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FOREWORD

This $236,000 Low Energy Stage Study wes performed by Vought
Corporation under NASA Contract NAS8-32T10 for Marshall Space Flight Center
from September 1977 through August 1978. The prime objective of the study
was to determine the most cost effective epprosches for placing automated
payloads into low energy Earth orbits. These paylosds are injected into
circular or ellipiical orbits of different inclinations with energy re-
quirements in the range of capebility between that of @he Space Shuttle
standard orbit altitude (296 km) and of the Shuttle with s Spinning Solid
Upper Stege - D (SSUS-D). The study results are documented in five volumes:

I. Executive Summsry

II. Requirements end Candidate Propulsion Modes

ILI. Coneceptual Design, Interface Analyses, Flight
and Ground Operations

Iv. Cost Benefit Analysis and Recommendsations

V. Program Study Cost Elements and Appendices

The Vought Corporetion study manager was Mr. J. M. Bean. Other
key Vought participants were H. I. Knight, J. J. Banchetti, B. H. Fuller,
B. J. Cathey, erd C. D. Stephens.

The study was performed under the technical direction of C. C.
Priest, Marshall Space Flight Center. Mr. M. Kitchens was the overall pro-
gran manager at NASA Headquerters, Office of Space Transportation Systens.

Inquiries regarding the study should be addressed to the follow-

ing: )

e Claude C. (Pete) Priest ' ® Jack M. Bean
NASA-Marshall Space Fiight Center Vought Corporation
Attentior.: PSOL P.0. Box 225907
Huntsville, Alsbema 35812 Dallas, Texas T5265

Telephone: (205)453-2791 Telephone: (21%)266-4513
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INTRODUCTION

This volume describes the work performed in Task 6, Cost/Benefits
Analysis and Task 7, Recommendations. In Task 6 the cost/benefits of the new
and existing/planned systems were derived and the lowest cost systems selected.
In Task 7 the most cost effective approach was recommended along with the
implementation plen to support NASA program decisions.

The report is contained in five volumes end organized as follows:

VOLUME TASKS CONTENTS
I - Executive Summery
II 1 Requirements Definition
2 Candidate Propulsion Modes
ITT 3 Conceptual Design
b Interface Analysis
5 Ground and Flight Operations
Iv 6 Cost Benefit Anelysis
T Recommendat ions
v - Program Study Cost Elements

A listing of references spplicable throughout the report is included at the

end of each volume.

7.0 TASK 6: COST/BENEFITS ANALYSIS

The costs and benefits of exiscing/planned systems from Task 2,
new propulsion concepts and adaptations of existing/planned systems from
Task 3 (as supported by Orbiter interface reguirements from Task 4 and
operations requirements from Task 5) were quantified. Scenarios of these
propulsion approsaches were established which esccommodate the low energy regime
as defined by the new low energy payload mission model (Volume III, paragraph
h,1). These scenarios were screened on & cost and then a benefits basis, A
propulsion approech comprising existing/planned systems and a new propulsion
concepb were selected as the most cost effective approach to accommodate the
model payloads and the low energy regime they represent. Key cost drivers
and sensitivity trends were identified. All costs were derived in 1977

dollars.



T.1 PAYIOAD DELIVERY APPROACHES

The peyload delivery approacues considered in the cost/benefits
analysis include the existing/plenued systems selected in Task 2 (Volume II),
new propulsion concepts developed in Task 3 (Volume III) as well as adepta-

tions of these propulsion concepts to existing/plenned systems.

7.1.1 Existing/Planned Systems

The existing/planned propulsion systems selected in Task 2 as

cendidates to accommedate low energy payloads (Figure 7.1} include:

@ TIntegral OMS anc 15 Kite -

@ Teleoperstor Retrieval System

& Mnltimission Modular Spacecraift Propulsion

Module (PM-II)

® Scout Expendeble Launch Vehicle
The mass, gecmetry, and performance of these systems used in this task re-
flect revisions (minor in most cases) from that used in Task 2 to account for

system changes which occurred during the study.

Tel.1l.1 Integral OMS and OMS Kits -~ The integral OMS tanks are sized
to deliver the Orbiter to altitudes sbove the standard 296 km (160 nm) alti-
tube. This additional altitude capability (depicted in Reference 24) has

beer considered fox delivery of observatory class payloads to their destina-
tion orbits since these peayload lengths essentially dictate a dedicated Shut-
tle launch. Additionally, these payloads require extensive power-~up, checkout,
and verification of normel operation of meny systems and experiments prior to
orientation and deployment. Without other payloads asboard, the Orbiter can
transfer to the destination ailtitude, deliver one of these payloads, and
return to earth, Performence capsbility of the integral OMS (from Reference
24) shown in Figure 7.2 for ETR 28.5° launches, is greater than required by
payloads 11 through 15 (defined in Volume III, paragraph 4.1}, all of which
are to be delivered from ETR into 28.5° orbits. Weight of ASE for mount:ng
interface avionies and cabling to the payload was considered to be 91 kg
(200 1bs.).

From one to three OMS delte-V kits (Reference 24), consisting
of auxiliary propellant tanks of nitrogen tetroxide (N2o0L) and monomethyl-
hydrezine {MMH) will be available thet provide the mass-velocity capabilities
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FIGURE 7.1 EXISTING/PLANNED LAUNCH APPROACHES
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shown in Figure 7.2 for launch from ETR into a 28.5° inelination orbit.
Similar deta (from Reference 2h) are availeble for WTR law:ches., These OMS
kit ecapebilities in conjunction with requirements of payloads of the LES
model are used to establish the Shuttle shared-flight weight loed factor,
discussed in parsgraph 7.2.1.6, rather then the Shuttle payloed cepsbility

from Reference 22.

T.1.1.2 Teleoperator Retrieval System - The Teleoperetor Retrieval
System (TRS) is under development by NASA as a Skylab Boost System (Reference
19). A Spacecraft delivery version of the TRS (Figure 7.l), from Reference
45, hes been considered as & LES candidate. Its performence capebilities in

a retrieveble mode in both a 2~tank and 4-tank configuration (Figure T7.2)
were derived from the following mass, dimensionsl and performence deta from

References L5 and 27.

CHARACTERISTIC 2-TANK L-TANK
Ignition Mess, ke(lb) 2718(5993) 4329(95k3)
Usesble Propellant Mass, kg(lb) 1352(2980) 2703(5960)
Effective Specific Impulse, sec 235 235
Length, m(ft) 2,13(7) 2.13(7)
ASE Mass, kg(lb) 1302(2870) 1302(2870)
ASE Length, m(£t) 2,23(7.33) 2.23(7.33)
ASE Dismeter, m{ft) 4h.52(1%.83) k.52(1h4.83)

Data shown for ASE are from the same reference. This ABE was
dezigned to support the TRS alone and is not structurally asdequate to support
the TRS with a payload attached. Two slternatives were considered to provide
the necessary psyload support. The first was the use of the TRS ASE and cne
or two pallets as required to support the peyloads. The second wes the use
of the weight and length characteristics of the LES ASE (Volume ITII, parsgraph
5.1.2.1) to support both the TRS and the payloads. The second alternative
was selected since it provided the shortest end lightest TRS peyload instal-
lations. See Volum2 V, Appendix D for TRS ASE weights used in the cost/benefit

analysis.

Tel.1.3 Multimission Modular Spacecraft ~ The larger propulsion module
(PM-II) of the Multimission Modular Spacecraft (MMS) has been considered in




the study for only those peyloads of the model. specified to incorporate a MMS
es part of the spacecraft. These payloads are defined in Volume III, pae~
graph Lh.,l. This payload assignment was made because the PM-II is dependent
on the MMS for guidance and control, power and other functions. The PM-II
performsnce capebility in an expendable mode, shown in Figure T-2, was de-
rived from the following mass, dimensional and performance date taken Ffrom
References 26 and L46.

Ignition Mass, kg {1b) 613 (1352)
Propellent Mass, kg (1lb) 481 (1060)
Effective Specific Impulse, sec 220

Length, m {(ft) 1.52 (5.0)
ASE Mass, kz (1b) 1905 {4200)
ASE Length, m (ft) 2.13 (L.7)
ASE Diamster, m {ft) b,52 (14,83)

The performance capebility shown in Figure 7.2, for the MMS-PM-IT does not
include 665 kg (1466 1bs.) for the mass of the MMS. The mass of payloads
designated for MMS in the payload mission model (Volume III, paragraph 4.1),
shown in the Figure, contains this 665 kg (1466 1bs.). The other payload
masses do not; if PMII were considered for these payloads, the payload mass
would have to be increased by 665 kg (1466 1bs,) for the M¥S required to
contyol the PM-II.

T.1.1.h Scout Expendable Launch Vehicle -~ The Scout can deliver those
payloads of the LES payload model designated as Scout payloads to the specified

destination orbit. These payloads are lawnched from WIR for polar and sun
synchronous orbits and f'rom the San Marco launch site for 2.9° inelination
orbits. A five-stage Scout is to be used for peyload numbers 50 and 51 of
the new ILES payload model (Volume III, parsgraph %.1). Scout can also accom-
modate payload number 17, Performance capebilities of the Scout are from
References 4T and L8.

Tel.2 New Propulsion Concepbs and Adaptations of Existing Planned
Systems

The new propulsion concepts, developed in Voluwe III, paragraph

k.0, consist of modular bipropellant and modular monopropellant LES systems.
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In addition, this paragraph of‘the report presents the develcopment of the
applications of these concepts'as delivery stages in conjunction with SSUS~D
end SSUS-A as booster stages. These combinations sre the adaptations of
existing/planned systems considered. Volume III provides detail descriptions
of the stage configurations for these new propulsion concepts and adsptations
(paragraph 4.5), mass properties (parsgraph 4.6), and performsnce capsbilities
{peragraph 4.7).

There are two families of modular bipropellant stages. The first
modulér concept consists of (1) an eight propellant tank horizontal arrange-
ment; (2) a 4~tank horizontal version of this arrangement; end (3) a k-tank
vertical version of the L-tank horizontal arrangement. The other modular
family consists of o 4-tenk and a 12-tvenk vertical arrangement. There are
adaptations of the horizontal end vertical U-tenk versions of the first modu-
lar concept - each is adspted to the SSUS~A and the SSUS-D.

The modular monopropellant concept consists of (1) an eight pro-
pellant tank horizontal arrengement; (2) & 2~tank horizontal version of this
arrangemernt; and {3) a 2-tank vertical version of the 2-tank horizontal
errangement. There sre adaptations of the 2-tank verticel version to the

S8US-D end the SSUS=-4.

7.2 QUANTTIFICATION OF COST ELEMENTS

The development, production and operations costs for new pro-
pulsion concepts and adaptaticns, and the production and operations costs

for existing/planned systems were determined.

T.2.1 Costing Fhilosophy
For any costing exercise dealing with muliiple conceptual com-

parisons, wh':ch must be processed in a limited $ime, it is imperative that

the costing technique be one of general application which can deal effectively
with a large number of variables, yielding sufficient accuracy to produce
meaningful results, It was initielly evident that some form of parsmetric

cost modeling technigue would be most applicable to this circumstance. The

use of more detailed cost estimating methods was limited to costing in the

final phases of the study, when the number of alternatives had been reduced

to a minimum., and sufficient time was available for this slower method. The
Mechenized Cost Evaelustion Methodology (MCEM), described in Tesk 2 (Volume III),

B



proved effective in preliminary evaluation end screening of propulsion
approaches. When estimating costs in Task 2, it was necessary to use time
saving methods to accelerste the screening process. First priority was
given to the higher-cost portions of the designs, concentrating on the key
differences in those areas which contribute to mejor cost impact. Much more
attention was given to the cost of design differences then to the total
system cost., Portions of the LES life cycle cost, which were determined to
show minimm variance between design approaches, were placed in the "common®
cost category and ommitted from consideration. Tor this reason, during Task
2, costing work wes deferred for several operational cost categorius, A
review of Table T-I, TES Program Costing Elements, in peragreph 7.2.1.2, will
show these areas.

As the initial screening of propulsion approaches was completed
in Task 2, the emphasis shifted to a more detziled evaluation of the remeining
approesches. In Tasks 3, 4, 5 and 6 concentrated effort was expended to in-
crease the design definition and refine the costs. It was then possible to
properly cost the operstional areas, when guantities and types of equipments
were set, and persomnel requirements established for system operation. The
greater definition then aveilsble made possible cost "detailing" to distinguish
minor cost veriations. In the final stage of the evaluation, total system
cost assumed primsry importance as the implementation costs for cerrying the

selected design epproach into an operational status were determined.

7.2.1.1 Existing/Plenned Systems - The costs for the existing/planned

systems were requested from the esgencies most responsible for this data. All

date received was checked for accuracy to the extent possible, by comparison
with reported contractual purchases, and in some instances through use of the
MCEM routine. The costs, when verified, were adjusted to 1977 dollars using
published Buresu of Lebor Statistics data on industry wide wege compensation
as adjustment criteria. These results ere reflected in paragraph T.2.2.

T.2.1.2 Work Breakdown Structure - The included Work Breskdown Suructure
chart, Figure 7.3, is the standardized format which has been used to itemize

costs for all propulsion aspproaches. Each of the categzories depicted on the
chart are fully defined in Volume V, Appendix A. The costs of g1l new config-
wations are itemized according to this format and colliected in Appendix C,
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TABLE 7-I

LES PROGRAM COSTING ELEMENTS

TASK TASK 2 TASK &
STAGE NEY ADAPTIONS Ermuﬁ HEW AD, E‘F ST
¥Bs PHASE 3P }3-P{1-0 f1-D |1-P [2~0 |11 }2-P j1-0{2-D|2-P |2-0 1-p 1P |30 j1-p 2P {1-0

LES PROGRAM 00-000 ¥ lxlx lxIx | x x dxlx ix|x lxix | x ¥ 1.x
LES PROJECT 10-000 X |lx X Ix X x ix )X lx|x |x x| X
SPACE SHUTTLE 20-000 X X X X X X
USERS CHARGE 20-010 X X X X X X
ORBITER INTEGR'HN "20-020 b X X
PROJECT MGT. - 10-0100 x lzxly Ixix |x ¥ lxdix bxdlxelx X
LES VERICLE 10-0200 X | x X {x X x [ x X 4x X

VEE INTEG'N & ASSY 16-0201 X 1 x P |P X | X P |P .
BOOSTER STAGE 16-0210 X | x P |P X % P iP

INTEG'N & ASSY 10-0211 X | X P[P X | x PP

STPUCTUSE 10-0212 X | x PP x | x PP

THERMAL 10-0213 X (X P lp x | x P |P

MATR PROFULSION 10-021k X X P [P X X P |P

DELIVEFY STAGE 10-0220 x | x PP X i x PlP

INTEG'Y & ASSY 10-0221 X | x PP X lx plP

STRUCTURE 10-0222 X | x PP x 1 x P 1P

THERMAL 10-0223 x Ix Plp I | x PP

MAIN FRCPULSION 10-0224 x | x P {P x Ix PP

RCS 10-0225 X | X P |P X |x P IP

DATA NGT/COM4 10-0226 x | x P|F x |lx Plp

GLe 10-0227 x | X PP X | x P |P

£LECT PYR 10-0228 x Ix Pir X 1x PP
FACILITIES 10-0300 X P

LEGEND: A WILL BE COSTED

P POTENTIAL COST-DEPENDENT ON CHANGES
X& INCLUDED IN SUBSYSTEM COSTS

1-D DEVELOPMENT COSTS
1-P PRODUCIION COSTS
1-0 OPERATIONS COSTS



TABLE 7-I LES PROGRAM COSTING ELEMENTS (CONCLUDED)

i TASK . TASK 2 TASK 6
: STAGE HEW ADAPTIONS EXISTING HEW ADAPTIONS | EXISTING
: WS PHASE 1-p |1~P |10 |2-0 | 2-P|1-0 |2-D {1-P|1-0]32-p|1-P |2-0 |1-D |1-P |1-0 | 2-D|2-P}1-0
§ SYSTEMS EIGRG & INTEG'N 10-0koo ¥ |xix {x] x|x x [ xlx L 2®|x Jx |5 |x X | x
; LES 5YS ENGRG 10-0k01 x | ®|x | x| x]x [ ix 1z 18 {x X
i{ LES/ASE INTEG'H 10-0402 . X X X ix X2 X X
! LES/PAYLOAD INTEG'N 10-0403 X X X X . X : X
SUSTAIN'G ENORG 10-0b04 X X 3 x |5 *lx X
ATRBOPNE SUPRT BQUIP'T 10-0500 x X x P
: NTEG'H & ASSY 10-0500 ' lx P \
; STHUCT & MECHANIEM 15-0502 X P
AVIONICS 10-0503 X P
; CONTROLS & DISPLAYS 10-050k X P
H SGFTHARE 10-0600 X P
SYSCEY TEST & EVAL 10-0700 X X
DEVELORMENT - 10-£701 x X
QUALIFICATICH 10-0702 X x
1SCK-UPS 100703 X
G3CUSD SUEPORT EQUIPMENT 10-0800 X P
CEECKOUT 10-0801 X P
EDLG/ASSY & SERVICING 10-0802 = P
GHOUTD OFERATIONS 10-0500 _ X X . X x X
LOGISTICS/TRATNING 10-0901 x x X X
SPLRES/FEPATR PARIS 10-0902 X X X X x X
FIELD SGPPORT 10-0903 X X RS X x X
FLIGET OFERATIONS 10-1000 X X X

. . . LEGEND: X® TNCLUDED IN SUBSYSTEM COSTS
' : PP INCLUDED IN 0201 AND 0501
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FIGURE 7.3 WORK BREAKDOWN STRUCTURE FOR LES STUDY
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Volume V. The costs for certain purchased stages, such as SSUS~A and SSUS-D
have been shown only to level I because of unavailability of deteil dats from
the menufacturer, Teble T-I, LES Program Costing Elements, is & further sub-
division of WBS elements into Development (DDT&E), Production and Operations
rhases for new stages, existing stages and adeptations to existing stages,
and applies Lo the costing of Tasks 2 and 6.

Te2sles3 Development Costs for New Concepts -~ The retionale used for

estimation of Development (DDTEE) costs in Task 6 is the same used in Task 2,
end is expleined in Volume II, paragrsph 3.3. Essentially stated, production
costs are developed for each propulsion approach. The production cost is

used in conjunctior with general data, classification data, physicel dets and
schedule data to develop relative complexity factors for use with the MCEM
gystem. Table T-~II shows the datae subelements considered. These fagtors were
checked for wvalidity end then used as the basis for estimating DDT&E costs.
These costs were then subjected to comperative review by technical specialists
with historical date for similer programs. Considerations of DDTEE commonality
between similar configurations completed the estimate,

T.2.1.4 Production Costs - A considersble smount of detail data was

gathered to estimate subsystem production costs. The complete sequence of

the estimate is described in paragraph 7.2.3.1. The philosophy of production
cost estimating was to develop typical cost models, determine their relative
complexity and compare similer items to these basic models by comparison of
their elementel data {Reference Tsble 7-II). Comparative review by technical
specialists was the final step in this process. Costs developed were based

on & quantity buy of 103 wits during = ten (10) year period. Five production
lots were assumed of approximately 20-21 units per lot. Volume II, paragraph
3.3.2 contains a description of the derivation of learning curves for subsystem

items.

T.2.1.5 Operations Costs ~ Operations costs were devaloped in terms of

annual (recurring) costs and unit {recurring) costs, for each site. Most of
the costs in this category are for personnel, hence the basic philosophy was
t0 concentrate on persomnel requirements and to cost these cumulative hours
in terms of grade level requirement and typicel merk-up. Operational equip-~
ments are considered to be & part of DDPAE and have been estimated as

degcribed in paragraph T.2.1.3.
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TABLE 7-1I

.- PRODUCT DESCRIPTORS SET
MECHANIZED COST EVALUATION METHODOLOGY

GENERAL DATA

Production Quantity

Prototype Quantity

Quantity/ System

Year of Estimate

Escalation Rate

Product Class (Reliability)
Markup Percentage (G&A and Fee)

00000 Q0

CLASSIFICATION DATA
= o Percentage New Design
: Engineering Complexity*
Manufacturing Complexity/Producibility*
Applicable Learning Curve
%, Structural/% Electronic
Percentage Redundancy
Integration Classification
Degree of chanze traffic, Project Management, Documentation, Systems
Engireering, tools and test equipment (For items requiring special
treatment)

O 00 C O 0O0

PHYSICAL DATA

A, Structural/Mechanical B. Electronics
o Structural weight o Electronics weight
o Structural volume o Electronics volume
o Material type o Equipment class (type)
o Structural class o Sub-component technology
o Fabrication type (type)

o]

Component count
o Dissipated power

SCHEDULE DATA
o Design Program Length
o Test Program Length
o Production Program Leongth

*Note: Item cost may be used, together with associated data to develop
complexity data.
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T+2.1.6 Shuttle Charges - A significant mejority of the payloads in

the LES mission model are in the Bhuttle user categories of civil agencies

of the U.S. Government or participating foreign government users as defined
in Reference 22. The standerd transportation charge for a dedicated Shuttle
flight to these users is $18.00M in 1975% (References 22 and 49). Esealation
to 1977$ in accordance with Reference 49 increases this charge to $21.83LM.
With the exception of the very long payloads which are cendidetes for integral
OMB delivery, the payloads in the LES rodel do not require an entire Shuttle
flight capability and thus are considered for shared-flight charges. Shared-
flight load factor is the greater velue of either (1) Orbiter payload length
(includes spacecraft, delivery stage and ASE) plus .152 m (0.5 £t.), for
clearance, divided by the length of the cargo bey, 18.288 m (60 f£t.); or (2)
Orbiter payload weight divided by the total Shuttle payload weight capsbility
for the Shuttle standard inclinations (References 22 and 23)., These inclina-
tions are 28.5° and 56° from ETR and 90° and 98° from WTR, refer to Volume
ITI, paragraph 4.1.3. Cost factor, the shared-flight load factor divided by
0.75, is multiplied by the dedicated Shuttle flight charge of $21.834M to
determine the shared-flight charge. This chaerge is =lsc applicable to OMS
kits., The Shuttle user cherge was determined as shown in Veolume II, Table
3-XXT. The installed weight and length of the payload, stage and ASE were
used in calculating the charges. The charge for horizontal installations was
apportioned to the payload and to the stage + ASE on the basis of weight for
weight criticel instellations and on the basis of length for length critical
installations. For verticel installations the charge was apportioned on the
basis of weight for weight critical installations. For length critical
vertical installations the cherge was epporiioned to the peyload on the basis
of the peyload diameter and to the stage + ASE for any cargo bay lenghth re-

quired over and gbove the payload dismeter.

7.2.2 Costs of Fxisting/Plenned Systems

The costs of existing/planned propulsion systems considered in

the LES study were cbtained from NASA documents or from cognizant NASA per-

sonnel.

T.2.2.1 Integral OMS and OMS Kits Costs ~ In addition to the Shuttle
shared-flight charge, an additional charge is planned for Orbiter delivery of

14
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a payload to a non-standerd orbit altitude; i.e., other than 296 km (160 nm).
An estimated charge of $0.2M for this service, used in the study, was obtained
from cognizant NASA Headquarters personnel., In addition to the Shuttle shared-
flight charge there are optional flight system charges for OMS kits. These
charges, use cost and serial impsasct cost, are froam Reference 32 and are sum-
marized in Table T-III elong with dimensions and mass necessary to compute
shared~flight charge.

TABLE T~IXI
ORBITER MANEUVERING SUBSYSTEM XIT COSTS

NUMBER LENGTH MASS USE COST SERLAL IMPACT
OF KITS m (f£t) ke (1b) 1977$ TIME-HR | COSI~1977%
1 2.745 (g) ThO1 (26302) 266,295 20 333,580

2.745 (9) | 13379 (29468) 532,590 64 1,067,456
3 2.745 (9) 19537 (43033) 798,858 108 1,801,332
Te2.2.2 Teleoperator Retrieval System Costs ~ TRS development costs

and the cost of one TRS were considered funded by the Skylab Bocst Program.
This TRS was considered to be used at ETR. Two additional TRS with ASE were
assumed purchased at $11M eech in 1977$ (in accordance with Reference 50);
one in 1982 for use at WIR and one in 1983 as a backup. All three TRS were
considered available for uses other than the low energy peyload program.
Retrieval (References 23 and 32) end refurbishment costs of the TRS (Reference
23) in 1977% are:
2-TANK L -TANK
Retrieval Cost 0.3641  0.364M
Refurbish Cost 0.175M 0.250M

Unit, annual and launch site dependent operations costs used for TRS are the

same as those used for other low energy stage candidates (paragraph 7.2.3.3).

Te2:.2.3 Mwltimission Modular Spacecraft PM-II Costs -~ PM-II and ASE
development costs were considered funded by the MME progrem. Expendable PM-II
production cost used in the study was $0.97TM in 1977$ (Reference 51). Unit,

15



annual and launch site dependent operations costs used for PM-II are the same
as those used for other low energy stege cendidates.

T.2.2.4 Scout Expendsble Launch Vehicle Costs -~ The costs of the four~
stage Scout lawnch vehicle used in the study, teken from Reference 52 are:

Unit Costs in 19778
WTR Launch $3.817TM

Sen Marco Lawnch L4.817M (For non-Itslian Payload)
Additional cost for & fifth stage is $0.5M

fnnual program maintenance costs (Reference 52) which include all Scout pro-
gram costs other than the unit costs are $4.811M in 1977$.

T.2.3 Costs of New Propulsion Concepts

Costs were developed for the categories of (1) Production, (2)
Development (DDT&E), and (3) Operstions, The developed cost information is
contained in Appendix C of Volume V.

T.2.3.1 Production Costs -~ Production costs are a composite of recur-

ring material, production (manufacturing) laebor and quality control coversage,
together with production (sustaining) engineering. All production costs were
derived with epproprigte additions for general administrative overhead and
profit margins added to zach item at the subsystem level 5, to give selling
prices. Costs ere shown in 1977 calendar year dollars. The bagic approach
used in the development of production costs was en extension of the methods
used to develop costs in Task 2. The primery difference being the grester
amount of configuration definition and specific knowledge of the design
availeble in this phase of the study, end the reduced number of configurations
subject to review., The greater emount of time svailable to study each con-
figuration enabled z more comprehensive evaluation of each propulsion approach.
Selected sub:zystems of the low energy stage were analyzed by detail estimate.
Those given foremost attentlon were the high cost areas, such as the propul-
sion subsystem and electronic equipment. Eguipment lists were composed for
these selected parts of the LES in Task 2 as a detail check on the accuracy
of the parametric estimates. Equipment lists were refined as alternative
vendor sources were investigated for selection of sppliceble equipment types.

Budgetary guotations were then solicited for the foremost equipment items.
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Alternative quotations were requested when the first quotations received
were considered questionsble bécaﬁse of price or application. All quotetions
for equipment items were reviewed by technical specialists in comparison with
sccumulated historic deta for similar hardwere. These subsystems component
lists were then reviewed for structural and electronic integration and test
characteristics. Bach component was assigned an integration value rating
based on its relative integration complexity. These data, together with
physical information for subsystem components provided the beasis for instal-
lation cost estimetes, by means of the Mechanized Cost Evaluation Methodology
(MCEM) previously described. These labor estimates were then spot checked
for accuracy by comparison with independently derived manufacturing estimstes.

The material and menufacturing lebor cost for each subsystem was
then processed through a MCEM subroutine, described in Volume II, paragraph
3.3.1, to develop subsystem complexity factors for design and manufacturing.
These daba were directly compared with other complexity factors developed for
a wide array of similar product groups. The MCEM system data bank contains
an extensive catalog of complexity factor data which has been derived during
thirteen (13) years of system use and reflects many thousands of cost studies.
Virtually every type of hardware component and system hes been cataloged and
is availeble for comparisons of this type. Once congistent correlstions are
obtained, and variations from the norm expleined, the basic data is authen-
ticated for further use and filed in this company's data banks. All produc-
tion costs for new design configurations were bhased on cumulative average for
103 units, produced in five lots over a ten (10) year period, assuming 20-21
items per lot. The learning curve used was a 95% Wright slope. Production
quantities for the new design configuration portion of Task 6 scenaricz, ranged
from 78 items to 112 items, with the preponderance being at the larger quantity.
A weighted average of all scenario configurations studied would give approxi-
mately 107 items, however, the lowest cost scenarios were C-l and C-2, both
of which used the 103 new design quantity., ¥For this reason a 103 item quentity
was selected as the typical near average production guantity for the compari-
son study. A development of the production plan and eppliceble learning curve
is contained in Volume II, Table 7-IV and in Volume V, paragraph 3.3.

Three typical production cost summaries are shown in Table T-IV

for four-tank and eight-tank bipropellent propulsion stages. The subsystems
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TABLE T-IV
PRODUCTION COST
FOR 4 TANK VERT., BIPROP

WBS WBS | NO. OF | COSTS IN 1000'S OF $

CODE WBS IDENTIFICATION LEVEL | UNITS TOTAL AVG. UNIT Td Ts
10-0200 |LES Vehicle i 103 (182,805) (1,774.8) 18 18
10-0201 |Vehicle Integration and Assembly 5 - — - —~— —
10-0210 |Booster Stage 5 | — - - 1
10-0220 | Delivery Stage 5 103 182,805 1,774.8 18 18
10-0221 | Integration and Assembly 5 103 8,311 80.7 18 18
10-0222 |Structure 5 103 10,686 103.7 18 18
10-0223 | Thermal 5 103 3,087 30.0 18 18
10-022k |Main Propulsion 5 | 103 6l , 254 623.8 18 18
10-0225 | Reaction Control System 5 103 21,471 208.5 15 15
10~0226 | Data Management/Communications 5 103 987 9.6 2 2
10-0227 | Guidance, Navigation and Control 5 103 72,296 TOL.9 12 12
10-0228 | Blectrical Power 5 103 1,713 16.6 8 8




| TABLE 7~IV

| PRODUCTION  COST

: : FOR L TANK HORIZ BIPROP
{

i WBS was | NO. oF | COSTS IN 1000°S OF $

‘} CODE WBS IDENTIFICATION LEVEL } UNITS TOTAL AVG. UNIT

- 10-0200 | Les Vehicle L 103 | (180,917) (1,756.5)
E 10-0201 | Vehicle Integration and Assembly 5 — - -
E 10-0210 | Booster Stage 5 - — —

10-0220 | Delivery Stage 5 103 180,917 1,756.5

10-0221 | Integration and Assembly 5 103 8,311 80.7

10-0222 | Structure 5 103 8,817 85.6

; 10-0223 | Thermal 5 103 3,068 29.8

{ 10-022k | Main Propulsion 5 103 6ls 254 623.8

; T0-0825 | RCS 5 103 21,k71 208.5

E 10-0226 { Data Management/Communications 5 103 987 9.6

10~0227 | GN&C 5 103 72,296 TOL.9

10-0228 | Electrical Power 5 103 1,713 16.6

i —— . I TR . — - r———
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TABLE T-IV
PRODUCTION

FOR 8 TANK HORIZ BIPROP

WBS , wBS | NO. OF | COSTS IN 1000'S OF $

CODE WBS_IDENTIFICATION LEVEL | UNITS TOTAL | AVG. UNIT Ta | Ta
10-0200 | LES Vehicle 4 103 (219,871) (2,13%.7) 18 18
10-0201 | Vehicle Integration and Assembly 5 - — —_— - —_—
10-0210 | Booster Stage 5 —_ —-— —— — —
10-0220 | Delivery Stage 5 103 219,871 2,134.7 18 18
10-0221 | Integration and Assembly 5 103 10,721 104.1 18 8l
10-0222 | Structure 5 103 9,410 o1l.h4 18 18
10-0223 | Thermal 5 103 3,087 30.0 18 18
10-022k | Main Propulsion 5 103 99,930 970.2 18 18
10-0225 | RCS 5 103 21,471 ' 208.5 15 15
10-0226 | Data Managemenx/Comﬁunications 5 103 o987 9.6 2 e
10-0227 | cnac 5 103 72,296 T01.9 12 12
10-0228 | Electrical Power 5 | 103 1,969 19.1 8 8
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components for all three versions of this modular system are identical with
the exception of propellant and pressurization line length, electrical harness
length, end thermal inswlating blanket size. The structure is modulsr, for
example the central core that supports the subsystem components is common o
all configurations as is the tankage support modules. See Volume III, para-
graph 4.5.1 for a more detailed description of the structure and Volume V,
paregraph 1.2.3 for a description of the systems costing commonality.

Ty is the estimated schedule time in months to design and develop
(DDT&E) and produce the initial item. Ty is the estimeted lead time in number
of months from start of cost accrual, for the initial item, t0 the leaunch
milestone date. A more deteiled discussion of this data is presented in
Volume V, paragraph 3.1.

T+2.3.2 Development Costs -~ Actions to this point were directed at

establishing the LES vehicle subsystem recurring costs and relebing them in
terms of relative complexity to other similar subsystems in the historical
data file., Placing the subsystems in this context was important because it
established a frame of reference where not only recurring production costs
were comparable, but non-recurring design, development, test and evaluation
costs were comparable as well. In essence, considerable effort was expended
by detail cost buildup and repested comparison to develop an accurste produc-
tion cost, and to place it in context with other similar assenblies or sub-
systems verifying its relative complexity. By confirming its correct relative
complexity, the estimating of the DDTRE costs was simplified.

Based on the subsystem descriptive parameters, and other dsta
described in Volume II, paragraph 3.3.1, and the developed complexity factors,
it was possible to predict the DDT&E cost for new designs within reasonable
accuracy. All DDT&E cost was developed to include separate estimates for
design and drafting, systems epgineering, project menagement, data, tooling/
test equipment, and prototype buildup. The final step in estimation of
development costs was the review by technical specialists in each ares of
responsibility. This review was & personal comparison of the MCEM subroutine
results with personal and historic date available to the specialist. Dif-
ferences in the data were subsequently resolved before the costs were used

in the study. At this time the costs represented separate configurations,
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as if each configurstion were developed as a separate program. The configu-
ration costs were then integrated with associated configuretions to develop
scenario cost as defined in paragraph T.k.2. Integration of configuration
costs to develop scenario costs was primarily a process of developing common-
ality of design. Substantial commonality exists between configurations of
type. For example, the nev propulsion approach portion of Scenario C-2
consisted of a set of modular bipropellent configurations of four (4) and
eight (8) tank design, for both horizontal and verticsal installations. These
designs were essentially common snd produced on e single production line,
where the effects of "learning" were maximized. This situstion could be
compared to an aubtomotive production line where & certain size sutomobile is
produced having minor differences in accessories and siubsystems. For versions
of the bipropellant stage system all subsystem components are identical with
the exception of the propellant and pressurization line lengths, electrical
harness lengths, and thermal insuvlating blanket size., The structure is
modular, for example the central core that supports the active system is
common to all configurations as in the tankage support modules. See Volume
III, paragrsph 4.5.1 for a more detailed description of the structure and
Volume V, peragraph 1.2.3 for & description of the system costing commonality.
The DDT&E cost is substantially reduced from the overall total by omission of
common costs, but is significantly greater than that cost for any given ver-
sion. An example of & typical vehicle stage scenario DDT&E cost summary is
shown as part 10-0200 of Table T-V. Volume V, Appendix C includes cost sum-
maries for all stage scenarios investigated.

Faeilities - The study did not develop & requirement for new
or modificetions to faci}ities, hence this cost cabegory was omitted.

Airborne Support Equipment - Development of the cost for Air-

borne Support Equipment (ASE) presented a different problem from most other
categories of the Low Energy Stage. The problem was that there were few other
items which could serve as & fully adequate cost model. Tnitial effort was
expended to collect current cosi information for ASE items presented in design.
Secondly, previous estimates of ASE for other NASA end Vought programs were
reviewed for applicability (similarity) to the design approach depicted in
Volume III, paragraph 5.1. Lastly, & research of historical complexity data

on file for other space structures of construction similarity wes undertaken.
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 TABLE T-V
NON-RECURRING DDI&DL
MODULAR BIPROPELLANT SYSTEM

WBS WBS | No. OF | COSTS IN 1000'S OF $ . .
CODE WBS IDENTIFICATION LEVEL | ProTOS TOTAL AVG, UNIT d s
10-0100 | Project Management L — (100) N/A 20 3
10-0200 j LES Vehicle L N/A (1k,315) N/A on 33 J
10-0201. | Vehicle Integration and Assembly 5 —_— —— ' R —
10-0210 ) Booster Stage 5 - —— — —
10-0220 | Delivery Stage 5 1 1k,319 20 33
10~0221 | Integration & Assembly-Delivery Stage 5 1 737 20 1 331
10-0222 | Structure and Mechanism 5 1 2,.2h1 16 33

"10-0223 | Thermal System « 5 |1 164 6 1 .33

m16-02%§ Main Propulsion 5 2 . 6,564 20 33
10-0225 | Reaction Control System 5 2 750 20 33
100226 { Data Management & Communications 5 2 19 T 9
10-0227 | Guidance Navigation and Control 5 2 3,111 12 2l
10-0228 | Electrical Power System 5 2 733 184 26
10-0300 {Facilities’ k — — - -

| 10-0400 {LES Systems Engrg-LES/ASE Integr 4 - (172) N/A 20} 33
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TABLE T-V
NON-RECURRING DDTRE
MCDULAR BIPROPELLANT SYSTEM

WBS W8S [ NO. OF | COSTS IN 1000'S OF $

CODE W8S IDENTIFICATION LEVEL { UNITS TOTAL AVG. UNIT Td Ts
10-0500 |Airborne Support Equipment b 13 (5,371) N/a 12 17
10~-0501 |Integration and Test 5 3 116 12 i7
10-0502 | Structure and Mechenisms 5 3 4,811 12 15
10-0503 |Avionics ~ ASE 5 3 201 10 13
10-050% |Controls and Displeys 5 3 243 10 1k
10-0600 |[Software 4 1 {570) H/a 20 ol
10-0700 |System Test and Evaluation % | w/a | (L.k2T) n/A 12 o
10-0701 |Development 5 - 1,00k 12 24
10-0702 {Qualification 5 - 303 12 2L
10-0703 |Mock-ups 5 1 120 10 15
10-0800 {Ground Support Equipment L /A (3,950) N/A 20 26
10-0801 Checkout - 2,036 20 26
10-0802 |Handling/Assembly/Servicing 5 - 1,91k 20 26
10-0900 |Ground Operations h N/A (195) /A 12 18
10-0901 {iogistics/Training 5 - 91 12 18
10-0903 |Field Support 5 - 10k 10 13
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The model of greatest similerity to the LES ASE was considered to he the ASE
for the Multimission Moduler Spacecraft (MMS), currently in design. Estimated
(projected) costs for this design were given by Reference 46 for the MMB
retention system, payload positioning system and the FSS interface electronics,
This information, together with ccollected physical dats (weights, volumes,
material, ete.) was evaluated by processing it by use of the MCEM. Complexity.
factors for (1) manufacturing, (2) engineering design and (3) producibility
we}e developed which, in turn, were compared with historical complexity data
currenvly on file for other space vehicle structures. In addition, a manu-
facturing deteil estimate was prepared to serve as a third éost reference for
ASE structures. The complexity results indicated MMS ASE of highest menufac-
turing complexity (7.198), the space structure historical data as somewhat
lower complexity (6.100) and the detail manufacturing estimate as falling
between the two (6.579). Additional historical date examples showed large
space structures to fall very close to the complexity value of 6.1. Design
comparison between the MMS-ASE design and the LES-ASE design showed LES-ASE
somevhat less complex and therefore logical in results on the low side. 'The
Vought manufacturing detail estimete complexity tended to confirm the histori-
cal data as applicable to the ASE, hence a 6.1 complexity cost factor was used
as firm cost data and most likely value. The relative complexity developed
for the ASE cradle was used to estimate DDTRE cost. These costs were subjected
to finel review for velidity by assigned technical specialists. 8See Volume V,
paragraph 1.4.2 for a discussion of complexity cost feector derivation.

ASE Avionics is composed of the signal/deta interface unit, power
control unit, deployment mechanism unit and associated cable harnesses. The
ASE controls and display category comprises the control and monitor panel and
umbilical cable. All items of avionics, controls and display were estimated
separstely by comperison analysis of contente and application of the MCEM.
Compiexity factors were developed for each equipment item, based on overall
size and total weight, electronies volume, structural weight, electronics
density, equipment type (analog, digital, etec.}, component type (semiconduc-
tors, integrated circuits, LSI, hybrid, etc.), percentage new design, design
redundancy, power dissipated, component count, and design and production
schedule. The complexity factors developed were agein compered with factors
for similar equipments, as a check on credebility of dasta. DDT&E costs were

a5



derived by use of these dete and were reviewed by technical specialists
familiar with these equipments,

By means of integration classificstion, values sgsigned to each
equipment item and to the components of the modulsr-cradle, an Integration
DDT&E cost was derived for the total ASE package.

Software - All software costs were developed by camparison
projection from similar softwere selected for the Scout Phase VIII guidance
system. The selection of this system as & cost model is explained in Volume
III, paregraph 4.2.L4, The cost of this system is based on actual expendi-
tures to date and estimetes to completion. The cost includes vendor test
software, contrector test software and flight software.

System Test and Evalugtion - This category includes the cost

to plan and perform integrated system level tests on the LES vehicle and
perform mejor element Interface Tests. All test costs included here were
derived by detail buildup snd by comperison with previous programs. The pri-
mary costs included for the development subelement are propulsion and strue—
tural tests. Qualificetion subelement testing included here is for the pro-
pulsion system. Rationale for the structural testing is showm in Volume III,
paragraph 4.2.2. The propulsion testing discussion is contained in Volume
III, paragraph 4.3. Additionally, the cost for a mockup of both delivery
stage and ASE cradle is included as an evaluation tool. Cost for the mockup
was prepared by detail estimste., BSee Volume V, Appendix A for system test
and evaluastion costs.

Operations DDT&E -~ One significant difference between the

costing accomplished in Task 2 and the costs developed in Task 6 is the
eddition of DDT&E costs for the operations categories, WBS 10-800 Ground
Support Equipment and lO-QOOAGround Opergtions. Ground Support Equipment
DDT&E cost is the non-recurring expense associated with the design and pro-
duction of the category 10-801 test equipments and 10-802 handling devices
required for field operations. Estimation of costs in this area were accom-
plished for each equipment item by comparison with similer equipment items
from other programs. Scout Launch Vehicle equipments were the base comperison
models in many areas. The Mechenized Cost Estimation Methodology was again

used to check the more costly electronic and control devices.
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Te2.3.3 Opergtions Costs «~ Operstions costs ere those elements of

recurring cost which are expended throughout the operational life cycle of
the system, which insure successful functioning of the system., The non-
recurring costs associgbed with these operational elements are part of DDT&E
cost for the system. Operationsl costs are made up of those elements which
recur per lawmch, and those couwts which are constant and spplied on en annual
basis at each launch site. The operational costs which have been derived for
thé LES Program are shown in Table T-VI, with the exception of the Space
Shuttle Users Charge. The User's Charge is stage, payload and mission depen-
dent and therefore does not continuously recur as other opeﬁational costs.

It is shown es a separete enbry on the final summary page. A discussion of
this entry 1s contained in paragraph 7.4t with an example of & typiczl swumary
sheet.

Operational costs were developed principally by & detail estimg-
tion approach. Field personnel requirements were estimated using the field
processing flow defined in Volume IIT, Figure 6.4t and the critical path re-
quirements of Volume IIT, Figure 6.5. These estimates were fully consistent
with Scout experience. A discusgion of operational requirements and operating
procedures defining the groundrules and assumptions is contained in Volume
III, paragraph 6.1.6. All operational equipments were estimeted by item and
the combined totsl included in the DDT&E cost. A breakdown of operations costs
are contained in the following WBS elements; Orbiter-Integration, Systems
Engineering, LES/ASE Integration. LES/Payloasd Integration, Sustaining
Engineering, Logisties/Training, Spares/Repair Parts, Field Support and Flight
Operations. In addition, the Program Management element contains Project
Management office expense for meintaining the progrem. Operational recurring
costs are applied in the'study on & per vehicle basis. The snnual operational
expense is prorated against the total number of launches which occur and
therefore will vary according to the total number required per LES program.

T.2.4 Costs_of Adsptetions of Existing/Planned Systems

T.2.4.1 Booster Stage «~ The Booster Stages developed in Task 2 were

gsereened to elimingte all except the SSUS-A and SSUS-D types for Task 6.
These boosters were considered purchased as complete assemblies, and delivered
directly to the launch site prepsration area for joining with the Delivery

Stage. The details of use for these boosters is contained in Reference 39.
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TABLE 7-VI
FOR OPERATIONS
MODULAR BIPROPELLANT SYSTEM

WBS WBS | NO. OF | COSTS IN 1000'S OF $
CODE WBS IDENTIFICATION LEVEL { UNITS TOTAL AVG. UNIT
20~-0000 | Space Shuttle 43 103 N/A N/A
20~0100 | User's Charge~Cost/Launch b 103 # *
20-0200 | Orbiter Integration -

Cost/Launch L 103 (1,854) (18)

10-0100 | Project Management -~

Annual Cost b 10 (5,000) (500.0)

10-0L00 | System Engineering and Integration o '

gce

Cost/Iaunch R ) 103 (1h,781) (143.5)

Annual Cost 10 (5,800) (580.0)
10-0401 | LES Systems Engineering . >

" Cost/Launch 103 | 1,219 | 109.5

Annuel Cost _ 10 3,800 380.0
10-0k02 | LES/ASE Integration

Cost/Launch ] 103 1,751 . 17.0
10-0403 | LES/Payload Integration

Cost/Launch ) 5 103 1,752 17.0
10-040h | Sustaining Engineering T

Arnual Cost 6 10 2,000 200.0

*NOTE User's Charge is stage, payload, and mission depenflent. See Form 5.
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© . TABLE T-VI
FOR OPERATTIONS
MODULAR BIPROPELLANT SYSTEM

P

WBS WBS | NO. OF | COSTS IN 1000'S OF $
CODE WBS IDENTIFICATION LEVEL | UNITS TOTAL 1 AVE. UNIT T
10-0900 | Ground Operations -

Cost/Launch b 1103 (15,059) (116.2)

Annual Cost b ] 10 (11,733) |(1,173.3)
10-0901 | Iogistics/Training -

Cost/Launch 5 103 927 9.0
10-0%2 | Spares/Repair Parts

Cost/Launch 5 103 2 ’575 25.0
10-0903 | Field Support 5

Cost/Iaunch f 103 11,557 112.2

Annual Cost (Prior to 1983) 1 617.5 617.5

Annuel Cost (1983 and Sub) - 9 11,115 1,235.0
10-1000 | Flight Operations

Cost/Launch 4 103 (309) (3)

_ ]




Costs for SSUS~-A and SSUS-D were obteined from Reference 53. These estimates
were given in 1975 dollars as {not to exceed) costs to launch using (1) SSUS-D
$2M, and (2) SSUS~A $3M. These costs were adjusted to 1977 dollers using the
seme projection factor criteria as used carlier for the Shuttle Users Charge

to be (1) SSUS-D $2.426M, and (2) SSUS-A $3.639M. Costs include hardware and
baseline mission enalysis and services. Baseline mission analysis and services
including hardware acceptance testing, hardware pre-ship review, mission readi-
ness, sa.ety analysis, motor target adjust snalysis, lawnch preparation docu-
ments, launch site operations, post-flight analysis, support of the launch site,
program management, scheduling, countdown procedure inputs énd component
temperature revievw.

Additional mission specific analyses and services charges were
included for launch applications using the SSUS-A or D elone as the delivery
stage. Mission specific analyses and services consist of: (1) mission oriented
analysis such as dynamic stability analysis and thermsl analysis, (2} launch
oriented services such as spacecraft integration and launch realtime support.
These charges, in 1977 dollars, are in addition to baseline charges and were
estimeted for SSUS-A or D to be:

¢ Mission Oriented Analyses - $.75M
e Lawnch Oriented Services - $.45M
7.2.4.2 Delivery Stage - The boosters previcusly discussed have been

added to certain selected LES stages to accomplish specisl mission objectives.
These stages are (1) the h-tank vertical bipropellant stage, (2) the U-tank
horizontal bipropellant stage, (3) the 2-tank verticel monopropellant stage,
and (4) the 2-tank horizontal monopropellent stage. When an existing stege is
used with ettaching booster, minor additions are made to the stage's structure
to adapt it to interface with the booster. In like mammer, the reaction control
system was enlarged to adjust for and counteract the additional mass added to
the stage. These additional parts/components have been accounted for by addi-
tions to the cost in esch category. 1In addition, the modified stages with
attaching boosters were redesignated to identify the configuration type. The
recurring (production) stage cost and DDT&E costs were estimated by treating
these configuration modifications as separate new designe and costing them in

the same manner as described in paragraphs T7.2.3.1 and T.2.3.2.
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Te3 SENSITIVITY CONSIDERATIONS

Total system cost for any new launch approsch is the sum of
development cost, production cost and operations cost. For & typical new
Propulsion approach, as shown in the following paragraphs (C-2 of Figure
7.6}, the costs without the payload user charges are distributed as follows:

@ Development Cost ( 5%)
® Production Cost (36%)
e Operations Cost (59%)
Stage Users Charge 37%
Operations Support 22%

The operations cost is the single highest cost category, with the Shuttle
users charge for the stege being the major element of this category. Opera-
tions support, although & costly element, was essentially non-varizble and
relatively unaffected by stage design.

The Shubttle user charge for the stage was a function of the user
charge policy, Reference 11, The sensitivity of the charge to stage length
and weight varistion based on a dedicated launch cost of $21.834M was as
follows:

DELTA SHUTTLE USER
CONDITICN CHARGE (DOLLARS)

9 Weight Criticel Installations
Delta Stage Weight = .45 kg (1 1b)

28.5° Inclination Launch Lu8
56° Inclination Leunch 511
90° Inclinetion Launch | 87
98° Inclination Launch 882
® Length Critical Installations

Delta Stage Length = 2.54% cm (1 inch) Lok33

The Shuttle user charge policy drives the stage and payload
length toward the shortest installation possible with the desired weight to
length ratio less than 818 kg/m (550 1b/ft) as discussed in paragraph 8.3 of



this volume. For the bipropellant moduler stage propulsion spproach 80 per-
cent of the cargo bay installations were length critical. A relationship
was also found to exist between stage inert weight and stage length for these
length critical installations. This resulted in a sensitivity of 160 dollars
of user cost for an increase of .45 kg (1 1b) of inert weight.

With 80 percent of the instelletions length critical, and a
user charge of 40433 dollars per 2.5 cm (1 inch), length wes the predominant
driver for the Shuttle user charge for the stage.

Production cost was found to be significantly sffected by stage
design complexity; system egquipment cost being the most costly element of
production cost. The cost of selected qualified equipments tended to drive

production costs.

T4 COST/BENEFITS

Cost comperisons of existing/planned systems and new propulsion
concepts were made by combining the development, unit, and operations costs
derived in paragraph T.2 with the Shuttle user charge to determine the life
cycle cost to launch the payloads of the mission model.

T.h.1 Selection Meihdology

The methodology used to evaluate and select the lowest cost
propulsion approach is shown in Figure 7.4h. The comperative evaluation of
different combinations of propulsion approaches was accomplished by the
use of logical groupings, or scenarios, each of which have equal capability
to hendle the entire mission model. Each scenario defines s propulsion ap-
proach to launch each payload., Using the conceptual design of Tagk 3 as
supported by the ASE and flight operations from Tasks 4 and 5, logical scenarios
were selected for the bipropellant and monopropellant propulsion approaches.
Development, production and operation costs were derived for each approach
and the scenariocs stacked in order of increasing costs. The cost/benefits
and other benefits of the two propulsion approaches were evaluated and the

best new propulsion approach selected.
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FIGURE 7.4 SELECTION METHODOLOGY




Scenarios werre then selected to launch the mission model payloads
using the selected new approach in combination with existing planned spproaches.
As a basis for comparison, scenarios were also selected using only existing/
planned approaches. Again development, production and operations costs were
derived and the scenarios stacked in order of increasing cost. The lowest
cost scensrio using the new propulsion approach in combination with existing/
planmned and the lowest cost scenario using only existing/planned approaches
were selected from this cost stacking. )

The costs for these two scenarios were time phased by year to
match the launch date for each payload and the cumulative costs plouvted versus
year in 1977 dollars discounted end not discounted. The cost/benefits of
the two scenarios were eveluated and the lowest cost propulsion approach
selected.

T.4.2 Scenario Development
The 129 payloads defined in Volume III, Teble 4~IV, were assenmbled

into 30 groups with common or near commor orbit inclination, launch inelination,

sizes, weights and velocity change requirements as shown in Table 7T-VII. The
peyloads that include the MMS bus are coded with an M. The PM-II weas consi-
dered as & candidate propulsion approach for these paeyloads. The payloads that
are coded with a V are short and were considered candidates for vertical launch
from the Orbiter.

Tables T-VIII and T-IX are typical examples of the scenarios that
were sSelected to screen and select one of the two new approaches. In these
scenarios only the integral OMS, modular bipropellant or modular monopropellant
or adaeptations of SSUS-A and S8US~D were used to launch the psyloads of the
model. A summary of all scenarios examined is presented in Volume V, Appendix
C. TFor the comparative analysis of new approaches 128 of the 129 peyloads

were used. Payload 49 was not used in these scenarios because it is currently
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TABIE T~VII PAYLOAD GROUPING

PAYL0AD PAYLOAD & | NUMBER PAYLOAD*! LAUNCH*| PAYLOAD*| PAYLOAD¥
GROUP | IDENTIFICATION [o© OF INCL. | INCL. | SIZE L/Dl WEIGHT
NO. NUMBERS © | PAYLOADS DEG. DEG. (M) (KG)
1 12 6 28.5 28,5 7.3xh.3 | 10000
2 (I)133.1h.35 10 285 58,5 |13 xNh.6 | O7k3
3 27 3 28.5 28.5 3.6x2.8 4500
N 13 1 08,5 98 9 X & 3110
5 21.,32,33,34 M 10 85 90 8 x 3 3400
6 1L M 1 52 56 5 % § 200
T (1)] 2 N 28.5 28.5 L.6xh.6 2270
8 10 M | 28.5 28.5 L x2.2 2047
9 23 M 3 56 56 5.2x2,3 1800
10 18.25.29-31,35~39]M 18 97.8 Q8 b hx2,2 1700
11 19,42 3 99.1 98 4.2x1.6 1k82
12 22,28 L4 56 19 99,1 98 6.7%3 1150
13 3 2 hh.9 56 1.8x1.h 1000
1k E5 6 28.5 28.5 T.0xk.0 T000

45 6 99.5 98 1.0xk.0 1000
15 7,0 3 90 90 3.6%x2.0 910
16 5,24 B In 99,1 98 2.8xL.5 B36
17 In 3 99 98 2.0x0. 0 B16
18 6,40 v in 90 90 1.7x1.3 TLO
19 16 1 c6 56 4. 3x2.1 L5h
20 L1 v 3 28,5 28.5 1.5%x1.2 L00
21 (1)] 1 1 28.5 38,5 Loxk.6 310
22 (1} 9 1 Q0 G0 3 x4.0 300
23 20 v 1 99,2 od .OX .9 270
2k 50 v 1 g0 00 1.5x .0 200
25 52 3 a0 56 1.5x .8 200
26 58 v 1 2.9 28.5 T.5x .8 Z00
27 9 v 1 a7 56 1.5x .0 165
28 53 ¥ 2 90 56 1.5% .0 145
29 47,51,50 v 3 2.9 28.5 1.5x .8 60
30 17 v 1 56 56 Bx .8 60

TOTAL PAYLOADS

129

CODE

NOTE ;

M = MMS PAYLOAD, V = CANDIDATE FOR VERTICAL LAUNCH

* DATA FROM VOLUME IIT, TABLE 4-II, LES PAYLOAD MISSICN MODEL

(1) Diemeter is from Misgion Model Teble 8-I.

Maximum permissible

diameter for direct mount in cargo bey is 4.47 m (1L.67 ft.).
Maximum dismeter for support in the ASE is 4.0 m (13.12 ft.).
The dismeter of these payloads was reduced accordingly for

this study.
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TABLE T7-VIII

MODULAR BIPROPELLANT SCENARIO - B-2

PAYLOADS LAUNCH MODE
PAYLOAD PAYT,0AD NUMBER MODE~1 [MODE-2 |[MODE-3 |MODE-4 JMODE-5 {MODE-6
GROUP IDENTIFICATION = oF INTEG |4-TANK|8&-TANK{4-TANK|4-TANK |4~TANK
NO. NUMBERS = S |PAYLOADS | oms VERT. {VERT. |VERT.
. 4 SSUSAIH-SSIISh
1 12 6 6
2 13, 1L, 15 10 10
3 27 3 3
N 43 1 1
2 21, 32, 33, 34|M| 10 10
6 11 M 1 1
7 2 n 4
8 10 M h 4
g 23 M 3 3
10 18,25,29-31,35~39{ M| 18 18
11 19, k2 3 3
12 22, 28. Lk, L6 19 19
13 3 2 2
1k 45 12 12
15 7, 8 3 3
16 5, 2k v L by
17 b 3 3
18 6, Lo \'i L 4y
19 16 1 1
20 41 v 3 3v
21 1 1 1
22 ) 1 1
23 ED) v 1 1y
e 52 v 1 1y
25 52 3 3n
26 48 v 1 1y
27 49 Vi X
28 53 v 2 2 H
29 k1, 51, 50 v 3 3h
_'3‘2 17 v 1 1v
TOTAL 128 16 76 16 14 5 1

CODE M - MMS Payload, Candidate for PM-11
Candidate for Vertical Instesiiabinn
horizontal Instsllation

vertical Installation

From Volume III, Table'L4-TT

1
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MODULAR MONOPROPELLANT SCENARIO M~2
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_ PAYLOADS LAUNCH MODE
PAYT,0AD PAYT.OAD NUMBER MODE-1. {MODE-2 |MODE-3 |MODE-}% [MODE-~5 |[MODE-6
GROUP | IDENTIFICATION {e| OF INTEG | 2-TANK| 8~TANK} 2-TANK{ 2~TANK | 2-TANK
Ko. NUMBERS # 8 PAYLOADS oMS VERT. | VERT. | VERT.

LS OIS NS CTIS wd
1 12 6 6
2 13, 1k, 15 10 10
3 27 3 3
L 43 1 1
5 21, 32, 33, 34+{M| 10 10
6 k) M 1 1
7 2 n 4
8 10 M Ly 4
9 23 M 3 3
10 18.,25,29-31,35-391 M | 18 18
11 19, k2 3 3
12 22, 28, ki, 46 19 19
13 3 2 Z
1k L5 12 12
15 7, 8 3 3
16 5, 2k v L v
17 b 3 3
18 6, Lo v 4 bv
19 16 1 1
20 41 v 3 3v
21 1 1 1
22 9 1 1y
23 20 v 1 1Ty
22 52 3 3h,e
26 L v 1 1y
27 Lg v P-4
28 53 v 2 2h.e
29 47, 51, 50 v 3 v
30 17 v 1 1V
TOTAL 128 16 75 13 14 5 5
CODE M - MMS Peyload, Candidate for FM-11
¥V - Candidate for Vertical Installation
h - horizontal Installation .
v - vertical Installation
e — Elliptical Shuttle Orbit
% _ From Volume III, Table 4-II




scheduled to be launched by Scout in 1981 (before WIR is operational) and the ' ;
velocity change from & Shuttle launch of 56° is very high, approximately
4400 m/sec (14,436 ft/sec). Additionally, it was felt that the conceptual i
design of the LES should not he compromized to provide the velocity change
c_apa,'bility for this peyload as it falls outside the low energy regime as ‘
defined by Figure 4.2 of Volume III. '
Payloads 52 (prior to 83) and 53 were used in the evalustion of o
nevw propulsion approaches even though they fall outside of the low energy ‘
regime since the adaptations did have the velocity change capsbility without .
compromise of the LES. The performsnce of the adaptations is shown in
Volume III, Figure 4.39. The monopropellant adsptation had marginal perfor- .
mence for payloads 52 and 53 when launched from the standard orbit of 206 km ’
(160 nm). The velocity change increment required for the monopropellent .
adaptation 4o capture payloads 52 and 53 was provided by flying the Orbitver
to an elliptiec orbit at 56° inclination with integral OMS after delivery of
the shared flights payloads to 296 km (160 nm) and using the monopropellant
adaptation make ‘the plane change, altitude change ard circularize the orbit.
The scensriog were selected on the basis of the most economical
propulsion approach to launch each paylcad. For exemple, the modular bipro-
pellant scenario shown in Table 7-VIII hes 16 payloads being launched by
integral OMS because the Orbiter integral OMS has the capebility of direct
delivery of these paylosds and is the most economical choice. The same logile
wes used to select the 76 payloads for the modular U-tank, 16 payloads for
the modular 8-tank, etc. A detailed discussion of the bipropellant and
monopropellant propulsion approach scenerios is presented in paragraphs
T.4.3.1 and T.k.3.2.
Scenarios for existing/planned propulsion approaches that were _
selected are presented in Tables T-X, T-XI, T-XII, T-XIII, and T-XIV. .
Typical of these existing/plenned scenarios was E-1 shown in Table T-X vhich
uzged integrel OMS, PM-II for those MMS payloads for which PM-II had the
veloecity change capability, two snd four~tank TRS, Scout and SSUS-D to lawnch
all 129 peyloads of the mission model. Payload number 9 shown launched by
S8US~D has a highly elliptic orbit which is compatible with the S8US~D single
burn capebility. Payload number 3 requires a b4.9° inclination and a cireuvlar
orbit altitude of 556 km. In this scenario the Orbiter wes launched to an

b
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TABLE

7-X

EXISTING/PLANNED SCENARIO - E-1

PAYLOADS LAUNCH MODE .
PAYLOAD PAYLOAD NUMBER MODE-1 [MODE=-2 |MODF-3 |MODE-~4 |MODE-5 |MODE~6
GROUP TDENTIFICATION [gz]| OF
~E INTEG | MMS TRS TRS 8co _
NO. NUMBERS # |G |PAYLOADS OMS | PM_TT | 2-TANH 4-TANK th SSUS-D
1 12 6 6
2 13, 14, 15 10 10
3 27 3 3
h 43 1 1
5 21, 32, 33, 3k{M| 10 10
6 i1 M 1 i
T 2 n 4 |
8 10 M b 4
9 23 M 3 "3
10 18.25,29--31,35-39| M| 18 18
11 19, k2 - 3 3
12 22, 28, L4, L6 19 19
13 3 2 2v,e
1h 45 12 12
15 7, 8 3 3
16 5, 2b v L 4h
17 N 3 3
18 6, Lo v L 4h
19 16 1 1
20 b1 i 3 3k
21 1 1 T _
22 9 1 lh.e - .
23 20 v 1 10
2l 52 v 1 1
25 52 3 3
26 18 v 1 1
27 L9 v 1 1
28 53 v 2 2
29 b7, 51, 50 \ 3 3
30 17 v 1 iy
TOTAL 129 16 25 63 11 % I
CODE M - MMS Payload, Candidate for PM-11
V - Candidate for Vertical Instellation
h - horizontal Installation '
v = vertical Installation
e ~ Elliptical Shuttle Orbit
% .. From Volume III, Table 4-IT
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TABLE

741

EXISTING/PLANNED SCENARTO E-2

kB g 7
T

Lo

Cendidate for Vertical Installation
horizontal Installation '
vertical Installation
Elliptical Shuttle Orbit

- From Volume ITI, Table 4-IT

. PAYLOADS LAUNCH MODE
PAYLOAD PAYL.OAD NUMBER MODE-1, [MODE~2 | MODE-3 | MODE~4 JMODE~5 |MODE-6
GROUP IDENTIFICATION g or INTEG TRS TRS SCOUT
NO. NUMBERS # |& |PAYLOADS | gyqg | 2-TANK]| 4~TANK SSUS-D
1 12 6 6
2 13, 1k, 15 10 10
3 27 3 3
& 43 1 1
5 21, 32, 33, 34(M] 10 10
6 11 M 1 1
T 2 N 4
8 10 M ] 4
9 23 M 3 3
.10 18,25,29-32,35-39| M| 18 18
11 19, 42 3 3
12 22, 28, hh, L6 19 19
i3 3 2 2v,e
1k L5 12 12
15 7, 8 3 3
16 5, 2k Vi L 4 ni.
17 3 3
18 6, ko v L 4 h
19 16 1 I
20 41 v 3 3h
23 1 1 L'h
22 9 1 v, e -
23 20 v 1 14
ol 52 v 1 1
25 52 3 3
26 L8 v 1 1
27 9 v 1 1
28 53 v 2 2
29 47, 51, 50 vi 3 3
30 17 v 1 1h
TOTAL 129 16 88 11 i1 |3
CODE - MMS Payloed, Candidate for PM-11l
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C TABLE T-XII EXISTING/PLANNED SCENARIO E-3

= . PAYLOADS LAUNCH MODE
|PAYLOAD PAYLOAD NUMBER MODE-~1 [MODE-2 |MODE-3 | MODE-4 [MODE-5 {MODE-6
T GROUP IDENTIFICATION (] OF TNTEG |OMS OMS INTEG|{ SCOUT
% NO. NUMBERS * § PAYLOADS | oMS 1 1-KIT | OMS
KIT +88U3D k-8sUSh
x 1 12 6 6
i 2 13,14,15 10 10
3 27 3 3
] 21,32,33,3F | M 10 10e,1
b 6 11 M 1 1
T ) L b
. 8 10 M Y h
L © 9 23 M 3 3
. 10 18,25,29-31, | !
3 35-39 M 1b 1k he .
i3 11 19,k2 3 1 2 e,i
= 12 22,28 ,4L ,46 19 19e
. 13 3 2 2
i 1h k5 12 6 6e
S 15 T:B 3 3
o 16 5,2h v L hy,e,i
ﬁ : 17 b 3 3e,1
- * 18 6,40 v L 2h 2h
: 19 16 1 1
E 20 L1 v 3 3h
B 21 1 1 1
” 22 9 1 le
oo 23 20 v 1 1h
@ 2l 52 v 1 1
& ‘ 25 52 3 3
26 48 v 1 1
g 27 L9 v 1 1
28 53 v 2 2
29 47,51,50 v 3 3
30 1T v 1 1h
TOTAL 129 3k 3L L9 1 11
b

CODE M - MMS Payload, Candidate for PM-11.

~ Candidate for Vertical Installatlon..
— horizontal Installstion

~ vertical Installation

- Elliptical Shuttle Orhit

Shuttle Launch at Payload Inelination
From Volume III, Table L-II
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TABLE 7-XIIT

EXTSTING/PLANNED SCENARIO E-4

_ ____ PAYLOADS LAUNCH MODE
{PAYLOAD PAYLOAD NUMBER MODE-1 JMODE-2 |MODE-3 |MODE~4 JMODE-5 |MODE-6
GROUP IDENTIFICATION |m| OF i OMS TRS TRS
NO. NUMBERS * |5 |PAYLOADS | gy | 1 2 4 ssus-p |
KIT | TANK TANK 5
1 12 6 6
2 13, 1k, 15 10 10
3 a7 3 3
b 43 1 1
5 21, 32, 33, 3k|{M| 10 10
6 11 M 1 1
7 2 n 4
8 10 M i 4
9 23 M 3 3
10 18.25,29-31,35-39| M| 18 14 4
11 19, k2 3 1 2
12 22, 28, W, L6 15 19
13 3 2 2
2L 45 12 6 6
16 5, 24 v N &y
i7 L 3 3
18 6., 4o v I 2 Zn
19 16 1 L
20 L1 v 3 3h
21, 1 1 1
22 9 1 le
23 20 v T ih
2k 52 v 1 ) 1
25 52 3 3
26 48 v 1 1
27 49 v 1 1
28 53 v 2 2
29 47, 51, 50 vi 3 3
30 17 v 1 i
TOTAL 129 34 34 39 10 1 11

CODE M - MMS Payload, Candidate for FM-1l

|

20 < 5.
!

L2

Candidate for Vertical Installstion
horizontal Installation
vertical Installation
Flliptical Shuttle Orbit
From Volume III, Table L4-IT
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TABLE 7-XIV EXISTING/PLANNED SCENARIO E-5

PAYLOADS LAUNCH MODE
PAYLOAD PAYLOAD NUMBER M1 iM-p) M3 [M-B{M-5] M-6 M-7 | M-8
GROUP IDENTIFICATION 3| OF ] OMS PM | PM-LL
NO. NUMBERS »  |& |PAYLOADS [NTHOMS|1 grp }PM)rq | +1 | SCOUT/INT OMS
O OMS | . 3mi+88USD | I1 |JOMS| KIT +S8USD
1 12 6 6
2 13, 14, 15 10 10
3 27 3 3
I 43 1 1e,1i 10e.i
5 21,32,33,3b M 10
6 11 M 1 1
7 2 Y L
8 10 M h 4
9 23 M 3 3 j
10 18,25,29-31.
35-39 M 18 18
11 19,52 3 1 |2e,i
12 22,28,4L 46 19 1%9e
13 3 2 2
14 L5 12 6 be
15 7,8 3 3 {kh,e,i
16 5,2k v b bh.e,i
17 n 3 3e,i
18 6,40 v i 2{2n
19 16 1
20 L1 i 3 3h
21 1 1 i1
22 9 1 le
23 20 v T in
24 52 v 1 1
25 52 3 3
26 48 v 1 1
27 kg v 1 1
28 53 i 2 2
29 47,51,50 v 3 3
‘30 17 v 1 lh
TOTAL 129 30(16 35 {25 1| 10 11 1
CODE M -~ MMS Payioad, Candidate for PM-11.
V - Candidate for Vertical Installation.
h - horizontal Installation
v - vertical Installation
e - Elliptical Shuttle Orbit
i = Shuttle Launch st Payload Inclination
# — Prom Volume III, Table 4-II
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altitude or 556 km (300 nm) in an elliptical orbit at 56° inclination. The
85US-D wes used to make the plane change of 11.1° and circularize the payload
orbit. FEnergy management of the SSUS-D was achieved by selective lattitude
firing of the SSUS-D. A more detailed discussion of the existing/plenned
propulsion approach scenarios can be found in paragraph T.4.4.1. Other
scenarios that were selected are presented in Tebles T-XV, T-XVI, T-XVIL,

end T-XVIII. For these scenarios & new propulsion approach was used in com-
bination with existing/planned approaches. Typical of this approach is
scenario C-2 presented in Table T-XVI which used integral OMS, the modular
bipropellant and Scout to lsunch all 129 peylosds. A more detailed discus-

sion of these scenarios can be found in paragraph T.4.L.2.

T.4.3 Selection of Candidate New Propulsion Approach

The costs were derived for each scenario by summation of the
production, operations and development costs, A typical example of the cost
buildup for scenario C-2 is presented in Teble 7-XTX. The number of payloads
launched by each modular version of the bipropellant approsch, integral OMS
and Scout is shown. The costs associated with the number of payloads
launched by each propulsion approach including the DDT&E cost of the modular
bipropellant are summed to give the total cost to launch =zll 129 peyloads.
The peyload charge was removed to show the scenario cost without the peyload
charge. The payload cherge varied with each scenaric due to vertical and
horizontal installation differences and length end weight installation dif-
ferences between the scenarios. All sceparios examined can bhe found in
Volume V, Appendix C. A summary of the scenario costs is presented in Table
T-XX. PFigure 7.5 is a bar chart comparing the costs of camdidate new propulsion

approaches. Total cost (Table T-XX) was used as & basis for cost/benefit anelysis.

T.4.2.1 Modular Bipropellant Benefits Analysis - Scenario B-1 of

Figure 7.5 consisted of the modular 4 and 8 tank version with all payloads
installed horizontal except the SSUS-D adaptation.
Scenario B-2 was designed to explore the cost benefits of adding
a vertical lasunch cepebility to B-l1. The cost benefit relative to Scenario
B-1 was 36.7M as presented in Tabhle T-XX. !
Scenario B-3 was designed to show the effect of providing a ver-

tical instellation with a very high velocity chenge capability. A negative

Lh



TABLE T-XV

J SO S
W 1t

{E : COMBINATION SCENARIO C-l _ .
e _ PAYT,0ADS LAUNCH MODE . .
¥ PAYT OAD PAYLOAD NUMBER | MODE-1. |MODE-2 | MODE~3 | MODE=J [MODE~5 |MODE~B |
GROUP IDENTIFICATION || OF INTEC | 4 TANK] 8 TANK|
NO. NUMBERS * § PAYLOADS | “gus | nIpROB| BIPROP| SCOUT
i -
1 12 6 6
i) 2 13, 14, 15 10 10
Pl 3 27 3 3
i 4 43 1 1
5 21, 32, 33, 34{M]| 10 10
E 6 11 M 1 1
T 2 b n
4] 10 M ly N
9 23 M 3 3
o 10 11825,29-31,35-39{M| 18 18
] 1 19, L2 3 3
P 12 22, 28, Ui, L6 19 19
P 13 3 2 2
Ly 1 45 12 12
15 T, & 3 3
: 16 5. 24 v L b
. 17 h 3 3
18 6. ho i I Ly
19 16 1 1
20 L1 v 3 3h
21 1 1 1
22 9 1 1
23 20 v 1 Th
e 52 v 1 1n
i 25 52 3 3
_ 26 L8 v 1 1
27 g v il 1
o 28 53 v 2 2
- 29 b7, 51, 50 v 3 3
L 30 17 v 1 1h
TOTAL } 129 16 90 13 10
CODE - MMS Paylosd, Candidete for PM-11

— horiztonal Installstion
~ vertical Installation

M
V - Candidate for Vertical Installation
h
v
* — From Volume ITI, Table- L-IT
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TABLE T-XVL

COMBINATION NEW AND EXISTING/PLANNED SCENARIO C-2

_ PAYT.OADS LAUNCH MODE
TPAYLOAD PAYLOAD WUMBER MODE-1 |MODE-2 [MODE-3 |MODE-Il [MODE~5 [MODE~6
: GROUP IDENTIFICATION || OF INTEG | % TANK| 8 TANKI'4 TANK] (..o
; : =}
: ¥O. NUMBERS #* |G |PAYLOADS | gus BIPROF| BIPROP| BIPROP
; © VERT.
§ 1 12 6 6
i 2 i3, 1k, 15 10 10 »
: 3 27 3 3
5 L L3 1 1
: 5 21, 32, 33, 34|(M| 10 10
6 11 M 1 1
T 2 I 4
8 10 M h &
9 23 M 3 3
10 18.25,29-31,35-39| M| 18 18
11 19, L2 3 3
12 22, 28, Wb, LE 19 19
13 3 2 2
il 45 12 12
15 T, 8 3 3
16 5, 2k i h 4y
17 3 3
|18 6. 4o vi k by
19 16 1 1
20 b1 v 3 3v
21 1 1 1
22 9 1 1
23 20 v 1 1v
2) 52 v 1 iv
25 52 3 3
26 h§ v 1 1
27 kg v 1 1
28 53 v 2 2
29 b7, 51, 50 vi 3 3
30 17 Vi 1l 1v
TOTAL 129 16 76 13 14 10

CODE M - MMS Payload, Candidate for FM-11
V_~ Cendidate for Vertical Installation
h - horizontal Installation
v - vertical Installation
% _ Prom Volume III, Table. 4-II
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» PABLE 7-XVII
il
COMBINATION SCENARIO C-3 , .
b
& PAYTLOADS LAUNCH MODE
; (PAYLOAD PAYLOAD NOMBER | MODE—1. |MODE-2 |MODE-3 | MOLE~E | MODE=5 |MODE-6
H GROUP IDEL TIFICATION |m or INTEG | b TANK L TANK]L TANK
| NO. NG BERS # [ |PAYLOADS | oms |BreRop|BIPROP|BP : .|ScoOUT
f’f © | kssus-D
e 1 12 3 6
o 13, il, 15 10 10 .
3 27 3 3
L 43 1 1
5 21, 32, 33, 34{M] 10 Ton
6 11 M 1 1
T 2 b L
8 10 M L L
] S 23 M 3 3
i 10 18,25,29-31,35-39{ M| 18 18
W i1 19, L2 3 3
12 22, 28, Lkk, L§ 19 19
i 13 3 2 2n
#s 14 L5 12 1§
15 7, 8 3 '
16 5, 2h y 4 Lh
{ X i 3 -3
| 18 6, 40 vl & - hh
I i9 16 1 1
§ 20 b1 v 3 . 3h
; 21 1 1 1
= 22 9 1 ' 1lh
'g 23 | 20 ] il iy
L 2k 52 v 1 1h
25 52 3 3
26 48 v 1 1
g 27 49 v 1 1
' 28 53 v 2 o
. 29 47, 51, 50 v 3 3
g 30 17 v| 1 1h
% CODE M - MMS Payload, Candidate for FM-11

V - Cendidate for Vertical Instaliation

h - Horizontal Installation
v - Vertical Instailation
# o« From Volume III, Table h-II
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TABLE T-XVILIL

COMBINATION SCENARIO C-k

"

48

L PAYT.0ADS LAUNCH MODE
PAYLOAD PAYL,OAD NUMBER MODE-L JMODE-2 |[MODE-3 |MODE-4 [MODE~5 {MODE-6
GROUP IDENTIFICATION || OF N ) PANK| 8 TANE,
NO. NUMBERS # |5 |PAYLOADS e [P I aoe | BrpRORSCOUT
1 12 6 6
2 13, 1k, 15 10 10
3 27 3 3
L L3 1 1
5 21, 32, 33, 34 |M| 10 10
& 11 M 1 1
T 2 b .
8 10 M L b
9 23 M 3 3
10 18,25,29-31,35-39i M| 18 18
11 19, 42 3 3
12 22, 28, bh, k6 19 19
i3 3 2 2
1k L5 12 12
15 7, 8 3 3
16 5, 24 v L by
17 i 3 3
18 6. 4o v 4 Lh
19 16 1 1
20 b1 v 3 3h
21 1 1 1
22 9 1 1
23 20 v 1 ih
2k 52 v 1 1h
25 52 3 3
26 18 v 1 1
27 kg v 1 T
28 53 v 2 2
29 47, 51, 50 v 3 3
30 11’ oLs 3 vl 1 1h
TOTAL 129 16 25 65 13 10
CODE M - MMS Payload, Candidate for PM-1l
V =~ Candidate for Vertical Installation
h - horizontal Installation
v - vertical Installation -
# - From Volume III, Table 4-II
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TABLE T-XIX
COST SUMMARY

SCENARIU COSTS $M SCENARIC NO, C-2
NUMBER OF PAYLOADS 16 76 13 1k 10
IMODULAR | MODULAR| MODULAR
WBS T [u-ame | 8-Tam | h-TaNK | scour NON | TOTAL
NO. HORIZ. | HORIZ. WERTICAL RECUR)  COST
BIPROP* | BIPROP | BIPROP COST
1-D | DDT&E
. 26.1 26.1
1-P | PRODUCTION 0 133.5| 2T7.8 24.8 0 186.1
1-0 | OPERATIONS - TOTAL 283.7| 698.7 | 166.0 63.9 57.6 1,269.9
[ (Supporting Costs) 0 | mo.2) (6.9Y [ (7.%) [(ik.1) %(68.9)
(Shuttle Charge Total) | (283.7] (658.5)(159.1) | (56.5) | - | 1 la,157.8)
Payload Charge 280.5| 532.4 [ 131.3 | 18.1 — 962.3
Stage Charge — 126.1( 27.8 38.4 — 192.3
Other Charges 3.2 — — —— _— 3.2
(Scout Launch Charge) — _— —— — | (k43.2) (43.2)
TOTAL COST 283.7{ 832.2 | 193.8 88.7 57.6 26.111,482,1
Total Without Payload Charge 519.8
*Supporting costs include:
Annual Operations Cost 36.9
Unit Operations cost (23.6 + 4,0 + 4,3) 32.0
Total 68.9

#
k15 Kg Offiocad, Refer to paragraph 4.7.1 of Volume ITI
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TABLE 7-XX

SUMMARY OF SCERARIO COSTS - $M

¥

STENARID
BIPROPELLANT MONOPROPELLANT EXISTING/PLARNED COMBINATION
Bl B2 B-3 B-4 B-5 M-1 M-2 M-3 N4 E-1 E-2 F-3 T R-4 E-5 c-1 c-2 c-3 C-4

DDT&E 23,8 31.6| 44.4| 26.5[ 28.1 27.¢) 27.7) 23.3} 24.2 0 0 0 0 0 23.3 26.1 23.4 % 23,3
Production 225.5) »235.7{ 227.2| 238,5| 258.7| 191.,¢| 191.0| 216.1) 216.1 94,5| 83.5[ 121.3] 51.5 122,5| 185.9| 186.1| 212.9 | 1fu.3
Cperations - . =

{Totald 1281.7 |1272.0 {2260.8 |1331.3 | 1321.7 |1323.0 |1392.5 |1360.9 | 12%0.4 | 508.7 | 1s53k.7| 2164.1 {1too.0 | 1990.0|1p70.6 |1263.0 | 1ms.2 | 13:8.8
5"3’;’3:“”3 57.4 57,4 57,4 57.4 57. 4 57.5 57,5 57,4 57.4 BY.9 76.3 54,8 | k7.5 5.7 69.0 68.9 68.9 8.7

'1 3
Pf‘:’h:f:e 985.2 | 982.5 | 976.2 | 9B8.L | 986.8 | 902.5 | 900.6] 975.5| 973.9 | 951.3| B%2.5| 633.0 | 893.6| 703.6| oe3.5} oée.3( o63.2 | 963.9
s’g.ﬁ:rge 235.9 | 228.9 | 28h.0 | 2B2.3 | e7h.3 | 38,8 | 3bo.2| 323.5| k.o | ben.7{ ses.o| 13863 | 677.7[ 1109.5) 200.3| 102,31 pus.7 ! s00.t
O;:h,f; ce 3.2 3.2 3,2 3.2 3.2 4.2 4.2 4.2 6.2 3.8 5.8 3.4 3a.2 5.2 3.2 3.2 3,21 3.2
¥ r s

Scour Launch ) ) 0 0 0 0 0 0 0 a1.0| 47.0| a7.0} ar.0| ar.o| s3.2] a3.2] a3z g3z

Charge
Toial .

Cost 1536.0 | i529.3 | 1532.4 [1616.3 [ 1608.5 {31531.0 | 2521.2 | 166@.3| 1590.7 | 1603.2 [ 1618.2 | 2285.% (1151.5 |[o1ze.s | aues.e | abgz.r| 1s5h.5 ] 2508.5
Tatal
w/o 550.8 sh6.b | 556.2 | 627.9 621.7 628.5 620.6 ;7 624.5: 616.8 | 651,9 |, 735.7 {1652.4 857.9.] 1408.9{ 524.9) S29.Ef 555.3 | SLi.6
Payload

itk

NOTE: 1} SEE VOLUME V, APPENDIX C FOR DEFINITIONS AND COSTS OF ALL SCENARIOS
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TOTAL COST TO LAUNCH LES PAYLOAD MODEL —SM

VERT.STAGES

Ied

ND. SCENARIO DESCRIPTION 0 200 400 600 800 1,500 1,600 1,700
1 1 1 1 1 ) 1 A |
e INTEGRAL OMS s
5, | © BTANKHORIZ.
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o
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o
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o
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\\
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FIGURE 7.5 SCENARIO COST COMPARISON OF MODULAR BIPROPELLANT AND MODULAR
MONOPROPELLANT PROPULSION APPROACHES




cost benefit of $3.iM relative to B-2 resulted from the inclusion of this
12-tank vertical version in the scenario.

Scenario B~ was designed to test the possibility of using a
4—tank version only and combining it with SSUS-A or SSUS-D to capture the
regime. A negative cost benefit of $87.0M resulted relative to B-2 cost.

Scenario B-5 was designed to add a vertical launch capability
to B-b. A negative cost benefit of $79.2M resulted relative to B-2,

The costs for scenarios B-l, B-2 and B-3 were essentially equaly
therefore, other benefits were explored in order to make & selection., The
costs for these scenarios are summerized in Table T-XXI.

Scenario B-1 is the least complex and is less costly to develop;
however, its cost is $6,7M more than B-2 and it does not provide a vertical
launch capebility. A vertical capability will attract more payloads due to
lower user cost with a resulting increase in Shuttle utilization due to
shorter carge length. B-l was eliminated from further considerstion on
these bases.

Scenario B-3 had the highest complexity and the highest develop-
ment cost of the three. The one advantage was its capability to hendle very
high AV payloads, up to 3300 meters/sec (10827 ft/sec), from the vertical
installed position. The three payloads in this AV regime of the mission model
can be handled by Scout for spproximetely $6.5M each. The comparable recur-
ring cost to use the Shuttle for these payloads, using the l2-tank vertical
installation would be about $4.4M each. Cost was the prime motivation behind
the generstion of the 12-tank concept; however, since there are no payloads
in this AV regime after 1982, there was no justification to add extra develop-
ment costs of $12.8M to provide this capability. However, should future
payloads develop in this AV regime the 8-tank configuration could handle them
for a recurring cost of appraximately $3.5M each. Scenario B-3 was eliminated
from further consideration.

Scenario B-2 was selected as the most attractive modular bipro-

pellant approsch.

T.h.3.2 Modular Monopropellant Scenario Benefits Analysis - Scenario

M-l of Figure 7.5 consisted of modular 2 and 8~tank configuretions installed
horizontally except for the SSUS-D "edaptation'.
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5 TABLE T-XXI BIPROPELLANT
SCENARIO AND COST SUMMARY
i
i Scenario Scenario Description and Costs
B B-1 Integral OMS - 16 payloeds
b L Pank ~ H - 90 payloads
i 8 Tank - H - 16 payloads
4 Tank H/SSUS-D - 1 payload
; I Tank F/SSUS-A - 5 payloads
f TOTAL 128 payloads
Scenario Cost = $1536,0M
Development cost = $28.8M
7 B-2 Integral OMS - 16 payloads
: 4 Tank - H ~ 76 payloads
i b Tank - V ~ 14 payloads
8 Tank - H - 16 payloads
4 Tank V/SSUS-D ~ 1 payload
k Tank V/SSUS-A - 5 payloads
TOTAL 128 payloads
Scenario cost = $1529.3M
Development cost = $31.6M
B~3 Integral OMS ~ 16 payloads
4 Tank - H - 76 payloads
8 Tank - H - 18 payloads
12 Tank - V -~ 3 payloeads
4 Tank - V - 14 payloads
4 Tank H/SSUS-D - 1 payload
4 Tank H/SSUS-A ~ 5 payloads
TOTAL 128 payloads

I TINEL BT

Scenario cost = $1532.4M
Development cost = $ub kM

33



Deenario M-2 explored the benefits of adding a vertical lawnch
capability to the monopropellent approach. The resulting cost benefit rela-
tive to Scenario M-1 was $9.8M as presented in Teble T-3X.

Bcenario M-3 was designed to evaluate the possibility of using
a 2-tank version only and combining it with SSUS-A or SSUS-D to capture the
regime. The resulting benefit relative to M-2 was a negative $79.1M.

Scenario M-k explored the cost benefit of adding a vertical
launch cagability to M-3. The resulting benefit relative to Mqé'was a nege—
tive $69.5M.

Scenarios M-l and M-2 were essentiaelly equal in cost benefits;
consequently other benefits were explored in order to meke e selection, M-l
and M-2 scenarios are summerized in Teble T-XXII. BScenaric M-2, the Modular
menopropellant approach, was the least costly approach. Tts development
cost was up by $.7TM. However, it provided a vertical launch capebility re-
sulting in a net savings of $9.8M. This capability will attract more pay-
loads due to lower user cost with a resulting increase in Shuttle utilization
due to the shorter cargo length.

Scenaric M-2 was selected as the most attractive modular mono-

propellant.

7.4.3.3 Selection of the Candidate New Propulsion Approach =~ A swmary

of the selected bipropellant and monopropellant scenario costs is shown
in Teble T-XXIII. The selection of the best new propulsion approach was ac-
complished by cost/benefits and other benefit analysis as follows.

Cost Benefits - The M-2 scenario costs are $8.1M less then B-2

end requires $3.9M less to develop. The operation costs shown in Table T-XX,
including the Shuttle charge, are $30.5M more than B-2 due t0 the shorter
length of the bipropellant approach. The unit cost of M-2 is lower by
$34.7M than B-2 partially due to a separate RCS in the bipropellant concept.
The monopropellant has reaction control bduilt into the primary propulsion,
This same approach was a potential for bipropellant with sbout a 5% reduction
in maximum velocity change cepability end a decressed production cost of
approximately $10M for the scenario., With this change the development cost
of the bipropellant would also reduce by sbout $1M, With the 5% reduction in
maximum AV the bipropellant still met the mission requirements at the higher

payload weights and out-performed the monopropellant by 30% at low payload

5k



TABLE T7-XXIT

MODULAR MONOPROPELLANT SCENARIO AND COST SUMMARY

Scenario Scenaric Description and Cost
M-1 Integral OMS - 16 payloads
2 Tank - H ~ 89 payloads
8 Tank -~ H - 13 payloads
2 Tank V/SSUS-D - 5 payloads
2 Tank V/SSUS-A ~ 5 payloads
TOTAL -128 payloads

Scenario cost = $1531.0
Development cost = $27.0M

M-2 Integral OMS - 16 payloads
2 Tank -~ H - T5 payloads

2 Tank - V ~ 14 payloads

8 Tank - H ~ 13 payloads

2 Tank 'y/SSUS-D - 5 payloads

2 Tank v /S8US-A ~ 5 payloads

TOTAL ~128 payloads

Scenario cost = $1521.2M
Development cost = $27.7M
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TABLE T~XXIII

SUMMARY OF LOWEST COST BIPROPELLANT AND MONOPROPELLANT SCENARIO COSTS

Secenario Scenario Description and Cost
Bipropellant Tategral OMS - 16 payloads
Scenario B-2 b Tank - H - 76 peylosads
Y Tank ~ V - 14 payloads
8 Tank -~ H - 16 payloads
4 Tank V/SSUS-D -~ 1 payload
L Tank V/SSUS-A -~ 5 payloads
TOTAL 128 payloads

Scenario Cost = $1529.3M
Development cost = $31.6M

Monopropellant Integral OMS - 16 payloads
Scenario M-2 2 Tank ~ H - 75 payloeds
2 Tank -~ V - 14 payloads

8 Tank - H -~ 13 peyloads

2 Tank v/S8US~D ~ 5 payloads

2 Tank y/88US~A - 5 payioads

TOTAL 128 payloads

Scenario Cost = $1521.2M
Development cost = $27.7M
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weights. The scenario cost compsrison with these changes incorporated was
as follows:

$1519.3M
$30.6M - Included in Scenario Cost

Scenario B-2 Cost

It

Development Cost

$1521.2M
$27.7M -~ Included in Scenario Cost

Scenario M-2 Cost

Development Cost

Other Benefits

(a) Shuttle Utilization - The modular bipropellant was shorter

and lighter than the modular monopropellant due to the higher specific impulse
and higher propellant bulk density end a resulting smaller fuel volume. This
would allow more efficient utilization of Shuttle cargo volume.

(b) Stage and Payload Retrieval and Re-Use Potential - The

modular bipropellant has the higher performance and provides stage recovery

potential from greater distances after delivery of heavier payloads.

(c) Development Risk - This was considered to be egual since

bipropellant herdware is being developed for the Shuttle,
(d) Accuracy - This was considered equal since the guidance
system was common to both approaches.

{e) Mission Capture - Both scenarios captures 99% of the model

payloads not being delivered direct by the Shuttle. The bipropellant without
8sUs "adaptations" captured 95% of the mission model as compared to 90% for
the monopropellant.

(f) Energy Regime Capture -~ Both scenarios ceptured 100% of

the regime out to & veloeity increment of 3657 m/sec (12000 ft/sec) at = stage
weight of 600 kg which is considered to be the energy regime after 1983 with
WIR operstional. (Refer to Volume III, Figure 4.2) The modular bipropellent
without "adaptations" to the SSUS captures 85% of the regime ss compared to
78% for the monopropellsnt.

(g) Shuttle Operations - The two approaches were considered

essentially egual from a hazard implication standpoint.

From the cost/benefit analysis the moduler bipropellant and the
modular moncpropellent were essentially equal. Other benefits favored the
bipropellant.
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The mcdular bipropellant had the most potential for growth and
mission capture; therefore, it was selected without the RCS modification for
comparison with existing/planned approaches. The coste were essentially equel
without the modificabion therefore the RCS approach was considered to be an

issue to be resolved upon the initiation of detail design.

T.h.b Selection of the Lowest Cost Existing/Planned anda New/
Comb inastion Approaches

Costs comparison of existing/planned and new/combination scenarics
is shown in Figure 7.6. The cost date for these scenarios is summarized in
Table T-XX. The data was analyzed and the lowest cost existing/planned approach

end the lower cost new/combination with existing/plenned approach wes selected.

7.4h.h4.1 Selection of the Lowest Cost Existing/Planned Approach -~ The

scenarios for the existing/planned approaches are summarized in Teble T-X
through T-XIV. The costs are summarized in Tgble T-XX. Table T-XXIV presents

a cost comparison for the Scout ELV end the SIS to deliver the eleven Scout

class peyloads. The costs to deliver 10 of these payloads with Scout or with
S5US-A and S8US-D on the Shutile show that Scout will save about $20M in 1977
dollars prior to 1983. After WIR operation in 1983 Scout remeins the most eco-
nomical spproach to launch the remaining Transit. Scout annual program mainte-
nance costs were spread across the launches scheduled for esach year. San Marco
and AMPTE missions were considered lasunched from the San Marco launch site. The
AMPTE-A and B missions renuire a five-stage Scout. STS launch costs using SSUS-A

or ~D included (1) sharea-flight charge‘(U. S. Govt. or participating Foreign
Govt.) for the payload and stage and non-standard orbit change (eiliptical), (2)

SSUS-A or -D baseline hardware, analyses and services for each launch, and (3)
SSUS-A and -D additional mission specific analysis for each different mission,
plus services for each launch. Based on the indicated saving, Scout was used
in all existing/planned scenarios. See Volume V, Appendix C for examples of
the Scout and HTS launch cost comparison. If the shuttle charg: for DUD Pay-
loads is considered (12.2 $M X escalation to 1977 $) Scout still saves about
$181.
Scenario E-1 consisted primarily of the 2 and k-tank TRS, PM-II and
Scout. E-1 was designed to test the cost benefits of using the PM-II for those _
MMS payloads that it could capture as compered to scenario E-2 in which the ¢
same 25 payloads were launched by the 2-tank TRS. A cost benefit of $15.CM was

indicated when PM-II was used.
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TOTAL COST TO LAUNCH LES PAYLOAD MODEL —SM
NO. SCENARIO DESCRIPTION
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FIGURE 7.6 SCENARIO COST COMPARISON OF EXISTING/PLANNED

AND NEW PROPULSION APPROACHES
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TABLE T-XXIV SCOUT ELV VERSUS STS LAUNCH COSTS

FOR SCOUT CLASS PAYLCADS

(MILLIONS OF 1977 DOLLARS)

e PRIOR TO WIR OPERATION

e AFTER WIR OPERATION

COST TO LAUNCH ONE TRANSIT IN 1983:

NOTE: (1) ONLY ONE SOUT CLASS PAYLOAD LAUNCHED IN '83, COST INCLUDES $4.81 M OF ANNUAL

Scout
STS-SSUS-D 9.19
STS-LES 6.13

PROGRAM MAINTENANCE COST.

$8.63 (Note 1)

L

SCOUT SAVES $22.02M

SCHEDULE SCOUT LAUNCH | STS LAUNCH | STS
PAYLOAD NO. MISSION NAME goiTo1]82 CcoST ($M) CoST ($M) | UPPER STAGE
L7 San “arco Dp 1 5.42 T.5L4 SSuUS-D
L8 San Marco Dj 1 5.42 T.54 SSUS-D
L9 Solar Mesosphere Exp. 1 5.42 12.01 SSUsS-A
50 AMPTE A 1 6.92 T.54 SSuUS-D
51 AMPTE B 1 6.52 T.54 SSUS-D
52 Trensit (DoD) 1] 1 1 15.86 21.12 SSuUs=D
b4 Canadian Scientific 2 10.04 14.33 SSUS=D
TOTAL 3] 3| &4 55.60 77.62




Scenario E-I was derived to show the cost impect of using an OMS
kit to capture all payloads within its capaebility. A negative benefit of
$148.3M resulted relative to E-l.

Scenarios E-3 and E-5 were designed for STS cost evaluation
without the TRS. The Shuttle was allowed to launch to the payload inclination
and where necessary elliptical Shuttle orbits were used in combination with
88US-D to inject payloads into their destination orbits. Scenario E-3 re-
quired 50 non-standerd orbits (30 elliptical) end E-5 required 46 non-standard
orbits (26 elliptical). Scenario E-3 without TRS or PM-II had a total cost
of $2285.4M and scenario E-5 without TRS but with PM-IT had a total cost of

- $2112.5M. This compares to the $1603.2M derived for scenario E-1.

The lowest cost scenario ig E-)l which consists primarily of TRS,
PM-II and Scout. This scenario was selected as the lowest cost approach for

existing/planned systems.

T b2 Selection of the Lowest Cost New/Combination with Existing/

Planned Approech - The scenarios for the combinastion new and
existing/planned spproaches are summarized in Table T-XV through T-XVII.

The costs are summarized in Table T-X{. Scout was the most econcmical choice

to launch 10 of the 11 payloads in these scenarios. The ST5 cost to launch
the Transit payload in 1983, using LES as the upper stage, was $6.13M compared
to $8.63M for Scout. The increased cost for the Scout lawnch as reflected

in Teble T-XXIV was due to the amortization of all the annual Scout program

maeintenance cost of $4.81M over the one peyload for Scout scheduled for 1983,
The STS with LES as the upper stage was used to launch the 1983 Transit in
all new/combination scenarios, -

Scenario C-1 consisted primarily of the 8-tank modular bipropel-
lant and Scout. All payload installations were horizontal. Tt was designed
to test the cost benefits of this approach ageinst the provision for vertical
installation in Scenario C-2. A cost benefit relative to C-~1 of $6.TM was
shown.

Scenario C-3 was the same as C~Z2 except that only the horizontal
and vertical U-tank bipropellant were used. Those payloads normally captured
by the 8-tank version were launched by the SSUS-D "adaptation". A negative
cost benefit of $72.4M resulted relative to C-2 cost.
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Scenario C-4 was the same as C-1 except for the inclusion of
PM-II for 25 payloads that it could capture. C-4 was designed to test the
cost benefits of the PM-II in the new/combination scenarios. Negative cost
benefits due to the PM~II of $26.4M were indicated relative to C-2.

Scenario C-2 was selected as the lowest cost new combined with
existing/planned approach. It consisted of the modular 4 and 8 tank bipro-
peliant with vertical installation capability used in conjunction with Scout
and integral OMS,

T.4.5 Approach Selection

In paragreph T.4.4.1 the lowest cost existing/planned approach
was selected consisting of the STS with integral OMS, TRS, PM-II and Scout.
The cost of this scenario was $1603.2M.In paragraph T.4.4.2 the lowest cost

new/combination with existing plenned approach was selected consisting of
integral OMS, a new lovw energy stage, and Scout. The cost for this scenario
was $L4B2.1M, The cost of these two cost effective scenarios are compared to
the cost of the STS without a low energy stage using integral OMS, OMS kits,
88US-D, Scout and non-standard orbits in Figure 7.7. Cost savings of $682M
and $803M are indicated for the use of the TRS/PM-II and a new LES, respec-
tively. In assessing the economic merits of these two most cost effective
scenarios, it is necessary to establish the effect of timing as well as the
magnitude of the costs. The 1life cycle cost streams of (1) the most cost
effective scenario made up of existing/plenned systems (E-1) tnd of (2)

the similar scenario containing the new LES system (C-2) are shown aZ cumu~
lative costs to deliver the LES payload model in Figure T7.8. The additional
Shuttle charge for the payloads of the model, common to both scenarios, of
950 million 1977 dollars (Refer to Teble 7-X¥j, is noted in the figure. The
payload Shuttle charge for scenarios B-1 and E-2 are essentially the same,
differing only due to differences in vertical and horigzontal installations
and differences in weight versus length critical installations, The payload
Shuttle chargrs are:

FTor Scensrio C-2 $962,354,000
For Scenario E-1 $951,22k,000
Difference $ 11,130,000

In the comparison of these two scenarios without the peyload charge the lesser

E-1 payload charge (the smount considered to be common to both approaches)
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of $951,224,000 (951 million) was subtracted from the total cost of both
scenarios. Tne point in time at which the cumulative cost stream of the

existing/plamned system scenario crosses above the cost stream of the

scenario containing the LES system is at the end of the first quarter of 1983.

Cost for the existing/planned scenario over the 1978~1991 period of the study
is §652.2M without the $951M added payload charge; similar cost for the LES
system scenaric is $531.1M. Thus, the difference between costs for the two
systems is $121,1M, or over 19 percent in favor of the LES system scenario.
If the DDT&E costs for TRS (including one proto flight unit) were added to
the existing/planned scenario costs, the total cost increases to $678.1M;
with this added cost at the beginning of the life cycle, the cost stream

of this scenario is higher than that of the LES system scenario threughout
the time frame of the LES payload mission model. This additional cost would

indicate a net benefit of $ik7.0M (21.7%) to the LES system scenario in ab-
solute 1977 dollars.

This cost benefit occurs over the period of time 1979 through
1991, The present value of the deferred costs and benefits of the two
approaches was estimated by the application of a social discount rate as
described in Reference 58, The discount rate is the assumed amount of cost
benefits needed to outwelgh what the tax payer might have earned with the
money if it had been left with him, not extracted by the government. Each
year expected yearly cost for each of the two approaches being evaluated,
E-1 and C-2, was multiplied by the socisl discount rate and then summed over
all future years to give a program present value cost. The net present value
cost benefit for a specified discount rate was obtained by the net difference
between the two epproaches, The discount rate was varied to determine the
internal rate of return which is the discount rate at which the net present
value becomes Zero.

When present value techniques were considered by applying a 10%
socigl discount rete to the life cycle cost streams of these two scenarios,

shown in Tebles T-XXV and T-XXVI, the cumulative discounted cost streams of

|

Figure 7.9 results. Here the total discounted life cyecle cost of the existing/

planned scenario is $277.2M, and of the LES system scenario C-2 is $233.7TM
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TABLE 7-XXV

SCENARIO C-2 COST SCHEDULE '
(ALL COSTS THOUSANDS)

CONF IGURATTON/ YEAR 79 8a BL 82 83 8L 85 8s 8r 88 89 %0 )] TOTAL
SCENARIO €2
DDTEE 1,303 |} 14,620 9,136 | 1,045 26,104
: ANBUAL ONERATIONS L,811 b,811 | 6,509 | 2,315 2,315 | 2,315 2,315 | 2,315 | 2,315 | 2,305 | 2,315 | 2,315 | 36.956
INTEGRAL OMS
i NMPER OF LAUNCHES o o 0 o 1 1 1 b3 3 2 2 2 3 16
FRODUCTECN o 0 0 0 0 0 0 0 v} (v 0
OPERATIONS (UNTT) 0 0 0 0 0 0 ) 0 0 0 0
SHUTTEE CHARGE-PAYLOAD 0 11,859 { 20,933 {20,933 [ 11,859 | 53,725 | 32,793 | 41,866 32,793 {53,725 {280,486
~STAGE & ASE 0 [V . 0 0 0 ] 0 0
" R CTHER CHANGES 0 200 200 200 200 600 koo oo 400 600 3,200
TOTAL - INTEGRAL OMS o o 0 0 12,059 21,133| 21,133 12,099} 54,3251 33,193) 42,266 33,193 | 54,325 293,686

MODULAR & TANK HORTZONTAL BIFPROP

KUMBER OF LAUNCHES o 0 ] L 5 5 g 7 10 8 9 9 10 76
PRODUCTICH ) 7,026 | 8,783 8,782 | 15,809 | 12,206| 17,565) 1h,052| 15,809} 15,B08] 17,565 [ 133,u0L
OFERATIONS (UNIT) 1,243 ¥ 1,554 1,554 | 2,79 2,175 | 3,107 { 2,485 | 2,795 | 2,796 | 3,107 | 23,613
SHUTTLE CHARGE~-PAYIOAD _ 10,58¢ |29,2h9 29,800 £8,188 52,324 h,179; S3.110| 68,330 64,186 72,270 | 532,ke6
' ~STAGE & ASE 7,175 |12,888 7,6231 15,187 10,313§ 26,531§ 11,657| 15,187) 13,003 | 16,531 {126,097
TOTAL - 4 TAFK HORIZOMPAL | O 0 ¢ 25,933 52,474 W7,759|102,280 | 77,208[ 111,382 92,305| 202,121 | 95,793 | 209,473 | 815,630

.
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TABLE 7-XXV (CONTINUED)

COHP {GURATICN/YEAR 79 8o 218 82 83 8y 85 86 14 88 89 90 18 TOTAL
MODULAR 8 TANK HORIZONTAL DIFAOP
MIMBER QF LAUNCHES ] 0 o 0 1 o 1 2 2 2 2 2 1 13
FROBUCTION 2,135 0 2,135 4,269 | b,270 | b,269 [ 4,269 | b,269 | 2,135 | 27,751
OFERATIONS (UNIT) 3 ] 311 621 go1 62z 622 621 m 4,039
EHUTTLE CHARGE-PAYLOAD 12,854 o 520 125,709 | 13,980} 25,709 13,980 25,709} 12,854 | 131,315
-STAGE & ASE 1,34 0 6,245 2,600 | 5,399 | 2,6% | 5,399 2,690 | 1,345 | e7,803
TOTAL - 8 TANK HORYZONTAYL, 0 o 0 o] 16,645 0 9,211 33,289] 24,270| 33,200 | 24,269 |- 33,289 | 16,645 | 190,908
MODUTAR 4 TANK VERFICAL BIFROP . B
NOMEER QF LAUNCHES o o .0 ] 2 2 ] b3 2 ;) 2 1 3 1
FRODUCTTON 3,584 1 3,544 o 1,772 | 3,54 j 1,772 | 3,543 | 1,772 | 5,316 | 24,807
OFERATIONS (UNIT) 621 621 | o 3n 621 311, 621 3 932 | 4,349
SHUTTEE CHARGE-PAYLOAD 1,620 k62 0 937 3,536 | 1,626 | 3,536 | 1,626 | 3,784 | 18,127
-STAGE & ASE ha | 6,7m5( 0 3,266 | u,58% | 3,59 | 4,588 | 3,509 | 7,366 | 38,38
TOPAL & TANK VERTICAL 0 0 0 0 10,620 | 12,383| o 6,186 | 12,285| 7,258 { 12,204 | 7,258 | 37,308 | 85,6m
SCOUT ELV XIIT
NUMBER OF LAUNCHES o 3 3 L Q o 0 o 0 0- 0 0 0 10
PRODUCTION 0 0 o 0 0 o ] ) o o 0 0 0
OPERATIONS (UNIT) 0 0 0 0 o 0 0 o o o o 0 a
SHUTTLE CHARGE-PAYLCAD 0 ] 0 o 0 o 0 0 o o (] 0 o
~STAGE & ASE 0 0 0 o -0 o 0 o 0 0 ] 0 0
BCOUT-LAUNCH CHARGE 13,451 | 12,952) 16,768 | © [+] 0 0 0 0 (o] o o 3,170
TOTAL ~ SCOUT 0 13,451 | 12,951] 16,768 { © 0 0 [ o 0 0 1} 0 43,270
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TABLE 7-XXV (CONCLUDED)

CONFIGURATION/YEAR 19 80 81 8z a3 ay 85 86 87 88 89 a0 228 TOTAL
TOTAL = SCENARIO €2 1,303 | 32,882 26,89B] 50,255 9%,133{ 83,550| 134,940 | 130,957 | 204,578 | 167,361 {283,256 | 171,648 |e00,157 11,482,096
E-1 PAYLIAD CHARGE 0 o of 11,911 55,064) 45,985, 90,319 | 91,689 |145,6870 | 120,948 |128,160 |122,022 139,206 | 951,22h
TOTAL WITHIUr E-2 PAYLOAD
CHARGE (SIE NOIE) 1,303 | 32,882 »26.898{ 36,314 39,0L9| 37,565] hh.é21[ 39,268 58,708 ] 46,413 | 55,006 | 49,626 | Go0,931 | 530,87L
CIRMULATIVE 1,303 | 34,185) 61,083] 99,397} 138,LL41 176,011 | 220,632 | 259,900 | 318,608 | 165,021 | 420,117 | 469,943 (530,874
PASSIVT VALUE COST - TOTAL 1,077 [ eh,7o05] 18,372] 23,790 22,0k2| 19,277{ 20,816 16,653 | 22,634 | 16,2671 17,555 | 1b,433 | 16,085 | 233,666 -
WITHOUT - PAYLOAD CHARCE
{DISCOUNTEY 103}
CIMBILATIVE 1,077 25,7821 L4,1sh| 67,9441 89,9861 100,263 130,079 | 146,732 | 169,366 | 185,633 | 203,188 [237,621 |233,568
NOTE: THE PAYLOAD CHARGE "CO:f:ON COST"| HAS BEEN| OMITTED faoM CoNSIDERATICN| (SEE PARA. T.%.§)
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TABLE 7-XXVI

SCENARIO E-1 COST SCHEDULE
(ALL COSTS IN THOUSANDS)

CONFIGURATION/YEAR 79 8o 81 82 83 8L 85 84 a7 A& 89 o0 9. TOTAL
"‘ DBT & E , 0
. AIPIUAL, OPERATIONS o| w8 | 4,611 | 6,500 | 8,206 | 3,395| 3,395) 3,395 | 3,305 | 3,395 | 3,395 3,395 | 3,305 | 5,47
t INTIGRAL OO
I WMEIR OF LAUNCHES 0 8] o [+] 1 1 1 i 3 2 2 2 3 T 6
: PACDUCTION 4] ] Q o] ] g Q 4] Q0 Q ]
11 OFSRATICNS (UNIT) o o 0 o 0 o o 0 o o

SHUTTLE CHAMGE ~ PAYLOAD o {11,859 | =20,933| 20,033} 11,850 |53,725 | 32,793 | L1,B66 | 32,793 | 53,725{ 2B0,486
SHUTTLE - SUAGE & ASE o 0 o o 0 0 0 ] ] e} o
OTHER CHARGLS 0 200 200) 200 200 600 hoo koo Loo 600 3,890
o TOTAL - HITSGRIL OMS ] 0 o o J12,059 | 21,133 21,133 | 12,059 {54,325 | 33,193 | 42,266 | 33,193 | 54,325 | 263,636
© ™ I1
fﬁ SUVBSR OF LAUNCHES 0 0 0 0 1 1 3 L 3 3 3 5 2 25
: PRODUCTION g1t o 2,93i 3,508 | 2,931 2,931 2,931 k885 1,954 2h,L25
OPZRATIONS (UNIT) 3w kYRS 933 | 1,2kk 933 933 933 | 1,595 622 72115
SHUTTLZ CHARSE - PAYLOAD 7,22k 6,486 | 22,6451 29,758 {20,734 | 21,371 | 20,73k | 36,892 | 13,610 } 173,363
SHUTTLE - STAGE & ASE 2,523 2,523 7,569 | 10,093 | 7,569 7,569 | 7,569 } 12,616 5,046 63,077
TOTAL B IT 0 0 [ 0 {10,935 | 20,297 34,077 [ 15,013 | 32,157 32,80h | 32,167 | 55,948 | 21,232 | 27h.640




TABLE 7-XXVI (CONTINUED)

CONFIGURATION/YEAR ] 79 8o 81 82 83 ay 85 86 87 83 89 ] o TCIAL
Scour

NUMBER OF 1AUNCHES o 3 3 I 1 n
; FROBUCTION 0 o 0 0 ]
| OFERATIONS (UNIT} 4] 0 0 0 0
i SHUTTLE CHARGE ~ PAYLOAD ] ol ] ] 0
SHUTTLE - STAGE & ASE : o 0 0 ] 0
! SCOUT LAUNCH CHARGE 13,551 | 12,951 | 16,768 | 3,Bi7 . ks,987
: ' 10TAL - SCOUT 0| 13,51 | 12,951 | 16,768 | 3,817 46,987

L TTEGRAL OMS + SSUS-D _ _ '

: KIBIR OF LAUNCHES ’ i 0 1 ¢ 1 0 0 3
-51 PRODUCTION 2,h26 2,426 2,426 7,278
OFERATIONS (UNET) 1,200 1,200 150 | 2,850
SHUTTLE CHARGE - PAYLOAD 4,895 1,057 1,056 7,008
SHUTTLE - STAGE & ASE k,kg7 2,933 2,934 10,364
OTHER CHARGZS © 200 200 200 600
TOTAL THT OIS + SSUS-D 13,218 0 7,816 o 7,066 o 0 28,130
5 A
g 2
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TABLE 7-XXVI (CONTINUED)

CONFIGURATIC!/YEAR 79 Bo & 62 a3 [ ak as 86 ar 83 Bg % g1 TOIAL

THY 2-TANK
SRR OF LAUKCHES 0 r; 0 b 5 8! 5 b 9 & 8 5 11 63
FRODUGTZORK 13,156 2,695 3,234 2,695 2,156) i,B851 3,234 4,312 2,695 5,922 4,87
OFZRATIONS (UNIT) 1,25 | 1,555 1,866] 1,555] 1,244 2,799 1,866{ 2,488| 1,555] 3,k2l 19,593
SEVTTLY CHARGE - PAYLOAD 11,941 | 23,230 | 1B,566] 33,7681 2%,357) 57,504 | 41,079 S51,654) 26,632 59,04r) 347,773
SHUTTLE - STAGE & ASE ,0k2 | 26,300 | 37,696] 26,2990 17,562] 40,328 | 29,7931 36,828] 25,288 su,ucz| 309,557
TCTAL TRS 2 TANK 0 o o 40,383 | 53,790 | 61,362 64,317y bs,329|305,k92 | 75,972 95,282 57,170/ 122,793} 721,8E0

i A e o
SRR QF LAULCHES o ¢ 0 0 1 C i z 1 2 1 2 1 11
FR0DUCTION 11,614 0 614 1,228 61k 1,228 6| 1,228 614 17,754
OPIRATICNS (UNIT) EXR 0 31 622 3 628 311 g2z 111 3,421
SEUTTLZ CHARGI - PAYLOAD ie.85o o 8,015 os5,i105! 2,850 | 25.Te5| 12,85G| 25,705] 12,852| 135,55+
SETTIZ - STAGE & A3E 3,509 o 2,509 7,019 3,509 T.0191 3,509) 7,019 3,509 38,£22
TOTAL TRS 4 TANE 0 0 ] o { 238,284 o 12,513 3h,574} 27,284 | 3b,5T4| 17,284 3h4,57L{ 17,28L] 196,371

hed




TABLE 7-XXVI (CONCLUDED)

CONFIGUHATION/ YEAR ’ 79 80 81 a2 83 BY 85 86 87 a8 Bg 0 S1 TITAL ‘
TITAL COST - SCEMNARIO E-1 0 18,262 17,762 | 63,660 117.091| 96,187] 148,653 1ko,360 | 220,479 279,936 | 297,k60 | 184,280 {219,029 11,603.161
TOTAL PRYLOAD CHARGE 0 0 0| 1,9u1f 55,064 5,985 90,319 91,689 | 145,870 120,548 | 128,160 | 222,022 | 135,226 | 951,224
TOTAL WITHCUT PAYLOAD CHARGE [ 18,262| 17,762 | s53,M29)| 62,027| S0,202| 58,33k| NB,67r] Tu,609]| 56,990 69,300 62,258 | T9.803 | 651,937
CUMGLATIVE o 18,262 36,024 | g7,743{ 149,770} 199,972 | 258,206 | 306,977 | 301,586 | 4-u,576 | 509,6° 572,13k | 651,937
PRESENT VALUE COST 0 13,721} 12,132 | 32,113{ 35,012} 25,762 27,213| 20,61| 28,765| 20,676 | az,08r) 16,034 | 21,0015 ] 277,165 °
TOTAL WITHOUT PAYLOAD
{DISPTTED 10%)
CUMULAT . VE 0 | 13,721 ) 25,853 | 57,966| 92,918) 118,740 145,953 166,59h | 295,359 | 216,035 | 238,116 | 256,150 [ 277,165

el
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s $43.5M or 16 percent benefit to the LES system scenerio. Discounted additional
Shuttle charges common to both scenarios is $354M. The point in time at
which the cost streems of the two scenarios cross occurs in the second
guarter of 1983.
Some economic analysts consider the 10 percent discount rate

a conservative criterion to apply to public investment projects of this type
and argue in favor of a 5 to T.4 percent rate as more reealistic for analysis
in constant year dollars., Figure T7.10 illustrates the esffect of applying
social discount rates to the life cycle net benefit streams of these two
scenarios. The net present value of the LES system scenario over the exist-
ing/planned system secenario increases merkedly as the discount rate de-
creases to the undiscounted value of $121.1M. As the discount rate is in-
creased there is still a net present value of $18M at a 20 percent rate.

The internal rate of return obtained by the LES system scenario
investment relative to the existing/planned scenario is greater than 40%.

A comparison of the payload/stage/ASE charges to the payload
user for Shuttle usage for the two scenarios shows $1376.8M for the exist-
ing/planned system scenarioc and $1157.8M for the LZS system scenario - a
$219.0M benefit to the latter scenario in aebsolute 1977 dollars. This
benefit is indicative of a more efficient Shuttle utilization.

In summary, within the ground rules of the study, the scenario
containing the new LES system emerges as the dominant economic choice con-
sidering the criterion of scenario evaluation; i.e., net benefits, internal

rate of return, and significant reduction in Shuttle user charges to the

payload user.
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8.0 TASK 7: RECOMMENDATIONS

Thé most cost effective approach to accomodate the LES payload
mission model and the LES regime is recommended in this seetion., The rec-
commended approach, ground and filight operations definition, Shuttle user
cherge implicetions, and implementation plans are followed by additional
recommendations that are logical results of the study.
8.1 RECOMMENDED APPROACH

The approach selected in Task 6 as most cost effective Lo scco-

modate the LES payload mission mopdel consists of integrated OMS, a new low
energy stage system and Scout through 1982, This is the recommended approach.
Recommended start date is fiscal year 1980 (Oct. 1979) with the first launch
from the shuttle in the third quarter of fiscal 1982 {June 1982), The Scout
launch wvehicle should continue operation from WIR until the shuttle with the
low energy stage is operational from WIR in 1983. Additional studies are
recommended to evaluate the low energy stage system as a reuseable system
and as an integrated spacecraft support system.
8.1.1 Existing Systems

The two existing systems are (1) the Shuitle with integral OMS to

deliver four observatories and telescopes to their orbits (16 payload flights)
and (2) the Scout expendable launch vehicle to deliver the seven payloads (10
payload flights) designated in the payload model as Scout class payloads. All
of these Scout payloads are launched in the 1980-1983 time frame. The new

low energy stage concept accommodstes the rest of the payloads of the LES model,
8.1.1.1 Shuttle Integral OMS - The application of this existing system to

deliver low energy payloads consists of either (1) the Orbiter maneuvering
from its standard orbit altitude of 296 km (160 nm) to the destination orbii
of the payload or (2) the.Shuttle boosting directly to the destination alti-
tude to deliver a payload. There is currently planned en additional STS
charge for delivery to a nonstandard orbit. For thir study that charge was
considered to be $200,000 based on discussions with cognizant NASA Head-
gquarters personnel.

The performance capability of the Orbiter with integral OMS in a
28.5° orbit from ETR is shown in Figure 8.1, along with capabilities of the
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‘other elements of the recommended epproach, against the requirements of the

payloads of the 1ES mission model. Integral OMS was used to accommodate four
of the payloads of the model encompassing 16 payload flights (12%). These
payloads were large obsérvatories and & space telescope that occupied a large
part of the cargo bay. User costs were based on the charged flight charge
policy. Launch schedule, payload and destination orbit characteristics,

and Shuttle launch sites for these four payloads are shown in Table 8-I (line
items 12, 13, 14 and 15 in the table).

Definition of airborne and ground support equipmeht and Shuttle
operations requirements for this mode of paylozd delivery are contained in
8T8 standard documentation.
8.1.1.2 Scout Expendable Launch Vehicle - The Scout expendable launch

vehicle operating from either WIR or the San Marco launch s=ite delivers seven
payloads (10 flights) of the LES payload mission model (8%) designated as
Scout class paylcads to their destination ~rbits. ILaunch schedules, payload
and destination orbit charaéteristics, and launch sites for these payloads
are shown in Teble 8-I (line items 47 through 53). Payloads launched from
San Marco are scheduled for 1980 aad 1981; the other payloads are launched
from WTR in 1980 through 1982. The Transit launch in 1983 can be accormodated
by the Shuttle and the low energy stage from WIR.

Ground support equipment and operations requirements are defined
as & pert of the standard Scout launch vehicle documentation.

8.1.2 Low Energy Stage System

A new low energy stage system is recommended to deliver the re-
maining 80% of the payloads of the LES model and to provide capability to
deliver potential future payloads with requirements in the low energy regime.
The system consists of a modular bipropellant propulsion system comprising
two arrangements of four and eight propellant tanks installed horizontally
in the Orbiter and one four-tank arrangement installed vertically in the
Orbiter. Alrborne and ground support equipment are included as a part of

the system,
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TABLE 8-I LES PAYLOAD MISSION MODEL

SPACECRAFT DELIVERY
PARAMETERS ORBIT
LAUNCH SCHEDULE : Les(® LECTH | STS | APOGEE :
PAY MASS DIA. |CONFIG~ PERIGEE | INCL. | paunGi | PAYLOAD |PAYLOAD
MISSION NAME SPONSOR 70 |81 | a2[n3 | 8 [ss |6 b7 [88 | 89 gglu 92 TOTAL | kg m | URATION ka deg.| sy | CODE CLASS
0.9/ 550/
1. |Extrere UV Explorer HASA-0SS 1 1 310 4.6] FF 550 128.51 EIR |asmaa01l | »ea EX
4.6/ 63/
2. |High Energv Explorer NASA-0SS 1 b 1 1 4 22170 4 j3 thl | 28.5 EIR | aA3202 P+A EX
1.8/ 556/
3. |Low Fnercv Explorer NASA-0SS 1 1 2 1000 JE 556 1 46,9 EFIS | 2Aa2203 P43 EV
Cos=iz sackpround 2.9/ 500/
4. |Exolorer (COBE) HASA-0SS - 1 1 1 3 816 4.4 FF 900 J 99 WTR | AAAFOL P+A EX
} - 2.5/ 700-900 .
5.|IR Astrono=y Explorer NASA-0SS 1 i | 2 300 1.5 FF Cire [98-99 WTR | AAAFO2 P+A EX
1.8/ 00/
6. |Electrodvnazic Explorer A| NASA-0SS 1 1 2 680 1.4 FF 204 | 90 WIR | AAAFO3 P+A EX
Gravity rrobe B 3.6/ 520/ s/
7.l (Relativiey) NASA-0SS 1 1 910 2.2 FF 520 | %0 WTR | AGAFO2 P+A/FF
3.6/ 520/ (37
8. |idvanced Felativity NASA-0SS 2 2 910 2.2 FF 520 | 90 WTR | AGAFD] P+A/FF
3.0/ 29,600/ s/
9. |Plas=1 Probe B NASA-0SS 1 1 300 4. 6§ S-D 370 90 WIR | AGATO4 P+aA/FF
4.0/ 463/ su/
10. |solar Maxizun NASA-OSS R 1 RI1L | R} 1|R] 1 4 2047 2.2 M 463 | 28.5 ETR | AEa801 Pra 08S
ipper ALcosphere 3 5.0/ 400-625 s/
11. |Research Sat (UARS) NASA-0SS 1 ) 4 240 4.0 MMS circ 52 ETR | AEARO2 P+4 03§
1.3/ 400/ NED
12.|Ca==a Ray Observatory NASA-0SS 1 R 1|V]IV|RI1| V 6 10000 4.3 FF 400 | 28.5 ETR | ACAAOL P+3 0BS |
12.4/ 500/ LG
13.§1.2% X-Rav Observatory NASA-0SS 1 Ry V| VIR | } 5 10000 4.9 FF 500 | 28.5 ETR | ADAACL P+A 0BS
17,37 5007 LG
14.|Space Telescope NASA-0SS 1 R|1 v v [ 9400 4.57)  FF 500 | 28.5 | ETR | ABAAOL | P+a 035
16.2/ 350/ LG
15. Large Solar Obs, NASA-0SS 1 3 3 9825 4.6 FF 350 | 28.5 ETR | ADAAD2 P+A OBS
TOTALS(LES PAYLOADS) ®) 1 2131 &]2 714 5 417 39
L}
(s) Sun-synchronous orhit
(b) Retrievals pot included. '
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16.
17.

18.

19. -

20.

21.
22,
23.
24.

25.

26,

27.

TABLE 8-I

LES PAYLOAD MISSION MODEL (CONT'D)

SPACECRAFT DELIVERY
PARAMETERS ORBIT .
LAUNCH SCHEDULE s | fumemf s arocge f L ;
MISSION NAME SPONSOR 50| 81]82|83|84)85|86|87|88]89]00]91]092 o 0 | wation | ke deg. L;‘;’:gm PATOSE, Ak
X3 -CA !
farch Radtatton  |yisio5ma | v | oasa |40 ee g | se | em laram [REeen
@3tacen OCC Sat NASA-OSTA 1 1 60 o.sé FF 5”’593 56 ETR _|ARCAOL i%'r ¢ i
LAMNDSAT D NASA-0STA Rl R 1 R1 3 17002 LJ;.Z HMS 7MI7M 98.2| WTR | BECBO1 :\EPg;OhE;
Sotl Molsturs KASA-0°TA 1 1 1400 “'6{.3 pr 379 | 98 | wir |apcacz i1y
MAGAT NASA-Us i 1 v | 20 |09 f wr |34/ ] 99 | VTR |arcan i ,
SEASAT B YASA-OSTA 1 1 | 600 | B%0l s |70 85 | v |acoros  |$E3Fe «
TIROS O ¥ASA-OSTA 1 1 15609'}1’_ 1.0/ | Bhs 183098 4 %397 win |acqeor  [3FBI “
e o HASA-OSTA 1 1 1 3 [0 [ 3] s 5o | s | e acase [ |
Earth Survey HASA-OSTA 1 1 2 772 3’0{ % i 910,910 100 WTR |ARCFO2 ;S‘gé,'n !
Sreoul Sesuaroes YASA-OS A 1 1 el Sta wme o 98.2| wrr |arcoz  |FEh/r
GRAVSAT NASA-OSTA 1 1 2 | 2000 |22/ | s |39/, |0 | wr [aeceor [*Fesiv |
TOTAL 1) 3| af 3 tf2) 1f1]2 17
X45A-0AST :
| S2xce Tortanlegy — i kel Im 3 |esoo |76 1w |4%/0 s em femaor |7
TOTAL 1 1 1 3 )
HASA SINARY '
055 Total 1] 2| of af 2| 7| als]a] 7 19
0A Tatal 1] 3 ap 3l alz2] af1]o2 17 o
0AST Total 1 1 1 3 . fi:
S4SA TOTAL 21 s} el 71 3110f Sl 7} 6! 8 59 - :(7:
(a) Includes PM¥-1 pro l and

stationkeeping on
(b) Circular orbit.
(c) Retrievals not in

.

gulnion module to be used for on-orbit attitude contro
¥.

cluded.
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TABLE 8-I LES PAYLOAD MISSION MODEL (CONT'D)

SPACECRAFT DELIVERY

PARAMETERS ORBIT

LAUNCH SCHEDULE 1est®) LENGTH| STS | APOGEE |

'1oAf MASS Dia. | coxFic- | PERIGEE | INCL. | paprxcy |[PAYLOAD | PAYLOAD
MISSION NAME SPONSOR a_Q[ 81 82)] 83|84 | 85(86 | P gnl 89 | 90{91 N kg n URATION ka deg. | sITE CODE CL 5§
1100/ |7.0/ 830 or |og or vED/
Tiros Operational KOAA L) o) 1 1) 1j1 6 L1600 3.6 |FF or MMS| 1700d 1038 ¥IR BCQE03 |g'p2g
: 4.3/ 500-700 | 97- v/
EO:EE::" A (louw) .S, Cout 1 R{ 1 Rl 1 3 1700b 23 MMS cire 9;2 wre ! memsa: lcpag
Cove Earth 4.3/ 500-700 |97~ vED/
Cocoircae - B (low) LS. Govr 1 ar 1 R 2 17000 2.2 MMS cir~ | gea | WTR | ECRBO2 |a:p2g
. Geve Earth 4.3/ 500-700 |97- veD/
Sccources - C U.S. Caue 1 RI 1 2 1700b 2.2 s rive 9ga WIR BCRBO3 |="nag
) 8.0/ vED/
gezeavrovar eeasat 4 WS, Gove, 1 Rl Rl 3 3.00b} 3.0 740 circl 85 | WTR 4 |5 o8e
W |8.0/ ED/
OPIRATIONAL SEASAT B u,5, Govt, 1 R1 Rl 3 3400 3.0 MMS 740 eircl 8% WIR BCR30S |<rpag
) 34005 |8+0/ v=En/
QPEIATIONAL SEASAT C U,S, GCovt, 1 Rl R1 3 300 ms 1740 cirel 85 WTR | BCRE0% |c-073
4.3/ 500-700 |97~ vz
INRESAT A International 1 R 1 2 L N e 9;8. — . r'g;s
4.3/ 500- 97- ¥ED/
INRESAT B International 1 R 1 1700°] ""2.2 o 00-700 gsa | wrr | soumg2 lc-ces
X 500-700 |97- v=p/
INRESAT C International 1 R 1 1700043 | ere per o 9.;31 wrr_| eouso3 |oges
J ralVATE.ZARTY 4.3/ 500-700 |97- 'ED/
SEITACETT ST (low) Commercial 1 R 1 2 1700b 3.2 MMS Fle ag3 | w2 epunng |crges
| erivare maath 4.3/ 500-700 |97- BDRE0S |t
RE200RETS - B (low) Commercial 1 R 1 1700b 2.2 MMS circ | 9ma WIR c/ozs
TOTAL 1l 6 4] 6! 3 29

(a) Sun-synchronous orbit
(b) Includes M5 PM-1

(c) Rezrievals not included.
(d) Circular orbiT

e
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40.
A1,
42.
43.

48

45.

46.

47.
48.

49.

51. {~
52.|:

33.

TABLE 8-I LES PAYLOAD MISSION MODEL (CONCLUDED)

R—
SPACECRAFT DELIVERY
PARAMETERS ORBIT
LAUNCH SCHEDULE LES () LENGTH| STS APOGEE_
PAYLOAD | MASS | DIA. | CONFIG- | PERIGEE | INCL. | pauncu § PAYLOAD PAYLOAD
MISSION NAME SPONSOR i 81|82183 |84 |85 | 86|87 {88 |89 |90 l91 92 | ToTAL kg n URATION ko deg.| sITE CODE CLASS
— S—— —
| S (]
130 2207
[Canadian Scientific Canada ! 1 2 400 1.2 FF 550 | 90 | wrr AZLAOL SM/F/EF
o .57 5507
European Scientific Europe 2 1 1 3 400 1.2| FF sso | 28.5| TR | azao2 | swEsEE
Ay 7,07 097
Fa=adian Microzave Canada ; X 2 1523 1.5 FF 909 | 99 | wrr | Bapror | MED/E/FE
Sea Monitor Canada 1 9.0/ 8007
L 1 3110 4.0 FF 800 98.5] WIR BAPGOL MED/F/FF
tarth Resources B.2/ 9107
“areign (low) Poreign . ! ! 31 |10 1.5] FF 910 | 99 | wir | azsFos | swiEsEF
TOTAL 1)1 s {2 4 -
1223 (a)
C3AT Space Test 10— 1.07 U0-1000 | 28.5- ETRy
Prozraz DoD ol afafafafafrjafafr] 12 1000 4.0 FF Circ. 100 | wIR BT DoD
L3AF Meteorological 6.07 750
sazellite DoD 1 afafafr fafafrf 9 1150 3.0 FF bso | 98.4 | wir BT DoD
TOTAL ylalal2l2]2)2]2]2]2]2]2 21
prisoy ScoLT
fe g 1.8 27
paa.iarco O i A 1 | s0-60|%b.8] scout 9% | 2.9 su Scout
San Marco D 0ss 1 1.57
i 1 200 0.8 | scoue |8007230| 2.9 sm Scout
Solar Mesosphere Explorer | 0SS i : 1.5/
P P 1 165 0.8 | Scour |500/500|97 | wir Scout
249TE A 0s5s 1 L5/ Fo r,/(b)
1 54 0.8 | Scout €200. 2.9 sM Scout
MPTZ B 0SS 1 57 P T _7Th]
1 66 0.8 | Scout 200 2.9) sM Scout
Tramsic DoD 1]l 1) 1)1 1.57 1000/
4 |170-20d  0.8] Sscout 1000 | %0 WIR DoD
TOTAL 33| 2|1 p
2ATENTIAY SCOUT
R T.57 5507
Canadian Scientific 2 2 145 0.8| Scout 550 | 90 WTR AZLAOL Scout
i

(b) 296 if Shuttle launched.

(a) Battelle 3/78 best estimate of unclassified low energy DoD missions.

(c) Retrievals not included.
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B.1.2.1 System Description - The new propulsion approach, developed in

Volume III, paragraph 4.0, consists of a modular arrangement of propellant
tanks and structure to produce a stage system that can be adapted to a wide
variety of payload sizes, shapes and velocity requirements. The modularity
and the installation variations are depicted in Figure 8.2.

The LES System is baselined around the 8-tank version. This is
used for relatively heavy payloads or to meet very high velocity change re-
quirements. As shown in the figure, 4 modules can be removed to create a
L-tank version for intermediate requirements. Removal and re-arrangement of
two additional modules creates a vertical installation capability for the
four tank version. If in the future an "adaptation'" of the LES to SSUS-D is
needed for spacecraft not now in the LES payload model, the 4-tank vertical
version can be adapted as depicted in Figure 8.6 shown and discussed at a
later point in this report.

A weight summary for each version of the Modular Bipropellant is
shown in Table 8-II.

TABLE 8-II MODULAR BIPROPELLANT WEIGHT SUMMARY

Kg (1b)
MODULAR MODULAR MODULAR MODULAR
8 TANK 4 TANK 4 TANK 4 TANK
VERTICAL VERTICAL/SSUS-D

STAGE INERTS 681.7 (1503) 432.9 ( 955) 464.3 (1024) 558.7(1232)
CONSUMABLES 1669.2 (3680) 829.2 (1828) 829.2 (1828) 747.5(1648)
STAGE IGNITION 2350.9 (5183) 1262.1 (2783) 1293.5 (2852) 1306.2(2880)
ADAPTATION (SSUS-D) - - = - - - 1754.5(3868)

TOTAL STAGE WEIGHT 2350.9 (5183) 1262.1 (2783) 1293.5 (2952) 3060.7(6748)

8.1.2.2 System Performance - The performance capabilities of the three

versions of the bipropellant propulsion, modular low energy stage (LES) system
are shown in Figure 8.1 relative to the requirements of the payloads of the
low energy mission model and to the low energy regime. Capabilities of the

horizontally mounted and vertically mounted 4-tank versions are shown with
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full fuel tanks and with fuel off-loaded to 50% of capecity. The LES system
accommodates the remaining 42 payloads (103 flights) of the LES payload mission
model (shown in Teble 8-I) not accommodated by the Shuttle with integral OMS
or the Scout launch vehicle as defined in preceding paragraphs. By 1983 when
the Shuttle is operational from WIR and after the Scout class payloads of the
LES model have been delivered to orbit, the k- and 8-tank versions of the LES
system can accomodate all of the remsining payloads of the model; although

the 3 observatory and one telescope payloads (16 flights) would still likely
be delivered by the Shuttle with integral OMS.

Performence capabilities of the 4- -ind B-tank versions of the LES
system cover 85% of the low energy regime and encompass the requirements for
all payloads of the LES model efter 1983, If, in the future, payloads are
defined with mission reguirements in the low energy regime beyond the cap-
ability of the 8-tank version, an "adaptation" of the vertical L-tank versicn
to the SSUS-D can increase the regime coverage to 99.6% (Figure 8.1)., Based
on the distribution of performance requirements of the payloads of the LES
model the probability of future payloads with such higher energy require-
ments would appear to be quite low.

8.1.2.3 Airborne Support Eguipment - A modular cradle set concept for the

LES system (developed in Volume IIT paragraph 5.0) accomodates payloads with
lengths not greater than 9 meters (29,53 feet), diameters not greater than &
meters (13.12 feet), and mass not greater than 4500 kg {9921 pounds). Com-
ponents from existing or planned Shuttle or upper stage cradles were utilized
where practical. Modular eradle component parts of the set are listed in
Table 8-IIL from which any of four cradles can be assembled. Figure 8.3 shows
one of these cradles with a payload and LES installed. The code murbers on
the figure identify the cradie parts shown in Table 8-III. Modular cradle
sizes accommodate the other payloads as shown in Figure 8.4. It is planned to
mount payloads larger than the 9 by U meters directly to the cargc bay attach
points and cantiliver the stage to the aft end oi the payload.

The ASE avionies equipment and installation concept developed for
the LES system provides the physical and electrical interfaces between LES/

cradle/payload and Orbiter equipment. Figure 8.5 shows the cradle, avieonics
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TABLE 8-III LES ASE

CRADLE ASSEMBLIES PARTS LIST

CRADLE ASSY.| CRADLE ASS5Y. | CRADLE ASSY.
#1 SMALL #2 MEDIUM %3 LARGE CRADLE ASSY.
PART QUANTITY| HORIZONTAL HORIZONTAL HNRIZONTAL #4 VERTICAL
NO. WPART DESCR}PTION PER SET QUANT /ASSY QUENT/ASSY QUANT/§§§E QUANT/ﬁgSY.
1 Cradle I (10" wide) 2 1 2 2
2 Cradle IT (14" wide) 2 1 2 2
3 Walking Beam (14" wide) 1 1 1
4 Cradle Filler 1 1 1
5 Cradle Extendey - LH 1 1 1 1
6 Cradle Extender — RH 1 1 1 1
7 Filler Adapter - LH 1 1 1
8 Filler Adapter = RH 1 1 1
9 Filler Adapter =~ Bottom 1 1 1 1
10 Deploy Mechanism Base 2 2
11 Rod Assy ~ Adjustable 60" to 100" 4 4 (4) (4)
12 Red Assy - Fixed 38" 4 {4) 4
13 Rod Coupler ~ Fixed 20" Length 4 {4)
14 Rod Assy - Adjustable 12" to 20" 4 (4)
15 Rod Assy - Adjustable 30" to 36" 4 {4)
16 Rod Assy - Adjustable 36" to 50" 4 {4} {4}
17 Latch tech. - Type A (MMS5/FSS Typel 8 5 B 5 5
18 Latch Mech. ~ Type B {Orb Deployable Type) 2 2
19 Latch Spacer 3 5 6
20 Longeron Trunnicn 4 4 q 4 4
21 Keel Trunnion 2 1 2 2 1
22 Deploy Mechanism #1 ~ Mechanical Spring Pkg 2 2 2
23 Deploy Mechanism #2 - Multiple Spring Pkg 1 1
24 Deploy Mechanism #3 - Electro/Mech Mechanis 1 i
23 Deploy Mechanism —~ Base-Fixed 1 1
26 Deploy Mechanism — Base-Movezhble 1 1
27 Walking Beam - Pivot Assembly 1 1 1
28 Latch Shim - Type A & 3 6 5
29 Latch Shim - Type B 2 2
30 Vertical Launch - Walking Beam - Assy. 2 2
31 Filler pdapter ~ Side 4 4
32 Filler hdapter - Bottom 1 1
13 Crocg 3drace Assaorbly 4 4
| ToraLs 85 1 10 3g 35
NOTE: ({ ) OPTIONAL DEPENDING ON PAYLOAD LENGTH
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and cabling interface approach for Orbiter installation. This approach uses

the Orbiter payload gecommodates  equipment where practical with additional

equipment added and interfaced for functional operation and deployment of LES.

In addition, provisions for physical and functional interface of selected
caution and warning candidates were incorporated for monitoring for safe con-
ditions of Orbiter payload with control circuitry for safing in the event of
an unsafe condition prior to deployment. These ASE and Orbiter installed
avionics satisfy the STS physical and functional interface requirements.

If an "adaptation" of the LES to SSUS-D is needed for spacecraft
not now in the LES payload model the SSUS-D cradles can be modified for this
application. The modification includes the addition of signal, power and
deployment interface units and removal of selected component parts not re-
quired for the 'hdaptation." Since the S5US-D/LES combination will not be spin
stabilized, deletion of spin physical and functional interfaces will be by
procedural changes. TFigure 8.6 shows one of these combinations as installed
in the S8US-D cradle,
8.1.2.4 Ground Support Egquipment ~ Ground support equipment identified in

' Table 8-IV provides major items of checkout, handling, transporting, ser-

vicing and miscellaneous support equipment for both the factory and field.
These support equipment provide the capebility to physically and functionally
verify stege systems from acceptance through assembled level tests. The
handiing, transporting and serviecing equipment provides the capability to
physically and functionally integrate four primary interfaces. These are:
LES/Cradie Assembiy
LES/Spacecraft
LES-Spacecraft-Cradle Assembly/ETR or WIR

o LES-Spacecraft—Cradle Assembly/Orbiter
8.2 GROUND AND FLIGHT QPERATIONS

o Qo 0

Ground and flight operational reguirements including functional
task flows, timelines, support eguipment, facilities, and personnel were
established for the LES and its ASE in Volume III, paragraph 6.CG. Operations
at the launch site include receiving, inspection, assembly and interface

tests, range and status verification. The approach developed provides an
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NOTE: SSUS-D VERTICAL CRADLE
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TABLE 8-IV SUPPORT EQUIPMENT
FACTORY FIELD
ITEM DESCRIFTION REQMT | REQMT | BEF. FIG. 6.4 TASK NUMBER
CHECKOUT
1 Guidance and Control Test Set X X 8.0
2 TDY-k3 Computer Test Set X X 8.0
3 Telemetry Test Set X X 8.0
L Test Battery Simulator X X 8.0
5 Pyrotechnic Test Load Simulstor X X 8.0
6 Thruster Test load Simulator X X 8.0
7 Portable GHe Servicing Cart (with eccessories) X X 3k.0; 5.0; 16.0
8 Audio GHe Spectrometer X X 3k.0; 5.0
9 ASE/Avionics Simulator X X 36.0; 28.0; 29.0
10 Unbilicel Simulator X X 37.0 .
11 Cebles and Ceble Plant X X 8.0; 15.03 17.0 ks
12 Electrical/Electronic Test Equipment X X 11.0; 26.0 r
13 Control and Monitor Panel X 26.0; 17.0; 22 -
1k Electro Explosive Devices Test Equipment (GFE) X 32.0; 11.0
HANDLING TRANSPORTING AND ASSEMBLY )
15 Shipping Containers X X 1.0; 2.0 ,j
16 Mobile Flat Bed Assembly X 35.0; 12.0; 13.0 3
17 Hoist Sling for Tenks X X Lo n
18 Turn Over Hoist Sling for LES X X 3.0; 6.0
19 Hoist Sling for Vertical Lift of Psyload at the VPF X 1k.0
20 Fork Lift (GFE) X 1.0; 2.0
21 Truck (GFE) X 12.0
22 Cradle Assenbly X 35.0
23 Multi-Mission Support Equipment (GFE) X 14.0; 19.03 20.0; 21.0
oh Hoist Sling for LES X X 1.0
25 LES Handling/Assembly Dolly X
26 Hydroset X X h.o
MISCELLANECUS
27 Hand Tools X X All as Required
28 Safety Equipment X X As Required

X - ONE EACH REQUIRED QR AS NOTED

0

PR et e
v AL AL
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efficiently controlled processing and launch preparation capebility. Flight

operations scoped and delineated include monitoring of the LES, its ASE, and

payload from Shuttle launch through predeployment tests, deployment and or-

bital transfer to payload separation. Flight sequence begins at deployment

and ends with payload separation from the LES. Telemetry coverage is to be _ ‘

provided throughout the flight sequence, Q.
Ground support equipment used in field operations inecludes gui-

dance, control, computer, electrical, electronic, and telemetry test sets;

pyrotechnic, avionics, electrical, ASE, umbilical and thruster simulators;

cable plant; and control monitor panel. Handling, transporting, and assembly

eguipment includes a mobile flat bed assembly used to assemble the stage,

cradle, and payload and to transport this assembly, lioist and turnover slings, o

dollys, tools and safety equipment. : .
An evaluation of functional task flows and resulting timelines

relative to Shuttle field operations timelines resulted in the definition of

a field team menned with proper personnel and skills of 18. These personnel

include supervisory, administrative, inspection, gquality and logisties

specialists as well as engineers and technicians. A field team is required

at ETR in late 1981 and at WIR in 1983. It is envisioned that these teams

could provide field support for all Shuttle low energy upper stages.
Additional program management, supporting engineering, logisties,

inspection and quality personnel are required at the LES manufacturer facility

on an annual and per stage basis.

8.3 IMPLICATIONS OF SHUTTLE USER CHARGE

Implications of Shuttle user charge policy as defined in published
STS documertation, as well as some recommended changes and additions are as
follows:
® The keying of Shuttle user charge to payload length or weight
tends to drive payloads to low weight, short lengths, and
large diameters when installed horizontally in the Orbiter
cargo bay.
¢ Orbiter cargo weight-to-length equivalence in user charge is

shovn in the following table,
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: ORBIT
) LAUNCH INCLINATION WEIGHT-TO-LENGTH RATIO
SITE DEG kg/m (1b/ft)
ETR 28.5 1612 (1083)
56 11k ( 950)
WTR 90 918 ( 617)
98 818 ( 550)

Orbiter peyloeds with weight-to-length ratio greater
than these pay according to weight; for lower ratios

payment is according to length.

® Length critical Orbiter payloads should be installed
vertically in the cargo bay if (1) the length of the
spacecraft and stage exceeds the diameter of this
conbinaticn as well as the bay length occupied by
the ASE and if (2} the length of the spacecraft stage
and ASE cradle conbination is less than the cargo

bay diameter.

¢ Airborne support equipment should not extend beyond

payload-stage combination.

e Alrborne support equipment which in rotating paylocad-
stage combinations from horizontal to a deployable
orientation require additional cargo bay length and

incur additional user charge if length critical.

® The current charge policy for the use of OMS kits
which includes length or weight charge, use charge,
and serial time impact charge makes their use very

- unattractive.
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® User cost charges for Orbiter delivery to altitudes and
inclinations other than the standards should be defined. .

These standards as currently defined, are as follows: .

LAUNCH ALPITUDE INCLINATION

SITE km  (nm) DEG

ETR 296 (160) 28.5° & 56°
WIR 266 {160) 90° & 104° T

® The 487 STS payload model has no payloed destination orbits
at 104° inelination. Most orbits at inclinations greater
than 90° are near sun-synchronous which, for the eltitudes
specified, are grouped around & median inelination of 98°.
Consideration should be given to changing the 104° stend- _
ard orbit to 98°. o

@ The charge policy to a shared flight user for & non-standard
orbit on a flight in conjunction with other standard orbit

users should be defined.

8.4 IMPLEMENTATION PLANS .

Implementation plans for the recommended spproach to accommo-
date the LES peyload mission model have been developed to support future ..
NASA program decisions.

Implementation plans for the Shuttle with use of integral OMS
fueled to deliver payloads to orbit are defined in STS documentation. Clari-
ficetion of charge policy for shared flight users to non-standard orbits
should be made.

Operastion of the Scout launch vehicle slhiould be continued from
the San Marco launch site through 1982 to launch the two San Marco peyloads
and the two AMPTE payloads scheduled in 1980 through 1982. This coperation
should be continued beyond 1982 if additional new peyloads require low
altitude or ellipitical orbits (non-geosynchronous) before the Shuttle,with
a low energy upper stage, is operational from ETR. The Scout launch vehicle
should continue operstion from WIR into 1983 until the Shuttle, with a low
energy upper stage, is operational from WFR. Scout implementation plans

are conteined in NASA Scout documentation.
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Implementation plans for the new low energy stage system includ-
ing development, manufacturing, integration and test requirements, cost and
schedule projections, and & definition of the operational data are presented
in the following paragraphs of this section.

8.h.1 Requirements

Development, manufacturing, integration and test requirements are
defined consistent with schedule and cost projections.
8.h.1.1 Development - The plan for develcpment consists of an integrated
combination of prime contractor equipment, facilities, procedures, and per-

sonnel to perform the program segments of design, procurement, fabrication,

assenbly, testing, checkout and delivery of the LES. The key program philoso-

phy essuring integrity of schedule and cost projections includes:
¢ The structural uwltimate and yield design and proof
test factor of safety will permit the use of the
ASE structural test article and the airframe vibra-
tion test srticle in the deliverables.

e Design reguirements and margins will be established
to maximize the use of off-the-shelf hardware or
designs with minimum modification.

e (Off-the~shelf hardware or qualified design will be
used wherever possible, The categories listed in
order of priority are: In production with no mod,
production with mod, designed and gualified but out
of production with no mod and then with mod, and
lastly, new design with prototype and qualification
testing,

® Subcontractor to be used for component test with
prime contractor accomplishing subsystem, system,
and full scale tests.

The major tasks considered for LES, GSE, ASE and Operations for

program schedule and costs projections are:

® Definition of System Requirements; e.g. performance,
safety, relisbility, meintainability, environmental,

schedules, groundrules and statement of work.
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o Bystem Trade Studies; e.g. preliminary design, specifi~
cations, checkout concept, maintenance concept, ground
operations flows, facilities requirements, program plans,
test requirements, mission operations, software require-
ments, subconitractor negotiations, internal interface
requirements identification, schedules, controls, high
risk items, handling, and work breakdown struecture.

¢ Deteil Design; e.g. drawings, system and subsystem
design integration, plans, specifications, procedures,

component performence, and analysis reports.

8.4.1.2 Manufaeturing - LES is a truss structure design assembled by

the use of weld jJoints and attachments, Figure 8.7. Figure 8,8 depicts the
detail fabrication, subassembly, assembly, checkout and final acceptance of
LES. Dummy tanks are used in the factory processing because the propellant
tanks are manufactured, tested, serviced, sealed and shipped dirveet to the
field site for LES instellstion. The tanks are a single expulsion cycle
design.

The program schedule and cost projections for LES, GSE, and
ASE were based on the following major tasks:

o TFaebrication of Deteils - structure, cradle and GSE

¢ Assembly ~ structure, cradle and GSE
@ Installetions - plumbing, cabling, propellant

tanks, rocket motors, guldance equipment, electri.
cal equipment, separation equipment, telemetry
equipment and pressurization equipment

® Test and Checkout - component acceptance, Dbench

test, and assembled tests

8.4.1.3 Integration =~ The LES is a part of the pasyload for the Shuttle
flight and & launch vehicle to deliver the spacecraft from the Shuttle orbit
to the mission operationel orbit. Therefore, control and verification of
many interfaces is necessery to assure s successful mission. These inter-
faces are intermal to the LES, GSE, and ASE designs and external between
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FIGURE 8.7 LES MODULAR STRUCTURE
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LES/Shuttle, LES/Shuttle Support Fecilities, LES/GSE, LES/ASE, LES/Spacecraft,
transportetion, handling and personnel.

The intvegration effort provides the means for monitoring and
control of the execution of the LES program to assure system performance and
schedule progress are consistent with cost expenditure. Some of the major
tasks covering the LES, GSE, ASE end external interfaces are:

e Design Integration - inter and intra interface control

documentation, simuletions, trade studies, speres, trace-

gbility, compariscn of test results against design
objectives, trend dsta, sequencing, mission profiles,
contingency plans, groundrules and guidelines, constraints,
mejor level requirements, functional flows, risk snalysis,
major herdware selection, coordinated top level test plan,
and change control board

@ TFebrication - flow/design integration, tool development,
and assenbly/installation flow

o Test -~ approve all detail test plans and procedures,
test readiness reviews, conduct posu test reviews (hard-
ware and analysis), hardware disposition, conduct melfunc-
tion investigation, monitor corrective action cycle, and
reports

©® Pre-Delivery - coordinated top level test and checkout
plan, discrepancy corregctive action review, readiness re-
views, change traffic, final buy-off, and packing and
shipping procedure

¢ Operations ~ Operations plen, treining plen, site acti-
vation plamn, safety proceduwres, transportation and handl-
ing plaﬁ, demonstration plan covering ell the inter and
intra physicel/functional interfaces, demonstration
readiness and post reviews, and malfunction/discrepancy
action

In support of this effort, both contractor supplied equipment

and GFE are required. The GFE requirement consists of a fork 1ift, truck,

Multimission Spacecraft support equipment, Shuttle Mock-up Access and Lawch
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Site assembly and checkout facilities area.

B.h.lok Test -~ The test program includes development, qualification,
acceptance, prelaunch, and flight. The philosophy is:

() The test program shall be controlled by the use of test
plans snd procedures, All development test plans and
procedures will be gpproved by the contractor and sub-
mitted to the NASA contrecting agency for information.
All quelificetion plans and procedures will be subw
mitted to the NASA contracting egency for approval.

{b) Component testing will be accomplished by the subcon-
tractors. The LES contractor will accomplish all
subsysten, system, and full scale testing.

(ec) System simulation analysis will be used to aid engineer-
ing Judgment in the definition of & test program that
provides date for evaluation of critical characteristics
and trends. '

The execution of the program is shown in Figure 8.9 which

depicts the following key activities:

(a) Correlation between requirements and tests through
& test recuirements mebrix,

(b) Development of approved test plan.

(c) Plemning and coordination of each test.

{d) Test readiness end post test reviews with NASA
participation.

{e) Test operations conducted with close quality assur-
ence snd configuration control.

{f) Date anslysis.

(g) "“Closed-loop" verification process to ensure re-
quirements and specification or contract compli-
ance.

The development phese is an 11 month effort. The gquelification

end Stage/Cround Support Equipment/Aerospace Support Equipment demonstration
phase is a 9 month effort.
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The schedule and cost projections for the test phase of the
LES, GSE and ASE component, subsystem, system and complete stage ere based
on the following mejor tests:

& Development Test -~ tankage, loads, propellant ser-

vicing and expulsion, leakage, verificetion of pro-
cedures, sequencing, reliaebility, evaluation of
criticel environments, software, performance control,
force dynemics, thermal, full scale hot firings,
complete system test, electrical/electronic system
eveluation, separabtion, cargo bay ejection, and
handling demonstration

& Qualification Test =~ performence, softwere,

environmentel (thermasl, pressure, vacuum, vibration,
acoustic), conbtrol dynamics, loads, relisbility,
combined environments, validete procedures, and
safety

e Pre-Delivery - component acceptence, bench test,
assemblies, and simulated launch

¢ Demonstrations -~ handling and transportation,
interface and functionsl validstion of LES/GSE/ASE/

Spacecraft/Shuttle (mock-up), validate procedures,
software and launch crew (ground and orbit), veli-
date site, and complete launch site flow and time
lire velidetion

¢ Pre-Flight - system test and checkout, cargo bay
integrated test and pre-flight readiness test

8.4.2 Schedules

The LES development program is 33 months from full scale
development start to first launch. Recommended start date is fiscel year
1980 (Oet. 1979) with first leunch from the Shuttle in the third quarter of
fiscal year 1982 (June 1982). A summarized schedule for each of the major
segments of the progrem elements -~ Low Energy Stage, Airborne Support Equip-
ment, Ground Support Equipment and Operations ~ is shown in Figure 8.10, The

schedule provides for design trade studies, subsystem and system design and
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development, production, operations, and verification of the flight vehicles.
The major develomment effort is the system design integration and associgted
validation test. HMurither discussion of the LES design, development, test, and
eveluation effort for the schedule elements can be found in Volume IIT, para-
graphs 4.0, 5.0 and 6.0.

To achieve the best production cost break, the delivery schedule
is based on building the LES in 2¢ unit production quantities. These are
checked out and delivered over a 2 year time span.

A Z2elivery schedule (Table 8~V) for tihe Low Energy Stage system
shows delivery of T6 4~tank horizontal, 13 8-tenk horizontal, and 14 b-tank
vertical versions for a total of 103 stages between 1982 and 1991, There
are 16 payload flights that use integral OMS for non-gtandsrd orbits. The
Scout launch vehicle launches 10 peylosds. Total number of flights is
129 - the number of flights in the LES payload mission mecdel.

8.4.3 Operational Date
With scheduled validation of stage/ASE/GSE/Shuttle interface
compatibility in late 1981, field site sctivation in late 1981 and field

site demonstration in early 1982, and delivery of first production unit of
the low energy stage system in Msy 1982, the initial operationmal date is
June 1982. While the low energy payload model schedule is structured to
require only the Y-tank horizontal version of the low emergy stage system in
1982, implementation plans have been defined to provide the delivery of
both 8-tank horizontal snd L-tank vertical versions in 1982. The launch
schedule of the psyload model requires these latter two vewsions in 1983.
Should future payloads (not now defined) appear with mission requirements in
the low energy regime beyond the capability of the 8-tank version, the space~
craft development lead time (based on current experience) would exceed the
time required to adapt & h-tank vertical version of the low energy stage
system ag a delivery stage ebove a SSUS-D used as & booster stage. Thus,
this adaptetion would be availeble in time to deliver the spacecraft to its
reguired orbit.

8.k Cost Summary
The cost to deliver the Low Energy Stage Payload mission model
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TABLE 8-V LOW ENERGY STAGE SYSTEM DELIVERY SCHEDULE

LAUNCH CATLENDAR YEAR

SITE STAGE 82 | 83 ] '8y | 85} 86| '87{ '88) 89 'o0 ] '91 | TOTAL

ETR 4 _Tank Horizontal L 1 2 3 2 3 1 3 2 2 23

8-Tenk Horizontal 1 1 2

L -Tank Vertical 1 1 1 1 L

WIR L-Tank Horizontal L 3 6 3 T T 6 7 8 53

8-Tank Horizontal 1 1 2 i 2 1 2 1 11

LTank Vertical 1 2 L 1 1 1 1 2 10

TOTAL

L-Tank Horizontal b 5 5 [*] T 10 8 9 9 10 76

8-Tank Horizontal 1 1 2 2 2 2 2 1 13

4 Tank Vertical 2 2 1 2 1 2 1 3 1k
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with the recommended approach (Figure 8.11) shows the costs expended during
each year from 1979 through 1991. These costs are for the delivery of 16
payloads with Shuttle integral OM3, 10 payloads with Scout, and 103 paylocads
with the LES system. For the 16 payloads delivered to non-standard Shuttle
orbits, the costs include the shared flight user charge for the payloads and
a $200,000 special orbit charge. Scout costs to deliver the 10 payloads in-
clude a unit charge per launch and an annual Scout program meintenance cost.
Costs to deliver the 103 payloads by the LES system include Shuttle shared
flight user charge for the payload, stege, and ASE; LES design, development,
test and evaluation (DDT&E) costs; LES production costs; and LES operations
costs., These operations costis include annuel sustaining costs, flight de-
pendent costs, and annual field teams costs. The cumulative total cost is
$1482,1 in millions of 1977 dollars made up of $283.7M for integral OMS,
$57.6M for Scout, and $1140,8M for the LES system. The cumulated annual,
costs in 1977 dollars discounted at a 10% discount rate is shown in Figure
8.12, and the present value cost {1977) to deliver the total LES payload
model is $507.8M. .
A funding schedule for the LES system that does not include
Shuttle user charge is shown in Table 8-VI in 1977 dollars. The schedule
shows DIT & E,production, and operations cosis as well as the total for
each year. Total funding in millions of dollars is $266.5. These costs
are also shown discounted at 10% to 197T; the present value of the total
funding is $112.9M., The costing methodology, ground rules, cost estimating

relationships as well as detail build up of costs from level 5 (where appli-

cable) of the LES work breskdown structure to support these summary cost data

are in Volume V, Program Study Cost Elements, of this report.
8.5 ADDITIONAL RECOMMENDATIONS

Based upon the analyses and evaluations performed in this study
and emerging Shuttle payload requirements the following additional recommen-
dations are made:

(1) Consideration should be given to the applicability,

modifications required, and potential cost henefits
of extending the modularity in the recommended LES
system to produce the capability:

107

wr
i



90T

INCLUDES DDT&E, PRODUCTION, AND OPERATIONS COSTS
AND SHUTTLE CHARGE FOR STAGE, ASE, AND PAYLOAD

1977 DOLLARS DISCOUNTED AT 10%
1977 BASE YEAR
200 A — “\ 100
INTEGRAL OMS 80
150 - -
[~
ANNUAL /\ 0 A
cosT PRESENT ¥
VALUE OF /\ N\

100 / - ANNUAL /\ /\ INTEGRAL
i LES SYSTEM COST 44 /AN BMS
OF 1977 // /
DOLLARS ngll:l.:;?::s

50 e — DOLLARS . / : LES SYSTEM

\/ . 20 y

Y/ Era V/a)

78 80 B2 [ 85 88 9g 82 T 80 82 B4 86 B8 90 92
YEARS YEARS
FIGURE 8.11 COST TO LAUNCH LES PAYLOAD MODEL FIGURE 8.12 DISCOUNTED COST TO LAUNCH LES
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TABLE 8-~VI FUNDING SCHEDULE FOR LES SYSTEM

THOUSANDS OF 1977 DOLLARS

YEAR
79 80 8l 82 83 B84 85 86 87 83 89 90 21 TOTAL
DDT & E 1,303 | 14,620 9,136 | 1,045 26,104
PRODUCTION 7,026| 14,462| 12,326] 17,944| 18,337} 25,379} 20,093 { 23,621 21,849 | 25,016} 186,053
OPERATIONS 2,961 4,801] 4,890 5,422 5,422 6,664 5,734 6,352] 6,043| 6,665 54,534
TOTAL 1,303 | 24,620 (9,136 { 11,012| 29.263] 126,816] 23,366 | 23,759] 32,003| 25,827 | 29,973| 27,892 | 31,681| 266,692
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(2)

(a) to function as a spacecraft propulsion unit for
transfer to the destination orbit and to provide
attitude and orbit control propulsion for the
spacecraft throughout its life,

(b) to function as a retrievable upper stage to re-

turn to the Orbiter after spacecraft delivery for

refurbishment, refueling and reuse from the Shuttle

orbit or from the earth.

(e) to function as an upper stage to deliver a space-

craft to its destination orbit and later, to return

the spacecraft to the Shuttle for refurbishment and

reuse. In this application the LES system stage

should be considered to provide transportation only

or transportation and destination orbit support.

The options to refurbish the spacecraft and stage

and reuse from the Orbiter or from the earth should

be evaluated.
Consideration should be given to the development of
a modular interface kit capability for physical and

electronic mating with a broad spectrum of spacecraft.
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2.0 SUPPORTING RESEARCH AND TECHNOLOGY REPQRT

A prime objective in ‘the performance of the Low Energy Stage
Study contract was to maximize the use of slready developed hardware and
technology. The recommended LES System is based on technology that is

already developed., CQConsequently, there were no new research or technology
items defined in the course of the study.
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