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This $236,000 Low Energy Stage Study was performed by Vought
Corporation uhder NASA Centract NAS8=32T10 for Marshall Space Flight Cemter
from September 1977 through August 1978. The prime Gbjective of the study
vas to determine the most cost effective epproaches for placing autcmated
peyloads into low enmergy Earth orbits. These payloads are injected into
eircular or elliptical orbits of aifferent inclinations with energy re=
quirements in the range of capability between that of the Space Shuttle
standard orbit altitude (296 km) and of the Shuttle with a Spianing Solid
Upper Stage = D (SSUS=D). The study resuwlts are documented in five volumes:

I. Executive Summary

II. Requirements and Cendidate Propulsion Modes

III. Conceptual Design, Interface Analyses, Flight
and Grownd COperatioifis

IV. Cost Benefit Analysis and Recommendations

V.  Program Study Cost Elements and Appendices

The Vought Corporstion study manager was Mr. J. M. Besn. Other
key Vought participants were H. I. Knight, J. J. Banchetti, B. E. Fuller,
B. J. Cathey, and C. D. Stephens, :
' The study was performed under the technicel directivn of €, €,

Inquiries regarding the study should be addressed to the follew=-

ing:
¢ Claude C. (Pete) Priest ¢ Jack M. Bean e
NASA-Marshall Space Flight Center Vought Corporatien
Attemtion: PSOL P.0. Bex 225907
Huntsville, Alabama 35812 Dallas, Texas 75265
Telephone: (205)453-299% Telephone: (214)266=4513
N7
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€. C. Priest, the NASA-MSFC contracting officer's repre-=
. sentative, provided valusble guidance and direction througheut this
Lovw Energy Stage Study.
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TNTRODUCTION

This volume contains a description of the costing approach, metho-
dology and rationale used in the development of costs for the LES study,

together with a complete presentation of cost related information for the

recommeaded propulsion spproach, selected in Task 6, The presentation

includes:

e © & & ©

The Costing Approach, Methodology and Rationsle
Summary Cost Presentabion

Cost Estimabte by WBS Element

Technical Characteristics Data

Total Progrem Funding Schedules

Detailed Cost Information by Elements of Cost

In addition, three Appendices are included:

@

WBS Dictionary
Task 2 Cost Datsa

Secenario and Stage Cost Data

In order to present an organized nerrative, certain parts of previous volumes

have been reprofuced for inclusion in Volume V.

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

VOLUME TASKS CONTENTS
I - Executive Summary
II 1 Requirements Definition
2 Candidate Propulsion Modes
IIT 3 Conceptual Design
.k Interface Analysis
5 Ground and Flight Operations
v 6 Cost Benefit Analysis
T Recommendations
i;, v - Program Study Cost Elements

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

end of each volume.
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1.0 COSTING APPROACH, METHODOLOGY AND RATIONALE

This section ineludes the costing groundrules and assumptions,
methodology, work hreskdown structure and cost estimating criteria used in
the development of costs for the LEB study.

1.1 COSTING GROUNDRULES AND ASSUMPTIONS

A description of the costing groundrules and assumptions as they
apply to schedule, the philosophy for testing, spares control and cperations,
and the management approach, is presented in this part.

1.2.1 Schedule of Launch Reguirements by Regommended Approach

Launch requiremenis for the recommended propulsion approach were
determined hy selection of the most logical launch mode for each identifieble
peyload mission from within the availsble stege sizes. Table T=-XIV of Volume
IV shows the launch mode snd guantity for each selected stage. The selected
stages are & mix of new end existing/planned vehicles best suited for placing
the payloads in their intended orbits. The next step waes to determine the
launch schedule for all payloads within the limits of the LES study. The LES
Mission Model Summery of Volume III, Table 4=-IV, shows 129 total payloads
within the time frame 1980-1991. In order to match the launch requirements
t0 the recommended launch mode, reference to the LES Pegyload Model is required.
The payload identification numbers, which have been matched to a selected
lJaunch mwode, are identified in the LES Payload Model (Volume IV, Tsble 4-11)

by year of launch. The cost summary for Scenario C-2, shown in paragraph 2.0,
gives the results of payload and launch mode matching. The 129 payloads are

launched by the propulsion approach indiceted, with approximately 80% dispatch-
ed by the modular bipropeliant system.

1.1.2 Pest Philosophy

The basic test philoscophy for LES was to verify components and
system performance requirements in as near flight configuration &s possible.
Acceptance level tests were assumed to be performed followed by environmental
and functional testing. Demonstretion of separstion system, deployment
mechanism and all interfaces, where practicel, was performed. LES was not
disessembled at the field site therefore factory verificatieon of cystemn re-
main vglidated. TFunctional werification testing was concentrated at the




factory thereby minimizing testing at the lawmch site. This raduction in
overall processing time ab the launch site waes achieved through elimination
of wnnecessery redundant testing. Operations at the launch site facilities
included receiving, inspection, assembly and interface tests with the cradle
assembly and psyload, Orbiter support interface tests, range and status veri-
fications. ©Btandard operating and test procedures were used both at the
factory and field site. The quantities of test hardware were included on the
Scenario Non-Recurring DDTZE pases [Data Form A] at ievel 5 for all LES pro-
duction systems. These peges are included in Appendix C. A complete dis-

cussion of test requirements is contained in Volume ITI, peragraph 6.1.

1.1.3 Speres Philosophy

The basis of the spares rhilosophy is containsd in the following
assumptions:
e The spares progrem was conbrolled at the factory.
® Spares reguirements were updeted periodically as
determined by program usage.
e Accountebility of spares was on a periodic basis.
o Maximum usage of government supplies was accom-
plished from local supply orgenizations,
o Minimmm vehicle spares at the field site with
vehicle speares shipped with each LES.
For the purposes of this study, past progrems were used to identify percentages
of speres/repair requirements on & per unit operetional cost. Spares were
estimeted separately for the categories of replecement spares, modificetions/
repairs, and paciting and crating expense. The spares and logistics adminis-
tration cost has been included under WBS element 10-~0401,

1.1.k Mansgement Approach

Personnel placed in menagement authority have sole assignment
and singular responsibility to the LES progrem. Lines of commumiecation +o
contractor management were clearly defined with contracior monegement lending
full suppor: to the program. Management cost estimates sgsume the operation
of a small Project Menagement Office during the entire period of the LES
program. During the DDIRE phase of the program, project management costs

were estimated independently for each system as related to management levels

— W,_,_l,_,.,.
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on previous'prbgrams. Because of the extended nabture of the LES program and
the low level of production, it was decided to assume intermittant production

periods in order to reduce overhead expenditures to more effiecient levels.

1.1.5 Operations Philosophy

Operational procedures were tallored to provide en efficiently
controlled irocessing and lawnch preperation capebility. The following
Peatures established the operabions philosophy for the LES program:

e Verification testing concentrated at the factory,

minimizing testing and support equipment at the

launch site. i
¢ No disgssembly of LES at Iaunch site with excep-

tion of the structure hardware and plumbing re-

quired to install preserviced propellant tanks.

& Propellsnt tenks were shipped separately from
the vendor to the field site. The tanks were
preserviced and sealed with a 100% or 50%
propellant load as required by the scheduled
mission.

o Mnimm buildup and assembly of equipment at
the field site.

o Verification testing minimized at the launch site.

o Support equipment maintained in ready status by
permanently assigned field crews.

; o BSufficient support equipment were assigned and lo-
cated at each field site to meet vehicle processing
requirements.

0 Provision for a full system of Standard Operating
and Meintenance procedures with a system for changes
and improvements.

: o A cadre mix of skills assigned to the field site that
have capability to accomplish all necessary process-
ing and preventive maintenance.

o Engineering and Technical support msde aveilable to
field site from the contractors facility for process-
ing problems and advice.

o Initial training and periodic recertification of tech-~

nicians with full participation of engineering.

]
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Operational costs were made up of those elements which recur per launch and
" those ecosts which are constant end applied on an annual basis at each launch

site. The users charge is an element of operationsl cost which is stage,

eI EY
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gt

- peyload and mission dependent and therefore does not conbinuously recur as

obther operstional costs. It is therefore shown as a separate enbtry on the pA
scepario summery page. Most operations costs are for personnel expense, @é
hence the basic philosophy has been to concentrate on personnel requirements .o
and typical operations overheads. Operational equipments were considered to éé
be a part of DDTRE cost and have been estimsted independently by equipment
reguirement, then summed to provide a full complement cost. ?%
. £
1.2 COSTING METHODOLOGY
4 descripbion of the cosbing methodology as it applies to exist- g%

ing/planned systems and their sdeptabions, new design approaches, parametric
applications, vendor guotations and the applicability of the detailed costing i1
approach, is included in this part. =i

1.2.1 Existing/Plenned Systems s

The costs cof existing/plammed propulsion systems considered in =
the LES study were obtained from NASA documents or from cognizant NASA per-
gommel.,

l.2.1.1 Integral OMS and OMS Kits Costs -~ In addition to the Shuttle Ty

shared-flight charge, an additionsl cherge is planned for Orbiter delivery
of a payloed to & non-standerd orbit altitudey i.e., other than 296 km
(160 nm). An estimated charge of $0.2M for this service, used in the study,

Nt

was obtained from cognizant NASA Headquarters personnel. In addition to the

Shuttle shared-iflight charge there are optional flight system charges for %?
OMS kits. These charges, use cost and serial impaect cost, are from Reference

32 and are summarized in Table I along with dimensions and mass necessary

to compute shared-flight charge. L

l.2.1.2 Teleoperator Retrieval System Costs -~ TRS development costs and ;E
the cost of the TRS were considered funded by the Skylab Boost Program. This (o
TRE was considered to be used at ETR. Two additional TRS with ASE were assumed
purchesed at $11M each in 1977$ (in sccordance with Reference 50) one in 1982
for use at WIR end one in 1983 as a backup.v All three TRS are considered

[
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; TABLE I
fi EXISTING/PLANNED SYSTEMS COSTS
1977 DOLLARS
ORBITER MANEUVERING SUBSYSTEM KIT COSTS

: NUMBER LENGTH MASS USE COST SERTAL IMPACT
- OF KITS ~ m (f%) kg (1b) 1977 § TIME-HR  COST-1977$
§ § 1 2.745 (9) Tho1 (16302) 266,295 20 333,580
- 2 2.785 (9) 13379 (29h468) 532,590 6l 1,067,456
3 2.745 (9) 19537 (43033) 798,858 108 1,801,332

TELEOPERATOR

RETRIEVAL & REFURBISHMENT COSTS

f 2 PANK 4 TANK
Retrieval Cost $0.364M $0.264M
Refurbishment Cost 0.175M 0.250M

MULTI-MISSTON MODULAR SPACECRAFT PMFII COSTS

PM-TIT Production Cost $0.97™™

SCOUT EXPENDABIF LAUNCH VEHICLE COSTS

WIR Launch $3.817TM
San Marco Iaunch b, 817
Additional Cost for

a fifth stage is: 0.500M




available for uses other than the low energy psyload program. Retrieval
costs (References 23 and 32) and refurbishment costs for the TRS (Reference
22) are included in Table I, Unit, snnusl and launch site dependent
opergtions costs used for TRS are the same as those used for other low energy
stege candidates (Volume IV, paragreph T7.2.3.3.).

1.2.1.3 Multimission Modwlar Spacecraft PM-II Costs ~ PM-II and ASE
development costs were considered funded by the MMS program. The expendable
PM-IT production cost used in the sbtudy was taken from Reference 51 and is

included in Table I. Unit, annuel and lawnch site dependent operations
costs used for PM-II are the same as those used for other low energy stage

candidates.

1.2.1.k Scout Expendsble Lawnch Vehicle Costs - The costs of the four-

stage Scout leunch vehicle used in the study, taken from Reference 52 are

included in Tsble I. Annual program maintenance costs (Reference 52) which
include all Scout program costs other than the unit costs are $4.811M in
1977$.

1.2.2 Adaptations of Existing/Planned Systems
The Booster Stages developed in Task 2 were screened to eliminate
all except the SSUS-A and S8US-D adpatations. These boosters were con-

sidered purchesed as complete assemblies, and delivered directly to the launch

site preparation area for Jjolning with the Delivery Stage. The details of
use for these boosters is contained in Reference 39. Costs for SSUS-4 and
S8US~-D were obtained from Mr. M., J. Schmidt by telecon on 5 April 1978
(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 dollars using the same projection factor criteria as
used earlier for the Shuttle Users Charge, in Velume IV, paragraph T7.2.3.3.
Costs were caleulated to be: (1) SSUS-D $2.426M, and (2) SSUS-A $3.630M.
These costs include SSUS/LES integration and special services, as well as
the stage cost. Special services refer to Baseline Mission Analycis and
Services including hardware acceptance testing, hardwaere pre-ship review,
mission readiness, safety analysis, motor target adjust analysis, launch
preparation documents, launch site operations, post-flight analysis, support

of the launch site, program menagement, scheduling, countdown procedure in-

puts and component temperature review.
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Additionel mission specific analyses and services charges were
inéluded for launch epplications 'usa‘.ng the 55US-A or D aione as the delivery
stage, Mission specific analyses and services consist of: (1) mission oriented
analyses such as dynemic stebility analysis and thermal analysis, (2) launch
oriented services such as spacecraft integration and lawmch reeltime support.
These charges, in 1977 dollars, are in addition to baseline charges and were
estimated for SSUB-A or D to be:

e Mission Oriented Analyses ~ $.75M
o Lawnch Oriented Services - $.L5M

1.2.3 Yew Design Approaches

Production Costs =~ Production costs are a composite of recurring

meterial, production (menufacturing) labor and quality control coverage,
together with production (sustaining) engineering. All production costs were
derived with appropriate additions for general administretive overhead znd
profit margins added to each item at the subsystem level 5, to give selling
prices. Costs are showvn in 1977 calendar yesr dollars. The basic epproach
used in the development of production costs was an extension of the methods
used to develop costs in Task 2. The primery difference being the grester
smount of configuration definition and specific knowledge of the desien
availeble in this phase of the study, and the reduced number of configurations
subject to review. The greater amount of time available o study each con-
figuration enabled a more comprehensive evaluation of each propulsion ap-
proach. Selected subsystems of the low energy stage were analyzed by detail
estimate. Those given foremost attention were the high cost areas, such as
the propulsion subsystem and electronic equipment. Equipment lists were
composed for these selected parts of the LES in Task 2 a8 a detail check on
the accuracy of the parametric estimates. These equipment lists were re-
viewed for structural and electronic integration and test characteristics.
Esch component was assigned an integration value rating based on its relstive
integration complexity. These data, together with physical information for
subsystem components provided the basis for installation cost estimates, by
means of the Mechanized Cost Evaluation Methodology (MCEM). These labor

estimates were then spot checked for sccuracy by comparison with independently

derived manufacturing estimates,.




The meterial end manufacturing lebor cost for each subsystem wes
then processed through a MCEM subroutine, described in Volume II, paragraph
3.3.1, to develop subsystem complexity factors for design and manufactwring.
These data were directly compared with other complexity factors developed for
a wide array of similar product groups. The RCA PRICE system data bank con-
tains an extensive catalog of complexity factor date 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 has been
cataloged and is availeble for comparisons of this type. Once consistent
correlations are obitained, and veristions from the norm explained, the bhasic
data is authenticated for further use end filed in this company's data banks.
All production cogts for new design configurations were based on cumulative
average for 103 units, produced in five lots over a ten (10) year period,
assuming 20-2) items per lot. A development of this rationsle is contained
in Volume II, peragraph 3.3.2. Froduction quantities for the new design
configuration portion of Task 6 scenarioé, ranged from 78 items to 112 items,
with the preponderance being st the larger quantity. A weighted average of
all scenario configurations studied gives approximately 107 items, however,
the lowest cost scenarios were C-l and C-2, both of which used the 103 new
design quentity. For this reason & 103 item quantity was selected as the
typical near average production quantity for the comparison study.

Development Costs - Actions during Task 2 were directed at

establishing the LES vehicle subsystem recurring costs and releting them

in terms of relaetive complexity 4o other similsr subsystems in the historical
data file. Placing the subsystem in this context was important because it
estaeblished a frame of reference where not only recurring production costs
were comparable, but non-recurring design, development, test and evaluation
costs could be compared as well. In essence, considerable effort was expended
by detail cost buildup end repested comparison to develop an aceurate produc—
tion cost, and to place it in context with other similar assemblies or sub-
systems verifying its relastive complexity. By confirming its correct relative
complexity, the more difficult problem of estimating the DDT&E costs was
simplified.

Based on the subsystem descriptive paremeters, and other dets

described in Volume II, paragraph 3.3.1, and the developed complexity factors,
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it was then possible to predict the DDTRE cost for new designs within reason-
E able sccuracy. All DDT&E cost was developed to include separate estimates
i for design and drafting, systems engineering, project management, data,
T tooling/test equipment, and prototype buildup. The finel step in estimation
é of development costs was the yeview by technical specialists in each ares of
m responsibility. This review was a personal comparison of the MCEM subroutine
!E results with personal and historic dasta awvailable to the specialist, Dif-
ferences in date were subsequently resolved before the costs were used in the
E study. At this time the costs represented separate configurations, as if
» each configuration were developed as & separate program. The configuration
‘i coste were then integrated with associated configurations to develop scensrio
L1 cost as defined in Volume IV, paragraph 7.%4.2. Integration of configuretion
- costs to develop scensrio costs was primarily a process of developing common-
L; ality of design. Substential commonelity existed between configurations of

type., For exemple, the new design portion of Scenario C-2 consisted of a
l{ set of modular bipropellant configurations of four (4) and eight (8) tank
a design, for both horizontal and vertical installations. These designs were

essentially common and would be produced on a single production line, where

J—

the effects of "learning" were meximized. This situation can be compared to
an gutomotive production line where & certain size automobile is produced
having minor differences in accessories and subsystems. Costs developed were
basged on a quantity buy of 103 units during & 10 year period. Five production
lots were assumed of 20 to 21 units per lot. The 103 units were based on the
requirements of the mission model (Volume III, Table 4-IV) after allowance

for direct Shuttle delivery, (16) and Scout ELV launches, (10). The average
useage of 20 to 21 every two years also came from the model. A typical
modular propulsion approach (the bipropellant) required 76 4~tank horizontal

R |

. versions, 13 8-tank horizontal versions, and 14 L-tank verticsl versions.
These were used to make the 103 payload deliveries. Because of the modular
é? approach the production cost of each version was based o the lesrning as-
societed with the production of 103 units as shown in Teble  II.
}E The DDT&E cost was substantially reduced from the overell total
. by omission of common costs, bubt wag significantly greater than that cost for

eny given version.
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TABLE IT

PRODUCTION COST OF MODULAR BIPROPELLANT CONFIGURATION -~ TYPICAL

t Units

L DANK TOTAL
8 TAWK 4 PANK | VERTICAL} QUANTITY
VERSION | VERSION | VERSION | COSTED
Number Regquired '
Components 13 76 4 103
Propulsion System 103 Sets
Thruster . 103 Units
Propellant, Press. Unit 464 Unitss
Other (Note 1) Same 103 Sets
. Guidance System -Components 103 Sets
Reaction Control And 103 Sets
Thruster 103 Bets, L12 Umits
Other (Note 1) 103 Sets
Same
Telemetry System 103 Sets
Unit .
Electrical Power System 103 Sets
Other (Note 1) 103 Sets
Costs
Ignition System 103 Zets
Used For
Structure All 103 Sets
Basic Core 103 Units
Tank Support Modules for
Inboard & Outboard Tanks L6k Sets, 46
: Versions Except
Integration as Noted Note (2)

NOTE (l):, The modular versions are the same except for plumbing,
wiring harness lengths and thermal protection provisions.
Unit costs of components varied according to length and
size for each version.
(2): Integration ccatwas a function of system size and
component gquantity.
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Facilities ~ Studies to date have not developed & requirement
for ﬁew or modifications to Facilities, hence this cost category has been
omitted.

Aerospace Support Equipment ~ Development of the cost for Aero-
space 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 a fully adequate cost model. Initial effort

was expended to collect current cost information for ASE items presently in
design, BSecondly, previous estimates of ASE for other pPrograms were reviewed
for applicability (similarity) to the design approach depicted in Volume IIT,
paragraph 5.1. Lastly, a research of historical complexity data currently

on file for other space structures of construction similarity was undertaken.
The model of greatest similarity to the LES ASE wes considered to be the ASE
for the Multimission Modular Spacecraft (MMS), currently in design. FEstimated

{projected) costs for this design were given by Mr. Robert 0. Bartlett, GSFC-
MMS Systems Engineer, for the MMS retention system, payload positioning system
and the FSS interface electronies (Reference 46). This information, together
with collected physical date (weight, volume, material, ete.) was evaluated
by processing it by use of the MCEM. Complexity cost factors for (1) manu-
facturing, (2) engineering design and (3) producibility were developed which,
in twrn, were compered with historicel complexity data currently on file for
other large space vehicle structures. In addition, a menufactuwring detail
estimate was prepared to serve as a third cost reference for ASE structures.
The complexity results indicated the MMS ASE of highest manufacturing com-
plexity (7.198), the space structures historical data as somewhat lower
complexity (6.100) and the detail manufacturing estimate as falling between
the two (6.579). Design evaluation between the MMS-ASE design and the pre-
sent LES ASE design showed LES ASE to be somewhat less complex and therefore
logical in results on the low side. The maenufacturing detail estimate
complexity tended to closely confirm the historicel data as applicable to
the ASE, hence this historical data complexity was used as Tirm cost data
and the most probeble value. The relative complexity developed for the ASE
cradle was then used to estimsie DDT&E cost. These costs were subjected to

a final review for validity by assigned technical specialists.
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ASE Avionics is composed of the SIG/Data Interface Unit, Power {
Control Unit, Deployment Mechanism Unit and associsted ceble harnesses. The 3
ASE Controls eand Display'category comprises the Control and Monitor Panel and
Umbilicel cable. All items of Avionics, Controls and Displeys were estimated
seperately by comperison analysis of contents and application of the
Mechenized Cost Eveluation Methodology (MCEM)., Complexity factors were developed
for each equipment item, based on overall size and total weight, electronics
volume, structural weight, electronies density., equipment type (analog,
digital, ete.), component type (semiconductors, integrated circuits, ISI,

ez
il

2

22 &5

hybrid, etc.), percentage new design, design redundancy, power dissipated,
component count, and design and production schedule. The complexity facbors
developed were sgain coupared with factors for similar equipments, as a check
on credibility of data. DDT&E costs were derived by use of these data and
were reviewed by technieal speclalists familiar with these equipments.

By means of integration classification, values assigned to sach -

equipment item and to the components of the modular-cradle, an integration

r—

AR

DDT&E cost was derived for the total ASE package. o
Softtware -~ All software costs were developed by comparison pro-

Jection frow similer sofbware selected for the Scout Fhase VIII guidance system.
The selection of this system as a cost model is explained in Volume III, para-
graph 4.2.4, The cost of this system was based on actusl expenditures to date
and estimstes to completion. The cost inecludes vendor test software, contrac-
tor test software and flight software.

System Test end Evaluvation -~ This category includes the cost to
plan and perform integrated system level tests on the LES vehicle an perform
major element Interface Tests. All test costs included here were derived by

detail buildup and by comparison with previous programs. The primary costs

included for the development sub-element are propulsion and structural tests.

Quaelification sub-element testing included here is for the propulsion system.

Rationale for the structural testing is shown in Volume III, paragraph L.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 was

included as an evaluation tool. Cost for the mockup was prepered by detail

estimate.

o
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Operations DDT&E - One significant difference between the cost~

ing accomplished in Taak 2 and the costs developed in Tesk 6 is the addition

of DDTRE costs for the operations categories, WBS 10-800 Ground Support
Equipment and 10-900 Ground Operations. Grownd Support Equipment DDTEE cost

Frmsars

is the non~recurring expense associzbed with the design and production of
the category 801 test equipments and 802 handling devices required for field

e

operations. Estimetion of costs in this area were accomplished for each

aquipment item by comparison with similar equipment items from other programs.

FE Scout equipments were the base comparison models in many sreas. The Mechanized
- Cost Estimstion Methodology wes again used o check the more costly electronic
3 and control devices.

WE Operations Costs =~ Operations costs are those elements of recur-
— ring cost which are expended throughout the operational life cycle of the

_j system, which insure successful functioning of the system. The non-recurring

B costs associated with these operational elements sre part of DDT&E cost for

E the system. Operationsl costs are made up of those elements which recur per

launch, and those costs which are constant and epplied on an annusl basis at

"i each launch site. The operational costs which have been derived for the LES
: Program are shown on the Data Form A in Appendix C, with the exception of

the Space Bhuttle Users Charge. The User's Charge is stage, payload and mis-
ij sion dependent and therefore does not continuously recur as other operational
costs., It is shown as a separate entry on the final sumary page {Data Form
5). The base price of a dedicated STS flight, to Civil Government users,
was quoted as $18 million in 1975 dollars (Reference L49)., This cost was then
projected to mid-fiscul year 1977 by means of the BL3 index escalation curve
for Industry compensation per hour. This Shuttle charge cost was calculated
to be $21.83:M. The philosophy of Shuttle charge application is discussed
in greater detail in Volume IV, paragraph T.2.1.6.

Operstional costs were developed principelly by & detail estima-
tion approvch. Field personnel requirements were estimsted using the field
processing flow defined in Volume III, Figure 6.4, and the criticel path re-
quirements of Volume III, Figure 6.5. These estimates were fully consistent
with Scout experience., A discusssion of operational requirements and operat-
ting procedures defining the groundrules and assumptions is contained in
Volume I1I, paragraph 6.1.6. All operational equipments were estimated by

e
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Table IITI has been developed for all items subject to the MCEM estimating
process.

j
&.

i
b

1.2.5 Deteiled Approach Applicebility

As the initial screening of propulsion aspproaches was completed,

the emphasis shifted to e more detailed evslustion of the remeining approaches.

T
e

* In this phase of the program concentrated effort was expended to incresse the
;E design definition end refine the costs. It was then possible to properly cost
- the operational areas, when quantities and types of equipments were set, and
?? persontel allocabions decided for system menning. The greater-detail then

available mede possible the cost "shading" to distinguish minor cost varistions,

-

based on less significant veriation in system complexity. In the final stage

e
Barimzr

of' the eveluation, total system cost assumed primary importance as the feasi-
bility of carrying the selected design approach into an active status was
examined. The detalled costing approach wes used sparingly in Task 2, more

[
Bt

extensively in Task 6, and was applied primarily to production and operational
cosis.

!

e
b, areerea

1.2.6 Vendor Quoctations

In Task 6, selected subsystems of the low energy stege were ana-

——m,
e arrrs ed

lyzed by deteil estimate. Thoge given foremost attention were the high cost
areas, such as the propulsion subsystem and electronic equipment. Egquipment
lists were composed for these selected parts of the LES in Task 2 as a deteil
check on the accuracy of the parametric estimates., Equipment lists were re-

I

fined as elternative vendor sources yere lnvestigated for selection of sppli-
cable equipment types. Budgetary quotations were then solicited for the
foremost equipment items. Altermative quotations were requested when the first
auotations received were considered questionsble because of price or applica-
tion. A1l quotetions for equipment items were reviewed by techmical specialists
in comparison with szccumulated historic data for similar hardware. Certain
operational equipment items were priced by vendor quotation, as described in

paragraph 1.2.3.

. 1.3 WORK BREAKDOWN STRUCTURE
5 The included Work Breaskdown Structure chart, Figure 1, is the

standardized formst which has been used to itemize costs For all propulsion

; concepts. Each of the categories depicted on the chart are fully defined in




TABLE 111

PRODUCT -DESCRIPTORS. SET
MECHANIZED COST EVALUATION METHODOLOGY

GENERAL DATA

s}

(o2 o o B o B o Y #

Production Quantity

Prototype Quantity

Quantity/ System

Year of Estimate

Escalation Rate

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

CLASSIFICATION DATA

O

0 0000 CO

Percentage New Design

Engineering Complexity*

Manufacturing Complexity/Producibility*
Applicable Learning Curve

% Structural/% Electronic

Percentage Redundancy

Integration Classification

Degree of change traffic, Project Management, Documentation, Systems

Engineering, tools and test equipment (For items requiring special
treatment)

PHYSICAL DATA

A.

Structural/Mechanical B.
o Structural weight

Structural volume

Material type

Structural class

Fabrication type

Electronics

o Electronics weight

o Electronics volume

o Equipment class (type)

o Sub-component technelogy
(type)

Component count

o Dissipated power

0 0 0 0

[»]

SCHEDULE DATA

o Design Program Length
o Test Program Length
o Production Program Length

*Note:

Item cost may be used, together with associated data to develop
complexity data.

17
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Appendlx' A.. The costs of all new conf:.gura.t:.ons are itemized accordlng to

o ‘thlS i‘omat and collected. in Appendices B and C.  The costs for certain
purcha.sed s’cages, such as SSUS-—A and SSUS-B ha.vn ‘been shown only to level 4
A 'beca.use oi‘ una.va:.la.b:n.‘l.:.ty of deta.:l.l data from the manufa.cturer. Table IV,

I£ES Prcgram Costlng Elements, is a furthﬂr subdlws:s.on of WBS elements into

' Development (DDT&E), Production and Dpera.tz.ons phases for new stages, existing
sta.ges a.nd. adaptat:.ons to exist:.ng stages, and a.pplies to the costing of
Ta.sks 2-and 6. A l:.mted version of the WBS has been used in Task 2. It was
used in :Lts ent:l.rety 1n Task“ 6. Table IV indicates the level of costing

for the a.pproyrlate 'bask.

o 1 b COST FSTTMATING GRITERTA

_ This part contains an explanstion of the functional relationships
a.rid derived cost Ffactors which apply to the cost estimating methodology.

141 Funcbionel Relationships
I ' In order to compa.fe the a.rra,jr of propulsion approaches quickly
with appropriate accuracy a Mechanized Cost Evalustion Methodology was used,

) _wit_l_: the necessary flexibility and sttention to deteil, to clearly refiect
"sys‘t:em. Adifferences. The costing methodology utilized a work breskdown struc-
ture (WBS) developed guite early in the LES study to assure consistent
definition of propulsion system approaches, together with a complete summari-
z'a.tibn of configurgtion design differences to the subsystem level. The basic
cost information used in the costing exercise included internal {(company
hisforic) cost data, vendor quotations, and other published report date.
Solicitation of vendor quotations was necegsary to more accurately measure
the unique differences of competing designs, end to check the accuracy of cost
records used in the study. The costing methodology ubilized a special checking
feature, where input data could be evaluated relative to existing coct models
by means of developed complexity Ffactors. By use of this feature, the rele-
vence of cost dzta could be checked before use and verified for accuracy and
commonelity of costing assumptions,

Costs were derived using a computerized parametric cost modeling
methodology. This technique, known as the RCA PRICE (Programmed Review of

Information for Costing and Evalustion) system, provides relisble estimates

of system acquisition costs (development and production) during the conceptual

19
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TABLE Iy
LES PROGRAM COSTING ELEMIINTS

e e o e e o e P A M A £

Page 1 of 2
TASK TASK 2 TASK 6 L
STAGE e ADAPTIONS EXTSTIN ol ADAVTIONS ) EXTRTTH ' ) .
WBS PHASE 1-D [1-P 0~0 |1-D [i=P |1-0 {1-D |1-P | 3-0]2~D]1-P {1-0 |1-D {3-P {1-€ }1-D [1-F [1-0 .
LES PRUGRAM 00-000 x xlx | x[x Ix x lxix |lxlx [xlx Ix rix
. LES FROJECT 10-000 ¥ ix X §x X x tx e Ilxlx |x x| X
SPACE SHITTLE 20-000 X X x
i UCEES CMARGE 20-010 X X X X X X
CREITER ISTEGR'N 20-020 % X X
FROJECT MGT. . . - 10~0100 x | x[x )xix {x 3 [x@| x@)x | x@[xd ]| x ‘X
LES VEWICLE 10-0200 x |x % |x X x | x %X x
‘ . VEE IGTIS'H & ASSY 10-0201 x | x PP x I x P |P
) BOOSTIR STAGE 10-0210 x [ x i £ ix P |
i INTES'N & ASSY 10-0711 X)X PP x | x BE
; STRELCTUFRE 10-0212 x | x PP x | x NE
THERMAL 10-0213 x | x B |P x | x PP
(, MATY PROFULSION- 100214 x {x plp x | x Plp
; N ( DELIVEFY STAGE 10-0220 x | x p [P x | x P |p
ImE5's & ASSY 10-0221 x | x p|p X |x P |P .
STRUCTUEE 10-0222 x | x P lp x |2 P lp w7
; TEERMAL 10-0223 x | x Pip X | x P iP tey
k MAIY FESFULSION 10-022h x | x P|p X% P[P =
; ECS 10-0225 X | x PP X | X P |P 3
DATA MGT/COMM 10-0226 x | x PP x | x P|r .
Gig 10-0227 x | x ple x | x P |p R
ELECT FKR 10-0228 X | X P |? ¥ | % PP . ‘_4 G2
FACILITIES 10-0300 X 3 3 =
| ek
4, INCLUBED IN SUBSYSTIH COSIS - LYOEND: X WILL BE COSTED :

. ) ' P POTENTIAL COST-DEPENRDERT O CHANGES
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TABLE

IV (CONT'D)

LES PROGRAM COSTING ELEMENTS

Page 2 of 2
TASK TASK 2 TASK 6
BTAGE HEW ADAPTIONS | EXISTING " MEW "ADAPTIONS | EXISYING
WBS PIASE 1-p |1-F |1-0 |1-p | 2-Pl1-0 }2-p {1-P|1-0!1D]2-P |1-0 [3-D |3-F |3-0 [1-D|i-P| 10}
SYSTEYS EV'GRG & INTEG'N 100400 x |xfx lxix|x s [xlx @iz jxlflx] |x|x
LES 5Y5 ENCRG 100401 ¥ |w@lx {xtx]x r e 28ix | x| {x: X
LES/ASE INTEG'N 10-0k02 . X X Xz X | P % re
LES/PAYLOAD THTEG'N 10-0403 x 1 X X X %
SUSTAIN'G EKGRG 20-0L0Y 1% F % ¥ | & x| x x
ATERDRNE SUPRT EQUIP'E 100500 ¥ % ¥ P
WTEG'R & ASEY 10-0501 ‘ix P
STRUCT & MECHANIBM 10-0502 X P
AVIOUICS 10-0503 X 3
COITAOLA & DISPLAYS 10-0504 x B
SGFTWARE 10-0600 X P
SYSTEM TFET & EVAL 10-0700 X X
LIVELOFIELT 10-0701 X P
QUALIFICATION 100702 X X
15CE-UPS 10-0703 %
GRCUNTD SITPCRT EQUIPMENT 10-0800 X P
CEECKOUY 10-0801 % P
ENDLG/ASSY & SERVICIRG 10-0802 X P _
GRGUD OFZRATICNS 10-0900 5 ¥ x| X X X
106TSTICS/ TRATHING 10-0901 x X x X
SPLPES/EEPATR PARIS 10-0902 b X X X x X
FIELD SUPFORT 10-0903 X b3 X ix X X X
FLIGE? OPERRTIONS 10-1000 X x x
2. INCLUDED TN SUDSYSTEM COSTS
. b. INCLUDED IN 0201 AND 0501
v
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pha.s _"of 8 sys'hem development program. Tts use permits rapid and timely cost

evaluatlons, 'ba.sad on varigtions in designs, performa.nce schedules, religbility,

. econom:.c escala.ta.ons, stc. Since all estimates involve comparstive evaluation

of new requ:.remen’bs ﬁo ana.lcgous histories, rregardless of the estimating
techn:.que used, it is necessary to classify a new desz.gn in such pavameters
'bha:i: :Lt may be related to availsble besic date. 'I'he costmg methodology ubi~-
l:.zes coni‘:.gurat:.on definitions which are Primarily the physical characteristics

of the des:Lgn concep'b. These include size, weight, type of componentry, com-

- ponent count, ma.ter:.al type, power d.‘l.ssz.pa.tlon and construction type, as well

as prototype and product:.on quantities. In addition the methodology is sensi-
tive to design and production schedule, learning (progress) curve, integration
charéc‘ﬁeristics, design and menufacturing complexity, design redundancy, the
degree of new design required, and fabrication method. One mode of this cost
estimation methodology produces a2 estimation of design, manufacturing and
producibility complexity from physical, schedunle and cost data. This mode was
used in the cost exercise where the design being costed was of a unigue nature
with limited relationship to historical data., Vendor gquotations were processed
through this mode to establish credibility. Where complexity factors appeared
inconsistent with historical data the credibility of the costs were guestioned.
In such cases, further evaluation wag reguired before adjusted costs were used.
The final step in the costing methodology was the review of subsystem costs by
technical and cost specialists for consistency among similer subsystems on
different propulsion approaches. Subsystems Weré costed independently, then
combined to develop delivery stage or booster cost, which are sgain combined
to develop the cost of a propulsion spproach.

The PRICE system has been structured with self-contained cepability
which permits it to gauge the relative appliesbility of each input empiriceal
date reference sei. An empiricael data reference set can be characterized as
that group of parametric values which defines a specific type of equipwent.

The variation of these parameters with cost in turn forms g set of Cost

Estimating Relationships {CER's). These empirical date sets are used to adjust
the algorithms or CER's of the PRICE program, to make them conform to the
product categorization. In o sense they are used to "ealibrate” the PRICE
algorithms to the perticular device of interest. PRICE uses the empirically
aligned algorithms to generate other/additional physical characteristics that
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o ere--'repreSent'aﬁi;vebf the class of product being exmmined. The PRICE metho-
dolog}' ha.s the huil‘t—in self—check...ng ce.pa.bll:.ty to minimize the chance of

genera:tlng msleadﬂ_ng outpu'hs, and prov::.des a procedure for correcting the

o

iy

':anuts when sueh cases occur.

oy

e
o ecr

4 Selec'b:.on of en appropr:.a:be em_p:.r:.ca,l da.ta reference set is not
' ;alwears a. s:.mple te,slc for 2 new concept or approach. It requires familiarityr
w:.th the product h:l.story, neture of the componen‘try, construct:.on and problems,

|

: "'Tha.s i‘amzllarlty includes the ca.pabz.llty of recogn:.zn.ng the need to make
ad,justments to the empir:.cal de‘ca set t0 account for concept differences.
' The bas:Lc algorn.thms end eost estma.tmg relationships used in

gm'srj'

'the PRICE system a.re cons:Lderecl propra.etaxy with ROA. Research in this area
‘:LS generally costly and time consuming and forms the bagsis for probection of
their data. PRICE outputs result from the complex mathematicel interplay be~
tween two sebs of input data. The first is the reference empirical data set

x oIy
Bronked

EA—;WO—"
H

previously discussed generated from historical experience data by a PRICE
subroutine that defines ﬁhe specific product in reference terms comparable
with the PRICE system. The second is the new product descriptors set, a group L
of elemental costing data which PRICE is programmed to accept. The mathems~
tieal function which governs all PRICE cost computations is F{K,MI'/R) where
M = nmeasure of the work to be performed
T
R
X

For example, & gregter volume of work done in an equivalent time =

time (performsnce period) { j

I

resources (capsbility, experience, know-how, ete.)

specificaetion profile : i

with equal resources will result in higher cost. Wheress addition of more -
capebility or resources will reduce costs. The K factor is in turn determined L

by the class of product as defined by the specification requirements. For

e

various cost elements the M, Ty R and K values have differing definitions, and
for each cost element and each product class, the varizbles and thelr mathe-

matical interrelstionships are different. Buch modes are estazblished, within

the PRICE program, through use of derived experience parameters {empirical

data sets).

l.k.2 Cost Factors =
The PRICE system employs a subroutine which generstes empirical i

date sets (EDS) Ffrom cost experience data. Within each EDS are certain empirical Sj

i
23 L




i?érémeﬁers,”dficosﬁ fapﬁors,‘whiéh have significant relationship with product
-édsﬁg' The most important of these cost factors are:
DR ‘@ Manufacturing Complexity
e Producibility
_ ¢ IEngineering Complexity
'RGA'puﬁliShes-an'ekfenSiﬁe set of BDS references Ffor a wide array of mechanical
'aﬁd g;ectromechanical preducts. Each item in this reference is defined in
pﬁySical terms, by component type, product class, system name and finally by
the dévelopéa.éost facﬁor.previdusly noted, Historical data may he processed
ﬁhrough the_ndted subfoutine in order to develop the aforementioned cost

- factors. In fact, the RCA EDS reference meterial was developed in this manner.

When empirical reference data sets are developed for particular product groups,
certain significant statistical consistencies will become obvious. Each pro-
duct group data set will have apparent correlations, and individual differences
will be readily associabed with product design variations. Within each pro-
duct group, the most significant empirical parameters will be found to differ
very stightly. Based on a reasonable sample size, their variation will
usually be less than 15% of the mean value. These cost factors are extremely
helpful in developing the cost for new design applications which have a basis

of gimilarity with some identified EDS.
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2.0 SUMMARY COST PRESENTATION

The cost sumary for the recommended propulsion approach, Scenario
C-2, is shown in Tsble V. The Data Form 5 presents this summary and defines
the propulsion approach configurations and quantities required for completion
of the mission model. The Data Form A sheets of paragrapli 3 provide a detailed
breakdown., by WBS category, for the new design portions of this sumary.

25
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TABLE -V
'DATA FORM 5 SCENARTIO C-2 COST SUMMARY
cosTs $.M
NUMBER OF PAYLOADS 16 76 13 14 10 S S
ws | cos Propulsion INTEG | Modular|Modular{ Modular{ Scout | NON | TOTAL
NO. | ITEM Approach | omMs |4-Tank |8-Tank { 4-Tank 1 RECUR| -COST
Hor;i.z*,* Horiz. Vert. ’l _ COST |
Biprop.| Biprop. | Biprop. '
1-D | DDT&E 26.1 26.1
w1 1-p | prODUCTION 0! 133.5] 27.8] 24.8 0 186.1 | ,
=23 - -
1-0 | OPERATIONS - TOTAL 283.7 | 698.7) 166.0] 63.90 57.6 21,2699 |
(Supporting Costs) 0 (40,2 (6.9) (7.4} (14.4] *(68.9)
(Shuttle Charge Total). |iopy.7y | (658.51 (159 1M _ (56.5 — _1,157.8% .
¢ Payload Charge 280.5 532.41 131.3 18.1 p— 962.3
e Stage Charge — 126.1 27.8 38.4 — 192.3 | -
¢ Other Charges 3.2 —— — — = " 3,2
{Scout Launch Charge) _— _— — — (43,2) (43,23
TOTAL COST 283.7 832.2] 193.8 88.7] 57.6 26.1) 1,482.2
*Supporting costs include: g . -
Annual Operations Cost - 36. . .
Unit Operations Cost  (23.6 + 4.0 + 4,3) 32,0 Total Without Payload Charge|  519.8
. Total .
**hlS Kg Offload, Refer to paragraph h.7.1 of Volume III
Pans ™ {ummv. : r,. iliiA.uq'. 3‘:'_;::'1‘ Bk ?;M:' X ! !f‘:m"! mﬂg
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©3.0 - COST ESTIMATE BY WES ELEMENT

_ A cost breél:down, by WBS element, is included in this section
for the recommended propulsion approasch together with an explanation of the
applicable spread functions, learning index and launch milestone dates.

3.1 "~ ESTIMATES ON DATA FORM A&
The detsiled costs for the new design parbs of the recommended

propulsion é.ppi‘oach, Scenario C-2, are shown in the Teble VI. These Data
Form A sheets provide detailed backup deta by WBS category for Non-Recurring,

DDT&E, Operations and Production Costs. The WBS level is indicated for each

1tem end the number of probtotype and production units, on which the costs are
based, is included. Estimates of elapse times to design and develop (DDTEE)
and produce each item are indicated as Td' The production time is for the
first wnit only. BSuceeding production ruvns will tend to reduce this time,
The lead time (TS) for each WBS item is also indicated. This value is the
number of months from the start of cost acerual, for the initial item, to
the launch milestone date. The elapsed times are different for DDIRE aend
production, for the same WBS elements. The average unit costs for produc-
tion items are based on a tobal of 103 new design modular units conbtained
in the Scenarioc. The conditions of production are explained in Volume IT,
paragraph 3.3.2.

In addition cost estimates have been prepared for gll considered

scenarios, for three categories of cost:

e DDT&R

e Operations

& Production

These costs are broken down to WBS level 4 and 5 within each

category in accordance with the terms of the study agreement. The results
are shown on Data Form S, and inciuded in Appendix B for Tesk 2 combinations
and Appendix C for Task 6 scenarios,of Volume V. DDT&E costs have been
developed for each scenario and include the total development cost for the
modular femily of configurations conbained within each scenaric. Operations
costs include elements of annual cost and cost per launch. For this reason
the operations sheets show sub-element cost breakdown for each WBS item in
terms of cost/launch and annual cost. Additlonally the abnual cost in the

S
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TABLE VI

LES BASIC COST DATA
NON~RECURRING DDT&E

SCENARIO NO. C-2 «1of T

DATA FORM A Pg. 1ot T
WS WBS | NO. OF | COSTS IN 1000°'S OF $ T T
CODE WBS IDENTIFICATION LEVEL | ProOTOS TOTAL AVG. UNIT. d s
10-0100 | Project Management . L — (100) N/A 20 33
10-0200 | LES Vehicle | w/a | (1h,319) N/A 22 33
10-0201 | Vehiele Integration and Assembly 5 — —— - -
10-0210 | Booster Stage 5 — e - -—
10~0220 | Delivery Stage 5 1 1k,319 20 33
10-0221 | Integration & Assembly-Delivery Stage 5 1 3% 20 33
10-0222 | Structure and Mechanism 5 1 2,241 16 33

& | 10-0223 | Thermal System 5 1 164 6 33_
10-022k4 |Main Propulsion 5 2 . 6,564 20 33
10-0225 | Reaction Control System 5 2 750 20 . 33
10~0226 | Data Mapsgement & Communications 5 2 19 T 9
10-0227 | Guidance Navigetion =nd Control 5 2 3,111 12 24
10-0228 | Electrical Power Systenm 5 2 733 18 26
10-0300 |Facilities’ L - - - -
10-0400 |LES Systems Engrpg - LES/ASE Integr. 4 - (172} N/A 20 33

1 4 B : i
4 . I - 1l \I
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DATA F

ORM A

TABLE VI

LES BASIC COST DATA
NON-RELCURRING DDTEE
SCENARIO NO. C-2

Pg. 2 of T

WBS WBS | NO. OF | COSTS IN 7000'S OF § _
CODE MBS INENTIFICATION LEVEL | UNITS TOTAL ] Ave. UNiT 1 4 | . Ts |
10-0500 |Airborne Support Equipment L 3 {5,371) N/A 12 1T |
10-0501 |Integration snd Test 5 3 116 12 17
10-0502 | Structure and Mechanisms 5 3 811 12 15
10-0503 JAvionics -~ ASE 5 3 201 10 '13
10-0504 |Controls and Displsys 5 3 243 10 1k
- ] S
1.0-0600 Software h 1 (570) N/A - 20 24
10-0700 |System Test and Evalustion b | n/a | (3,52T) /A 10 ok
10-0701 |Development 5 - 1.,00 12 2
10-0702 }Qualification 5 | - 303 12 2l
10-0703 {Mock-ups 5 1 120 10 15
10-0800 {Ground Support Equipment k N/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 Opersations N/A (195) N/A 12 18
10-0901 |Logistics/Training - 91 12 18
10-0903 |Field Support 5 - 10k 10 13
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VI

LES BASIC COST DATA
FOR OPERATIONS

SCENARTOS C~1, C-2

DATA FORM A I 0f. T
MBS wBs | no. oF | COSTS I 1000'S OF § .
CODE 4BS IDENTIFICATION LEVEL { UNITS TOTAL AVG. UNIT d
20-0000 | Space Shuttle 43 103 N/A N/A
20-0100 ) User's Charge-Cost/Launch 4 103 # *
20-0200 | Orbiter Integration -
Cost/Launch 4 103 (1,854) (18)
10~0100 | Project Management ~
Annual Cost 4 10 (5,000) (500.0)
Cic_:_st/Launqh (13,774) '(133.7)
10-0400 | System Engineering and Integretion N
Cost/Launch 103 (14,781} (1k3.5) ]
Afifual Cost 10 (5,800) {580.0)
10-0401 |} LES Systems Engineering >
Cost/Launch 103 11,279 109.5
Annual Coet 10 3,800 380.0
10-0402 | LES/ASE Integratiou
Cost/Launch 2 103 1,751 iT.0
10-0403 | LES/Payload Integration .
Cost/Launch 5 103 1,751 7.0
10-0L40%4 | Sustaining Engineering
Annuel Cost 6 10 2,000 200.0
¥NOTE User's Charge is atege, payload, and mission depenfient. Bte Form 5.

.




DATA FORM A

4 Y

TABLE Vi

LES BASIC COST DATA

FOR OPERATIONS

SCENARIOS C-1, C-2

Tt

Pe. U of T
WES WeS | NO. OF [ COSTS IN 1000'S 9F § T T
CODE WBS IDENTIFICATION LEVEL | UNITS TOTAL AVG. UNIT d
10-0900 | Ground Operations =~
Cost/Launch hf103 (15,059) (146.2)
Annual Cost h 10 (11,733) {(1,173.3)
10-0901 | Logisties/Training -
Cost/Launch 5 103 927 9.0
10-09%02 | Spares/Repair Parfs
- Cost/lLaunch 5 103 2,575 25.0
10-0903 | Field Support 5
Cost/Launch 103 11,557 112.2
Annuel Cost (Prior to 1983) 1 617.5 617.5
Annual Cost {1983 and Sub) 9 11,115 1,235.0
10~1000 | Flight Operations
Cost/Launch 4 103 (309) (3)

P




TABLE VI
LES BASIC COST DATA

43

PRODUCTION
DATA FORM A CONFIGURATION: 4 Tank Horizontal Bipropellant Pe. 5 of T
MBS W8S {NO. OF | COSTS IN 1000'S OF $
CODE _ WBS IDENTIFICATION LEVEL | UNITS TOTAL AVG. UNIT Td Ts
10-0200 { LES Vchicle 4 76 133,492 1756.5 22 22
0201} Vehicle Integration & Assembly 5 -- —-——— - —-- —
0210} Booster Stapge 5 o - - - -
0220 | Delivery Stage 5 76 133,492 1756.5 22 | 22
0221 | Integration & Assembly - Del, Stg. 5 76 6,132 80.7 22 22
0222 | Structure & Mechanism 5 76 6,506 85.6 22 29
0223 | Thermal System 5 76 2,264 29.8 22 22
0224 | Main Prooulsion . 5 76 47,411 623.8 18 18
0225 Reaction Control System 5 76 15,843 208.5 15 15
0226 | Data Management/Communications 5 76 728 9.6 2
0227 Guidance, Navigation & Control 5 76 53,344 701.9 12 12
0228 | Electrical Power System 5 76 1.264 16.6 8 8

Note: | The Average Unit Costs Indicated Here Are Baksed On [A Total Df 103 Modu]grg Units
(76 + 13 + 14) Contained In Scenario C-2. These Cdsts Incllide $9, 895, 2K Of

Project Management Cost. ($130.2K per unit)
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TABLE

VI

LES BASIC COST DATA

PRODUCTION
DATA FORM A CONFIGURATION: 8 Tank Horizontal Bipropellant  ps ¢ or 7
WBS w8s | No. OF | COSTS IN 1000'S OF $
CODE WBS IDENTIFICATION LEVEL | UNITS TOTAL AVG. UNIT Td Ts
10-0200 | LES Vehicle 4 13 27,751 2134.7 22 22
0201 } Vehicle Integration & Assembly 5 - —— - - “—
0210 | Booster Stage 5 — ——— _—— - _—
0220 | Delivery Stage 5 -- 27,751 2134.7 22 22
0221 | Integration & Assembly - Del. Stg. 5 13 1,353 104.1 22 22
0222} Structure & Mechanism 5 13 1,188 91.4 22 22
0223 Thermal System 5 13 390 30.0 22 22
0224__1 Main Propulsion 5 13 12,612 970.2 18 18
0225{ Reaction Centrol System 5 13 2,710 208.5 15 15
0226 | Data Management/Communications 5 13 124 9.6 2 2
0227 | Guidance, Navigation & Control 5 13 9,125 701.9 12 12
0228{ Electrical Power System 5 13 249 19.1 8 8
Note: The Average Unit Costs Indicated Here Are Based Onj A Total|Of 103 Modular Units
(13 + 14 + 76) Contained In Scenario C-2. |{These [osts In¢lude $1, 998l 1K Of
Project Management Cost. ($153.7K per unit

s
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TABLE
LES BASIC COST DATA

VI

PRODUCTION
DATA FORM A CONFIGURATION: 4 Tank Vertical Bipropellant Pg., 7 of T
WBS WBS | No. OF | COSTS IN 1000'S OF $
CODE W8S IDENTIFICATION LEVEL | UNITS TOTAL__ | AVG. UNIT T4 Ts
10-0200 | LES Vehicle 4 14 24,807 1771.9 22 22
0201 ] Vehicle Integration & Assembly 5 o - = - -
0210 | Booster Stage 5 —~— - === -- -=
0220 | Delivery Stage 5 14 24,807 1771.9 22 22
0221 | Integration & Assembly - Del. Stg. 5 14 1,130 80.7 22 22
0222 | Structure & Mechanism 5 14 1,414 101.0 22 22
022 Thermal System 5 14 417 29.8 22 22
0224 | Main Propulsion 5 14 8,734 623.8 ‘18 13
0225| Reaction Control System 5 14 2,918 208.5 15 15
0226 | Data Management/Communications 5 14 134 9.6 2 2
0227 | Guidance, Navigation & Control 5 14 9,827 701.9 12 12
0228 Electrical Power System 5 14 233 16.6 8 8
Note: |The Average Unit Costs Indicated Here Are Based On A Total pf 103 Modular Units
(14 + 76 + 13) Contained In Scenario C-2. These Cdsts Inclide $1, 838.2K Of
Project Management Cost. ($131.3K per unit)

.......



Field Support area shows those costs prior to 1983 and costs after 1983,

to add WIR operational costs appli.able in that year, A separate set of
operations cost sheets are shown for each separate scenario vehicle guantity.
Production costs for each considered configuration are shown on separate
peges of the Appendix. All production costs have been caleulated for a
typical production quantity (103 units). A description of the production
agsumptions 1s contained in paragraph 3.3.2 of Volume II. The cost summary

sheets for each Task 6 scenario are ineluded in Appendix C,

3.2 SPREAD FUNCTIONS

A review of idealized cost distribution curves for development

programs of similar nature to the LES program identified two curves of near
optimum application. Decision was made to spread DDT&E costs using curve

No. 2 of Figure 2. This curve assumes 68% expenditure at mid-program time.
Production costs were spread within the year of delivery in accordance with
provisions of ASPR Appendix E, paragraph E-510.1 {Reference 55) covering
materials, equipment or services purchesed and chargeable directly to a
contract, but not paid for at time of billing. Fixed price contracts normelly
provide for payment at the time of delivery or acceptaunce, or upon completion
of the contract. On contracts requiring (1) substantial investment or {(2)
long lead times the contractor mey claim reimbursement for a portion of costs
incurred, as progress payments. With its moderate cost and short precduction
schedule and lead times, the LES masy well be subject te full payment on
delivery. Progress payments, if required, wmay well fall within the year of
delivery.

3.3 LEARNING INDEX

Because of the low level of LkS usage, it was considered advisable

to establish special production guidelines which weould fit this condition.
Production was spread over a total 10-12 year period and the quantity of
procured ltems was set at the total number regquired for use during that period
for mission reguirements. A production eycle was established to produce a
two-year usage quantity, then production was assumed interrupted until the
next production quantity was placed on order. Some learning takes place for
any effort spread out over an extended time period. The effects of "learning"

are vwell established in manufecturing industry. However, when a production
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run is interrupted, some of the "learning" and associated cost effectiveness
is lost. When production begins again, some trained personnel have left or
have been reassigned, some tools are lost, ete., thus the learning curve
applicable to the next production run is not simply & continuation of the
learning curve of the prior run. The loss of "learning" means that production
regstarts at a point higher up on the learning curve. Volume II, Figure 3.10
illustrates the interrupted production situation. To compensate for loss of
"learning" for interrupted production schedules, the empirical dats set for
the second run must be adjusted. The longer the production interruption,

the less residual learning remeins until & final limit is reached. To deter-
mine the probeble learning curve which would apply to the LES production
program, a trade study was conducted. A structural item was selected for
study since it wes considered to be highly labor intensive and subject to
maximum learning impsct. For a typical production gquantity of 103 structural
units, produced without regard to production need, the optimum learning curve
was determined to be 0.898 (89.8%), for a program length of nineteen (19)
months. Production rate was spproximetely 5.42 units per month. When produc-
tion guantity was cut to 20-21 items per run, for five independent production
periods during the ten (10) year psriod, the rate of composite learning drops
to approximately 0.941 (9L4%). A selection of material intensive subsystem
items showed increase from the normel 92% range to the 95% learning regime,
hence this value was selected as most applicable to the LES system. All sub-
systems were estimated for 103 item cumulative average quantity and five
equivalent lots of production. For variances in total production quantity,
the 95% Wright slope was assumed appliceble. DDTRE costs were developed for
a modular family of vehiclez of each type studied. For combinations of
vehicles, reguiring more thar. one type, the development cost was integrated
by consideratlon of the existing commonelity between differing types. All

costs were developed in 1977 calendar year dollars.

3.4 LAUNCH MILESTONE DATE
The development schedule for the Low En=rgy Jhtage is shown on

Tigure 8.9 of Velume IV, This schedule establishes the launch milestone for
the first LES wvehicle. This launch date coincides with the LES mission model

launch schedule, Volume III, Table L-IV. The followon launch milestones are
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identified by this schedule. The cost schedule for the recommended scenario
is shown in Volume IV, Table 7-XXTII. This cost schedule gives the quantity
and configurstion approach selected to accomplish the LES mission model.
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k.o TECHNICAL CHARACTERISTICS DATA

The LES system consists of three arrangements of basic propulsion
modules. Each arrangement is a primery propulsion stage consisting of inte-
grated propulsion, avionics, and struetural equipment which after deployment
from the Shuttle Orbiter can function to place payloads into predesignated
orbits., The three moduvlar arrangements are an 8-tank, a Y-tank horizontal
and a Y-tank vertical bipropellant. The Y-tank arrengement can accommodate
76 (59%) of the 129 low energy regime payloads, the Y-tank vertical version
can accommodate 14 (11%) of the 129 payloads, and the 8-tenk configuration
can sccommodate 13 (10%) of the 129 peyloads.

The following Table ViI presents the Technical Characteristics
Dete {PCD) for the LES system. Also presented are the WBS identification
number, WBS identificabion title, some important weight and dimensional
characteristics of the item, and pertinent guantities or values together

with the eppropriate wits of measure for the items considered.
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DATA FORM B

TABLE VII

TECHNICAL CHARACTERISTICS DATA

Pg. 1 of 8
WBS QUANTITY
IDENTIFICATION WBS IDENTIFICATION OR URITS OF CHARACTERISTICS NOTES
NUMBER VALUE MEASURE
10-0220 DELIVERY STAGE
Modular
8-Tank Bi-Propellant 682 (1503) Kg (1b) Dry Weight
LES 2351 (5183) Kg (1b) Full Weight
10 p S Missions Accomodated
Modular : ‘
4-Tank Bi-Propellant 433 (955) Kg (1b) Dry Weilght
LES 1262 (2783) Kg (1b) Full Weight
59 % Missions Accomodated
Modular
4-Tank Vertical 464 (1024) Kg (1b) Dry Weight
Bipropellant LES 1294 (2852) Kg (1b) Full Weight

11
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Missions Accomodated
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TABLE VII

TECHNICAL CHARACTERISTICS DATA

DATA FORM B Pg. 2 of 8
WBS QUANTITY
IDENTIFICATION WBS IDENTIFICATION OR UNITS OF CHARACTERISTICS NOTES
NUMBER VALUE MEASURE
10-0222 STRUCTURE
8-Tank §odular)
o Aluminun Stage 85.7 (189) Kg (1b) o Welded and wechani-
Structure | cally joined tubular
truss structure
o"V"Clamp 7.7 (17) Kg {1b) o0 Separation clamp be-
tween stage and pay-
, load
4~-Tank (Modular)
o Aluminum Stage 68 (150) Kg (ib) o Welded and mechani-
Structure cally joined tubular
truss structure
o "V" Clamp 7.7 {17) Kg (1b) o Separation clamp
between stage and
pavload
4-Tank Vertical
o Aluminum Stage 96.6 (213) Kg {1b) o Welded and mechani-
Structure cally joined tubular
truss structure
o "V" Clamp 7.7 (17 Kg (1b) o Separation clamp
between stage and
payload
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TABLE VII

TECHNICAL CHARACTERISTICS DATA

DATA FORM B Pg. 3 0of 8
WBS QUANTITY
IDENTIFICATION WBS IDENTIFICATION OR UNITS OF CHARACTERISTICS NOTES
NUMBER VALUE MEASURE
10-0223 Thermal
Plume Shield 0.1 (0.04) CM (inch) | Titanium
7.7 (U7 Keg (1b) Weight
Insulation 2.54 (1.0) CM (inch) | MLI
128.5 (1) kg/m
(1b/£5) Density
256.9 (20) kg/m
(ib/f6) Density
Radiator Plate 1 - Aluminum
1.32 (2.9) kg (1b) Weight
56x56x0.152 Cm Size
(22x22x0.06) (in)
POt el Homed Gwme] [ewed romed
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TABLE VII

TECHNICAL CHARACTERISTICS DATA

DATA FORM B Pg. 4 of 8
Was QUANTITY .
IDENTIFICATION WBS IDENTIFICATION OR UNITS OF | CHARACTERISTICS NOTES
NUMBER VALUE MEASURE
10-0224 MATN PROPULSION
R-40A Thruster 3871.5 Newton Thrust
(870) {1bf)
i - Thruster per LES
MMH - Fuel
N2 Oy - Oxidizer
22:1 - Area Ratio
9.75 (21.5) Kg (1b) Weight
Fuel Tank 4 - Conospherical Tanks
per 8~tank LES
63.5 (25) Cm (inch) | 0.D.
101.6 (40) Cm (inch) ] Length
30 (66.2) Kg (1b) Dry Weight
Oxidizer Tank 4 - Conospherical Tanks
per 8-~tank LES
63.5 (25) Co (inch) | 0.D.
101.6 (40) Cm {inch) | Length
30 (66.2) Kg (1b) Dry Weight
Pressure Tank 5 - Spherical Tanks
per 8-tank LES
39.4 (15.5) Cm (inch) | Diameter
Pressure Regulator il - Per LESS
1.59 (3.5) Kg (1b) Dry Weight
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TABLE VII

TECHNICAL CHARACTERISTICS DATA

DATA FORM B Pg. 5 of 8
WBS QUANTITY
IDENTIFICATION WBS IDENTIFICATION OR UNITS OF CHARACTERISTICS NOTES
NUMBER VALUE MEASURE
10-0225 REACTION CONTROL
SYSTEM
R-4D Thruster 445 (100) Newton (1bf) Thrust
4 - Thrusters per LES
MMH - Fuel
NpO0y - Oxidizer
40:1 - Area Ratio
2.4 (5.3) Kg (1b) Dry Weight

Fu/
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TABLE VI
TECHNICAL CHARACTERISTICS DATA
DATA FORM B Pg. 6 of 8
WRS QUANTITY
IDENTIFICATION WBS IDENTIFICATION OR UNITS OF | CHARACTERISTICS NOTES
NUMBER VALUE MEASURE
10-0226 DATA MANAGEMENT/
COMMUNTCATIONS
Transmitter 1 - S5-Band, 8 Watt output,
missle and satellite
telemetry
0.9 (2) Kg (1b) Weight
Antennas &4 - Omni Directional,
= S5-Bard antenna
\ 0.028 (0.06) Kg (1b) Weight
Coax Switch 1 - S5-Band, Single pole,
4-throw solenoid
operataed multiposition
switch
0.38 (0.84) Kg {(ib) Weight

1
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TECHNICAL CHARACTERISTICS DATA

DATA FORM B Pg., 7 of 8
WBS QUANTITY |
IDENTIFICATION WBS IDENTIFICATION OR UNITS OF | CHARACTERISTICS NOTES
NUMBER VALUE MEASURE
10-0227 GUIDANCE, NAVIGATION
AND CONTROL
Inertial Stabliization
Unit 1 Strap-down inertial
20.3 (44.8) Kg (ib) Weight '
- Gyros 2 Degrees Two degree-of -freedem
dry tuned
- Accelerometers 3 Degrees/2 | Inertial grade Quartz
Sec Flexure Force Rebalance
- Computer 1 - Fixed point, stored
program General Pur-
pose Digital Computatidn
with 10K, 16 Bit words
of memory
— Support Electronics - - Reaction Control System
valve drivers, ignitioh
relay driver, telemetr%
signal conditioning,
etc.
Ignition Control Unit 1 - Provides safe/arm and
squib firing pulses
24 ~ Safe/Arm relays
B4 - Switching Transistors
80 68 ufd, Energy storage capacitédrs
60 volt
8 3600 ohm, | Charging resistors
L watt
4,3 (9.5) Kg (1b) Weight
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TABLE VII
. , TECHNICAL CHARACTERISTICS DATA
DATA FORM B Py, 8 of 8
WBS QUANTITY
IDENTIFICATION WBS IDERTIFICATION OR UNITS OF | CHARACTERISTICS NOTES
NUMBER VALUE MFASURE
10-0228 ELECTRICAL POWER
Battery 1 - Silver-zinc,
remotely activated
600 Wact-Hrs | Capacity
2.8 Volts Supply Voltage
14,5 (32) Kg (1b) Weight
Power Control Unit 1 - Assembly per LES
2 - Switching Relays
2 - Isolation Diodes
0.68 (1.5) Kg (1b) Weight
7.6%7.6x7.6 Cm Size
{(3x3x3) (Inch)




5.0 TOTAL PROGRAM FUNDING SCHEDULES

The included Teble VIII is the recommended funding schedule for
the new design portion of scenario C-2. This tekje amplifies the new design
portion of the scensrio ¢~2 cost schedule shown on Table T-XXII of Volume IV,
The costs are broken down to level b in order to give greater costing visibility.
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TABLE  VIII

FUNDING SCHEDULE

SCENARIO C2 NEW DESIGN

DATA FORM € (COSTS 1N THOUSANDS OF DOLLARS)
oos | PROJECT wWBS ITEMS 1979 | 1980 | 1081 | 1982 | 1983 | 1984 | 1985 |198s | 1087 [198e | 1989 [1se0 | 2991 TOTAL
10~100 { PROJECT MANAGEMENT 153 | 383| 673 | 1,362 | 1,568] 1,424 | 1,026 | 1,848] 2,372 1,880 2,242 2,210] 2,350] 20,262
10-200 | LES VEHICLE 644 | 9,200 | 2,965 | 6,505 | 13,394 [11,412 |16,618 | 16,987] 23,50€ 18,613 22,880 20,239 | 23,166| 185,209
10-400 | SYSTEM ENGR & INTEGRATION 39 107 26 | 1,156 | 1,728) 1,584 | 2,015| 2,015] 2,589 2,159[ 2,446 2,302| 2,583 20,753
10~500 | ATRBORNE SUPPORT EQUIPMENT 322 3,760 1,2-89 0 0 0 0 0 0 0 u 0 0 5,371
10-600 | SOFTWARE 74 388 108 0 0 4] o 0 0 -0 o; 0 Q 570 '
10-700 | SYSTEM TEST & EVALUATICH 71 s28 | 785 43 0 0 0 0 0 0 0 0 ol 1,427
10-800 | GROUND SUPPORT EQUIPMENT 0 158 | 3,160 632 ) 0 0 ) ¢ 0 0 0 ol 3,950
10-900 | GROUND OPERATICNS 0 16| 130 | 1,252 | 2,405| 2,258 | 2,697 | 2,697} 3,202 2,843 5,135 2.559 3,282 26,937
10~100 FLIGHT OPERATIONS 0 0 0 12 24 21 30 e 42 33 39 36 a2 309
20~200 | ORBITER INTEGRATION (2500 | (500 | (50)% ~2 144|126 180 180 2521 198 234 218 252| 1,854
TOTAL 1,303 114,620 | 9,136 [11,072 |19,263 [16,815 |23,366 | 23,758| 32,043) 25,826 | 23,977|27,892{ 31,661| 266,692

“THESE COSTS, DEFINING AND MAINTAINING INTERFACE CONTROL, WERE ACCUM'ATED UNDER WBS 10-100, 200, 500 AND 700.

e v ——— i




6.0 DETATLED COST INFORMATION BY ELEMENTS OF COST

The included Teble IX gives detail cost deta, to level 5,
for the new design portion of scenaric C-2. The elements are:
¢ IEngineering
Tooling/Test Equipment
Moenmafacturing and Materials
Subcontract Materials

e &€ o o

Operations
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TABLE 11X

DETAIL COST DATA
SCENARIG C2 NEW DESIGN

DATA FORM D
ELEMENTS OF COST ($ X 1000)
WBS .
CODE WBS ELEMENTS TOOLING-TEST| MFG. AND |SUBCONTRACT
ENGINEERING | EQUIPHMENT MATERIALS | MATERIALS OPERATICNS TOTAL
10-100 PROJECT MANAGEMENT { 1,530) o (13,738) E (5,000) { 20,268)
16-200 LES YEHICLE { 6,285) {1,981) (175, 898) {1,042) 0 (185,204)
10~210 BODSYER STAGE 0 0 0 0 0 0
10~220 DELIVERY STAGE 6,285 1,981 175,896 1,042 0 185,204
1p0-221 INTEGRATICN AND ASSEMBLY 870 58 8,314 Q 0 9,242
10-222 STRUCTURE ANP MECHANISM 712 70 9,635 1 [ 10,417
10-223 THERMAL SYSTEM 86 18 2,811 55 0 2,970
10-224 MAIN PROPULSION 1,655 966 66,358 o a 68,979
10-225 REACTION CONTROL SYSTEM 385 199 20,031 0 0 20,615
10-226 DATA MANAGEMENT/COMMUNICATIONS 19 (] ] 987 0 1,006
10-227 GUIDANCE, WAVIGATION AND CONTROL 2,193 645 66,911 0 0 69,749
10-228 ELECTRICAL POWER SYSTEM 365 25 1,836 0 0 2,226
10-400 SYSTEM ENGINEERING AND INTEGRATION (13,908} (45} 0 0 (6,799) ( 206,752)
10-401 LES SYSTEMS ENGINEERING 19,280 0 0 0 4,799 15,079
10-402 LES/ASE INTEGRATION 1,877 45 0 0 0 1,922
10-403 LES/PAYLOAD INTEGRATION 1,751 0 0 [ V] 1,751
10-404 SUSTAINING ENGINEERING s ] 0 1] 2,000 2,000
10-500 AIRBORNE SUPPORT EQUIPMENT { 2,667) {226) (2,478) 0 o { 5,371}
10-50) INTEGRATION AND ASSEMBLY 73 23 20 1 Q 116
10-502 STRUCTURE AND MECHANISM 2,262 181 2,368 0 o 4,811
10-503 AVIONICS ~ ASE 142 15 44 0 0 201
10-504 CONTROLS AND DISPLAYS 190 7 16 0 Q 243
10-600 | SOFTWARE B {570) 0 Y 0 0 (570)
10-700 SYSTEM TEST AND EVALUATION { 1,072) (250) {105) 0 0 { 1,427)
10-701 DEVELOPMENT TEATING . 776 228 ] 0 0 1,004
10-~702 QUALIFICATICM TESTING 281 22 o 0 o 303
10-703 MOCRUPS 15 0 105 0 0 120
10-880 GROUND SUPPORF EQUIPHMENT (1,273 0 (2,677) ] 0 { 3,950)
10-801 CHECKOUT 490 0 1,546 b} 0 2,036
10-802 HANDLING/ASSEMELY/SERVICING 783 0 1,131 0 0 1,914
10-900 GROUhW OPERATICHS ¢ 0 (2,575) o [24,412) { 26,987)
1g-501 LOGISTICS/TRAINING ) ¢ 0 0 1,018 1,018
10-902 SPARES/REPAIR PARTS (] 0 2,575 0 0 2,575
10~903 FIELD SUPPORT 0 ) (] 0 23,394 23,394
10-1000 | FLIGHT OPERATIONS . 0 ] 0 0 (309) ¢ 308}
20-0200 | ORBITER INTEGRATION ( 371) ¢ 0 (1] {1,483) t 1,854)
TOTAL 27,676 2,502 197,569 1.042 38,003 266,692
s LI | ¥ ] [ £ - L34 L3
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LOW ENERGY STAGE STUDY
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INTRODUCTION

The Work Breakdown Structure (Figure 1) is intended to fully define the
various Low Energy Stage (LES) Configurations and associated equipments, and
integrate these elements into the Shubtle Orbiter, The LES project is sub~
divided into Project Management, LES Vehicle, Facilities, Systems Engineer-
ing and Integration, Airborne Support Equipment (ASE),Software, System Test
and Evaluation, Ground Support Equipment, Ground Operations and Flight
Operations. The Space Shuttle Users Charges and Orbiter Integration are
included %o give complete consideration of the comparative cost of each LES
approach, The cost of the payload will not be included in the study, except
as it influences the Shuttle users charge.

A dictionary of the elements shown in Figure 1 is provided down through
Level 5, where applicable,
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 WORK BREAKDOWN S

TRUCTURE

FOR LES STUDY e

1-X
LES \
PROGRAM .
== = o o o o ey e o e 1
10 20
i SPACGE
PAYLOAD LES PROJECT coPACE
010 USERS CHARGE
020 ORBITER INTEGRATION
] ! i ! 1 i
0100 0300 0200 0600 0700 0900 1000
PROJECT SYS. ENGR. , SYS. TEST GROUND FLIGHT
MANAGEMENT FAGILITIES & INTEG. SOFTWARE | | 3EvaL. OPERATIONS | | OPERATIONS
' 01 DEVEL. 01 LOGIST/TRAIN
0200 01 LES SYS. ENGR. 02 QUAL. 02 SPARES/REPAIR PARTS
.02 LES/ASE INTEG. 03 MOCKUPS 03 FIELD SUPT,
LES VEHICLE 03 LES/PL INTEG.
L 04 SUST. ENGR.
(01 VEH INTEGR. & ASSY.
i i
0210 072t 0500 0800
BOOSTER DELIVERY AIRBORNE GROUND
STAGE STAGE SUPT. EQUIP. SUPT. EQUIP.
01 INTEGR. & ASSY. 01 INTEGR. & AS3Y, 01 INTEGR. & ASSY. }:m CHECKOUT !
| 02 STRUCTURE - 02 STRUCTURE 02 STRUCT. & MECH. 02 HANDLING/ASSY. & SERVICING
03 THERMAL 03 THERMAL 03 AVIONICS .
04 MAIN PROP, 04 LIAIN PROP. 04 CONTROLS & DISP,
L 05RCS 05 RCS
- 07GNAC 06 DATA MGMT/COMM

07 GN&C

~0BELECT. PHR
AS=20304 05 ELECT. PWR.




s TR R Y, A T T T T LI AN RTINS, e e e N L T S R T Y T g e - = g e s VAN T T T T Tty

I

WBS ELEMENT 1-X - LES PROGRAM

Rowsiva zed

The Low Energy Stage Program has the objective of placing Shuttle
automated payloeds into low energy earth orbits from the cargo bay of
1 the shuttle. Alternative IES systems will be configured to accomplish
i this task. Based on a NASA mission model, reference missions and design
B8 eriteria will be established for the low energy regime below the capebility
P of the smallest planned expendable Shuttle upper stage. The WBS of Figure
i 1 is a product-oriented family tree composed of hardware, services and
5 data elements. This dictionary describes the engineering, manufacturing,
test and operations of the LES program and covers efforts during develope
ment, production and operation in definition of the project/program,

WBS ELEMENT 0000 - PAYIOAD

E' The NASA Space Transportation System is responsible for placing
spacecrafi't setellites in orbits of various inclinations and altitudes.

Major activity is forecast for geosynchronous orbits, deep-space missions,

_ elliptical orbits, and low energy circular orbits higher than the Shuttie

! standard orbit altitude (296 km). Peyloads with such destinations will
require a propulsion stage in addition to the Shuttle. Both the payload
and the propulsion stage will be delivered to Shuttle orbit and deployed.

a Before release, the combined propulsion-stage/payload system will be
checked and readied for launch, and flight trajectory will be loaded via
the orbiter general purpose computer.

§ Combined with the large weight and volume cepacity of the Shuttle,

this capability provides the payload designer new freedom in developing
) and operating satellites that can reduce costs as vell as improve per-
a Yormance,

Cost of payloads will not be a part of the LES study. However, the
§ payload interface with the stage and orbiter ASE affect the cost of these
i components., The capability of payloads to be supported by pallets or other
existing/planned ASE will reduce the cost of the stage and associated ASE
structure,

WBS ELEMENT 20-000 - SPACE SHUTTLE

The primary design and operations goal for the Space Shubttle Program is
to provide low-cost transportation to and from eurth orbit. Free-flying or .
. automated satellites will be delivered to and recoversed from many types of
I orbits, Automated payloads with propulsive stages attached will be deployed
from the space shuttle and placed in low/high-energy trajectories.

- The Space Shuttle {light system is composed of the QOrbiter, an external
tank (ET) thaet contains the boost/ascent propellant to be used by the Orbiter
main engines, and two solid rocket boosters {(SRB's)., The Orbiter and SRB's
are reusable; the external tank is expended on each launch.

For the LES study the costs collected under this WBS element will be the
shuttle user charge for the stage, ASE, and payload and the cost to integrate
end meintain the shuttle/stage/ASE interfaces.

__q:‘mu.-.“
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WBS ELEMENT 20~0100 - USERS CHARGE .

Users charge is the cost of using the Shuttle Orbiter cargo bay. The
Space Transportation System (STS) User Hanlbook defines the user charge as
the product of the ratio of load factor < 0.75 and the Shutile charge for
& dedicated Shuttle flight. Load factor is the greater value of length
load factor or weight load factor determined by:

o Vehicle length + 60 feet, or

¢ Launch welight + allowable Shuttle payload weight for the
specified launch site and Shuttle orbit altitude and inelination,

Shuttle charge used in this study was obtained by escalating the mid
FY'75 price of $18 million (from the STS User Handbook) for U.S. civil
government users according to the increase in Bureau of Labor Statistics
total private index for compensation per hour from mid FY'7?5 to mid FY'77.
This resulting Shuttle user charge, used in the LES study, is $21.83L4 million.

WBS ELEMENT 20-0200 - ORBITER INTEGRAT ION

This element provides that engineering and manufacturing effort
required to define and maintain the LES interface with the Orbiter, inecluding
analysis and identification of 1ES tests and checkout operations affecting
‘that interface, analysis and identification of configuration changes affect-
ing the interface, and evaluation/coordination of recommended changes %o the
interface,

WBS EIEMENT 10-0000 - LOW EMERGY STAGE PROJECT

This LES Project summery contains the complex of hardware, software,
services and specific tasks required to develop, design, procure, manufacture,
test, checkout, deliver, accept and operate the LES vehicle system, This
element includes test articles, mock-ups, production articles, support
equipment, logistics, training, data, ete., associated with the LES system.

The IES Project is subdivided into:

HBS TITLE

10-0100 PROJ: T MANAGEMENT
10-0200 LES VEHICLE

10-0300 FACILITIES

10-0400 SYSTEMS ENGINEERING AND INTEGRATION
10-0300 ATRBORNE SUPPORT EQUIPMENT
10-0600 SOFTWARE

10-0700 SYSTEM TEST AND EVALUATION
10-0800 GROUND SUPPQRT EQUIPMENT
10-0900 GROUND OPERATIONS

10~1000 FLIGHT OPERATIONS

-
i
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WBS ELEMENT 10-0100 - PROJECT MANAGEMENT

This element accomplishes the technical and business management of the
LES Program, including the effort associated with planning, directing and
controlling the definition, development and manufacture of the system as
well as the supporting life cycle functions of Logistics and Maintenance
support, Training and Operational Testing, and Operational Development of
the system, The project/system management effort which is directly and
specifiecally associated with hardware elements is excluded here and in-
cluded with the item, The disciplines of Configuration Management,
Performance Management, Data Management, Cusbomer Liaison and Contract
Administration are performed in this element, In addition, this category
will include operations procedures, maintenance procedures, ordinance test
procedures, general procedural administrative technical manual, etc., for
factory/field and meaintenance of all items. ’ ’

WBS ELEMENT 10-0200 - LOW ENERGY STAGE (IES) VEHICLE

The vehicle consists of the integrated LES system equipment installed
in the Shuttle Orbiter, which functions to place spacecraft into their
operational environment. This element includes the delivery stage, booster
stage if required, and assoclated assembly hardware as a Total LES vehicle
entity. It also includes the total of the design, development, test and
production of complete units (prototype and/or operationally configured)
witich satisfy the requirements of their end use,

The ILES vehicle is subdivided into:

WES TITLE

100201, VEHICLE INTEGRATION AND ASSEMBLY
10-0210 BOOSTER STAGE

10-0220 DELIVERY STAGE

WBS ELEMENT 10-0201 ~ VEHICLE INTEGRATION AND ASSEMBLY

This element refers to the integration and assembly of Level 4 hardware
elements into a LES Vehicle as an entity and testing of integrated LES
Vehicle Level Lt elements, The Level U hardware consists of the delivery
stage and the booster stage together with associated assembly hardware,

The element includes all effort associated with the vehicle Preliminary
and Final General Arrangement and inboard profile drawings, integration and
interface drawings and design characteristics and drawing maintenance for
production. Alsc includes performance of any vehicle level development and
acceptance testing. The activities outlined under WBS elements 10-0100
Project Management and 10-0700 System Test and Evaluation (Development Test,
ete,) have been excluded,

J T i e e e
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WBS ELEMENT 10-0210C -~ BOOSTER STAGE

The Booster Stage consists of integrated propulsion, avionies and i
structural equipment vhich vwhen integrated with the Delivery Stage and
after deployment from the Shuttle Orbiter functions to inerease velocity ,
to enable the LES to deliver spacecraft to low energy destinsbion orbits. o
The Booster Stage includes the totel of the design development, test and
produciion of complete units (prototype and/or operational configured) -
which satisfy the requirements of their end use. Tooling for development, N
qualii'ication and production will be included with each subelement, where

required, TFor Task 6, Boosters consist of S3US rchased it, | _
%Eg ggr ggs§a§{gg§)inéludes integration of SSUS é%@hpghe Séylogg EEEP%E§§ g%%gy,jREV° A

The Booster Stege is subdivided into:

BS TITIE .
10-0211. INTEGRATION AND ASSEMBLY

10-0212 STRUCTURE

10-0213 THERMAL

10-021h MAIN PROPULSION

10-0215 REACTION CONTROL SYSTEM

10-0217 GUIDANCE, NAVIGATTON AND CONTROL

10-0218 ELECTRICAL POWER

WBS ELEMENT 10-0211 -~ INTEGRATTION AND ASSEMBLY

This element contains all labor and material reguired to integrate the
various subsystems into a complete Booster Stage. Final assembly, attachment
and installetion hardware and final factory acceptance operations are included,
Also included are the preparation of final factory accepiance checkout pro-
ceduras, menufacturing liaison aad the coordination and accomplishment of
customer acceptance of the completed articles.

WES ELEMENT 10-0212 - STRUCTURE

This element summerizes all work associlated with the design, development,
test, assembly and support of the Booster Stage structural elements, Tasks
include analysis, design, development, test, materials, manufacturing,
gquality control tests, and qualification test of components and subsystems,
and associated support. Additionally, this will include provisions for test
equipment and tooling for development, qualification and production, Wher-
ever hardware is purchased, this element covers the preparation of speci-
Pications, supplier liaison and direction, Wherever facllities are rented,
this element covers the charges. Integrated tesiing at the vehicle system
level is not included.

Structural elements are considered to include the primary structural
shell (or framework), Delivery Stage edapter structure, propulsion system
support structure, equipment attachment structure and bracketry, attachment
trunnions and beems and separation plane interface hardware. The destabili- i
zation and spin balance subsystems are also included here, when required.

A-T



WBS ELEMENT 10-0213 - THERMAL

This element covers the design, manufacture, procurement, installation,
and test of Thermal Control devices required by the Booster Stage, This
would include both active heating devices, and passive insulabion materials
such as reflective/absorption coatings, heating blankets, insulation blankets,
heating elements, thermal sensors, together with controller and logic for
thermal monitoring and control.,

WBS ELEMENT 10.021L < MATI PROPULSTION

The propulsion element refers to the means for generation of propelling
forces for the Booster Stage. This element includes alternative solid
propulsion motors including case, liner, insulation, nozzle, safe and arm
device, propellent, igniter, and integrated hardware, The motor is considered
& subcontract procurement from a propulsion supplier, or it may be obtained as
part of an existing stage. The motor may be purchased unmodified, or it may
be off-loaded and/or have the nozzle trimmed (shortened),

This element includes the costs associated with the plamming, scheduling,
design, develcpment and production of the selid rocket motor, The element
includes the asszmbly and test of development, qualification, production and
quality assurance motors. This element alse includes the prime contractors!
costs for the preparation of procurement specifications, envelope drawings,
technical liaisonand supportto the subcontractor, managemeni of the subcontract,
quality control surveillance and assessment of the subcontractors' performance.

WBS ELEMENT 10-0215 - REACTION CONTROL SYSTEM (RCS)

This element refers to the means for receiving guidance intelligence in
the form of control signals and generating appropriate reaction control
forces by means of reaction motors. For the booster, the only RCS systems
used are those which come as part of purchased (existing) stages.

WBS ELEMENT 10-0217 - GUIDANCE, NAVIGATION AND CONTROL

The guidance element refers to the means for generating guidance
intelligence, and conditioning the intelligence to produce control signals
for the Booster Stage. Controllers may interface with the propulsion system
to produce control reaction forces for attitude control. If design is such
thet electronics are packaged into a single rack or housing as an assembly,
this rack or housing will be considered part of the guidance system, This
element includes, for example, the guidance intelligence system, computer,
sensing elements, autopilot, telemetry signal conditioning, ignitlon system
(sequencing) elements, etc. In addition, the Ignition safe/arm conbrol
system is included here, The guidance system usually is carried as part of
the Delivery Stage. However, for some configurations, components of GN&C
are placed on the booster,
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WBS ELEMENT 10-0218 - ELECTRICAL POWER

This element includes all effort and material required to design,
develop, procure and/or fabricate, assemble, checkout, test and deliver all
hardware and documentation for the electrical power and ignition systems
which include the vehicle electrical power source control, and all vehicle
interconnecting wiring, Tor the booster, the only electrical systems used
are those which come as part of purchased (existing) stages.

WBS ELEMENT 10-0220 - DELIVERY STAGE

The Delivery Stage is the primary propulsion stage and consists of
integrated propulsion, avionics and structural equipment (and related soft-
ware), which after deployment from the Shutitle Orbiter functions to place
the payloads into a predesignated orbit, This element inecludes alternate
liguid propulsion and solid rocket propulsion modes,

The Delivery Stage ineludes the payload interface and interface provi-

sions for booster stage. It also includes the total of the design, develop-

ment, test and production of complete units (prototype and/or operationally
configured) which satisfy the requirements of their end use. Tooling for
development, qualification and production will be included with each sub-
element, where required,

The Delivery Stage is subdivided into:

WBS PITLE

10-0221 INTEGRATION AND ASSEMBLY

10-0222 STRUCTURE

10-0223 THERMAL

10-022%4 MAIN PROPULSION

10-0225 REACTION CONTROL SYSTEM

10-0226 DATA MANAGEMENT /COMMUNICAT IONS
10-0227 GUIDANCE, NAVIGATTION AND CONTROL
100228 ELECTRICAL POWER

WBS ELEMENT 10-0221 - INTEGRATION AND ASSEMBLY

This element contains all labor and material required to integrate the
various subsystems into a complete Delivery Stage. Final assembly, includ-
ing attachment and installation hardware, and final factory acceptance
operations are included. Also included are the preparation of final factory
acceptance checkout procedures, manufacturing liaison and the coordination
and accomplisrhment of customer accepbance of the completed articles.
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WBS ELEMENT 10-0222 - STRUCTURE

This element summarizes all work associated with the design, development,
test, assembly and support of the Delivery Stage structural elements, Tasks
include analysis, design, development, test, materials, manufacturing, i
qualibty control tests, and qualification test of components and subsystems, ki
and essociated support. Additionally, this will include provision of test i
equipnment and tooling for development, qualification and production., Wherever
hardvere is purchased, this element covers the preparation of specifications,
supplier liaison and direction. Wherever facilities are rented, this element
covers the charges, Dntegrated testing at the vehicle system level is not
included.

Structural elements are considered to include the primary structural
shell (or framework), payload adapter structure, propulsion and Guidance/
Control Systems support structure, equipment attachment structure and
bracketry, attachment trunnions and beams, and separation plane interface
hardware. The destabilization and spin balance subsystems are also included
here, when required,

WBS ELEMENT 10-0223 - THERMAL

This element covers the design, development, menufacture, procurement
installation and test of Thermal Control components and subsystems required
by the Delivery Stage. This would include both active heating devices and
passive insulation materials such as reflective/absorption coatings, heating
blankets, insulation blankets, heating elements, thermal sensors, thermal
control electronics, radiaters, materials, etc, Tasks include analyses,
design, development, test, manufacturing, quality control and qualification
test of components and subsystems and associated support hardware. Wherever
hardware is purchased, this element includes specification preparation,
supplier liaison and direction,

Integrated testing at the vehicle system level is not included.

WBS ELEMENT 10-0224 - MATN PROPULS ION

This propulsion element refers to the means for generation of propulsion
impulses for the Delivery Stage. The several alternative candidate propulsion
concepts considered include monopropellant liguid systems, bipropellant liquid
systems and adaptations of solid motorsystems, This element includes the .
costs associated with the planning, scheduling, analysis, design, development,
test, production and quality control of these candidate systems as well as
assembly and test of development, qualification and production components,
subsystems and motors and associabed test equipment and tooling., Addition-
ally the prime contractors costs for the preparation of procurement specifi-
cations, envelope drawings, technical liaison, direction and support of the
subcontractor, management of the subcontract, quality control surveillance
and assessment of the subcontractor's performance are included., This element
may or may not include propellant, tankage and flow subsystem hardware for
the RCS, depending on whether the RCS is an integral part of main propulsion,

-
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WBS ELEMENT 10-022k - MATN PROPULSION (Continued)

Integrated testing at the vehicle system level is not included.

Propulsion elements are considered to include: thrusters, propellant
and pressurant tankage, flow system hardware, associated instrumentation,
vent and safebty hardware, test and servieing interfaces, electrical and
pyrotechnical interfaces, and associated pyrotechnical subsystems,

WBS ELEMENT 10-0225 - REACTION CONTROL SYSTEM (RCS)

This element refers 5o the means for receiving control signals and
associated power and generating appropriate reaction control forces by
means of reaction thrusters, BSeveral alternative candidate reaction con-
trol concepts will be considered, These include bipropellant, monopropellant
and cold gas systems. This element will include the costs associated with
the planning, scheduling, analysis, design, development, test, production
and quality control of these candidate systems as well as the assembly and
test of development, qualification, and production components and subsystems
and associated test equipment and tooling. Additionally the prime contractor’s
costs for the preparation of procurement specifications, envelope drawings,
technical liaison, direction and support of the subcontractor, management of
the subcontractor, quality control surveillance and assessment of the sub-
contractors’ performance are inciuded here, RCS elements include;
thrusters, flow system hardware, associated instrumentation, test
interfaces, and electrical interfaces,

Integrated testing at the vehicle system level is not included.

WBS ELEMENT 10-0226 - DATA MANAGEMENT /COMMUNICATIONS

This element includes only the antennse and transmitters with associated
harness, The Data Management subsystem is contained in GN&C.

WBS ELEMENT 100227 ~ GUIDANCE, NAVIGATTION AND CONTROL

The guidance element refers to the means for generating guidance
intelligence, and conditioning the intelligence to produce control signals
for the Delivery Stage. Controllers may interface with the propulsion
system to produce control reaction forces for control. If design is such
that electronics are packaged into a single rack or housing as an assembly,
this rack or housing will be considered part of the guidance system., This
element will include the costs associated with the planning, scheduling,
analysis, design, development, test, procurement and quality control of the
selected systems, as well as the assembly and test of development, qualifi-
cation, and production components and associated test eguipment snd tooling.
This element includes the guidance intelligence system, computer, sensing
elements, autopilot, telemetry signal conditioning, ignition system
(sequencing) elements, ete,

For reaction control system element, see 10-0225 RCS,
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WBS ELEMENT 10~0228 ~ ELECTRICAL POWER

This element ineludes all effort and material required to design,
develop, procure andfor fabricate, assemble, checkout, test, and deliver
g1l hardware and documentation for the electrical power system which include
the vehicle electrical power source, electrical power control and distribution,
all vehicle interconneciing wiring and EMI protection.

WBS ELEMENT 10-0300 -~ FACILITIES

This element includes all new construction, modifications or expansions
of facilities for development, gqualifieation, production, storage inventory
and manufacture required by the LES systems contractor. Facility operation,
Pield facilities, and maintenance costs are provided in this element, with
that part related to development, qualification facilities being an engineer-
ing cost and Manufacturing Facilities being a manufacturing cost and that
part associated with Ground Operations being an operations cost. The costs
ineluded here are planning, scheduling, coordination, design, construction,
procurement, inspection, installation, set-up, servicing acceptance review
and activation of these facilities,

WBS ELEMENT 10-0LOO - SYSTEM ENGINEERING AND INTEGRATION

This element encompasses all subsets of the systems engineering task
implicit in directing and controlling the engineering effort, The included
disciplines are System Definition, System Performance Definition, Interface
Definition, Reliability and Quality, Maintainability, Logistics Planning
and Management, Technology Application, Manpower Planning, Human Engineering,
System Safety, Configuration Management and Quality Engineering.

This element is subdivided inko:

WBS TTTLE

10-0401 IES SYSTEMS INGINEERING
10-0L02 LES/ASE INTEGRATION
100103 LES/PAYLOAD INTEGRATION

10-040k SUSTATNING ENGINEERING

WBS ELEMENT 10-0401 ~ LES SYSTEMS ENGINEERING

This element pertains to the technical and management efforts of direct-
ing and controlling a totally integrated engineering effort, The element en-
compasses system definition and the integrated planning and control of the
technical program efforts of analysis, design engineering, performance anal-
ysis and capabilities production, logistics engineering, specialty engineer-
ing, production engineering and test planning, Pre-flight planning and post
flight reporting, including data acquisition, data reduction and analysis and
reports are part of this element. Included here is the System Engineer=
ing effort to transform an operational need or statement of deficiency into
& description of system requirements and a preferred system configuration;

-
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VBS ELEMENT 10-O401 - LES SYSTEMS ENGINEERTNG (Continued)

the Logistics Engineering effort to define, optimize and integrate the
logistics support considerations into the mainstream engineering effort to
insure the development and production of a2 supportable and cost effective LES
system; and the technical plemnning and control effort for planning, monitoring,
measuring, evaluating and directing the management of the technical progranm,

It excludes the actual design engineering, and production engineering directly
related to the products or services of a deliverable end item.

WBS ELEMENT 10-0402 - IES/ASE INTEGRATION

This element refers to the Factory integra%ion and assembly of the
Airborne Support Equipment with the Low Energy Stage as a whole, Tt includes
installation of connecting (Jjoining) hardware, fit checks, hook~up of GSE,
and systems test of the total installation for verification of compatibility
and interface. Both development and recurring costs are included here,

WBS ELEMENT 10-0403 - LES/PAYIOAD INTEGRATION

This element refers to the Factory integration and assembly of the pay-
load with the Low Energy Stage as a whole., It includes installation of
connecting {Jjoining) hardwaere, system interconnects, and “interface verification
demonstration. Both development and recurring costs are included here.

WBS ELEMENT 10-0kOh . SUSTATWING ENGINEERING

This element provides all sustaining engineering effort, following
DDT&E, required for the LES project after the completed, assembled concept
has been checked oub for full flight certification and delivered., Also
included are in-plant engineering liaison support of operationsl activities
and the susteaining engineering support required at the launch sites during
the operations phase., Activities would include further allocation of per-
formance requiremsnts for the vehicle into subsystem requirements, evaluation
of vehicle, ASE and GSE performance, maintainability analysis, etc. Excluded
are those activities that pertain to major hardware (ECP) modification re-
quired to meet new performance specifications or requirements, Cost for ECP
modifications will be estimated separstely, and applied against the hardware
items at WBS Level 3,

WBS ELEMENT 10-0500 - AIRBORNE SUPPORT TQUIPMENT

This element consists of the avionic and structural Airborne Support
EBquipment (ASE) necessary to integrate/interface the LES into the Shuttle
Orbiter for all Shuttle flight operations including abort and venting,
Airborne Support Equipment includes hardware and software which is required
in the Shuttle aft flight crewdeck and Orbiter cargo bay to functionally
support 2ll LES stages and spacecraft. Its mein function is for retaining
and then enabling the LES to separate from the Shutitle Orbiter, This element
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WBS ELEMENT 10-0500 - AIREORNE SUPPORT EQUIPMENT (Continued)

summarizes the design, development, qualificsticn testing of components and
subsystems, manufacturing, tooling and special test equipment, assermbly,
eheckout/acceptance, and procurement efforts required to produce complete
airborne support equipment (prototype or production) configured units which
satisfy the applicable specification requirements,

This element is subdivided into:

HBS IR

10-0501 INTEGRATION AND ASSEMBLY
10-0502 STRUCTURE AND MECHANISM
10-0503 ASE AVIONICS

WBS ELEMENT 10-050). - INTEGRATION AND ASSEMBLY

This element covers all activities <4n integrating, assembling and test-
ing the lower level ASE elements and systems into a complete segment. In-
cluded are such items as: +he preparation of system specifications and
schematics; the definition of intra-lES segment interfaces; the preparation
of assembly and installation drawingsj the conduct of final integrated
development and acceptance tests; the design and manufacture of non-deliverable
support eguipment used to perform the integrated development and acceptance
testss preparation and shipment of completed end items, ZExcluded is the
Shuttle interface system engineering effort of WBS 10-0402,

WBS ELEMENT 10-0502 - STRUCTURE & MECHANISM

This element consists of a cradle structure assembly and its accussories
ineluding optional spin table, or spring ejection assembly. The cradle
structure m2y include an erection mechanism, and remote controlled latcl.
mechanisms., The spin table, when required, includes spin motors and a brake
system, The spin table is an optional item, required for spinning stages
only, and used without motors and brake for three axis launches. For some
deployment approaches, erection may not be required; the stage would be lifted
out or ejected in a direction perpendicular to the cargo bay center line,

WBS ELEMENT 10-0503 - ASE AVIONICS

This element includes the ASE Power Control Unit, the ASE Signal/Data
Interface Unit, and the Cradle Cabling. The two units are installed on the
cradle but are packaged separately to isolate the signals from power,

The ASE Power Control Unit accepts and transfers Orbiter power to the
LES, spacecraft umbilical release, ASE Signal/Data Interface Unit, deployment
mechanism, and spin table (if required). The Signal interfaces are routed
through the ASE Signal/Data Interface Unit, .
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WBS ELEMENT 10-0503 - ASE AVIONICS (Continued)

The ASE Signal/Deta Interface Unit provides any command/fesponse interface
circuitry required, between the LES and cradle systems, from these systems
to the existing payload accommodations and to the mission peculiar control
and monitor panel. It also provides the caution snd warning sensors with
excitation and signal conditioning compatible with the Orbiter furnished
caution and Warning Electirenics Unit. ‘

The cradle cabling interfaces the ASE Signal/Data Interface Unit and the
ABE Power Control Unit to one another, to signal and power wmbilical, to the
deployment mechanism, and, if required, to the spin table and to caution and
warning sensors on the cradle,

WBS ELEMENT 10-050h4 - ASE CONTROLS AND DISPIAY

This element includes the Caution and Warning Panel (Orbiter furnished),
the Control and Monitor Panel and the Cable Planb. Both panels are installed
in the Aft Crew Station and are interfaced via Orbiter furnished cabling to
the above Cable Plant and to existing Orbiter payload accommodations, The
Cable Plant (of this element) interfaces the Aft Crew station cabling to the
ASE Signal/Data Interface Unit on the cradie,

The Control and Monitor Panel provides dedicated switching and indicators
to activate, checkout, control and monitor the LES and the cradle mounted
equipment while using the payload accommodations,

WBS ELEMENT 10-0600 - SOFTWARE

This element is for the accumulation of all effort and materials re-
quired to develop and/or procure, checkout, test, deliver and up-date all
goftware for the guidance,ignition,telemetry (T/M) and GSE. Testing
activities include development, design verification and acceptance testing.

The software inciuded herein consists of all guidance system software
such as vendor test software, contractor test software and flight software,
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WES ELEMENT - 10-0700 - SYSTEM TEST AND EVALUATION

This element includes the effort to plan end perform integrated systenm
level tests on the LES vehicle and major element interface tests (2.8., LES/
Orbiter interfaces, EMI, etc.,) for both ground and flight testing. Included
gre ground test hardware, ground test operations, flight test hardware, and
fiight test operations. Also inciuded are mockups, test support and test
facilities, Herdware for subsystem test and qualification is excluded from
this element, but is included with their design and development cost.
Propellants and gases are included under the appropriste test operations.

This element is subdivided into:

WES TITLE

10-0701 DEVELOPMENT
10-0702 QUALIFICATION
100703 MOCKUPS

WBS ELEMENT 10-0701 - DEVELOPMENT

The development element refers to test planning and use of prototype
equipment to acquire engineering data and confirm the engineering hypothesis,
This element encompasses all development, test, and evaluation and includes
such models and tests as statie, drop, and fatigue; integration, ground tests,
f£light test, test instrumentation and test equipment, including its support
equipment., Additionally the Main Propulsion, RCS, Thermal and Structural
systems will undergo design verification tests,

WBS ELEMENT 10-0702 - QUALIFICATION

The Qualification element includes those ground tests conducted to
primarily determine resistance to environmental conditions, Most tests in
+this category are conducted at component and subsystem level and are excluded
aere and included with the development cost for hardware elements. However,
{he Structural, Thermal, Main Propulsion and BCS Systems are qualified jointly,
with dummy elements representing the other systems. The cost for tests such
as Vibration/Acoustics, Thermal Vacuum, electro-magnetic compatibility, ete.,
will be included here for the noted items, cogether with the qualification
report document preparation cost.

WBS ELBEMENT 10-0703 - MOCKURS

The mockups element refers to the design, engineering, and production of
system or subsystem mockups which have special conbractual or engineering
significance, or which are not reguired solely for the conduct of other test-
ing. Also, this element refers to the design and fabrication of test hardware
configurations required to verify and control interfaces for fit, form and
function, The payload and booster stage interfacss with the delivery stage
and the LES vehicle interface with the Orbiter are included. Mass mockups of
spacecraft required for LES vehicle dynamics tests are included. A simulator
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WBS ELEMENT 10-0703 - MOCKIPS (Continued)

for verifying the interface of LES Avionics ASE as installed in tte Orbiter
is included here. Tooling and fixtures used for production are excluded.

WBS ELEMENT 10-0800 - GROUND SUPPORT EQUIPMENT

This element summarizes the labor and materials required to design,
manufacture, procure, assemble, test, checkout, ard deliver all the sets of
GSE hardware and transporving and handling equipment required by the LES,

This element is subdivided into:

WBS TITLE
10-0801 CHECKOUT
10-0802 HANDLING/ASSEMBLY & SERVICING

WBS ELEMENT 10-0801 - CHECKOUT

This element is the summary level for all effort and materials associated
with the hardvare required to produce the Test/Checkout/Service Equipment
required at test facilities, Included in this element is the design develop-
ment, procurecment and/or fabrication, essembly, checkout, test and delivery of
the hardware associated with the Test/Checkout/Servicing/Equipment.

WBS ELEMENT 10-0802 - HANDLING/ASSEMBLY & SERVICTNG

This element is the summary level for all eflort and materials associated
with the hardware required for handling/assembly and transport of the IES
stage, Included in this element is the design, development, procurement,
and/or fabrication, assembly, checkout, test and delivery of the hardware
associated with the LES Handling and Transporting Equipment.

WBS ELEMENT 10-0900 ~ GROUND OPERATIONS

This element summarizes all effort associated with the planning, co-
ordination and implementation of operatiomal achivities including mazintenance,
logistics and training for the LES,

This element is subdivided as follows:

WBS TITLE
10-090L LOGISTICS/TRATNING
10-0902 SPARES/REPAIR PARTS
10-~0903 FIELD SUPPORT

A-1T
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WBS ELEMENT 10-090L - LOGISTICS/TRATNING

This element includes all labor and materisls for the training, handling
and transportation activities required to support the design, development,
operation and maintenance of the LES.

Included are the training services, devices, accessories, aids, equipment,
and parts used to facilitate instruction through which LES personnel and
payload specialists will acquire suffizient concepts, skills, and aptitudes to
operate and maintain the system with maximum efficiency. Also included are
the handling and transportation requirements for the LES during its transit
mode from the point of manufacture to launch site and intra-site equipment
movement . Also included are the pre-launch and maintenance/refurbishment
operations and packing/coating/shipment costs, Additionally, this element
includes the cost of the contractor personnel that provide technieal con-
sultetion and suppoxt to the NASA personnel training the MASA LES flight and

grounu crews, as well as transportation, inventory control, training aids
and simulations,

WBS ELEMENT 10-0902 - SPARES/REPAIR PARTS

The spares and repair rarts element refers to the spare components and
assemblies used for replacenent purposes in mejor end items of equipment,

WBS ELEMENT 10-0903 - FIELD SUPPORT

This element refers to the full range of Field Support functions ac-
complished to support the LES System. It includes off-site planning,
scheduling, receiving inspection for both IES, ASE and GSE associated test
and checkout by simulation of f£iight, shubttle integration operations for LES
and ASE and servicing.

The maintenance and/or refurbishment of ASE, GSE, and flight hardware
takes place in this element. Included are the coordination activities lead-
ing to the establishment of requirements, field documentation, prepasration,
participation in working groups, lialson beiween off-site and the home plant,
post-flight inspection of recoverable ASE and flight hardware, conduct of
mpintenance/ refurbishment tasks, revalidation, functional checkout an
calibration of test egquipment. :

WBS BLEMENT 10-1000 - FLIGHT OPERATIONS

This element includes operations and services performed on “.. Shuttle
for the LES System, to perform launching, flight tracking and concsol and
recovery where required, to complete a LES mission. This element would en-
compass launch, flight and recovery operations; airborne system assembly and
checkout where required; and associated activities directly related to the
mission, including on-board predeployment ‘tests, deployment, and free flight
monitorirg to the capability of the shuttle orbiter and required ground
station tracking if required. The effort of providing the operational
equipments is excluded,
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APPENDIX B

TASK 2 COST DATA

The dats included in Appendix B is the preliminary eost infor-
mation which provided the basis for Task 2 screening. This preliminary
information was refined and enlarged for the final evaluations of Task 6,
as explained in paragraph 1.2.3 and 1.2.3.4., The costs for a launch
approach combination can be builtup from the enclosed data as described

in Volume II, paragraph 3. Data enclosed in this appendix is as follows:

o]

Teble 1 Production Cost Summary Sheets, 37 pages
o Table 2 DDT&E Cost Summary Sheets, 15 pages

o Table 3 Stage Unit Cost, Stage Development Cost
and ASE Cost for Task 2 Scenario, U4 pages

o Table 4 Launch Approach Combinations, 1 page
o Table 5 Launch Combinations Cost Buildup, & pages

o Table 6 Prop:dsion Approach for Reference Mission,

6 pages

o Table 7 Propulsion Concept Summary, 41 pages

Table 1 presents a cost buildup for the booster stage and del~
ivery stage for all conflgurations examined. Table 2 is a summary of the
development costs for each combination of configurations that were investi-
gated to launch all of the reference missions. Table 3 is a summary of the
more attractive combinations of launch approaches examined to launch all
reference migssions and includes stage unit costs, development costs and
ASE, costs. Table L is a summary of launch approach combinations and shows
the launch approach used to launch each reference mission for each conbina-~

tion examined. Table 5 presents the detail cost buildup for each combination
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of launch spproaches. Included are program maintenance cosis, production
costs, Shuttle user charges end development costs. Table 6 is a summary of
all launch approaches examined for each reference mission. Tsable T presents

conceptual design data for each new propulsion approach examined.
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Pg. 1 of 37

TABLE 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY BSHEET
THOUSANDS OF DOLLARS

CONFIGURATION  Solid/Solid Tandem - Spinning CODE _3/1C-A-P-T-M-k
Star 48/Star 378
RECUR COST

(FOR 20 VEH)
10-0201 Integration & Assembly - Subtotal ($ 715 )
10-0210 Booster - Subtotal ($ 1k, u7L )
10-0211 Integration & Assembly - Booster ' 349
10-0212 Structure Booster 2,486
10-0213 Thermal - Booster 6
10-021% Main Propulsion - Booster 8,238
10-0215 RCS - Booster . mmem=—-
10-0217 GN&C - Booster 2,685
10-0218 Electrical Power -~ Booster 710
10-0220 Dellvery Stage -~ Subtotal ($ 19,009 )
10-0221 Tntegretion & Assembly — Del. Stage 9ko
10-0222 Structure - Delivery Stage 1206
10-0223 Thermel ~ Delivery Stage 6
10-0224 Mein Propulsion - Delivery Stage 6,363
10-0225 RCS - Delivery Stage 5,179
10-0226 Data Mgt/Comm -~ Del. Stege 367
10-0227 GNEC ~ Delivery Stage 5,568
10-0228 Electrical Power - Del. Stege 380
10-0200 Total Production — 20 Units § 3k 198
10~0200 Total Production Cost/Vehicle § 1.709.9
20-0100 User Charge Cost/Vehicle and Payloed $ Note3

NOTES: 1. Tor non~recurring costs, see Combinations Summary.

2. Configurations 1 and 2 have same unit cost as Configuration 3.
3. User Charge Cost/Vehicle

CONFIGURATION A

REFERENCE MISSION
B C D E F

1
2
3

— —_ — -
-—

18,668 - - - -
9,083 7,183 7,183
25,830 - - - - -

B-L




TABLE 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THCUSANDS OF DOLLARS

Pg. 2 of 37

CONFIGURATION Solid/Solid Tandem - Spinning QODE 4/2-A-P-5-M-2-

Star 48/Star 3P

RECUR COST

(FOR 20 VEH)
10-0201 Integretion & Assembly ~ Subtotal {3 730 )
10-0210 Booster ~ Subtobal {($ 17,945 )
10-0211 Integration & Assenmbly ~ Booster ' 666
10=0212 Structure Booster 2,kok
10~-0213 Themsal - Booster 6
10-0214 Main Propulsion - Booster 8,238
10-0215 RCS - Booster 2,822
10-0217 GN&C - Booster 3,009
10-0218 ERlectrical Power - Booster 710
10-0220 Delivery Stage -~ Subtotal (¢ 12,179 )
10~0221 * Integration & Assembly - Del. Stage 672
10-0222 Structure -~ Delivery Stage 1029
10-0223 Thermel - Delivery Stage 4
10-0224 Main Propulsion - Delivery Stage 6,493
i0-0225 RCS - Delivery Stege /"
10-0226 Deta Mgt/Comm -~ Del. Stage 367
10-0227 GN&C — Dellvery Steage 3,032
10-0228 ZElectricel Power — Del. Stage 380
10-0200 Total Production — 20 Units $ 30,854
10-0200 Total Producticn Cost/Vehicle $ 1,543

Fote 2
20-0100 User Charge Cost/Vehicle and Payload $ -
FOTES: 1. For non-recurring costs, see Combingtions Summary.
2. User Charge Cost/Vehicle
REFERENCE MISSION
CONFILGURATION A B C D E F
b - 21,530 - - 7.9%8 7,948

B-5
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TABLE 1

LOW ENERGY STAGE STUDY

PRODUCTION COST SUMMARY SHEET

THOUSANDS OF DOLLARS

STAR 37F(short)/STAR 37F(Short)

11 i e 1 o e e s o A VLT P Y T 4 T R e sy

Pg. 3 of 37

CONFIGURATION Solid/Solid Tandem Consisting of CODE 6/3B-N-P-S-M-2

RECUR COST
(FOR 20 VER)
-
E, 10-0201 Integration & Assembly - Subtotal $ 677 )
, 10-0210 Booster — Subtotal ($ 14,026 )
5 10-0211 Integration & Assembly - Booster 559
10-0212 Btructure Booster 1,137
10-0213 Thermal - Booster 6
10-021% Mein Propulsion - Booster 6,493
B 10-0215 RCS - Booster 2,822
i 10-0217 GN%C - Booster 3,009
10-0218 Electrical Power - Booster -
10-0220 Delivery Stege - Subtotal ($11.851 )
10-0221 Integrastion & Assembly - Del. Stage 663
10-0222 Structure - Delivery Stege ___1,0k0
10-0223 Thermal - Delivery Stage 6
10-0224 Main Propulsion - Delivery Stege 6,363
10-0225 RCS - Delivery Stage -
10-0226 Data Mgt/Comm ~ Del. Stage 367
10-0227 GN&C « Delivery Stage 3,032
10-0228 Electrical Power - Del. Stage - 380
10-0200 Total Production - 20 Units $ 26,554
: 10-0200 Totel Production Cost/Vehicle $ 1,327.7
20-0100 User Charge Cost/Vehicle and Payload $ NOTE 2
NOTES: 1. Configuration 5 has same unit cost as Configuration 6.
2. User Charge Cost/Vehicle )
. REFERENCE MISSIQN
CONFIGURATION A B Cc D E F
5 - 18,275 - - - -
6 (Vert.) - - - - 2,773 -
6 (Hor.) - - - . 6.812" -

3. For non-recurring costs, see Combinations Summary.

i B-6



.y el oL TR EET AT T e

g

TABLE 1

LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET

THOUSANDS CF DOLLARS

CONFIGURATION Solid/Solid Tendem Consisting

10-0201

10-0210
10-0211
10-0212
10-0213
10-021%
10-0215
10-0217
10-0218

10-0220
10-0221
10~0222
100223
10-0224
10-0225
10-0226
10-0227
10-0228

10-0200
10-0200

20~-0100
NOTES:

of STAR 26/5TAR 26

Integration & Assembly - Subtotal

Booster — Subtotal
Integration & Assenbly - Booster

Structure Booster

Thermal - Booster

Main Propulsicn -~ Booster
RCS - Booster

GN&C - Booster

Electrical Power - Booster

Delivery Stage ~ Subtotal
Integration & Assenbly -~ Del. Stage
Structure - Delivery Stege

Thermal - Delivery Stage

Main Propulsion - Delivery Stage
RCS - Delivery Stage

Date Mzi/Comm — Del. Stage

GN&C = Delivery Stage

Electricel Power - Del. Stege

Total Production - 20 Units
Total Producticn Cost/Vehicle

User Charge Cost/Vehicle and Payload

Pg. b of 37

CODE  8/3D-N-P~T-M-k

REFERENCE MISSION

1. Configuration T has same unit cost as Configuration 8.
2. User Charge Cost/Vehicle

RECUR COST
(FOR 20 VEE)

$ skt )
(3 6,572 )

2,910

2,685

-

($15,057 )
919
728
6
2,910
. b,1719
367
5,568
380

22,176
1,109

NOTE 2

c

CONFIGURATIOQN A B
7 (Vert.) - -
7 (Hor.) -
8 2h 69k -

3. For non-recurring costs, see

D
- 2,6k42
7,795 5,895

Combinaticns Summary.

-
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TABIE 1

LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

Pg. 5 of 37

CONFIGURATION Solid Flatpack Design Containing CODE 9/LA-0-K-S-M-1

10-0201

10-0210
10-0211
10-0212
10-0213
10-021%4
10-0215
100217
10-0218

10-0220
10-0221
io0~0222
10-0223
10-022k
10-0225
10-0226
10-0227
10-0228

10-0200
10-0200

20-01.00

NOTES: 1.
2.

Six Long Motors

Integration & Assembly -~ Subtotal

Booster — Subtotal
Integration & Assepbly -~ Booster

Structure Booster
Thermal - Booster

Main Propulsion - Booster
RCS - Booster

GN&C ~ Booster

Electricel Power - Booster

Delivery Stage - Subtctal
Integration & Assembly - Del. Stage
Structure « Delivery Stage

Thermel -~ Delivery Stage

Main Propulsion - Deliveiy'stage
RCS - Delivery Stage

Dete Mzt/Comm - Del. Stage

GN&C ~ Delivery Stage

Electrical Power - Del. Stage

Total Production -~ 20 Units
Total Production Cost/Vehicle

User Charge Cost/Vehicle and Payload

Reference Mission B.

B-8

RECUR COST
{FOR 20 VEH)

(4 A
(3 /A )

($19,520 )
1,083
2,336

6
5,404
2,069

367
7,875
380

$ 19,520
$ 976K

$ 15,633

For non-recurring costs, see Combinations Summary.

bia



Pg. 6 of 37
TABLE 1
IOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS
CONFIGURATION Solid Flatpack Design Contain- CODE 10/4B-0-K~5-M-2
ing 4 Short Motors
RECUR COST
{FOR 20 VEH)
10-020). Integretion & Assembly - Subtotal ($ Ma
10-0210 Booster - Subtotel (§ W4 )
10-0211 Integration & Assembly - Booster
10-0212 BStructure Booster
10-0213 Thermal =~ Booster
10-021t Mein Propulsion - Booster
10-0215 RCS - Booster
10-021T GH&C -~ Booster
10-0218 Flectrical Power - Booster
10-0220 Delivery Stege - Subtotal (3 18,747 )
10-0221 Integration & Assembly - Del. Stage 1,063
10-0222 Structur: - Delivery Stage 2,336
10-0223 Therms=l -~ Delivery Stage &
10-022% Main Propulsion - Delivery Stage 3,898
10-0225 RCS - Delivery Stage e
10-0226 Date Mgt/Comm - Del. Stage 367
10-0227 GN&C - Delivery Stage 7,875
10-0228 Flectricel Power - Del. Stage 380
10-0200 Total Production — 20 Units $ 156,747
10-0200 Total Production Cost/Vehicle $§ 931K
20-0100 User Charge Cost/Vehiele and Payload $ Uotep
FOTES: 1. Por non-reeurring costs, see Combinations Summary. I
2. User Charge Cost/Vehicle
| REFERENCF MISSION
CONFIGURATION A B C D E F
10 (Vert.) - - - k2797 . -
10 (Hor.) - - 5,939 k4,030 - -
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TABLE, 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFIGURATION Solid Flatpack Design Containing CODE

10--0201

10-0210
10-0211
10-0212
10-0213
10-021%
10-0215
10-0217
10-0218

10-0220
10-0221
10-0222
10-0223
10-022%
10-0225
10-0226
100227
10-0228

10-2200
10-0200

20-0100

Pg. T of 37

11/4C~0-K~T-M-4

6 Short Motors

Integretion & Assenmbly - Subtotel

Booster — Subtotal
Integration & Assenbly - Booster

Structure Booster

Thermal - Booster

Msin Propulsion - Booster
RCS -~ Booster

GN&C -~ Booster

Electrical Power -~ Booster

Delivery Staze - Subtotal
Integration & Assembly - Del. Stage
Structure - Delivery Stage

Thermel -~ Delivery Stage

Main Propulsion - Delivery Stage
RCS - Delivery Stage

Date Mgt/Comm ~ Del. Stage

GN&C ~ Delivery Stage

Eiectrical Power - Del. Stage

Total Production - 20 Units
Totel Production Cost/Vehicle

User Charge Cost/Vehiecle and Peyload

RECUR COST
{FOR 20 VFH)

($ _w/a )
($ _n/a )

($19:519 )
989

2,336
6
5,69k
4,179
367
5,568
380

$ 19,519
$ 976K

$ 22,795

NOTES: 1. For non-recurring costs, see Combinstions Summery.

2.

Reference Mission A.

B-10
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TABLE 1

Pg. 8 of 37

LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFIGURATION Liquid Quench Solid Motor

10-0201

10-0210
10-0211
10-0212
10-0213
10=021%
10-G215
10-021Y
10-0218

10-0220
10-0221
10-0222
10-0223
10-0224
10-0225
10-0226
i0-0227
10-0228

10-~0200
10-0200

20-0100

Integration & Assembly - Subtotal

Booster — Subtotal

Integration & Assenbly - Booster
Strueture Booster

Thermal. - Booster

Mein Propulsion - Booster

RCS -~ Booster

GN&C - Booster

Electrical Power — Booster

Delivery Stage -~ Subtotal
Integration & Assembly - Del. Stege
Structure - Delivery Stage

Thermal - Delivery Stage

Mzin Propulsion -~ Delivery Stage
RCS ~ Delivery Stage

Dats Mgt/Comm - Del. Stage

H&C ~ Delivery Stage

Electrical Power - Del. Btage

Total Production — 20 Units
Totel Production Cost/Vehicle

User Charge Cost/Vehicle and Payload

CODE 14/5C-0-C-T-M-k

NOTES: 1. For non-recurring costs, see Combinations Summssry,

REFERENCE MISSION

RECUR COST
(¥FOR 20 VEH)

{8 WA )

($ N/A )

($ 18,536 )
956

—— e ——————

1,032

6

6,048

4,179

367
—2:508
—380_

18,536

$ 026.8

$ Note 3

Configurations 12 & 13 have same unit cost as Configuration 1L,

2.

3. User charge cost/vehicle
CONFIGURATION g.__ B
12 - 16,943
13 (Vert.) - -
13 (Hor.) - -
ik 2,127 -

B-11

C

D E

4716 2,642
5,349 5,502
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CONFIGURATION

10-~0201

10-0210
10-0211
10-0212
10-0213
10-021L
10-0215
10-0217
10-0218

10-0220
10-0221
10-0222
10-0223
10-0224
10-0225
10-0226
10-0227
10-0228

10-0200
10-0200

20-0100

NOTES:

iE L

R Y R e TR R R p gy B gy s g

TAB
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET

THOJSANDS OF DOLLARS

Solid/Liquid Tandem - Spimning

Star 43/Biprop (4 Tank)

Integration & Assembly - Subtotal

Booster - Subtetal
Integration & Assembly - Booster

Structure Booster
Themmal ~ Booster

Main Propulsion - Booster
RJS ~ Booster

GN&C ~ Booster

Klectricsal Power -~ Booster

Delivery Stage - Subtotal
Integration & Assembly - Del. Stage
Structure - Delivery Stage

Thermsl - Delivery Stage

Main Propulsion - Delivery Stage
RCS ~ Delivery Stage

Dats Mgt/Comm ~ Del. Stage

GN&C - Delivery Stege

Electrical Power - Del. Stage

Total Production ~ 20 Units
Total Production Cost/Vehicle

User Charge Cost/Vehicle and Payload

CODE

e AT Y R A Y

Pg. 9 of 37

15/64-A-B-8-B~1

1. For non~recurring costs, see Combinstions Summary,

2.
3.

User Charge Cost/Vehicle

REFERENCE MISSION

RECUR COST
{FOR 20 VEH)

TR NIETI R -

($ Ly
($ 13,709 )
' 338

1,732
6
8,238
2,685
710

($ 20,449 )
1,055
1,001

u

9,231
1,145
367
7,26k
380

!

$ 34,909
$ 1,745

Note 3

=i

|

Configuration 16 has same unit cost as Configuration 15.

CONFIGURATION A B
15 - 17,489
16 (Vert,) - -
16 (Hor.) - -

B-12
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Pg. 10 of 37
TABIE 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THCOUSANDS OF DOLLARS
CONFIGURATION Biprop Liquid (4 Tank) CODE 17/6C-0-B-5-B~2
KECUR COST

(¥OR 20 VEH)
10-0201 Integration & Assembly - Subtotal N/a )
10-0210 Booster ~ Subtotal ($ N/A )
10~0211 Integration & Assembly - Booster ' _
10-0212 Structure Booster ' —
10-0213 Thermal -~ Booster .
10-021% Main Propulsion - Beoster
10-0215 RCS - Booster
10-0217 GN&C - Booster
10-0218 Electrical Power - RBooster
10-0220 Delivery Stage — Subtotel ($ 13,648
100221, Integration & Assenbly - Del. Stage 1.007
10-0222 Structure - Delivery Stage 1.00)1
10-0223 Thermal -~ Delivery Stage &
10-0224 Mein Propulsion - Delivery Stage 6,667
10-0225 RCS - Delivery Stage 1,956
10-0226 Data Mgt/Comm - Del. Stage 36T
10-0227 GN&C - Delivery Stage 7,264
10-0228 Flectrical Power — Del. Stage 380
10-0200 Toteal Produckion — 20 Units § 18,648
10-0200 Total Production Cost/Vehicle $ 932.k
20-0100 User Charge Cost/Veaicle and FPayload 3 lNote 2

ROTES: 1. For non-recurring costs, see Combinaetions Summary.
2. User Charge Cost/Vehicle

REFERENCE MISSION

CONFIGURATION & _B_ C __Il E F
17 {(Vert.] - - - 3,930 o7
l—( (_HDI'-)_ - - 55939 h‘3039 - -

B-13

- - - — ot
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TABLE 1
LCY ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFIGURATION __ Biprop Ligquid (B Tank; copr  18/6D-0-B-7-B-}
RECUR COST
{FOR 20 VEH)
10-0201 Integration & Assembly - Subtotal (§ N/A )
10-0210 Booster - Subtotal (3 N/a )

10~-0211 Integration & Assembly ~ Booster
300212 Structure Booster

10-0213 Thermsl - Booster

10-021% Main Propulsion ~ Booster
10-0215 RCS -~ Booster

10-0217 GN&C - Booster

10-0218 Electrical Power - Booster

10-0220 Delivery Stage - Subtotal {$21,274 )
10-0221 Integretion & Assenbly ~ Del. Stage 1,051
10-0222 Structure - Delivery Stege 1,001
10-0223 Thermsel - Delivery Stage .6
10-0224 Main Propulsion - Delivery Stege 8,537
10-0225 RCS -~ Delivery Stage 3,609
10-0226 Data Mgt/Comm ~ Del. Stage 367
10-0227 GN&C - Delivery Stage __ 5,813
16-0228 Electrical Power - Del. Stage 380
10-0200 Total Production — 20 Units $ 21,274
100200 Total Production Cost/Vehicle $ 1063.7
20-0100 User Charge Cost/Vehicle and Payloed $ 22,598

NOTES: 1. For non-recurring costs, see Combinations Summary.

2. Reference Mission A.

B-14
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TABLE 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

Pg. 12 of 37

CONFIGURATTION SOlid/LiCl.‘llid Tandem - Star 37]::[ CODE 19/8A-N—B_S_B_l

10-0201

10~-0210
10-0211
10-0212
10-0213
10-0214
10-0215
10-0217
10-0218

10-0220
10-0221
10~0222
10-0223
10-022L
10-0225
10-0226
10-0227
10-0228

10-0200
10-0200

20-0100

Binron (& Tank)

Integration & Assembly - Subtotal

Booster - Subtotal

Integration & Assembly - Booster
Structure Booster
Thermal ~ Booster
Main Propulsion -~ Booster

e — ————

RCS - Booster —— e -

GN&C - Booster
Electricel Power -~ Booster

Delivery Stage - Subtotal
Integration & Assembly - Del. Stage
Structure - Delivery Stage

Thermal - Delivery Stage

Main Propulsion - Delivery Stage
RCS «~ Delivery Stage

Data Mgt/Comm ~ Del. Stage

GH&EC - Dellvery Stage

Electrical Power -~ Del. Stage

Total Production - 20 Units
Total Production Cost/Vehicle

User Charge Cost/Vehicle and Payload

RECUR COST
(FOR 20 VEH)

($ 679 )
($ 7-879 )

223

($22,439 )

1,11k
990

11,173

1,145
367
7,264

80

P

L e e——

$ 30,997

$ 1549.9

_ $ 17,620

ROTES: 1. For non-recurring costs, see Combinations Summary.

2.

Reference Mission B.

B-15




CONFIGURATION

10~-0201

10-0210
10-0211
10-021.2
10-0213
10-021h
10-0215
10-0217
10-0218
10-0220
10-0221
10-0222
10~0223
10022k
10-0225
10-0226
10-0227
100228

10-0200
10-0200

20-0100

TABLE 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THQUSANDS OF DOLLARS

Solid/Liguid Tandem - Star 37E/ CODE

Pg. 13 of 37

20/8B-N-3-5~B-2

0ff Loaded Biprop (U Tank)

Integration & Assembly — Subtotal

Booster — Bubtotal

Integration & Assenbly - Booster
Structure Booster

Thermel - Boosier

Main Propulsion - Booster

RCS - Booster

GN&C - Booster

Flectrical Power - Booster

Delivery Stage — Subtotal
Integretion & Assembly - Del. Stage

RECUR COST
{POR 20 VEH)

$ 668

|

& 7,879 )
' 223
T37

:

l

|

6,913

!

(521,713 )
——1,088

Structure - Delivery Stage [oloTa}
Thermel - Delivery Stage 6
Main Propulsion - Delivery Stage 9.662
RCS - Delivery Stage 1,956
Data Mgh/Comm - vel. Stage 367
GN&C - Delivery Stage 7,264
Flectrical Power - Del. Stage 380
Total Production — 20 Units $ 30,260
Total Production Cost/Vehicle $ 1,513
User Charge Cost/Vehicle and Payload $ Note 2
FOTES: 1. For non-recurring costs, see Combinations Summary.
2. User Charge Cost/Vehicle
REFERENCE MISSION

CONFIGURATION A B o] D E F

20 (Vert.) - - - - h,345° -

20 (Hor.} - - - - 6,135 -

B-16
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Pg. 14 of 37

TABLE 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFIGURATION _Liquid Biprop - 4 Tank CODE 21/8C-)-B-3.B-2
RECUR COST
{FOR 20 VEH)
10-0201 Integration & Assembly - Subtotal (§ n/A )
10-0210 Booster -~ Subtotel | A )

10-02]11 Integration & Assembly ~ Booster
10-0212 Structure Booster

10-0213 Thermal - Booster

10-021k Main Propulsion - Booster
10-0215 RCS - Booster

10~-0217 GN&C - RBooster

10~0218 Electrical Power - Booster

10-0220 Delivery Stage - Subtotal (319,042
10-0221 TIntegration & Assembly - Del. Stege 1,019
10-0222 Syructure - Delivery Stege 900
10-0223 Thermai -~ Delivery Stage 6
10-022% Main Propulsion - Delivery Stage 7.060
10-0225 RCS - Delivery Stage 1,956 _
10-0226 Data Mgt/Comm - Del. Stage 367
10-0227 GN&C - Delivery Stage 7,264
10-0228 Electrical Power - Del. Stage 380
10-0200 Total Production — 20 Units $ 19,0k
10-0200 Total Production Cost/Vehicle $ 9s52.1
20-0100 User Charge Cost/Vehicle and Paylosd $ Note 2

KOPES: 1. For non-recurring costs, see Combinstions Summary.
2. VUser Charge Cost/Vehicle

REFERENCE MISSION

CONFIGURATTON T B C D R F
21 (Vert) - - - WJ27 - <
21 (Hor.) - - 5,939 -4,039 - -

B-17
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TABIE 1

Pg. 15 of 37

LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET

THOUSANDS OF DOLILARS

CONFIGURATION Ligquid Biprop - 6 Tank

10-0201

10-0210
10-0211
10-0212
10-0213
10-0214
10-0215
10-0217
10-0218

10-0220
10-0221
10-0222
10-0223
10~-022h
10-0225
10-0226
10-0227
. 10-0228

10-0200
10-0200

- 20-0100

NOTES:

Integration & Assembly - Subtotal

Booster - Subtotal

Integration & Assenmbly - Booster
Structure Booster

Thermal - Booster

Main Propulsion -~ Booster

RCS ~ Booster

GN&C -~ Booster

Electriecal Power -~ Booster

Delivery Stage ~ Bubtotal
Integration & Assembly - Del. Stage
Structure ~ Delivery Stage

Thermal - Delivery Stage

Main Propulsion — Delivery Stage
RCS — Delivery Stage

Date Mgt/Comm - Del. Stage

GN&C - Delivery Stage

Rlectrical Power — Del., Stage

Total Production - 20 Units
Total Production Cost/Vehicle

User Charge Cost/Vehicle and Payload

CODE  22/8D-0-B~T-B-4

RECUR COST
(FOR 20 VEH)

(8 w/a )
(6 NA )

i

(% 20,836 )

1,035
990

}

6,572
3,609

367

3

\
o

H
1

i

20.836

$ 1041.8
$ 22,598

1. For non-recurring costs, see Combinations Summary.

2.

Reference Missicon A
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TABLE 1

Pg. 16 of 37

LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFIGURATTON Liquid Biprop - 8 Tank

10-0201

10-0210
10-0211
10-0212
10-0213
10-0214
10-0215
10-0217
10-0218

10-0220
10-0221
10-0222
10-0223
100224
10-0225
10-0226
10--0227
10-0228

10-0200
10--0200

200100

NOTES: 1. For non-reewrring costs, see Combinations Summary.

2.
3.

Integration & Assenbly - Subtotsal

Booster - Subtotal
Integretion & Asserbly - Booster

Structure Booster
Thermal - Booster

Main Propulsion -~ Booster
RCS - Booster

(GN&C - Booster

Elegtrical Power - Booster

Delivery Stage - Subtotal
Integretion & Assewbly - Del. Stage
Structure - Delivery Stage

Thermal ~ Delivery Stage

Main Propulsion - Delivery Stage
RCS - Delivery Stage

Data Mgt/Comm - Del. Stage

GN&C - Delivery Stage

Electrical Power - Del. Stage

Total Production — 20 Units
Totel Production Cost/Vehiele

User Charge (ost/Vehicle and Payloed

CODE  23/0A-0-B-5-B-1

REFERENCE MISSION

l

$ 2L .971
1,185
997

St

|

13,627
1,145
367

Configuration 24 has same unit cost as Configuration 23.

User Charge Cost/Vehicle
CONFIGURATTON i B
23 - 16,730
2h (Vert.) - -
24 (Hor.) - -

B-1%

c
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TABLE 1
LOW ENERGY STAGE STUDY
FRODUCTICON COST SUMMARY SHEET
THOUSANDS OF DOLLARS

Pg. 17 of 37

CONFIGURATION Liquid Biprop - 4 Tank CODE 26/10D~0-B~-T-B-L
RECUR COST
(FOR 20 VEH)
10-0201 Integration & Assembly — Subtotal ($ NAa
10-0210 Booster - Subtotal {($ w/ma )
10-0211 Integration & Assewbly - Booster '
10-0212 Structure Booster .
10~0213 Thermal - Booster
10-0214 Main Propulsion - Booster
10-0215 RCS - Booster
i0-0217 GN&C - Booster
10-0218 Electrical Power -~ Booster .
10-0220 Delivery Stage -~ Subtotal ($21,333 )
10-0221 Integration & Assembly - Del. Stage 1,05%
10-0222 Structure ~ Delivery Stage T54
10-0223 Thermal - Deliver;y Stage 6
10-0224 Main Propulsion -~ Delivery Stage 9,288
10-0225 RCS - Delivery Gtage 2,600
10-0226 Date Mgt/Comm - Del. Stage 367
100227 GN&C - Delivery Stage 5,873
10-0228 Electriecal Power - Del. Stage 380
10-0200 Total Production - 20 Units § 21,331
10-0200 Total Production Cost/Vehicle $1066.5
20-0100 User Cherge Cost/Vehicle and Payload g Note 3

NOTES: 1. For nomn-recurring costs, see Combinations Summary.

2. Configuration 25 has same unit cost as Configuration 26.

3. User Charge Cost/Vehicle

REFERENCE MTSSION

CONFIGURATION Iy B T D
25 (Vert) - - - 6,200
25 (Hor.) - - 6,850 5,050
26 22,810 - - -

AW e
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Fg. 18 of 37

TABIE 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFIGURATION Liquid Biprop Modular with CODE 27/10E-A-B-8-B-2

Booster ~ Spinning MMIII/8 Tank

Biprop.

10-0201 Integration & Assembly - Subtotel

10-0210 Booster — Subtotal

10-0211 Integration & Assembly -~ Booster
10-0212 BStructure Boouter

10-0213 Thermal - Booster

10-021k Mesin Propulsion ~ Booster
10-0215 RCS -~ Booster

10-0217 GRN&C ~ Booster

10-0218 Electricael Power - Booster

10=0220 Delivery Stege - Subtotal

10-0221 Integration & Assembly - Del. Stage
10-0222 Structure ~ Delivery Stage

10-0223 Thermal - Delivery Stage

10-0224 Main Propulsion ~ Delivery Stage
10-0225 RCS - Delivery Stage

10-0226 Data Mgt/Comm ~ Del. Stage

10-0227 CN&C - Delivery Stage

10-0228 Electrieal Power - Del. Stage

10-0200 Total Production = 20 Units
10-0200 Totel Producticn Cost/Vehicle

20-0100 User Charge Cost/Vehicle and Paylosd

NOTES: 1. For non-recurring costs, see Combinstions Summary.
2. Reference Mission F

RECUR COST
(FOR 20 VEH)

$ 865 )

11,712 )
305
2,460
6
5,546

o o o

g

l

|

dheas)  Cmme] a0 (B0 feed

710
$ 28 »237

[

1,278
997

f

L

16,289

. 1,956
367

7,264

380

41,114

|

4

9,870

€8~
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Pg. 19 of 37

TABLE 1
LOW ENERGY STAGE STUDY

PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFIGURATION  Solid/Liguid Tandem - Spinning CODE 28/7A-A-M-5-M-4
Star 48/ Tenk Monoprep

RECUR COST

(FOR 20 VEH)
10-0201 Integration & Assembly — Subtotal ($ 738 )
10-0210 Booster - Subtiotal ($ 13,709 )
10-0211 Integration & Assenbly - Booster - ' 338
10-0212 Structure Booster 1730
10-0213 Thermsal - Booster g
10-0214 Main Propulsion - Booster 8,238
10-0215 RCS - Booster o
10-0217 GN&C - Booster 2,685
10-0218 Electrical Power - Booster 710
10-0220 Delivery Stage - Subtotsl {$ 18,918 )
10-0221 Integretion & Assembly - Del., Stage 023
10~-0222 Structure - Delivery Stege 1,109
10-0223 Thermel - Delivery Stage 6
10-0224 Main Propulsion - Delivery Stage 8,769
10-0225 RCS -~ Delivery Stage ————
10-0226 Data Mght/Corm - Del. Stege 367
10-0227 GN&C - Delivery Stege 7,264
10~0228 Rlectrical Power -~ Del. Stage 380
10-0200 Total Production - 20 Units $ 33,365
10-0200 Total Production Cost/Vehicle $ 1,668
20-0100 User Charge Cost/Vehicle and Peyload $__17.6ub

ROTES: 1. For non~recurring costs, see Combinations Summary.
2.

Reference Miszsion B.

B-22




TABLE 1

j Pg. 20 of 37

LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFIGURATION _ Solid/Liquid Tandem - Spinning copE _29/TB~A-M-S-M-4
Star 48/2 Tank Monoprop

RECUR COST

FOR 20 VEH)
10~-0201 Integration & Assembly - Subtotael - (4 7111 )
10-0210 Booster - Subtotal {$13,709
10-0211 Integration & Assembly — Booster 338
10-0212 Structure Booster 1,732
10-0213 Thermal - Booster 6
10-0214 Main Propulsion - Booster 8,238
10-0215 RCS - Booster  —em——
10-0217 GR&C - Booster 2,685
10-0218 Electrical Power - Booster 710
10-0220 Delivery Stege - Subtotal ($16’67h )
10-0221 Integretion & Assembly - Del. Stage 959
10-0222 BStructure - Delivery Stage 1,109
10--0223 Thermal -~ Delivery Stage 6
10-0224 Main Propulsion - Delivery Stage 6,589
10-0225 RCS — Delivery Stage ———
10-0226 Dete Mgt/Comm - Del. Stage
10~0227 CN&C ~ Delivery Stsge 7,26k
10-0228 Electrical Power - Del. Stage 180
10~0200 Total Production - 20 Units $ 31,004
10~-0200 Total Production Cost/Vehicle $ 1,555
20-0100 User Charge Cost/Vehicle end Peyloesd $ Note 2

HOTES: 1. Por non-recurring costs., see Combinations Summary.

2.

REFERENCE MISSION

l

User Charge Cost/Vehicle
CONFIGURATION A B
o2g (Vert.) - -
29 (Hor.) 2k,913 -

B-23
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CONFIGURATION

10-0201

10-0210
10-0211
10-0212
10-0213
10-021h
10-0215
100217
10-0218

10-0220
10-0221
10-0222
10-0223
10-0224
10-0225
10-0226
10-0227
10-0228

10-0200
10-0200

20-0100

NOTES:

TABLE 1

Pg. 21 of 37

LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

Liguid Monoprop ~ 3 Tank

cope 39/ TC--0-M-8-M-L

Integration & Asgerbly - Subtotal

Booster - Subtotal

Integretion & Assepbly - Booster

Structure Booster

Theymael - Booster

Mzin Propulsion - Booster
RCS -~ Booster

GN&C - Booster

Electrical Power -~ Booster

Dellvery Stage - Subtoctal

Integration & Assembly - Del. Btage

Structure - Delivery Steage
Thermal ~ Delivery Stage

Mein Propulsion - Delivery Stage

RCS - Delivery Stage
Date Mgt/Comm -~ Del. Stage
GN&C - Delivery Stage

Tlectrical Power -~ Del. Stage

Total Production — 20 Units

Total Production Cost/Vehicle

User Charge Cost/Vehicle and Paylosd

1. For non-recurring costs, see Combinetions Summary.

2. User Charge Cost/Vehicle

REFERENCE MISSICN

RECUR COST
{FOR 20 VEH)

g My

(

(5 N/A )

L

|

($17,775 )
991

1,109
6
7,658

l

|

7.264
380

|

|

17,775
888.7

.

$ Note?2

CONFIGURATION &

30 (vert) -
30 (Hor.) -

B-2k4

B

c D

« b1k
- 3,843
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TABIE 1
LOW ENERGY STAGE STUDY

PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFIGURATTON Liquid Monoprop - 8 Tank CODE

Pg. 22 of 37

31/7D~0-M-T-M-k

16-0201 Integretion & Assembly - Bubtotel

10-0210 Booster - Subtotal

10-0211 Integration & Assenbly - Booster
10-0212 Structure Booster

10-0213 Thermal - Booster

10-0214 Mein Propulsion - Booster
10-0215 RCS - Booster

10-021T GN&C ~ Booster

10-0218 FElectrical Power ~ Booster

10-0220 Delivery Stage — Subtotal

10-0221 Integration & Assembly - Del. Stage
10-0222 Structure - Delivery Stage

10-0223 Thermal -~ Delivery Stage

10-0224 Main Propulsion - Delivery Stage
10-0225 RCS - Delivery Stage

10-0226 Data Mgt/Coum - Del. Stage

10-0227 GHN&C - Delivery Stege

10-0228 Electricel Power - Del. Stage

10-0200 Total Production — 20 Units
10-0200 Total Producticn Cost/Vehiele

20-0100 User Charge Cost/Vehicle and Payload

RECUR COST
{FOR 20 VEH)

$ WA

HOTES: 1. For non-recurring costs, see Combinations Summary.

2. Reference Missinr A.
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TABIE 1

LOW ENERGY STAGE STUDY

PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFIGURATION Liquid Monoprop - 4 Tank

10-0201,

10-0210
10-0211
10-0212
10-0213
10-0214
10-0215
10-0217
10-0218

10--0220
10-0221.
10-0222
10-0223
10-0224
10-0225
10-0226
10~-0227
10-0228

10-0200
10-0200

20-0100

Integration & Assembly - Subtotal

Booster - Subtotal

Integration & Assenbly -~ Booster
Structure Booster

Thermal ~ Booster

Main Propulsion - Booster

RCS - Booster

GN&C - Booster

Electrical Power - Booster

Delivery Stege - Subtotal
Integretion & Assembly -~ Del. Stege
Structure ~ Delivery Stege

Thermsl - Delivery Stege

Main Propulsion ~ Dellvery Stage

RCS -~ Dellvery Stsage

Data Mgt/Comm -~ Del. Stage
GN&C ~ Delivery Stage
Electrical Power - Del. Stage

Total Production — 20 Units
Total Production Cost/Vehicle

User Charge Cost/Vehicle and Payload

CODE

Pg. 23 of 37

32/TE-0-M-5-M-}4

NOTES: 1. For non-recurring costs, see Combinations Summary.

2.

Reference Mission C.

RECUR COST
(FOR 20 VEH)

($__Wa_ )
¢ )

($ 18,919 )
1,02%

1,109




TABLE 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THCGUSANDS OF DOLLARS

CONFIGURATION Liquid Monoprop - 8 Tank

Pg. 2k of 37

CODE 33/9A-0-M-S-M-k

10-029) Integrsvion & Assembliy - Subtotal

10-021C Beosier — Subtotal

10-0211 Integration & Asgenmbly - Booster
10-0212 Structure Booster

10-0213 Thermel -~ Booster

10-021% Main Propulsion ~ Booster
10-0215 RCS - Booster

10-021T CGN&C - Booster

10-0218 Electrical Power - Hooster

10~-0220 Delivery Btage -~ Subtotal

10-0221 Integretion & Assembly -~ Del. Stage
10-0222 Structure - Delivery Stage

10-0223 Thermel - Delivery Stage

10~0224 Main Propulsion - Delivery Stege
10-0225 RCS -~ Delivery Stage

10-0226 Data Mgt/Comm - Del. Stage

10-0227 GN&C —~ Delivery Stage

10-0228 Electrical FPower — Del. Stage

10-0200 Totel Production - 20 Units
10-0200 Total Producition Cost/Vehicle

20~0100 Uscr Cherge Cost/Vehicle and Payload

NOTES: 1. For non-recurring ccsts, see Combinations Summary.

2. Reference Mission B,

B-27

RECUR COST
{FOR 20 VEH)

(5 _T/A )
($ Wa )

i

!

1,315
1,220

;

|

18,666

36
7,264
380

:

A

!

I

f

$ 29,518
$ 1475.9

$ 17,140

P R
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TABLE 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFIGURATION  Liauid Monoprop - b Tenk CODE  34/9B-0-M-T-M-U

RECUR COST
{FOR 20 VEH)
10-0201 Integration & Assembly - Subtotal jﬁL_“ﬂN/A )
10-0210 Booster — Subtotal (3 WA g
10-0211 TIntegration & Assembly -~ Bcoster
10-0212 Structure Booster .
10~-0213 Thermal -~ Booster
10-021% Main Propulsion - Booster
10-0215 RCS - Booster
10-0217 GN&C - Booster
10-0218 EFElectrical Power - Booster
10-0220 Delivery Stage — Subtotal ($ 21,477 )
10-0221 Integration & Assembly - Del. Stage 1,076
10-0222 Structure - Delivery Stage 815
10-0223 Thermel ~ Delivery Stage 6
10-0224% Main Propulsion - Delivery Stage 12,960
10~0225 RCS -~ Delivery Stage =
10~0226 Data Mgt/Comm - Del. Stage 367
10-0227 GON&C - Delivery Stage 5,873
10-0228 Electricel Power - Del. Stage 380
10-0200 Total Froduction = 20 Units $ oom
10-0200 Total Production Cost/Vehicle $ _1073.9
20-0100 User Charge Cost/Veh;cle and Payload $ 23’890

NOPES: 1. For non-recurring costs, see Combinations Summary.
2.

S I e B iz

Refer=snce Mission A.

B-28
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! Pg. 26 of 37
TABIE 1
I.OW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS
CONFIGURATION __ Liguid Monoprop - 2 Tank CODE 36/9D-0-M-S-M-L
RECUR COST
(FOR 20 VEH)
10-0201. Integration & Asserbly - Subtotal (3 N/A )
10-0210 Booster - Subtotal (% N/A )
10-0211 Integration & Assembly - Booster '
10-0212 BStrueture Booster
10-0213 Thermal ~ Booster -
10-0214 Mein Propulsion - Booster
10~-0215 RCS - Booster
10~-0217 GN&C - Booster
10-0218 Electricael Power - Booster
10-0220 Delivery Stage ~ Subtotal ($19,204 )
10-0221. Integretion & Assembly ~ Del. Stage 1,036
10-0222 Structure ~ Delivery Stege 669
10-0223 Thermal - Delivery Stage 6
10-0224 Main Propulsion - Delivery Stage 9,482
10-0225 RCS - Delivery Stege __ me———
10-0226 Data Mzt/Comm - Del. Stage 367
10-022T7 GN&C - Delivery Stage 7,264
10~-0228 Flectrical Power - Del. Stage 380
10-0200 Totel Production ~ 20 Units $ 19,204
10-0200 Total Production Cost/Vehicle $§ 960.2
Not
£20-0100 User Charge Cost/Vehicle snd Peyloed g ove 3
NOTES: 1. For non-recurring costs, see Combinations Summary.

2. Configuration 35 has same unit cost as Configuration

3. User Charge Cost/Vehicle

REFERENCE MISSION

CONFIGURATION A B [ D E - P
35 (Hor.) - - 6,950 T - -
36 (Vert.) - - - - - -
36 (Hor.) - - - 5,120 - -

ey e s .
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TABLE 1
1.0W ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

37/11A-0-K-T-M-k

CONFIGURATION Clustered Solid - T Star 17's CODE
RECUR COST

{FOR 20 VEH)
10~0201 Integration & Assembly - Subtotal (6 A g
10-0210 Booster — Subtotal ($ N/A
10-0211 Integraiion & Assembly ~ Booster '
10-0212 Structure Boeoster
10-0213 Thermel -~ Booster
10-0214 Main Propulsion - Booster
10-0215 RCS -~ Booster
10-0217 GN&C - Booster
10-0218 Electrical Power -~ Booster
100220 Delivery Stage - Subtotal S$ 25,237 )
10-0221 Integration & Assembly - Del. Stege 1,078
10~-0222 Structure - Delivery Stage 2,126
10-0223 Thermal - Delivery Stage 6
10-0224 Main Propulsion - Delivery Stage 11,533
10-0225 RCS - Delivery Stage k,179
10-0226 Deta Mgt/Comm — Del. Stage 367
10-0227 CN&C ~ Delivery Stage S SA8
10-0228 Electrical Power -~ Del. Stage 280
10-0200 Total Production ~ 20 Units § 25,237
10-0200 Total Production Cost/Vehicle $ 1262K
20~0100 User Charge Cost/Vehicle and Payload $ 23,035
NOTES: 1. For non-recurring costs, see Combinations Summary.

2.

Reference Mission A (Horiz). .

B-30
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Pg. 28 of 37
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TABLE 1
L.OW ENERGY STAGE STUDY 1
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFIGURATTON Clustered Solids - 22 Star . ggpE 39/11C-0-K-S-M-2
lT‘s *

RECUR COST N

(FOR 20 VEH) s

10-0201 Integration & Assembly — Subtotal {$_NA :
10-0210 Booster ~ Subtotal ($__ N2 )

100211 Integration & Assenbly - Booster
10-0212 Siructure Booster

10-0213 Thermal - Booster

10-0214 Main Propulsion - Booster
10-0215 RCS ~ Booster

10-0217 GN&C - Booster

100219 Electrical Power - Booster

10-0220 Delivery Stage — Subtotal (149,160
10-0221 Integration & Assembly - Del. Stage — 1,678
10-0222 Structure - Delivery Stage 3,413
10-0223 Thermsl - Delivery Stage 6
10-0224 Main Propulsion ~ Delivery Stage 32,619
10-0225 RCS -~ Delivery Stage 2,822
10-0226 Data Mgt/Comm ~ Del. Stage 367
10-0227 GN&C - Delivery Stage 1.875
10-0228 Electrical Power — Del. Stage _ 380
10-0200 'Total Production — 20 Units $ 49,160
10-0200 Total Production Cost/Vehicle $ oksgi
20-0100 User Charge Cost/Vehicle end Payloed $ DNote 2

NOTES: 1. For non-recurring costs, see Combinetions Bummary.
2. Configuration 38 has same unit cost as Configuration 39.
3. User Charge Cost/Vehicle

REFERENCE MISSION

CONFICGURATION A B c D E F
38 (Hor.) - 15,633 - - - -7 - 4
39 (Vert.) - - - - 4,039 - '
39 (Horiz) - - - - 4,170 -




CONFIGURATION

10-0201

10-0210
10-0211
10-0212
10-0213
10-0214
10-0215
10-0217
10-0218

10-0220
10-0221
10-0222
10-0223
10-022k
10-0225
10-0226
10-0227
10-0228

10-0200
10-0200

20-01.00

NOTES:

. b A T T TR R

/ Pg. 29 of 37

TABLE 1
LOYW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

Clustered Solids - L Star CODE

40/11Dw0mK=8M-2

1T's

Integraetion & Assembly - Subtotel

Booster -~ Subtotal
Integration & Asseunbly - Booster

Structure Booster

Thermal - Booster

Main Propulsion - Booster
RCS - Booster

GN&C - Booster

Electrical Power -~ Booster

Delivery Stage ~ Subtotal
Integration & Assenbly -~ Del. Stage
Structure ~ Delivery Stage

Thermal - Delivery Stage

Main Propulsion - Delivery Stege
RCS -~ Delivery Stage

Data Mgt/Comm - Del. Stage

GN&C - Delivery Stage

Electrical Power — Del. Stage

Potal Production -~ 20 Units
Total Production Cost/Vehicle

User Charge Cost/Vehicle and Payload

1l. For non-recurring costs, see Combinations Summary.
2., User Charge Cost/Vehicle

REFERENCE MISSION

RECUR COST
(FOR 20 VEH)

(8 N/A )

($_NaA_ )

il

($ 21,52 )

i

6,757

2,800

367
T

380

}

$ 21,682

E

Note 2

£3-

CONFIGURATION A B C D E
Lo (vert.) - - - 2,249 - _
40 (Horiz.) - 6,004 4,105 o -
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TABIE 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFTGURATION Solid - Controllable By copp #1/12A-0~C-8-M-1
Pintle Nozzle-~Large
RECUR COST

(FOR 20 VEH)
10-0201 Integration & Assembly - Subtotal (6 WA )
10-0210 Booster - Subtotal ($ Wr )
10-0211 Integration & Assembly - Booster '
10-0212 Structure Booster _
10-0213 Thermal -- Booster
10-0214 Main Propulsion -~ Booster
10-0215 RCS - Booster
10-0217 GN&C - Booster
10-0218 Electrical Power - Booster
10-0220 Delivery Stage - Subtotsl ($17.722 )
10-0221 Integretion & Assembly — Del. Stage 966
10-0222 Structure - Delivery Stage 1,042
10-0223 Thermel -~ Delivery Stage 6
10-0224 Main Propulsion ~ Delivery Stage 5,933
10-0225 RCOS - Delivery Stage 2,009
10-0226 Data Mgt/Comm - Del. Stage 367
10-0227 GN&C - Delivery Stage 6,959
10-0228 Electrical Power — Del. Stage 360
10-0200 Totel Production - 20 Units $§ 17,722
10-0200 Total Production Cost/Vehicle $ 866.1
20-0100 User Charge Cost/Véh;cle and Payload $ 17,183
NOTES: 1. For non-recurring conts, see Combinstions Summary.

2.

Reference Mission B Horisz.

B-33
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CONFIGURATION

10-0201

10-0210
10-0211
1¢-0212
10-0213
10-021%
10-0215
10-0217
10-0218

10-0220
10-0221
10-0222
10-0223
10-022k
16-0225
10-0226
10-0227
10-0228

100200
10-0200

20-0100

s L SRR PR LI Tl T

/ Pg. 31 of 37

TABLE 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

Solid - Controllable By Pintlggpm

42/12B-0-C-S-M-2

Nozzle Large

Integration & Assembly - Subtotal

Booster ~ Subtotal
Integration & Assermbly - Booster

Structure Booster
Thermal -~ Booster

Main Propulsion - Booster
RCS - Booster

GN&C - Booster

Electrical Power - Booster

Dellvery Stage -~ Sublotal
Integration & Assenbly - Del. Stege
stiucture - Delivery Stage

Thermsl - Delivery Stage

Main Propulsion - Delivery Stage
RCS - Delivery Stage

Date Mgt/Comm - Del. Stage

GN&C ~ Dellvery Stage

Electrical Power - Del. Stage

Totel Production ~ 20 Units
Total Production Cost/Vehicle

User Charge Cost/Vehicle and Payload

KNOTES: 1. For non-recurring costs, see Combinetions Summary.

2. User Charge Cost/Vehicle
REFERENCE MISSION

RECUR COST
{¥OR 20 VEH)

(6 wa )
($ Na )

§$18,T96 )

982

1,042
6
5,933
2,822
367
7,264

380

CONFIGURATION A B T D~ E
h2 (Vert.) - - - 4,803 2,707
42 (Horiz.) : - - T,489 5,699 5,7k2

B-34
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= Pg. 32 of 37

TABLE: 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET

THOUSANDS OF DOLLARS

CONTIGURATTION So0lid-Cantrollable By Pintle

Nozzle - Lerge

CODE  143/12C-0-C-T-M-}4

RECUR COST
{FOR 20 VEH)
10-0201 Integration & Assembly — Subtotal (3 wa )
10-0210 Booster - Subtotal N/A )
10~-0211 Integration & Assembly - Booster
100212 Structure Booster
10-0213 Thermal - Booster
10-021k Main Propulsion - Booster —
10~0215 RCS ~ Booster
10-0217 GN&C - Booster
10-0218 Electrical Power - Booster
10-0220 Delivery Stage - Subtotal ($ 18.428 )
10-0221 Integretion & Assembly - Del. Stage 953
10-0222 Structure - Delivery Stage 1,042
10-0223 Thermel -~ Delivery Stage 6
10-0224 Main Propulsion - Delivery Stage 5,933
10-0225 RCS - Delivery Stage 4,179
10-0226 Data Mgt/Comm - Del. Stege 367
10-0227 GN&C - Delivery Stage 5,568
10-0228 Electrical Power — Del. Stage 380
10-0200 Total Production — 20 Units $ 18,428
10-0200 Total Production Cost/Vehicle $ o921l
20-0100 User Charge Cost/Vehi'cle end Payload $ 24,345

NOTES: 1. FPor anon-recurring costs, see Combinations Summary.

2,

Reference Mission A {(Horizontal).

B-35
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TABLE 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THOUSANDS OF DOLLARS

CONFIGURATION Solid ~ Controllable By Pintle QODE 45/12E-0-C-T-M-U
Nozzle - Small

RECUR COST

(FOR 20 VEH)
10-0201 Integration & Assembly — Subtotal o ($ N/aA )
10-0210 Booster - Subtotal - ($ N/A )
10-0211 Integration & Assembly - Booster '
10-0212 Structure Booster .
10-0213 Thermel ~ Booster
10~021% Mein Propulsion - Booster
10-0215 RCS -~ Booster
10~021T7 GN&C - Booster
10-0218 Electrical Power — Booster
10-0220 Delivery Staege ~ Subtctal ($17.596 )
10-0221 Integration & Assembly - Del. Stage 8L6
10-0222 Structure - Delivery Stage (78
10-0223 Thermal - Delivery Stage 6
10-0224 Main Propulsion ~ Delivery Stage 5,472
10-0225 RCS ~ Delivery Stage 4,179
10-0226 Date Mgt/Comm - Del. Stege 367
10-0227 GN&C ~ Delivery Stage 5,568
10-0228 Electrical Power - Del. Stage 380
10-0200 Total Production ~ 20 Units 17,596

10-0200 Toteal Production Cost/Vehicle

L

20-0100 User Charge Cost/Vehicle and Payloed $ Note 3

ROTES: 1. For non-recurring costs, see Combinations Summary.

2. Configuration 4% has same unit cost as Configuration LS.
3. User Charge Cost/Vehicle

REFERENCE MISSION

CONFIGURATION Iy B C D E . F
b (Vert.) - - - 2,90k - -
L4y (Hor.) - - 7,162 5,393 - -
45 24,039 - - - - -

B-36
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TABIE 1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THCUSANDS OF DOLLARS

CONFIGURATION S0lid/Solid Tandem - UmmodifiedODR 48/13C-A~P-T-M-4
Spinning Star 48/Star 26
RECUR COST

{FOR 20 VEH)
10-0201 Integration & Assembly - Subtotel ' ($ 691
10-0210 Booster - Subtotel (13,839
10-0211 Integration & Assembly - Booster ' 300
10-0212 Structure Booster ' - ._2.kog
10-0213 Thermel - Booster 6
10-021% Main Propulsion - Booster 8,238
10-0215 RCS - Booster . mmeee
10-0217 GN&C - Booster 2.685
10-0218 Flectrical Power - Booster 111
10-0220 Delivery Stage - Subtotal ($ 15:458 )
10-022) Integretion & Assepbly - Del. Stage 929
10-0222 Structure - Delivery Stage 1,119
100223 Thermel - Delivery Stage [
10-022%k Mairn Propulsion - Delivery Stage 2,910
10~-0225 R(CS ~ Delivery Stage b,179
10-0226 Dats Mgt/Comm ~ Del. Stage 367
10-0227 GN&C - Delivery Stage 5.568
10-0228 Electrical Power - Del. Stage 380
10-0200 Total Production — 20 Units $ 29,998
10-0200 Totsl Production Cost/Vehicle $  1,k99
20~0100 User Charge Cost/Véhicle and Payload $§ Note 3

NOTES: 1. For non-recurring costs, see Combinations Summary,

2. Configuration 46 and L7 have same unit cost as Configuration LS.
3. User Charge Cost/Vehicle

REFERENCE MISSION

CONFIGURATTON E B 5] D E _F
46 - 18,886 - -~ - -
L ~ - 9,323 T,hah 7, hek -
48 26,048 - - - - -
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Pg. 35 of 37

TABLE '1
LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET
THCOUSANDS OF DOLLARS

CONFIGURATION Solid/Solid Tandem - Ummodified agpp L9 /14 A-A-P-S-M-2

Spinning Star 48/Ster 37TF

RECUR COST

(FOR 20 VFH)
10~0201 Integration & Assenbly - Subtotal o $ 722 )
10-0210 Booster - Subtotal (317,177 )
10-0211 Integration & Assembly - Booster ' 651
10~0212 Structure Booster 2,hgh
100213 Thermal ~ Booster 6
10-0214 Mmin Propulsion - Booster 8,238
10~0215 RCS - Booster 2,069
10-0217 GN&C - Booster - 3,009
10~-0218 Electricel Power - Booster T10
10-0220 Delivery Stage — Subtotal (312,179 )
10-0221 Integration & Assembly - Del. Stage 672
10-0222 Structure - Delivery Stage 1,229
10-0223 Thermal - Delivery Stage 6
10-022% Main Propulsion - Delivery Stege 6,493
10-0225 RCS -~ Delivery Stage . ___ ™=~
10-0226 Date Mgt/Coym - Del. Stage 367
10-0227 GN&C - Delivery Stege 3,032
10-0228 Electrical Power - Del. Stage 380
10-0200 Totel Production — 20 Units ¢ 30,078
10-0200 Total Production Cost/Vehicle $ 1,50k
20-0100 User Charge Cost/Vehicle and Payloed $ Note 3
NOTES: 1. For non-recurring costs, see Combinations Summary.

' 2, Configuration 50 has same unit cost as Configuration 49.
3. User Charge Cost/Vehicle
REFERENCE MISSION
CONFIGURATION z B [ ) E T
ko -

- "t - 8,k72 8,472

50 19,934 -~ -

B-38
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Pg. 36 of 37
LOW ENFRGY STAGE STUDY
PRODUCTION COST SIMMARY SHERT
THOUSANDS OF DOLLARS
CONFIGURATION Solid/Solid Tendem - Star 174/ CODE 2L
Star 17

RECUR COST

(FOR 20 VEH)
10-0201 Integration & Asserbly - Subtotal ($ sou )
10-0210 Booster - Subtctal ($ s5.606 )
10-0211 Integration & Assembly - Booster 181
10-0212 Structure Booster 694
10-0213 Thermal - Booster 6
10-0214 Main Propulsion - Booster 2,040
10-0215 RCS - Beoster _ m=——
10~0217 GNE&C - Booster . 2,685
10-0218 Electricel Power - Booster — _ mmee=
10-0220 Delivery Stege - Subtctal ($ 13,722 )
10-0221 TIntegretion & Asserbly - Del. Stage 846
10-0222 Structure - Delivery Stage 652
10-0223 Thermel - Delivery Stage 2
10-0224 Main Fropulsion - Delivery Stege 1,68L
10-0225 RCS ~ Delivery Stage 4,179
10-0226 Data Mght/Comm — Del. Stage 367
10-~0227 GN&C -~ Delivery Stage 5,568
10-0228 Electrical Power — Del. Stage 360
10-0200 Total Production — 20 Units $ 19,832
10-0200 Total Production Cost/Vehicle 8 892
200100 User Charge Cost/Vehiele and Payload $ Note 2
NOTES: 1. For non-recurring costs, see Combirations Summary.

2. User Charge Cost/Vehicle ‘
REFERERCE MISSION
CONFIGURATION A B C T E i3
51 ‘ - - 7,576 3,219 - -
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10~0201

10-0210
10-0211
10-0212
10-0213
10-021k
10-0215
10-0217
10-0218

10-0220
10-0221
10-0222
10~0223
10--0224
10-0225
10-0226
10-0227
10-0228

10-0200
10--0200

20-0100

NOTES:

g 8 s b v & b r e e en e s

TABLE 1

LOW ENERGY STAGE STUDY
PRODUCTION COST SUMMARY SHEET

THOUSANDS OF DCLLARS

CONFIGURATION INTEGRAL OMS

Integration & Assembly - Subtotal

Booster - Subtotal
Integration & Asserbly - Booster

Structure Booster
Thermal - Booster

Main Propulsion - Booster
RCS - Booster

GN&C ~ Booster

Electrical Power - Booster

Delivery Stage -~ Subtctael

Integretion & Asserbly - Del. Stage
Structure - Delivery Stege

Therrsel - Delivery Etage

fain Propulsion -~ Lelivery Stage
RCS - Delivery Stege

Data ¥gt/Comm - Del. Steage

Gi%C —~ Delivery Stage

Electrical Pocwer - Del. Stage

Totel Production - 20 Units

Total Production Cost/Vehicle

User Charge Cost/Vehicle and Payload

1. Reference Mission A,

B-40

CODE I

Pg. 37 of 37

RECUR COST
(FOR 20 VEH)

($ )
($ )

$
$ n/a

¢ 21,h
Note 1)
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TARLE 2 Page 1 of 15
LOW ENERGY STAGE STUDY
DDTEE COST SUMMARY SHEET
THQUSANDS OF DOLLARS

COMBTHATTION No. 48 - Combines Configurations

No. 23, 24, 25, and 27

R |

O |

e

E S |

(Liguid Biprops) with I (OMS) DDT&E COST
10-0201 Integration & Assembly - Subtotal (3 1,291 )
10~0210 Booster - Subtotel (Spinning Minuteman III) ($ 1,745 )
10~-0211 Integration & Assembly -~ Booster | 107
10-0212 Structure - Booster 927
10-0213 Thermsl -~ Booster ) (Note 2)
10-0214% Main Propulsion - Booster 655
10-0215 RCS - Booster ' (Note 2)
10-0217 GN&C - Bouster 62
10-0218 Electrical Power - Booster {Note 2)
10-0220 Delivery Stege - Subtotal ($ 16,748 )
10-0221 Integration & Assembly - Del. Stage 2,140
10-0222 Structure - Delivery Stage cOn
10-0223 Thermal - Delivery Stage 110
10-022L Main Propulsion - Delivery Stage 6,100
10-0225 RCS - Delivery Stage | (Incl. with 10-0224)
10~0226 Data Mgt/Comm - Del. Stage 296
10-0227 GN&C - Delivery Stage 6,494
10~0228 Electrieal Power ~ Del. Stage 1,170
10-0200 Total Development Cost $ 19,784

Notes: 1. Mission A; Configuration No. I, Integral OMS
Mission B3 Configuration No. 23 8 Tank Liquid Biprop
Missions C & D; Configuration No 25, 4 Tank Liquid Biprop
Mission E; Conf1gurat10n No. 24, 8 Tank Liquid Biprop
- Mission F; Configuration No. 27, Spinning Minuteman II1/8 Tank Liquid B1prop
2, Development cost for these jtems js shown as part of WBS 10-0212. A pro-
rated amount of previous development cost is included there.

B-ll




TABLE 2

IOW ENERGY STAGE STUDY
DDT&E COST SUMMARY SHEET
THOUSANDS OF DOLLARS

compINATTON NoO. 49 - Combines Configurations

10-0201

10-0210
10-0211
10-0212
10-0213
10-0214
10-0215
10-0217
10-0218

10-0220
10-0221
10-0222
10-0223
1lu-0224
10-0225
10-0226
10-0227
10-0228

No. 4, 9, 12, 32 and 51 {a mixed group

of propulsion approaches) with I (OMS)

Integration & Assembly - Subtotal

Booster - Subtotal (Spinning Star 48 + Star 17A)

Integration & Aszembly - Booster
Structure - Booster

Thermal - Booster

Main Propulsion ~ Booster

RCB - Booster

GN&C - Booster

Electrical Fower - Booster

Delivery Stage - Subtotal
Integration & Assembly - Del. Stage

Structure -~ Delivery Stage
Thermal - Delivery Stage

Main Propulsion ~ Delivery Stage
RCS - Delivery Stege

Data Mgt/Comm ~ Del. Stage

GN&C - Delivery Stage

Electrical Power - Del. Steage

10-0200 Total Development Cost

Page 2 of 15

 DDT&E COST

($ 3,617 )
‘ 589
1,461
55
1,450

(Note 2).
62

(Note 2)

(% 44,694 )

6,788
2,654

275

21,713
(Incl. w/10-224)

241

10,683

2,340

$ 50,362

Mission A; Configuration No. I, Integba] OMS

Mission D; Configuration No. 51, Solid/Solid Tandem, Star 17A/Star 17

4, Solid/Solid Tandem, Spinning Star 48/

Notes: 1.
Mission B; Configuration No. 2, Flatpack - 6 Long Motors
Mission C; Configuration No. 32, Liquid Monoprop - 4 tank
Mission E; Configuration No.
) Star 37F
2.

Development cost for these items is shown as part of WBS 10-N212. A

prorated amount of previous development cost for Spinning Star 48 is

included there.

B~h2




TABLE 2
IOW ENERGY STAGE STUDY
DDT&E COST SUMMARY SHEET
THOUSANDS OF DOLLARS

COMBINATION NO. 50 - Combines Configurations

No. 9 and 10 (Flatpacks) with No. &

Page 3 of 15

(SO]id/SOHd Tandem) and 1 (OMS) DDT&E COST
10-0201 Integration & Assembly - Subtotal {$ 1,144
10-0210 Booster - Subtotsl (Spinning’ Star 48) (8 2,286 )
10~0211 Integration & Assembly - Booster ' 221
10-0212 Structure - Booster 1,461
10-0213 Thermal - Booster (Note 2)
10-0214 Main Propulsion - Booster 850
10-0215 RCS ~ Boosber (Note 2)
10-0217 GN&C - Booster 62
10-0218 FElectrical Power — Booster (Note 2)
100220 Delivery Stage — Subtotal (% 28,566 )
10-0221 Integration & Assembly - Del., Staege 6,118
10-0222 Structure - Delivery Stage 1,437
10-0223 Thermal - Delivery Stage 110
10-0224 Main Propulsion - Delivery Stage 6,338
10-0225 RCS - Delivery Stage 2,686
10-0226 Data Mgt/Comm - Del. Stage 211
10-0227 GN&C - Delivery Stage 10,683
10-0228 Electrical Power - Del. Stage 983
10-0200 Total Development Cost 31,996

Notes: 1. Mission A; Configuration No. I, Integral OMS |
Mission B; Configuration No. 9, Flagpack, 6 Long Motors
Missions € & D; Configuration No. 10, Flatpack, 4 Short Motors
Missions E & F; Configuration No. 4, Solid/Solid Tandem, Spinning
Star 48/Star 37F _ .
2. Development cost for these jtems is shown as part of WBS 10-0212.
A prorated amount of previous development cost for Spinning Star 48
is included there.

B-k3
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COMBINATION

10-0201.

10-0210
10-0211
16-0212
10-6G213
10-021h
10-0215
10-0217
J10-0218

10-0220
10-0221
10-0222
10~-0223
10-022%
10-0225
10-0226
10-0227
10-0228

10-0200

Notes:

TABLE 2

LOW ENERGY STAGE STUDY
DUTEE COST SUMMARY SHEE™
THOUSANDS OF DOLLARS

Nae.51 - Combines Configurations

No. 9, 10, & 1] (Solid Motor Flat-

packs) with No. 4 (So011d/Solid Tandem)

Integration & Assembly - Subtotal

Booster - Subtotal (Spinning Star 48}

Integration & Assembly ~ Booster
Structure - Booster

Thermal - Booster

Main Propulsian ~ Booster

RCS - Booster

GN&C - Booster

Electrical Power ~ Booster

Delivery Stage - Subtotal
Integration & Assembly - Del. Stage
Structure - Delivery Stege

Thermal - Delivery Stege

Main Propulsion - Delivery Stage
RCS -~ Delivery Stage

Data Mgt/Comm — Del. Stage

GN&C - Delivery Stage
Electrical Power -~ Del. Stage

Total Development Cost

Page 4 of 15

_DDT&E COST

(5 1,144

)

(¢ 2,286
: 221

1,153

{Note 2)

850

(Note 2)

62

(Note 2)

($ 32,409

5,722

1,437

110

6,908

3,704

226

13,872

1.030

§ 35,839

1. Mission AjConfiguration No. 11, Flatpack with 6 Short Motors
Mission B; Configuration No. 9, Flatpack with 6 Long Motors
Missions C & D; Configuration No. 10, Flatpack with 4 Short Motors
MissionS £ & F; Configuration No. 4, So1id/Selid Tandem - Spinning

Star 48/Star 37F
2. Development cost for these items is shown as part of WBS 10-0212.

)

A prorated amount of previous development cost for Spinning Star 48

is included there.
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TABLE 2
LOW ENERGY STAGE STUDY
DPTEE COST SUMMARY SHEET
THOUSANDS OF DOLLARS

COMBTNATION No. 52 - Combines Configurations
No. 23, 24, 25, 26 & 27 (all Liquid
Biprops)

10-0201 Integration & Assembly - Subtotal

10-0210 Booster - Subtotal (Spinning Minuteman III)
10-021) 1Integration & Assembly - Booster

10-0212 Structure - Booster

10-0213 Thermel -~ Booster

10-021% Main Propulgion - Booster

10-0215 RCS -~ Booster

10-0217 GHN&C - Booster

10-0218 Electrical Power - Booster

10-0220 Delivery Staze — Subtobal

10-0221 Integration & Assembly - Del. Stage
10-0222 Structure - Delivery Stage

10-0223 Thermal -~ Delivery Stage

10-022% Main Propulsion - Delivery Stage
10~-0225 RCS - Delivery Stage

10-0226 Data Mgt/Comm - Del. Stage

10-0227 GN&C -~ Delivery Stage

10-0228 Electrical Power - Del. Stage

10-0200 Total Development Cost

Page 5 of 15

_DDT&E COST

(5 1,291

($ 1,745

101

927

(Note 2)

655

(Note 2)

62

(Note 2)

(6 20,478

2,502

508

110

6,100

(incl in 10-0224)

241

9,683

1,334

& 23,514

Notes: 1. Mission A; Configuration No. 26, 4-tank Liquid Biprop
Mission B; Configuration No. 23, 8-tank Liqu1d‘B1grop.
Missions C & D; Configuration No. 25, 4-tank Liquid Biprop
Mission E; Configuration No. 24, 8-tank Liquid Biprop
Mission F; Configuration No. 27, Spinning Minuteman III/8-tank

Liquid Biprop

2. Development cost for these items is shown as part of WBS 10-0212.

A prorated amount of previous development cost for Spinning MMIII

is included there.

B-45
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COMBINATTION

10-0201

10-0210
20-0211
10-0212
10-0213
10-0214
10-0215
10-0217
10-0218

10-0220
10-0221
10~0222
10-0223
10-0224
10-0225
10-0226
10-0227
10-0228

10-0200

Notes:

T T T R ST T Ly e o N e T R e e R g T R W M O gt

TABLE 2

LOW ENERGY STAGE STUDY
DDT&E COST SUMMARY SHEET
THOUSANDS OF DOLLARS

No. 53 - Combines Configurations

No. 33, 35, & 36 (Liquid Monoprops)

with No. 4 (Solid/Solid Tandem)

and I (OMS)

Integration & Assembly - Subtotal

Booster - Subtotal (Spinning Star 48)

Integration & Assenmbly - Booster
Structure - Booster

Thermal - Booster

Main Propulsicn ~ Booster

RCS ~ Booster

GN&C - Booster

Electricsl Power - Booster

Delivery Stage - Subtotal
Integration & Assembly - Del. Stage
Structure - Delivery Stage

Thermal - Delivery Stage

Main Propulsicon - Delivery Steage
RCS - Delivery Stage

Date Mgt/Comm - Del. Stage

GN&C - Delivery Stege

Electrical Fower - Del. Stage

Total Development Cost

1. Mission A; Configuration No. I, Integral OMS

Page 6 of 15

_DDTEE COST

{s 1,144 )

(3 2,286 )
221
1,153
(Note 2)
850
“(Note 2)
62K
{Note 2)

(s 20,809 )
3,110
1,135

165
6,932
1,343

226
6,494
1,404

s 24,239

Mission B; Configuration No. 33, 8-tank Liquid Monoprop

Mission C; Configuration 35, 2-tank Liquid Monoprop

Mission D; Configuration No. 36, 2-tank Liquid Monoprop

Missions E & F; Configuration No. 4, Solid/Selid Tandem - Spinning

Star 48/Star 37E

2. Development cost for these items is shown as part of NBS_10~0212.
A prorated amount of previous development cost for Spinning Star

48 is inciuded there.
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10-0201

10-0210
10-0211
10-0212
10-0213
10-0214
10-0215
10-0217

TABLE 2 Page 7 of 15
I0W ENERGY STAGE STUDY
DIDF&E COST SUMMARY SHEET
THOUSANDS OF DOLLARS
CcOMBINATION No. 5k - Combines Configurations No. 33,
34, 35, & 36 (Liquid Monoprops)
with No. 4 (Solid/Solid Tendem) 'DDT&E COST
. 1,144
Integration & Assembly - Subbtobal (3 )
Booster - Subtotal (Spinning Staév 48) ($ 2,286
Integration & Assembly - Booster f 221
Structure - Booster 1,153
Thermal - Booster . (Note 2)
Main Prqpulsion - Booster " 850
RCS ~ Booster (Note 2)
GN&C ~ Booster - 62
(Note Z)

10-0218

10-0220
10-0221
10~-0222
10-0223
10-022%
10-0225
10-0226
10-0227
10-0228

10-0200

Notes:

Electrical Power - Booster

Delivery Stage -~ Subtotal
Integration & Assembly -~ Del. Stage

Structure - Delivery Stage
Thermal - Delivery Stage

Main Propulsion - Delivery Stege
RCS -~ Delivery Stage

Datea Mgt/Comm ~ Del. Stage

GN&C - Delivery Stage
Electrical Power ~ Del. Stage

Total Development Cost

(4 25,566 )
3,866
1,295

220
7,280
1,343

241
9,683
1,638

& 28,996

1. Mission A; Configuration No. .34, 3 Tank Liquid Monoprop

Mission B; Configuration No. 33,
Mission C; Configuration No. 35,

8 Tank Liguid Monoprop
2 Tank Liguid Monoprop

Mission D; Configuration No. 36, 2 Tank Liguid Monoprop
Missions E & F; Configuration No. 4, Solid/Solid Tandem -

Spinning Star 48/Star 37E

2. Development cost for these items is shown as part of
WBS 10-0212. A prorated amount of previous development
cost for Spinning Star 48 is included there.
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TABLE 2

IOW ENERGY STAGE STUDY

Page 8 of 15

PN

DDI&E COST SUMMARY SHEET
THQUSANDS OF DOLLARS

to
.-
az
ae
.

LR

20

COMBTNATTON No. 55 - Combines Configurations

No. 23, 25 and 27 (Liquid Biprops)

with No. 52 (Solid/Flatpack) and I (OMS) DDT&E COST

10-0201 Integration & Assembly ~ Subtotal ($§ 2,435 )
10~-0210 Booster - Subtotal (Spinning Star 48 + Spinning {$ 3,292 )
10-0211 Integration & Assembly - Boiutgman I111) 237

- 10-0212 Strueture - Booster 1,493
10-0213 Thermal - Booster (Note 2)
10-0214 Main Propulsion - Booster 1,505
10-0215 RCS - Booster (Note 2)
10-0217T7 GHN&C ~ Booster 52
10-0218 Electrical Power - Booster (Note 2)
10-0220 Delivery Stage — Subtotal ($ 18,859 )
10-0221 Integration & Assembly - Del. Stage 2 .905
10-0222 Structure -~ Delivery Stage 1.448
10-0223 Thermal - Delivery Stage 165
10-022% Main Propulsion - Delivery Stage 6.7100
10-0225 RCS - Delivery Stage (incl. w 10-224)
10-0226 Data.Mgt/Comm ~ Del. Stage 226
10-0227 GN&C -- Delivery Stage _ 6,494
10-0228 Electrical Power - Del., Stage 1,521
10-0200 Total Development Cost : $ 24,586
Notes: 1. Mission A} Configuration No. I, Integral OMS

M:scion B; Configuration No. 23, 8 Tank Liquid Biprop

Missions C & D; Configuration No. 25, 4 Tank Liquid Biprop

Mission E; Configuration No. 52, Star 48/Flatpack - 4 Short Motors

Mission F; Configuration No. 27, Spinning Minuteman III/8 Tank
Liquid Biprop

2. Development cost for these items are shown as part of WBS 10-0212.

A prorated amount of previous development cost is involved here

for both stages.
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TARBLE 2 Page O of 15
LOW ENERGY STAGE STUDY
DDT&E COST SUMMARY SHEET -
THOUSANDS OF DOLLARS

coMIinarIon MNo. 56 - Combines Configurations
No. 12 and 13 (Liquid Quench Solids)

with No. 4 (Solid/Solid Tandem) and I (OMS) DDTLE COST
10-0201 TIntegration & Assembly — Subtotal (% 1,144 )
10-0210 Booster -~ Subtotal (Spinning Star 48) ($ 2,286 )
10-0211 Integration & Assembly - Booster 221
© 10-0212 Siructure - Booster ) 1,153
10-0213 Thermal - Booster - ' (Note 2)
10-0214 Main Propulsion - Booster , acq
10-0215 RCS - Booster {Note 2)
10-0217 GN&C - Booster . 62
10-0218 Electrical Power - Booster {Nate ?)
10-0220 Delivery Stage - Subbtotal ' (§ 27,857
10-0221 Integration & Assembly -~ Del. Stage 3.681
10~0222 Structure -~ Delivery Stage - 038
10-0223 Thermal -~ Delivery Stage 110
10-0224 Main Propulsion - Delivery Stage 12 .754
10-0225 RCS - Delivery Stage 2.686
10-0226 Data Mgt/Comm - Del. Stage 211
10-0227 GN&C - Delivery Stage 6.494
10-0228 Electrical Power - Del. Stage | 983
10-0200 Total Development Cost $ 31,287

- Notes: 1. Mission A; Configuration No. I, Integral OMS
‘ission B; Configuration No. 12, Solid-Liquid Quench
Missions C, D, & E; Configuration No. 13, Solid-Liquid Quench
Mission F; Configuration No. 4, Solid/Solid Tandem - Spinning Star 48/
Star 37E
2. Development cost for these items is shown as part of WBS 10-0212.
A prorated amount of previous development cost for Spinning Star 48
is included there.
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& _ TABLE 2 Page 10 of 15
IOW ENERGY STAGE STUDY -
DDT&E COST SUMMARY SHEET
THOUSANDS OF DOLLARS

COMBINATTON No. 57 - Combines Configurations
No. 41 and 42 (Pintle Solids) with

: No. 4 {Solid/Selid-Tandem) and I (OMS) DDTLE COST
10-0201 Integration & Assembly — Subtotal (¢ 1,144
10-0210 Booster - Subtotal (Spinning Star 48) ( 2,286
10-0211 Integration & Assembly - Booster 221
- 10-0212 Structure - Booster ‘ 1.153
10-0213 Thermal - Booster S (Note 2)
10-0214 Main Propulsion - Booster , 850
10-0215 RCS - Booster (Note 2)
. J0-0217 GN&C - Booster . 62
10-0218 Electrical Power - Booster (Note 2)
10-0220 Delivery Stage — Subtotal ' ($ 25,698 )
10-0221 Integration & Assembly - Del. Stage 3.469
10-0222 Structure - Delivery Stage - 942
10-0223 Thermal - Delivery Stage . 110
10-0224 Main Propulsion - Delivery Stage 10,804
10-0225 RCS - Delivery Stage 2,686
10-0226 Data.Mgt/Corm -- Del. Stage 211
10-0227 GN&C - Delivery Stage ' 6,494
10-0228 Electrical Power - Del. Stage 983
10-0200 Total Development Cost ‘ $ 29,128

Notes: 1. Mission A; Configuration I, Integral OMS
Mission B; Configuration No. 41, Pintle Solid-Large
Missions C, D, & E; Confiquration No. 42, Pintle Solid-Large
Mission F; Configuration No. 4, Selid/Solid Tandem - Spinning
Star 48/Star 37E

2. Development cost for these items is shown as part of WBS 10-0212.
A prorated amount of previous development cost for Spinning Star
48 is included there.

. B=50
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TABLE 2
IOW ENERGY STAGE STUDY
DDT&E COST SUMMARY SHEET
THOUSANDS OF DOLLARS

coMpyaTIoNy No. 58 - Combines Combinations
No. 38, 39 and 40 (Clustered Solids)
with No. 4 (Solid/Solid Tandem) and I {OMS)

10-0201 Integration & ASsemhly - Subtotal

10-0210 Booster - Subtotal (Spinning Star 48)
10~0211 Integration & Assembly - Booster
- 10-0212 Structure - Booster
10-0213 Thermal - Booster
10-0214 Main Propulsion - Booster
10-0215 RCS - Booster
1N-0217 GN&C - Booster
10-0218 Electrical Power ~ Booster

10-0220 Delivery Stage —~ Subtotal

10-0221 Integration & Assembly - Del. Stage
10-0222 Structure - Delivery Stage

10-0223 Thermal - Delivery Stage

10-0224 Main Propulsion - Delivery Stage
10-0225 RCS - Delivery Stage

10-0226 Data Mgt/Comm -~ Del. Stage

10-0227 GN&C ~ Delivery Stage

10-0228 Electrical Power - Del. Stage |

10~0200 Total Development Cost

Notes: 1. Mission A; Configuration No. I, Integral OMS

Ppge 11 of 15

DDT&E COST
(¢ 1,148
($§ 2.286 )

221

1,153
{Note 2)

850

{Note 2)
. 62
(Note 2)

(¢ 30,895 )
7.586
2,008

165
6.124
2,886

226

10,683
1.217

$ 34,325

Mission B; Configuration No. 38, Clustered Solids-22 Star 17s
Missions C & D; Configuration No. 40, Clustered Solids - 4 Star 17s
Mission E; Configuration No. 39, Clustered Solids - 22 Star 17s
Mission F3; Configuration No. 4, Solid/Solid tandem - Spinning Star

48/Star 37E

2. Development cost for these items is shown as part of WBS 10-0212.
A prorated amount of previous development cost for Spinning Star

48 is included there.
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TABLE 2 Page 12 of 15
ILOW ENERGY STAGE STUDY
DDTEE COST SUMMARY SHEET
THOUSANDS OF DOLLARS

COMBINATION No. 60 - Combines Configurations No.
4 and 51 (Solid/Solid Tandems) with
I (Integral OMS) DDTE COST

2,009 )

10-0201 Integraetion & Assembly ~ Subtotal ($

10-0210 Booster - Subtotel (Spinning Star 48 and Star 178) (8 3817 )

10-0211 Integration & Assewbly - Booster 589

' 10~0212 Structure - Booster 1,461
10-0213 Thermal - Booster : . ' . 55
10-0214 Main Propulsion - Booster ‘ 1,450
10-0215 RCS - Booster {Note 2)
10-0217 GN&C ~ Booster . 62
10-0218 Electrical Power - Booster (Note 2)
10-0220 Delivery Stage — Subtotal ' (3 12 2gq )
10-0221 Integration & Assembly - Del. Stage ‘E,}Oé
10-0222 Structure - Delivery Stege - 820
10-0223 Thermal — Delivery Stage 110
10-0224 Main Propulsion - Delivery Stage 1,404
10-0225 RCS - Delivery Stage 2,686
10-0226 Data Mgt/Comm ~ Del. Stage 211
10-0227 GCN&C - Delivery Stage 6,494
10-0228 Electrical Power — Del. Stage | 936
10-0200 Total Development Cost $ 20,995

Notes; 1. Mission A:; Configuration No. I, Integral OMS
Missions B, E, & F; Configuration No. 4, So0lid/Solid Tandem - Spinning
; Star 48/Star 37E
Missions C & D; Configuration No. 51, Solid/Solid Tandem - Star 17A/Star 1
2. Development cost for these items are shown as part of WBS 10-0212.
A prorated amount of previous development cost is included here for
Spinning Star 48,

B=52




TABLE, 2

Page 13 of 15

LOW ENERGY STAGE STUDY -
DDI&E COST SUMMARY SHEET
THOUSANDS OF DOLLARS

coMpinarIon No. 61 - Combines Configurations
No. 41, 42, & 44 (Solid - Controllable
Pintle Nozzles) with NO- 4 (Sotid/Solid DDT&E COST
Tandem) and I {OMS) _
10-0201 Integration & Assembly - Subtotal (3 1,144
10-0210 Booster - Subtotal (Spinning Star 48) (§ 2,286
10-0211 Integration & Assembly - Booster 221
- 10-0212 Structure - Booster 1.153
10-0213 Thermai - Booster {Note 2}
10-0214 Main Propulsion - Booster 850
10-0215 RCS - Booster (Note 2}
100217 GN&C - Booster 62
10-C218 Electrical Power - Booster (Note 2)
10-0220 Delivery Stage — Subtotal (3 32,924 )
10-0221 Integration & Assembly - Del. Stage 4 557
10-0222 Structure - Delivery Stage 1,286
10-0223 Thermal - Delivery Stage ) 165
10-0224 Main Propulsion - Delivery Stage 13,104
10-0225 RCS - Delivery Stage 2.686
10-0226 Data.Mgt/Comm - Del. Stage 226
10-0227 GN&C ~ Delivery Stage | - 9,633
10~0228 ZIlectrical Power ~ Del. Stage 1,217
10~0200 Total Development Cost $ 36,354
Note: 1. Mission A; Configuration No. I, Integral OMS
Mission 3; Configuration No. 41, Pintle Solid-Large
Missions C & D; Configuration No. 44, Pintle Solid - Small
Missjon E; Configuration Mo. 42, Pintle Selid - Large
Mission F; Configuration MNo. 4, Solid/Solid Tandem - Spinning Star
- 48/Star 37E
2. Development cost for thase jtems is shown as part of WBS 10-0212.

A prorated amount of previous development cost for Spinning Star 48

is jncluded there.
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TABLE 2 Pege 14 of 15
IOW ENERGY STAGE STUDY
DDP&E COST SUMMARY SHEET
THOUSANDS OF DOLLARS

P

: coMBInATION No. 62 - Combines Configurations No.
o 19, 20, 21 {(Liguid Bipropellants) with

No. 4 (Solid/Solid Tandem) and I (OMS) IDT&E COST
10-0201 Integration & Assembly - Subtotal ($ 2,166 )
100210 Booster - Subtotel (Spinning Star 48 & Star 37E) ($ 3,406 )
10-0211 Integration & Assembly - Booster 244

© 10-0212 Structure ~ Booster 1,495

10-0213 Thermal -~ Booster °© -~ . - 55
10-021% Mein Propulsion - Booster 1,550
10-0215 RCS - Booster (Note 2)
10-0217 GN&C - Booster . A2
10-0218 Electrical Power - Booster (Note 2)
10-0220 Delivery Stage -‘Subtotal ' (¢ 18,873
10~0221 Integration & Assembly -~ Del. Slage 2,782
10-0222 Structure - Delivery Stage - 909
10-0223 Thermal - Delivery Stage 110
10-0224 Main Propulsion - Delivery Stage 5,792
10-0225 RCS ~ Delivery Stage 1,343
10-0226 Data Mgt/Comm - Del. Stage 226
10-0227 GN&C - Delivery Stage 6,494
10-0228 FElectrical Power ~ Del. Stage | 27
10-0200 Total Development Cost $ 24,445

Notes: 1. Mission A; Configuration No. I, Integral OMS -

Mission B; Configuration No. 19, Star 37E/6 Tank Liquid Biprop
Missions C & D; Configuration No. 21, 4 Tank Liquid Biprop
Mission E; Configuration No. 20, Star 37E/4 Tank Liquid Biprop
Mission F; Configuration No. 4, Spinning Star 48/Star 37E

2. Development cost for these items is shown as part of WBS-10-0212.
A prorated amount of previous development cost for Spinning Star
48 is included there.
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TABIE 2 Page 15 of 15
LOW ENERGY STAGE STUDY
DUT&E COST SUMMARY SHEET
THOUSANDS OF DOLLARS

coMpImATION No- 65 - Combines Configurations No. '

10-0201

1.0-0210
10-0211
- 16-0212
10-0213
10-021h
10-0215
10-0217
10-0218

10-0220
10-0221
10-0222
100223
10-022h
10-0225
10-0226
10-0227
10-0228

10-0200

Notes:

1.

23 and 25 (Liquid Biprops) with No. 4

(Solid/Solid Tandem) and No. I (OMS) DDT&E COST
Tntegration & Assembly — Subtotal (¢ 1144
Booster - Subtotal (Spinning Star 48) (% 2,286 )
Integration & Assembly - Booster 221
Structure - Booster 1,153
Thermel - Booster . - . (Note 2)
Main Propulsion - Booster _ 850
RUS ~ Booster (Note 2)
GN&C -~ Booster _ 62
Electrical Power - Booster {Note 2)
Delivery Stage - Subtotal - ($ 20,203 )
Integration & Assembly -~ Del. Stage ___ 2,966
Structure - Delivery Ccaye - 1,005
Thermal - Delivery Stefc 110
Main Propulsion ~ Delivery Stagé 6,904
RCS - Delivery Stage 1,343
Data Mgt/Comm ~ Del. Stage 211
GN&C - Delivery Stage _ 6,494
Electrical Power - Del. Stage 1,170
Total Development Cost $ 23,633

Mission A; Configuration No. I, Integral OMS

Mission B; Configuration No. 23, 8 Tank Liquid Biprop

Missions-C & D; Configuration ko. 25, 4 Tank Liquid Biprop

Missions E & F; Configuration do. 4, Solid/Solid Tandem - Spinning Star
48/Star 37t

Development cost for these items is shown as part of WBS 10-0212-

A prorated amount of previous development cost for Spinning Star
48 is included there.
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STAGE UNIT COST, STAGE DEVELOPMENT COST AND ASE COST FOR TASK 2 SCREENING

TABLE 3

Page 1 of 4

WBS NO. ———[10-0200 jl0-0200]  10-0500
COMBO | REFEREICE QUANTITY UNIT COST ~ $K | COMBO DEV COST - $K
NO. MISSION | CONFIG. |PFR REF MISSION | PER CONFIG | PER BUY |20 UNITS|PER BUY | STAGE | ASE(INCL 3 SELS)
A 1 17 17 19,784 8,524
B 23 38 44 8 1249 1436 - }
48 C 25 32 54 9 1067 1205
D 25 22 - 1205
E 24 6 - 1436
F 27 10 10 7 2056 2412
A i 17 17 50,362 19,502
B 9 38 38 . g 976 1102
49 C 32 32 32 6 946 1136
D 1 22 22 4 992 1267
E 12 6 6 4 927 1184
F 4 10 10 7 1543 1810
A 1 17 17 . 31,996 8,685
B 9 38 38 9 976 1102
50 C 10 32 54 g 937 1058
D 10 22 - 1058
E 4 6 16 i1 1543 1620
F 4 10 - 1690
A 1 17 V7 4 976 1247 {35,839 8,685
B 9 38 38 9 976 1102
5 C 10 32 B4 g9 937 1058
D 10 22 1058
£ 4 6 16 1 1543 | 1690
F 4 10 1690
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Page 2 of 4

TABLE 3
STAGE UNIT COST, STAGE DEVELOPMENT COST AND ASE COST FOR TASK 2 SCREENING
WBS NO. ——$>{10-0200 h0-0200]  10-0500
COMBO | REFERENCE QUANTITY UNIT cOST - 8K | COMBO DEV COST - $K
NO. MISSION | CONFIG. |PER REF MISSION | PER CONFIG | PER BUY |20 UNITS|PER BUY | STAGE | ASE(INCL 3 SETS)

: A 26 17 17 4 1067 | 1363 23,514 8,524

B 23 38 44 8 1249 | 1436 1
52 C 25 32 54 9 1067 | 1205

D 25 22 1205

£ 24 6 1436

F 27 10 10 7 2056 | 2812

A I 17 17 124,239 8,905

B 33 38 i - 9 1476 | 1666
53 C 35 22 44 8 960 | 1103

D 36 22 1103

E 4 6 16 1 1583 | 1690

F 4 10 1690

A 34 17 17 4 . 1074 | 1372 {28,996 8,905

B 33 38 38 9 1476 | 1666
58 C 35 32 54 9 960 | 1084

D 36 22 1084

E 4 6 16 it 1543 | 1690

F 4 10 1690

A I 17 17 24,586 8,524

B 23 38 38 9 1249 | 1410
55 C 25 32 54 9 1067 | 1205

D 25 22 1205

E 52 6 6 4 1835 | 2344

F 27 10 10 7 2056 | 2412
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TABLE 3 ’
STAGE UNIT COST, STAGE DEVELOPMENT COST AND ASE COST FOR TASK 2 SCREENING .
WS NO. ——>{10-0200 fo-0200]  10-0500
COMBO |REFERENCE QUANTITY UNIT COST ~ $K | COMBO DEV COST ~ $K S
NO. MISSION | CONFIG.|PER REF MISSION | PER CONFIG | PER BUY [20 UNIS|PER BUY | STAGE | ASE(INCTL 3 SEIS)
- A 1 17 7 31,287 8,756 N
B 12 38 a8 9 927 1047 f
56 C 13 32 1047
D 13 22 1047
E 13 & 1047
F 4 i0 ' 10 7 | 1543 1810
A 1 17 17 . 29,128 7,466
B 41 38 38. 9 - 886 1000
57 C 42 32 60 10 940 1044
D 42 22 1044
E 42 6 1044
F 4 10 10 7 1543 1810
A I 17 17 . 34,325 8,574
B 38 38 44 8 2458 2825
58 c 20 32 54 9 1084 1224
D 40 22 : 1224
E 39 6 2825
F 4 10 10 7 7543 1810
A )| 17 17 20,995 8,102
B q 38 54 g 1543 1742
50 C 51 32 54 9 992 1120
D 51 22 1120
E 4 6 1742
F 4 10 1742 5
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Page 4 of 4

TABLE 3
STAGE UNIT COST, STAGE DEVELOPMENT COST AND ASE COST FOR TASK 2 SCREENING
WBS Nc.—[’;”»llo-oeoo ;Lo-oeoo| 10~-0500 '
COMBO REFER_E?.TCE QUANTITY UNIT COST - 8K COMBO DEV COST - $K f
NO. MISSION CONFIG. |PER REF MISSION | PER CONFIG | PER BUY [20 UNITS|PER BUY | STAGE ASE(INCL 3 SETS)
A 1 17 17 36,354 7,466 ™
B a1 38 a4 8 886 | 1018 '
61 c a4 32 54 g 880 994
D 44 22 994
E 42 6 1018
F 4 10 10 7 1543 | 1810
A 1 17 17 24445 8,702
B 19 38 38 - 9 1550 | 1750
62 C 21 32 54 9 952 | 1075
D 21 22 1075
E 20 6 6 4 1513 | 1932
F 4 10 10 7 1543 | 1810
A 1 17 17 : 23,633 8,524
8 23 38 38 9 1249 | 1410
65 C 25 32 54 9 1067 | 1205
D 25 22 A 1205
E g 6 16 1 1543 | 1690
F 4 10 1690
A
B
C
D
E
F ;

A
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PROPULSION APPROACHES Fi

TABLE 6

R

REFERENCE MISSION A

. OTHER
PROPULSION DESCRIPTION MISSIONS | CONFG.
LAUNCH APPROACH APPROACH BOOSTER STAGE DELIVERY STAGE | CAPTURED { NUMBER
EXISTING APPROACHES LIQUID NONE 1 OMS KIT NONE T
NONE TRS - 2 TANK ‘¢, b VIII
ADAPTATIONS OF EXISTING SOLID/SOLID SPINNING STAR STAR 26 B,C,D,E 48
APPROACHES : TANDEM 48
S0LID/SOLID SHORT NOZZLE SHORT NOZZLE B,C,D,E 3
TANDEM SPINNING STAR 48 STAR 375
SOLID/LIQUID SHORT NOZZLE~10%8 |2 TANK MONOPROP E 29
OFF-LOAD SPINNING
STAR 48
NEW APPROACHES SOLID/SOLID STAR 26 STAR 26 c,p 8
TANDEM
SOLID/SOLID NONE FLAT PACK - 6 NONE 11
CLUSTER SHORT
NONE 7 STAR 17 MOTORS NONE 37
CONTROLLED £0LID NONE LIQUID QUENCH B,C,D,E 14
MOTOR
NONE PINTLE SOLID B,C,D,E 43
MOTOR-LARGE
NONE PINTLE SOLID c,D 45
MOTOR-SMALL
SOLID/LIQUID - - - NONE
LIQUID NONE 8 TANK BIPROP NONE 18
NONE 6 TANK BIPROP " 22
NONE 4 TANK BIPROP " 26
NONE 8 TANK MONOPROP o 31
NONE 4 TANK MONOPRGP " 34

A5-2043A

o
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PULSI

ON APPR

TABLE 6

'REFERENCE MISSION

JACHES FOR

OTHER
PROPULS ION DESCRIPTION MISSIONS | CONFG.
LAUNCH APPROACH APPROACH EOOSTER STEGE TELIVERY STAGE CAPTURED [ NUMBER
EXISTING APPROACHES LIQUID NONE TRS—-4 TANK EXPENDED NONE XIT
ADAPTATIONS OF EXISTING | SOLID/SOLID-~TANDEM| SPINNING STAR 48 STAR 26 A,C,D,E 46
APPROACHES : SPINNING STAR 48 STAR 37F E,F 50
SHORT NOZZLE STAR 37-5 A,C,D,E 1
SPINNING STAR 48
SHORT NOZZLE SHORT NOZZLE E,F 4
SPINNING STAR 48 STAR 37~F
S0LID/LIQUID SHORT NOZZLE-10% 4 TANK BIPROP E 15
OFF-LOAD SPINNING
STAR 48
SHORT NOZZLE-~10% 4 TANK MONOPROP NONE 28
OFF-LOAD SPINNING
STAR 48
NEW APPROACHES SOLID/SOLID SHORT NOZZIE SHORT NOZZLE E 5
TANDEM STAR 37F STAR 37F
SOLID/SOLID NONE FLAT PACK-6 LONG NONE 9
CLUSTER MOTORS
NONE 22 STAR 17 MOTORS E 38
CONTROLLED SOLID NONE LIQUID QUENCH MOTOR|A,C,D.E 12
NONE PINTLE SOLID MOTOR |(a,C,D.E 41
SOLID/LIQUID | STAR 37E 6 TANK BIPROP NONE 19
LIQUID NONE 8 TANK BIPROP E 23
NONE 8 TANK MONOPROP NONE 33

AS—2044A
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AS-20458

TABLE ©

PROPULSION APPROACHES FOR

REFERENCE MISSION C

OTHER
p i DESCRIPTION .
LAUNCH APBROACH ROPULSION MISSIONS CONFIG
AFPROACH CAPTURED NUMBER
BDOSTER STAGE DELIVERY STAGE
EXISTING APPRGACHES] LIQUID NONE I OMS KITS A 1Y)
NORE MMS-PA-2 EXPENDABLE H vt
NONE TRS-2 TANK-RETRIEVED A D Vil
ADAPTATIONS OF SOLID/SOLID SPINMING STAR 48 STAR 26 A.B DE 47
EXISTING APPROACHES] TANDEM
SHORT NQZZLE STAR 378 A B 0,E 2
SPINNING STAR 48
NEW APPROACHES SQLin/saLin STAR 26 STAR 26 AD 7
TANDEM STAR 174 STAR 17 o] 81
SOLID/SOLID NONE FLAT PACK-4 SHORT [} 10
CLUSTER SHORT NDZZLES
NONE 4 87aR 17 MOTORS 1] 40
CONTROLLED NONE LIOUID GUENCH MOTOR A,B,DE 13
SQLID
NQNE PINTLE SOLID MOTOR A B D E 42
LARGE
NONE PINTLE 50LID MOTOR _ A,.D 44
SMALL
SOLID/LIQUID - - - NORMNE
Liauin NONE 4 TANK BIPROP B 17
NDNE 4 TANK BIPROP D 21
NONE 4 TANK BIPROP A D 25
(MODULAR)
NONE 4 TANK MONOPROP NONE 3z
NONE 2 TANK MONOPROP D 35
(MODULAR)
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TABLE 6

'PROPULSION APPROACHES FOR

_ REFERENCE MISSION D

4 e sy

OTHER

(MGDULARY)

_ PROPULS ION DESCRIPTION B MISSIONS | CONFG.
LAUNCH APPROACH APPROACH EOOSTEE STAGE DELIVERY STAGE | CAPTURED | NUMBER

EXISTING APPROACHES LIQUID NONE MMS~PM-2-EXPENDED c vI
NONE TRS-2 TANK-RETRIEVED A,C VIII
5CouUT - - ' E,F XIII

' ADAPTATIONS OF EXISTING | SOLID/SOLID SPINNING STAR 48 | STAR 26 a,B,C,E 47

APPROACHES TANDEM
SPINNING STAR 48 SHORT NOZZILE A,B,C,E 2
|1 SHORT NOZZLE STAR 378

NEW APPROACHES 1 soLID/SOLID STAR 26 STAR 26 a,c 7
TANDEM STAR 17 STAR 17A c 5L

SOLID/SOLID NONE " FLAT PACK-4 SHORT c 10

CLUSTER MOTORS

NONE 4 STAR-17 MOTORS c 40

CONTROLLED SOLID NONE LIQUID QUENCH MOTOR | A,B,C,E 13

NONE TINTLE SOLID MOTOR=- | A,B,C,E 42

LARGE .
NONE PINTLE SOLID MOTOR= a,C 'Y
: SMALEL

| seLIp/LIQUID - _ - - NONE

{ LIQUID NONE 4 TANK BIPROP 17

NONE 4 TANX BEIPROP c 21

NONE 4 TANK BIPROP aA,C 25

{MODULAR}
NONE 3 TANR MONGPROP NONE 30
NONE 2 TANK MONOPROP C 36

AS—2046A
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TABLE 6

PROPULSION APPROACHES FOR

REFERENCE MISSION E

[R——

L S

1 OTHER

PROPULS TG DESCRIPTION MISSIONS | CONFG.
LAUNCH APPROACH APPROACH EOUSTER SVAGE EELIVERY STAGE _ |CAPTURED | NUMBER
| EXISTING APPROACHES seouT - - D,F - XIIT
| ADAPTATIONS OF EXISTING SOLID/SOLID SPINNING STAR 48 STAR 26 1a,B,c,D0 47
: TANDEM .
SPINNING STAR 48 STAR 37F B,F 45
SHORT NOZZLE SHORT NOZZLE A,B,C,D 2
SPENNING STAR 48 STAR 378 _
SHORT NOZZLE SHORT NOZZLE B,F 4
SPINNING STAR 48 STAR 37F
! SOLID/LIQUID SHORT NOZZLE-10% 4 TANK BIPRGP B 16
OFF LOAD SPINNING
STAR 48
SHORT NOZZLE-10% |} 2 TANK MONOPROP A 29
OFF LOAD SPINNING | -
_ STAR 48
| NEW APPROACHES 56LID/SOLID SHORP NOZZLE - SHORT NOZZLE B 6
TANDEM _ STAR 37F STAR 37F
SOLID/SOLID NORE 22 STAR 17 MOTORS B 39
CLUSTER : :
CONTROLLED SOLID NONE LIQUID QUENCH MOTOR|A,B,C,D 13
NONE PINTLE SOLID MOTOR |A,B,C,D 42
LARGE
! soLID/LIQUID STAR 37E 4 TANK BIPROP NONE 20
LIQUID NONE 8 TANK BIPROP B 24
AS--2047A
e - - - _ - - e e e
N ~ o b e

e



TABLE 6

REFERENCE MISSION F

. | eraer |
i - PROPULS ION . _DESCRIPTION _ _ _IMISSIONS | CONFG. |
| LAUNCH APPROACH  APPROACH —FOOSTEE STAGE | DELIVERY STAGE | CAPTURED | NUMBER
'EXISTING APPROACH SCOUT _ - _ - D,E XIIT
ADAPTATION OF EXISTING | SOLID/SOLID SPINNING STAR 48 | STAR 37F - -~ B,E | 49
~ APPROACHES . TANDEM , ‘ : _
| SHORT NOZZILE , SHORT NOZZLE B,E 4
SPINNING STAR 49 STAR 37F .
SOLID/LIQUID SPINNING MM III 4 TANK BIPROP woNe | 27
'NEW APPROACHES .. SOLID/SOLID - ' - : - '} moNE"
{ “ranpEM
SOLID/SOLID . - - _ - | mome
CLUSTER ‘ ‘ :
CONTROLLED, - , - | - | NONE
SOLID _ :
SGLID/LIQUID - - - . NONE
LIQUID _ . NONE
AS-—-2050A°
L T ! A Lo AR e S R S S il B o B S
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PROPULSION ConNcerr Summary
CONEIGURATION Mo, 7 '
BOOSTER STAGE ~ sran 26

& PASE & oF #f
DELIVERY S1AGE~ STAR 26
SYSTEN COMPONENTS CONFIGURATION e PEREORMANCE
t7EM APPROACH J/ BASIS WEVG BT (IKG)
T 2040
DELIVERY STASE mm Jgi:“
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PROPULSION CoNCEPT Summary : ’ : ’
CONFIGLRATION NO. 8 : '
BOOSTER S7A65 ~ SR 24 *

LL-9]

h -
DELIVERY STAGE~ SreRk 26 _ : PAGE &oF &}
~ .
; SYSrem COMPONENTS CONFIGURATION : - PERFORMANCE
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'PROFPULSION CONCEPT SUMMARY

BOOSTER STAGE ~ Nons
DELIVIRY STAGSE ~ CLUSTAR SOLID (FLAT FACK) 6 LONG

CONFEIGURATION No. Q )

b v —

FACE T oF <f

SYSrEre COMPONVENTS

CONFIBURATION

. PEFFORMANCE

APPRIACH / BASIS
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FPROPULSION CONCEPT SUMMARY
. CONFIGURATIAON No. 30
BOOSrER STaGe ~ Nowe
.- - DELIVERY STAGE ~ CLUSYER 50110 (FLAT PACRY & SHORF

FPRGE B oF %/

SYSrEm COMPONENTE

CONFIGURATION

. PEESORYANCE

17m

APRRASCH / BASIS
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" PROPULSION CONCEPT SUMMARY
i . _ ... CONFIGURATUN No. |2,13 & 14(s€& WOrE)

BOOSTER STAGE ~ Nowe

DELIVERY STAGE ~ SOLID LipulD QUENCH

PRGE lo0 oF 41

2 SYSrEm COMPONENTS L

CONFIGURATION ~-PERFORMANCE
ITEM APPROACH J/ BASIS WEISHT (KG)
¥ 20.m . ey ;
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FROPULSION CONCEPT Summary
CONFIGURAT UN No. 12,13 & ¢ (sex vOrz)

Boosrm STAGE ~ NowE
_DeLivery STags -~

SOLID LIPLNE QUENCH

PRGE /Jo oF &l

.- SYSrEsr COMPONENTS . -

CONFIGURATION

—PERFORMANCE
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0227 GUiDANCE B CONTROL 3-AXIS, DRY Grivs JScour 23.84
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PROPULSION CONCEPT SUMMARY
. CONFIGURATION No. 15 & 16 (SE€ nore)

BOOSTER STAGE ~ Srar 48 (sworT) ADA PTATION
_ DELIVERY STAGS ~LIQUID BIFROPELLANT (4 TANK) -

PAGE I oF 4/

SYSrEM COMPONENTS

CONFIGURATION

—. PERFORMANCE

ITEM

APPRIACH J/ BASIS
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PROPULSION CONCEPT SUMMERY =

. 7 CONFIGURATION No. 15" & 16 (s&€ mors)
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Iy EM APPROACH J/ BASIS Wers Hr (Ka)
- 1,0
DELIVERY STASE. m.m,'L“
Q221 INTEZR:rIoN R ASSENBLY SEPARATION Clavs JfScov” vl ] ‘]
0222 STRUCTURE SERIMINICOBOR TRUSS[5AS IYPT z8.12 . 00 4 A 3 5
0223 THIANAL SPmNING STAR 43 TYEs 2.27 CONCEPT 2 som
Q224 MAIN PROPULSION BI FROFELLANT —ap SPHERICH, ReofstitrT 665.87 gﬁ;‘a’: 254 £ }\
THN#S, 4 Z2PnERICAL PRESSURANT THN KIS, N g 2
ove R-40A ryeusEr /545 rype g 3
0225 PEAZTION CONIROL SYSTEM | By sanszianr, 3Ans 308 se00P Type 3.1 E ] N
D226 Bars Muvsnsavany/iom. S-BAND TRANSMITTER & ANTINVE /S E0T rs N n \ WF
0227 GuBANCE B CAVIRAL 3AKIS, PRY Greo J5cour R-T- 1 ™ 4 \ F &
Q228 ELETRICAL POVER RECOIELY SCTIVATD SILVER - EIE 2585 am
BOrEr e CONVENTIONAL CAMING Jf SCOUT . a— ] 3
——— CONINGENLY 2.0 0] |

BOOLTER STAGE
O20) INTEGRAT AV S ASSENBLY

O212 STRUSruRE
0213 FYHELAJL
O21d MK PROPILEION

D215 PGIrraN JONTTOL SYSTEN

Q213 GUIDANTE & CONrROL
OBI? ELESTRIIAL Fowsn”

CONTINGEYEY

NavE

yoveL

NOTE? Conergurarioy
[ A

COnFLautAlion 26 (5 Smiwn

25 25 SHAS STRRrLIREP Qi TES 2 DFFIXUPLE COLTREL FUQUSTELS,
DB 05 T-AX0S STASIL AL ANT LTSS @ AITPTUSIE COVFFBL PAQecys R,

eris-

SEP PL H

0 1w oz mx wx e e
VELBKITY [EGET 10 2% 0D
RO

Rl

DESIGN PoINT LEFLVENCE rritton A |7

VIEIGHT SUPTYERY -

o

DELIVERY STass N

WETGKHT INERT = BIL7SKS :«

WEISHT PREPs¢ianyr = 25300 az :21
TOTAL 2 770.65 K5

BOOSTER _Srags

WEIGHT INERr = o K&
WEIGHKT PROFELLANT = o xz
ToraL = o K5
STAGE WEIGHT s 77268 xs

A

T e T L e T SR e 20

ST @DV TVNIDIEO
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PROPULSION CONCEPI’ 5(/MMARY|
) CONF/GURA T1ON No. 2 7a

Boosrer Smss ~ SPINNING MINUTERAN T ADAPTRTION

DeLivery SrA G& ~LigurD B, PROPELLANT (a TANK)

PASE 20 oF <%/

Rev. A

- SYSres

CONFIGURATION

wamCr? AfEN
CONFIG = 27« . S

— PERFORNMANCE
20,000
n.mLﬁ
4 Ai
Lo
i &
? 2,000 \\
) E Lo ¢c \\
g AN
- o ] L \\
0 ?L é-t
10 %
o . 1
0 om0 20 M0 A0 S0 D

YELOCITY IRCEETET (20 2% 09
[L2344]

DESIGN POINT ~ REFERENCE MISSION F

COMPONENTS
ITEM APPROACH J BASIS WEIsHr (KG)
DELIVERY STAGE
022/ INTEZR:rIoN R ASSEMBLY SEPARATION Ctamp /Scour 7.7
0222 STRUCTURE SEMI-HINOCORVE TRYSS 345 TYPE 39.00
Q223 THERMAL SPINVING STAR +3 Iy 2.27
0224 MAIN FROPULSION B1PRorELANT - B s PelcRicAL MWT 1908.44
TRNKS, B spmrelichL FRessv
TanKs, Two R-40A Tm!d:rﬂf SAS rm
0225 PEAZIION COVIOL SYSTEM | J/- PCOTELL.ovr dyrATo8 ,mueum &.30
conTRoL/ scoof ¢ $AS
0226 Dirs Myirst MavT/Cory. S-BAND TRANSM ITTER & A/ v—rw4 /.smuf r.5
0227 GUIDANCE % CONTRAL LOLL AR /REn a7 02T fS0CT & DOT 28.26
0228 £LE72ICD: POWER SAMOFELY ALTIVATID SILVER - ZINE 24585
BATyR Y Ba CONVENTIONAL CARIING /' SCOUT
——— ConrmvGENCY 4.7
Boos7ER _Sraze
020/ INTEGRATAY RASSEMELY | BODSIEA=L1LIvERY STAGE SERM/TIAV g.07
Cearzo f5conr & '
0212 STRUCTURS Srmuine MU /ueo'.wu: S 37,3
0213 THERMAL SPIANING MM OE 7Yes 2.27
0212 My PROPULSION sranme MM 35cq.0!
O215 RERZTION CONTROL SYSYEN Now's
02/& GUIDAN'E & CoNrmroL. ACTIVE NUTATION COVIROC /5.88
O217 ELECTRICAL Fowsr CONVENTIONAL CABLING /SCoUr ’3.8/
=== CONTINGENZY : /’3.¢e/
NOTE

OERIEr/ ASE
L L

=
\

""""'."I
g |

H

d
]
|-
| I
.
bis
4

WEIGHT SUPMARY

DELIVEDY Srass

TOTAL

TorsaL

WEIGHT INERT
WEIGNT PROPELLANT =

Boosrer SracE

WEIGHYr INERT
WE/GHT FRIPELLANT

STAGE WEIGHT

"

507.23K&
173,52 xc

2:25.70 kG
201.0L XG
2353.73 &3

374150 K

£7772) K6

ol - i s
v e
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PROPULSIDN co:vcaor SUMMARY'

) CONFIGURATION NO. Z7a o
BOOSTER STAGE ~ SPINNING MiNorentin TT APAPTATION

D&zm&av ETHGE L purt s I PROPELLANT (a TANRY

© i gk £ o YTy e

oae, A

PAsE 20 oF <t

o T T

- SYSrens COMPONENTS CONFIGURATION e PERFORMANCE
ITeEM APPROACHKH J BASIS WEIS hT (KG) o0
y - oo A N
DELIVERY STASE IS
weEnEIl ACHEIEH M N
Q221 INTEZR:rioN B ASSEVBLY SEPARATION CLAwP “Slour 27! CONFIG * 274 T v ~
0222 STRUCTURE SEMI-HONOCORUE TRYSS [ 505 7VFE F2.00 ) { & \
; g
Q2L THERMAL SPINYING STIR 3 TYOE 2.27? . ; M g
CZ24 MAIY FROPULSION B Prasstlant - siviefica Pﬁww'f 1868.44 ) g 1om 1 \
TRUKS, B spweElicns PRessu N L 2 NS
TAnKs, Fwo R0 THRISTERS/5AS v \ g N
0225 PEAZTION CONIROL SYSTEM) B~ peosise ser dpraraon futpeiee £.30 1E ™
cau'rlzol. Scoof § SAS . [ N
022G DT MESGENENT/COHN. S-BAND TRAN S IFTER A‘V.".:-.'M /.stwr r-5 - p
OZ27 GUIDINGE 2 CONPREL KOLL SPA82/2En St 1o e JSOLT & Dor 28.26 . R s
0228 ELEFNCDL POWER REMOrSLY ASTIVATER SILVER~BIE 25.85 0 4 T
By &s CONVIRTIONGL CORVING /) SCOLT '.: ﬁ 1
- ; . . . Q0 -— — T
CONIINGENEY . 4.7 R
. VELDCHY IRGEDTET CREE 206 199
ovsEn
BOGS7TER Srass : -
20! INTEGRASFIOY RASSEMRLY | BoASTai=PLrrEDy STRGE SELMLIrIQY g.07 ————
CLAMD f5Ca0r - ovp sasere) DESIGN POINT =~ REFERENCE MISSion F
0212 STRUCTURS Sprmtue MUY Il&'an'.mu:"smb‘l 4353 isdel n ’ ST
0243 THERMAL ANV S s 2.27 ’ Fae )
d SRS pan 2 7 i : A - WEIGHT SUMMARY
0212 My PropuLsian Spame T FFo! . 4~ ~i
: e e T cmemm | oo | DELIVEDY SE25E
RIS REIACTION CONTROL SYSYEy | Non's A nrs WEIGHT TNERT = Sp7I3KG
I
R WEISHT PROPELLANT = 15/3.57 ko
G215 GUIDANIE & CONYROL ACTIVE MUTA PO COVIRDE /589 R R R vl roraL 233004
0217 ELECTRICAL Fowsn COVIEN 1oL CABE ING /S el 22,8/ it 7— X AN Boosrsg Srass
=== CONTINGEATY : ’3.67 . - _t WEIGEY INERT = 285102 X6
WEIGHT PRIPELLANY = 3235372 &3
FOrLL = 37AED AS
Hore T

STAGE WE/SHT = 577791 xe
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PROPULS/ON CONCEPr .S‘UMMARY

Ny J

<
CONFIGURATION Na. za «
 BOOSTER STAGE ~ Star 48 Aparrarion : : PAE 21 oF 4|
th. IVERY STA ss—-uowp ﬁ/m/a}‘kal’ zuur@ TANK) -
- =
SYSres CoOMPONENTS CONFIGURATION .. . PERFORMANCE
ITEM APPRIACH / BASIS Wers 2 (KG)
- 20,000
V DELfvEEY STAST ) oo A
; C22/ INFLorl IOV RASSENELY | Separarion ciave ‘Scovr 7.7 Lo
v 222 STRLCTYURE . ) SEMI-Mawcoaue Tanw( SAST e 4.0 000 \ ™
i G223 THES AL lsreyupng sree 2a roe 227 1ZE e . \
| C2T AW FRIPULSION AMoLOPROPELAT § CoLORDHER. Pma’ﬂwf §02.08 é c \
| F3peen, Pres, Tauis, 4 A12-10% Theuswes. S Lom gy
|53 L IAS { fams Towed e g & \
225 KEATT 2% CONrol SYSTEN] 'Iurfsuf. ulerst Mmu Fmaul. uu'u.nm 0.9 é
MALEIY = W
G225 Lo Y aT N L. s'{'u-*'v 7R "'-‘ Z ,n .,, et Pl s :
0227 GUDANCE & EAYTRAL ROLL STATLI 28D /um,eu/.mer& Dor 28,26 ol ¢° ¢F
C225 EltlnTiCEL POWER SENERLLY AT SAVER BINE 2485 -
q ) BirroRY B SN Cane s S SCou
5 3
IS ——— Com.wWsslil 102 0 \ z
0 I 20 a0 am R0 e
VELOCITY IROPOTTT U208 256 1
Bossrit Srage ! w0 C
020/ INTEGRIT AV RASSEMBLY | BoorTul-Fi. 0 0y STASE SERIC TGN $7.26 e ) L )
Cennio fizc e ESIGHN POINT ~ REFERENCE MISSIoN B ;
| o2s2 Srucruns Pt STARGE/ACRDSPAcE STany 88.45 _
b . . , T o
i 213 THECHAL Lomding smee td e | T WEIGHT SUPMYNARY <
| 0213 My preE lSICN STAL 43 Wt Seer ez Asabor lobod 1573.60
: o 4 ! '
; SRETE ERRES S8R i DELIVEDY SRS
. OUIE PLArmis;? CONTCLL SYE2A) 0.0 WEIGHKT WERT = 290.7 K&
'[ . WSISHT PROPELLANT = _332.9 &5
St Gurray : 3 Lenmeal E.TLE ATarIaY CAMTRN 17. 88 C Forst T L2227 <%
CET ELEDIE SY TIeEE R TR R TR /5.5 BeoSrER STAGE
R i .- 47.867 NEIGAT IEpr = 2298 xG
 WE/GST FRAPELLANr = [239.2 x5 !
: - N ForaL = 2E7RT Ko ‘
ioNrE 4
CTEBE TS T 2%01.4
1
{5" -

ULH\J

{1V NG

8]

g.



. PROPULSION CONCEPT SUMMARY . cos
CONFIGURATION No. 29

SRS S,

BOOSTER STAGE ~ Srar 48 ROAPTATION ' : PAGE 22 oF 4/
DELIVERY STAGE ~L/QusD MoNOPROPSLLANT (2 TANK)

€b-8

Sy ErEr COMPONENTS CONTIGURATION .. Prte SOV ANCE
< — , .
1rELS ABpRaACH Jf EASIS WSS =g S
e A
| Sfasy Smas l R a
V0227 INTE L L emT R wSSEvaELY _5(;.:;—'!/5 W SLAmP Soour w7l wom \ -
i e e
222 S.Sul TuKE I%em-mocmnewl$Asma J4.0 : Q
U ! - . N L e
i 2L TRZCVAL 152t 205 ST EA R 2.27 . " qomcspr N e g é i
€207 i TIORCLIN Mosaor At TWo €on Prom Thuks, Thve 204.69 CYCH./ i : R 'E el e
SPHER. DRES. TAMLS, FoOQ bR 04 TURUITERS, c—ﬁlﬁw . ¥ .
| il ! [ LR = |8 N
QLIS FIAINCY CONTIN SYSTEM | Iureeear Wins Mams PROPuLer NuTTow £ 0.2 W4 2 N\
' P MANEUIUER. COouTROL/ SAS TYRE H
V€205 Lo fausama oz, Lomy. S-ALD 0 TTECD AN pug p IO Y o e i i — —
: Ty i’ . ™o | 0 of |
| 0227 Suvisie 2 cavnes ROLL STAR.IOE FLATAORNS SR S PAT 28.26 i b
|
| C22S Eaf i Ponsl REMOTELY ACrIVATED SrLvice 2N b ases ! i \
] |
: : BUrTER Y & CONVENTIONAL CABLING /) SCavT ; ] ‘l
o -y ’ Q ey -
i CorvsENeY /.02 . ' ] W0 X0 W om om B
. VLXITY (20277 U2 7% D
: ostd !
: Lrasrrl Srins 5
T
V0220 I TIGRINGY RASSENELY | BOOSTER-DELIVELY SIAGE SERMRITION F7.26 N
ceans fscour : : BN\ i umml | | pesien Pomr~ Rerevence mission E
0212 Sirtruls SPIBLLE TTAR 4 [AREAPACE STUDY 83.¢5 f N —
213 el SeWNIN, o 2,27 = AT
3 PINVING STAR ¥ 7Y e VIEIGH T SUA ARy
C212 pliy Poopulsicnd STAR 486 i St NoeleE [Mupap, 1533.6 1 e
upaT Je 1972, foYepger tono
’ . TSR 5'—"‘-‘:
C2IE FLRI7p20 CONPRCL SVULEN, | WD VE (LA 1 TN Y G . oL T‘ WEISHT spsnr DI+ 1% (e
; . Y VIEISYr FRensesanr = _99.73 5
; SRS QUL B CCATEAL ALTIE verary CoUTIEL 15.83 : sy . s e v o Y roratL s 3?,5.! Oxs
i CZIT7 CLETITINE JowsEiT Cati T s, 73.51 . Beasise gL
| TTT Cowrmssvey s ’7. 49 WEISHT INSRF = zzofena
' s :
' o _ WELSET FROPELLANT = 18492385
1
: b ——— e ——— e ] Jorace = /678 7K )
| rore: !
ETAGE WG Z Zoog.25K6

o ——— ——— -

p
it
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- PROPULSION CONCEPT SUMMARY | - e
. -.. CONFIGURATION No. 30 B
‘ BOOSTER STAGE ~ NONE = N PAGE 23 oF 41
. DELIVERY STAGE ~LIQuip Mo/vaPRaPﬂuﬁr:( = TANK) -
SYSrEm COMFINENTS CONFIGURATION PERFORNIANZE
ITEM APPRIACH / BASIS WIS HE (KG) 2% = -
DELIVERY STASE _ > .
Q221 18Tz "RE,iov & ASSEMBLY SepiRATIIN e’:4.1.'P_./5.:¢=.—/." 7.7/ 0o ]
0222 STRICTURE Seora-Mpsoconse TS/ SAS Tree- 24.0 s \ o
0223 FrEEMAL SR STAR 43 TPE 2.27 3 e L
0224 MU FROPULSICN _ %ﬂpﬁwpﬂ, .?r?.:_f;"ﬁefé?&ﬁgf-m' 364,04 ssugg /‘-—:"" T ;E; 1.0m W’-‘-
THROTTERS / SAS 300D Toroes CONFIG ¥30 é \
0225 PEATION CoNIRIL SYSTEM T:nm"“ c};ﬁg mﬂﬂ"ﬁ%‘?ﬁ,’é"wﬂ‘m“ 0.0 : 2 w \
G226 nem pppaenayr/ion. 5B TN ITIEC S AT S5 CIT ’.5 - &D AF
227 SUiSAnCE 2 CONTaL OOLL STARLSZED FLATEC [SOXF be POF 28.26 S 3 L4
G225 EL47erIAN Fon I OEIRRL Y ST L SR -BINE 2585 I —a m T
EATp Lt €. LN VAL TIONRE CA G S S0 " T s = \\
——= CoNTWSENZY ’ ’ oz : T wmwem  ww e
oy l!%lm b 3 )
PLISTER ST4GE ’
‘ 220! INTEGRr AV RASSIABLY B 0.0 o . N
' 104,.057Bi: ESIGN POINT ~ REFERENCE MISSION D
0212 STRUCTURE ' i 0.0 ' i (ata’)!:nﬂv;:p(ﬂuuuu- —
| G213 TWECMAL Y 0.0 WEIGHT SUMSARY
O213F (i) FroPulsioN kg .0 — )
. g r’::‘ TEL 162V ST2AE
| 0215 Rewinod Lovrest SYSvEM R 0.0 ISIGHT INERT : 2557 k&
| ko ;‘f; WEISHT PROFELELANT = _228.5 45
. A21s GUIDAN.E & CENTPIL B oy L 0.0 ToraL S g3rz x5
C21T ELECrRCAE PawET { ';{'4' E;” 0.0 oS T nE
i B SOV . el oy 0.0 WEIGHT INERT = 0.0 K&
- ‘ WE/GHT FROPELLANT = 0.0 %
ForaL = 0.0 A3

NOFE:

STASE WESHr

352 X3 _I
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PRan.smN Ca/vce'Pr SUMMARY
CONFIGURA r.raw Na. 3/

BOD.S?’ER STAGE ~ Nowe

- e

.
]

. DELIVERY STAGE ~ LIQuIDd moNoPRorsttanT (8 7avk ) -

PACE 24 oF [

SYSrien COMPONENTS CONFIGURATION -- PERFORNMANCE
ITEN APPROACH J/ BASIS Wersar (KG) .
1,00 A
ELIVIERY STAGE
Q221 INFEIRITICN & ASSEMBLY SEPARATION CLamp SScwar 7.7 IR . - \
0222 STRUCTURE Sew-Uaosaue Tuos [ hsTime 4.0 T 1 \ &
R [
Q223 THERMAL SR e STAR T3 TVOE 2.27 - SEmveH " um
. : - gonne Tl \
T2 MAld FICFULSION MPWW‘ 8 ConosPHER. Paop Tauks. 895¢.71 v § 10w _e
er Fouw. WA R-105 Thessees/ ¥ X
Pt el i 2
£ 4
Vol £ {uTeaRal Wrm Mpu LY. E
0225 PEACHIOY CONFOL SYSTEM s ey M Pespuision, 0.0 £ w
C22% L yaniatry Conr 5.8 T84 ».w.-.f.f'cs. ANTIGNG AT VA i & .AD\
C227 GUMINCE R CONTRAL 3-Axss, pry Sreos / cour 24.22 N \ b
czZa ELETrnAL POWER? RSNy T T SHLVER - BIAE 25.895 = Y
BivfERV L, COMVINTIONAL Costr A5/ SCOYT ] “
U = w
SONTWEENCY ) i 10.57 0 Xm 20 Y@ am S KW
VILXXITY ST (120K 29 1
1 L% )
BosSTER _Srags o
D20} INTERRAI2V RASIE LY T 0.0 i
D‘-‘SJGN POINT ~ REFERENCE MISSIGH A
0212 STRUCTURE . 0.0 .
0243 THETML 0.0 - SuniaaRy
OZI% I35 PRoOfILEICN 0.0
CR15 RELI7I0N JONTRIL SYS TN . 0.0 ANEISHT INERr = .0 KS
VWIEISNT FROFEWANT = 5348 ks
AT GUIDAN. EuCﬂ.‘l'&."L . .0 FOTAL L s072.8 X%
i -
DEIT7 ELXTIR 2L Foh«.’»‘t 0.0 Booyrse Srens
m- - SopresEvsy . y W0 WEIGHT INERT 2 oo Ke
3 WE/GHT PROPELLANT = 0.0 &%
Forat = 0.0 AS
PIrE?
STASE WE/ser z Jor2.8 x5

oy

[ on ]
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| PROPULSION CONCEPT SummARY o | e
- CONFEIGURATION No. 32

! BOOSTER STAGE ~ NowE PhAce 25 or 4/

- . — DELIVERY STAGE ~ LIQUID MONOPROPELLANT (¢ TAVK) ' : .
SYSrEns COMPONENTS CONFIGURATION . . . PERFORMANCE
ITEM APPROACH J/ BASIS WEits 4 (KG} P _
A
LEINERY STAGE B
0221 NTEIRINION L ASSEMBLY SEPLRATION 2442 /scnwr” i d ) 1l s
D o ey o 0 am
| c222 sravcrums _ SEM 1 HONOCOQUE TRUSS[SAS TVAE ‘ 4.0 " 1\ &
' 0223 THEAMAL SRuING STz 43 TYAE 2,57 : =
| g S -
G224 MAid FREPILSION PAIFROPELLANT G ¢p oS HERICAL @32,95 E 1om 1 AE
FRoF, TAVKS d sPwePicae (RES, AVES, & X
MC-108 THEVSTERS [ SAS € ms ryfe § § \
Q225 PEATFOY Conitol SYSTEN |INTEGPAL wi TN MAN ForP0 si0N, 0.0 E w \
] WUTATwN § MAN JER CoNTRVLSHS :
0216 Iews wauinanesy Comy. 5-BAND TRANSY. 7120 & AN Ty S5 00w 7.5
200
® 0227 Su'DidCE R ZOYFROL RelL SaZre 1350 NsvEocw/SOrTE Por 28.26 \ 'g
& | cz28 strorescoe: rovees RELOPLy SCTIRIT SHUHAT-BNE 2585 = !
o ) Bayrav £a SOMVARISIONAE CA G S SCowr l.
=== CONT.XCLEVCY © - -
: 11,02 0 1m0 7m0 M0 aw S R
| YAXITY ILODET (W 2% £
ors%0
i BOSSTER Srase =5
i X -
E CRO! INTEGRT2Y LASSEMELY |, ’ n.0 :
DESIGN POINT ~ REFERENCE MISSIoN C
0212 STRICTURE SRR 0.0 ' 2 ' . e o]
C213 THETMAL s IS et g
3 A B i VIEIGHT SUMMERY
D21+ MAN PROSILEION TR} S ’ 0.0
. ) DELISERY Sl
Q215 FLesriol CoATRSL SYSYEN . : 'f 0.0 WErGHT e~ s 290.7 k&
D kg z VEISNT FREPELLONT = 240.9 KG.
0275 GUDAN'E & CONTPIL ; . 2.0 Torat S T2, xe
CEIT ELECIEITAL FOwER o CL-} Lot ‘ ' BoOSER STAGE.
o o 2
=== C/TINGENCY ’ & o b 1;2 =, 0,0 WEISEr ngar = o0 K3
e
WEIS T PRIP LN = &.0 A
' TorAL = 0.0 r:
LITE:
STASE L Cisar = 55246 o



PROPULSIEN CoNCEPT Surimary
CONFICURATION No. 33

BOOSTER S7TAGE ~ NONE .
& " PreE 24 oF 4
DELIVERY STAGE= LIQUID MONOPROPELLANT (8 TANK) MODULAR

Rev.a 2/7:)»>

LL-%

TONFIGURATION

SYSTEr COMPONENTS - PRI
ITEM APPROACH / BASIS WEIGHT (NG)
2,00 — -

DELIVERY STASE . L;‘\‘
Q221 INTEZRTICN R ASSEMBLY SEPARATION Clamp /5cou™ 2.7/ 1\
0222 STRUCTURE SEvi-aoN0ZEPUr - ritss /SAS TIEE 49.42 ’ wml
QEEF Tho LYo SPINNING ST FA YA 2.27 £ 3o %
0224 MALS FRorulsion Vs RN AN 3 SPHSRICAL TANKS B 3049.9 é \

& AR-Jof Aorses g 1o ¢c Y
0225 RENZI/IN SOGNTROL SYSTEN) | INCLUDED IN prisdl FrROPULS 10 0.0 §
0226 nimy vyssaa/Lovy. S-BAND TRANSMITTER S ANTZUA 45 COYT r.5 e \\
0227 Gurbilis & CoNTRar ROLL T8 122D Prtmmans: Fatrse por 28.2¢ m 41:0 @F ﬁ'—
C228 £LEI2IZAL PIONER REMOTLLY SITIVE " SikVER=FINE 25,85 ~t \

BAryELw & CONVENTIONRE CANIG 7 SCoU T ‘l
- ~— coprisescy 17.52 - |

. 0 1 2w M wm S e

BooS7TER Srags
020/ INTEGLArav XASS&Emery

0212 STRUSTHRE
0213 THELNAL
Q214 Miry PRCEI.SION

C215 FEACTI2N DOATROL SYSFsay

O21% GUIDIN"F & CCNTAAL
0217 ELECTRITAL JEWEA

VELOCITY [ROEXEsY (504 2%
ovSED

DESIGN FINT=LEFr o8 soiand B

WEIGHT SUPMERY

DELIVERY S7T2zs
WEIGKT INERT =

V/EIGHNT PROPECLANT
ToraL

BoOSTER STASE

"

822.43K%
228. 73 46

317.L7 a6

=== COATINGENCY WEIGKT INERT = o K&
. WEIGKT PROFELLANT = O _KG
Toral = 2 K5

ANore:

STASE WIlGHT

2 3/75.51 rs




SRR

PROPULSION CoNcerPr .SUMMARV

CONFIGURATION NO. J&

BOOSTER STAGE ~ NONE

DELIVERY STAGE ~ LIPU1D MoNoPROFECLANF (4 TANK) MODILAR

ite e

PhsE 27 oF 9/

SYSrem CompoNeNTs CONFIGURATION FPERFORIMNCE
ITEM AFPROACH J BASIS WrIsHr (KG)
2.0

DELIVERY STAGE 10,00 J2A
0221 INFE:EIrIOY RASSENBLY | separarion ceave tscovr 7.7 sl
0222 STRUCTURE SEM)-pONOCOI - 705, /545 7yes 20.84 couceer . oo : \ p 99
0223 rr=imiL SPINNING STAR 93 TYPE 2.27 3:‘:':-;:—“;54_ r, £ o \
0224 AN PROPULSION AOAACCaTacLa Y - SPUSCICHE TpeS B 1079.28 el é

@ MR-103 Moross | Bk A
0225 FEACTION CONIROL SYSTEM | INCLUDED 18 AN FCAPU-S10Y 2.0 ; g - ; \\
2T pera vanunavn/loms S-BIND JRANSM ITTEC 3 ANV fSCAvT 7.5 A
0227 Surbarcs *CovreoL 3-4us, 10y Gaco /Scane 24.22 ™ < & =
C228 SLETTIZAL PONST RENSTELY ACTIHATE " SiLVeR=-BNE 2585 1m0 ! \‘

BRyEeY & CONVARNTIIAN CARI 105 ) SCOUT \
=== CONT'VGENCY 9.25 - |

° ™m0 1 em ww em

BooS7ER STIGE
O20! INTEGRAT AV 5 ASSEMSLY

02/2 STRIZIVRE

2213 TNE@MLL

()
LS
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WEIGHT SUMYARY
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=2 DELIVERY STasE
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PROPULSION CONCEPT SUMMARY
CONFIGURATION Mo, 35 .83 (S&r pore)
BOOSTER STAGE ~ ponE

DELIVERY STAGE ~LIQUID MaNoFrRoreLtANT (2 TANK) MoDuLhR

Rev, A
z-7-78

Pice 26 o ¢!

SYSrem COMPONENTS . CONFIGURATION PERFORMANCE
I1TEM APPROACH / BASIS WertaHr (KG)
2,000
DELIVERY STAGE. o &
022/ INTESRIFIOY R ASSEMBLY SEPARATION Ctamp /Scour 2.7/ ) 3
222 STRUCTURE TENILNONDCOPE TRUSS / SAS TYIU 24.49 ::;;!": . 3’5“"‘;’:‘ [x-- | = .
0223 THERMAL SPINVING STAR ¥3 TYPE 2.27 ® m \ ?
0224 MAN PROPULSION MONOFROFUL LAY, 2 SPHERICIL 546.13 é Lc
AR B & - MR I0E MOTOZS g 1wl
0225 REACTION CONFROL SYSTEM | INCLUDED 1M V3 FRDPULS10W 0.9 § : \\
0226 pams MauseNEvT/iomy. S-BAND TRANSA 1TTEC & ANTTIIL JSOAT oy .. ]
0227 GUDNICE 2 CAVIROL RoLL S7amr: z.on reanmaoe /Sa8T & DoY 28.26 20 &D & $""_
C228 ELECTRICAL POVER REMOFEL ' AITIVAT = SILVAR « BINE 25,95 -
BArYEAV & CONVENTIONAL CAI 218G J SCOUT 3 l\ 1
—— = CCNTVGENCY 2.03 o] | | ]
. 0 o rm o w0 wex W
Boos7ER Srage et
020/ WTEGRATAY £ ASSEMBLY
i RESIGN PoINT REFERENCE Milifins ¢ € 0
O212 STRUCTURE . -
Q212 THERMAL WELGET  SUMMARY
Czid NN PRCPULSION
. DELIVERY STAsE
0215 REAcTioN CONFROL SYSTEM VISIGST INSRT = 347.%0xs
: WEISHr PRersLLanr = 23778 40
0215 GUIDAN'E & CONTROL = " roraL = $45.23 a6
0217 ELECrRIZAL FPowst rez
=== CONTINGENZY WEIGHT JNERF = 2 K6
WE/GET PrOPELCany = ____ O A
JoraL 2 o A%
Ao7rE: Cavesgucarian. 35 OFE-LeADED . (pi/® PROPSLLANT
CorFiavenmion 36 OFF. conDEb S72% PPoPectAVT STAGE 1S 2 L2528 xs
CoOnFrouRaATiond Tl SHown.
>
.
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PROP(/LS/ON Co/vcepr SUMMARY
CoNFIGURAFION Na. 37

BOOSTER STAGE ~ Nowe
DELIVERY .S'rA 55 L c.:usr‘se .s'auas (7 srar d £)

e

t——- .....a

et S

PAGE 27 oF 41

e e e e sl e e
SYSr&sr COMPINENTS CONFIGURATION PERFORNANCE
E ITER APPROACH / 5AS1S WIIGHEY (KG) R
l DELEr STASE =
D227 INTZEn: = RASSEMB Y s,max;rmh' Ctavp /scovr 7.7 w00 ] ‘\
2222 STRUCTURSE Box Beam /SRS Tyhe 93.89 i ’ ’ \ &
Q22F THIRNMAL SFINING SIam 43 TYRr 2.27 = > f 2.
v 0224 MALY FRIIULSION CLUSTER SoLins- 7 STAL 17Morors [ s53ar M E o A\
Venpor, MpuT ¥ 4 N
G223 PEALIIZY CONITOL SYSTEM) pnvnpRorseLa V7 B AS /3P oor 39,79 g w0 \
= 020% pima vanai T/ Com. S-BAND TRANTIITTER & ANTT1VY f5 OO r.5 . "1“'_";;"‘ o
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I Do p Eav e SOV CPINLL CANC G S SCour A
\ -—— Cavraewey 79.41 e w] :
‘ [ A R )
‘ , Sl.ho' . i VeLociTY IRODTT s 2%
i Baasrtl'z srace. ) ) s,{q,ﬂ,:'_;___ o :
€201 W TEGRAraY XASsALY )u (-19) . - . .
‘ ‘ b DESIGN POINT ~ REFERENCE MISSION A
; 02172 STRUSTURS ' . : o f : e, & . e
l 0213 THERMAL . > - : WEiGHT SUANARY
D213 Mt PRogtSIoN o ]
l “ ‘:tj _J DELIERY STass
b 0215 Repcriani cavreot Svinam > 5 i UAH I\JS % WEIGHT INERY 3 2702 K%
5 "j = -~—--| . VIEIGNT FROPELLANT = _£96.6 K6
L0IE GuantE B Czwrzat.. ) {2 5‘3 roraL T 7€4.8 x5
i 01T ELECTRIZ4L Frwar \ . B0osT:R S7A5E
v T CONTINGENSY -y WEIGNT INERT = 0.0 KG
- WEIIHI PROPELLANY = | __OD X3 .
THrAL = 2.0 AG
2are; See Courre. 0. 90 SeeT Fon, M"""t-duhmw Bas1s
STALSE nEEeT = 766,83
- @



PROPULSION™ CONCEPI' Summary
3_‘___ CONFIGUPA?‘ION No. 38& 39 (Se'rﬂarz)
" Boosrer STAGE ~ wowe 7
DEL/VERY STAGE ~ Ceusrer socibs (zz SR r?: ) <

cTs

FAs& 20 oF ¥/

SYSTEM COMPONENTS CONFIGURATION .. PERFORNANCE
ITEN APPRIACH 5 BASIS WsF7 (15) _
e 2,00
iy - A
DELIvERY STAGE 10,00 gy
O22/ NTTI7 N 4554318y EFPIATATIIN Clavr ooy 7.7 \\
i D2L3 STIUSTURE Bor BaAu/SAS TYpe /63.29 A, % B
| O2TF TrECNMAL SR Srun ¥3 TYes 2.27 ‘:’ 2,00 \ .
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Ve-.n;og INUIY, o onF1G 39 g L0
o s.u_. ] N
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= s T frscna] 34 [F w LY
g C226 Fdm2 i i MENTACOM BRI TRANTNITIER R ANTIA f S COvT ’.5 N\
- ¥ ] m fb?; %_
o 0227 GUDINCE 2 CONTRAL RoLe STADUIZED I24r7oksny Somry, Lor 27.9 s §
€228 FLETFILAL POER CIVIELY AL SALVER RS 2585 ‘\‘iléfl’ 10 Y .
| BATER ona SOV LOTION G CARING o SCOUT (1 rea9) X
—— = CONTIVGF¥CY 2¢.31° L \ v
0 Mo 2w X0 xS0 em
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i 5 STIL 5
i 020/ mwWTEGRATAY RASSLNLY 2,0 o ;
| DESIGN PoInT [EFEAENCE r 00 B . |
102 20" 1
! 0212 SrrUcrule [ 2.0 oA (0°6) |
' LA AT SePALOe I, 3 .
2 TAERAS, ' 0.0 Ll i -
§ ARk e ; WEIGHT SYNaARY
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i i i T~ i i[ 5
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b s "hndlli'\f RIZRVINR ] & -7
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0225 GUIDAN: & 2 CONTROL : ‘ i e reraL = 2027.6 <&
D27 ELICTRCAL powsr i 0.0 OGSTIR STAGE
=== Comraisacy | 0.0 WEIGHT IyeRT = o.0 K&
’ WE/GKT Flopsulany = O.8 &3
= —
i =3 TOraL = 00 x5
MIZE D SEE CouFite.Un 40 LiéeT Fel Metor Quaurry Basis.
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. PROFPULSION CONCEPT SUMMARY
CONFIGURATION /vg.__«: ) - !

' BOOSTER S:AGE ~ Nowe

DELIVERY STAGE ~ CLUSTER SOLIDS (¢ S7ak 175)

— e emmwe = "

R I Tg TRy

cog

FAGE 3/ oF #/

AITE D QUALTITY OF STar (7 WMhtond Rasers,y ¢ #Momo
RESULTS 1O (ARSE Mo. Morces Foi 8 1€ Mms,

u“ssz/m;se-)vu. Re®Musn. 4D, Tiis

!

= 509815 S028x6

RIORMANCE
SYSrEm COmPONENTS CONFIGURATION FEREARSAN
1rEM APPROSCH / BASIS Wi sr (KG) 2,00

| zeenczy srace. GonceeT 1,00 L:‘
! LELNETY 9746, SKETCH 1
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| ozz2 Sr=rcrure Bor Bean [SAS Tyre 7.84 . !i X
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£ 224 MAN FRIPULSION CLUSTERED SOLr3-& ITARL? Morors ! 3/6.08 ¥ s
i VENDoR. [ubur ¥ AN
' é \
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|
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PROPUYLSION CoNcePr SUmMMARY
CONEIGURATION NO, #1,42 & 43

: BOOSTER STAGE ~ NONE

DELIVERY STAGE ~ PINTLE SOLID,LArcS

FACE 32 oF </

SYSTEm ComPONENTS CONFIGURATION - PERFORMANCE
ITEM APPROACH / BASIS WEIG T (KG) a
o
- A
DELIVERY STAGE i T
Q221 INTESRITIGN R ASSEMBLY SEPARATION Clamp /Scovr 2.7! 3 \
oo
©222 STRUCTURE Sx41/- A vty B SO Be SAS £0.82 g
0223 THERMAL SRINNING STOR V3 TYAE 2.27 ? 2.0m
S 224 MAIN FRIPULSION Piuree Sotw 1633.33 5 .00 ¢C
a ; P . 387 A ScooP 39.13 § =~
0225 PEACIION CONFXL SYSTEM | mosorrorsicant, 3-axs /- -
o 02246 nim3 .\.‘..\.'.;5;‘:#'_'.!’72‘0&# S-BAND TRANSM I TTER & ANTEZVV) /S COUT . 15 b \ LF
¥ 0 &
o 0227 SU/BANCE B CAVIROL F-4%X)S DXY GYRo /J;od’ 23.86 N < \ hd
w
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PROPULSION CoNCEPT Summary
CONFIGURATION NO, 44 B a5
BOOSTER STAGE ~ alons ’

DELIVERY STAGE ~ SMALL PINTLE SOLID

PAGE 33 orF +#/

SYSrem COMPONENTS

CONFIGURATION .

- PERFORNMANCE

ITEM APPROACH / BASIS Wers#r (KG)

DELIVERY STAGE

022 INTESRArION & ASSEMBLY SEPARATION CLANP /Scour 72.71
0222 STRUCTURE SEMI-MONOCOPUE [/ SCOUr B SAS 25.03
0223 THERMAL SPINNING STRR 3 TrPE 2.27
0224 MAIN FRoPULSION EqALL PINTLE SOLID 70/.80
0225 REACTION CONTROL SYSTEM | proporicorsteavr 39./9
©226 pimi Mausn v/ lors. S-BAND TRANSM ITTER & ANTIVMA /S COUT R .
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+ 3
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0217 ELECrRICAL FowER

CONTINGENYSY

K=

Nor&:

CoNCEPT
SKETCH
B

conFIG®45S
.

s
“(araae)

“f‘\"l r o
RSN NE e B A

L |
e

6235
(8-259

60,60
§ DR

3,000
”‘"kA
il
ol ) =
“'Lm \
§ 1 ¢°\
E N
-.m \\
=N ¢
- \
X
\
— . A
0 1™ 2o W w0 me e

VELCCITY [30P0T (130VE 296 19
/%0

DESIGN DO YT RIFZI00A

roisd A

WEIGHT SUrIMARY

ZELIVEDY SrasE

WEIGKT INERT = 25437KG
VISIGHT PROFELLANF = _£83474%
TOoTAL XX WX oy

BOOSTER STAGE
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PROPULSION CONCEPT S UMMARY
CONFIGURATION No, 44,47 & a8

BOOSTER STAGE ~ UNmtoD15se0 SPIWNING SraR 48

DELIVERY STAGE~ Srar 26

Rev. A

PASE 24 oF +/

SYSrem COMmPONENTS CONFIGURATION ~- PERFORNMANCE
ITEM APPRDACH / BASIS WeIs#r (KG)
2,00
ELIVERY STALE nom A
0221 NTE3:rioN X ASSEMBLY SEPARATION Clavp ‘Scoar 2.7/ 3 1
0222 STRUCTURE S&py)- mrovOCOPUE /3:3;#:. SAS 24.45 S‘% ) 2,00 \€ &
Q223 THEEMAL SPINNING STAR 43 7YinE 2.27 couric *48a . J-
022d- WA PROPULSION STAR 26 Jvewroe monir 260,27 % R \\
§ Lo ~
0225 PEATTION CONIDL SYSTEM) | Mows #eaRset AVr, 3-Axs//SoPA ScooP 3979 § - ' ; N
0224 prrs Yauraranee/Losy. S-BAND TRANSHITTER % ANTTAIA /5 CAr™ 7.5 N
0227 GuDiNCE 2 CaNrRAL 3-4u5, DRY GrR0 [ SCOUT 23.84 m &2 & AN 2
C228 ELLIZTICAL POLIER READIELY ALTLNTED SHNAC-TIANE 25,35 w \
BATECV R SOMVIRTIONAL CARY MG J SCour
—— = CONTNGENZY r¢.427 o 2
0 100 0 e e oo e
. ; VELOLITY 1ZGLTAT (0 206 1D
BOISTER 57368 ) e
020/ NTEGRIrav RASSENBLY | Boosrex/peimvery srace . 726
SEPLRATION CLAMMP S 500 T i DESIGN "IN~ REL IV IEpcsioY A
0212 SIRUCTURE SEMP I MIOROCIGUS [ SCOUr S SAS 113,40 i :
0213 THECAY SPINGING STAL BD TV 2,27 . WEICHT SUMMazy .
Q214 [N PLoPILSION UNAOLDIFIED SPWMIVSG STAR 48 716937/ L3
A Deuvezy swis
OZ/15 RpcTian 2oNrRoL 3yszemyy | Now&E 2.0 WEIGNT INERT = 225K
» : WEISHT PRCPELLANT = 23322 ¥G
02716 GUIDANIE & CoNrpaL. ACTIVE NUTRTION CONTROL. 15.88 ! rOoTAL 2 Q2057 #6
0217 ELECrRIZR: Jower' CONVENTIONAL CABLIVG /5cour 13,67 BOOSTER SraGk
——=  CONTINGENCY 17,69 WEIGHT INERT = 2&87xG
- . WE/SHT PROPELLANT = 16O33Cws
TOTAL = /8.i3.32 K3
NOFE ! CowEiGumsrion #8 1S SHOWN N0 MRS @4 RCS yameusrmes., M/swr/am a7
ARE SPIN SraBii/8an AND MAVE & 2 RCS THCUSIERS RESSECTIvaly. STAGE WEISHT = 2284 ke

o- e e i

Zero=-78
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PROPULSION CoNCEPT Summary 2
CONFIGURATION No, #3 & 50 = '(:
. ., L .
BOOSTER STAGE ~ ywmorirrer Srwwms Srar. &8 R . PAGE 35 oF 4/
. DELIVERY STAGE ~ S7WR 37F 2 m
. — . 23 - U
; SYSrem COMPONENTS - CONF/IGURATION .. .PERFORMANCE
I1TEM APPROACH / BASIS WEIGHT (KG)
2,00
. A
ELIVERY STAGE 1,00 \\
0221 INTEGRATION R ASSEMBLY SEPARATION Clawp /Scovr 7.7/ 3 ~ o *
0222 STRUCTURE SEwrt- prONOCOPUE [SCOUT ke SAS 49.44 b ps.
0223 THERMAL SpiweNG STAR A3 TYRE 2.27 coweeaT %
0224 MAIN PRoPULSION STAR F7 F 9/3.08 SKETCH 5 "
Sounia. 743 g g ear
. \
0225 PEACTIaN Cavreol SYSTEM | AMors 0.0 B N
0226 Do vausnmaTComy. S-BIND TIRANSHITTER & ANTINNY /'S 00T o % P i) ) b N AoF
0227 Guwares 2cavrealt! | compuras 12,66 L = 3 N
o]
) C 226 ELETRICA POwrER RENIDTILY RETIVA YIS SILVER =ZINE 25,85 1o
Q BATYERY £s CONVETAONAL CANY 135/ SCOUT |
h —— = ConrwGEATY 9.93 - |
] im0 0 e «om S00C
N _ . 3-}!,7 g VILOCITY IRCTEPTN) (ASVE 296 0D
BocSTER Srase - - Py
" 020! WTEGRATAY RASSENSLY | ProsreR fpstrvany Srags . 7.2¢
i SEPARSIION CLAMP S SCoL Y DESIGN PO 4T~ RECE ZIVIE ANESIoY £4&F
0212 STRICTURE SEWP)-MONOCOPuL ) Scour % SAS 1:/3.@0 B
2213 TWERAAL SPIUNIIS STAR sowr 2.z SRR ! ) )
3 - ? WEIGHT SUMMARY
0213 [N FPcrirsSton UNAIODIEIED SSAVNING STae 48 762337/ b i
' DELIVEDY Srack
OR15 PERCTION LoNTROL SYSYEM) MONDLLAPELLAVS, 2 TWRUSFERS 34.42 ry WEIGHNT INERT = I708sKG
’ V/EISHT PROFELLANT = B50.% kG
02/% GUIDANTE & CoNrroL ROLL SrASILIZED PLATFOCP)/SOFT & 20T 352 . . rorat Sr0225€ «a
0217 ELECTRICAL Fower " CONVENTIONAL CRBLING /SCouy ’3.6/ BoOSTER STAZE.
=== CoNrINsGEACY /7,69 WEIGHT JNERY = 204.u3K6
WEIGHT FROPELcany = [£403.3CAs
s Tor4L /91348 x5
NOTEZ(1) Zyszriavaiiy 4 PARY OF TweE BOOSTER SIASE BUF 13 COCArZD IN FIE PELWVERSY .
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y STASE WEIGHT = 29X, 08 xs
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PROPULSION CoNCEPT Summary
CONFIGURATION No. 57

BOOSTER STAGE ~ Srar /174
DELIVERY ST7TAGE ~ SrarR 17

Rev. a4
2/e/7m
rev. 8
z/eof

PAGE 36 oF 4/

=
SYSres COMPONENTS CONFIGURATION - PERFORMANCE
ITEM APPROACH J/ BASIS WEIG BT (WG)
2.7
i A
DELIVERY STAGE 10,099 |
Q221 INTESRTION R ASSEMBLY SEPARATION CLar? /Scouvr 7.7/ l
; wew
0222 SIRUCTURE SEpw AINOCI YU SCour B SAS TVAE 24.94 . \ -
0223 THERNAL SPINNING STAR +3 TYRE 2.27 g f 2.00°
CZ24 MAN PEIPULSION S7TAR 17 79.06 . g e Xc
. PAYLOAD 2, MR
" FAC £ ) \ 3
0225 KEACTIoy CaVIKOL SYSTEM | wowa 0.00 58.55°D/A | £ o~ \
. Ll o S okl
C226 nemavasensvr/cony. S-EIND TRANSMITTES B ANTIVM) fSCOUT - 25 S o \\ F
e
0227 Guoancr & cavrrzll commured 12,68 DEL.ST&! PIL El m, N \ ¢ 4
CRTE ELECRCICAL POWER RENOFELy 22T IS D5 SLVER-BINE 25285 SEP. PL. J\‘ {pe. ) =, 1 \
A sme 17
BATYECV A CONVANTIONAL CANI 1355/ SCOUT \
= = BOOSTER/ DEL. ST L.
——— CONTVEENCY 77 SEP. PL ’1. [~ L .
. ] ) ';’ ,-..;“-‘> o " 0 w2 M »S M L) o
_‘rrff' el VILCCHTY IGFDTAT G20 2% 110
BLOSTER STaGs ai-jod 692" o
a - 2y &S5, o . Pz
20/ mWrEGRITAY | ASSEMBLY | BOOSTER - LELIVESY SITAGE Samararian 3.63 ORBITER ASE
SEP PL . DESIGN D30T~ REEE LN G5 —
0212 STRICTURE SEM MONOCOPUS [ SCOUT R 545 TrrE <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>