIONS STAUCTURE | TABLE| TABLE STORAGE -;i,g:q(gzgg EN"H:,.TIFE'
: WITH END WITH
. - : EFFECTOR | STABILIZER
LANDSAT D (R-2) X X X X X x2 . X
CHEM REL MODULE (5.6} X X X X X * Xz X
Y9B4 MISSIONS '
ERBS — EARTH RAD SUDGET SAT, [E-4) X X X % X x2 X
LANDSAT B (5 YR) X X X b b x2 X
NOAA [E-5) X x X X b x? X
OPTIONAL SERVIGE MISSIONS BT b b4 X
1985 MISSIONS
CHEM REL MODULE (55} ®x X % X x x? ®
LANDSAT D** {§ YR} x b X % X %2 X
COBE — COSMIC BKGND EXPL {G5F) ® x X X X 32 X
GRAVSAT (R4, GSF) 52 x2 X2 ’ x2 x? x4 x2
STS —~ 46
575 - 49
CPTIONAL SERVICE MISSIONS X X X X
1986 MISSIONS HPA PRIME USAGE
NOAA (E-5) X X X X x2 x X
EUVE-EXTREME UV EXPLORER (A5, GSF) 4 X X X X2 X X
REGION H20 QUAL MON (LEP} 'y X e K x2 b X
ORBITER CAMERA FR FLYER (MML) X X X X x2 X b
UARS UPPER ATMOS RES {E-7} X X b X %2 X X
NOSS-NAT DCEAN SAT. (66} x X by X x2 X X
MAGSAT B (R-1) % X x X %2 X X
HI ENERGY EXPL {NAS} X X X ® o, x2 X X
ASTROPHYSICS EXPL. (GSF) % % X X X2 X X .
X-RAY TIME EXPL, {A-10, G5F) X X . X X e X X .
JCEX-ICE & CLIM EXP {5 YR) X X X X x2 X X s
OP LAND OBSER 5YS {LEP) (R-B) ' X b4 X X X2 X R
OPTICNAL SERVICE MISSIONS o n? %2 x2
RO1-1108-0540-057D
1472.507(T} , . NOTE: EXPONENTINDICATES NUMBER OF LISES

B-3




BS — INITIAL LAUNCH —~ EQUIPMENT UTILIZATION SUMMARY — LED/PROPULSION SATELLITE MISSIONS (‘g7 TO *88)
HPA PRIME USAGE

OPTIONAL EQUIPMENT

SATELLITE NOMINAL EQUIPMENT
RETENTION | TiLT | sPIN | Arms | PiDa | MFR/AMS MMU/WRU Hea| mrTv | vss | sunsHiELe | oreiTal | armitupe LIGHT
1587 MISSIONS STRUCTURE | TAGLE | TADLE STORAGE | TRANSFER ENHANCE-
WITH END WITH PACKAGE MENT
EFFECTOR | STABILIZER

ERBS ~ EARTH RAD BUDGET SAT. (£4) X X X X X2 X X X

NOAA (E-5) X X X X %2 b b X

UARS-UPPER ATMOS RES (E-7} X . » X X Xz X X 4

NOSS-NAT OCEAN SAT. (E-6) X X X X x2 X X X

OP LAND OBSER $YS [LEP} {R-5) X b X X x2 X X X

TOPEX-TOPOG EXF OCEAN CIRCULATION (E-9) X X X X X2 x X X

SOIL MOISTURE (R-8) X X X X x2 X X X

ALL WEATHER MICROWAVE {LEF) X X b ® %2 b b's X

EARTH SURVEY [LEP) x - X X X x2 X X X

OPTIONAL SERVICE MISSIONS . " }(2 x? xz

1388 MISSIONS

DRBITER CAMERA FR FLYER (MML) » X X X Xz x X 4

NOSS MAT OCEAN SAT (E-6) X X X X x2 "X X X

OF LAND QBSER $Y§ [LER) [R-5) X X X .oX x2 X x X

SCADM-SOLAR CYCLES & DYNAMICS MISS (5-13) X s X X x® X X X

ADV GEOLOGY SAT, (LEP} X X X X %2 X X X

GLOBAL REGIONAL ATHMOS MONITOR (LEP) X X b X x2 X X X

LAMAR-LG AREA MOD ARRAY {A-14, GSF) X X X ® x2 X * X

PRIV EARTH RES {LEP} X x X % x? x X X

ATMAS-ADV THERM MAP (R-6] X x X X x2 X % X

VLBIV, VLG BASE INT [A-15) X x x X %2 x X x

OPTIONAL SERVICE MISSIONS %2 %2 x?

- 1939 MISSIONS .

NOSS-NAT OCEAN SAT, (E-6) x X X x x2 x X x

X-RAY TIME EXPL {A-10, GSF) X % X X %2 X X X

ICEX-ICE & CLIM EXP {5 YR} X X X X x2 X by X

EARTH SURVEY {LEF] X X X X x< X X X

VLBIV, LG BASE INT (A-15} ® X x by %2 X X X

GAMMA.RAY TRANSIENT EXPL (GSF} X x X X x2 X x x

ENVIRON MONITOR [LEP) x x x X x? x X X

OP METEQROLOGY (E110) X X X X Xz x X X '

ASTRONOMY [MDC) X x x x x2 X x x

UV PHOTOMET/POLARIMET EXPL IGSF] b3 x X x x2 X X X

X-RAY OBSERVATORY (GSF} X X b X x? x X %

OPTIONAL SEAVICE MISSIONS x7 x? X?
RA11108 0380 060)
14712 208(T) HWOTI ¥EONENT INDICATES NUMBE R OF USES

B 6




B7 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — LEO/PROPLILSION SATELLITE MISSIONS (90 TO '83)
HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT . OPTIONAL EQUIPMENT
. 'l meTENTION | TILT | sPIN | rms | piDA | MFR/RMS MMU/WRU HPA | MTV | VSS | SUNSHIELD | ORBITAL | ATTITUDE LiGHT |
1690 MISSIONS STRUCTURE | TABLE | TABLE STORAGE :RA‘:\::SA':;ES EN"I;IEA#E-
. WITH END WITH '
EFFECTOR | STABILIZER
GRAVSAT (R4, GSF} x2 x2 xZ x2 . x4 x2 x? x2
OP LAND OBSER SYS (LEP) {R-5) X X X X x2 X X X
s0lL MOISTURE {R-8) X, X X X x2 x X X :
ATMAS-ADV THERM MAP (R-6 X . X X ® %2 X X X
SOFT X-RAY SURVEY {GSF) x X X x x2 X X x !
MOLECULAR LINE SURVEY {G5F} X x X X X2 X x X '
%-AAY SPECTROSCOPY (G5F) X X X . X x2 x| x X
" OPTIONAL SERVICE MISSIONS . %2 x2 x2
1991 MISSIONS
ERBS — EARTH RAD BUDGET SAT. {E4) X X x ® x2 x X X
OP LAND OBSER 5YS (LEP) (R-5) X X X b3 x2 X X x
SCADM-SOLAR CYCLES & DYNAMICS MISS, {S-13} x X COX X %2 X X X
EARTH SURVEY (LEP x X X X x2 | x X X
ENVIRON MONITOR {LEP) x X X X x2 X X X
OPTIONAL SERVICE MISSIONS X ® x
1992 MISSIONS i
NOSS-NAT OCEAN SAT {E-5} X X % X %2 X b x
OP LAND OBSER SYS (LEP} {R-5} X X x % x2 % X X .
ALL WEATHER MICROWAVE {LEP) X X X X x2 X X x
GLOBAL REGIONAL ATHMOS MONITOR (LER] X X x X x2 X % X .
PRIV EARTH RES (LEP} x x ' X x 7 X% X X X ’
X-FAY OBSERVATORY (GSF) X % b X x2 X X b
SUBMILLIMETER TELESCOPE (A-16) x X X X x2 b x x
OPTIONAL SERVICE MISSIONS ' x? x2 . %2
1992 MISSIONS
NOSS-NAT OCEAN SAT. (E-6) X X X X x2 X X '8
SOIL MOISTURE {R-B} . X X X x ®2 | x X X
EARTH SURVEY (LEP) X X "X X x2 e X x
ADV GEOLOGY SAT. (LEP} X b4 X b4 X2 x % X .
OPTIONAL SERV ICE MISSIONS . s Cox X
R21-1108-0610-064D :
1472-509(T} . ; MOTE EXPONENT INDICATES NUMBER OF USES




B8 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — GEO SATELLITE MISSIONS (‘63 TO 85}
RMS PRIME USAGE

SATELLITE *_NOMINAL EQUIPMENT ' OPTIONAi EQUIPMENT
. RETENTION | TiLT | spin | AMs | pioa | mFR/mams MMU/WRU wea | mrv | vas | sunsMieLD | oRetTAL [ATTITUDE LIGHT
N STRUCTURE | TABLE | TABLE " - - " . STORAGE | TRANSFER ENHANCE-
1983 MISSIONS ) WETH END e ' PACKAGE MENT
. EFFECTOR | STABILIZER
TORS [C-1 & MDG) %2 x2 x2 %2 X2 x2 . x2 '
INTELSAT [AVN) X X X X X X X x
TELESAT [AVN) b4 X X b4 X x X .
SAT.BUS, 5YS (MDC & AVN) x x X X X X X
ACA (AVN) % X X x X X X
INSAT {AVN & MDC} x2 x2 | x2 x2 x2 X% x2
OPTIONAL SERVICE MISSIONS . R ® b X
X b3 »
1984 MISSIONS : .
TORS (C-1 & MDCI X X X X X X X
INTELSAT (AVN) X X X [ x X x X X . )
TELESAT {AVN] x2 %2 | x2 x2 x2 x2 x2 .
RCA IAVN) x2 X2 | x2 %2 x2 x2 x2 .
PALAPA {AVN} X2 x2 | x2 - x2 x2 ®2 x?
SYNCOM-IV (LEASAT, DoD} x3 x3 x3 x3 x3 x3 x3 )
ARABSAT (AVN} N x2 X | x? x2 xZ x2 %2
ATET (AVN) x2 x2 | x2 x2 %2 %2 X2
OPTIGNAL SERVICE MISSIONS : % b X, X
) P X X
X X X
1985 MISSIONS ' -
TORS (C-1 & MDC} X X X X X X X
INTELSAT {AVN} X X X X X X X X
TELESAT lAVN] X X X X X X X
SAT BUS.SYS (MDGC & AVN} ® X X X X P X . .
RCA {AVN) X x X X X X, X
SYNCOM-IV {LEASAT, DoD} 12 x2 G I %2 x? ®? x2
ATET(AVN) X X % ® X X X '
FOR. COMMSES (MDC) x2 x2 | x2 x2 %2 x2 x2
INMARSAT (MDC} X X X b . X X X,
GLOBAL DISASTER COMM {MDC) X X % X X X X ’
PEOP REP CHINA (AVN) X Hy X b X % X
OPTIONAL SERVICE MISSIONS ' ’ ‘ ® " R
' H X X
R81-1100-0430- 0450 . X X X
1472-510(T) . ] NOTE. EXPONENT INDICATES NUMEE_R OQF USES




89 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — GEO SATELLITE MISSIONS {'86, ‘87)

HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | 7TiLT | smin [nMS | mipa | MFR/BMS MMUWRU wea | mrv, | vss | sunsmieLo | oamitaL | arrirupe LIGHT
STAUCTURE | TABLE | TABLE STORAGE | TRANSFER | ENHANCE-
1988 MISSIONS PACKAGE | MENT
WITH END WITH
. EFFECTOR STABILIZER
INTELSAT tAVN} x2 X2 [x2 %2 x2 x2 x2 x2
FOR, COMM/S8S IMDC) x4 x4 | x4 x4 x* x4 x4 x4 ‘
INMARSAT {(MDC} x2 X2 | x2 *2 x2 x2 x2 x2
PEOP REP CHINA {AVN) X X X X X X X X
GOES GEO ORB ENV 5AT. (E-2) % X '3 X X X % x
30/20 GHz ANT. TRUNK (G-4) X X X X x ® X X
SEPS-SOL ELECT PROP. [T-9) X X % X X X X
RESOURCES/POL'N/WEATH/COMM {MDC) X X X X X X X X .
FOREIGN COMM [MOC % X X X X X X x
EARTH DBS5/COMMUN {MDCI X X X X , x X X X'
OPTIQNAL SERVICE MISSIONS X X . X
. ' X b 4 x
® x X
. 1887 MISSIONS -
INTELSAT (AVN) x X X X X b X X
FOR. COMM/SBS (MOC) x2 x2 | x2 x2 %2 x2 x2 x2
GOES GEO ORB. ENV SAT (E-2) X % X X x X X X
STORMSAT (MDC) X X X % x X X
EARTH OBS/COMMUN {MDC) x X X X X X X X .
EARTH OBS/COMMUN (MDC) X X x X X X X X
MAP GRAVITY FIELD/COMM {MDC) X X X X X X X X
EOR. COMM/EARTH ORES (MDC) X X % X X ® X X
INMETSAT {MDC) X x {x x X X x n .
US/FOR. COMM (MBC) w2 x2 |x2 x2 x2 x2 %2 x2 : ‘
FOREIGN COMM {MDC) %3 x3 {x3 x3 . %3 x3 x3 x3 :
RESOURCES/POL'N/WEATH/COMM {(MOC) X s b ) ® ® X X x ‘ . .
NATO IV MOC/R0D) by X X ® X X X X
OPTIONAL SERVIGE MISSIONS ' X % X
i . bs X X
; ' X E X
RS1-1108-046D-0270 .
1472-311(T) . NOTE: EXPONENT INDICATES NUMBER OF USES

B-9




B19 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — GEO SATELLITE MISSIONS {88, ‘89)
HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TILT | SPIN |[6MS | PIDA | MER/AMS MMU/WRU #ea | mTv | vss | suNsHIELD | ORRITAL | ATTITUDE LIGHT
1588 MISSIONS STRUCTURE | TABLE [TABLE STORAGE | TRANSFER | ENHANCE-
v WiTH END WTH PACKAGE MENT
EFFECTOR | STABILIZER
INTELSAT {AVN) x2 x2 | x2 fox2 %2 x2 x2 x2
FOR COMM/SBS (MDC) x3 x3 | x3 x3 x3 ' x3 x x3
30/20 GHz ANT. TRUNK (C-4} X X X X X % X X
INMETSAT {MDC) x2? LX2 1 x2 %2 x2 x2 %2 x2
FOREIGN COMM (MOC) x4 x4 | x4 x4 x4 x4 x4 x4
RESOURGES/POL'N/WEATH/COMM IMDC) X x, |x X % X X X
NATO IV {MDC/DoD} X X X X X X X X
US COMM {MDC} xB x5 | x5 xB " xE X6 x5 x5
THIN, BOUTE SY5 COMM {C-5) X X X X ‘xa X X
RESOURCES/POL'N/WEATH/COMM {MDC) b X X X X X X X
EARTH OBS/COMMUN (MDC) x X x X X X bs X .
OFTIONAL SERVICE MISSIONS . X x x
' X x x
X x x
. X X .
1989 MISSIONS
INTELSAT {AVN) x2 X2 | x2 x2 %2 %2 x2 x2
FOR COMM/SES IMDC) X2 X2 | x2 x2 x2 x2 X2 x2
FOREIGN COMM (MDC) X X X X P X X X
EARTH 0BS/COMMUN IMDG} ® X X X b X X X
EARTH 0DS/COMMUN {MDC) X X X X X X X X
FOR. COMM/EARTH ORES (MDC) by X X oo o X X X
INMETSAT IMDC) - x4 x4 | x4 x4 x4 x4 x4 x4
US/FOR. COMM {MDC) x2 x2 | %2 x2 x2 x2 x2 x2
FOREIGN COMM {MOC) X X x X X X X X
RESOURCES/POL'N/WEATH/COMM (MDC) x2 x2 | x2 x2 2 " x2 x2 x?
NATO IV IMDC/Dob} X X X X % X X x
US COMM (MDT) X X X X X x X X
US COMM {MDC} x X X X X x X X
ORBIT TRANS VEH (T-10) x X .4 X X X X x
SIMUL ASTRON MISSION (G} X X X X X X X
INT UV-XPLOR.F/O [G) % x X X X X x
X-UV SPECTROSCOPY (G) X X X X X X x i
OPTIONAL SERVICE MISSIONS x5 x5 x5
R81-1108-048D-0490
1472-512(T} NOTE: EXPONENT INDICATES NUMBER OF USES




B11 - INITIAL LAUNCH ~ EQUIPMENT UTILIZATION SUMMARY - GEO SATELLITE MISSIONS (90, 81}
HPA PRIME USAGE

SATELLITE NOMINAL EGQUIPMENT OPTIONAL EQUIPMENT
: RETENTION | TreT [ spiN |RMs | Pipa | mFRiAMS T MMUMWAU wra | mrv [ vss | sunsHiELD | oreiTaL | aTniTupe LIGHT
1590 MISSIONS STRUCTURE | TABLE | TABLE STONAGE :RA%NKSA?ER EN:;:‘I?E_
WITH END WITH .
EFFECTOR | STABILIZER .
INTELSAT (AVN) x2 . x? fx? x2 x? x2 x? x2
EOR COMM/SBS IMDC) x5 xB | x® x5 X8 x5 xB X8
INMARSAT (MDC) %2 X2 | x2 x2 x? X2 x2 x2
RESOURCES/POL'N/WEATH/COMM (MDC}H . X X X X X % X
EARTH QBS/COMMUN {MDC) X X X X o b4 X X
INMETSAT (MDC) x3 x3 | x3 X3 %3 x3 x3 x3
US/FOR. GOMM {MDC) X X X X X X X X
FOREIGN COMM (MDC) xZ x2 {x2 x2 x2 X2 x2 x2
US COMM (MDG) x3 x2 | x3 x3 x3 %3 x3 x3
AESOURCES/POL'N/WEATH/COMM (MDC) X X % X X X X X
us COMM (MDC} X X b S X X X X
US COMM {MDC) % X |x X % X x X
ORBIT TRANS VEH (T-50} %2 x2 x? x2 %2 %2 x2 x2
OPTIONAL SERVICE MISSIONS XB Xs Xs
EOREIGN COMM {MDC} b X X wX X X X X
1991 MISSIONS
FOR COMM/SEBS IMDC) x5 x5 | %P x5 %9 x5 x5 X3
RESOURCES/POL'N/WEATH/COMM {MDC) x X X X X X b X
MAP GRAVITY FIELD/COMM {(MDC} X X X X X x ® X
FOR, COMM/EARTH OFES (MDC) X x |x X X X x X
INMETSAT (MDC) P x| xd x4 xA x4 x4 x4
US/FOR, COMM (MDG} x X X X X X X X
FOREIGN COMM (MDC) X X X X X X X x
RESOURCES/POL'N/WEATH/COMM (MDC} x? X2 | x2 X2 xZ x2 x? x2
ORBIT TRANS VEH (T-10) x? x2 x2 x2 x2 x2 %2 x2
OPTIONAL SERVIGE MISSIONS ' x4 x4 xA
FOREIGN COMM/EARTH 0BS {MDC) x2 x2 | x? x2 x? %2 %2 x2
ELECTRONIC MAIL (MDC) R X 4 X X X X
R81:1108.03005510 NOTE: EXPONENT INDICATES NUMBER OF USES

B o1




B13 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — PLANETARY/OTHER MISSIONS {'84, '85)
RMS PRIME USAGE

SATELLITE . ) NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TiLT | sPIN [ mms | PIDA | MFR/aMs MMUWARU HPA | mTv | vss | SUNSMIELD | ORBITAL | ATTITUDW LIGHT
1584 MISSIONS STRUCTURE |TABLE | TABLE STORAGE | TRANSFER | ENHANCE.
WITH END. WITH PACKAGE MENT
EFFECTOR | STABILIZER
PLANETARY
GALILEO ORBITER (P-1} X X X X X X . x
GALILEO PROBE {P-1} X X X X X b X
AMPTE-ALT MAG PART EXPT [S6) ® . X X X b X X . '
OPTIONAL SERVICE MISSIONS % P x X
1985 MISSIONS
PLANETARY .
HALLEY FLYBY (P-3,6 YR} X X X X X b4 X
INT SOLAR POLAR MISS. (A-3, 53, FAM) x2 x2 x2 ®2 x2 x2 x2
OPTIONAL SERVICE MISSIONS , , x X X X
T T NOTE: EXPONENT INDICATES NUMBER OF USES

I3 13




Bi4 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY - PLANETARY/OTHER MISSIONS (86 TO '93)

HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL ECUIPMENT
. RETENTION | TILT | SPIN | AMS | PIDA | MFR/RMS MMU/WRY HPA | mMrv | vss | sunsHiELD |oRsitat |armiTune LIGHT
STRUCTURE | TABLE | TABLE ) STORAGE | TRANSFER | ENHANCE-
1985 MISSIONS WITH END WITH PACKAGE MENT
EFFECTOR | STABILIZER
PLANETARY
VENUE GRBIT IMG RAD (P-2) X X X X X X X x .
ORIGIN OF PLASMA x4 e | x4 x4 x4 x4 x4 x4 x4
COMET RENDEZ (b3, 5 YR) X X X X X X X X
OPTIONAL SERVICE MISSIONS X X x
: 1987 MISSIONS
PLANETARY
PLASMA TURB EXPLOR X P X X X X X X )
1988 MISSIONS '
PLANETARY
SOLAR PRGBE (811 X X X X X X X X -
1989 MISSIONS
PLANETARY
ADV INTERPLAN EXPLORER (G] X X X X x X X X
SATURN ORSBIT {DUAL) [P-4) H X X X X X X X
OPTIONAL SERVICE MISSIONS x X b3
1991 MISSIONS .
UNP PROG-URAN NEP PLUTO (P-5} X X X % X X X X
1952 MISSIONS
PLANETARY
UNP PROG-URAN NEP PLUTO (P-6} X X X X X X X x
1993 MISSIONS
PLANETARY
LUNAR POLAR ORBIT (P8} X X X X X X X X
NR EARTH ASTEROID SAMPLE (P-11) X X X x X X x x
ASTEROID MULT RENDEZ {P-7) X X X ] X X X X
EXTRATERRESTRIAL MAT'L PROG (U-3) % % X ] % X X X
OPTIONAL SERVICE MISSIONS X X X
P NOTE: EXPONENT INDICATES NUMBER OF USES




B15 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — SORTIE MISSIONS (83 TO '85)
: AM3 PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TILT | SPIN |RMS, { PIDA | MFR/RMS MMU/WRU HPA | MTV | v5S | SUNSHIELD | ORBITAL [ATTITUDE LIGHT
1983 MISSIONS _STAUCTURE | TABLE | TABLE STORAGE | TRANSFER | ENMANCE-
. . : WITH END WITH PACKAGE MENT
EFFECTOR | STABILIZER

0STA [SPACE & TERRESTRIAL APPLICATIONS) X X X X

SPACELAB-1 [VERIF & MULTIDISCIPLINE) X X X X

TETHERED SATELLITE SYSTEM (U-4) X % X X

SPACELAB {SOLAR & ASTRO PHYSICS) ol x x X %

MPS {MATERIAL PROCESSING) {U-1) . 1 x X X X
1584 MISSIONS

OSTA {SPACE & TERRESTRIAL APPLICATIONS) %2 x? x2 x2

SPAS0 x X X % ’

TETHERED SATELLITE 5YSTEM [U-4) X X X x .

MPS {MATERIAL PROCESSING} {U-1} %2 %2 X2 x2

PEPPWR EXT PKG S x2 x2 x2 .

SPACELAB-3 (LOW GRAVITY) X X X X

SPACELAB [LIFE SCIENCES) {L+1) X X x X

0SS (SPACE SCIENCES] X X P X

SPACELAB {EMFT} X X X X

SPACELAB {SOLAR TERR) X X X X
1985 MISSIONS . :

OSTA (SPACE & TERRESTRIAL APPLICATIONS) X2 x2 %2 x2

TETHERED SATELLITE $YSTEM [U-4) X x X X

SPACELAB (SOLAR & ASTRO PHYSICS} X X X X '

MPS IMATERIAL PROCESSING) {U-1) - . X 4 , X X

PEP-PWR EXT PKG x4 x4 x3 X3

SPACELAE {LIFE SCIENCES) {L-1} X X x X

055 (SPACE SCIENCES) ’ %2 x2 x2 x2

SPACELAB [BMFT} X X X X

LARGE DEPLOY, ANTENNA (GAC) X x x X

SPACELAB {EARTH 08S) X X X X

SPACELAB {MATL PROC) X b3 % X '

R81-1108-076 D070

1472-517(T}) NOTE: EXFONENT INDICATES NUMBER OF USES




B16 — INITIAL LAUNCH — EQUIFMENT UTILIZ ATION SUMMARY — SORTIE MISSIONS (‘86 TO ‘88)

RMS PRIME USAGE

SATELLITE NOAMINAL EQUIPMENT OPTIONAL EQUIPMENT \
ReYENTION | tiur | s [ RMs | Piba | mPR/aMs MMU/WRU HPA | MTV SUN SHIELD | oRaiTaL | aTTiTUDE 1 LIGHT
1613 MISSIONS STRUCTURE | TABLE | TABLE STORAGE | ckage. | ewr
WITH END WITH
EXFECTOR | STABILIZER

OSTA (SPACE & TERRESTRIAL APPLICATIONS} %2 x2 X2 x2
SPAS-01 X X X X
TETHERED SATELLITE SYSTEM (U-4) X X b X
SPACELAR [SOLAR & ASTRQ PHYSICS) ' x2 x2 x2 x2
MPS5 {MATERIAL PROCESSING) {U-1) X X X H
PEF PWR EXT PKG ' x® x6 x6 x8
SPACELAB (LIFE SCIENCES) (L-1) X bl X b
055 ISPACE SCIENCES} X x2 x2 %2
$PACELAB (BMET} % x X b
SPACELAB {SOLAR TEAR) X X X X
SPACELAB (MATL PROC) X X X b
SPACELAB-T1 PLASMA x X % X
SIRT-IR TELE FAC (A6} {2 PALLET) x X X X

1997 MISSIONS
OSTA ISPACE & TERRESTRIAL APPLICATIONS} x? x2 x? %2
TETHERED SATELLITE SYSTEM (U-4) X X X X
SPACELAB (SOLAR & ASTRO FHYSICS) X X x %
MPS [MATERIAL PROCESSING) {U-1} X X X X
PEP PWR EXT PKG X7 x7 x7 x?
055 {SPACE SCIENGES) x2 x2 a2 X2
SPACELAB [BMFT} X X X X
SPAGELAB (EARTH 0BS) X ® X x
SPACELAB [MATL PROC} - X b X X
STARLAB TELESCOPE {A-11, G} (2 PALLET) x X % X
SOLAR SOFT X-RAYS (S8} (1 PALLET) X X X X

1988 MISSIONS
OSTA {SPACE & TERRESTRIAL APPLICATIONS) x2 x? x2 x?
SPASO1 X X X X
SPACELAB (SOLAR & ASTRO PHYSICS} X X X X
MPS {MATERIAL PROCESSING] (U-1) X X b X
PEPPWR EXT PKG xB %3 x8 x&
SPACELAB [LIFE SCIENGES! {iL-1) | X % X X
055 {SPACE SCIENCES) x2 x2 x2 X2
SPACELAB [BMFT) X X X X
SPACELAB (SOLAR TERR) X X Pt X
SPACELAB {MATL PROC}H X % X %
SPACELAB-PIN HOLE (S-14) (1 PALLET) X X % 3
LIDAR {ET-47] [1 PALLET) X ® X X

Re1-l ;:n:g_:so-oam NOTE EXPONENT INDICATES NUMBER OF USES
13-16




B17 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — SORTIE MISSIONS (‘83 TO '81)
RMS PRIME USAGE

SATELUITE ) * NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TILT | SPiN [RMS | PIDA | MER/EMS MMU/WRU HPA | mrv | vss | sunsHiELD | ORBITAL | ATTITUDE LIGHT
STAUCTURE | TABLE | TABLE . | SYORAGE | TRANSFER | ENHANCE-
1989 MISSIONS WITH END WITH PACKAGE MENT
EFFECTOR | STABILIZER
OSTA {SPACE & TERRESTRIAL APPLICATIONS) x2 X2 %2 %2
SPACELAB (SOLAR & ASTRO PHYSICS} X X. X X
MPS IMATERIAL PROCESSING) (U-1} X X X X '
PEP-PWR EXT PKG ’ xB x8 x8 x8 ‘
SPACELAB {LIFE SCIENCES) (L-1) X X X X
0SS (SPACE SCIENCES) %2 %2 x2 %2
SPACELAB (BMFT) X x X X ,
SPACELAB (EARTH OBS! X X X X .
SPACELAB IMATL PROG) X X X X
1990 MISSIONS .
O5TA (SPACE & TERRESTRIAL APPLICATIONS) x? x? . x? x2 .
SPAS.01 . X b X x .
SPACELAB {SOLAR & ASTRO PHYSICS) X X X . X
MPS (MATERIAL PROCESSING) (U1} X X X ®
PER-PWR EXT PKG x6 X8 x8 x8
0SS [SPACE 5CIENGES) x2 X2 X2 . X2
SPACELAB {BMFT) % X X b3 ’
SPACELAB {SOLAR TERR) X X X X :
SPACELAS {MATL FROC) X X X X
1991 MISSIONS ‘ .
OSTA (SPACE & TERRESTRIAL APPLICATIONS] %2 X2 x2 x? . . '
SPACELAB ($OLAR & ASTRO PHYSICS) X X x X
MPS (MATERIAL PROCESSING] {U-1} X X X X
PEP.PWR EXT PKG x8 ’ x8 x8 x8
SPAGELAB (LIFE SCIENCES) (L1} x X ® %
OS5 (SRACE SCIENCES) %2 X2 X2 x2 .
SPACELAB (BMFT) X X X X
SPACELAB (EARTH 08S) X X X X .
SPACELAB [MATL PROC} ' X X LR ®
Sersiaps a020-004D : NOTE: EXPONENT INDICATES NUMBER OF USES

B-17




B18 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — SORTIE MISSIONS ('82, 93]
RMS PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
aeTeNTION | TILT | smn | RMs | PipA | MFR/RMS MMU/WAL HPA | M1V | vsS | SUNSHIELD | ORBITAL | ATTITUDE LIGHT
STRUCTURE | TABLE | TABLE ) STORAGE | TRANSFER | ENHANCE.
1992 MISSIONS ’ WITH END WITH . PACKAGE MENT
EFFECTOR | STARILIZER .
OSTA(SPACE & TERRESTRIAL APPLICATIONS} x? x2 X2 x2
SPASO1 X b3 X X
SPACELAB [SOLAR & ASTRO PHYSICS) X X X *
MPS {MATER)AL PROCESSING} {U-1) ] ox X X %
PEP-PWR EXT PKG X8 %8 X8 %8
SPACELAB (LIFE SCIENCES) (L-1) X X X b
05§ (SPACE SCIENCES) X2 x2 x2 X2 .
SPACELAB {BMFT} X b X X
SPACELAB (SOLAR TERR) X X X X
SPACELAB {MATL PROC) X X X b
1953 MISSIONS )
OSTA ISPACE & TERRESTRIAL APPLICATIONS) x2 x2 x2 x2
SPACELAE {SOLAR & ASTRO PHYSICS) X X.. X ®
MPS [MATERIAE PROCESSING) [U-1) . X e X X
PEP-PWR EXY PKG x8 x8 X8 X8
058 (SPACE SCIENCES) x2 2 x2 x2
SPACELAB (BMFT) X ! X % X
SPACELAB {EARTH ORS) x ’ X X X
SPACELAB (MATL PEP-PO} X X X X
S anoin D-03s0 j ' NOTE: EXPONENT INDICATES NUMBER OF USES

g




819 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — DoD MISSIONS {83 TO *85)

RMS PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
AETENTION | TitT | sein | RMs | Pipa | mER/RMS MMU/WRU Hea | mTv | vss | suNsMIELD | oRBITAL | ATTITUDE LIGHT
1983 MISSIONS STRUCTURE | TABLE | TABLE . : STORAGE | TRANSFER | ENHANCE-
WITH END WITH - PACKAGE MENT
- EFFECTOR | STABILIZER

DoD 821 ) x X X X

oD 832 X . x X X

DoD 841 . X X x X

PE0-1-STP b X . % % X X X

SPACE IR EXPERIMENT (SIRE) % x X by X X X ) ;
1984 MISSIONS

Do 842 X b X X )

DoD 8541 X X X X '

DoD 852 . ' X X - X X )

SPACE IR EXPERIMENT (SIRE) « X X X X, X X

GLOBAL POSITIONING SAT. o x X X X X X X

TRANSIT X X X x X X X

OPTIONAL SERVICE MISSIONS . X X x B
1985 MISSIONS .

DoD 853 . X X X X

DoD 854 ’ X rX X X

DoD 855 x X X X :

DoD 856 X X x X

Dob 857 X b X %

DoD 858 X X X X

Dob 86-1 % X X x

GLOBAL POSITIONING SAT. x4 x4 x4 | x4 x4 x4 x4 x4

TRANSIT X % X X x ® X

DEFENSE SAT. COMM SYSTEM x2 x2 x2 ' x2 x2 . X2 xZ .

SPACE IR EXP X X X X x %, %

OPTIONAL SERVICE MISSIONS ) x2 x2 %2 %2

A81:1108-0870-0850D ‘

1472521(T) . NOTE. EXPONENT INDICATES NUMBER OF USES

B-19




B20 ~ INITIAL LAUNGH — EQUIPMENT UTILIZATION SUMMARY — DoD MISSIONS {'86, 87}

HPA PRIME USAGE

OPTIONAL EQUIPMENT

SATELLITE NOMINAL EQUIPMENT .
RETENTION [ TitT | seiv [mmSs | Pipa | MFR/AMS MMU/WRU Hra | mTV | vss | suNSHIELD | oREITAL | ATTITUDE LIGHT
1985 MISSIONS STRUCTURE | TABLE | TABLE STORAGE | TRANSFER | ENHANCE-
. WITH END WITH PACKAGE | MENT
EFFECTOR STABILIZER
DaD 86-2 X X X X
DoD 863 X X X X
DD 86-6 X X X X
DoD 863 Lfx X X X
Dab 85-10 X X X X
DoD 86-11 b X by X
GLOBAL POSITIONING SAT. € x8 | x8 el %6 x® x8 x8
TRANSIT X X X X X X X "]
DEFENSE SAT COMM SYSTEM (1) %7 %2 x2 x2 X2 x2 X2
SPACE TEST PROGRAM (STP) X X % X X X X
TALON GOLD-STP X X P X X b
OPTIONAL SERVICE MISSIONS %2 X2 x2
1967 MISSIONS
GLOBAL FOSITIONING SAT. x? x7 | x7 x? x7 x7 x7 x7
TRANSIT X X X X X X X
DEFENSE SAT. COMM SYSTEM »2 %2 X2 x2 x2 x2 x2
SPACE TEST PROGRAM (TP} X b X x X X X
DEFENSE MET. SAT. PGM {DMSR) X X X X R X
OPTIONAL SEAVICE MiSSIONS x2 %2 xZ
RA1-1108.090D0910
1472.522 (T} : NOTE: EXPONENT INDICATES NUMBER OF USES




B21 — INITIAL LAUNGH — EQUIPMENT UTILIZATION SUMMARY — DoD MISSIONS {'88)

HPA PRIME USAGE
SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTIGN TILT | seiN | Ams | pioa | MERmms MMUWVEY HPa | mtv | vss | sunsHiELD | oReiTat | aTTITUDE LIGHT
. STRUCTURE TABLE | TABLE . . STORAGE | TRANSFER [ ENHANCE-
1938 MISSIONS ITH END wiT PACKAGE MENT
EFFECTOR | STABILIZER
GLOBAL POSITIONING SAT. X7 x| x? x7 X7 x? . x7 x7
TRANSIT X x X ® ® X X
SPACE TEST PROGRAM (STP) X X x X X X X
DEFENSE MET, SAT. PGM (DMSP) b ’ X X % b X
MINI HALO-STP X X’ X % X X X
OPTIONAL SERVICE MISSIONS x2 xZ "X
Slme NOTE: EXPONENT INDICATES NUMBER OF USES

B-21




B22 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — DoD MISSIONS ('89 TO '93)
HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | JILT | sPIN | ®mS [ PiDa | mMFR/RMS MMU/WRU HPA | MTV | vss | SUNSHIELD | ORBITAL | ATTITUDE LIGHY
: STRUCTURE | TABLE | TABLE STORAGE | TRANSFER | ENHANCE-
1989 MISSIONS . WITH END WITH PACKAGE MENT
EFFECTOR | STABILIZER
GLOBALFPOSITIONING SAT X2 x2 | x2 x2 x2 X2 %2 %2
TRANSIT X X X - X X X X
DERENSE SAT COMM SYSTEM %2 x2 x2 x2 X2 x2 x2
SPACE TEST PROGRAM (STP} X X X X X b X '
DEFENSE MET, SAT PGM (DMSP) b X x % x X
OPTIONAL SERVICE MISSIONS : %2 2 x2
1950 MISSIONS
GLOBAL POSITIONING SAT. x4 x* | x4 x4 x4 . x4 x4 x4
TRANSIT X X L X X X X X .
SPACE TEST PROGRAM (STP} X X X X . X x X
DEFENSE MET. SAT. PGM (DMSP} X X X X X X .
OPTIONAL SEAVIOE MISSIONS x2 x2 %2
1951 MISSIONS )
GLOBAL POSITIONING SAT. x2 x2 | x? x2 x2 x2 x2 x2
TRANSIT X X X X X X X
DEFENSE SAT. COMM SYSTEM x2 X2 x2 %2 x2 %2 %2
SPAGE TEST PROGRAM {5TP} X X X X X X X
DEFENSE MET. SAT. PGt [DMSP} X X X X X X
OPTIONAL SERVICE MISSIONS x b x
1992 MISSIONS
GLOBAL POSITIONING SAT. x4 x4 | x4 x4 x4 x4 x4 x4
DEFENSE SAT, COMM SYSTEM X2 x2 x2 %2 %2 X2 x2
SPACE TEST PAOGRAM (5TP} b4 X X X X X ® )
DEFENSE MET. SAT. PGM (DMSP} X X b4 X X x
OPTIONAL SERVICE MISSIONS %2 x? %2
1993 MISSIONS ’
GLOBAL POSITIONING SAT, %2 X2 | x2 %2 x2 %2 x2 »2
SPACE TEST PROGRAM [STP) X X X b4 X x X
DEFENSE MET, SAT. PGM (DMSP) X X b X X X
OPFIONAL SERVICE MISSIONS X X X
Sapading nevr0 : NOTE, EXPONENT INDICATES NUMBEFR OF USES




B23 — REVISIT — EQUIPMENT UTILIZATION SUMMARY —~ DIRECT DELIVERY/SERVICING SATELLITE MISSIONS {85 T0 '89)

TILT TABLE PRIME USAGE

SATELLITE

MNOMINAL EQUIPMENT

OFTIONAL EOUIPMENT

1885 MISSIONS

EQUIPMENT
STOWAGE
PROVISIONS

FLUID
TRANSFER
SYSTEM

TILT
TABLE

ace

MMUANYRY

GL7H]

WK PLAT [OCPIRMS

FOR TILY
TABLE i

FOM

WITH END
EFFECTOR

WITH
STAERAZER

WITH PAY.
LOAD HDLS

HPA

NONCONT
ALCS

MTV
PoM

MTY

ORBITAL
STORAGE

ATTITUDE
TRANSFER
PACKAGE

LIGHT
ENHANCEMENT

SPACE TELESCORE 1A-3)

X

X

X

x2

)
1

X

1956 MISSIONS

HPA PREME USAGE

SPACLE TELESCOPE [A3)
GRO-GAMMA RAY QBSER A7)
OPTIONAL SERVICE MISSIONS

x
X -

1987 MISSIONS

SPACE TELESCORE {A-)

LDEF (0110}

SASPECI & APP S PLAT (U7 & L2}
ZSkW PWR MOD {U-B)

OFTIONAL SERVICE MISSIONS

n

L

x X ¥ x

X X x X

-

XX MR

X X x =

XM oxN

X X o M

X oM owom

1908 MISSIONS

SPACE TELESCOPE (A3}

SALP 501 & APP 67 PLAT (U7 0 L-2)
Z5kW PWR MOD. {U B}

AXAF ADV X-AAY ASTRO {A-D)
CRO-COSMIC RAY OBSER {A-13)
GAAVITY PHOBE B (AS)

COASTAL SAT (MAS}

OFTIONAL SERVICE MISSIONS

E S 4

X MK XXX

L R A A

L

XX XX XX

AKX X XK X X X

HoX XX MR X

XK X KX XX

x

MWW MMM KN

1309 MISSIONS

SASP.SCI & APP 5P PLAT (-7 & 1-2)
Z5kI PYR MOD (U-8)

MAG FIELD SURV B {R-7}
AXAF-ADV M-RAY ASTRO IA-9)
CRO-COSMIC RAY DBSER (A13)
GRAVITY PROBE 8 (A8}

COASTAL SAT, (NAS)H

OPTIONAL SERVICE MISSIONS

A81.1108-1260-1300
147252311

X X X XN x

.
N

E A -

%

XEX XX

%

¥R X R xx

WX NN MX

XXX xx

%%

oM MK x

oo

e

NOTE: EXPON

%t

ENT INDICATES NUMBER OF USES




B24 — REVISIT — EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS (50 TO 92

HPA PRIME USAGE A -
SATELLITE NOMINAL EQUIPMENT OPTIONAL EGUIPMENT
EQUIPMENT | FLUID TILT [ MMUMWRY NONCONT 3‘5.'..‘: urv ORBITAL | ATTITUDE LIGHT .
oS rrouions | s | 7 | iy foermwe [ o T ftn [ sranteen | oo | " AR | e | ST
TABLE .

LDEF {01-10) x X X LS X ® X X X X x

SASP.SCI & APP 5P PLAT {U-7 B L2} x2 x2 %2 x2 x2 x2 x2 x2 x2

254 PWR MOD (U8} x2 x2 %2 x2 x2 x2 x4 X2 x2

MAG FIELD SURY B (R-T) . b X k4 X x X X X X X

COASTAL SAT. [NAS) ' % % % X ® % x % % *® :

OCEAN RESEARCH SAR [E-11) X x X P X X X X % X .

HVY NUCLE| EXPL {GSF) X X X X X X X; X X X ,

OFTIONAL SERVIGE MISSIONS X2 x2
1991 MISSIONS -

SPACE TELESCOPE {A5) X X b X X X X X X X X

LDEF (01-10 X X X X P X X, X X x x|

SASPSCI & APP SP PLAT (U-7 & L3} ®2 - x? ) %2 x2 x2 x2 , 2 x2 %2

25kW PWR MOD. (U-8) b . X b3 b X' x! X X X

COASTAL SAT, {NAS} X . x . I3 b X X, X X X X

OCEAN RESEARCH SAR {E-11) X x : X X X X x! X X %

HVY NUCLE) EXPL {GSF} b4 x X Y X ® 4 xr X k4 X

LG SOLAR DBSEAV {LEP} X % X X X x X X x X X

OFTIONAL SERVICE MISSIONS ) x x|
1692 MISSIONS .

EPACE TELESCOTE |A3) x x % x X X x X X X X N

SASP-5CI & APP 57 PLAT (U-7 & L-2) n2 x2 x2 x? x2 X2 x2 x? »2 ,

25K PWA MOD. (U-8) x2 x2 x2 x2 ®2 X2 x2 x2 x? .

AXAF-ADV X-HAY ASTRO {AD) " X X X X X X X X w x

CRO-COSMIC RAY OBSER (A-13) -4 X X X X X X X A x

OCEAN RESEARCH SAR (E1) x X X X X X ®x X X X

HYY NUCLE) EXPL (GSF} L4 K . X x X X X X x X

LG SOLAR O35ERY (LEP) x x ' x x X ® ® *® *® ® %

SOLAR TERR OBS (512} x b3 X X ® X x’ x X X P .

OPTIONAL SERVICE MISSIONS . . ' x2 : b

A1.1108-1310-1330 ' -

T472-526(T) NOTE: EXPONENT INDICATES HUMBER OF USES |




B2Z6 — HEVISIT — EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS {83}

HPA FRIME USAGE

SATELLITE NOMINAL EQUIPMENT QPTIONAL EQUIPMENT
EQUIPMENT FL}?S‘I?:(I TILT s oce MMUAYRU NONCONT MV ORBITAL ATTITUDE LIGHT
1950 issions v oA Rl Rl 7 EEel L T DRI 77 il I R R TTOME | Vhokase | T
TARLE
$PACE TELESCOPE () x X x % x X X X X X X
SASPSCI & APPSP PLAT (U7 & LD x2 X2 x2 x* x2 ®7? x2 %2 »2
25KW FWR MOD, (L) X X X X x . x X x x
AXAF-ADY X-RAY ASTRO (A8} X X b3 b3 X x X x X x X
CRO-COSMIC AAY OBSER [A13) X x X X X X X X X X
OCEAN RESEARCH SAR (E-13) X X X X X X X X X x
/G SOLAR QBSERV {LEP} X X X X * X % X X X X
SOLAR TERR OBS [512) X X X X X X X X X % X
ADVANCED RELATIVITY (LEF) x# x2 %2 x2 x* x? X2 x2 %2 x
AMBIENT DEPLOY IR TELE {A47) b X X X X x X b X X X
OPTIONAL SERVICE MISSIONS x# b
RAL L108-1340
1472 527¢T) ha NOTE- EXFONENT INGICATES NUMBER OF USES




B26 ~ REVISIT — EQUIPMENT UTILIZATION SUMMARY — LEO/PROPULSION SATELLITE MISSIONS ('86 TO 'B9)

HPA PRIME USAGE

OPTIONAL EQUIPMENT

SATELLITE NOMINAL EQUIPMENT
EQUIPMENT |  FLUID TILT ocP MMUMWRYU NONCONT | MTV OABITAL | ATTHTUDE LIGHT
STOWAGE [ TRANSFER | TABLE| ams Acs rolM | mrv | vss | STONAGE | TRANSFER | ENHANCEMENT
WK PLAT | OCP/RMS | POM | WiITH END WITH WITH PAY- | HPA
1935 MISSIONS PROVISIONS | SYSTEM FOR TILT EFFECTOR | STABILIZER | LOAD HDLG PACKAGE
TADLE

LANDSAT D ** {5 YR) X X X X X X X X X X X

1587 MISSIONS -,}a
LAMDSAT D¢ {5 YR X X X % X X X. H X % X
ORBITER CAMERA FR FLYER (MML) x3 x3 x3 x3 X3 x? x3 x? x? x3
NOSS-NAT OCEAN SAT, (E-6) X X X b X X X X X ]
X-AAY TIME EXPL (A-10, G5F) X X X X x X x X X X X .
1GEX-IGE & CLIM EXP (5 YR} X X X X X X X X X X
OPTIONAL SERVICE MISSIONS %2 x2

1988 MISSIONS ~ ° . .
NDAA (E5) H X X X X X X X % % X
REGION Ha0 QUAL MON [LEP) X X X X X b4 x X b4 H
ORBITER CAMERA ER FLYER [MML} X X X X X % X X X X
UARS-UPPER ATMOS RES (E-7) X X % % X x X X % X
MOSS NAT OCEAN SAT (E5) X X % X X X X X X X
HI ENERGY EXPL [NAS) x X x X X X X X X X .
ASTROPHYSICS EXPL (GSF} X X X X X X X X ® %
0P LAND OBSER SYS (LEP (A5} X X X X X % X X X X
OFTIONAL SERVICE MISSICHS x2 X2

1989 MISSIONS . :
ERBS EARTH RAD BUDGET SAT (€4} X b 4 ' X » X 9 X X X x X
NOAA (E6) X X X X X X X X X X
ORBITER CAMERA FR FLYER {MML) x2 %2 x2 x? %2 x2 X2 x2 %2 x2
UARS-UPPER ATMCS RES (£:7) x2 %2 %2 %2 X2 x2 x2 x2 X x? X
OF LAND OBSER SY5 (LEP) [R5} X X X X X x X X X %
ALL WEATHER MICROWAVE [LEF) x X X X b X H X x X
EARTH SURVEY (LEP} b4 X X X e X x X X X X
LAMAR LG AREAMOD ARRAY {A-14, GSF) x x X % X X ® X H x x 2
OPTIONAL SERVICE MISSIONS . x2 X

FrE R NOTE EXPONENT INDICATES NUMBER OF USES




B27 — REVISIT — EQUIPMENT UTILIZATION SUMMARY ~ LEO/PROPULSION SATELLITE MISSIONS {*80 TO *82)
HPA PRIME USAGE

SATELLITE . NOMINAL EQUIPMENT ) OPTIONAL EQUIPMENT
EQUIPMENT | FLUID TILT oce MMUWRU NONCONT MJ': wry | ves s?:lBlTAL ATTITUDE LIGHT
1990 SSIONS :ggagﬁjis T:c:_lg:;n TABLE { RMS mﬁ:-hﬂ o | Fom é’é‘;étﬁ’é% s‘r:;m‘z:n L';L’é'ﬁﬁfé HEA :m::s P ORAGE 'I;:»:::SAFGEER ENHANCEMENT
' TABLE
UARS-UPPER ATMOS RES (E:7) x2 x2 x2 ! X2 x2 x2 x? x? X x? X
NOSS-NAT OCEAN SAT (EG) X X X % X X ® X X x
X-RAY TIME EXPL [A-10, GSF) X X X X X X X X b X x
ICEX-ICE & CLIM EXP {5 YR) X X b x X X X X X X
OF LAND OBSER 5YS ILEF] (R-5) X X X % x X x X X X
ADV GEOLOGY SAT [LEP) X X X ® X X X x x X
GLOBAL REGIONAL ATHMOS MONITOR [LEP} X X X x X X X X X X
LAMAR:LG AREA MQD. ARRAY [A-14, GSF} X L X X b X x x »® X X X
PRIY EARTH RES {LEP) X X X X" ' X X x X x 3 X
ATMAS-ADV THERM MAP (R-8) x X X ® X X X X X X
VLBIV, LG BASE INT (A-15) i X X X X X % X X X H
OPTIONAL SERVICE MISSIONS ' X2 %2
1091 MISSIONS
UARS-UPPER ATMOS RES [€-7) x X X b3 ' x X X x x X
NOSS:NAT OCEAN SAT, (E-6) X X X X X X X X X X
IGEX-ICE & CLIM EXP {5 YRA) X X X Hd X X X x x X
EARTH SURVEY (LEP) x2 x2 x2 %2 X2 x2 x2 x2 x2 x2 x2 .
LAMAR LG AREA MOD, ARRAY {A 14, GSF) x x X X X X X X H Cox x
VLBV, LG BASE INT {A 15 X X X X X X % X x X
ENVIRON MONITOR {LEP) X X X X X X * X X X
OF METECROLOGY (E-10} X X X X X X % X X X
ASTAONOMY {MDE) x X x b3 , X ] X x X X x .
X-RAY OBSERVATORY (GSF) X b X b3 x X % X X X X
OFTICNAL SERVICE MISSIONS . x? X2
1992 MISSIONS
UARS-UPPER ATMOS RES (E-H X2 x2. x2 x? %2 x2 %2 x2 X %2 X
©F LAND OBSER SYS (LEP) (R5) X X x X % % X X - X X *
LAMAR LG AREA MOD ARRAY [A-14, GSF) X X X X X- X H X x X X
ATMAS-ADY THERM MAP {R-5) x2 x2 %2 x2 x2 x2 x2 x2 x? x?
VLBLV, LG BASE INT (A-15) % X X X X X X X X x !
OPTIGNAL SERVICE MISSIONS N ! x2 x2
ARL-1108-1190-141D :
1472528 1) i NOTE: EXPONENT INDICATES NUMBER OF USES

. B-27




B28 — REVISIT — EQUIPMENT UTILIZATY

ON SUMMARY — LEO!PROP'ULSION SATELLITE MISSIONS {*93)

HPAPRIMEUSAGE | :
. SATELLITE ! ‘ HOMINAL EQUIPMENT OPTIONAL EGUIPMENT
EQUIPMENT FLUID TILT ocp MMU/WRU NONCONT MYV ORBITAL | ATTITURE LIGHT
1093 MISSIONS STOWAGE | TRANSFER | TABLE | RMS 1™y pi o7 | OCP/RMS | POM | WITH END WITH WITHPAY- | HRA | A5 FOM | MTV i VSS | STORAGE | TRANSFER | ENHANCEMENT
. PROVISIONS | SYSTEM FOR TILY EFFECTOR | STABILIZER | LOAD HDLG PACKAGE
: i . TABLE .
ERABS-EARTH RAD BUDGET SAT. (E-4) X, i X, X X x X1 X X X X X _ .
UARS-UPPER ATMOS RES {E7) X2 | %2 x2 x2 X2 ) x? x2 % | x
oP LAI:ID DBSER 5YS (LEP) {R-E} X P X X X *x i X X X X X
SCADMSOLAR CYCLES & DYNAMICS MISS X x X X X X, X x x X .
EARTH SURVEY {LEP) x3 1 X3 x3 x3 x3 x3 x3 %3 x3 x3 %3
VLBIY, LG BASE INT [A-15) X, L X X X X X % % X X .
ENVIRON MONITOR {LEP] x2 . X2 x2 %2 x® x2 2 x2 X2 %2
ASTRONCMY (MDC) X ‘ X X x X v b4 X X X x X
. ! ! %2 x2
i

OPTIONAL SERVICE MISSIONS

RAL1-1104-1420
1472 530(T)

1

NOTE EXPONENT INDICATES NUMBER OF USES
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B29 ~ EARTH RETURN — EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVIGING SATELLITE MISSIONS (84, ‘B5)
AMS PRIME USAGE
SATELLITE NOMINAL ECLHPMENT
RETENTION | SrEc gour| TLY ocr MMLWRY vss :
1984 MISSIONS STRUCT | RETGN- Drow:| TASLE| PIDA MaigTasie [ ams | mer [ wenp WITH pom}mry |wea | nanconTam | mTv W/ oocking | W END WITH
SrRUeT WORK PLAT HMS | EFFECTOR | STABILIZER POM ACS RENDEZ | EFFECTOR | DEGRIS
. CAPTURE
SPAS-O1 STS PALLET SAT. X X ® %2 x
1985 MISSIONS
SPAS-01STS PALLET SAT. X X X x? X
LDEF {01-10) ® b X ®2 X X X
RB1-1108-1L6D-1170
1472-531{T) NOTE" EXPONENT INDICATES NUMBER OF UISES |

B-2%9



830 - EARTH RETURN — EQUIFMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS {88 TO *93)

RMS/HPA PRIME USAGE “
SATELLITE NOMINAL EQUIFMENT ,
ocP MMUMWAL Vss
RETENTION SPEC EQUIR | TILT WITH
1995 MISSIONS STRUCT | REZEN | prow | TABLE|PIPA | viLrTamce | AMs | MFR | W END WITH rom |MTV |HPA| NONCONTAM | MTv | w/pocKinG | w/END DEBRIS
T WORK FLAT AMS | EFFECTOR | sTamiLizER FOM ACS RENDEZ | EFFEGTOR | CAPTURE

SUBSAT FACILITY (S-0) 3 x X X2 X ®

1807 MISSIONS
SPAS 01 STS PALLET SAT. x ' X X X2 X x
GRO-GAMMA RAY OBSERV IAT7) 2 % ) X % x2 x | x X
SUBSAT FACILITY (S X X X x2 X x

1983 MISSIONS . . .
LDEF {01-10} ' % : A X X x2 X X x X
SUBSAT FACILITY (S8} . X I x x ' x2 X X

. 1
1389 MISSIONS ! B
1
N i 3
SPASO) STS PALLET SAT. . X . : L K 4 X2z X x
SPACE TELESCOPE [A9) ] ¥ X ® £ .| x 'Y ® % .
SUBSAT FACILITY (S0 X i X X x2 X x
t ' f
1590 MISSIONS . ) , '
i

SUBSAT FAGILITY {58) ® H X X x2 X X
AXAF-ADV X-RAY ASTRO {AS) % e P ® x2 % | % % %
CRO-COSMIC RAY OBSER (A-13) b3 . X . x X X X X x N
GRAVITY PROBE B (A8} % . : X X x2 x| x x

1591 MISSIONS ) .
SPAS O STS PALLET SAT, o b X *2 X X
25KV PWR MOD. (U8} X x b X X X x
MAG FIELD SURV B (A7) b x x X2 X X x
SUBSAT FACILITY (S 9} X * X x2 X X N

1892 MISSIONS .
LOEF {01-10) X ' X X X2 X X X x
COASTAL SAT. INAS) x . . X X X2 X X X X

1393 MISSIONS .
5PAS 01 5TS PALLET 5AT. X X X x2 x LR
Z5KW PWR MOD. (U8 x . . X % X X ® X
HVY NUGLE) EXPL (GSF) X . % X xZ ¥ X ®

. B ]

Srassermy 2 . , , NOTE* EXPONENT INDICATES NUMBER OF USES




B3l — EARTH RETURN -~ EQUIPMENT UTILIZATION SUMMARY — LEO/PROFULSION SATELLITE MISSIONS ["88 TO *67)
AMS/TILT TABLE PRIME USAGE .

SATELLITE NOMINAL EQUIFMENT
AETENTION | srEc equie. | TiLT | pioa ' ooe MMUMWRU Ve
1804 MISSIONS STRUCT | BRI | orowt, | TABLE JILTTABLE | RMS | MFR | W/ END wWiTH | Pom|mrv|uma NONCORTAM | Mrv [WiDOckiNG] wiewn | with
LU WORK PLAT Ams | EFFEcTOR | sTaBILzZER | . {rom Acs RENDEZ | eFFecToOR | DEDAIS
CAFTURE
CHEM REL MODULE (S-5) X b X %2 X H
SOLAR MAX-SMM X X tH X X X % X
1556 MISSIONS AMS/HPA & AMS/TILT TABLE PRIME USAGE
LANOSAT D IR-2} X X X X x x x X x
GHEM REL MOBULE 155 Y . X x X2 X % X
EABS EARTH RAD BUDGET SAT.
{E5) X X X x X ® X X x
NOAA (E5) x X ® ® x % x ® %
1997 MISSIONS
COBE-COSMIC BKGND EXPL IGSF X X X X X x
EUVE-EXTREME UV EXPLORER '
(a5} b x X x2 X {x X X
ORAITER CAMERA FR FLYER
(MML} X x X iy x| x X
MAGSAT B (R} X X % e X | x x
EF L . NOTE: EXPONENT IMDICATES NUMBER OF USES

B-31



B32 — EARTH RETURN — EQUIPMENT UTILIZATION SUMMARY — LEO/PAOPULSION SATELLITE MISSIONS {*88 TO 91)

RMS/HPA PRIME USAGE
SATELLITE . NOMINAL EQUIFMENT
RETENTION | SPEC eauie.| TILT | PIDA ocp MMUMWRU l . V5SS
1588 MISSIONS STRUCT | RETEN | iRor| TAotE TILTTABLE | AMS | MFAR | W/END WITH POM [MTV [HPa [ NONCONTAM | MTV {wipocking | W/ EnD WITH
STHUCT WORK PLAT EEFECTOR | STABILIZEA POM ACS AENDEZ | EFFECTOR DEBRIS
CAPTURE

LANDSAT O* " {5 YR} X X X x X X X X X
HOSS-NAT OCEAN SAT. {E6) X ] , x X x2 x | x %
X-RAY TIME EXPL {A-10, GSF} X : ’ X X %2 X X X x
ICEX-CE | CLIM EXP [5 YR} X X X %2 X | x X

1989 MISSIONS
LANDSAT D*** IS YR) b . X X X X X X X X
ORBITER CAMERA FR FLYER . ‘ :
{MML} x . b X x2 X | x X
NOSS-NAT OCEAN SAT. (E6) x ! . . % X x¢ X x X
0P LAND OBSER SYS (LEP] (R&) X ‘ . , X x x2 X | x X

i o

1690 MISSIONS - ; .
NOAA (E81 X . X X x X X X % X .
REGION H20 QUAL MON {LEP] X X X x2 X X x
HI ENERGY EXPL {NAS) b ' X X x2 x | x|: X
ASTROPHYSICS EXPL {GSF} X X x x2 X | x{° X .
OF LARD QOSER SYS {LEP} (RE) x ' X x x2 x x X
TOFEX-FTOPOG EXPF OCEAN .
CIRCULAT I S X “x x2 X X X
SCADM-SULAR CYCLES & ) !
DYNAMICS ¢ X X . X x2 x X b

H

1891 MISSIONS ’ N
ERES EARTH RAD BUDGET SAT, )
{E4) ) x x x x2 X | % H X X
NOAA (E5) o g0 ox X x2 X X X %
X-RAY TIME EXPL {A.10, GSF) x X X x2 X X % X X
OP LAND OBSER SYS{LEP) IR:&) x X X ' x X X
ALL WEATHER MICROWAVE (LER) X X x x2 X x X )
GAMMA-RAY TRANSIENT EXPL . . '
[GSF) X X X ., x2 X X X X
UV PHOTOMET/POLARIMET
EXPL. [GSF) X X X x2 X % t X x
RA1-1108.1100-113D v ]
1472-534(T) NOTE: EXPONENT INDICATES NUMBER OF USES




B33 — EARTH AETURN — EQUIPMENT UTILIZATION SUMMARY — LEO/PROPULSION SATELLITE MISSIONS (92, '93) .

. . RMS/HPA PRIME USAGE
SATELLITE NOMINAL EQUIPMENT
RETENTION SPEC CQUIR § TILTY PIDA [+]- 3 MMUAYRL vis
1092 MISSIONS STRUCT u‘rEl.,c-lENN- ﬂlg‘.\“[‘ TABLE TILY TABLE ] RMS MFR W/ END WITH POM | TV |HPA | NONCONTAM MTV w/ DOCKING W/END wWiTH
‘ STRUGT WORK PLAY RAMS EFFECTOR BTABILIZEA + |POM ACS RENDEZ EFFECTOR DEBRIS
CAPTURE
NOS3 NAT OCEAN SAT. (E4) X X X x2 X X X
ICEX-ICE & CLIM EXP (5 YR} X x X x2 % X x '
ADV GECLOGY SAT. [LEP} % X X x2 X X X
GLOBAL REGIONAL ATHMDS
MONITOR 3 X X X H x %
PAIV EARTH AES {LEP) X X X x? X X x X
« SOFT X-RAY SURVEY {GSF) X ., x X x2 X x x x

X-RAY SPECTROSCOPY {GSF) X , X ® X2 X X ®

1993 MISSIONS M ‘
NOSS:NAT OCEAN SAT {E6} R X X X2 ) X X K
LAMAR LG AREAMOD ARRAY
1A-14) X X X x2 X x %
OF METEROLOGY (E-10} X X b4 b x X ®
MOLECALAR LINE SURVEY o . 4 X X X2 X x 4
RAB1-110B-1 141100
1372-535¢FF NOTE EXPONENT INDICATES NUMBER OF USES
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Appendix C

SSS Equipment Utilization

£ — $88 Equipment Utilization
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C1— SATELLITE SERVICES SYSTEM — MFR UTILIZATION

FREQUENCY OF USE/YEAR
MISSION
CATEGORY 93 ‘84 85 36 ‘87 ‘88 ‘89 '50 91 92 ‘a3
A. INITIAL LAUNCH
(1) DIRECT DEL /SERV 1 2 2 6 10 7 7 8 9 5 7
{2) LEO/PROP, SAT. 2 3 5 12 9 10 1 8 5 7 4
{3) DoD 5 6 15 17 12 A 7 7 8 4
(4) PLANETARY - 3 3 6 1 1 2 - 1 1 4
(5) GEO SAT. 8 15 13 15 17 22 24 | 26 21 21 31
(6) SORTIE 5 13 16 21 19 21 18 18 18 19 17
B. REVISIT
(1) DIRECT.DEL /SERV - - - - - - - - — — -
(2) LEQ/EROP. SAT. ~ - - - — ~ -~ -~ = - -
C. EARTH RETURN
(1} DIRECT DEL /SERV - 1 2 1 3 2 3 4 4 2 3
(2) LEO/PROP, SAT. - 2 - 4 4 4 4 7 7 7 a
TOTAL USES 21 45 65 82 75 78 70 74
NO, UNITS REGD 2 A 5 6 - - - -
REQD DELIVERY 2 2 1 1 _ - ~ _

R81-1108-028D
1472-336(T}




c2 -—-SATE LLITE SERVICES SYSTEM — OCP UTILIZATION

MISSION
CATEGORY

FREQUENCY OF USE/YEAR

'83‘

84

‘85

‘86

‘87 ‘88 ‘a9 a0

‘51

rg 2

a3

A,

INSTIAL LAUNCH

{1) DIRECT DEL /SERV
{2) LEQ/PROP. SAT.
(3} DoD

{4} PLANETARY

(5) GEQ SAT.

{6} SORTIE

REVISIT
{1) DIRECT DEL SERV
(2) LEQ/PROP. SAT.

. EARTH RETURN

{17 DIRECT DEL fSERV
(2) LEQ/PROP. SAT.

TOTAL USES
NO. UNITS REQD
REQD DELIVERY

NONE

127
12

R81-1108-041D
1472-537(T}




C3 — SATELLITE SEI‘\‘-VECES SYSTEM — OCP TiLT TABLE WORK PLATFORM UTILIZATION

MISSION
CATEGORY

FREQUENCY OF USE/YEAR

‘83

‘84

'85

28

‘87

‘88

‘89

'90

)

92

‘93

A. INITLAL LAUNCH

(1
2)
(3
(4)
(5}
(6)

DIRECT DEL /SERV
LEQ/PROP, SAT.
DoD

PLANETARY

GEQ SAT.

SORTIE

B. REVISIT

(1)

DIRECT DEL /SERV

(2} LEQ/PROP, SAT.

C. EARTH RETURN

{n
{2)

DIRECT DEL/SERV
LEQ/PROP. SAT.

TOTAL USES
NO. UNITS REQD
REQD DELIVERY

NONE

Z THRU'9D =9

R81-1108-042D
1472.538(T)




ca —'SATELLITE SERVICES SYSTEM — HPA UTILIZATION

FREQUENCY OF USE/YEAR
MISSION ‘

CATEGORY ‘33 T ‘85 '86 87 ‘88 ‘89 9Q ‘a1 92 93

A, INITIAL LAUNCH
(1) DIRECT DEL /SERV - - - 6 10 7 7 6 9 5 7
{2) LEO/PROP. SAT. - - - 12 9 10 11 8 5 7 4
(3) DoD — -~ - 1 12 11 7 7 7 8 4
{4) PLANETARY - - - 6 1 1 2 - 1 1 a
{5) GEOQ SAT. ’ - - - 15 17 22 . 24 26 21 23 31
(6) SORTIE - - -~ - - - - - - - _

8. REVISIT

{1} DIRECT DEL /SERV - - - 2 . 4 7 9 g g 11 12
{2) LEQ/PROP, SAT. - - - 1 7 8 10 12 11 7 12

C¢. EARTH RETURN
(1} DIRECT DEL/SERV - - - 1 3 2 2 4 a 2 3
(2) LEO/PROP. SAT. - - -~ 1 3 3 3 6 7 7 4
TOTAL USES - - -~ E5 66 71 75 a1
NO. UNITS REGD - - - ~ 3 4 5 —_ -
REQD DELIVERY - - 2 1 1 - —

) | A

RE1-1108-0260
1472-539(T)




C5 — SATELLITE SERVICES SYSTEM — PIDA UTILIZATION,

FREQUENCY OF USE/YEAR
MISSION
CATEGORY 83 84 ‘g5 86 87 88 ‘89 90 91 ‘92 93
A. INITIAL LAUNCH . |
(1) DIRECT DEL /SERV - ~ ~ 1 3 | 3 2 3 2 3 4
(2) LEO/PROP. SAT. - -~ - -~ — - - _ _ - _
(3) DoD - - - — - - - - - I S
(4) PLANETARY - 3 3 6 1 1 2 ~ 1 1 a
{5) GEO SAT. — - - - 1 1 2 2 2 ] 9
(6) SORTIE - ~ - - _ _ - _ _ _ -
B. REVISIT

{1) DIRECT DEL /SERV - ~ - - - - -~ _ _ _ _
(2} LEQ/PROP, SAT. — -~ - - — _ - _ _ _ _

C. EARTH RETURN ,
(¥ DIRECT DEL/SERV ~ - - _ 1 _ _ 1 ) _ ]
(2) LEQ/PROP. SAT. - - -~ - _ - - _ ~ _ _

TOTAL USES - 3 3 7 6 5 8 B 8 10 18
NO. UNITS REQD - 1 1 2 _ — — :
REQD DELIVERY - 1 - 1 — — -

Z'THRU '90 = 36

R81-1108-036D
1472-540(T)




C6 ~ SATELLITE SERVICES SYSTEM — EQUIPMENT STOWAGE PROVISIONS UTILIZATION

MISSION
CATEGORY

FREQUENCY OF USE/YEAR

‘83

‘84

‘85

‘86

‘8?7

‘88

‘89

a0

91

92

‘93

A. INTTIAL LAUNCH
(1} DIRECT DEL /SERV
{2) LED/PROP, SAT.
{3) DaD
{4} PLANETARY
(5) GEQ SAT,
{6} SORTIE

B. REVISIT
{1} DIRECT DEL /SERV
{2) LEQ/PROP. SAT,

C. EARTH RETURN
{1) DIRECT DEL/SERV
{2) LEQ/PROP. SAT.

TOTAL USES
NO. UNITS REQD
REQD DELIVERY

1

15

10

12

21

20

Z THRU '90 = 70

1"

12
12

R81-1108-029D
1472-541(T)




C7 — SATELLITE SERVICES SYSTEM — FLUID TRANSFER SYSTEM UTILIZATION

FREQUENCY OF USE/YEAR

MISSION
- CATEGORY ‘83 '84 ‘B8 | 'B6 ‘87 ‘88 ‘89 ‘a0 a1 ‘92 a3

A. INITIAL LAUNCH
(1) DIRECT DEL /SERV - - - ~ - — - - _ _ _
{2) LEO/PROP. SAT. - — - - - - - _ ~ _ _
(3) DoD - - - ~ - - - - - - -
(4) PLANETARY — - — - - - - - _ _ _
{5) GEO SAT, — - - - - _ _ _ ~ _ _
{6) SORTIE - ~ — - - - - - _ _ 3

B. REVISIT
{1} DIRECT DEL /SERV - - 1 2 4 7 9 9 8 11 12
(2) LEC/PROP. SAT. - - - 1 7 8 i0 12 " 7 12

C. EARTH RETURN
{1) DIRECT DEL/SERV - - — - - - — - - — -
{2) LEQO/PROP. SAT. - - - - - - - - - - -

TOTAL USES — — 1 3 1i 15 19 x| 20 18 24
NO. UNITS REQD — —_ 1 2 3 4 - — —_
REQD DELIVERY _ _— 1 1 1 1 - > THRU 90 = 70 —_ —

R81-1108-030D
1472-542(T)




C8 — SATELLITE SERVICES SYSTEM — ATTITUDE TRANSFER PKG UTILIZATION

MISSION
CATEGORY

FREQUENCY OF USE/YEAR

a3

'84

‘85

‘86

‘87

‘88

‘89

ap

81

‘92

‘93

A, INITIAL LAUNCH
{1} DIRECT DEL /SERV
{2) LEO/PROFP. SAT.
{3} DoD
{4} PLANETARY
{5) GEQ SAT.
{6) SORTIE

B, REVISIT
{1) DIRECT DEL /SERVY
{2} LEO/PROP SAT.

-C. EARTH RETURN
{1} DIRECT DEL/SERV
{2) LEQ/PROP. SAT.

TOTAL USES
MO, UNITS REQD
REQD DELIVERY

L) el et b e

L = by

RE1-1108-0350
1472-543({T)




C9 — SATELLITE SERVICES SYSTEM — NON-CONTAMINATING ACS UTILIZATION

MISSION
CATEGORY

FREQUENCY OF USE/YEAR

‘83

‘84

'86

‘86

‘87

‘88

‘89

91

‘a2

83

A. INITIAL LAUNCH
(1) DIRECT DEL /SERV
(2} LEO/PROP. SAT.
(3) DoD
{4) PLANETARY
(5) GEOQ SAT.

{6) SORTIE

B. REVISIT
{1} DIRECT DEL /SERV
(2) LEOQ/PROP. SAT,

C. EARTH RETURN
{1} DIRECT DEL/SERV
{2) LEQ/PROP. SAT.

TOTAL USES
NO, UNITS REQD
REQD DELIVERY

A

NONE

-—_—

% THRU 90 = 28

13

]?91-1108-034[)
1472-544(T)




C10 — SATELLITE SERVICES SYSTEM — FSS {CRADLES A, A" & B) UTILIZATION

MISSION
CATEGORY

FREQUENCY OF USE/YEAR

‘B3

‘B4

'35

‘86

‘87

‘88

‘89 20

91

‘92

'a3

A INITIAL LAUNCH
{1} DIRECT DEL /SERV
(2) LEO/PROP, SAT.
(3} DoD
{4) PLANETARY
(5) GEOQ SAT.
{6) SORTIE

B. REVISIT
(1} DIRECT DEL /SERV
{2} LEO/PROP. SAT.

C. EARTH RETURN
{1) DIRECT RPEL/SERV
{2} LEO/PROP, SAT.

TOTAL USES
NQ. UNITS REQD
REQD DELIVERY

= N o,

2

1
1

2

Z.THRU '20 =150)~

R81-1108-027D
1472-545(T)

C-10




C11 - SATELLITE SERVICES SYSTEM — AFD CONTROLS & DISPLAY PANEL UTILIZATION

FREQUENCY OF USE/YEAR
MISSION
CATEGORY '83 ‘84 '85 ‘36 ‘87 '288 '89 ‘90 ‘91 ‘92 ‘93
A. INITIAL LAUNCH ™

{1) DIRECT DEL /SERV
{2} LEOQO/PROP, SAT.
{3) DeD

(4} PLANETARY

{5} GEO SAT. - '
(8) SORTIE

B. REVISIT > REQD FOR EACH OPERATIONAL MISSION

{1} DIRECT DEL /SERV
{2} LEQ/PROP, SAT.

C. EARTH RETURN
{1) DIRECT DEL/SERV
{2) LEO/PROP, SAT.

TOTAL USES J
NG, UNITS REOD T 4 6 - — —_ - _ _
REQD DELIVERY 2 2 2 - - — - T THRU '90 =553 ) — -

L 1

RB1-1108-040D
1472-546(T)

C-11




C12 — SATELLITE SERVICES SYSTEM — MMU/WRU UTILIZATEON {(WiTH END EFFECTOR)

FREQUENCY OF USE/YEAR
MISSION
CATEGORY g3 | 8a | 85 | ‘86 g7 | 88 | B9 | 90 | 01 | w2 | o3

A. INITIAL LAUNCH ;

(1) DIRECT DEL /SERV 1 2 2 6 10 7 7 6 9 5 7

(2) LEO/PROP, SAT. 2 3 5 12 9 10 1 8 5 7 4

(3) DoD 5 6 15 17 12 1 7 7 7 8 4

(4 PLANETARY - 3 3 6 1 1 2 - 1 1 4

(5) GEO SAT. 8 16 13 15 17 22 24 | 26 21 21 3

(6) SORTIE 5 13 16 21 19 21 18 18 18 19 17
B. REVISIT : .

(1) DIRECT DEL /SERV - - 1 2 4 7 9 9 0 11 12

(2) LEO/PROP. SAT. - - - 1 7 8 10 12 ] M 7 12
C. EARTH RETURN

(1) DIRECT DEL/SERV - 1 2 1 3 2 3 4. 4 2 3

(2) LEO/PROP. SAT. - 2 - 4 a 4 4 7 7 7 4

TOTAL USES 21 45 57 85 86 93 95 97 92 88 08

NO, UNITS REQD - - _ _ _ _ _ —~ - — -

REQD DELIVERY - - - - _

{PART OF STD MMU SYSTEM — SEE MMUAVRU STAB. UTILIZATION FOR REQD NUI"«"JBEF!}HI
RB1-1108-025D
1472-547(T}

C-12



€13 — SATELLITE SERVICES SYSTEM — MMU/WRU/UTILIZATION {WITH STABILIZER)

FREQUENCY OF USE/YEAR
MISSION
CATEGORY | =B { 84 85 86 ‘g7 88 | ‘89 ‘90 ‘91 ‘92 93

A, INITIAL LAUNCH

(1} DIRECT DEL /SERV 2 3 4 6 10 7 7 B 9 5 7

{2) LEO/PROP, SAT., 4 6 10 24 18] 20 22 16 10 14 8

13} DoD 5 & 16 17 12 11 7 7 7 8 a

(4} PLANETARY — 3 3 6 1 1 - 1 1 4

(5) GEO SAT. 8 15 13 15 17 22 24 26 21 21 31

(6} SORTIE 5 13 16 21 19 21 |- 18 18 18 19 17
B. REVISIT

(1) DIRECT DEL /SERV - ~ 2 2 a4 7 9 8 9 11 12

{2) LEO/PROP, SAT. - — — 1 7 8 10 12 11 7 12
C. EARTH RETURN

{1) 'DIRECT DEL/SERY ~ 2 4 2 6 a4 5 7 6 4

{2) LEO/PROP, SAT. - 3 - 5 7 7 7 13 14 14

,. A

TOTAL USES 24 51 67 99 101 108 111 114 106 104 108

NO. UNITS REQD a4 6 8 10 12 —_ - - -

AEQD DELIVERY 4 2 2 2 2 - (s thRU 90 = 675 - -

|

R81-1108-0240D
1472.588{T)




C14 — SATELLITE SERVICES SYSTEM -- MMU/WRU PCM ADAPTATION UTILIZATION

FREQUENCY OF USE/YEAR

IVISSION
CATEGORY

83

‘84

‘85

'86

‘87

‘88

‘89 o0 ‘91

‘92

93

A, INITIAL LAUNCH
(1) DIRECT DEL /SERV
(2} LEQ/PROP. 5AT.
{3) DoD
(4) FLLANETARY
{5} GEQSAT.
(8} SORTIE

B. REVISIT
{1) DIRECT DEL /SERV
{2) LEO/PROP, SAT,

€. EARTH RETURN
{1} DIRECT DEL/SERV
{2) LEQ/PROP. SAT.

TOTAL USES
NO. UNITS REQD
REQD DELIVERY

- N

48]

- N s

NONE

T THRU ‘90=20

RE1-1108-035D
1472-549(T)

C-14




C15 — SATELLITE SERVICES S‘}STEM — MMU/WRU PAYLOAD HANDLING UTILIZATION

MISSION
CATEGORY

FREQUENCY OF USE/YEAR

'83

84

‘85

‘86

'87

‘88

:89

‘90

91 92

93

A. INITIAL LAUNCH
(1) DIRECT DEL /SERV
{2) LEQ/PROP, SAT.
{3).DoD
(4} PLANETARY
{5] GEOQ SAT.
(6) SORTIE

B. REVISIT
(1} DIRECT DEL /SERV
{2} LEO/PROP, SAT.

C. EARTH RETURN
{1) DIRECT DEL/SERV

{2} LEO/PROP. SAT.

TOTAL USES
NO. UNITS REQD
REQD DELIVERY

ZTHRU 90 =70

R81-1103-038D
1472-550(T)

12
12

C-15




C16 — SATELLITE SERVICES SYSTEM — MTV UTILIZATION

MISSION
CATEGORY

FREQUENCY OF USE/YEAR

IBS

‘84

‘85

'86

‘87

‘88

‘88

‘90 "

"

83

A. INITIAL LAUNCH
{1) DIRECT DEL JSERV
(2] LEQ/PROP, SAT.
{3) DoD
{4) PLANETARY
(5) GEO SAT.

{6} SORTIE

B. REVISIT
{1} DIRECT DEL fSERV

{2} LEG/PROP. SAT.

C. EARTH RETURN
{1} DIRECT DEL/SERV
(2) LEO/PROP, SAT.

TOTAL USES
NO. UNITS REQD
REQD DELIVERY

= W R -

12 "

= THRU'90 = 111

11
12

R81-1108-023D
1472-551(T)

C-16




C17 — SATELLITE SERVICES SYSTEM — MTV POM ADAPTATION UTILIZATION

FREQUENCY OF USE/YEAR

MISSION
CATEGORY ‘83 ‘84 ‘85 ‘86 87 ‘88 ‘a8 ‘a0 a1 92 ‘a3

A. INITIAL LAUNCH
i1} DIRECT DEL /SERV
{2} LEO/PROP. SAT.
(3} DaD

|

NONE

Y

(4) PLANETARY
(5) GEO SAT,
(6) SORTIE

B. REVISIT
{1) DIRECT DEL /SERV — - 1 2 1 4 3 - 2 5 8
{2) LEO/PROP. SAT. — - - - 6 7 2 1 - 1 2

C. EARTH RETURN
{1} DIRECT DEL/SERV — - - - 1 _ 1 3 _ _ _
{2} LEQ/PROP. SAT. _ —. - 1 3 3 2 4 1 - -

TOTAL USES - - 1 3 11 14 8 8 3. 6 10
NO. UNITS REQD - — 1 2 - - - | et —_ -
REQD DELIVERY ) — -— 1 1 — - — { ZTHRU'90 =45 - -

‘|rR81-1108-037D
1472-552(T)

C-17



C18 — SATELLITE SERVICES SYSTEM — SUN SHIELD UTILIZATION

MISSION
CATEGORY

FREQUENCY OF USE/YEAR

‘83

'24

85

‘86

‘87

‘83

‘89

gl

a1

‘82

‘83

A INITIAL LAUNCH
{1} DIRECT DEL /SERV
{2) LEO/PROP. SAT.

{(3) DaD

(4) PLANETARY
{5} GEO SAT.
6y SORTIE

B. REVISIT
(1) DIRECT DEL /SERV
{2} LEO/PROP.SAT.

C. EARTH RETURN

{1) DIRECT DEL/SERV’

(2} LEQ/PROP, SAT.

TOTAL USES
NO. UNITS REQD
RECQD DELIVERY

P ™ S .

wd Y

W = NN =

NN LN

NN N

M o= M M) =

N -

ZTHRU "90 =59

o =, ek o= RS

1472-553(T)
Rg1-1108-0310




C19 — SATELLITE SERVICES SYSTEM — ORBITAL STORAGE UTILIZATION

MISSION
CATEGORY

FREQUENCY OF USE/YEAR

'83

‘84

‘85

‘86

‘87

88

‘B9 'a0 ‘81

‘a2

‘a3

A, INITIAL LAUNCH

{1) DIRECT DEL /SERV
{2} LEO/PROP. SAT.
{3) DeD

(4) PLANETARY

{5} GEO SAT.

{(6) SORTIE

REVISIT
(1) DIRECT DEL /SERV
(2) LEO/PROP, SAT,

EARTH RETURN
{1) DIRECT DEL/SERV
{2} LEQ/PROP. SAT

TOTAL USES

* NO. UNITS REQD

REQD DELIVERY

R81-1108-032D
1472-554(T)

[ 2% J P T G |

G m A -

W - N =

N NN

12

N oy N

o = D N =
(% T % B
-

ZTHRU '90=80

N N -

O = b o N

C-19




ORIGINAL PAGE 1S
OF POOR QUALITY

C20 — SATELLITE SERVICES SYSTEM — LIGHT ENHANCEMENT UTILIZATION

FREQUENCY OF USE/YEAR

MISSION - .
CATEGORY ‘83 ‘84 85 ‘86 87 ‘88 ‘89 an 91 92 93
A, INITIAL LAUNCH
i1} DIRECT DEL /SERV - 1 - 1 2 2 ] 1 2 1 2
12) LEQ/PROP, SAT. - 1 1 2 2z 2 2 2 1 2 1
t3) DoD - 1 2 2 2 2 2 2 1 2 1
14} PLANETARY - 1 1 1 - — 1 - — - 1
(5} GEO SAT. 2 3 3 3 3 4 5 5 4 4 6
6] SORTIE - — - - - — - - - - _
8. REVISIT
1) DIRECT DEL /SERV — - - 1 1 1 o 2 7 2 )
{2} LEQ/PROP. SAT. — - - - 2 2 2 2 2 2 2
€ EARTH RETURN
1) DIRECT DEL/SERV - — — - - - - —- - — _
12} LEQ/PROP, SAT. - - - — - - - - _ - =
TOTAL USES 2 7 7 10 12 13 15 14 12 13 15
NO. UNITS REQD 3 6 g 15 25 35 45 55 60 )
REQD DELIVERY 3 3 3 2] 10 10 10 10 5
@'HF{U ‘90 =80 {FLIGHT CREWS}

1472-555(T)
R81-1108-0330

C-20



C271 —SATELLITE SERVICES SYSTEM — VSS UTILIZATION

MISSION
CATEGORY

FREQUENCY OF USE/YEAR

83

‘84

» 86

‘87

‘a8

‘89

90 ‘01

‘92

93

A. INITIAL LAUNGCH
{1} DIRECT DEL /SERV
2} LEO/PROP. SAT.
{3} poD
{4) PLANETARY
{5) GEO SAT,
{6} SORTIE

B. REVISIT
{1) DIRECT DEL /SERV
{2} LEQ/PROP. SAT.

C. EARTH RETURN
{1} DIRECT DEL/SERYV
{2} LEQ/PROP. SAT.

TOTAL USES
NO. UNETS REQD
REQD DELIVERY

Z THRU "80 =62

R81-11l08-022D
1472-556{T)

C-21
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IHFLUENCE OF FUEL-0IL TEMPERATURE ON THE COMBUSTIONW IN
A PRECEAMBER COUPRESSION-IGNITION ENGINE

By Harold ¢, Gerrish and Bruce B, Ayer
SUMMARY

The influence of fuel-oil temperature on combustion
wag investigated by injecting the fuel into the prechamber
of a gsingle-cylinder, 4~stroke-cycle, water-cooled, com-
pression-ignition engine operating at 1,500 r.p.m. and at
a compression ratio of 13. 5. Indicator cards, exhaust-gas
samples, and engine-performance data were obta1ned for
changes in fuel temperature from 124° to0 750° F. The in—
jection characteristics of the fuel system and the appear-
ance of the fuel spray were studied by injecting the fuel
into the atmosphere. A common-rail fuel-injection system
was used with a hydraulically controlled fuel-injection
valve operating at a pressure of 8,800 pounds per square
inch, The fusl was heated by passing it through an elec-
tric heater 1nserted between the pump and the injection
valve, .

The resnlts showed that heating the fuel oil fto 750°
F. increased the injection period, changed the rate ol in-
jeetion, and eliminated the spray core. Engine lesis
showed that the ignition lag, rate of pressure rise, and
maximum cylinder pressvre were rednced. The indicated
mean effective pressure, the fuel economy, and the thermal
efficipncy were sllgntly increased. Operatlon of the en-~
gine when the fuel was heskted to 750° F. was smoother, the
exhaust clearer, and the cardbon formation in the combus-
tion chamher con91derab1y less than when the fuel was
heated to 124°% 7,

INTRODUCTION

The present methods of proportioning the fuel to air
and the utiligation of air flow in combustion chamdbers to
mix the fuel with the air have resulted in some improve-
ment in the combustion process, but tae fuel still burns
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throughout a large portion of the power stroke. ¥No greatb
jmprovement in the engine performance can be expected as
long as the fuel ig burned late in the cycle.

Attempts to increase the thermal efficiency by in~
jecting the fuel during the earlier part of the compres-
sion stxoke and thus to obtain a more uniform mixture
throughout the combustion chamber have not been satisfac—
torye. The early injection resulied in the accumulation of
a congilderable guantity of fuel in the combustion chamber
and, upon ignition, high cylinder pressures were devel-
oped, knocking ocecurred, and the engine operation wasL
roughe.

A theoreticael analysis shows that, for the game maxi-
mum cylinder pressure, an engine operating on the con-
stant-pressure combustion cycle is more efficient than one
operating on the constant~volume.cycle, A method of ob-
taining the-constant-pressure combustion cycle is to re-
duce the ignition lag to zero-so -that. the.rate of injec~
tion will control the rate of-burning, to inject the fuel-
at' such a rate that constant pressure may be maintained,
and to insure that the necessary air for combustion 1is
available at the proper time. ’

It should--be possible to reduce the ignition lag by
reducing the time required in the engine eylinder to heat
the fuel to its igniftion temperature. Various methods of
ralsing the temperature of the fuel have been proposed
{(references 1 and 2). Methods of-heating:the fuel direct-
ly have utilized the.heat of. the exhaust gases as.well as. .
part of the heat developed during combustion. Hawkes:
(reference 3) preheated the fuel by passing it through an
011 hezgter in the. exhaust stack of the engine.

The object of this investigation was to determine
the effect of raising the fuel-oil temperature prior o
injection on the injection characteristics, the ignition
lag., the combustion, and the engine performance. ’

APPARATUS

The single~eylihder, 4-stroke-cyecle, water—cooled
test engine unged in this investigation is showh. in figure
ls The N.A.C.A, universal test—engine base and ecylinder
were used with the c¢cylinder head. included in figure 2.
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The following table gives .the special .characteristics of
the engine, the test conditions, and the fuel used.

Engine b=-ineh bore, 7-inch ‘stroke.

Combustion chamber ~-- Disk, prechamber, 2-3/4 inches
in diameter and 1 iach thick
containing 50 percent of the
clearance volume. Chamber
connected to cylinder by a
9/16-inch—diameter passage
Tlared at both ends.

Engine :speed -------~- 1,500 r.p.m.
Compression vatio ---— 13.5.
Start of injection --- Top center (1 crankghaf? de-

gree late for 750 F...fuel
temperature).,

Fuel ~---tee—tmmmeaa- Auto Diecsel fuel, 41 seconds
Saybolt universal viscosity
at 80° P, -Digtillation
curvo. (A.8.T. h.) shown in
fmgurc 3.

Fuel guantity -------- 0.0003 pound per cycle, & per-
cent excegs air.

Fuel-injection pres- )
SUIS. ~mm e e 8,800 pounds per square inch,

Fuelvnozzle m--we———~- Single .round=hole orifice,
0.060-inch diameter, length-
diameter ratio, 4. -

Previous tests with heated fuel using a displacement-
type fuel pump and an automatic fuel-injection valve indi-
cated the necessity of reduecing the .injection perlod and
maintaining an accurate.control of the start of injection.,

-Other factors encourtered were warping of the valve parts

and excessive leakage of fuel past the lapped portion of
the valve stem at the higher fuel temperatures.

The fuel systenm used in these tests is shown mounted
on the test engine in figure 1 and diagrammatically in
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figure 2. It consigts of a modified commercial fuel-injec-
tion pumn, a suitable injection wvalve, and an electric
heater., The fuel-injection system nas a low- and a high-
pressure fuel-oll circuit. The low-pregsure circuit has
two small gear pumps: the primary pump that supplies oil
to three uniformly phased high-pressure plunger pumps and
the sump pump that returns any fuel oil passing through the .
various pressure geals to the primary fuel supply. The
fuel supplied Tte the high-pressure plungers is maintaincd
vnder pressure by a regulatiang valve in the pump body.
Excecss 011 from the primary punp and the o0il collected by
the sump -pump iIs bypasscd through the crankcase of the
fuel pump for lubricating purposes and through an oil
cooler to the 0il reservoir on the fuel-weighing -stand.

The high-pressure o0il circuit consists of three uni-
formly phased plunger pumps, which supply 0il to the maxi-
mum-fuel-pressure regulating valve, the injection-control
valve, and the -injection valve. Pressure is maintained in
this circuit dy the mpximum—-fusli-pressure regulating valve.
Excess 0il passes through this valve and the oil cooler to
the reservoir on the fuel stand, The oll to be injected
passes through the safety check valve, the electric heater,
the auxiliary control valve, and into the injection valve,
The 0il used to control injection maintains pressure on
the injection-valve stem between injections and replaces
that quantity of 0il released by the operation of the
injection~control wvalve. . - ’

The injection-control valve shown diagrammatically in
figure 2 consists of a lapped spindle rotating "in a valve
body. The spindle has a set of ports located on its cir-
cumference, which at the mroper time uncover a port in the
valve body¥ connected to the injection-control tube. The
pressure on top of the injection-valve stem is released
when cort 2 sufficiently overlaps port 3. The high-pres-
sure fuel o0il acting on a small differentisl annular areca
at the nozzlc end of the valve stem raises the valve stem
and discharges fuel into thé comtustion chambor. This
discharge of fuel-comtinues-until port 2 gufficiently over-
laps thé high-pressure fuel-oil supply in vort 4, which
produces a pressure vave that returns the injection-valve
stem to its seat and siops the dinjection. The guantity of
fuel discharged is controlled by manually adjusting the
interval between ports 3 and 4.

The maximum—-fuel-pressure regulating valve shown in
figure 2 is the-ufval springd-lcaded automatic injection
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valve with a single round-hole orifice nozzle., The injec-
tion pressure can be adjusted duriang operation to any de-
*gired value by varying the spring tension.

The injection valve shown in figure 4 was designed o
operate at an injection pressure of 10,000 Dounds per
square inch cnd ‘at a fuel temperature of 1, 000°- F.; it has
the usual lapped clearance between the Valve stem and the
sleeve. In order to -maintain the lapped clearance, the
heated fuel, in its passage through the valve, transmitted
heat to the stem through the sleeve. This method main-
tains a positive cleaTrance between the stem and sleeve at
all times during the heating process. A special key,
clamped betweon the valve body and the nozzle, allowed the
stem and sleeve to expand bul prevented the slesve from
turning "in the body. The high operating stress caused by
the injection pregsure together with the high fuel temper-
ature necegsitated the construoction of the injection-valve
stem, sleeve, nozzle, and gtemstop of steel having a high
tungsten content. This steel had sufficient hardness at
the high fuel temperature to prevent galling the stem with
the sleeve or peening the stem at the seat and the stem-
Stop %

The electric heater is shown in figure 5 with part of
the ingulation removed, It was composed of 10 feet of
seamless carbon steel tubing, 1/4~inch outside diameter
and l/8~inch bore, wound in the form of a close-coiled
helical spriag, 4~l/8 inches in diameter. The consecutive
colls were lightly tack-welded together -at intervals %o
prevent any springing of the unit caused by pulsating
high-pressure fuel oil. The heating element was made of
Fo. 15 B & 8 gage nichrome IV wire wound in a small helix
and wrapped around the tubing. The wire was insulated
from the tubing by porcelain insulators and alundum cenent.
The heating element was placed in a sheet—-iron container
and the intervening space filled with mineral wool.

METHOD

ne effect of. fuel temperature .on the start of injsc-
tion wag determined by mounﬁlng the injection system on
the engine, allowing the fuel valve to discharge into the
eXhaust system, and observing the development of the fuel
spray with the Stroborama. The-engine was motored at the
test speed of 1,500 r.p.m. and the spray characteristics
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were obtalned for geveral changes in fuel temperature from
124° o 600° P, An irjectiocn pressure of 8,800 pounds per
gsguarc inch was found recessary with the present valve de-
sign to insure regular injectioh at all fuel temperatures.

Engine tests were made with the injection valve in

"the top hole of the precombustion chamber. (Sece fig. 2.)
Ls soon as btest conditions became stabilized, the usual
cngine data, temperatures of the fuel system, exhaust tem—
perature, indicator cards, ard samples of the exhaust gas-
es were obtained. As no trouble was encountered with the
injection system for fuel temperatures up to 600° F., the
temperature of the fuel was increased to 750° P. and the
data previowsly rentioned were obtained.

In order to obtain the necessary -correction to the
injection advance angle for the 750° ¥. fuel, the injec-
tion valve was removed from-the combustion chamber and al-~
lowed to digscharge fuel into the exhaust system. The start
of injeetion for this fuel temperature was determined but
with a slightly larger fuel quantity than that used in the
engine tests. The heating unit failed, however, and ithere-
fore the glart of injection obtained at ithe larger fuel
guantity was considered to be the actual start of injec~—
tion whicn, according to other data, is not eritical with .
fuel quantity. ) '

The heat input to the electric heater was medsured by
a voltmeter and an aumeter. Tne guantity of heait was con-
trolled by water-cooled rheostats. As the heat losses
from the hieater were excessive, the voltmeter and amnmeter
readings were used only as a guide for regulating the tem-
prerature at the injection wvalve.

Exhaugt—~gas samples taken through a 1/4-inch steel
tube inserted in the center of the exhaust stack approxi-
rately 1 inch from the exhaust valve were completely ara-
1yzed Dy means of a modified Bureau of Mines zas—-analysis
apparatus (reference 4),

The gtart of injection, the gpray development, the
stop of Injeetion, and the location of the top center
lines on the indicator cards were determined by means of a
Stroborama. A modified Farnbore indicator (references 5
and 8) was used to record the variations of pressure in
the precombustion chanber. (See fig. 2 for valve loca-
tion.): The maximum explosion pressure in this chamber was
determined from the indicator cards; the maximum cylinder
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pressure was recorded by means of a FarnborOthpe valve in
the cylinder head. (See fig. 2.)

Various attempts to measare the actual fTemperature .of
the fuel o0il gt the high temperature and pressure used
were unsabtisfactory, and the temperature of the injection
tube close to the injectionrn valve .as indicated by a ther-
mocouple T (fig. 2) was considered to bé the temperature
of the fuel. This method of indicating the fuel tempera-
ture was satlsfactory for thege tegts but wag not congid-
ered sufficiently accurate to correct the engine-perform-
ance data for thé increase in thermal - energy of the Fuel.

‘BT FEGT oF FUEL OIL TEMPERATURE OY

 INJEGTION cﬁgngcrﬂﬂlsmxcs

The preliminatry tests with thig fuel-injection system
indicated the necessity for cooling the injection~control
tube. Without the water jacket the start of injection was
retarded 30 crankshaft degrees at an engine speed of 1,500
r.pim. when ‘the fuel was heated to 800° F. -Whear the water
jacket was used, this interval was reduced ito 3 crankshaft
degrees. The change in the start of injection was caused
by the large increase in the compressibpility of the fuel
0il, which affected the-velocity of -the presstre wave
through the injection-control tube. The increasing temper-
ature in the control tube was caused by the conduction of
heat from the injection valve and not by the alternate
compression and expansion of the fuel oil in the ftube.

The action of .the injection-valve stem for the test
conditions further indicates the compressibility effeect.
With the 124° ¥, fuel the valve stem did not 1ift the 0.030
Jnch allowed by the stem stop, as indicated by the lack of
markings on the top of the.stem. Apparently .the orifice
was sufficiently large to keep the restricting p01nt at the
geat for this fuel-injection process., With the 7.50° ¥,
fuel, however, definite markings appeared on the top of
the stem, in addition to an increase in the injection pe-
riod .of 3 crankshaft degrees, indicating a large change in
the specific vqlume of fuwel passing through the orifice
for similar pressure conditions. C

The effect of temperature on the compressibility of -
the o0ll was further shown in the development of the fuel
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spray. The 1240 F. fuel-spray bnvelope had a cone angle

of lesgs than T0°, within wkich was a concentrated dore;

the gpray envelope at a fuel tehmperabure of 750° F; Had a
cone angle of approximately 30°% with no perceptible core,
the entire spray belng a well-defined billowy clound. A
definite increase in the spray cone angle occurred with the
inerease of the fuel temperature to above 400° ¥,

Burlng the preliminary tests with a sprlngmloaded au~
towatic injection valve operating at an injection pressure
of 3 500 pounds per square inch and a fuel- temperature of
870° 7, the spray issued from the valve as a blue haze,
léaving the nowgzle dry. A few incheg from the nozzle, the
haze graduvally formed a fleecy white cloud, This condition
wag not attained in the tests using the hydraulic-injection
system because of the much higher injection pressures,

The start and stop of injection with 124° F. fuel was
characterized by a slight 4ribbling of oil: whereas with
the fuel heated to temperatures above 400° F. the start
and stop were well defined, At the highest fuel tempera-
ture with the fuel injecting into the atmosphere, the ’
start was characterized by a sharp crack, and the fuel ex-
panded from %tae 0.060~inch orifice to approxlmately 1/4~
inch diameter instantly at the orifice.

Effective ignition lag was determined by the method
veed in referehce 7 and is defined -as the period betWeen
the start of injection, and the time when 4.0 X 107° pounds
of fvel has been effectively burned, as determined from the
analysis of the indicator card. The effective~ignition~
lag curve ghown in-figure 6 - shows that the lag increased
up to a fuel temperature of 300° F. and then decreased with
an increase in the fuel temperature._ It is believed that
the increase in ignition lag is caused by the progressively
finer atomization of a larger portion of the fuel spray,
wiich results from the decreasing viscosity and surface
tension of the fuel o0il. The increase in the surface-~vol-
ume ratio of the drops also produces-a local decrease in
temperature greater than that normally occurring with the
124° 7, fuel. As soon as the fuel oil is sufficiently
heated to offset this coolimg, the ignition lag starts to
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decrease. It is significant that the fuel-spray envelope
beging to show change at this time, The decrease with

fuel temperatures greater than 300° F., is believed to be
principally due to either the decreased difference between
the fuel temperature at 1ngect101 and its auto—lgnltlon
tempsrature, to the finer atomization and dispersion of the
fuel, which incréeases the surface~volume ratio of the drops
and their rate of heat abgorption, or to both thege factors.

BFFECT OF FUEL-OIL TEHMPERATURE ON -COMBUSTION

The effects of heating fuel oil from 124% to 750° F.
on the shapes of.the -indicator cards are shown in figure
7. Heating the fuel 0il did not affect the dispersion of
the points that form the diagrams. The cards show that
heating the fuel causes the breakaway of the -combustion
from the compression to cccur nearer top center and the
pressure rige and the maximum pressure to be less.

The difference in the Injection period and in, the com—
bustion of the fuel for.the two conditions is guite marked
{fig. 8). Although the start of injection is nearly the
same for both fuel temperatures, the stop of injection is
different. For the 124° F. fuel the injection is practi-
cally complete before breakaway occurs, while for the 7500
F, fuel it continues into the region of maximum pressure.
The development of the initial pressure rise for the 750°
F. fuel is more desiradle than that for the 124° ¥, fuel
since the average rate of pressure rise from ignition fo
maximum explosion pressure is only 30 pounds per sguare
inch per degree, whereas with the 124% F, fuel it is 50
pounds per square inch per degree.

A thermodynaizc analysis of the indicator cards was
made to obtain information on the evolution of heat when
fuel o0il heated to 124° and to 750° F. was used. Figure 9
shows the amount of fuel effectively burned. By "effec-
tively burrned" is meant the amount of fusl required to pro-
duce the cnange in enthalpy indicated by the pressure-time
cards. -

Although the start of the injection of the. 7509 PF.
fuel was later than that of the 124° ¥, fuel by 1 crank-
shaft degree, the former fuel started to burn approximately
& crankshaft degrees earlier and combustion had proceeded
to a large extent before the completion of the injection.
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With the latter fuel, combustion had Jjust started at the
end of injection, The late start of combustion witlh the
124°¢ P, fuel resulds in the formation of a large amount of
combtastible mixture in the engine arnd, upon ignition,
causes high maximum cylinder pressurcs accompanied by a
heavy metallic knock. The early combustion of the 750° 7.
fucl maintains lower ratcs of pressure 'rise with less ia-
tonge knock and leads to a more desirable form-of indica-
tor card. '

The total effcctive fuel burned up to the position of
maximum cxplosion presgsurc was approximately the same with
the 750°% F. faucl as with the 124° ¥, fuel, but the maximum
cxplosion pressure as determined from the indicator cards
was approximately 70 pounds per square inch less with the
7500 F. fuel. Although the maximum pressure was lower,
the encrgy releaged carly in the -power stroke resultced in
a slight improvement in the performance-of the onginc.

It was expected that the high residual air flow in
the prechamber together with the 750° ¥. fuel would mate~
rially reduce the guantity of fuwel burned late in the
stroke, but figure 9 shows that the guantity burned after
maximum pressure was approximately the same as that with
tne 124° T, fuel. Apparcntily the heating of the fuel had
the greatest effect during the first part of the combus-
tion periocd in this particular combusiion chamber. It is
not krnown whether tae 750°% F, fuel would have a greater
cffect on combustion late in the stroke if it had been in-
Jected into all instead of less than half the combustion
air. .I%t seems that the time untilized in forming the ex-
cessively rich mixture in the »nrechamber counld have been
advantageously dsed to mix the fuel with the air, since
the tremendous volume of the heated fuel spray would as-
sigt the mixing process much better thageconld a spray
with a central core.

Additional information on the combustion of the 750°
¥F. fuel was obdtained by examining the combustion chamber
after . -several hours of engine operation. o appreciable
amount of-.carbon was found in the combustion chamber., The
deposit on the piston crown was so thin that it did not
obscure the polish on the exposed surface: In the case of
the 122° 7, fuel, the carbon formation was very pronounced
even after a much shorter period of operation. - The cause
of the lack of carbon devosit whén using the 750° F. fuel
is not apparent, inasmuch ag chemical analysis of the ex-
haust gases showed practically no differerce in composi-
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tion, which indicates that the same amount of carbon was
burned in both cases,

It is not definitely known whether the high tempera-
ture had any effect on the composition of the fuel because
the heater failed before a sample of the fuel could be ob-
tained for analysis. It is believed, however, that no
change in the composition of the fuel occurred because of
the small amount o0f time that the fuel was exposed to the
high temperature, approximately 12 geconds, and because of
tae high pressure maintained on tine fuel at all times. An
examination of the inside of the "injection tube, after 14
hours of operation with fuel above a temperature of 300° ¥,
and 9 hours above a temperature of 700° P., showed no car-
bon deposits on the walls.

B

kel
e=]

FECT OF FUEL-O0IL TEMPERATURE OF ENGINE PERFORHAYCE

Figure 5 shows the effect of heating fuel on the per-
formance of the engine, Only a slight improvement in the
power and econony is indicated. Since only one size of
connecling passage betwecn the combustion chamber and the
cylinder and one form and size of prechamber was used in
this ianvestigation, it is not known whether some other
conmbination of these factors would have shown a greater
improvement. As the investigation was primarily concerned
with the control of the initial combustion, the various
combinations were not studied.

- Heating the fuel o0il improved the operation of the en—
‘gine. The combusgtion knock was perceptibly less and t
exhaust showed less flame than that obtained with 124° F.
fuel, ©Smoke was present in the exhaust under all condi-
tions as would be expected with only 4 percent of excess
air but, as the fuel btemperature was increased, the amount
of smoke Dbecame less and intermittently there were clear
periods. Tas tendency of the knock %o decrease with in-
creasing fuel temperature was probably caused by the chang-
ing rate of injection, which was indicated by the increase
of the injection period and by the change in the rate dur-
ing {this period as previously explained. The decreased
smoke and flame in the exhaust indicated a change in the
combustion process with increased fuel temperature. Be-
cause of the limited nature of these tests, this phase of
the problem was not investigated.
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-Hawkes (reference 3) reported a decrease in engine
performance with an increase in fuel temperature up to
400° F. This decrease in engine performance was probably
due to the retarded injection accompanying the preheated
fuel because the authorg found, during some preliminary
sxperiment.s with heated fuel and a displacement-type fuel-
injection gystem, that ihjection was materially retarded
with an incresse in fwel temperature if the injection tim-
ing wasg not advanced to compensate for the increased com~
pressibility of the fuel. )

CONCLUSIONS

FProm the preliminary tests of a prechamber compres-
sion-ignition engine using hegted fuel oil and a nozzle
with a 0.080—-inch~digmeter orifice, it was foumnd that with
inereasing fuel temperatures:

1. The injection period was increased, the average
rate of injection of the fuel was decreased, the spray
core was eliminated, and the entire spray was a white cloud.

2, The ignition lag, rate of pregsure rise, and cyl-
inder pwressures were reduced.

3. The mean effective pressure and the thermal effi-
ciency were slightly improved.

4, ®he operation of the engine was smoother, the ex-
hauwst was clearer, and the carbon formaticn in the com-
bustion chamber wag congiderably less.

Langley Memorial Aerounautiecal ILaveoratory,
Hational Advisory Committee for Aeronautics,
Langley Field, Va., larch 26, 1936,
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Single-cylinder engine and equipment.

Figure 1.
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Figure 5.- Fuel heater construction,
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B1 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS (‘83 TO ‘85)
RMS PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION [ TILT | sein [ Ams | DA | MFR/RMs MMUMWRU HPA |MTv |VSS | SUNSHIELD | ORBITAL |ATTITUDE LIGHT
Vi MESIE STRUCTURE | TABLE | TABLE STORAGE |TRANSFER | ENHANCE-
WITH END WITH PACKAGE MENT

EFFECTOR STABILIZER

SPAS-01 STS PALLET SAT X X X X x2

1984 MISSIONS

SPACE TELESCOPE {A-3) X X X X X
LDEF (01-10) X X X X x2
OPTIONAL SERVICE MISSIONS x X X x

1985 MISSIONS

SPAS-01 STS PALLET SAT. X X X X x2

GRO-GAMMA RAY OBSERV (A-7) X % X X X2

R81-1108-0650-0670

T as09tT) NOTE: EXPONENT INDICATES NUMBER OF USES




B2 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS ('86 TO '88)
HPA PRIME USAGE

SATELLITE

NOMINAL EQUIPMENT

OPTIONAL EQUIPMENT

1985 MISSIONS

RETENTION
STRUCTURE

TILT
TABLE

SPIN
TABLE

RMS

PIDA

MFR/RMS

MMU/WRU

WITH END WITH
EFFECTOR STABILIZER

HPA

MTV

SUN SHIELD

ORBITAL
STORAGE

ATTITUDE
TRANSFER
PACKAGE

LIGHT
ENHANCE-
MENT

LDEF {01-10}

SASP-SCI & APP SP PLAT (U-7 & L-2)

25kW PWR MOD, (U-8]

LG STRUCT CONSTR (U-6]

MAT’LS EXPERIMENT CARRIER (U-9 & -10)
SUBSAT FACILITY (5-8)

OPTIONAL SERVICE MISSIONS

HoX X X X X

X X X X X X

XX X M X X

X

Mo oMM XK

x X X X X X

X X X X X X

1987 MISSIONS

SPAS-01 STS PALLET SAT.

MAT'LS EXPERIMENT CARRIER (U9 & -10)
SUBSAT FACILITY (5-8)

AXAF-ADV X-RAY ASTRO (A-8)
CRO-COSMIC RAY OBSER (A-13)

GRAVITY PROBE B (A-8)

POLAIRE (LEP)

COASTAL S5AT. (NAS)

SOC-SPOPSCTR (5 YR)

OPTIONAL SERVICE MISSIONS

EE

® X X X

L S S S

x
(5]

x2

M oX K X X X X X

*
N

HK oKX X X X XX

x
X3

X X X X X xX X X

x
(X

X X X X X X X X

>
(X

x2

%2

x2

1988 MISSIONS

SASP-SCI & APP SP PLAT (U-7 & L-2)

5 W PWR MOD, (US)

MAG FIELD SURV BIR-7)

MAT’LS EXPERIMENT CARRIER (U9 & -10)
SUBSAT FACILITY {5-9)

SOC-SP OPS CTR (6 YR.)

OPTIONAL SERVICE MISSIONS
RE81-1108-0680-0700
1472-504(T)

x

H X X X X

x2

X oX X X X

X X X X X

X X X X X

x X X X X

x2

xZ

XZ

NOTE: EXPONENT INDICATES NUMBER OF USES
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B3 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS (‘89 TO ‘92)
HPAAPRIME USAGE
' SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TiLT | sein |rms | pipa | mFr/RMS MMU/MWRU HPA | MTV | VSS | SUNSHIELD | ORBITAL | ATTITUDE LIGHT
STRUCTURE | TABLE | TABLE STORAGE | TRANSFER | ENHANCE-
. 1383 MISSIONS EAETRE, TR PACKAGE MENT
EFFECTOR | STABILIZER
SPAS01 TS PALLET SAT. X x X X X X
l LDEF {01-10) x X x X X X
MAT'LS EXPERIMENT CARRIER (U9 & -10} X X X x X x
SUBSAT FACILITY (59) X X x X x x
. SOC-SP OPS CTR (5 YR) X X X X x x
OCEAN RESEARCH SAR (E-11) X X X X x X
HVY NUCLI EXPL (GSF) X X X X X X
. OPTIONAL SERVICE MISSIONS X X X
1990 MISSIONS
. SPACE TELESCOPE (A-3) X X X X X X
MAT'LS EXPERIMENT CARRIER (U-9 & -10) x X X X X X
SUBSAT FACILITY (S9) X X X X X X
. SOC-SP OPS CTR (5 YAR) x2 x2 x2 x2 x2 x2
LG SOLAR OBSERV (LEP} x X X x X X
. OPTIONAL SERVICE MISSIONS x x X
1991 MISSIONS
l SPAS-01STS PALLET SAT. X % x X x X
25kW PWR MOD. (U-8) X X x x X x
MAT'LS EXPERIMENT CARRIER (U9 & -10) X X X X X X
SUBSAT FACILITY (S9) b x x X x x
. AXAF-ADV X-RAY ASTRO {A-9) X X X X 3 x
CRO-COSMIC RAY OBSER (A-13) X X x x x x
SOLAR TERR OBS (5-12) % X X X x X
l ADVANCED RELATIVITY (LEP) x2 x2 x2 x2 x2 x2
OPTIONAL SERVICE MISSIONS x2 x2 x?
. 1992 MISSIONS
MAT LS EXPERIMENT CARRIER (U-9 & -10) x X X X X X
. POLAIRE (LEP) s x x X x X X
SPS TEST ARTICLE (MDC) (U-13} x2 x2 x2 x2 x2 x2
AMBIENT DEPLOY. IR TELE (A-17) x X 3 X X X
| l OPTIONAL SERVICE MISSIONS X X x
R81-1108-0710-074D
1472-505(T) NOTE: EXPONENT INDICATES NUMBER OF USES
E




B4 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS {‘83)
HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TILT | sPin | RMS | PIDA | MFR/RMS MMUMRU HPA | MTV SUN SHIELD | ORBITAL | ATTITUDE LiGAT
STRUCTURE | TABLE | TABLE STORAGE | TRANSFER | ENHANCE-
1993 Rssione PACKAGE MENT
WITH END WITH
EFFECTOR | STABILIZER
SPAS01 STS PALLET SAT X X 3% X X X
LDEF (01-10) X X X X X X
25kW PWR MOD. (UB) X X X X X X
MAT'LS EXPERIMENT CARRIER (U-9 & -10) X X X X X X
SPS TEST ARTICLE (MDC) (U-13) x2 x2 x2 x2 x2 x2
IR INTERFEROMETER (A-18) X X X X X X
x2 x2 X2

QPFTIONAL SERVICE MISSIONS

RB1-1108-0750
1472-506(T)

NOTE: EXPONENT INDICATES NUMBER OF USES




B5 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — LEO/PROPULSION SATELLITE MISSIONS (83 TO ‘86)

RMS PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TILT | SPIN | RMS | PIDA | MFR/RMS MMU/WRU HPA | mrv | vss | SunsHiELD | oRBITAL | ATTITUDE LIGHT
1883 MISSIONS STRUCTURE | TABLE | TABLE STORAGE :RAAc:iFGEER sm;;ﬂufg.
WITH END WITH
= EFFECTOR | STABILIZER
LANDSAT D (R-2) x X X X X x2 X
CHEM REL MODULE (s-5) X X 3 x X x4 X
1984 MISSIONS
ERBS — EARTH RAD BUDGET SAT. (E4) X X X X X x2 x
LANDSAT D" (5 YR) X X X X X x2 X
NOAA (E-5) X X X X X x2 X
OPTIONAL SERVICE MISSIONS X X X X
1985 MISSIONS
CHEM REL MODULE (5-5) X x X x X x2 X
LANDSAT D™ |5 YR] X X X X x2 X
COBE — COSMIC BKGND EXPL (GSF) X X % X % x2 X
GRAVSAT (R4, GSF) %2 x2 x2 x2 x2 x4 x2
STS — 46
STS—49
OPTIONAL SERVICE MISSIONS x x x x
1886 MISSIONS HPA PRIME USAGE
NOAA (E-5) X ¥ X X x2 X X
EUVE-EXTREME UV EXPLORER (A5, GSF) X X x X x2 X X
REGION H20 QUAL MON (LEP) X X X X x2 X X
ORBITER CAMERA FR FLYER (MML}) X X x x x2 X x
UARS-UPPER ATMOS RES (E-7) X X X X x? X X
NOSS-NAT OCEAN SAT. (E8) x X X X %2 X X
MAGSAT B (R-1) X x x X x2 x X
HI ENERGY EXPL (NAS) X X X X x2 X %
ASTROPHYSICS EXPL (GSF) ¥ X X X x2 X X
X-RAY TIME EXPL (A-10, GSF) x X X X K2 X X
ICEX-ICE & CLIM EXP (5 YR) X x X X x2 X X
OP LAND OBSER SYS (LEF) (R-5) x X X X x2 X X
OPTIONAL SERVICE MISSIONS x2 x2 x2
RB81-1108-054D-057D
1472-507(T) NOTE: EXPONENT INDICATES NUMBER OF USES




B6 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — LEO/PROPULSION SATELLITE MISSIONS (‘87 TO '89)
HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TILT | SPIN | AMS | PIDA | MFR/RMS MMU/WRU HPA| MTV | vSS | SUNSHIELD | ORBITAL | ATTITUDE LIGHT
e AEONE STRUCTURE | TABLE |TABLE i STORAGE LT\'::SA'::EEH EN::::E.
SFPECTOR | STABILIZER

ERBS — EARTH RAD BUDGET SAT. (E4) X X X X x2 X b § X

NOAA (E-5) X x X X x2 X i X

UARS-UPPER ATMOS RES (E-7) x X X X x2 X X X

NOSS-NAT OCEAN SAT. {E6] X X X X x2 X X X

OP LAND OBSER SYS (LEP] {R-5) X X X X x2 X X X

TOPEX-TOPOG EXP OCEAN CIRCULATION [E-9) X X X X x2 3 X x

SOIL MOISTURE (R-8) X X X X x2 4 X x

ALL WEATHER MICROWAVE (LEP) X X X X Xz X X x

EARTH SURVEY (LEP) X X X X x2 X X X

OPTIONAL SERVICE MISSIONS x2 x2 x2
1988 MISSIONS

ORBITER CAMERA FR FLYER (MML} X X x X x2 X b X

NOSS-NAT OCEAN SAT. (E-6) X i X X x2 X X X

OP LAND OBSER SYS (LEP) (R-5) X X x X x? X X X

SCADM-SOLAR CYCLES & DYNAMICS MISS.(5-13) X i X x e X X Of

ADV GEOLOGY SAT. (LEP) X X X X x2 X X X

GLOBAL REGIONAL ATHMOS MONITOR (LEP) X X X X x2 x X X

LAMAR-LG AREA MOD. ARRAY (A-14, GSF) X X X x x2 X X X

PRIV EARTH RES (LEP) X X X X x2 X X X

ATMAS-ADV THERM MAP (R-6) X X X X )(2 X X X

VLBI-V, VLG BASE INT [A-15) X X X X x2 X X X

OPTIONAL SERVICE MISSIONS x? %2 =
1988 MISSIONS

NOSS-NAT OCEAN SAT. (E6) X X X X Xz X X X

X-RAY TIME EXPL (A-10, GSF) X X X x X2 X X x

ICEX-ICE & CLIM EXP (5 YR} X X X X X2 X X X

EARTH SURVEY (LEP) X X X X x2 X X X

VLBI-V, LG BASE INT (A-15) X X X X x2 X X X

GAMMA-RAY TRANSIENT EXPL (GSF) X X X X x2 b4 x X

ENVIRON MONITOR (LEP) X X x X x2 X X X

OP METEOROLOGY (E-10) X x X ¥ x2 X x X

ASTRONOMY (MDC) X X X X x2 % X X

UV PHOTOMET/POLARIMET EXPL (GSF) X X X X x2 X X X

X-RAY OBSERVATORY (GSF) X X X X x2 x x X

OPTIONAL SERVICE MISSIONS x2 %2 x2

RB1-1108-058D-060D ‘J

1472-508(T) NOTE: EXPONENT INDICATES NUMBER OF USES

-




B7 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — LEO/PROPULSION SATELLITE MISSIONS (*90 TO '93)
HPA PRIME USAGE

B-7

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TiLT | sPin | Rms | piDA | MFR/RMS MMU/WRU HPA | mTv | vss SUN SHIELD | ORBITAL | ATTITUDE LIGHT
. 1990 MISSIONS STRUCTURE | TABLE | TABLE STORAGE -,;:?::5:;: EN’: :’:,:E_
WITH END WITH
EFFECTOR | STABILIZER

. GRAVSAT (R-4, GSF) x2 x2 x2 x2 x4 x2 x2 x2

OP LAND OBSER §YS ILEP] (R-5) X X X x x2 X x X

SOIL MOISTURE (R-8) x X X X x2 x x X
. ATMAS-ADV THERM MAP (R-6) X X X X x2 X X X

SOFT X-RAY SURVEY (GSF) X X X X x2 X X X

MOLECULAR LINE SURVEY (GSF) X x x X x2 X X X
. X-RAY SPECTROSCOPY (GSF) X X X X x2 b X X

OPTIONAL SERVICE MISSIONS x2 X2 x?
. 1981 MISSIONS

ERBS — EARTH RAD BUDGET SAT. (E4) X X X X x2 X X X

OP LAND OBSER SYS (LEP) (R-5) X X X x x2 x X x
. SCADM-SOLAR CYCLES & DYNAMICS MISS. (5-13) b X X X x2 x X X

EARTH SURVEY (LEP) x X X X x2 % X X

ENVIRON MONITOR (LEP) % X x X x2 X X X
l OPTIONAL SERVICE MISSIONS X X X

1992 MISSIONS

l NOSS-NAT OCEAN SAT. [E6) X X X X x2 X X X

OP LAND OBSER SY5 (LEP) (R-5) X X X X x2 X x X

ALL WEATHER MICROWAVE (LEP) X X x X x2 X X X
. GLOBAL REGIONAL ATHMOS MONITOR (LEP) x X x X x2 X X x

PRIV EARTH RES (LEP) Y X X X % x2 X x x

X-RAY OBSERVATORY (GSF) X X x X x2 X % X
I SUBMILLIMETER TELESCOPE (A-16) X X X X Xz X X X

OPTIONAL SERVICE MISSIONS x2 x2 x2
l 1993 MISSIONS

NOSS-NAT OCEAN SAT. (E6) X X X X x2 x X X

SOIL MOISTURE (R-B1 X X X X %2 X X x
l EARTH SURVEY (LEP) X X x X X2 x X x

ADV GEOLOGY SAT. (LEP) x X x X x2 X % x

OPTIONAL SERVICE MISSIONS X X X
l RB1-1108-061D-064D

1472-509(T) NOTE: EXPONENT INDICATES NUMBER OF USES |




B8 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — GEO SATELLITE MISSIONS {'83 TO ‘85)
RMS PRIME USAGE .
SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION [ TiLT | sPin [RMS | PiDA | MFR/RMS MMU/WRU HPA | MTv | vss | sunSHIELD | ORBITAL |ATTITUDE LIGHT
STRUCTURE | TABLE | TABLE STORAGE | TRANSFER | ENHANCE-
by WITH END WITH RACEAGE Ly .
EFFECTOR | STABILIZER
TDRS (C-1 & MDC) x2 x2 x2 x2 x2 x2 x2
INTELSAT (AVN] X X X X X X X X .
TELESAT (AVNI X X x X x X X
SAT. BUS. SYS (MDC & AVN} X X X X X 2% X
ACA {AVN) X X X X X X X .
INSAT (AVN & MDC) x2 x2 | x2 x2 x2 x2Z x2
OPTIONAL SERVICE MISSIONS X x X x
X X X l
1984 MISSIONS
TDRS (C-1 & MDC) X X X X x x X l
INTELSAT (AVN) X X X x x x x X
TELESAT (AVN) x2 x2 | x2 x2 x2 x2 x2
ACA {(AVNI x2 x2 | x2 x2 x2 x2 x2 l
PALAPA (AVN) x2 x2 | x2 %2 x2 x2 x2
SYNCOM-IV (LEASAT, DoD) x3 x3 K3 x3 x3 x3 x?
ARABSAT (AVN) x2 x2 | x2 x? x2 x2 x2 .
ATET (AVN) x2 x2 | x2 x2 x2 x2 %2
OPTIONAL SERVICE MISSIONS x x x
x X X
. B
1885 MISSIONS .
TDRS (C-1 & MDC) X X x X x X X ‘
INTELSAT (AVN) % X X X 5 X x X
TELESAT (AVN) x X X x X X x l
SAT. BUS. SYS (MDC & AVN) X X x % x X x
ACA (AVN) x X X X X x X
SYNCOM-IV (LEASAT, DoD) x2 x2 x2 x2 x2 x2 x2 .
ATETIAVN) x X x X % X X
FOR. COMM/SBS (MDC) x2 x2 | x2 x2 x2 x2 x2
INMARSAT (MDC) x X X X X X X
GLOBAL DISASTER COMM (MDC) X X X x % X X '
PEOP REP CHINA (AVN] x X x b 4 x X X
OPTIONAL SERVICE MISSIONS X x
X x x .
RE1-1108043D-045D K % X
Lot el NOTE: EXPONENT INDICATES NUMBER OF Uﬁ‘ .
B-8 .




B9 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — GEO SATELLITE MISSIONS (86, 87)
HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TiLT | sPIN |RMs | piDA | MFR/RMS MMU/WRU HeA | mTv | vss | sunsHiELD [ omBITAL | ATTITUDE LIGHT
l 1986 MISSIONS STRUCTURE | TABLE | TABLE STORAGE }';12:5;:35: ENP:EA:TCE.
WITH END WITH
EFFECTOR | STABILIZER
. INTELSAT (AVN) x2 x2 | x2 x2 x2 x2 x2 x2
FOR. COMM/SBS (MDC} %% x4 | x4 x4 x4 x* x4 x4
INMARSAT (MDC) x2 X2 | x2 x2 x2 x2 x2 x2
l PEQP REP CHINA (AVN) x X X x X X X x
GOES-GEO ORB. ENV SAT, (E-2) ¥ X X X X X X X
30/20 GHz ANT. TRUNK (C-4) x X X X x X X X
. SEPS-SOL ELECT. PROP. (T-9) X X X x X X X
RESOURCES/POL'N/WEATH/COMM (MDC) X X X X X x X X
FOREIGN COMM (MDC) X 5 X % X X X X
. EARTH OBS/COMMUN (MDC) X X X X X X X X
| OPTIONAL SERVICE MISSIONS X it x
| X X X
l X X b3
1987 MISSIONS
. INTELSAT (AVN) X X X x % X X X
FOR. COMM/SBS (MDC) x2 x2 | x2 x2 x2 x2 x2 x2
GOES-GEO ORB. ENV SAT. {E2) X X X % X X X x
. STORMSAT (MDC) X X X x X X X
EARTH OBS/COMMUN (MDC} X X X 5 X X x x
EARTH OBS/COMMUN {MDC) X X X X X X X X
MAP GRAVITY FIELD/COMM (MDC) X X X X X x X x
. _ | FOR.COMM/EARTH ORBS (MDC) X X X X X X X X
INMETSAT (MDC) X X X X X x X X
US/FOR, COMM (MDC] x2 x2 | x2 x2 x2 x2 x2 x2
. FOREIGN COMM (MDC) x3 x3 | x3 x3 x3 x3 x3 x3
RESOURCES/POL'N/WEATH/COMM (MDC) X X X X X X X X
NATO IV (MDC/DoD) X X X X X * X X
l OPTIONAL SERVICE MISSIONS X X X
X X X
X x X
R81-1108-046D-047D
. 1472-511(T) e NOTE: EXPONENT INDICATES NUMBER OF USES




B10 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — GEO SATELLITE MISSIONS (‘88, ‘89)

HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TiLT | spin |RMS | PiDa | MFR/RMS MMU/WRU HPA | MTV SUN SHIELD | ORBITAL | ATTITUDE LIGHT
T STRUCTURE | TABLE |TABLE STORAGE Iig:ize: Eu;é:.hr_fs-
WITH END WITH
EFFECTOR | STABILIZER
INTELSAT (AVN) x2 x2 x2 x2 x2 x2 x2 %2
FOR. COMM/SES {MDC) x3 x3 | x3 x3 x3 x3 x3 x3
30/20 GHz ANT. TRUNK (C4) X X % X X X X% X
INMETSAT (MDC} X2 x2 | x2 x2 x2 x2 x2 x2
FOREIGN COMM (MDCI x4 o ) x4 x* x4 X% x4
RESOURCES/POL'N/WEATH/COMM (MDC) x X X X X X X X
NATO IV (MDC/DaD) % X X X X X % x
US COMM {MDC) x3 i x5 x5 x5 xB x5
THIN. ROUTE §YS COMM (C-5) » X X X xXa X X
RESOURCES/POL'N/WEATH/COMM (MDC) X % X X X X X X
EARTH CBS/COMMUN (MDC) X b X X X X X X
OPTIONAL SERVICE MISSIONS X X X
X X X
X X x
x X X
1989 MISSIONS
INTELSAT (AVN} x2 x2 | x2 x2 x2 x2 x2 x2
FOR. COMM/SBS (MDC) x2 x2 | x2 x2 x2 x2 x2 x2
FOREIGN COMM (MDC) R X X X X X X X
EARTH DBS/COMMUN (MDC) X X X X X X X x
EARTH O8$/COMMUN (MDC) X X X X X X X X
FOR. COMM/EARTH ORBS (MDC] X X x X X x X X
INMETSAT (MDC) 7 x4 x5 x4 x4 x4 x4 x4 x4
US/FOR. COMM (MDC) x2 x2 | x2 x2 x2 x2 x2 x2
FOREIGN COMM (MDC} X X X X X X X X
RESOURCES/POL'N/WEATH/COMM (MDC} x2 x| x2 x2 x2 x2 x2 x2
NATO IV MDC/DoD) X X X X X X X X
US COMM (MDC) X X X X % X X X
US COMM (MDC) X X X% X % X X b3
ORBIT TRANS VEH (T-10} X % X X x X X X
SIMUL ASTRON MISSION (G) X X X x X x X
INT UV-XPLOR-F/O (G) X e X X X % -
X-UV SPECTROSCOFY (G) X X X X X X X
OPTIONAL SERVICE MISSIONS x5 x5 x5
R81-1108-048D-0490
1472-512(T) NOTE: EXPONENT INDICATES NUMBER OF USES




B11 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — GEO SATELLITE MISSIONS (‘90, '91)
HPA PRIME USAGE

. SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
ReTeNTION | TiLT | sein [ams | pioa | mrrmms MMU/WRU HeA | mTv | vss | sunsHiELD |oReiTAaL | aTTITUDE LIGHT
. 1990 MISSIONS SYEERURE (| TABRE | TARLE 3k i STORAGE | TRANSFER | ENHANCE-
EFFECTOR | STABILIZER
INTELSAT (AVN) #2 x2 | x2 x2 x2 x2 x2 x2
. FOR. COMM/SBS (MDC) x5 x5 | xB x5 x5 x5 x5 x5
INMARSAT (MDC) x2 xZ | x2 x2 x2 x2 x# x2
RESOURCES/POL'N/WEATH/COMM (MDC) X X X X X X X X
l EARTH OBS/COMMUN (MDC) x X x X X X X
INMETSAT (MDC) x3 x3 | x3 x3 x3 x3 x3 x3
US/FOR. COMM (MDC) x X X x b X X
| l FOREIGN COMM {MDC) x2 x2 | x2 x2 x2 x2 x2 x2
| US COMM (MDC) x3 x3 | x3 x3 - x3 x3 x3 x3
RESOURCES/POL'N/WEATH/COMM (MDC) x X X x X X X X
l US COMM (MDC) x x x X x x X X
US COMM (MDC) X X X b X X X X
OREIT TRANS VEH (T-10) x2 x2 x2 x2 x2 x2 x2 x2
OFTIONAL SERVICE MISSIONS x5 x5 x5
I FOREIGN COMM (MDC) X X X X X x X X
l 1991 MISSIONS
FOR. COMM/SBS (MDC) x5 x5 | x5 x® x5 x& x5 x5
RESOURCES/POLN/WEATH/COMM (MDC) X x % X X X x
l MAP GRAVITY FIELD/COMM (MDC) x X X % X X X X
FOR. COMM/EARTH ORBS (MDC) X X X X X X X X
INMETSAT (MDC) x* x4 | x4 x4 x4 x4 x4 x4
. US/FOR. COMM (MDC) X X x X X x
FOREIGN COMM (MDC) X X X ;. X % X X
RESOURCES/POL'N/WEATH/COMM (MDC) x? x2 | x2 x2 x2 x2 x2 X2
ORBIT TRANS VEH {T-10) x2 x2 x2 x2 x2 x2 x2 x2
l OPTIONAL SERVICE MISSIONS x4 x* x4
FOREIGN COMM/EARTH OBS (MDC) x2 x2 | x2 x2 x2 x2 x2 x2
ELECTRONIC MAIL (MDC) X X X X X X X
. £§1;1198.95000510 NOTE: EXPONENT INDICATES NUMBER OF USES




B12 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — GEO SATELLITE MISSIONS (92, '83)
HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TiLT [ sein [mms | ripa | mrr/mms MMU/WRU HPA | MTV SUN SHIELD | ORBITAL | ATTITUDE LIGHT
STRUCTURE | TABLE | TABLE STORAGE | TRANSFER ENHANCE-
1992 MISSIONS S— W PACKAGE MENT
= EFFECTOR | STABILIZER
TDRS (C-1 & MDC) X x X X X X X
TELESAT (AVN) X X X X X x X X
SAT, BUS. $Y5 (MDC & AVN) % X X X X X X X
FOR. COMM/SBS IMDC) x2 x2 | x2 x2 x2 x2 x2 %2
GLOBAL DISASTER COMM (MDC) X X X X X x X X
GOES-GEO ORB. ENV SAT. (E-2) X X X X x X X X
STORMSAT (MDC) X X X X X X X
EARTH OBS/COMMUN (MDC) X X X X xa X X X
INMETSAT (MDC) x2 x2 | x2 x2 x2 x2 x2 x2
FOREIGN COMM (MDC) X x x o x X X X
ORBIT TRANS VEH (T-10) x3 x3 x3 x3 x3 X3 X3 X2
OPTIONAL SERVICE MISSIONS x% x* x4
FOREIGN COMM/EARTH OBS (MDC) x2 x2 | x2 x2 x2 x2 x? x
PERSONAL COMM DEMO (MDC) x2 x2 x2 x2 x2 x2 x2 x2
PUBLIC BROADCAST (MDC) X X X X X x X
MANNED GED SORTIE (T-12) X x X X X X x X
1993 MISSIONS
FOR. COMM/SBS (MDC) el SN e x4 x4 x4 x4 x*
FOREIGN COMM (MDC) X X % X X X X X
EARTH OBS/COMMUN (MDC) X X X X X X X X
EARTH OBS/COMMUN (MDC) X X x X x X X X
FOR. COMM/EARTH ORBS (MDC) x X X X X X X x
~ INMETSAT (MDC) x4 x4 o x4 R x4 x4 x*
US/FOR. COMM (MDC) x X x X X X X X
FOREIGN COMM (MDCI x2 x2 | x2 x2 %2 x2 x2 x2
RESOURCES/POL‘N/WEATH/COMM {MDC) x2 x2 | x2 x2 %2 x2 x2 x2
US COMM (MDC) x2 x2 | x2 x2 x2 x2 x2 x2
RESOURCES/POL'N/WEATH/COMM (MDC) X X X X V] X X X
ORBIT TRANS VEH (T-10) x5 xB xB x8 X6 x6 x6 x6
OPTIONAL SERVICE MISSIONS x6 x8 x6
FOREIGN COMM/EARTH OBS (MDC) x2 x2 | x2 x2 x2 x2 x2 x2
MANNED GEO SORTIE (T-12) x2 x2 x2 x2 x2 x2 x2 x2
EDUCATIONAL TV (MDC) x X x x X X X X
A81-1108-0520-053D
1472-514(T) NOTE: EXPONENT INDICATES NUMBER OF USES

l----------



B13 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — PLANETARY/OTHER MISSIONS ('84, ‘85)
RMS PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TILT | sPin [Rms | piDa | MFR/RMS MMU/WRU HPA | mTV SUN SHIELD | ORBITAL | ATTITUDW LIGHT
1984 MISSIONS SERUCTURES | EANLE [[YATE:E STORAGE | TRANSFER | ENHANCE-
A S PACKAGE MENT
EFFECTOR | STABILIZER
PLANETARY
GALILEO ORBITER (P-1) X x X X X X x
GALILEO PROBE (P-1) X X 3 x x X %
AMPTE-ALT MAG PART EXPT ($-6) X ® X X % x X
OPTIONAL SERVICE MISSIONS X X X X
1985 MISSIONS
PLANETARY
HALLEY FLYBY (P-3, 5 YR) X X X X X X X
INT SOLAR POLAR MISS. (A-3,5-3, FAM) x2 x2 x2 x2 x2 x2 x2
OPTIONAL SERVICE MISSIONS X X X X
R11108.0980-0930 NOTE: EXPONENT INDICATES NUMBER OF USES
1
Nk
B-13




B14 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — PLANETARY/OTHER MISSIONS (‘86 TO "93)

HPA PRIME USAGE

OPTIONAL EQUIPMENT

SATELLITE NOMINAL EQUIPMENT
= RETENTION TILT SPIN RMS PIDA MFR/RMS MMU/WRU HPA MTV VSS SUN SHIELD | ORBITAL |ATTITUDE LIGHT
STRUCTURE | TABLE | TABLE STORAGE |TRANSFER | ENHANCE-
1986 MISSIONS WITH END WITH PACKAGE MENT
EFFECTOR STABILIZER
PLANETARY
VENUS ORBIT IMG RAD (P-2) X X X X X X X X
ORIGIN OF PLASMA x4 x4 x4 x4 x4 il x* x4
COMET RENDEZ (P-3, 5 YRI X X X X x X X X
OPTIONAL SERVICE MISSIONS X X X
1987 MISSIONS
PLANETARY
PLASMA TURB EXPLOR X X X X X X X x
1988 MISSIONS
PLANETARY
SOLAR PROBE (5-11) X X X X X X X X
1889 MISSIONS
PLANETARY
ADV INTERPLAN EXPLORER (G) X x X X X X X X
SATURN ORBIT (DUAL) (P-4) X X X X X X X X
OPTIONAL SERVICE MISSIONS X X X
1991 MISSIONS
UNP PROG-URAN NEP PLUTO (P-6) X X X X X X X X
1982 MISSIONS
PLANETARY
UNP PROG-URAN NEP PLUTOD (P-8) X X X X X X X X
1993 MISSIONS
PLANETARY
LUNAR POLAR ORBIT (P-8) X X X X X X X X
NR EARTH ASTERQID SAMPLE (P-11) X X X X X X X X
ASTEROID MULT RENDEZ (P-7) X X X X X b ¢ x x
EXTRATERRESTRIAL MAT'L PROC (U-3) X X X X X X x X
OPTIONAL SERVICE MISSIONS X X X
RB81-1108-100D-1060
1472-516(T) NOTE: EXPONENT INDICATES NUMBER OF USES

FOLDOUT FRAME

a EOLDOouT v




B15 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — SORTIE MISSIONS (‘83 TO ‘85)
RMS PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TiLT | sPin [Rms | piba | mFa/ms MMU/WRU HPA | MTV | VSS | SUNSHIELD | ORBITAL | ATTITUDE LIGHT
1983 MISSIONS STRUCTURE | TABLE | TABLE STORAGE | TRANSFER | ENHANCE-
WITH END witH |- PACKAGE MENT
EFFECTOR | STABILIZER
OSTA (SPACE & TERRESTRIAL APPLICATIONS) X X X %
SPACELAB-1 (VERIF & MULTIDISCIPLINE) X X X x
TETHERED SATELLITE SYSTEM (U-4] X X % X :
SPACELAB (SOLAR & ASTRO PHYSICS) % 3% X x |
MPS (MATERIAL PROCESSING) (U-1) X X X X
1984 MISSIONS
OSTA (SPACE & TERRESTRIAL APPLICATIONS) x2 %2 x2 x2
SPASO1 X X X X
TETHERED SATELLITE SYSTEM (U-4) X X X X
MPS (MATERIAL PROCESSING) {U-1) x2 x? x2 x2
PEP-PWR EXT PKG x2 x2 x2 x2

SPACELAE-3 (LOW GRAVITY) X X X X
SPACELAB (LIFE SCIENCES) (L-1) X X X X
0SS (SPACE SCIENCES) X X X X
SPACELAB (BMFT) X X X X
SPACELAB [SOLAR TERR) X X X X

1985 MISSIONS
OSTA {SPACE & TERRESTRIAL APPLICATIONS) x2 x2 %2 x2
TETHERED SATELLITE SYSTEM (U-4) X % X X
SPACELAB (SOLAR & ASTRO PHYSICS) X X X X
MPS (MATERIAL PROCESSING) {U-1) X X X %
PEP-PWR EXT PKG x* x4 o x4
SPACELAB (LIFE SCIENCES) {L-1] X X X x
0SS (SPACE SCIENCES) x2 x2 x2 x2

SPACELAB (BMFT) X
LARGE DEPLOY. ANTENNA (GAC) X
SPACELAB (EARTH 0BS) X

X

SPACELAB [MATL PROC)
R81-1108-076D-078D
1472-517(T)

NOTE: EXPONENT INDICATES NUMBER OF USES




B16 — INITIAL LAUNCH — EQUIPMENT UTILIZ ATION SUMMARY — SORTIE MISSIONS (‘86 TO ‘88)

RMS PRIME USAGE

_ SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TILT | sPin | RMS | FIDA | MFR/RMS MMU/WRU HPA | MTV | vss | SUNSHIELD |ORBITAL |ATTITUDE LIGHT
o S STRUCTURE | TABLE | TABLE STORAGE ;:::SAFGEER en;::;:s-
WITH END WITH
EFFECTOR | STABILIZER

OSTA [SPACE & TERRESTRIAL APPLICATIONS) x2 x2 %2 %2
SPAS-01 X X X X
TETHERED SATELLITE SYSTEM (U-4) X X X X
SPACELAB [SOLAR & ASTRO PHYSICS) x2 x2 x2 x2

MPS (MATERIAL PROCESSING) (U-1) X X  { X
PEP-PWR EXT PKG x8 xB x6 x8
SPACELAB (LIFE SCIENCES) (L-1) X X X X

088 [SPACE SCIENCES) x2 x2 x2 x2
SPACELAB (BMFT) X X X X
SPACELAB (SOLAR TERRI X X X X
SPACELAB (MATL PROC) X b X X
SPACELAB-11 PLASMA X X X X
SIRT-IR TELE FAC (A-6) (2 PALLET) X X X X

1987 MISSIONS

OSTA (SPACE & TERRESTRIAL APPLICATIONS) x2 x2 x2 x2
TETHERED SATELLITE SYSTEM (U-4) X X %

SPACELAB [SOLAR & ASTRO PHYSICS) X X X X

MPS (MATERIAL PROCESSING) (U-1) X X X x
PEP-PWR EXT PKG x7 x7 x7 x7

0SS (SPACE SCIENCES) x2 x2 x2 x2
SPACELAB (BMFT) X X X X
SPACELAB [EARTH OBS) X X X X
SPACELAB (MATL PROC) X X X X
STARLAB TELESCOPE [A-11, G) (2 PALLET) X X X X
SOLAR SOFT X-RAYS (S-8] (1 PALLET) X X X x

1988 MISSIONS

OSTA (SPACE & TERRESTRIAL APPLICATIONS) x2 x2 x2 x2
SPAS01 x X X X
SPACELAB (SOLAR & ASTRO PHYSICS) X % X X

MPS (MATERIAL PROCESSING) (U-1) X X X X
PEPPWR EXT PKG x8 xB x8 xB
SPACELAB (LIFE SCIENCES) (L-1) % X X X

0SS (SPACE SCIENCES) x2 x2 %2 %2
SPACELAB (BMFT) X X X x
SPACELAB (SOLAR TEAR) x % X X
SPACELAB (MATL PROC) X X X x
SPACELABPIN HOLE (S-14) (1 PALLET) x X X X

LIDAR (ET-47) (1 PALLET) X X X X
REL-1108-07%04081D
1472-518(T) NOTE: EXPONENT INDICATES NUMBER OF USES

B-16




B17 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — SORTIE MISSIONS (‘89 TO ‘91)
RMS PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TiLT | spin |RMS | PiDA | MFR/RMS MMU/MWRU HPA | MTV | vss | SunsHiELD | omaITAL | ATTITUDE LIGHT
STRUCTURE | TABLE | TABLE STORAGE | TRANSFER | ENHANCE-
1989 MISSIONS R T PACKAGE MENT
EFFECTOR | STABILIZER
OSTA (SPACE & TERRESTRIAL APPLICATIONS) x2 %2 x2 2
SPACELAB {SOLAR & ASTRO PHYSICS) X X X X
MPS (MATERIAL PROCESSING) (U-1) X % X X
PEP-PWR EXT PKG x8 %8 xB 8
SPACELAB (LIFE SCIENCES) (L-1) X X X X
0SS (SPACE SCIENCES) x2 x2 x2 x2
SPACELAB (BMFT) % X X X
SPACELAS (EARTH 0BSI X X X X
SPACELAB (MATL PROC) x X X
1990 MISSIONS
DSTA (SPACE & TERRESTRIAL APPLICATIONS) x2 x2 x2 x2
SPAS-O1 X X X X
SPACELAB {SOLAR & ASTRO PHYSICS) x X X X
MPS (MATERIAL PROCESSING) (U-1] x X X
PEP-PWR EXT PKG x8 x8 x8 x8
0SS (SPACE SCIENCES) x2 x2 x2 x2
SPACELAB (BMFT) X X X X
SPACELAB (SOLAR TERR) X X X X
SPACELAB (MATL PROC| x 3 X X

1991 MISSIONS

OSTA (SPACE & TERRESTRIAL APPLICATIONS) x2 x2 x2 X<

SPACELAB (SOLAR & ASTRO PHYSICS) X X X

MPS (MATERIAL PROCESSING) (U-1) X X x X

PEP-PWR EXT PKG x8 %8 x8 x8

SPACELAB (LIFE SCIENCES) (L-1) X X x X

0SS (SRACE SCIENCES) x2 %2 x2 x2

SPACELAB (BMFT) X X X X

SPACELAB (EARTH OBS) X X X X

SPACELAB (MATL PROC) ¢ X X X X

RBL110.0820-0240 NOTE: EXPONENT INDICATES NUMBER OF USES




B18 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — SORTIE MISSIONS (92, ‘93]

RMS PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
o neTenTioN | TiLT | sein | ams | Piba | mer/mms MMU/MWRU wea | mTv SUN SHIELD | ORBITAL | ATTITUDE LIGHT
STRUCTURE | TABLE | TABLE STORAGE | TRANSFER ENHANCE-
1992 MISSIONS WITH END Wi PACKAGE MENT
EFFECTOR | STABILIZER

OSTA (SPACE & TERRESTRIAL APPLICATIONS) %2 i x2 x2

SPAS01 X X X X

SPACELAR (SOLAR & ASTRO PHYSICS) B b 4 X X

MPS (MATERIAL PROCESSING) (U-1) X X X X

PEP-PWR EXT PKG x8 58 x8 x8

SPACELAB (LIFE SCIENCES) (L-1) X X X X

0SS (SPACE SCIENCES) X% x2 x2 x2

SPACELAB (BMFT) X X X x

SPACELAB (SOLAR TERR) X X X X

SPACELAB (MATL PROC) X X o X
1993 MISSIONS

OSTA [SPACE & TERRESTRIAL APPLICATIONS) x2 4 x2 x2

SPACELAB (SOLAR & ASTRO PHYSICS) X X X X

MPS (MATERIAL PROCESSING) (U-1) < X X X X

PEP-PWR EXT PKG x8 x8 xB x8

0SS (SPACE SCIENCES) x2 x2 x2 x2

SPACELAB (BMFT) X X X x

SPACELAB (EARTH OBS) X X X x

SPACELAB (MATL PEPPO) X X X X

RB1-1108-0850-086D

1472-520(T) NOTE: EXPONENT INDICATES NUMBER OF USES
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B19 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — DoD MISSIONS (‘83 TO ‘85)
RMS PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TiLT | sPIN | RMs | PIDA | MFR/RMS MMU/WRU HPA | mMTv | VSS | SUNSHIELD | ORBITAL | ATTITUDE LIGHT
. 1983 MISSIONS STRUCTURE | TABLE | TABLE STORAGE L:AEI:SAFGEEH EN;:II:I?E-
WITH END WITH
EFFECTOR | STABILIZER
l DoD 831 X X X X
DoD 832 X X X x
DoD 841 X X X X
l PEO-1-STP X X X X X X X
SPACE IR EXPERIMENT (SIRE) b4 X X X X X
. 1984 MISSIONS
DoD 84-2 X X X x
DoD 851 b X X X
. DoD 852 X X X X
SPACE IR EXPERIMENT (SIRE) X X X X b X X
GLOBAL POSITIONING SAT. X X X X X x X X
l TRANSIT x X -3 X X X X
OPTIONAL SERVICE MISSIONS X X X X
I 1985 MISSIONS
DoD 863 X x X X
- DoD 85-4 X X X X
. DoD 855 X x X x
DoD 858 X X x X
DoD 857 X X X x
l DoD 858 e % X X
Do 86-1 x X X X
GLOBAL POSITIONING SAT. x4 x4 x4 | x4 x4 x4 x4 x4
. TRANSIT X x X X X X X
DEFENSE SAT. COMM SYSTEM x2 x2 x2 x2 %2 x2 x2
SPACE IR EXP x X X X X X X
l OPTIONAL SERVICE MISSIONS x2 x2 x2 x2
AB81-1108-087D-089D
1472-521(T) NOTE: EXPONENT INDICATES NUMBER OF USES




B20 — INITIAL LAUNCH ~ EQUIPMENT UTILIZATION SUMMARY — DoD MISSIONS (886, '87)
HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TiLT [ spin [Rms | Piba | mFr/ams MMU/WRU HPA | MTV | vsS | SUNSHIELD | ORBITAL | ATTITUDE LIGHT
1085 MISSIONS STRUCTURE | TABLE | TABLE STORAGE ;i;:iFGEEH EN':EA':ITCE-
WITH END WITH
EFFECTOR | STABILIZER
DoD 862 X X X X
DoD 863 X X X X
DoD 866 X X X X
‘DoD 868 X X X X
DoD 8610 X X % X
Dol BB-11 x X X X
GLOBAL POSITIONING SAT. x8 xB | x6 xB x8 X8 x8 x5
TRANSIT X % X X X X X
DEFENSE SAT. COMM SYSTEM (1) x2 x2 %2 x2 x2 x2 x2
SPACE TEST PROGRAM (STP) X X X % X X X
TALON GOLD-STP X X X X X X
OPTIONAL SERVICE MISSIONS x2 x2 %2
1987 MISSIONS
GLOBAL POSITIONING SAT, x? x? | x7 x7 x7 x? x7 x7
TRANSIT X X y
DEFENSE SAT. COMM SYSTEM x2 x2 x2 x2 x2 x2 x2
SPACE TEST PROGRAM (STP) X X x X 3 X X
DEFENSE MET. SAT. PGM (DMSP) X X X X X X
OPTIONAL SERVICE MISSIONS x2 x2 %2
?:;z'};;:;?wmm NOTE: EXPONENT INDICATES NUMBER OF USES
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B21 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — DoD MISSIONS {‘88)
HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION TiLT | sPin [ RMs | miDa | MER/AMS MMU/WRU wPA | mTv | vss | sunsHiELD | orBiTAL | ATTITUDE LIGHT
1988 MISSIONS STRUCTURE TABLE | TABLE STORAGE 1';‘:?:,:(5AFGEER EN::::E-

WITH END WITH
EFFECTOR | STABILIZER

GLOBAL POSITIONING SAT. x7 x? | x? x7 x7 x7 x7 x?

TRANSIT X X X X x X %

SPACE TEST PROGRAM (STP) X X X X X X X

DEFENSE MET. SAT. PGM (DMSP) X X X X X %

MINI HALO-STP X x X X % X X

OPTIONAL SERVICE MISSIONS x2 xZ x2

e NOTE: EXPONENT INDICATES NUMBER OF USES




B22 — INITIAL LAUNCH — EQUIPMENT UTILIZATION SUMMARY — DoD MISSIONS (‘89 TO ‘93}
HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
RETENTION | TILT | sPiN | RMS | PiDa | mFR/RMS MMU/MWRU HPA | MTV SUN SHIELD | ORBITAL [ ATTITUDE LIGHT
STRUCTURE | TABLE | TABLE STORAGE | TRANSFER ENHANCE-
1989 MISSIONS WITH END e PACKAGE MENT
EFFECTOR | STABILIZER

GLOBAL POSITIONING SAT. x2 x2 | x2 x2 x2 %2 x2 x2

TRANSIT % X X % X X X

DEFENSE SAT.COMM SYSTEM gt x2 x2 x2 x2 x2 %2

SPACE TEST PROGRAM (STP) x x X X X X X

DEFENSE MET. SAT. PGM (DMSP) X X X X X X

OPTIONAL SERVICE MISSIONS x2 x2 %2
1990 MISSIONS

GLOBAL POSITIONING SAT. x4 x4 | x4 x4 x4 x4 x4 x4

TRANSIT X X X % % X X

SPACE TEST PROGRAM (STP) X X X X X X X

DEFENSE MET. SAT. PGM (DMSF) X X X s X X

OPTIONAL SERVICE MISSIONS x2 %2 x2
1991 MISSIONS

GLOBAL POSITIONING SAT. x2 x2 | x2 x2 x2 x2 x2 x2

TRANSIT X X X X 5 X X

DEFENSE SAT, COMM SYSTEM x2 x2 x2 x2 x2 x2 x2

SPACE TEST PROGRAM (STP) X X X X X X X

DEFENSE MET. SAT. PGM (DMSP) X X X X X X

OPTIONAL SERVICE MISSIONS x % x
1992 MISSIONS

GLOBAL POSITIONING SAT. x4 Rt |t x4 x4 x4 x4 ot

DEFENSE SAT.COMM SYSTEM x2 x2 x2 x2 x2 x2 x2

SPAGE TEST PROGRAM (STP) x x X X % X X

DEFENSE MET. SAT. PGM (DMSP) X X X X X

OPTIONAL SERVICE MISSIONS x2 %2 x2
1993 MISSIONS

GLOBAL POSITIONING SAT. x2 x2 | x2 x2 x2 x2 x2 x2

SPACE TEST PROGRAM (STP) K % X ¥ X X

DEFENSE MET. SAT. PGM (DMSP) X X x X X X

OPTIONAL SERVICE MISSIONS x X x

-110; 300970
i s s NOTE: EXPONENT INDICATES NUMBER OF USES




B23 — REVISIT — EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS (‘85 TO ‘89)
. TILT TABLE PRIME USAGE
SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
. EQUIPMENT | FLUID TILT oce MMUWRUY NONCONT | mMTV ORBITAL | ATTITUDE LIGHT
STOWAGE |TRANSFER | TASLE [HI ACS PoM | MTV | VSS | STORAGE | TRANSFER | ENHANCEMENT
WK PLAT |OCP/RMS | POM | WITH END WITH WITHPAY- | HPA
1985 MISSIONS PROVISIONS | SYSTEM FOR TILT EFFECTOR | STABILIZER | LOAD HOLG PACKAGE
TABLE
l SPACE TELESCOPE (A-3) X % X X X X X x2 X x X x
1986 MISSIONS HPA PRIME USAGE
. SPACE TELESCOPE (A-3) X X X X x X X X X % '3
GRO-GAMMA RAY OBSER (A-7) X x X X X X X X x 5
l OPTIONAL SERVICE MISSIONS % .
1987 MISSIONS
. SPACE TELESCOPE (A-3) x X X X x X x x X X X
LDEF (01-10) X X X X X X X X x X X
SASP-SCI & APP SP PLAT {U-7 & L-2) X X X X 3 X X x X
l 26kW PWR MOD. (U-8) X X X x X x X X X
OPTIONAL SERVICE MISSIONS X X
. 1988 MISSIONS
SPACE TELESCOPE (A-3) X X X x X X x X X X X
SASPSCI & APP SP PLAT (U-7 & L-2) X X X X X X x X x
l 26k PWR MOD. (U 8) X X X X X X X X X
AXAF-ADV X-RAY ASTRO (A-9) X X X x X X % X X x X
CRO-COSMIC RAY DBSER (A-13) x X % X X X X X X X
. GRAVITY PROBE B {A8) X X X x x % X % % X
COASTAL SAT. [NAS) x X X x x X x e x X
OPTIONAL SERVICE MISSIONS X %
l 1989 MISSIONS
SASP-SCI & APP SP PLAT (U-7 & L-2) x2 x? x2 x2 x2 x2 x2 x2 x2
l 25KW PWR MOD. (U-8) x2 x2 x2 x2 x2 x2 x2 x2 x2
MAG FIELD SURV B (R-7) X x x X X X o X X X
AXAF-ADV X-RAY ASTRO (A-8) % X x x X X X X X X b
. CRO-COSMIC RAY OBSER (A-13) FE X x X x x X X X X
GRAVITY PROBE B (A8) x x x X X X X X x X
COASTAL SAT. (NAS) X X X x X x X X X X
l OPTIONAL SERVICE MISSIONS x2 x?
R8L1108-1260-1300 NOTE: EXPONENT INDICATES NUMBER OF USES
l B-23




B24 — REVISIT — EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS (90 TO *92)

HPA PRIME USAGE

BATELLAES NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
EQUIPMENT | FLUID TILT oce MMU/WRU NONCONT | MTV ORBITAL ATTITUDE LIGHT
1990 MISSIONS PAONAGE | TRANSFER | TABLE |RMS |"wk rLaT [ocP/AMs [Fom | WITHEND WiTH WITHPAY- | HPa | ACS i) [l SRR | AR | EMRANSMENT
FOR TILT EFFECTOR | STABILIZER | LOAD HDLG
TABLE

LDEF (01-10) X X X X X X x X X 2] X

SASP-SCI & APP SP PLAT (U-7 & L2) x2 x2 x2 x2 x2 x2 x2 x2 x2

25KW PWR MOD. (U-8] x2 x2 x2 x2 x2 x2 x2 x2 x2

MAG FIELD SURV B (R-7) x X X X X X X x x x

COASTAL SAT. (NAS) X X X X X X x X X X

OCEAN RESEARCH SAR [E-11) x X % X X X X X x X

HVY NUCLE! EXPL {GSF) x X X X X X X % b X

OPTIONAL SERVICE MISSIONS i ¥
1991 MISSIONS

SPACE TELESCOPE (A-3) x x x X x x X x x X x

LDEF (01-10) x X X X X x X x X x x

SASP-SCI & APP SP PLAT (U-7 & L-2) x2 x2 x2 x2 x2 x2 x2 x2 x2

25kW PWR MOD. (U-8) x X x X x x X x X

COASTAL SAT. (NAS) x X X X X x x x x x

QOCEAN RESEARCH SAR (E-11) X X x X X x X X X X

HVY NUCLEI EXPL (GSF) x X x x X X X X X X

LG S50LAR OBSERV (LEP) X X x X x x x x x x x

OPTIONAL SERVICE MISSIONS x2 x2
1992 MISSIONS

SPACE TELESCOPE (A-3) x X X X x X X x x X X

SASP-SCI & APP SP PLAT (U-7 & L-2) x2 x2 x2 x2 x2 x2 %2 x2 x2

25kW PWR MOD. (U-8) x2 x2 x2 x2 x2 x2 x2 x2 x2

AXAF-ADV X-RAY ASTRO (A-9) x x % X X x X X 3 X X

CRO-COSMIC RAY OBSER (A-13) x X x x x x x X x x

OCEAN RESEARCH SAR (E-11) x x x X X X X X X X

HVY NUCLEI EXPL {GSF) x X x X X x x x X X

LG SOLAR OBSERV (LEP) X x x X x % X x x x X

SOLAR TERR OBS (S-12) x X x X X X x x % X X

OPTIONAL SERVICE MISSIONS x2 x2

R81-1108-131D-1330

1472-526(T) NOTE: EXPONENT INDICATES NUMBER OF USES




B25 — REVISIT — EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS ('93)
HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT . OPTIONAL EQUIPMENT
EQUIPMENT | FLUID TILT oce MMU/MWRU NONCONT | MTV e ORBITAL ATTITUDE LIGHT
S movmons | e | " [P et Tome Trou T oren [ sanizan | oo | T LT T e | e ) SO
TABLE
SPACE TELESCOPE (A-3) X X X X X X X X X X X
SASP-SCI & APP SP PLAT (U7 & L-2) x2 %2 x2 x2 x? x2 x? x2 x2
25kW PWR MOD, (U-8) X X X X X X X X X
AXAF-ADY X-RAY ASTRO (A9) X X X x x X x X x X
CRO-COSMIC RAY OBSER (A-13) X X X x x X X X X X
OCEAN RESEARCH SAR (E-11) X X X x X X X b3 X X
LG SOLAR DBSERV [LEP) X X X =% X X X X X X x
SOLAR TERR 0BS (5-12) X ¥ X X X X X X X X X
ADVANCED RELATIVITY (LEP) x2 X2 x? x2 x2 x2 x2 x2 x2 X
AMBIENT DEPLOY IR TELE (A-17) X X X X X x x X x x X
OPTIONAL SERVICE MISSIONS © x2
R81-1108-134D
1472-527(T) NOTE: EXPONENT INDICATES NUMBER OF USES




B26 — REVISIT — EQUIPMENT UTILIZATION SUMMARY — LEO/PROPULSION SATELLITE MISSIONS {'86 TO ‘89)
HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
EQUIPMENT | FLUID TILT oce MMU/MWRU NONCONT | mTV ORBITAL | ATTITUDE LIGHT
e f;'g\'}'.'s‘ﬁ;i.s TFSG3QI1‘§EHE"R TABLE RS [ e e e T e < ey I neal AGk pom | MTv | vss | sTomage T::&s:é: ENHANCEMENT
FOR TILT EFFECTOR | STABILIZER | LOAD HDLG
TABLE

LANDSAT D ** (5 YR) % X X X X X X x X X X
1987 MISSIONS

LANDSAT D*** (5 YR} x X X X X X s X % X X

ORBITER CAMERA FR FLYER (MML) x3 x3 x3 x3 x3 x3 x3 x3 3 x3

NOSS-NAT OCEAN SAT. (E-6) X X X x X 5 X X X X

X-RAY TIME EXPL (A-10, GSF) X X X x X X X X X X

ICEX-ICE & CLIM EXP (5 YR) X X X X X X X X X X

OPTIONAL SERVICE MISSIONS x2 x2
1988 MISSIONS

NOAA (E5) X X X X X x X % X X X

REGION Hy0 QUAL MON (LEP) X X X X X X X X X X

ORBITER CAMERA FR FLYER (MML) X x X X X X X X x %

UARS-UPPER ATMOS RES (E-7) X X X X X X X X x X

NOSS-NAT OCEAN SAT. (E6) X X X X X X X X X X

HI ENERGY EXPL (NAS) X % 3 X X X X X X X

ASTROPHYSICS EXPL (GSF) X x X X x % x X x x

OP LAND OBSER SYS (LEP (R5) ® i X X X X x x X X

OPTIONAL SERVICE MISSIONS x2 x2
1989 MISSIONS

ERBS-EARTH RAD BUDGET SAT. (E-4) X x x X X X X X X X X

NOAA (E5) X x o % X x X X X x

ORBITER CAMERA FR FLYER (MML} x2 x? x2 x2 x2 X x2 x? g 2@ x2

UARS-UPPER ATMOS RES (E-7) x2 x2 x2 x2 x2 x2 x2 x2 X x2 x

OP LAND OBSER §YS (LEP| (R-5) X X X X X X x X X X

ALL WEATHER MICROWAVE (LEP) X x X X X X x X X X

EARTH SURVEY (LEP) x x X X X X X % X X b3

LAMAR-LG AREA MOD. ARRAY [A-14, GSF) X X X x x X X X X X x

OPTIONAL SERVICE MISSIONS x2 x2

R81-1108-135D-1380
1472-528(1)! NOTE: EXPONENT INDICATES NUMBER OF USES |

I



B27 — REVISIT — EQUIPMENT UTILIZATION SUMMARY — LEQ/PROPULSION SATELLITE MISSIONS ('90 TO '92)
. HPA PRIME USAGE
SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
EQUIPMENT | FLUID TILT ocP MMUMWRU NONCONT | MTV ORBITAL | ATTITUDE LIGHT
l oo Titksins Ps;g:'-l;ﬁ)sus T:::::;H TABLE | RMS WK PLAT OCP/RMS POM WITH END WITH WITH PAY- HPA ACS POM MTV vss STORAGE ';:.:;:SAFGEER ENHANCEMENT
FOR TILT EFFECTOR | STABILIZER | LOAD HDLG
TABLE

l UARS-UPPER ATMOS RES (E-7) x2 x2 x2 x2 x2 x2 x2 x2 X x2 X

NOSS-NAT OCEAN SAT. (E6) x X X X X X X X X% X

X-AAY TIME EXPL (A-10, GSF) X X X X X X X X X X x
. ICEX-ICE & CLIM EXP (5 YR X X ” X X X x X X X

OP LAND OBSER SYS LEF) (R-5) X X X x X ek x X X x

ADV GEOLOGY SAT, (LEP) X X X X X X X X X X

GLOBAL REGIONAL ATHMOS MONITOR (LEP X X X X X X X X X X
. LAMAR-LG AREA MOD, ARRAY (A-14, GSF) X X X X X X X X X X x

PRIV EARTH RES (LEP) X X X X X X X X X X X

ATMAS-ADV THEAM MAP (R-5) X X X X X % X X X X
. VLBI-V, LG BASE INT (A-15} X X X X X X X X X X

OPTIONAL SERVICE MISSIONS x2 x2
l 1991 MISSIONS

UARS-UPPER ATMOS RES (E-7) X X x X X x X X X X

NOSS-NAT OCEAN SAT. (E-6) x X X i o8 X X X X X
l ICEX-ICE & CLIM EXP (5 YR) X X X X X X X X X X

EARTH SURVEY (LEP) xZ x2 x2 x2 %2 x2 x? x2 x2 x2 x2

LAMAR-LG AREA MOD. ARRAY [A-14, GSF) x X X X % X X X X X X
l VLBI-V, LG BASE INT (A-15) X X X X X % X X X x

ENVIRON MONITOR (LEP) X X X X X X x X X X

OP METEOROLOGY (E-10} X % R X X X X X X x
l ASTRONOMY (MDC) X X % X X X x X X X X

X-RAY OBSERVATORY (GSF) X x X X X % X X X x X

OPTIONAL SERVICE MISSIONS : x2 x2
. 1992 MISSIONS

UARS-UPPER ATMOS RES (E-7) x2 x2 - x2 x2 x2 x2 x2 x2 X x2 X
l OP LAND OBSER SYS (LEP) (R-5) X X X X X X % X

LAMAR-LG AREA MOD. ARRAY (A-14, GSF) X x X X X X X X X X X

ATMAS-ADV THERM MAP (R-5] x2 x2 %2 x2 x2 x2 x2 x2 x2 x2
I VLBI-V, LG BASE INT (A-15) X X X X X % x X X X

OFTIONAL SERVICE MISSIONS v x2 x2

RE81-1108-139D-141D
I 1472-529(T)! NOTE: EXPONENT INDICATES NUMBER OF USES
l B-27




B28 — REVISIT — EQUIPMENT UTILIZATION SUMMARY — LEO/PROPULSION SATELLITE MISSIONS (*83)
HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT OPTIONAL EQUIPMENT
EQUIPMENT | FLUID TILT ocP MMU/WRU NONCONT | MTV ORBITAL | ATTITUDE LIGHT
1993 MISSIONS STOWAGE | TRANSFER | TASLE | RMS |y oy a7 [oce/Rms | Pom | wiTHEND WITH WITHPAY- | HPA | ACS POM | MTV | VSS | STORAGE | TRANSFER | ENHANCEMENT
ERENERIONS [ STSTOM FOR TILT EFFECTOR | STABILIZER | LOADHDLG PACKAGE
TABLE
ERBS-EARTH RAD BUDGET SAT. (E4) X X X x X X X X X X X
UARS-UPPER ATMOS RES (E-7) x2 x2 x2 x2 x2 x2 x2 x2 X x2 X
OP LAND OBSER SYS (LEP) (R-5) X X X X X X X x x x
SCADM-SOLAR CYCLES & DYNAMICS MISS X X x X x X x X X X
EARTH SURVEY (LEP) x3 x3 x3 x3 x3 x3 x3 x3 x3 x3 X3
VLBI-V, LG BASE INT (A-15) X X X X x x % X X x
ENVIRON MONITOR |LEP) x2 x2 x2 x2 x2 x2 x2 x2 x2 x2
ASTRONOMY (MDC) X X X X x x X x X X x
OPTIONAL SERVICE MISSIONS x2 x2
R81-1108-1420
1472-530(T) NOTE: EXPONENT INDICATES NUMBER OF USES




B29 — EARTH RETURN — EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS ("84, ‘85)
RMS PRIME USAGE

SATELLITE NOMINAL EQUIPMENT
NOMINAL EQUIF
RETENTION | SPEC EQUIR.| TILT oce MMU/WRU vss
1984 MISSIONS HEEUCT “TEITOEN"' PRour | TABLE| FIBA [PriiTvABLE [ AMS | mFR W/ END WITH pom | MTv [ HPA | NONCONTAM | MTV (W Docking | w/END WITH
WORK PLAT AMS | EFFECTOR | STABILIZER POM ACS RENDEZ | EFFECTOR | DEBRIS
STRUCT
CAPTURE
SPAS-01 STS PALLET SAT. X X X x2 X
1985 MISSIONS
SPAS-01STS PALLET SAT x X x X2 X
LDEF (01-10} X X x2 X X x
Ra1-1108-116D-117D
1472-531(T)

NOTE: EXPONENT INDICATES NUMBER OF USES




B30 — EARTH RETURN — EQUIPMENT UTILIZATION SUMMARY — DIRECT DELIVERY/SERVICING SATELLITE MISSIONS (‘86 TO ‘93)

RMS/HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT
oce MMUMWRU V5SS
RETENTION | SPEC eauw. | TILT WITH
1986 MISSions STRUCT | HETEN- | STOW. | TABLE | PIDA | wyyvape | avs | wen W/ END WITH pom |mTv|Hpa| nonconTaM | mTv | wiDocking | wrEND DEBRIS
TION PROV :
STRUCT WORK PLAT RMS | EFFECTOR | STABILIZER POM ACS RENDEZ EFFECTOR | CAPTURE

SUBSAT FACILITY (59) X X X x2 X X

1887 MISSIONS
SPAS-01 5TS PALLET SAT. X X X x2 X X
GRO-GAMMA RAY OBSERV (A-7) X X X X x2 X % X
SUBSAT FACILITY (58] X x x x2 X X

1988 MISSIONS
LDEF (01-10) X % X x2 X X X X
SUBSAT FACILITY (58} X X X x2 X X

1989 MISSIONS
SPAS-01 STS PALLET SAT. x X X x2 X X%
SPACE TELESCOPE (A-3) X X X % X X X X X
SUBSAT FACILITY (59) X x X x2 X X

1990 MISSIONS
SUBSAT FACILITY (S9) b X X x2 % X
AXAF-ADV X-RAY ASTRO (A-D) X X X x2 x | x X X
CRO-COSMIC RAY OBSER (A-13) X X X X % el X )
GRAVITY PROBE B (A8) X X X x2 x | x X

1991 MISSIONS
SPAS01 STS PALLET SAT. X X X x2 X X
25kW PWR MOD. (U-8) X X x 5 X x X
MAG FIELD SURV B (R-7) x % X x2 X % X
SUBSAT FACILITY (58) x % X x2 X X

1882 MISSIONS
LDEF (01-10) X X X x2 X X X X
COASTAL SAT. (NAS) X X x xZ X X X X

1993 MISSIONS
SPAS 01 STS PALLET SAT. X X X x2 X ®
25kW PWR MOD. (U-8) X X X X X X X
HVY NUCLEI EXPL (GSF) X < X x x2 X X X
i‘.?%é‘éa“z’ei}“"‘"" NOTE: EXPONENT INDICATES NUMBER OF USES




B31 — EARTH RETURN — EQUIPMENT UTILIZATION SUMMARY — LEO/PROPULSION SATELLITE MISSIONS (‘84 TO ‘87)
RMS/TILT TABLE PRIME USAGE

SATELLITE NOMINAL EQUIPMENT
RETENTION | SPEC EQuip. | TiLT | PiDA ocP MMUMWRU v3s
1984 MISSIONS SIRRCE ] REREICR ]S 00 | TARLE TILTTABLE | AMS | MFR | W/END wWiTH | pom |mTv | HPA | NONCONTAM | MTv [ wipocking | wi EnD WITH
ey WORK PLAT RMS | EFFECTOR | STABILIZER POM ACS RENDEZ | EFFECTOR | DEBRIS
cT
CAPTURE
CHEM REL MODULE (S5) X X X x2 X X
SOLAR MAX-SMM x x X x X X x X
RMS/HPA & RM: ABLE PR

1508 ASSS / IS/TILT T IME USAGE
LANDSAT D (R-2} X X X X x X x X 3
CHEM REL MODULE (S5) X x x2 X X %
ERBS-EARTH RAD BUDGET SAT.
(E5) X X X X x x X X% X
NOAA (E-6) X X x X X X X x X

1887 MISSIONS
COBE-COSMIC BKGND EXPL (GSF) X X X x X x X
EUVE-EXTREME UV EXPLORER
(A5) X X X x2 x | x X X
ORBITER CAMERA FR FLYER
(ML) X X X x2 X% ] x
MAGSAT B (R-1) X X x2 x | x X
RB1-1108-107D-1090
1472-533(T) NOTE: EXPONENT INDICATES NUMBER OF USES




B32 — EARTH RETURN — EQUIPMENT UTILIZATION SUMMARY — LEO/PROPULSION SATELLITE MISSIONS (‘88 TO '81)
RMS/HPA PRIME USAGE

SATELLITE NOMINAL EQUIPMENT
RETENTION | SPEC EQUIP.| TILT |PiDA ocP MMU/MWRU ) VssS
1988 MISSIONS EIRUGES AR f or ot [ TABLE TILTTABLE | RMS | MFR | W/END WITH poM |MTv |HPA | NonconTaM | MTV | w/pocking | wi EnD WITH
STRUCT WORK PLAT EFFECTOR STABILIZER POM ACS RENDEZ EFFECTOR DEBRIS
CAPTURE
LANDSAT D ** {5 YR) X X X X X X X X X
NOSS-NAT OCEAN SAT. (E6) X X X x2 % b x X
X-RAY TIME EXPL (A-10, GSF) X X X x2 %% x X
ICEXACE / CLIM EXP (5 YR) x X X x2 x | x X
1989 MISSIONS
LANDSAT D"’ (5 YR) X X X X X X X X X
ORBITER CAMERA FR FLYER
(MML) X X x x2 x | x X
NOSS-NAT OCEAN SAT. (E-6) X X X x? 4 X X
OP LAND OBSER SYS (LEP) (R-6) X X X x2 x | x X
1990 MISSIONS
NOAA (E5) o b ¢ X X X X X X X
REGION H20 QUAL MON (LEP) X X X x2 x | x X
HI ENERGY EXPL (NAS) X X X x% x | x X
ASTROPHYSICS EXPL (GSF) X X X x2 x | x X
OP LAND OBSER 5YS (LEP) (R5) X X X x2 X X X
TOPEX-TOPOG EXP OCEAN
CIRCULAT X X X x2 x X x
SCADM-SOLAR CYCLES &
DYNAMICS X X x x2 X X X
1991 MISSIONS
ERBS-EARTH RAD BUDGET SAT.
(E-4) % X X x2 x | x X X X
NOAA (E5) % X X x2 ;3 X e X
X-RAY TIME EXPL |A-10, GSF) x X X x2 X X X X X
OP LAND OBSER 5YS (LEP) (R-5) X X X x2 X X x
ALL WEATHER MICROWAVE (LEP) X X X x2 X x X
GAMMA-RAY TRANSIENT EXPL
(GSF) X X x x2 X X X X
UV PHOTOMET/POLARIMET
EXPL (GSF) X X X x2 3 X X X
R81-1108-110D-113D
1472-534(T) NOTE: EXPONENT INDICATES NUMBER OF USES




B33 — EARTH RETURN — EQUIPMENT UTILIZATION SUMMARY — LEO/PROPULSION SATELLITE MISSIONS (92, '93)
RMS/HPA PRIME USAGE

NOMINAL EQUIPMENT

SATELLITE
RETENTION | SPEC EQUIR | TILT | PIDA ocP MMUMRU vss
1992 MISSIONS SERUCEEUICHET ]l Sive | TASLE TILT TABLE |RMS | MFR W/ END WITH mTv [HPa [NOncONTAM | mTv [ w/pDockineg | w/ewno WITH
WORK PLAT RMS | EFFECTOR | STABILIZER POM ACS RENDEZ |EFFECTOR | DEBRIS
STRUCT ; CAPTURE

NOSS-NAT OCEAN SAT. {E-6) X X x x2 X X X
ICEX-ICE & CLIM EXP (5 YR) X X X x2 X X X
ADV GEOLOGY SAT. (LEP) X X X x2 X x X
GLOBAL REGIONAL ATHMOS
MONITOR X X X x2 % X X
PRIV EARTH RES (LEP) X b X x2 X X X x
SOFT X-RAY SURVEY (GSF) X X X x2 X % X X
X-RAY SPECTROSCOPY {GSF) X X X x2 X X X

1993 MISSIONS
NOSS-NAT OCEAN SAT. (E6) X X X x2 X x X
LAMAR-LG AREA MOD. ARRAY
(A-14) X X X x2 X X X
OF METEROLOGY [E-10) X X X x2 X X X
MOLECALAR LINE SURVEY % X X x2 X X
R81-1108-114-115D
1472-535(T) NOTE: EXPONENT INDICATES NUMBER OF USES




