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ABSTRACT

Nine volumes including this volume present the final report documentation outlining
the accomplishments for the "Cost Studies of the Multipurpose T.arge Launch
Vehicles" (MLLV). NASA/OART Contract NAS2-5056. This volume presents an
assessment of and application for the overall study results to show cost implications
of vehicle size, technology. configuration and program options,

The MLLV family will consist of a single-stage-to-orbit configuration plus other
configurations consisting of a main stage (as used for the single-stage-to-orbit
configuration) with various quantities of 260 inch diameter solid rocket motor (SRM)
strap-on stages and/or injection stage modules. The main stage will employ
LOX/LHg propellant with either a multichamber/plug or toroidal/aerospike engine
system. The single-stage-to-orbit configuration will have a payload capability of
approximately 500,000 pounds to a 100 nautical mile earth orbit. With the addition
of the st ap-on SRM stages and/or LOX/LHy injection stage modules this payload
capability can be increased incrementally to as much as 1.850.000 pounds,

The contract consisted of four study phases. The Phage I activity was a detailed
cost analysis of an Advanced Multipurpose Large Launch Vehicle (AMLLV) family

as previously defined in NASA/OART Contract NAS2-4079. Costs for vehicle design,
test, transportation, manufacture and launch were defined. Resource implications
for the AMLLYV configurations were determined to support the cost analysis.

The Phase II study activity consisted of the conceptual design and resource analysis
of a smaller or half size Multipurpose Large Launch Vehicle (MLLV) family.

"-he Phase Il activity consisted of a detailed cost analysis of the smaller Multi-
purpose Large Launch Vehicle configurations as defined in Phase II. Costs for
vehicle design, test, transportation, manufacture and launch were determined.

The Phase IV n~ctivity (as reported in this Volume) assessed the results of the study
including the implicaticns on performance, resources and cost of vehicle size.
program ontions. and vehicle configuration options. The study results provided
data in sufficient depth to permit analysis of the cost/performance potential of the
various options and/or advaaced technologies.
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FOREWORD

This volume, Cost Implications of Vehicle Size, Technology, Configuration. and
Program Options, is one of nire volumes documenting the results of a twelve
month study program '""Cost Studies of Multipurpose Large Launch Vehicles".
NASA/OART Contract NAS2-3056. The objective of this study was to define cost
cost sensitivities, and cost/size sensitivities of potential future launch vehicles
to aid in the guidance of current and future technology programs. The baseline
vehicles utilized to make this assessment were:

1. The Advanced Multipurpose Large T.aunch Vehicles (AMLI,V) as
defined under NASA/OART Contract NAS2-4079,

2, The Multipurpose Large Launch Vehicles (MLLV) as defined under
this contract and described in Volume II, ""Half Size
Vehicle (MLLV) Conceptual Design',
The program documentation includes this volume plus a Summary Voiume, a
Design Volume, a Resources Volume, Cost Volumes, an Advanced Techaology
Implications Volume, and Appendices Volumes, Individual designations for
these volumes are as follows:
Volume I Summary
Volume II Half-Size Vehicle (MLLV) Conceptual Design
Volume III Resource Implications
Volume IV  Baseline AMLLV Costs
Volume V Baseline MLLV Costs

Volume VI Cost Implications of Vehicle Size, Technology, Ccnfiguration,
and Program Options

Volume VII Advanced Technologv Implications

Volume VIII Flight Control and Separaiion, and Stress Analysis
(1Iaclassified Appendices)

Voluine IX Propulsion Data and Trajectories (Classified Appendices)
Data on the 260 inch diameter solid propellant rocket motor were obtained fron: the

Aerojet General Corporation, Data on the multichamber/plug propulsion system
were obtained from the Pratt and Whitney Division of the United Aircraft Corporation
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and the Rocketdyne Division of the North American Rockwell Corporation, Data on
the toroidal/aerospike propulsion system were obtained from the Rocketdyne Division
of the North American Rockwell Corporation.

These propulsion data were obtained from the propulsion contractors at no cost

to the contract. The material received encompassed not only the technical data,

but resources, costs, schedules and advanced technology information. This support
materially aided The Boeing Company in the preparation of a complete and meaning-
ful study and is gratefully acknowledged.

This study was administered under the direction of NASA/OART Mission Analysis

Division, Ames Research Center, Moffett Field, California under the direction of
the iechnical monitor, Mr. Edward W. Gomersall,

ix
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1.0 INTRODUCTION

This study was directed to define the economic aspects of a future launch vehicle
system, This work complements the previously completed technological study,
"Advanced Multipurpose Large Launch Vehicles", Contract NAS2-4079. (This

study is hereinafter referred to as the reference study. ‘t'he vehicle family defined
by this prior study is hereinafter referred to as the baseline AMLLYV family. )

The economic aspects to be defined included:

2. The non-recurring and recurring costs for implementation and operation
of the baseline AMLLV family,

b.  The non-recurring and re curring costs for implementation and operation of
a half size (MLLV) vehicle family, (Payload capability half that of the base-
line AMLLV family. )

c. Cost effectiveness of program and configuration options.

d. Cost/size implications, and performance,/cost implications of advanced
technology applications.

The baseline AMLLYV family as defined by the referenced contracted study consisted of:

a. A single stage to orbit baseline vehicle capable of injecting one million pounds
of payload into a 100 n. mi, low-earth orhit.

b. Injection stage modules which are additive to the main stage for increased
payload capability and payload mancuvering,

c. Strap-on solid or liquid propellant rocket motors for main stage thrust
augmentation to improve payload capability.

The design, test, manufacturing, handling and transportation, facilities and launch

plans developed under the referenced contracted study were used as a basis for
cost definition,

The baseline AMLLYV vehicle family is depicted in Figure 1. 0. 0. 0-1. Payload
performance for this family is summarized in Figure 1. 0. 0. 0-2.

The baseline MLLV family was that family defined by this study and shown in
Volume II. The basic MLLV vehicle configuration employed the following components:
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1.0 (Continued)

a. Main (Core) Stage - Sized to provide a single-stage-to-orbit payload of
approximately 500, 000 pounds. Propellants will be liquid oxygen (LOX)
and liquid hydrogen (LH»o). Two different engine systems, the multi-
chamber/plug (Pratt and Whitncey) and the torcidal/aerospike (Rocketdyne)
were considered for the main stage.

b. Injection Stage - A modular stage for increased payload capability and
maneuvering. The number of modules will vary from one to three. The
propulsion system will use high pressure bell engines of Pratt and Whitney
design. The propellants will use LOX, LH,.

c. Strap-On Stages - Sized to provide a payload to a 100 N, M, orbit of approximately
2,000, 000 pounds when used to augment the main stage with injection stage
modules. Solid rocket motors of 156 inch and 260 inch diameters were
considered.

The baseline MLLV vehicle family is depicted in Figure 1. 3. Payload

0. 0.
performance for this femily is summarized in Figure 1. 0. 0. 0-

0_.
4,
This volume, Cost Implications of Vehicle Size, Technology Configuration and
Program Options, presents an assessment of and applications for the overall
study results. The detailed cost analyses developed for the AMLLV and the MLLV

and reported in Volumes IV and V were utilized to conduct cost effectiveness and
parametric analyses of program, configuration, size and technology alternatives.

This volume is divided into eight sections. The first two sections outline and
summarize the remaining sections of the document. Section 3. 0 presents the
objectives, ground rules, guidelines and assumptions. As the cost data presented
here were strongly influenced by the utilization of specific design, resources and
cost ground rules, these ground rules (which were also reported in previous
volumes) are contained herein for ready reference. Section 4.0 presents the

cost magnitudes and distributions relative to program phases, vehicle stages and
elements, and cost categories. The effects nf learning curves on the recurring
costs of the various vehicle components are tabulated for both the AMLLV and the
MLLYV families. Methods for obtaining program cost for a specific vehicle confj-
guration or for a series of vehicles in a program are illustrated by representative
examples.

Section 3. 0 illustrates the method of using the cost information to determine the
cost effectiveness of the program and configuration options, Overall program costs
are shown for different program sizes utilizing different vehicles of both the
AMLLYV and the MLLV configurations. The cost impact of providing manufacturing,
test and launch facilities for the largest vehicle configuration (and then utilizing

the same facilities for a full range of vehicle configurations in the vehicle family)
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(Continued)

is compared to costs for providing similar facilities sized for a specific vehicle
configuration. The effects of the manufacturing and launch rate on overall program
cost, cstimated on the basis of historical data on the Soturn V program, are
presented. Performance and cost potential of various main stage engine options,
including various configurations of the multichamber/ plug propulsion system and
the toroidal/aerospike propulsion system are discussed. Other propulsion system
trades, as presented, included the use of liquid strap-on stages versus solid
propellant strap-on stages, the use of 156 versus 260 inch solid propellant

rocket motor stages and the effect of staged 260" SRM stages versus non-stages
260" SRM stages.

Section 6. 0 contains the methodology for cost effectiveness evaluation of alternative
technology applications. Parametric data which can be used to determine whether
the development of advanced technology is cost effective is presented. Technology
improvements are related to either improved mass fraction (weight improvements)
or propulsion performance (Ig,). Parametric cost curves as a function of perfor-
mance, size, etc,, for the baseline vehicles are shown. Costs of the major base-
line vehicle components (structure, engines, propellant, subsystems, etc.) are
deiined or moceled in terms of dollars per pound of baseline vehicle dry weight

or launch weight, The resulting parametric curves and associated data are used
in representative examples to assess the cost-effectiveness of potential technology
improvements,

Secticn 7. 0, Risks and Deletions, contains an estimation of those activities and
program options which may be deleted from the program thus improving the cost
effectiveness, With these deletions, of course, a greater risk is assumed. These
have been placed in order of probable increasing risk.

Section 8,0, Program Managers Assessment, presents a critical review of the data
and study results by the program manager and the members of the study team,
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2.0 SUMMARY

This volume presents a critical assessment of the overall study results to provide an
understanding of the cost implications of launch vehicle size, technology,
configuration and program options,

2.1 COST DISTRIBUTIONS AND SIZE IMPLICATIONS

To define the relative cost relationships for development, procurement, and operation
of the baseline MLLV and AMLLV families, the '""modularized" costs (and supporting
resource data) of the two vehicle families were collected and categorized, during the
ccurse of the study activity, by three program phases, i.e.:

Phase A "Get Ready" Phase

This category includes non-recurring costs for vehicle design,

and for the tooling, equipment and facilities required for production
and launch,

Phase B Development Test Phase

This category includes the non-recurring costs for all development
test activity required to develop and qualify the launch vehicle, its
components and the associated support hardware for manned flight.

Phase C Operational Program Phase

This category includes all of the recurring costs for manufacture
and launch of the operational vehicles.

The distributions of program costs showed that the percentage of overall program
costs attributable io each of these phases was approximately the same for both the
AMLLV and MLLV programs. This is indicative that the relative distribution of
costs by program phase will be independent of vehicle size. Generally, the non-
recurring costs (the sum of the A and B costs) will be approximately 11 tim-s those
of the first operational unit cost. The Phase A costs will be approximately 4 1/2
times and the Phase B costs will be 6 1/2 times those of the first operational unit.
respectively. The relative distribution of c3sts by program phase does not appear
to be sensitive to complexity, as the relative distribution of the costs for the
three program phases were generally the same for the main stage, the injection
stage and the sciid rocket motor strap-on stages.

Magnitude of uverall cost appears to be primarily influenced by the complexitv of
the structure or system to be built and secondarily influenced by the difference

in size. For example. the cost for the injection stage module will be approximate!v




2.1 (Continued)

the same as that for a strap-on solid rocket motor (SRM) stage even throuzh the
weight of an individual SRM stage will be approximately seven times that of ..
fueled injection stage module.

The overall magnitude of the costs will be significantly larger for the main stage
as the main stage not only is the more complex stage but is also the primary stage
of the launch vehicle and, therefore, must absorb a significant portion of the costs

for program management, system engineering, launch facilities and liquid stage
manufacturing and test facilities,

Further, the magnitudes of the costs in Phases A, B, and C will not be significantly
sensitive to the relative size of similar articles. For example, the half size (MLLV)
main stage costs for these phases will be approximately 85 percent those of the full
size (AMLLV) main stage.

The magnitude of component costs in Phases A and C will, however, be more nearly
directly related to the quantity required per operation vehicle. For example, the
magnitude of engine and SRM costs per vehicle will be almost directly related to the
number required per vehicle.

The magnitude of the component costs for Phase B will not be sensitive to the quantity
required per vehicle. For example, the development test costs for the SRM stage
will be approximately the same regardless of the quantity to be used per vehicle,

As will be discussed subsequently, the magnitude of the A and C costs for a vehicle
program will be strongly influenced by the anticipated production and launch rate.
The magnitude of the development test or B costs, however, will be insensitive to
the anticipated production and launch rate.

The two R&D flight tests specified for the development test program will represent
approximately 25% of the overall non-recurring costs required for either of the two
vehicle systems. If useful payloads could be flown on the R&D test flight vehicles.
program costs could be substantially reduced.

The addition of either injection stages or SRM stages to the primary main stage will
not significantly increase the magnitude of the non-recurring program costs. For
example, non-recurring costs for the main stage alone will be 36 percent of those
for the main stage and SRM stages.

10
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2.1 (Continued)

The distribution of Phase A c.usts by cost categories (i.e.. manpower. material.
tooling. facilities and equipment) indicates that a significant portion of the A costs
will be attributable to facilities and equipment. The next largest cost category will

be tooling. The tooling costs will be the most sensitive cost category relative to
vehicle size, even though they will be reduced by only 28 percent as the
vehicle size is reduced by 50 percent.

A major porticn of the Phase A costs will be involved in the provision of the launch
facility. These costs will represent approximately 45 percent of the total get ready
costs for the MLLV and AMLLYV single-stage-to-orbit vehicles. As the injection
stage will be the same diamecter as the main stage, and will fit atop the main stage
without significantly increasing the length of the vehicle, its effect on launch facility
costs will be negligible. For use of the SRM strap-on stages. however, a significant
increase in the launch facility will occur.

The relative distribution of costs by program cost categories and elements (i e.,
structures, engines, systems, etc.) will be generally the same as that of the two
stage Saturn V for both the MLLV and AMLLYV single-stage-to-orbit vehicles. The
engine systems. however, for the AMLLV and MLL"’ vehicles will represent a

larger percentage of the overall operational program costs than do those of the

Saturn V. This is attributable to the number of engines involved. For the MLLV

and the AMLLV. 24 individual engines will be used for each main stage. By compari-
son, the two stage Saturn V has a total of 10 engines for both stages.

2.2 COST EFFECTIVENESS OF PROGRAM AND CONFIGURATION OPTIONS

The specific payload requirements, in terms of required payload weight per laurch
will have a major influence on the choice of the vehicle configuration to provide the
most cost effective program. However, the cost per pound of delivered payload
generally will decrease as the required payload weight per launch is increased.

In other words, the lower payload single-stage-to-orbit vehicles will be the least
cost effective vehicles in the MLLV and AMLLV families, Cost effectiveness will
improve as SRM strap-on rocket motors are added to the main stage.

Only small operational programs will be required to amortize the additional non-

recurring costs for development and implementation of-the strap-on stages (i. e.,

programs requiring three million pounds of payload to orbit for the MLLV and six
million pounds of payload to orbit for the AMLLV).

Use of the injection stage as a propulsive element to increase payload to a 100 N, M.,
orbit will never be as cost effective as utilization of the SRM strap-on stages or an

increase in the size of the main stage. For this reason, use of the injection stage

should be considered only, after achievement of orbit, for payload maneuvering
or for missions beyond earth orbit. (The injection stage should be considered




2.2 (Continued)

as part of the payload to orbit rather than as part of the propulsion svstem to
achieve orbit.)

The operational cost effectiveness values of all of the possible configurations in the
MLLV family were compared (1) to those of configurations in the AMLLYV family

and (2) to those of the two stage Saturn V vehicle and its potential uprated deriva -
tives employing 156 inch and 260 inch diameter SRM strap-on stages. This comparison
lead to the very significant study conclusion that, for a given payload per launch
requirement. operational costs will not be significantly influenced by the choice of
any specific launch vehicle configuration with the capability of providing the required
payload. Operational costs do not appear to be sensitive to design or configuration
options. (Costs are, however. sensitive to payload size as discussed below. )

This conclusion assumes that all possible configurations will be produced and
operated within the same program philosophy, limitations and ground rules.

The data showed that improved cost effectiveness (as stated above) will be obtained
as the payload per launch requirement in increased. In other words. there appears
to be a "quantity discount' relative to larger sized payloads. This quantity discount
is based on the assumption that whatever size vehicle is used, the same production
and launch rate will be maintained .

This study, as well as prior experience with the Saturn V and other programs, showed
that the cost of a launch vehicle will be significantly effected by the production and
launch rate. A primary factor causing increased cost at low rates is the inflexibility
within the current manufacturing and launch philosophy relative to the use of personnel
and skills. The costs for a full complement of personnel and skills, (required at the
production and launch facilities regardless of the rate) will significanily increase the
unit cost at low rates. A major factor in reducing costs would be an increase in the
production and launch rate from approximately two vehicles per year to approximately
six vehicles per year.

The cost trades of engine options showed that program costs were only slizhtly
effected by the various possible adaptations to either the multichamber/plug or
toroidal/aerospike engine systems in terms of size of the engine systems, operating

pressure, number of modules, etc.

The engine option trades indicated that lower operational cost will result from the

use of the larger and/or higher performance engine options with both the single-stage-
to orbit vehicles and vehicles containing strap-on stages, For example,

operationally it will be more cost effective to use the higher performance

2000 psi toroidal/aerospike engine with eight modules, each rated at 2

million pounds thrust than to use the lower performance 1200 psi modules

rated at 2 million pounds thrust or the higher performance 2000 psi toroidal/
aerospike engine with 16 modules rated at 1 million pounds thrust each.

12
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2,2 (Continued)

The above conclusion assumes a moderate or large operation, However,

for small operational program sizes which cannot effectively amortize the
higher non=recurring cost of the larger nigher performance systems, the lower
performance, lower thrust, systems will be more cost effective.,

Jf low cost liquid stages can be developed and procured at the same price as the SRM
strap-on stages. a minor reduction in program cost will occur, attributable to easier
transportation and handling of the lighter weight (empty) liquid stage. The transportatio
and handling costs for use of either of these stages will be so nearly the same. howcier.
that no significant cost advantages can be attributed to either system.

The use of 260 inch diameter SRM's will be more cost effective than the use of
equivalent performance 156 inch diameter SRM's for an operational program. Although
the non-recurring costs for the 156 inch SRM's will be less than that of the 260 inch
SRM's, the lower production costs of the 260 inch SRM's will make them become

more cost effective as program size increases. Again, as with the liquid engines.

the cost trades tend to favor the larger sizes over the smaller sizes.

The baseline program calls for use of the solid rocket motor strap-on stages in a
"zero' stage mode wherein all of the SRM's will be ignited at liftoff and separated

at the same time after burn out. A sequential staging concept such that approxi-
mately 3/4 of the quantity of SRM's would be ignited at launch and the remaining 1/4
ignited after burnout of the initial 3/4 would in effect provide a three stage vehicle and
increase the payload capability by better than 10%. This alternative concept would only
slightly increase the program cost but would provide a significant improvement in
payload and, therefore, is an attractive option for the vehicle system.

2.3 COST EFFECTIVENESS OF ALTERNATE TECHNOLOGY APPLICATIONS

Parametric cost and performance data and its application show the maximum dollars
that can be spent for an alternative technology for any specified vehicle program.
These data (1) relate the required main stage size for a given payload to specific
impulse and mass fraction, and (2) show the relationships of program cost to main
stage size.

The data relative to improvements in structural efficiency indicate that the programs
with single-stage-to~orbit vehicles will be more cost sensitive to improvement or
degradation in mass fraction than those programs employing vehicles with strap-on
stages. Similar analyses showed that the AMLLV and MLLV single-stage-to-orbit

13




e "

2.3 (Continued)

configurations will be more cost sensitive to changes in specific impulse than will
configurations with strap-on stages.

Application of the mass fraction and specific impulse changes show the following
cost effects for a program to place 20 million pounds of payload in orbit. For the
AMLLYV single-stage-to-orbit vehicle, a 0.02 improvement in mass fraction will
result in a program cost reduction of seven percent. Similarly, a five percent
improvement in specific impulse will reduce the program costs by five percent.

A degradation of five percent in specific impulse will increase the program cost
6.5 percent,

2.4 COST REDUCTION ANALYSIS

Cost reduction of the baseline programs can be achieved through configuration
modifications and/or changes in program philosophy relative to design, manufacturing,
and test and launch, Changes in program philosophy will, however, be much more
cffective in reducing costs. Philosophy changes include such things as utilization of
the two R&D flights to deliver unmanned but usefui payloads; modification to the
manufacturing and launch procedures used with low production and launch rates,

to provide more effective utilization of personnel and skills; deletion of the facility
checkout vehicle (the first R&D flight vehicle would be used for facility checkout);
reduction in instrumentation; deletion of redundant components; reduction of post-
manufacturing checkout; deletion of dynamic tests; deletion of static firing acceptance
tests; reduction of tolerances; and reduction of the safety factor from 1.40 to 1,25,
(The above are listed in order of increasing risk as the list progresses,)

A cost reduction of approximately 40% appears possible for a typical program to
develop and launch 36 MLLV single-stage~to-orbit vehicles. The resource and
cost analyses of this study were accomplished on the basis of the existing techniques
utilized for the Saturn V launch vehicle. Similar cost reduction methods have been
proposed for the Saturn Vbut have yet to be implemented.

14
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GROUND RULES, GUIDELINES AND ASSUMPTIONS

The guidelines and assumptions for this study were developed from the contractu
requirements, the previous AMLLYV study (NAS2-407y), and applicable data fror.
previous and current studies. Where special circumstances dictated an arbitrar

assumption, The Roeing Company and the NASA technical monitor concurred on o
suitable guideline.

T'he resource plans were based on current Saturn V philosphies to the maximum
extent possible. No attempt was made to tailor the program for cost optimization.

Where possible, the cost estimates were based on direct costs with burden costs
added as separate items.

Resource inputs for recurring and non-recurring items were received from function:]
organizations within The Boeing Company and from propulsion contractors (Aerojet
General, Pratt and Whitney, and Rocketdyne). Most of the direct inputs were in
terms of manhours; however, total dollar costs were also received for several items,
I, e., material, equipment, engines, etc,

The Roeing Manufacturing Departments at the Michoud Assembly Facility and at
Huatsville provided manhours and material estimates for the following itemns:

1) Fabrication, Major and Minor Assembly of the Sub-System Components, 2)
Manufacturing Test Manheurs, 3) Raw and Production Material, 4) Planning
manhours, 5) Tool Design manhours, 6) Tool Fabrication and Erection hours,

7) Manufacturing Development hours, and 8) MGSE and Handling/ Transportation
Equipment hours and doliars,

The Boeing Huntsville Engineering Department provided basic engineering design and
sustaining engineering manhours. The Boeing Facilities Department at Huntsville,
BATC and Michoud provided costs of the brick, and mortar facilities for production,
test and launch: transportation and handling equipment: capital equipment and
maintenance costs. The Boeing Test Organization at Huntsville provided

manhours and costs for conducting Developmental Testing, Structural Tests,
Systems Development (Systems Breadboard), Systems Tests, Dynamic Tests,
Marufacturing Development and Wind Tunnel Tests.

The Boeing Engineering Department at BATC provided costs for Launch
Operations and Launch Vehicle Ground Support Equipment (LVGSE) and Test
Equipment.

The propulsion contractors provided costs for the solid rocket motors, toroidal/
aerospike engine ard the multichamber/plug engines. The liquid engine data
was supplemented with data received from the Propulsion Otfice at NASA /MSFC.




3.0 (Continued)

The details associated with these direct inputs are displayed and summarized in
the ""Resources Implications' Volume III of this report.

The following ground rules, guidelines, and assumptions were utilized for
this study activity, "Cost Studies of Multipurpose Large Launch Vehicles"

Contract NAS2-5056:

a. Design

1. Direct ascent to 100 nautical mile circular earth orbit was the primary
mission used to size and establish the baseline vehicle design, to establish
the trajectory for heating and control analyses, and as the reference
for performance comparisons.

The vehicles will be launched due east from AMR.
Payload configurations will be as follows:

a. The payload, exclusive of the nose cone, will have a constant
diameter.

b. Uniform distribution of mass within payload envelope was assumed.

Stages and vehicle subsystems will be expendable.

All study vehicles will be manrated. The design criteria and the
necessary combination of ground and flight testing were defined
based on those established for the Saturn IB/Gemini and Saturn V/
Apollo systems.

Test

Present NASA/MSFC and KSC test philosophies will be continued.

Two R&D flight tests will be required to qualify the vehicle. The
development test program for either the AMLLV or the MLLV will
provide for two unmanned flight tests of the maximum size configuration
in the selected vehicle family.




sl

10.

(Continued)

A facility checkout vehicle will be provided for initial checkout of the
manufacturing, test, and launch operations, tooling, equipment and
facilities,

A dynamic test will be included in each program (either AMLLV or
MLLV) for the maximum size vehicle (strap-ons will be simulated).

Development testing of the main stage and injection stage will be
conducted in new dvnamic and structural test facilities constructed

adjacent to the factory huilding.

The solid motors will require a development program and qualification N
testing.

Engine acceptance test firing and trim by engine contractor will be
required.

Static test firing will be required for final acceptance of the main stage
and injection stage.

Static test firing will be conducted on the launch pad.

All subsystems functional and acceptance testing will be performed
by the vendor except as noted.

Manufacturing

1.

S

All stages will be built in factories adjacent to navigable waterways.

Main stages and injection stages will be fabricated at the NASA Michoud
site (or its equivalent located on a navigable waterway) in a new factory building.

The 260 inch diameter solid rocket motors (SRMs) will be manufactured
at the Aerojet General Facility in Dade County, Florida.

The 260 inch SRM strap-on stage structural assemblies, consisting of the
nose cone, forward skirt, aft skirt and attachment fittings will be
fabricated at Michoud and sent to the SRM contractors facility at
Homestead, Florida for assembly to the solid rocket motor.

Transportation

1.

The vehicle elements will be transported from the manufacturing facilities
to the launch facility on tocwed barges.

17




3,0

-

{Continued)

Land transportation will be required for the main and injection stages
at the manufacturing facility (but not at the launch site).

At the launch facility all stages will be lifted directly off their barges
and placed in the selected location by a large traveling gantry hoist;
therefore, no additional transportation equipment will be required.

The requirements for transporting and handling the elements of the
half size (MLLV) vehicle will be the same as those of the full size
(AMLLYV),

No land transportation of the SRM stage will be required, as it will
be lifted directly from the manufacturing pit and placed aboard the
towed barge used for transport to the launch facility.

The barges used to transport the SRM stages from the manufacturing
site to the launch pad will also serve as storage facilities. These barges
will be anchored in prote .ted, yet remote locations, and towed to the
launch pad as required for vehicle assembly.

At the launch site, the SRM's will be lifted directly from the barge and
placed in position on the launch pad by a mobile overhead gantry crane.
This same track mounted gantry will also be used to lift the main and
injection stages.

Launch

[

The launch pad will serve as the static firing stand for main and injection
stages, the refurbishment facility, the vertical assembly and checkout
facility and finally the launch pad.

The launch site will be in the vicinity of Cape Kennedy to share the
utilization of the available support facilities, support personnel,
and existing tracking networks.

Although the acoustic siting criteria indicate that an off-shore

site is required, an on-shore site was specified to provide comparable
facility, equipment, tooling and cost requirements to those of existing
systems,

Mating of the SRM and injection stages to the main stage will be at the
launch pad. Final vehicle assembly and checkout will be in the launch
position.

18
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(Continued)

Cost

All propulsion costing, performance, and design data necessary in the
evaluation were compiled from appropriate propulsion contractors
(i.e., the contractors specifically working on the respective systems).

Costs were based on 1968 dollars without an inflationary factor. Funds
were assumed to be available as required.

Launch and production rates will be two vehicles per year,

All cost values in this report are contractors cost values only and do

not include profit or fee, with the exception of the Solid Rocket Motors
and liquid engines.

The first unit has been defined as the first flight vehicle: (the first R&D
flight test) effects of learning curve(s) enter after that unit.
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COST DISTRIBUTIONS, SIZE IMPLICATIONS, LEARNING CURVE
EFFECTS AND METHODS FOR COMPILING PROGRAM COST

This section summarizes the input cost data and shows the distribution of costs h
1) program phases, 2) vehicle stages and elements, and 3) cost categories, The
implicaiions of vehicle size on the costs and their distribution are illustrated an
discussed. The effects of learning on recurring costs are tabulated and graphi-
cally illustrated to provide tools for conducting cost cffectiveness analyses as
discussed in subsequent Sections 5. 0 and 6. 0. Methods are given for compiling
overall program costs.

The "modularized" cost data shown in detail in Volumes IV and V are summarized
by program phases and stage and program elements in Figures 4. 0. 0. 0-1 through
4.0.0.0-3. The costs shown are additive i.e., the Phase A costs for an MLLV
vehicle incorporating a n.ain stage plus an injection stage engine module plus two
injection stage fuel modules plus four strap-on stages can be determined by adding
the main stage costs (Column I) plus the injection stage engine module costs
(Column II) plus twice the injection stage fuel module costs (two times Column II)
plus the strap-on stage fixed cost (Column IV) plus one-haif the variable cost of
eight strap-on stages (one-half of Column V). The same addition is possible to
determine the program buildup for Phase B costs. To determine the overall
program costs for Phase C, however, learning effects must be applied to the
multiples of stages required for the program. These effects and their application
are shown and discussed in Sections 4. 2 and 4. 3.

The results of adding the various elements (with appropriate learning curve factors
as applicable) to determine Phase A, B and C costs are summarized in Figure
4.0.0.0-4. This chart shows, for example, that the total non-recurring costs
(Phase A costs plus Phase B costs) for an MLLV vehicle consisting of a main

stage plus eight SRM stages plus a three module injection stage will be 4.09 billion
dollars. The recurring cost of the first operational vehicle will be 372 thousand
dollars. Similarly, the recurring cost of the first operational MLLV single-stage-
to-orbit vehicle will be 251 thousand dollars. The non-recurring costs for develop-
ment of this vehicle (not shown on figure) will be 2.78 billion dollars.

4.1 COST DISTRIBUTIONS AND VEHICLE SIZE IMPLICATIONS

The detailed '""modularized' cost data shown in Volumes IV and V were analyzed to
determine the distribution of costs relative to:

a. Program Phases
1. "Get Ready" costs (A costs)

2, Development test costs (B costs)
. First operational unit costs (C costs for the 3rd flight unit)
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Launch Maint. $4,182 Launch Control
$8,750 4 21.090
1,025
750
$8, Lm.lsl;’clh 2(‘scgntrol f.aunch Pad
. 2,066
Facility & Transp. $29,384 :2’021
$4,380 :
52 972 L?:;nldéo};ad Off Site Support
2, ' $3,180
L $57,93¢2 $2,999
SE&I Off Site Support . —
$5,301 $91,448
$5,301 $85,962
FOLDOUR FRAME |




J oI 1V v
FTRAP-ONSTAGH  [BTRAP-ON STAGH
Fue! Module FIXED QUANTT™Y
314,526 $24. 478 138, 603

Structures 1 Delta Fwd. Skt, Structur s
Fwd. Skt Fwd. Skt.
$1. 369 $7,000 $1, 320 $4,630 $38, 183
$844 $4,618 $798 $2,960 $21,21°F
y LH, Tank
— Igg s’l;.';m Syatems 822. 230 Launch Maint, Motor
51', 774 $2,575 ‘ $1,425 $1, 150 $82,070
LOX Tank $2,411 LOX Tank $1,150 44,308
$1,979 $1,627
$1,358 Engines $1,006 Launch Ops. Other Stage
Tunnels $3,600 T\;r;r;)ls $26,063 $17,306
igﬁ $2,500 $319 $20,378 $11,828
Thrust Str. Engine Instali, Str. Assembly Fac. Maint.
$1,767 367 $1,263 $1,104
1,17
$1,175 $67 $1,172 $733
Str. Assembly = PRTITS e
$2,578 > t TOp. ech. Launch Contro
$2,179 Propellan $1,436 $2,886 *NUMBERS SHOWN ARE
, 3730 $1,328 $2,733 FOR A FULL COMPLEMENT
$365 OF STRAP-ON STAGES
- P ™ (120R 8). IF LESS THAN
Launch Ops. s674 % 390 A FULL COMPLEMENT
$5,323 . : WILL BE UCFD, THESE
Instru. Off Site Support NUMBERS 8:. ‘LD BE
$4,565 $301 $8,506 REDUCED BY THE RATIO
$285 $7,996 OF THE NUMBER OF
Flt. Control STRAP-ON STAGES PER
$128 VEHICLE TO THE NUMBER
$124 OF 8TRAP-ON STAGES IN
A FULL COMPLEMENT,
NOTES: [ _ _ _ _JALTERNATE SYSTEMS.
Launch Control # DOL LARS ARE IN THOUSANDS.
3545 @AMLLV COSTS 8HOWN TO TOP
12 @MLLV COSTS SHOWN TO BOTTOM
Launch Pad
$1,033
$1,011
Off Site Support
$1,595
$1,499

FIGURE +.0.0.0-3 FIRST UNIT COST ("C" COST) SUMMARY (APPLICABLE TO FIRST
R&D FLIGHT VEHICLE ONLY)

27/28




ATINV ANITASVE ATTIN/ATTIINY - AYVININAS LSOO #-0°0°0 "+ JUNOIA

SLSOD ATIWY

S1S0D AW | 310N
8eLs (LINA LHO'T:) QYIHL)
1502 ...,
31DIH3A
8/0°S JYNOILVY3dO 151
o
N
—_— ELE 1S p19°$ 299§ §€5°25 INIYANITY-NON
260°v$ 67015 80$°S 267'S £00°Z$ viol
-
. : 1374 §Ze |
vi6'Ls V.N oo m\ s s $150D ..V.,
0£9°1§ VN 825°S 861°s oL LS AQv3d 139
S3OV 1S
NO—dV¥1s 40 39V1S
Wiol SLHOINA INIWITWOD NOILD3MN 39V1S
azy e 77N4 | 37NAOW I3YHL NIVW
(SNOIT119 NI S¥VT1100)
evand

1ebmin 4 M




4.1 (Continued)
b, Program Elements
1. Stage costs - Main stage, injection stage, strap-on stage, cte.

2, Component costs - Structures, propulsion and mechanical, electricsl
and electronic, etc.

3. Operations costs - Manufacturing, test, transportation, launch, etc.

c. Cost Categories

Labor
Material
Tooling
Equipment
Facilities

[N

Ol = W
o & o

The resulting data is summarized in Figures 4,1. 0. 0-1 through 4,1, 0. 0-10. Figure
4. 1. 0. 0-1 shows the apportionment of stage costs by program phases. Figure

4. 1, 0, 0-2 shows the stage cost distribution by program phases for the maximum
size AMLLV and MLLV vehicles, These figures indicate that the costs for the

main stage development and operation with an MLLV or AMLLV maximum size(l)
vehicle will be approximately two-thirds of the total A, B and/or C costs. Costs for
the three module injection stage and for the full complement of strap-on stage will
be approximately one-fifth and one-eighth of the total costs respectively.

The majority of the costs are attributable to the main stage because the main
stage is the primary stage of the launch vehicle and, therefore, must absorh a
significant portion of the fixed program costs associated with:

a, Program Management and System Engineering.

b. Liquid stage manufacturing and test facilities (construction, checkout,
operation and maintenance).

C. Launch facility (construction, checkout, operation and maintenance),

The apportionment of costs by program phases and stages provided the following
relationships:

MLLV AMLLV
a, Main Stage
A
C (3rd Flight Unit) 4. 40 4, 52
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(Continued)

B
C (3rd Flight Unit)

A+ B
C (3rd Flight Unit)

A

B 0. 66 0. 65
NOTE: (1) Maximum size vehicle refers to a vehicle incorporating a main stage
plus a three module injection stage plus a full complement of strap-on stages,

b. Injection Stage (Three Module) MLLV AMLLV

A
C (3rd Flight Unit)

B
C (3rd Flight Unit)

A+B
C (3rd Flight Unit)

A

B

Strap-On Stages (Full Complement)

A
C (3rd Flight Unit)

B
C (3rd Flight Unit)

A+ B
C (3rd Flight Unit)

A

B




4.1 (Continued)
VvV
d. Maximum Size Vehicle MLLV AMLL
A
C (3rd Flight Unit) 4. 35 4. 07
B
C (3rd Flight Unit) 6. 63 6. 44
A+ B
C (3rd Flight Unit) 10.98 10.51
A
B 0. 66 0. 63

B costs used for the above ratios include the costs of two R&D {light tests of a
vehicle incorporating a main stage plus a three module injection stage plus the
maximum complement of strap-on stages. The cost data presented in Figure

4.1. 0. 0-3 shows that the costs of the two R&D flight tests represent approximately
one-fourth of the non-recurring costs for either the MLLV or AMLLYV vehicle
families.

If useful payloads could be flown on these R&D flight test vehicles, the non-recurring
costs would, therefore, be reduced by a factor of 257%. This overall savings would
not, however, be realized within the total program costs as the costs of the first

two flight units would increase by approximate'y 10% to account for position on the
learning curve, the additional time for the initvial launch cycles and the additional
instrumentation requirements.

Figure 4. 1. 0. 0-4 shows the stage costs for phase A distributed by the major
program elements. These costs are modularized and presented in such a manner
thiit they can be added. The solid rocket motor strap-on stage ''A" costs are for
the maximum vehicle configurations, i.e., eight MLLV and twelve AMLLV strap-on
stages, "A' costs for the injection stage fuel modules are for design effort

only, as the facilities provided for the engine module of the injection stage will be
adcquate for production and operation of the fuel modules.

The "B'" costs for the various vehicle stages are displayed in Figure 4,1, 0, 0-5, These
costs are distributed by costs attributable to each of the major development tests.

The basic approach used in compiling the non-recurring cost data shown in Figures
4.1.0.0-6 through 4.1.0.0-9 assumed that all launches will be made using only one

of the several possible MLLV configurations shown. All included costs relate to
facilities, equipment and tooling sized for production and launch of only the configura-
tion being used. The two R&D flighi test vehicles are of the specific operational
vehicle to be flown,
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4.1 (Continued)

These figures show that the non-recurring cost for implementation of the injection

slage are basically the same as for the solid rocket motor stages. They further

show that the hon-recurring costs will be relatively insensitive to the number of injection
stage modules -.nd/or the number of SRM stages to be used for the vehicle configurations,

The costs for flight test portion of the development test preogram will exceed the
development test costs for either structures and systems or the propulsion systems,.
The flight test costs are approximately 40 to 50 percent higher than the test costs

for structures and systems development and 100 to 160 percent higher than the

costs for propulsion system development. The development test costs for the
structures and systems exceeds the development test costs for the propulsion systems
by approximately 50 percent for the single-stage-to-orbit configuration and by

30 to 50 percent for the other configuration.

Another approach (not shown) would assume that all program support elements

will be sized for the maximum configuration and that all other configurations can be
produced and launched for various mixes of launch vehicle within a program. The two
R&D flight vehicles are of the maximum payload configuration.

For this approach which would assume that capability for launching the maximum
configuration must be maintained, the '"A" and '"B" costs will be constant for ail
configurations and the same as those shown for the maximum configuration in the
afcrementioned figures,

"C'" costs by program element for the first units of both vehicle families are shown
in Figure 4.1.0,0-10. (To use these data in development of a total program cost,
that requires multiple launches, appropriate learning curves must be used for obtain-
ing the overall program operational costs. )

The atove refercnced figures also show the relationship of the cost distributions to

vehicle size. From these data the following cost/size/phase relationships were
determined.

Phases

B

MLLV Main Stage
AMLLV Main Stage

MLLV Injection Stage Engine Module
AMLLYV Injection Stage Engine Module . 799

MLLV Injection Stage Fuel Module
AMLLYV Injection Stage Fuel Module 1. 000
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4.

1 (Continued) PHASES
A B C

MLLV Three Module Injection Stage
AMLLV Three Module Injection Stage . 799 . 730 779
MLLV Strap-On Stage
AMLLV Strap-On Stage . 868 . 693 . 844
MLLV Full Complement of Strap-on Stages
AMLLV Full Complement of Strap-on Stages. 817 . 692 . 565

NOTE: All of the above relationships relate to a 50’ size reduction except
for that of the individual strap-on stage which relates to a 239
size reduction,

As these numbers indicate, a 50 percent reduction in the main stage size will
result in only a 15 percent reduction in the main stage recurring costs while a

50 percent reduction in the injection stage size will result in approximately a 20
percent reduction in injection stage recurring cost and a 23 percent size reduction
for an individual strap-on stage will result ina 16 percent reduction in cost

(a 557 cost reduction fur a 50 percent size reduction). The basis for this anomaly
(as stated above) is that the main stage, as a primary vehicle stage, must absorb
a significant portion of the fixed non-size sensitive cost associated with facility,
maintenance and operations, The cost of the full complement of strap-on stages
for the half size vehicle will be only 60 percent that for the full size vehicle.

This significant reduction in strap-on stage costs is due to the combination of:

(1) the effects of size reduction of the individual stages and (2) the reduction in
number of required strap-on stages from i2 to 8.

Figure 4.1.0.0-11 through 4, 1.0.0-13 show the distribution of costs by cost
categories by stage by program phase. The distribution of costs to the cost
categories was accomplished by reviewing each individual entry in the back-up
detailed cost sheets in the AMLLV and MLLV baseline costs contained in
Volumes IV and V, respectively. Assignment of a specific cost entry to a given
cost category was based on an individual judgement of each entry. Some of these
assignments required arbitrary assumptiona which would effect the total
distributions shown, For example, mannower and vehicle material as shown,
relate only to that manpower and vehicle material to be expended to des ign, test,
build and operate the vehicle, Manpower required in support of the other
categories, i.e., tooling, material, facilities and equipment is included in the
cost of those items as applicable. For example, manpower for tool design is
shown as a tooling cost, Similarly, material required for tooling is shown as

a tooling cost, Material costs as assigned to the vehicle material category
reflect all costs for purchases material (inclusive of purchased assemblies and
subsystems) to be used to design, test, manufacture and operate the vehicle,
SRM and liquid engines for this distribution were not considered purchased

14




b (Continued)

assemblies (vehicle material) but were further broken down into the manpower,
material, tooling, fabrication and equipment by categories. All systems and
subsystems, on the other hand, were classified as vehicle material exclusively,

The distribution of Phasc A costs by cost category as shown in Figure 4,1,0.0-11
indicates that a significant portion of the "Get Ready' costs will be attributable

to Facilities and Equipment. The next largest cost category will be tooling,
Of the cost categories shown, the tooling costs appear to be the most sensitive to
vehicle size, Tooling costs will be reduced by 28 percen¢ as the
vehicle size is reduced by 50 percent while the total A costs will be reduced by
only approximately 17, for a similar size reduction. The costs for veiiicle
material will be negligible. Program management and engincering design costs

will represent approximately only 1.2 percent and 5.0 percent respectively
of the total Phase A costs.

14

The ratio of MLLV costs to AMLL" costs for the main stage, for the three module
injection stage, and the full complement of strap-on stages will vary between

80 and 83.5 percent. This is indicative of the fact that the major cost elements
are relatively independent of size. Only a slight differcnce in the costs for
equipment and the facilities, tooling, and material will occur between the MLLV
and the AMLLV sizes, The manpower requirements will be essentially the

same regardless of the size,

Figure 4,1,0.0-12 illustrates the distribution of costs by categories for Phase B.
These costs include not only the costs for conducting the test, but also the costs.
required to provide the test specimens. The development test costs for the MLLV
single-stage-to-orbit will be 81,5 percent those of the AMLLV, Similar
comparisons of the devclopment test costs of the MLLV and AMLLYV threc module
injection stages and full complements of strap-on stages showed the ratios will

be 74.1 and 69,2 percent, respectively, For all stages of the vehicle, the tooling
and facilities equipment costs will be essentially identical regardless of the

size. A relatively significant increase will occur for material costs for the
larger vehicle. The major difference in MLLV and AMLLV SRM stage costs

can be attributed almost entirely to the increased propellant that will be required
in cach test SRM. The manpower costs which represent the major portion

(70°.) of the liquid stage B costs will increase only slightly as the size goes up.
This is the effect of increased manpower requirements for manufacturing operations,
test and quality and reliability assurance, As most of the SRM stage test
components will be purchased, material costs for the SRM exceed the manpowaer
costs. The management and administration and the vehicle engineeling are
esgsentially the same.
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LEGEND:
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TO ORBIT INJECTION STAGE OF STRAP-ON
STAGES

FIGURE 4.1.0.0-12 DISTRIEUTION OF COSTS BY CATEGORY FOR PHASE B




4.1 (Continued)

Figure 4.1.0.0-13 shows the distribution of costs by categorv for the first
operational unit (C cost). The costs of the MLILV stages as ratioed to those of the
AMLLYV stages will be 86.5 Jercent, 77.8 percent. and 87.2 percent for the
single-stage-to-orbit (main stage). three module injection stage. and fuil
complement of strap-on stages, respectively. As was observed for the costs for
Phase B, the facility, tooling and equipment will be essentially the same
regardless of size. The material costs will be relatively higher for the AMLLYV
single-stage-to-orbit vehicles and for the AMLLYV full complement of strap-on
stages. For the single-stage-to-orbit vehicle, this will be a direct effect of the
size increase. For the strap-on stages, it will be principally due to the twelve
SRM's for the AMLLV versus the 8 SRM's for the MLLV as well as the increased
propellant loading for the AMLLV SRM's of approximately 1.000, 000 pounds
each. The material costs for the three module injection stage will not be
significantly affected by size. The costs for manpower will represent by far

the majority of the liquid stage production and launch costs. Manpower costs
w1ll be a smaller percentage of SRM stage costs because of the high percentage
of purchased propellant materials and stage components. The differences in
costs for manpower between each of the ML LV and AMLLYV stages will be
principally due to the manufacturing and operstions test and quality and reliability
assurance. The management and administration and vehicle engineering manpower
will be essentiallv the same regardless of vehicle size.

Figure 4.1.0.0-14 and 15 illustrate the AMLLV and MLLV main stage production
and launch cost distributions compared to the Saturn V cost distributions. Figure
4.1.0.0-14 shows that the main stage manufacturing cost distributions by cost
categories of the AMLLYV and the MLLV will be similarly comparable to ihose

of the S-IC stage of the Saturn V.

As shown in Ffigure 4.1.0.0-15, the costs distributions by cost elements will be
geuerally comparable except for the engine cost. For the MLLV and AMLLYV, the
¢ngine costs will be a significantly larger percentage of vehicle costs than will the
engine costs for ‘he Saturn V. This can be atiributed principally to the number
of engines involved. For the MLLV and the AMLLYV twenty-four engines will be

used per main stage whereas, for the two stage Saturn V a total of ten engines
are utilized.
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LEARNING CURVE EFFECTS ON RECURRING COSTS FOR
PRODUCTION AND LLAUNCH

The preceding data show only recurring costs for the first flight stages.

To evaluate overall program costs, (as required for cost effectiveness analyses of
program, cenfiguration and technology alternatives) it is necessary that recurring
cost be computed for varying production quantities of the individual stages. To
accomplish these computations, learning curve effects on the cost of the various
stages and stage elements must be applicd. For the purpose of applying the
learning curve data, the first stage produced for flight (the first R&D flight test)
was considered as the number one unit,

The first unit costs and learning curve values shown on Tabhle 4, 2, 0. 0-1 were defined
for the various stage and stage elements. (See Book C of Volumes IV or V.

As shown in Table 4. 2, 0, 0-1, two learning curve rates were utilized in determining
the cost of the variakle cost AMLLV/MLLV components. These learning rates were:
1) 917 for the main stage structure, injection stage engine module, injection stage fuel
module, and delta cost for the heavy weight alternate forward skirt and 2) 957% for

the muin stage engine, injection stage engine and solid propellant motors.

For reference, improvement curve (learning rate) tables are provided in Tables

4¢ 2,0, 0-11 through 4.2, 0. 0-V. Tables 4.2, 0. 0-II and 4. 2. 0. 0-III show the unit
progressive curves for the 91' and 959 learning curves, respectively, Tables
4.2, 0. 0-1V and 4, 2. 0. 0-V show the cumulative progressive curves for 91§ and 95§
learring curves, respectively. An application of cach type of these curves are
shown below.

Unit Progressive Curve Application - The first unit cost of the AMLLV main stage
learning curve sensitive elements (exclusive of engines) are 118 million dollars.

To determine the costs of these elements for the sixth unit, the 919 unit progressive
curve tables are used. The first unit costs of 118 million dollars are multiplied

by the factor . 78365300. This product is equal to 92. 47 million dollars. If the
costs of the sixth unit are known, i.e., 92,47 million dollars, the costs of the first
wnit may be obtained by dividing the sixth unit factor from the unit progressive curve
table, i.e., 92.47 divided by . 78365300 equals 118 million dollars.

Cumulative Progressive Curve Application - If it is desired to obtain the cumulative
costs of the first six units, the cumulative progressive tables must be utilized.

For example: the first unit costs of the AMLLV SRM stage learning curve sensitive
elements are 13. 05 million dollars, The SRM stage learning curve sensitive clements
costs are on a 95% learning curve. If it is desired to determine the cumulative costs
of these elements for the first six units, the first unit costs of 13. 05 million dollars
are multiplied by the cumulative progressive table factor for the sixth unit, 5. 537962,

The product is equal to 72, 27 million dollars. If the total costs of the six units are ’
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4,2 (Continued)

known, i.e., 72.27 million dollars, that number divided by the above factor (5. 537962)
will give the first unit costs of 13. 05 million dollars.

To aid in application of the learninz curve effects to the cost analyses, the MLLV data
was tabulated as shown in Tables 4.2. 0. 0-VI through 4.2, 9, 0-XII. Similar data for

the AMLLV is shown in Tables 4, 2. 0, 0-XIII through 4. 2. 0. 0-XVIII. (NOTE: These
cost data apply only toa production and launch rate of two per year.)

Examples showing the use of these tables are provided in the following Section 4.3.
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TABLE 4.2.0.0-II 91% UNIT PROGRESSIVE CURVE TABLE
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TABLE 4.2.0.0-IV  91% CUMULATIVE PROGRESSIVE CURVE TABLE
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1.3 METHODS FOR DETERMINING UNIT COSTS AND FOR COMPILING
OVERALL PROGRAM COSTS

This section presents examples showing the use of the learning curve tables,
provided in Section 4.2, to determine: (1) the operational cost of a tenth AMLLV
representative vehicle configuration and (2) the overall program costs for a
sample program consisting of a mix of AMLLV configurations, The overall
program costs determined for the latter example include not only the operational
costs, but the non-recurring costs also.

The cost of producing and launching a 10th unit AMLLYV vehicle consisting of
(1) a main stage with multichamber/plug engines, (2) one injection stage engine
module, and (3) twelve strap-on stages can be determined as follows:

10th Unit Description Unit Price Ref, Table
Main Stage
Single Stage Vehicle (No. 10) $ 86.0M 4,2, 0. 0-XIII
Multichamber/ Plug Engines
No.'s 217-240 (Block cf 24) 56. OM 4.2, 9. 0-XIII
¥ixed Cost 130, OM 4.2, 0, 0-XII
$271.0M

Injection Stage Engine Module
Engine Module (No. 10) $ 14.9M 4,2,0,0-XV
Tixed Cost 5. SM 4,2.0,0-XV

High Pressure Engines
(No.'s 19 and 20) 3.2M 4,2,0,0-XVII

Sub-Total $ 23.9M
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(Continued)

10th Unit Description Unit Price
Strap-On Stage(s)
SRM Stage Cost (No.'s 109-120) $110. 3M
Alternate Fwd., Skt, (No. 10) 3. 4M
rixed Cost 7. 9M
Sub-Total
TOTAL COST

Ref. Table

4,2, 0. 0-XVIII
4,2,0,0-XVIIL
4.2.0, 0-XVII

$121.6M

$416,56M

Use of the learning curve tables to determine overall program costs is illustrated
considering a twelve vehicle AMLLV program consisting of the following:

1
i
1
v
v
VI

""Get Ready' Phase

Development Test Phase (exclusive of R&D flight tests)
Two R&D flight vehicles (Max. payload config) follcwed by

six single-stage-to-orbit vehicles followed by *

One maximum payload AMLLV vehicle followed by:
Three vehicles consisting of a main stage with four SRM's.

Cumulative
Cost Ref. Table

"Get Ready. A costs
Main Stage $1325.2M 4.0.0.0-1
Injection Stage

Engine Module 248.1M 4 0.0.0-1
Two Injection Stage

Fuel Modules 1.4M 4 0.0.0-1
SRM Fixed 311.8M 4.0,0.0-I
SRM Variable ___88.5M 4.0.0.0-1

Total A Costs

$1,975.0M




(Continued)

Cumulative
Cost Ref. Table

1. Development Test, B Costs
(Exclusive of Two R&D
Flight Tests)
Main Stage $1,210.5M 4.0 0 0-11

Injection Stage
Engine Module 337.TM 4.0.0.0-T1

Two Injection Stage
Fuel Modules 73.9M 4.0.0.0-11

SRM Stage __214.1M 4.0.0.0-11
Total B Costs $1.836.2M
Oi. Two R&D Flight Vehicles
Main Stage
Single Stage Vehicle (No,'s 1-2)$ 225.0M 4,2, 0, 0-XII1

Multichamber/ Plug Engines
(No.'s 1-48) 135, 0M 4.2, 0, 0-XIl

Fixed Cost 477, OM 4,2, 0, 0-XII
Suh-Total $837. 0M
Injection Stage - Engine Modules
Engine Modules (No,'s 1=2) $39. 0OM 4,2, 0, 0-XV

Fixed Cost 34. 8M 4.2.0.0-XV

125K Thrust Engine
(No,'s 1-2 & 7-8) 7. 1M 4,2, 0,0-XVII

Sub-Total $80, 9IM




4.3 (Continued)

Cumulative
Two R&D Flight Vehicles Cost Ref. Table
Injection Stage - Fuel Module
= Fuel Module (No,'s 1-4) 34, 6M 4,2, G, 0-XVI
Fixed Cost 18, 6M 4,2, 0, 0-XVI
125K Thrust Engine
(No.'s 3-6 & 9-12) 13, ™M 4,2,0, 0-XVII
Sub-Total $66. 9M
5_ SRM Strap-On Stage
SRM Stage (No, 's 1-24) $265.1M 4,2, 0, 0-XVII
Alt, Fwd. Skt. (No.'s 1=~2) 8. 8M 4.2, 0. 0-XVIII
z SRM Fixed Cost 54, 8M 4.2.0, 0-XVIO
- Sub-Total $328, TM
}" TOTAL $1, 313, 5M
}w Cumulative
’ IV, Six Single Stage Vehicles Cost Ref. Table
; . Main Stage
Single Stage Vehicle (No,'s 3-8) $563, OM 4,2, 0, 0-XIII
Multichamber/ Plug
(No.'s 49-192) 357. OM 4,2, 0, 0-XIII
Fixed Cost 780. 0OM 4.2,0.0-XI11

TOTAL $1, 700.0M




4.3 (Continued)

Cumulative
V. One Maximum Payload Vehicle Cost Ref. Table
Main Stage
Single Stage Vehicle (No. 9) $ 87.0M 4,2, 0. 0-XIII
Multichamber/ Plug
(No.'s 193-216) 57. 0OM 4,2, 0, 0-XIII
- Fixed Cost 130. 0OM 4,2, 0, 0-XIII -
Sub-Total $274, OM
Injection Stage = Engine Module *
Engine Module (No. 3) $ 17.5M 4.2, 0, 0-XV -
Fixed Cost 5, 8M 4,2, 0, 0-XV
High Pressure Engines
(No.'s 13~14) 3.3M _ 4,2, 0, 0-XVII
Sub-Total $ 26,.6M

Injection Stage - Fuel Modules =~ (Two)
Fuel Module (No,'s 5-6) $15.2M 4.2,0,0-XVI
Fixed Cost 6. 6M 4,2,0.0-XVI

High Pressure Engines
(No.'s 15-18) 6. 3M 4,2, 0. 0-XVII

Sub-Total $28.1M

SRM Strap-On Stage

SRM Stage (No,'s 25-36) $121.6M 4.2, 0, 0-XVII
Alt, Fwd. Skt. (No. 3) 4. 0M 4.2,0, 0-XVII
SRM l'ixed Cost 7. 9M 4,2,0.9-XVIIl
Sub-Total $133. 5M
TOTAL $462,2M
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4.3 (Continued}

VI, Three Vehicles Consisting of Cumulative
a Main Stage with Four SRM's Cost Ref, Table
Main Stage

Single Stage Vehicle

(No.'s 10~ 12) $255, 0OM 4,2, 0, 0-XII1

Multichamber/ Plug

Engines (No.'s 217=-288) 167, OM 1.2, 0, 0-XIII

Fixed Cost 390. OM 4,2, 0, 0-X1I
Sub-Total $812. 0OM

SRM Strap-On Stage

SRM Stage (No,'s 37-48) $118. TM 4,2.0, 0-XVIII
Alt. Fwd. Skt. (No.'s 4=6) 11.2M 4.2.0, 0-XVIII
Fixed Cost _23.7TM 4,2,0, 0-XVIII
: Sub-Total $153. 6M
TOTAL $965. 6M

Summary Total Program

L "Get Ready", A Costs $1,975.0M
1. Development Test, B Costs 1,836,2M
III. R&D Flight Vehicles 1,313.5M
IV. Single Stage Vehicle 1,700, OM
V. Full Size Vehicle 462,2M
V1. Single Stage W/Four SRM's Each 956, 5SM
GRAND TOTAL $8,234.4M

The above representative examples used the multichamber/plug propulsion system

on the main stage. The same type of cost data can be developed for vehicles with

the toroidal/aerospike propulsion system on the main stage by using the toroidal/
aerospike data shown in Table 4. 2.0, 0-XIV in lieu of the multichamber/plug propulsion
data. The MLLYV data, contained in Tables 4.2, 0, 0-VI through 4, 2, 0. 0-XII, may
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4.3 (Continued)

he used to develop vehicle cost data and/or vehicle program costs in the same manner
as shown above for the AMLLYV.

Similar calculations can be performed to determine the costs of larger or smaller

size programs for both the AMLLV and the MLLV vehicle configurations as discussed
in the following Section 5.1.
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2.0 COST EFFECTIVENESS OF PROGRAM AND CONFIGURATION OPTIONS

This scction of Volume VI show methods for application of the "modularized"
cost data shown in Volumes IV and V (and summarized in the preceding Section
1, 0 of this Volume) to evaluate:

The overall program costs for specific programs,
The effects of program size on overall program costs and cost effectiveness,

The relative cost effectiveness of the AMLLYV and MLL\ sizes as applied to
specific program requirements.

4. The cost effectiveness of various AMLLV and MLLV configuration options.

As the number of possible combinations between program and configuration options
is significantly large, this section does not attempt to evaluate all of the alternatives.
Representative program and configuration trades are presented to demonstrate

how such trades can be conductcd and how the required input data can be found

and applied. These trades also indicate significant trends and the major influ-
eneinz fuciors causing these trends.

In all of the cost data presented and discussed, the costs for development
production, checkout and launch of the payload are omitted. Similarly, no costs
are shown for payload or vehicle operations, such as down range tracking and
communications, after vehicle liftoff from the launch pad.

5.1 COST EFFECTIVENESS OF STAGE AND PROGRAM OPTIONS

To show the application of thz ""modularized" cost data to the evaluation of the
overall program cost and cost effectiveness, two different specific program
tvpes were defined and costed for both of the vehicle families (the MLLYV and the
AMLLYV families), i.e.;

a. An 'unbiased'" program - For an unbiased program, the payload size and
packaging is assumed to be flexible so it can be adapted to any of the
possible vehicle configurations. (Payload size and packaging requirements
do not bias the choice of the launch vehicle.) With an unbiased program the
manufacturing facilities, test facilities, and the launch complex are sized
for the specific vehicle configuration utilized to deliver the payload to orbit,




5.l (Continued)

b. A "biased" program - For a bizsed program, any or all of the pavload sizes
are fixed and, therefore, bias the choice of the launch vehicle. For a biasod
program, the manufacturing facilities, test facilities and launch complex,
therefore, are sized by the maximum size vehicle configuration necessary
to deliver the largest specified payload package to orbit.

The resulting data (as discussed and shown below) indicate that th2 cost effective-
ness choices of configurations for a specific program are not onlv dependent on the
total quantity of payload to be launched, but on the bias created by specific fixed
payload sizes.

NOTE: For thes» analys~s, a constant production and launch rate of two per y=ar
was assumed. Thzr=fors, program duration will vary inversely with v~hicle

size.
a. 1.1 MLLV Unbiased Program Cost Summary

To evaluate the most cost effective combination of MLLV stages for various required
total quantities of deliv-red payload, the total program costs (including all non-recurring
costs) for delivering betwzen thre~ million and zighteen miilion pounds of payload to a
100 NM orbit were determined. The plot of cumulative payload versus total program
costs for various MLLV configurations is shown in Figure 5.1,1.0-1.

Each of the soven lines shown on the Figure 5.1.1.0-1 represents one specific vehicle
configuration delivering the payload to orbit at a launch rate of two launches per year.
The costs were developed based on providing manufacturing, test, launch and other
supporting facilities for this manufacturing and launch rate. The specific points shown
on each of the lines indicate specific payload increments that can be obtained with each
of these configurations.

As shown, seven launches of the MLLV single stage to orbit vehicle are required

to deliver three million pounds to a 100 NM orbit. With the same vehicle configuration
39 launches are required to deliver eighteen million pounds to orbit. Two launches
of the vehicle configuration consisting of a main stage plus eight SRM stages and

a three module injection stage are required to deliver three million pounds, To
deliver eighteen million pounds, 10 launches of this larger configuration are requi vod
The figure shows that the most costly ways to deliver the payload to orbit will be with
the single stage to orbit vehicle configuration or the vehicle configuration consisting
of 2 main stage plus a single module injection stage. The addition of an injection
stage, however, will be a more cost effective option than the use of a single stage

to orbit vehicle alone for programs requiring more than nine million pounds.
delivered to orbit. Configurations employing the SRM strap-on stages will result

82




MM VININAS LSOD NVHDOHd dASVIANN ATTIIN T-0"'1T°1°¢ JdNDIL

AMVINANS LSOO WV DOHd dISVIAND ATTIK 1-0°1°1°¢ T¥NDId
g-01 X SANNOd «