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FOREWORD

This finnl report documenis the results of a study performed under NASA Con

teact NAS 9-15779.  The study was conducted under the teehnical direction of the

Contracting Officer's Representative (COR), Horbert G. Patterson, Systems Design,
dohinson Space Center. My, Lester K, Fero, NASA Headquarters, Office of Space

Transportation Systems, Advanced Concepts. was the cognizant representative of

that agencey.

The Grumman Acrospace Corporation's study manager was Charles J. Goodwin,

The major contributors and prineipal investigntors were Ron L. Boyland, Stanley W,

Sherman and Henry W, Morfin.,

This final report consists of the following volumes:

Exceutive Summary - Volume 1

Mission Handbook - Volume 2

Program Requirements Document - Volume 3
Supporting Analysis - Volume 4
Turnaround Analysis - Volume 5

Five Year Program Plan - Volume 6
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1 - INTRODUCTION

This aocument prosents the Five Yenr Program Plan for the Munned Orbit Trans-
fer Vehicle (MOTV). Included hereln are the planning, schedules, cost eatimates and
supporting datu (objectives, constraints, assumptions, ote.) associated with the devel-
opment of the MO'L'V,

The plan, in nddition to the above material, identifies the Supporting Research
and Technology required to resolve issues eritical to MOTV development,

2 - PROGRAM STHATEGY

The strategy of the MOTV Program, consistent with the basic NASA strategy to
capitalize and build~on the Shuttle capabilities in order to meet the mission require-
ments which fulfill national spuce objectives, is to extend NASA's ability to provide
sutellite services to renote and high-encergy orbits, The planned strategy is a two-
step approach, initially providing an unmanned orbit transfer vehiele (OTV) capability
and subsequently by modular growth providing a manned orbit trunsfer vehicle (MOTV)
capability,

3 - PROGRAM GOALS/OBJECTIVES

The goals of the MOTV Program are (a) to provide the capability to deploy large
payloads in geosynchronous orbits beyond the capability of the IUS and (b) to pro-
vide manned capability in geosynchronous orbits to service deployed payloads and/or
perform advanced missions. Payload deployment to GEO without man is an interim
goal plaunued for  mid '87 operational capubility. The advanced missions capability
including manned satellite inspection, servicing und repair and fabrication, ussembly
and checkout of advanced systems such as spuace solar power development articles
has an I0C prior to the end of '88 as u goal.

The objectives consistent with the goals deseribed in the above parngraph are:

(1) to complete Phase A studies to explore alternative concepts for the OV
Engine and Propulsion Module.

(b) to update the results of the Munned Gevsynchronous Mission Requirements

and Systems Analysis Study (MGMRSAS) to incorporate the results of the
above referenced Phase A studies.

(¢) to define OTV system requirements for Engine, Propulsion Module and Crew
Module concept definition.
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(d) to perform Phase A/B and 8 studles for Systom, Crew Module, Propulsion
Module and Engine concept definttion

(0) to design, develop, fabricate, assemble and eheckout Propulsion Module/

Engine and Crew Module hardware to provide both unmanned and manned
OTV operational capability.

() to identify all ervitical technology issues relevant to the achicvement of a
manned OTV operational capability.

4 ~ PROGRAM ELEMENTS

As a result of the MGMRSAS, a MOTV program has been formulated to satisfy the
buseline 81 Mission. The ground rules and assumptions associnted with the $1 Mission
are given in Fig. 4~1. Similarly, the MOTV configuration and Crew Module or Capsule
which have been conceptually developed to meet the S1 Mission requirements are
shown in Fig. 4-2 and 4-3, respectively.

The program clements in the context of the MOTV Program are best described in
terms of four major activities, (1) System Integration and Crew Module Definition,

(2) Propulsion Module Definition, (3) Engine Definition and (4) Supperting Rescarch
and Technology (SR&T).

The System Integration and Crew Module Definition activity includes the transla-
tion of planned missions into system requirements, the definition/production of the

Crew Module, the integration of the system and the development of system operational
coneepts.,

The Propulsion Module Definition consists of transluting unmanned and manned
system requirements into detailed module requirements, defining/produecing the Pro-

pulsion Module to satisfy these requirements, and establishing the Propulsion Module
interface and operational definition.

The Engine Definition activity encompasses the same tasks deseribed above for

the Propulsion Module. The SRRT activity includes all the technology issues ervitical
to the timely development of the MOV cupability,

5 - PROGRAM CONSTRAINTS

The MOTV Program Plan is constrained by the following milestone dates and
pround rules:

(#) The MGMRSAS Phase A Study is completed in 1979,
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(D) Phase A studies for the Propulalon Module and Enginoe are comploted in 1080,

()

(d)

()

()

The Propulsion Module and Englue ape Intially developed with n mun- rnted
enpability to provide for dual-mode operatlon, L.e., mnned or unmanned,

The Authorization-to-Procoed (ATP) for the MOTV enpability with the Crow
Module eccurs i the Intter pavt of 1983 or aarly In 1984,

The Initlal Oporational Capabitity (100€) dates for tho unmanned and manned
QLY are 1987 and 1988, respoativoly,

The prog am plan is based on ground MOTV turnaround although Space
Operaticas Center (50C) 01V turnaround will be studicd as an option,

6 - PLANNING ASSUMPI'IONS

In developing the five year program plan for the MOTV, a number of ussumptions
were made as deseribed below:

(1) The program plan covers tho period 1980 through 1984, Top level planning
has been formated to 10C to insure timely development of all program
clements,

(b)

(e)

(d)

The Phase A studies for the System/Crow Module, Propulsion Module and
Engine are followed by Phasc A/B Studies for refinemoent of the requirements
and concepts.

The baseline MO'L'V to be developed ineludes:

Crew Module

APOTYV Propulsion Module
RLIO Der. Ilb Type Engine
Drop Tunks

Ground/Flight Support Equipment

The program costs include and are broken out in the following categories:

Phuse A/B Studies
Phase B Studies
Phase C/D hardwarce design/development /production

Supporting Rescarch und Technology (SR'1)



(@) Bpace turnaround option is based on the 50C fucility defined by the J8C 8QC
Proliminary Study Report dated May 18, 1978,

() The aosts Ineludod for the MOTV plase €/D pragram are based on the follow-
Ing ground rules/assumptions

¢ Cont datn in 1979 constant dollars

e Crew salarles und space sults (oxecpt for SR&T) are exeluded,
¢ ‘Three Shuttle flights nve required for MOV devolopment ,

¢ 1 cquivalent unit of cach subsystem roquired for ground tost

Support equipment cost includes one sot for development

Non-veplicated weights used for development cost computation.

Drop tank cost per mission bused on the averape produetion unit cost of
60 units at 85% learning,

“ ¢ Crew Module and Propulsion Module costs are based on estimuted weipghts
P including 25% and 15% contingency, respectively,

@ Spares included only for production.

7 - SCHEDULE & MILESTONLES
The top level schedule for the MOTV program is shown in Fig, 7-1, and is umpli-
fied by the Master Schedule presented in Fip. 8-4, section 8.16. As noted above, it
includes the five year development plan, '80 - '85, as well as the phasing to achieve
a manned 1I0C in 1988, Major milestones to the manned 10C are also identified.

The major milestones include the NASA review /budget approval dates for a
phaced MOTV development; Module mock-ups and required dates for MOV develop-
ment; and 10C dates for the unmanned and manned O1'Vs.

The schedule in Fig. 7-1 shows the phasing of four major activities - contructed
studies, future studies, phase C/D and SR&T. The contracted studies inelude the
MGMRSAS, Propulsion Module and Engine phase A studies. Phase A/B type studies
have ulso been awarded for point designs of the expander type engine, The future
studies include phase A/B type studies for the System/Crew Module and Propulsion
Module to refine mission/design/operationsl requirements definition. The results of
the phase A/B studies provide the basis for NASA deeisions to proceed with phase B
studics for the System/Crew Module, Propulsion Module and Engine,

Based on the results of the three phase B studies (complete or partial), a NASA
decision is made to proceed with a 1982 Phase C/D go-uhead for the unmanned orv,
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Although this approval is for an unmanned OTV, the Engine Phase C/D and the

subsequent Propulsion Module Phase C/D have an initial requirement for man-rating.
Following the completion of all Phase B studies, a NASA deecision is made in 1983 to
proceed with the manned OTV Phase C/D. The culmination of these activities is the
1st unmanned OTV flight in 1987 and the 1st manned OTV flight in 1088,

Engine, Propulsion Module and Crew Module are appropriately phased for deliv-
ery, integration and flight., The mocl:-ups are phased to the SR&T program which in
itself is phased to the program milestones as discussed in detail in subsection 8.4.

8 - PROGRAM CONTENT

The content of the MOTV development program is presented and discussed in
five areas as outlined below:

(a) System Integration and Crew Module Definition
(b) Propulsion Module

(¢) OTV Engine

(d) SR&T

(e) Manned Mission Development

For the first three areas, Phase A/B or B study activities are described and discussed,
hardware development and acquisition planning are presented and schedules and costs
are detailed. The SR&T area addresses the technology issues critical to the MOTV.
For each issue, the reuson for the criticality is discussed, schedule and phasing re-
quirements are presented and cost requirements summarized. The Manned Mission
Development identifies the planned orbital activities to achieve a manned GEO capa-
bility .

8.1 SYSTEM INTEGRATION & CREW MODULE DEFINITION

8.1.1 System Integration Activity in Phase A/B

The basic objectives of the Phase A/B study in system integration are to incorpo-
rate the results of the Propulsion Module and Engine Phase A studies and to refine
mission/system requirements and interfaces/program planning. Alternate missions to
the baseline design refercnce mission (DRM) will be considered and various scenarios
of manned activity, particularly as they differ from the DRM, will be defined. The
alternate missions will encompass requirements for short duration (2 day) and long
duration (30 day) missions with crew sizes from 2 to B8 including passengers. The '
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alternate missions will he preparoad (o the same depth us the baseline DRM,  Detailed

manned system raquivements will he derivaed from these alternage missions, e MOTY

Requirements Document and Mission Handbook wilp he updatod to refloet the alternate
missions,

Requivements for man ratimy will also be assombled fop the MOTV system, Inelud
iy eationale and teades (o ustiy their inelusion, Requirements top subsystem roli
ability and redundaney will bo assessod (o assurs erew safety, A praliminary MOTY
top speeifieation will bhe prepared and include these "man- eating” requirement s,

The systems intepeation activity will also refine the MOV subsystom detinition
and identity the intertacos between the Crew Module and Propulsion Modyle subisys
tems, Vinally, the systom intogeation aetivity will update cost and schedule data on
the MOTV, 1'he update will refloet the resulis off alteroate mission detinitions and
crew moduale/subsystom wodifications. Al costs will b presented showing uncer
tanties about the wean,

The five year MOTY Program Plan will be updated to refloet new data from
alternate misstons and/or modifiod definitions. Long pole or eritieal development
items will be identitied. Critical technology issues and precursar test programs which
are needed to support the MOTY program or major decision milestones will also he up
dated. The program plan update will inclyde Phase B and /D plans and sehedules,
us well as a preliminary test plan which identitios mujor test articles needed tor MOI'Y
developmient,

§.1.2 Manned Crew Module Desipns tor Phase A/R Study

The Crew Module coneeptual design developed to sutisty DRM will be reviewoed
and reassessod considering the altornate missions and the updated MOTY Ruequire
ments Document detined by this Phave A/ study.  'T'o this end, pertormanee analy ses
will be condueted to the level neeessary tor evew capsule definition, internat layout
preparation, and goneral purpose/mission dedicated cquipment loeation, Nucossary
trade studies will be pertformed to minimize development and production costs of the
bazieline MOTV and the "mind mody® required to accommodate alternate mission

seenarion,

The erew module activity will also develop modifieations to the baseline subsyy
tems to necommodate the varying crews and duentions requived by the alternate mis
sion seenarios, I'hese moditientions will be minimun changes to the basoline subsystem

and will not result in new subsystem desipms optimized for ench mission, The impact




of these "ming Modsa™ will be clearly defined in teems of performunce, lopistics, opern
tions, const and Propulsion Modale interface, Whers "mini mods" are impractionl or
imporsible, a dedieated subsystom will be identitied and dosign, porformunee and vost
charaeteristies determined., The subsystem definition will also inelude man vating
requirements (eagr., redundaney, back up systom, contingoney) and the eationale for
theiv use,

The Crow Module Activity will consider the design impact of operational require
ments for both ground and space MOV turnaround,  These operational requirements

will be updated versions as developed by the activity deseribed in Subsection 8. 1.3,

8. 1.3 ‘Turnaround Operations for Phase A/B Study

Utilizing the updated mission, system requirements and Crew Module definitions
produced by the Phase A/B study, the requirements for flipght and ground operations
will be defined in depth. The operations definition will include turnaround and sup
port requircmaents and consider both pround based and space based turnaround. with
the latter using the Space Operations Center (S0C) ueility.  The requirements for
cach mode of turnaround will be fully identificd.

Detailed timelines . manpower and pround based/spuce based faeilitios will be
identitied for the MOTV turnaround. No uew facility requirements have been identi
fied to date for ground MOtV turnaround.  Space based equipment for SOC turn -
around will be defined as deltas to the basie SOC.  Interface requirements between
the Crew Module. Propulsion Module, 8T8, SOC and pround faeilitios will be defined
to assure compatibility during servicing, safing and other turnaround opevations,
Requirements for abort. component changeout on the launch pad, DOD peculiar re
quirements, orbital fight instrumentation (OFD, launch processing system (LPS)
interfaces and software will also be identified.  GSE requirements ineluding interface,
confipuration and performance will be defined.  Preliminary MOTV spaves provisioning:
will ulso be developoed,

Flight operations requirements will be established and a mission plan developed

o include orbital timelines, mission velated hazard analyses and contingeney plans,

Maintenance and mission sensitive trades will be condueted to seleet low cost
appronchoes to flight and ground operations, ‘These teades will include but not be
limited to OFL versus LPS checkout and horizontal versus verties! MO'EY turnaround

woressinge,
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B.1.4 Phnse A/ Study Plan/Schedule

The basie objeetlve of the System Integration and Crew Module Definition Phase
A/B Study is to utilize the OTV related Phase A studies, which cither have been or
will be comploted in the near future, to develop alternate missions to the baseline
design reference mission and to assess the impact of these alternate missions on re-
quircments, dosigns, interfaces, schedules and cost.

The task flow and milestone schedule for this Phase A/B study are shown in
Fig. 8 1 and 8-2, respectively. As shown in Fig. 8-1, the study activity is logically
grouped into five tasks. The inputs for these tasks are the overall study inputs and
the outputs of specific tasks of this study, also shown in Fig, 8-1.

Task 1, Mission Definition and Manned System Requirements, evaluates alternate
missions to the design referetice mission with various scenarios of manned activity.
Alternate missions are sclected and utilized to update the manned system requirements
and mission handbook. The mannhed system requirements, including man-rating fea-
turcs such as subsystem reliability and redundancy for crew safety, are documented
in a preliminary MOTYV top-level specification.

The outputs of Task 1, in conjunction with the study inputs, are used to perform
Task 2, Crew Module Definition, Previous Crew Module designs are reviewed and
modified to meet updated system requirements. The basic approach is to meet these
varying requirements by minimum modification of the basic Crew Module design. Pre-
liminary design drawings and mission scenario sequences are prepared for the alter-
nate requirements and missions. The efforts of this task are iterated as required by
the outputs of Tasks 3 and 4.

Tusk 3, Subsystem and Interface Definition, defines the subsystems and module
interfaces to accommodate alternate mission/system requirements. These definitions
are based on the study inputs and the outputs of Tasks 1 and 2,

The outputs of Task 3, us well as Tasks 1 and 2, are utilized to define flight and
ground operations.  The options considered include space (S8OC) und ground turn-
around. Consistent with the alternate mission/requirements, operational requirements
including faeilities, manpower, support cquipment, interfaces, servicing, maintenance,

software and spares are defined.

Task 5, Programmutics and Cost, uses the outputs of all the other tasks to up-

date cost and schedule data provided as study inputs. ‘The five year program plan is

11
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Fig. 8-1 System Integration & Crew Module Detinition Phase A/B Study Plan
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updaited to vefloet the lntest data including eritical development and technology items,
schedules, plans and costs,

The results of the Phase A/B study are documented by the five reports noted in
Fig. 81 a8 study outputs,

The study milestone schedule, Fig. 8-2 identifies the study milestones, tusks,
reviews and documentation output. It is based on the task flow logic of Fig. 8-1. The
milestones include quarterly NASA briefings and a final study presentation to NASA.
"In-house" reviews are conducted with the Grumman Study Review Board created to
support this effort. Progress reports are provided to NASA monthly, except where
quarterly reviews are scheduled wherein Performance Review Documents are provided
in their place. Draft and final reports are submitted as noted in Fig. 8-2,

The time phasing of the study tasks is ulso shown in Fig. 8-2, The duration and
sequeneing of these tasks is commensurate with the required activity and their appro
priate interrelationships.

8.1.5 System/Crew Module Development & Acquisition

MOTV development and acquisition are best discussed within the framework of the
program Work Breakdown Structure (WBS) shown in Fig. 8-3. The system develop-
ment and acquisition discussed in this section include all of the hardware items of
Fig. 8~3 except the Propulsion Module. The development and acquisition of the Pro-
pulsion Module and its Engine are discussed separately in Subsection 8.2.3 and 8.3.2.
respectively.,

The System/Crew Module development and acquisition are based on the extension
of the Phasce A contract to perform a Phase A/B Study, a Phase B Study competition
with two contractors and the selection of one contractor to design. manufacture and
test the Crew Module and integrate the MOTV system. This approach is contingent
uvon Propulsion Module /Engine study results and the ability of the SR&T program to
resolve eritieal technology issues.,

The grappler, manipulator and standard EVA tools/checkout equipment requirve
development and acquisition but are part of the Crew Module., Other hardware items
such as the Ground Support System, Flight Support Equipment and Drop Tank are
separate program clements which require desipn and fabrieation and/or procurcment.
They are separate WBS items not ineluded in the CM or PM but since the development

and aequisition arve relatively straight forward they are not discussed in detail in this
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MILESTONES & TASKS

MONTHS FROM AT
4 6,0 ,7,

8

(8 10 11,12

STUDY MILESTONES
o KICK-OFF MEETING
¢ BRIEFINGS
® IN-HOUSE REVIEWS

REPORTS AND DOCUMENTATION

STUDY PLAN UPDATE
PERFORMANCE REVIEW DOCUMENTS
PROGRESS REPORTS

FINAL REPORTS

A

A

A A

A A

DRAFTA A

FIN

STUDY TASKS

1 — MISSION DEF & MANNED SYS REQ
ALTERN MISSION DEV

MANNED SYS REQ UPDATE

MISSION HANDBOOK UPDATE
MAN-RATING REQ & TOP SPEC PREP.

2 — CREW MODULE DEFINITION
e PRELIM. DESIGN & MODIF, PREP.
e MISSION SEQ DEV
® TECH REQ IDENT

3 — SUBSYSTEM & INTERFACE DEFINITION
© MODULE INTERFACE DEFINITION
¢ 5/S MOD DEV
¢ 5/S MAN-RATING REQ DEF

4 — OPERATIONAL REQ'MTS DEFINITION
¢ GNO & SPACE TURNAROUND REQ DEF
e SUPPORT EQUIP REQ IDENT
e MISSION PLAN DEV

5 - PROGRAMMATICS & COST
e COST & DEV.SCHED UPDATE
¢ b YR PROGRAM PLAN UPDATE
e CRITICAL ISSUE TECH IDENT

FINAL REPORT PREPARATION
1776-202wW

;

Fig. 8-2 Phase A/B Study Milestone Schedule
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five year plan, Subsequent revisions of the plan will consider the development and

acquisition of these items,

8.1.6 System/Crew Module Schedule & Cost

The Master Schedule for the MOTV Phased Development Program Plan is given in
Fig. 8-4. This schedule, in addition to amplifying the milestones und module activity
shown in Fig. 7-1, details the critical issues phased to the MOV study and hardware
activity. The eritical issues cover both eritical technology items requiring SR&T pro-
grams and major cost impact technology issues which must be traded during the MOTV
studivs., All criticul issue activities are sclheduled to support the established system
milestone dates.

The MOTV program costs for the Crew Cupsule exclusive of the study /SR&T
costs are tabulated in Fig. 8-5. Vigurc 8-5 shows the costs broken down by major
hardware clement or function und by program phase, i.ce., DDTRE and Production.
The $502M DDTRE costs includes the subsystems in the CM and excludes those por-
tions of the subsystems in the PM. The $115M Production cost covers two CMs con -

sistent with program plunning.
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PROJECT MANAGEMENT 40 8 48
SE&| 33 - 33
STRUCTURE 101 16 117
INSULATION 8 1 7
MECHANISMS 23 13 36
EPS 2 1 3|
AVIONICS 66 13 7]
GN/C 44 7 51
COMM/DATA HNDLG 6 3 8
CONT & DISPLAYS 17 3 20
ECLS 140 30 170
CREW ACCOM 76 16 92
0/B SOFTWARE 4 - 4
8YS TEST & EVAL 1 - n
INST-ASSY-CHECKOUT - 17 1?7
1776-32aW 602 116 617

|| SUBSYSTEMS SPLIT BETWEEN
| CAPSULE & PROPULSION CORE

Fig. 8:6 Crew Capsule Daveloptitant/Productionh Cost — Mission S1 (Constarit 1979 § M)
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B2 PROPULSION MODUTE

8201 Prapulsion Madule Desipas for Phase AN Htudy

Althouph the M phase A studies have hoon formulated with the intent of estab-
Hahing a recommonded PM propgram, the MOTY progeram plan praposes an altornative
approach,  Sinee the Systom/Crew Module plhnse A/R study will be Investigating alternate
MOTV missions und updating syatem/subsystom requirements and the Ingine phase
A/H stady will be developing point desipns for the oxpander type ongine, the M
phase A/B study as planned will vefine the M com‘imwntinns/cunccpts/pmmuuns
studied in phase A,

Accordingly, the PM desipns to be studied in phase A/1 include the an propuls
sive OTV concept and 2 nero-assisted 0TV coneepts, acro=mancuvering and wero-
breaking. The phase A/B will also continue the study of evolutivnary options nsso-
clated with cach voneept ,

8.2.2 Phase A/B Study Plan/Schedule

As discussed above, the basic objective of the proposed phase A/B study is to
develop a recommonded program for the OTV Propulsion Module. The prime inputs
for the phase A/B study are the results ~# the PM phiase A study, the outputs of the
System/Crew Module phase A and A/B studies, and the output of the Engine phase
A/B studics. The outputs of the phase A/B PM study are a recommended PM program
together with related development plan, schedule and cost estimates,

The PM phase A/B study schedule 13 planned as a 12 month activity, It is pro-
bosed as a follow-on extension of the current phuase A study contracts with a phased
sequence of updating PM requirements, refining coneepts and approaches, updating
engine/subsystem requirements and relining the definition of solected coneepts und
development approaches, Eaeh sequence lasts for approximately 8 months with some
overlap for interaction between the netivities,

8.2.3 Propulsion Module Development & Acquisition

As noted above, the PM aetivity continues with a tollow-on extension for the 2
phase A contractors to pertform the phase A/B studics. Subsequent to completion ot
the phase A/B studies, NASA is expected to select a preferved I'M coneept /program
approach.  Based on this seloction, a phase B RFP will be relensed and ultimately Y

contractors will be chosen to perform detailed coneept definitions for the selected P

I8
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and te propare phase C/D proposals,  One cantractor will be folocted to destgn,

fubriente, assomble and Aceeptunco test the Propulsion Module for tho unmanned
und manned OPV'y,

8.2.4 Praopulsion Modulo Sehodule & C it

Thu sehodule for the 'M devolopment and aequlsition s included in the Master
Schedule of Fig, 8-4, 8ix month perleds are plunned betwooen phases to allow for Rrp
finalization /roleusc, proposal proparation and/op proposal evaluation and vontruet award,
Major milostone datos include a PM phase B upproval in Oct, '81, an unmanned OTV
program approval in Oct. '82, and the first light Py delivery in mid-'87.

The PM program costs inelude 1 million dollars foy 2 bhase A/B contructs, 2 mil-
lion dollars foy 2 phuse B contracts and an estimated 460 miltion dollars for phase C/D
including $391 Million fop DDT&E und $69 Million foy Production of 2 flight pM's, The

funding requivements fopr the PM are included in the funding schedules presented in
Seetion 9,

8.3 0TV ENGINE
8.3.1 Phase B Study Plun/Schedule

The basic objective of the 0TV Engine Phase B Study is the fabrication, assembly
and test of a demonstration engine. This approach is consistent with the current con-
tracts in existence for the OTV Engine, In the Phase A contracts which ape scheduled
for completion in April '80, the basic objective is to optimize the expunder type engine.
In the phase A/B study contracts recently awarded and scheduled for completion in
Oct '80, three contractors are developing a point design for the eXpander cycle engine,

The prime inputs for the phase B study are the expander engine point designs
produced by the phase A/B studies, availuble data on the staged combustion engine
¢ycele and the engine requirements produced by the System /Propulsion Module phase
A/B studies, The outputs of the phase B engine study are the proposed demonstra-
tion engine and its test results, which are expected {o verify the feasibility of de-
signing and producing flight engines which meet MOTV requirements, and a proposnl
for phase C/D,

The schedule for the bhuse B study is planned as an 18 month unetivity, The
first 3 months are devoted to procurement and manufacture /test planning; the next
12 months to fabrication ; assembly and checkout; and the last 3 months to test,
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avaluation of rasults and proparation of o phase C/N prapasal,  This schodule will
require the purchase of lang-lead ftems in the latter part of phase A/H,

Rod.2 0TV Engine Devolopment & Auquinitimt

The OTV ongine dovelopmont nnd nequisltion in s ewrrently contraetod stops
are discussed In aubsoction 8,3,1,  In the subsequent activity, a compotitive phase B
Is planned with 2 contraet winners, At the conelusion of tho phase B complotion,
NASA {8 oxpected to choose the preforved engine eyelo and the winning contractor,
Assuming an unmanned OTV program go-nhead, the scleeted phaso C/D contractor
proceeds to design, fabricate, assemble and aceeptanco tost engines for the unmannaed
and manned O'L'V's.

8.3.3 OTV LEngine Schedule & Cost

The schedule for the 01V Engine development and aequisition is ineluded in the
Master Schedule of Fig, 8-4,  Six month periods are planned between phases to allow
for RFP finalization /release, proposal preparation, and/or proposal evuluation und contract
award. Major milestone dates are an Engine Phase B approval in Oct '80, an unmanned
OTV program approval in Oct '82, and the first flighe engine dellvery at the end of
'86.

The Engine program costs include 2 million dollars for the 2 phase B contracts
and 84 milllon dollars for the phase C/D including 2 sets of flight enpines, The
funding requirements for the OTV Engine are included in ine funding schedules
presented in Section 9.

8.4 SUPPORTING RESEARCH & TECHNOLOGY (SRg'')

As part of the MGMRSA study, a number of critical issues have been identified
which must be resolved for an orderly and timely completion of the MOTV program
within reasonable cost. These critical issues ure categorized into two groups, (a)
technieal issues which if not solved will preclude MOTV flying and (b) cost issues
which have a major impact on program costs. There is a third category of eritical
issues which relates to technology improvements that are not incorporated into the
initinl MOTV but arc desirable for growth versions. This third category of critical
issues will be developed during the follow-on phase A/B study based on the alternate
missions formulated in the phase A/B study snd the outputs of the Propulsion Module

and Engine phase A studies.
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The eritienl technnlogy Isnues are shown in Fig, 84 in order of eriticnlity.  Ench
of these eritleal lasuos roquire an SR&T commlttment to support the MOTV progeam,

The reason for the SR&T requiremont, the npproanch for resolution, schedulo und
eost for caeh eriticnl Insue are plven in Fig, 8-6 through 8-19,

The major cost impaet erltical issues and their planned sehedule for resolution
are also shown in Plg. 8-4. These issues and thely impact on the MO'L'V will be re-
solved by analyses and trudes performed as part of the phase A/B and B studies, In
all eases, these issues have major cost impact and comprehensive analyses/trades
are vital to the development of the MOV program,

8.5 MANNED MISSION DEVELOPMENT

The manned mission development addresses the MOTV flight demonstration aetivi-
ties that are planned which lead to the operational demonstration of the manned GEQ
mission capability. These activities are based on the ussumption that the SR&T pro-
gram described in subscction 8.4 has been implemented,

The flight demonstration uctivities include Shuttle assisted MOTV system/opera -
tional development, unmanned OTV flight and the initial manned O1'V flight, These
activities and their timing are shown in Fig, 8-13. All activities are part of the MOTYV
bhase C/D program.

The initial development is u space demonstration of on-orbit assembly of the
MOTV. A representative Drop Tunk is assembled with a representative Propulsion
Module which is held in position by the Orbiter. The representative aspeet of the
demonstration models covers aceurate hard point dimensioning and approximate cop-
relation of weight, volume and center-of-gravity conditions. This development activ-
ity demonstrates the ability of the Orbiter and its munipulitor system to handle and

position MOTV modules and the capability of man in EVA to complete the assembly of
these modules.

The next development netivity is a flight demonstration of the Crew Module
manipulator/grappler system, "This system consists of the prototype munipulator de-
veloped by the SR&T program and a development grappler produced by the CM phase
C/D. A satellite moek-up with replacenble modules and associated manipulator /grap -
pler displays und controls are also provided. Theso test articles will verify the capn-
bility of the manipulator /grappler design and man operating IVA to perform manned

GEO tasks such as satellite retrieval, module removal and module rephcement,
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HEQUIREMENTS:

APPROACH;

SCHEDULE:

FUNDING:

e ataw

BEVELOP GLO LNVIRONMENTAL DESIGN GUIDELINES INCLUDING SOLAR FLARE, PREDICTABHITY,
WAHNING BYSTEM CONCERY It ) INTTION AND ALLOWABLE DOSL LUVELS/SHILLINNG €1 1) IVENLSS.
) ANALYSIS

(t PREDIGTABILITY

ANALYZE HISTORY OF MAJOR PIROTON EVENTS (18TH, 19TH AND 20TH CYCLE) AND

OPTIMIZE PRESENT SHORT/LONG TLEIRM TEUHNIQUES PHLIICTION AND MODELS FOR ANOMALOUSLY
LARGE PHOTON EVENTS, PREDICTION TECHNIQUES/MODELS Wit ADDRLSS TIME OF QuCun.
RENCE, LOCATION, ENCRGY SPECTHUM, TIME OF MAXIMUM ¥ LULNGCE, DECAY TiML (LE, DURATION) &
ASSOCIATED GEOPHYSICAL EFFECTS, PRLDIC

TION GOAL 18 30 DAYS WARNING WITH 99% CONF).
DENCE LEVEL. IF PREDICTION GOAL CAN'T BE ACHIEVED 3y

LATC BIGHTIES, PREDICTABILITY
APPROACH WILL BE A TWO.STEP PROCESS, FIRST, A DEFINITION OF THE WARNING CAPABILITY
THAT IS POSSIBLE BY THE LATE EIGHTIES AND SECOND, A DETERMINATION OF AR TERM CAPA.
BILITY (1990°8),

{2} LEVELS/SHILLDING
HEVIEW THE STANDARDS ESTABLISHED FOR UNIT REFEL
DETERMINE IF HIGHER DOSE LEVELS ARE ACCEPTABLE CONSIDERING Q-LET RELAY TONSHIPS,
RADIATION/OTHER STRESS INTERACTION & HZE PARTICLE EFFECTS, ESTABLISH DESIGN GUIDE.
LINES FOR MULTLLAYERED SHIELDS, IMPROVE SPECIFICITY OF DOSE PROJECTIONS BY RLEINING
PROGHAM FOR CALCULATING DOSES THROUGH VARIOUS SHIE LDING CONFIGURATIONS,

(b} SENSOR

CONSIDERING PRESENTLY AVAILABLE & PROJECTED SATELLITES AND GROUND | ACIL
FHIES FOR ORSERVING, TRANSMITTING & PROCESSING OF SOLAH FLARE/RADIATION DATA, DE.
VELOPE AN ADVANCED WARNING SYSTEM CONCEPT TO ALERT MOTV CREWS AT GEO O IMPEND.

ING LARGE PROTON EVENTS, CONCEPT INCLUDES CONSIDEHATION OF SENSORS FOR ON BOARD
CM INSTALLATION TO PROVIDE LOCAL REAL-TIME ALEHY TO MOTV CREW

ENCE HISK CONDITIONS &

1080 1981 182 14983

23 411 2 3 4 R @
L..'_ 2 123 411234

rq\ G CM PROPOSAL,

[ ANALYSIS

SENSOR |
$200K $400K $60OK $EO0N TOVAL © $1.8Mm

Fig. 8.8 Supporting Research & Technology, Solar Flare Prodiction




APPROACH: (A)  PERFORM TE81
TOR.

Bl FABRICATE GROUND
(ORIGINAL ARM PLUS

PULATORS.
(C) DESIGN & FABRICATE

( HEQUIREMENT: VERIEY CAPABILITY OF CREW MODULE F LIGHT STA’
DUSIGN TO PERFORM MANNED GEOS ASSEMBLY & DISASSLMBLY OPERATIONS,

5 (MRWS TEST PROGRAM) WITH BI R (1) LATLHAL FORCE REFLEC

TEST FLIGHT STATION SIMULATOR CONSISTING
(PURCHASE OF DESIGNED ITEMS) & FLIGHT STATION

FLYER GRAPPLING SIMULATION TESTS USING FLIGHT
DEGHREE-OF-FREEDOM MOTION BASE. COMPANE b

SPACE TESTING WITHIN SPACLLAB IN SHUTTLE FLIGHT,
(V) DESIGN, FABRICATE & ENVIRONMENTALLY GROUND TLST PROTOTY

HON WITTH MBWS DEXTEROUS MANIPULATOR

TING) MANI'ULA

OF MRWS BER MANIPULATOR
IATED CONTROLS & DISPLAYS
ORTION OF CREW MODULE. PERFORM EREEL
STATION SIMULATOR & GRUMMAN
EHFOHMANCE OF RESOLVED RATE & BFR MANI

ND PROCUREMENT), GRAPPLLH, ASSQC

FLIGHT STATION SIMULATOR (WITH SELECTED TYPE MANIPULATOR) FOR

'L MANIPULATOR

1980 1

1982 1983

123 4|1 213

9 LRI N A A |

INPUT ¢ C/D/CM PROPOSAL

INOT INCLUDING SPACLLAB,
SHUTTLE & P/L SPEC.
COSTS)

L7 26-304W

SCHLDULL, F MAWS MAN'PULATOR BEV TESTS
,a‘,t‘ l T ] FLISTASIM  GND TEST AHTICLE
DLSIMIG 1] FLTSTASIM - SPACELAB TEST AHTICLE
DES/MIG [T | PROTOTYPE MANIPULATOR
FUNDING: $1.76m $2.06M 0.7

TOTAL - $4.74M

Fig. 8-7 Supporting

Research & Tochnology, CM Flight Station Simulation
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REQUIREMENT: DEMONSTAATE FEASIBILITY OF ON-ORBIT ASSEMBLY OF MOTV MODULES.

APPROACH: (A) DESIGN, FABRICATE & ASSEMBLE PROPULSION MODULE SIMULATOR WITH ACCURATE SIMULATION OF
PROPULSION MODULTE CORE HARD POINTS & CRUDE STRUCTURE TO REPRESENT PM PHYSICAL
DIMENSIONS. FABRICATE LIGHTWEIGHT DROP TANK MODEL WITH ACCURATE ATTACHMENT POINT

REPRESENTIVE. PER™ORM SIMULATED PM/DROP TANK ASSEMBLY OPERATION DEMONSTRATION USING
JSC MANIPULATOR DEVELOPMENT FACILITY.

DESIGN, FABRICATE & ASSEMBLE NEUTRALLY BUOYANT DROP TANK MODEL & STS/PROPULSION
MODULE HOLDING FIXTURE/CRADLE FOR ON-ORBIT ASSEMBLY DEMONSTRATION OF PROPULSION

MODULE MODEL (FROM ABOVE) AND DROP TANK NEUTRALLY BUOYANT MODEL IN JSC WATER
IMMERSION FACILITY (WIF).

(8}

1980 1981 1982 1983
1234123412341 2234

tmpur @ C/D PM PROPOSAL

SCHEDULE: |DES./MFG.T]GND 8IM-1G

DES/MFG | T | WIF SIM

FUNDING:
(NOT INCLUDING
WIF COSTS) $260K  $950K $660K TOTAL = $1.85M

1776-303W

Fig. 8-8 Support Ressarch & Tachnology, On-Orbit Assembly Simulation

REQUIREMENT: DEMONSTRATE FEASIBILITY OF GEO SUIT COMPATIBLE WITH EVA ENVIRONMENT & WORK TASKS.

APPROACH: (A) DESIGN, FABRICATE & TEST GROUND PROTOTYPE THERMAL HAZARD RADIATION OVEHGAR-

MENT, HELMET & GLOVES COMPATIBLE WITH GEO ENVIRONMENT AND ADVANCED LEO SUIT;
EVALUATE CAPABILITY OF SUIT TO PERFORM GEQO WORK TASKS.

(B) REFINE DESIGN & FABRICATE PROTOTYPE GEO ENVIRONMENT HARDWARE FOR TESTING WITH

ADVANCED LEO SUIT IN LEO VIA STS FLIGHT. EVALUATE CAPABILITY OF SUIT TO PERFORM GEO
TYPE WORK TASKS & MEASURE METABOLIC OUTPUT.

1980 | 1981 1082 1983
1234]1234 1 234}1234

INPUT ¢ C/D CM PROPOSAL
SCHEDULE: | DES/MFG | T | GND PROTOTYPE
{ DES/MFG | T| FLT PROTOTYPE
FUNDING:
(NOT INCLUDING 100K B5OK 660K 200K TOTAL $1.5M
STS COST)
1776-304W

Fig. 8-9 Support Rescarch & Technology, GEO EVA Suit Dovolopment
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REQUIREMENT: DETERMINE COMPONENT & SYSTEM RELIABILITY & LIFE EXPECTANCY FOR PROPULSION MODULE
MAIN ENGINE,

APPROACH: PERFORM "“THINK TANK" TYBE STUDY TO PROVIDE INDEPENDENT ASSESSMENT OF COMPONENT &
SYSTEM RELIABILITY & LIFE EXPECTANCY FOR PROPULSION MODULE MAIN ENGINE. OBJECTIVE IS
TO VERLEY VIABILITY OF MOTV CONCEPT & ESTABLISH BASIS FOR SYSTEM TRADES.

1980 1981 1982 1983
1234123841 23a]123a
& INPUT - ¢ B ENG STUDY
SCHEDULE: COMPONENT & INPUT - ¢ B C/D ENG PROPOSAL
RELIABILITY & LIFE EXPECTANCY
L svstem

FUNDING: $100K  $200K  $100K  TOTAL - $400K
1776-306W

Fig. 8-10 Supporting Research & Technolegy, Main Engine Life & Reliability

REQUIREMENT: DETERMINE PROPULSION MODULE RELIABILITY COMPARING SYSTEM CONCEPTS WITHMOTYVY
REQUIREMENTS,

APPROACH: PERFORM “THINK TANK" TYPE STUDY TO PROVIDE INDEPENDENT ASSESSMENT OF PROPULSION
MODULE RELIABILITY CONSIDERING ALTERNATIVE MODES OF PROPULSION MODULE OPERATION &
DIAGNOSIS OF MODULE OPERATION FOR SE LECTION OF POSSIBLE MODE.

1980 1981 1982 1983
1234123412341 22324

& INPUT 6 C/D PM PROPOSAL
COMPONENTS & |

SCHEDULE: INST. RELIABILITY — DIAGNOSIS & ALTERNATIVE OPER MODES
FUNDING: $200K $100K TOTAL = $300K
1776:307W

Fig. 8-11 Supporting Resoarch & Tochnology, Propulsion Module Reliability
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EASIBILITY OF sOC TUANAROUND INCLUDING MAINTENANCE & SERVICING
OF MOTV,

APPROACH: (A} DESIGN, FABRICATE & ASSEMBLE BLACK BOXES & INSTALL IN CM/PM STUDY MOCK.uPS TO
FORM GROUND sac TURNAROUND SIMULATOR, USE soc SERVICE TOOLS TO SIMULATE MOTV
BLACK BOX REMOVAL & REPLACEMENT, ACCESS COVER REMOVAL & ENGINE INSPECTION
WITH SOC TURNAROUND SIMULATOR.

(8)  MODIFY BLACK B80OXES AND |
WIF SIMU I

1980 1981 1982 1983
1234j1234]1 2341233
CM | PM GNDSM
VL * ~ OF §7,C
SCHEDULE: Fo8/ ¢ |MaINTOPS | INPUT 6 C/D PM PROPOSAL
MOD./
x| T [WiF siM OF soc
ASS'Y MAINT OPS
FUNDING: $3.15M $1.15M TOTAL - $4.3M
(NOT INCLUDING WIF costs)
1776-308w

Fig. 8-12 Supporting Research & Technology, SOC Turnaround Simulation
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[~ ] SR&T (CRITICAL TECHNOLOGY ISSUES),
ON.ORBIT ASSY PM/DROP TANK MOCKUP
MANIPULATOR/GRAPPLER OPN pemMo [DESIMEGTT] Fit sta s IVA)
OPN MAINT DEMO WITH GEO SUIT FLTSTASIM (EvA)
PRE-LAUNCH ASS'Y & C/O — UNMANNED oTy E
UNMANNED GEO MISSION 1]
PRE-LAUNCH ASS'Y & C/0 — MANNED OTY 3
MANNED GEO DEMO MISSION n
177G~321W
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Fig. 8-13 Manned Mission Development, STS Flight Requirements
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The test article utilized in the above demonstration is modified to Incrense the
complexity of the maintenance and servieing operntions, The inereased complexity re-
quires man in EVA to assist the IVA munipulutor/gruppler funetion, This capability

is demonstrated by the modified tost article with man operating EVA in the prototype
GEO suit developed and tested in the SRe'T program,

The completion of the Shuttle

assisted development {ests sct the stage for the
OTV flights.

The first flight is an unmanned OTV flight, The unmanned flight not

only demonstrates the operational readiness of the OTV including PM core/engine and
Drop Tanks but qualifies the PM for manned 0TV fights. The unmanned OTV flight
is planned to GEO since the probability of OTV recovery in the event of failure for a
flight to higher earth orbit is considered extremely low.

The last manned mission development is the fip
preceded by a ground man-rating of the CM as well

scribed above includes the completion of a p

ful culmination of this flight is the ope
capability,

st manned OTV flight., This flight
as the development activities de-
epresentative mission at GEO.

rational demonstration of manned GEO mission
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9 - MOTV INTEGRATED SCHEDULE & COST

The integrated or master schedule for the MOTV program is given in Fig. 8-4,
previously utilized in the MOTV module discussion. The master schedule has been
time phused for the orderly development of the MOTV capability. The significant fea-
tures of this schedule include:

¢ curly system and module definition studies time phased for appropriate inter-
action between studies

¢ addressing and resolution of major cost impact issues in the studies

® SRaT activity to resolve "show-stopping" critical technology issues prior to
major program decisions

¢ long-range requirements incorporated into design requirements, i.e., man-
rating requirements included in the initial design of unmanned modules.

e concentration in early years activity on critical issues to limit funding require-
ments

The cost of the MOTV program is presented in Fig. 9-1. The costs have been
developed in accordance with the assumptions defined in Section 6. The program costs
are broken-out by major program function or hardware element and program phase as
well as summarized into sub-total and total requirements. Key costing assumptions

such us year dollars, weight contingency and production quantity are also noted in
I“ig‘. 9“'1-

The funding schedule associated with the Fig. 9-1 program costs and the Fig.
8-4 muster schedule is shown in Fig. 9-2, These fuﬁding requirements include the
study/ SR&T und phuse C/D costs. The study /SR funding requirements for each
of these categories is plotted to an cnlarged scale in ¥ig, 9-3. As noted above, the
MOTV program plan is keyed to the lowest carly year funding requirements consistent
with the resolution of critieal issues in support of major program decisions.
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Fig. 82 Annual MOTV Program Funding Requirements
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STUDIES

‘80

'8t ‘82

CALENDAR YEARS

‘85

Fig. 8-3 Annual MOTV Studies & SR&T Funding Roquirements
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