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Volume VI, SPS Cost and Programmatics~Appendixes, is a supporting docu
ment of Volume VI and contains the SPS WBS and dictionary, plus a presentation 
of cost estimates on the SPS program. This volume is submitted by Rockwell 
International through the Space Operations and Satellite Systems Division and 
reports on the work completed through October 1980. All reports are responsive 
to the NASA/MSFC Contract NAS8-32475, Exhibit D and Amendment 1, dated 
June 18, 1979. 

The SPS final report provides the NASA with 
selection of a viable SPS concept, and furnishes 
nology advancement and verification activities. 
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The SPS Program Manager, G. M. Hanley, may be contacted on any technical 
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SATELLITE POWER SYSTEM WORK BREAKDOWN 
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INTRODUCTION 
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Generally a work breakdown structure (WBS) is a product-oriented family 
tree composed of all hardware, software, services, and other tasks necessary to 
define the program. It offers visual display, relates project elements, and 
defines the work to be accomplished. The WBS is then a tool that will facili
tate communications and foster and understanding of a complex program by divid
ing this program into less complex, more manageable subdivisions or elements. 
It is most desirable that this same WBS provide a uniform basis for management 
and control, cost estimating, budgeting and reporting, scheduling activities, 
organizational structuring, specification tree generation, weight allocation 
and control, procurement and contracting activities, and serve as a tool for 
program evaluation. On this basis, the WBS developed and defined herein is 
primarily tailored to the unique cost, economic, and programmatic requirements 
of the Satellite Power System (SPS). It is designed to allow a standard and 
logical format for estimating SPS project cost while, at the same time, permit
ting cost and economic comparisons of SPS to alternate and competitive candid
ates for producing power. 

WBS MATRIX 

The total WBS matrix shown in Figure A-1 is a three-dimensional structure 
that shows the interrelationship of (1) the hardware and activities dimension, 
(2) the accounts and phases dimension, and (3) the elements of cost dimension. 
This latter dimension is not further developed at.this time, but is provided to 
show the overall expansion capability built into the WBS matrix. This dimension 
will become more important in later years when the SPS program approaches a 
Phase C/D start and is defined to the extent that the elements of cost can be 
planned and estimated with realism. 

There is, of course, the fourth dimension of time which cannot be graph
ically shown but must be considered also. Each entry on the other three 
dimensions varies with time, and it is necessary to know these cost values by 
year for budget planning and approvai, and to establish cost streams for dis
counting purposes. 

While a multi-dimensional approach may at first appear unduly complex, it 
actually provides benefits that far outweigh any such concern. This structural 
interrelationship provides the capability to view and analyze the SPS from a 
number of different financial and management aspects. Costs may be summed by 
hardware groupings, phases, functions, etc. The WBS may be used in a number of 
three-dimensional, two dimensional, or single-listing format applications. 
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ACCOUNTS AND PHASES DIMENSION 

~I~ Rockwell 
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The accounts and phases dimension differs somewhat from the typical break
out for government aerospace programs in that it has been developed to also 
accommodate the financial involvement of the private sector, hence, the inclu
sion of the breakout of financial divisions or "accounts." Distinctions have 
been made between capital expenditures, which are recoverable by annual depre
ciation charges and are not deductible as expenses, and operation and mainten
ance charges against income, which are dedllctible as expenses in the year 
incurred. 

To accomplish this objective, four financial accounts have been established. 
Design, development, test, and evaluation (DDT&E) includes the one-time costs 
associated with the development of components, subsystems, and systems required 
for the SPS project. Initial capital investment includes the costs associated 
with initial procurement and emplacement of the SPS plant and equipment. 
Replacement capital investment includes the costs associated with capital 
asset replacements over the operating life of the SPS (e.g., subsystem spare 
parts, overhauls, etc.). Operations and maintenance (O&M) includes the costs 
of expendables (e.g., propellants for the propulsion subsystem thrusters), minor 
maintenance, repair crews, etc. The interrelationship of the financial accounts 
to the normal aerospace program phases of DDT&E, investment, and operations are 
also shown in this dimension of the WBS matrix to permit traceability to these 
more commonly recognized terms. 

HARDWARE AND ACTIVITIES WBS DIMENSION 

The hardware and activities WBS dimension contains hardware elements of 
the satellite system and ground system subdivided into subsystems and assemblies. 
Inherent within this dimension is the capability for further subdivision to lower 
levels o[ detail limited only by the realism of the requirements. 

Required support hardware, possibly developed under the sponsorship of other 
programs, is also displayed here for completeness and includes such items as 
space construction and support equipment and transportation vehicles. Some or 
all of these support elements may be developed for multiple project applications. 
A determination will be made later as to how much, if any, of the development 
costs of these support elements should be charged against the SPS program. 

Each of the elements of support hardware is broken out only at a summary 
level within the SPS WBS. However, they each have their own detailed WBS which 
could be displayed in depth under the SPS WBS if required. 

Finally, the hardware and activities WBS dimension also includes the 
necessary activities of management, integration, operations, etc., required to 
accomplish the overall SPS missions. 
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DICTIONARY ORGANIZATION 

The SPS dictionary is divided into: 

~j~ Rockwell 
P.~ International 

(1) A graphic display of the three-dimensional WBS matrix 
(Figure A-1) 

(2) The definitions of terms of the accounts and phases 
dimension (pages A-5 and A-6) 

(3) The definitions of terms of the WBS hardware and activities 
dimension (pages A-7 through A-16) 

A systematic numerical coding system coordinates the rows of the hardware and 
activities dimension to the columns of the accounts and phases dimension such 
that all matrix locations are identifiable by WBS number. 

Since each matrix position corresponds to one particular row of the hard
ware and activities dimension and also to one particular column of the accounts 
and phases dimension, a complete definition of any matrix position is constructed 
by combining the definitions from the two applicable dimensions. That is, to 
avoid repetition, definitions are provided only once for each hardware and activ
ities dimension row and only once for each accounts and phases dimension column, 
and a complete definition for any matrix position is a combination of these two 
definitions. 
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DEFINITIONS OF ACCOUNTS AND PHASES 

llOO~DESIGN, DEVELOPMENT, TEST, AND EVALUATION (DDT&E) 

~I~ Rockwell 
... ~International 

The DDT&E account/phase consists of the one-time costs associated with 
designing, developing, testing, and evaluating the components, subsystems, and 
systems required for the SPS project. It includes the development engineering, 
testing, and support necessary to translate a performance specification into a 
design. It encompasses the preparation of detailed drawings for system hardware 
fabrication, system integration, and (depending on the system, subsystem, or 
component) structural, environmental, and other required tests. It includes all 
ground tests, sortie tests, subscale and full-scale SPS tests, and all hardware 
fabrication required for such tests. Also included are the analysis of data and 
whatever redesign and retest activities are necessary to meet specifications. 
It also includes ground support equipment, special test equipment, and other 
program-peculiar costs not associated with repetitive production. All SPS 
related support systems such as transportation, space construction base, and 
assembly/support equipment necessary to accomplish the DDT&E phase are included 
at present for completeness. It may later be determined that some of these 
support systems will exist with or without SPS; therefore, they may not be 
chargeable to the SPS project. 

1200~INITIAL CAPITAL INVESTMENT 

The initial capital investment account is a summation of those plant and 
equipment expenditures made for the initial procurement and installation of each 
full-scale SPS. That is, this account collects the production, assembly, instal
lation, transportation, test, etc., costs of each individual satellite and ground 
station that is associated with, and necessary to, bringing the power plant on
line (in government aerospace terminology, this corresponds to costs in the 
investment phase). Examples of costs collected in this account are the procure
ment cost and launch ccst cf the satellite sy~stem itself, the procur~n1ent cost 
of the ground system (including installation), and all other necessary costs to 
achieve this end such as those attributable to space stations, launch vehicle 
fleets, etc. Also included is pro rata share of such functional costs as 
program management, SE&I, etc., related to the foregoing systems. Only costs 
incurred after the end of the DDT&E phase and prior to the initial operational 
capability (IOC) of each SPS are collected in this account. 

1300~REPLACEMENT CAPITAL INVESTMENT 

The replacement capital investment account is a summation of those plant 
and equipment expenditures made for capital asset replacement and major over
hauls that are expected to last more than one year and result in an improvement 
to the operating system. Examples of costs collected in this account are the 
costs of spares, their installation and associated launch costs or ground 
transportation costs, permanent improvements in the system such as rotary joint 
replacement, installation of improved design satellite control equipment, etc., 
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International 

as well as pro rata shares of functional costs. Replacement capital investment 
expenditures are grouped into two categories in order to identify those costs 
and activities that occur before or after initial operational capability (IOC) 
of the SPS. 

1400~0PERATIONS AND MAINTENANCE (O&M) 

The O&M account is a sununation of those expenditures incurred in the day
to-day operations beginning w1th the roe and continuing over the life of each 
SPS. Examples of costs collected in this account are wages of operations and 
maintenance personnel, minor repairs and adjustments to systems to maintain an 
ordinarily efficient operating condition, expendables and consumables, launch 
costs for transfer of on-orbit personnel and resupply of expendables and con
sumables, etc. 

A-6 
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DEFINITIONS OF HARDWARE AND ACTIVITIES 

1.0 SATELLITE POWER SYSTEM PROGRAM 

Rockwell 
International 

The program includes all the elements of hardware, software, and activities 
required for the design, development, production, assembly, transportation, oper
ations, and maintenance of the SPS program systems. Included are the satellite 
and ground receiving station systems, as well as the necessary support systems 
such as space construction and. support and transportation. 

1.1 SATELLITE 

This element includes the hardware and software located in geosynchronous 
orbit (GEO) for the collection of solar energy, conversion to electrical energy, 
and transmission of electrical energy in microwave form to earth. 

1.1.1 ENERGY CONVERSION 

This element includes the components required to collect solar energy, 
convert the solar energy to electrical energy, condition the electrical energy, 
and transport it to the interface wubsystem (WBS No. 1.1.6). 

1.1.1.1 STRUCTURE 

This element includes all necessary members to support the concentrators, 
solar blankets, and other energy conversion subsystem hardware. It includes 
structural beams, beam couplers, cables, tensioning devices, and secondary 
structures which are required as an interface between the primary structure and 
the mounting attach poi~ts of components, assemblies, and subsystems including 
mechanisms such as drive motors located at the interface for yoke rotation. 

1.1.1.2 CONCENTRATORS 

This element concentrates the solar energy onto the solar blanket to 
increase the energy density on the conversion device. IL h1e;lu<les the reflec
tive material and any integral attach points required for mounting. Excluded 
are tools and support equipment required for deployment and tensioning. 

1.1.1.3 SOLAR BLANKET 

This element converts solar energy to electrical energy and provides power 
to the power distribution and conditioning buses. It includes the photovoltaic 
conversion cells, coverplates, substrate, electrical interconnects, and any 
integral attach points required for mounting. Excluded are tools and support 
equipment required for deployment and tensioning. 

1.1.1. 4 POWER DISTRIBUTION AND CONDITIONING 

This element includes the power conductors, switch gear, and conditioning 
equipment and slip rings required to transfer power from the solar blanket to 
the interface subsystem power distribution elements. Also included are electri
cal cables and harnesses required to distribute power to equipment located on 
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the energy conversion structure, plus batteries or storage medium for informa
tion system and attitude control. Excluded are data buses which are included 
in the information management and control subsystem (WBS No. 1.1.3). 

1.1.1.5 THERMAL CONTROL 

This element includes any component used to modify the temperature of the 
energy conversion subsystem components. It includes coldplates, heat transfer, 
and radiator devices, as well as insulation, thermal control coatings, and 
finishes. Excluded are paints or finishes applied to components during their 
manufacturing sequence. 

1.1.1.6 MAINTENANCE 

This element provides for in-place repair or replacement of components and 
includes work stations, tracks, access ways, and in situ repair equipment. 

1.1.2 POWER TRANSMISSION 

This element receives de electrical power from the interface subsystem, 
conditions the power, converts it to microwave energy, and radiates the 
energy to the ground receiving station. Included are power distributions from 
the interface subsystem, de-to-RF conversion devices, control and monitoring 
equipment, and antenna radiating elements. 

1.1.2.1 STRUCTURE 

This element includes all members necessary to support the transmitter sub
arrays and other power transmission subsystem hardware. It includes structural 
beams, beam couplers, cables, tensioning devices, and secondary structures, plus 
the mechanisms/drive gears for antenna orientation. 

1.1.2.2 TRANSMITTER SUBARRAYS 

This element includes all the 
tion, phase control, and radiation 
array structure, waveguides, power 
electronics, and power harnesses. 
and finishes that are manufactured 

hardware required for generation, distribu
of microwave energy. This includes the sub
amplifiers, phase shifters and control 
Also included are thermal control devices 
as an integral part of the subarray. 

1.1.2.3 POWER DISTRIBUTION AND CONDITIONING 

This element includes the power conductors, switch gear, and conditioning 
equipment required to transfer power from the interface subsystem to the sub
array wiring harnesses and to any other power-consuming/storage equipment 
located on the power transmission structure, such as batteries. 

1.1.2.4 THERMAL CONTROL 

This element includes any component used to modify the temperature of 
power transmission subsystem components. It includes coldplates, heat transfer 
and radiator devices, as well as insulation, thermal control coatings, and 
finishes. Excluded are paints and finishes applied to components during their 
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manufacturing sequence and thermal control devices that are an integral part 
of another component. 

1.1.2.5 CONTROL~PHASE REFERENCE 

This element provides the reference phase for all subarray phase conjugat
ing circuits. This includes the reference oscillator signal distribution equip
ment and components that commonly serve all subarrays. 

1.1.2.6 MAINTENANCE 

This element provides for in-place repair or replacement of components and 
includes work stations, tracks, access ways, and in situ repair equipment. 

1.1.3 INFORMATION MANAGEMENT AND CONTROL 

This element includes those components that process information on board 
the satellite. This includes sensing, signal conditioning, formatting, compu
tations, formulaton and signal routing, plus instrumentation requirements for 
MWPTS voltage/control measurement on the antenna. 

1.1.4 ATTITUDE CONTROL AND STATIONKEEPING 

This element includes the components required to orient and maintain the 
satellite's position and attitude in GEO. Included are sensors, reaction 
wheels, chemical and electric propulsion hardware, and propellants. 

1.1.5 COMMUNICATIONS 

This element includes the hardware to transmit and receive intelligence 
among the various SPS elements. This includes communication of both data and 
voice between the SPS and the control center, as well as among the various cargo 
and personnel vehicles. Excluded is intravehicular and intrasatellite communi
cations. 

1.1.6 INTERFACE (ENERGY CONVERSION/POWER TRANSMISSION) 

This element provides the movable interface between the energy conversion 
subsystem and the power transmission subsystem. A 360° rotary joint and an 
antenna elevation mechanism are required to maintain proper alignment of the 
transmitter with the ground receiving station. Included are structure, mechan
isms, power distribution, thermal control, and maintenance hardware. 

1.1.6.1 STRUCTURE 

This element includes all members necessary to provide a mechanical inter
face between the primary structures of the energy conversion subsystem and the 
power transmission subsystem. It includes beams, beam couplers, cables, tension
ing devices, and secondary structures. Excluded are elements of the drive 
assembly which are included in mechanisms (WBS No. 1.1.6.2). 
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This element of the interface segment includes components required to sup
port rotation and elevation of the power transmission subsystem. Included are 
bearings, gears, drive motors, and passive supports. Drive motors are located 
on the energy conversion segment. 

1.1.6.3 POWER DISTRIBUTION 

This element provides for the transfer of electrical power through the 
interface. It includes slip ring, brush assemblies, feeders, and insulation. 

1.1.6.4 THERMAL CONTROL 

This element includes any component used to modify the temperature of 
interface subsystem components. It includes coldplates, heat transfer and 
radiator devices, as well as insulation, thermal control coatings, and finishes. 
Excluded are paints or finishes applied to components during their manufacturing 
sequence. 

1.1.6.5 MAINTENANCE 

This element provides for in-place repair or replacement of components and 
includes work stations, tracks, access ways, and in situ repair equipment. 

1.1.7 SYSTEMS TEST 

This element includes the hardware, software, and activities required for 
ground-based systems tests including qualification tests and other development 
tests involving two or more subsystems or assemblies. It includes the produc
tion, assembly, integration, and checkout of satellite system hardware into a 
full or partial system test article. It also includes the design, development, 
and manufacture of special test equipment, test fixtures, and test facilities 
that are not included in other elements such as ground support faciliteis. 
Also included are the planning, documentation, and actual test operations. 

1.1.8 GROUND SUPPORT EQUIPMENT (GSE) 

This element includes all ground-based hardware required in support of 
handling, servicing, test, and checkout of the satellite subsystems. It also 
includes special hardware required for simulations and training. 

1.1.9 PILOT PLANT/TEST ARTICLE 

The SPS proof-of-concept pilot plant and supporting test validations are 
included in this element. It covers a space test vehicle, STS transportation, 
construction operations/test activity, and ground receiving facility. 

1.2 SPACE CONSTRUCTION AND SUPPORT 

This element includes all hardware and activities required to assemble, 
check out, operate, and maintain the satellite system. Included are space 
stations, construction facilities, support facilities and equipment, and 
manpower operations. 
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This element includes the facilities, equipment, and operations required 
to assemble and check out the satellite system. Included are crew life support 
facilities, the central control facility, fabrication and assembly facilities, 
cargo depots, and operations. 

1.2.1.1 WORK SUPPORT FACILITIES 

This element includes the facilities and equipment required for satellite 
assembly and checkout. Included are beam fabricators, manipulators, assembly 
jigs, installation and deployment equipment, and cargo storage depots. Excluded 
are the facilities related to crew support. 

1.2.1.2 CREW SUPPORT FACILITIES 

This element includes the facilities and equipment required for the life 
support and well-being of the crew members. Included are living quarters, 
center control facilities, recreation facilities, and health facilities of the 
satellite construction base. 

1.2.1.3 OPERATIONS 

This element includes the planning, development, and conduct of operations 
at the construction facility. It includes both the direct and support personnel 
and the expendable maintenance supplies required for satellite assembly and 
checkout. 

1.2.2 LOGISTICS SUPPORT FACILITIES 

This element includes the hardware, software, and operations required in 
low earth orbit (LEO) to support the construction and operations and maintenance 
of the satellite system. Included are crew life support facilities, cargo and 
propellant depots, and vehicle servicing facilities necessary for the receiving, 
storage, and transfer uf cargo and personnel destined tor a construction base 
or operational satellite located in GEO. 

1.2.2.1 WORK SUPPORT FACILITIES 

This element includes the facilities and equipment required to provide 
logistics support in LEO. Included are heavy-lift launch vehicle (HLLV) and 
orbital transfer vehicle (OTV) docking stations, payload handling equipment, 
and cargo and propellant storage depots. Excluded are facilities related to 
crew support. 

1.2.2.2 CREW SUPPORT FACILITIES 

This element includes the facilities and equipment required for the life 
support and well-being of the crew members. Included are living quarters, 
recreation facilities, and health facilities of the LEO Base. 
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This element includes the planning, development, and conduct of operations 
at the logistics support facility. It includes both the direct and support per
sonnel and the expendable maintenance supplies required for logistics support. 

1.2.3 O&M SUPPORT FACILITIES 

This element includes the facilities, equipment, and operations required 
in GEO to support the operatio.ns and maintenance of the satellite system. 
Included are the on-orbit monitor and control facility and the life support 
facilities and equipment required to provide comfortable, safe living quarters 
for the resident crew members. 

1.2.3.1 WORK SUPPORT FACILITIES 

This element includes the facilities and equipment required for operation 
and maintenance of the satellite system. Included are satellite monitor and 
control stations and any centralized repair facilities not included under 
maintenance (WBS Numbers 1.1.1.6, 1.1.2.6, and 1.1.6.5). 

1.2.3.2 CREW SUPPORT FACILITIES 

This element includes the facilities and equipment required for the life 
support and well-being of the crew members. Included are living quarters, 
recreation facilities, and health facilities. 

1.2.3.3 OPERATIONS 

This element includes the planning, development, and conduct of operations 
at the O&M support facility. It includes both the direct and support personnel 
and the expendable maintenance supplies required in GEO for satellite operations 
and maintenance. 

1.3 TRANSPORTATION 

This element includes all space transportation required to support the 
satellite system assembly and operation; and the ground support facilities to 
provide a launch, recovery, propellant, logistics, and operational capability. 
Included are the launch to LEO and the orbit-to-orbit transfer of all hardware, 
materials, and personnel required during the construction and lifetime opera
tion of the satellite system. 

1.3.1 HEAVY-LIFT LAUNCH VEHICLE (HLLV) 

This element includes the HLLV vehicles and operations required to support 
the satellite system assembly and operation. Included is the launch to LEO of 
all personnel, space construction and support equipment, satellite system hard
ware, OTV's, propellants, and other consumables required throughout the satellite 
construction and operational lifetime. 

1.3.1.1 HLLV VEHICLE 

This element includes the vehicle fleet procurement required to support 
the SPS project. 
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This element includes the necessary vehicle operations (user charge per 
flight including payload integration) required to support the SPS project. 

1.3.2 CARGO ORBITAL TRANSFER VEHICLE (COTV) 

This element includes the COTV vehicle and operations required to support 
the satellite system assembly and operation. Included is the LEO-to-GEO trans
fer of space construction and support equipment, satellite system hardware, 
spares, and propellants required throughout the satellite lifetime. 

1.3.2.1 COTV VEHICLES 

This element includes the vehicle fleet procurement required to support 
the SPS project. 

1.3.2.2 COTV OPERATIONS 

This element includes the necessary vehicle operations (user charge per 
flight including payload integration) required to support the SPS project. 

1.3.3 PERSONNEL LAUNCH VEHICLE (PLV) 

This element includes the PLV and cargo vehicles of the STS (Space Shuttle), 
growth Shuttle, and Shuttle derivatives, including operations required to sup
port the precursor (pilot plant), LEO base, and SCB. Also included is the 
launch to LEO and return of all personnel and cargo. 

1.3.3.1 PLV VEHICLES 

This element includes the vehicle fleet procurement to support early STS 
vehicle requirements for personnel/cargo transfer from earth to LEO as needed 
to support elements of the pilot plant, LEO base, and construction facility. 

1.3.3.2 PLV OPERATIONS 

This element includes the necessary vehicle operations (user charge per 
flight including payload integration) required to support early SPS project 
activities. 

1.3.4 PERSONNEL ORBITAL TRANSFER VEHICLE (POTV) 

This element includes the POTV vehicles and operations required to support 
the satellite system assembly and operation. Included is the LEO to GEO and 
return transfer of all personnel and priority cargo required throughout the 
satellite construction and operational periods. 

1.3.4.1 POTV VEHICLES 

This element includes the vehicle fleet procurement required to support 
the SPS project. 
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This element includes the necessary vehicle operations (user charge per 
flight including payload integration) required to support the SPS project. 

1.3.5 PERSONNEL MODULE (PM) 

This element includes the PM units and operations required to support the 
satellite system assembly and operation. Included is the LEO to GEO and return 
transfer of all personnel and critical hardware items required throughout the 
satellite construction and operational periods. The PM provides a crew habitat 
during the orbit-to-orbit transfers of personnel. 

1.3.5.1 PM VEHICLES 

This element includes the PM unit procurement required to support the SPS 
project. 

1.3.5.2 PM OPERATIONS 

This element includes the necessary operations (user charge per flight 
including payload integration) required to support the SPS project. 

1.3.6 INTRA-ORBITAL TRANSFER VEHICLE (IOTV) 

This element includes the IOTV vehicles and operations required to support 
satellite system assembly and operation. Included is the intra-orbit 
transfer of cargo between the HLLV, COTV, construction facility, logistics sup
port facility, and operational satellites. 

1.3.6.1 IOTV VEHICLES 

This element includes the necessary vehicle fleet procurement required to 
support the SPS project. 

1.3.6.2 IOTV OPERATIONS 

This element includes the necessary vehicle operations (recurring refurbish
ment and propellant costs) required to support the SPS project. 

1.3.7 GROUND SUPPORT FACILITIES 

This element includes all land, buildings, roads, shops, etc., required to 
support the cargo handling, launching, recovering, refurbishment, and operations 
of the space transportation system. 

1.3.7.1 LAUNCH FACILITIES 

This element includes the design and construction of the actual launch 
facility and its associated equipment. Included are land, buildings, and equip
ment required to support the various crews. It also includes the required 
control centers and administrative facilities. 
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This element covers the design, construction, and equipping of the actual 
recovery facilities. 

1.3.7.3 FUEL FACILITIES 

This element includes fuel production facilities, storage and handling 
facilities, transportation, and delivery and safety facilities for both the 
fuel and the oxidizer. Also included are the facilities for fuels used in the 
various orbital transfer facilities. 

1.3.7.4 LOGISTICS SUPPORT 

This element includes the land, buildings, and handling equipment for the 
receiving, inspection, and storage and packaging of all payloads to be launched 
except for fuels and oxidizers. 

1.3.7.5 OPERATIONS 

This element includes the planning, development, and conduct of operations 
at the ground support facilities. It includes both the direct and support per
sonnel and the expendable maintenance supplies required for the ground support 
facilities operation and maintenance. 

1.4 GROUND RECEIVING STATION 

This element includes the land, facilities, and equipment that comprise the 
ground subsystems utilized to receive the radiated microwave power beam and to 
provide the power at the required voltage and type of current for entry into the 
national power grid. Also included are the equipment and facilities necessary 
to provide operational control over the satellite. 

1.4.1 SITE AND FAc.TT.TTTF.S 

This element encompasses the site and facilities for the ground receiving 
station system which includes the rectenna, grid interface, and satellite con
trol subsystems. Included are the land, site preparation, roads, fences, 
utilities, lightning protection, buildings, and maintenance equipment required 
to house and support the other ground station subsystems. 

1.4.2 RECTENNA SUPPORT STRUCTURE 

This element includes the hardware, materials (steel and concrete), and 
assembly operations necessary to erect the physical support for the rectenna 
array elements of WBS No. 1.4.3. 

1.4.3 POWER COLLECTION 

This element includes the antenna array elements associated with the actual 
reception and rectification of the microwave radiation. These elements are in 
series and parallel as required to deliver the required output voltage and 
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current. Also included are those components that accept the de power from the 
array elements and route, control, convert, and switch this power for delivery 
to power conversion stations of the grid interface. 

1.4.4 CONTROL 

This element includes the hardware that will be used to monitor and control 
the satellite from the ground.. Included are telemetry, tracking, communications, 
monitoring of microwave beam characteristics, computing phase corrections, and 
providing frequency standard signals for the satellite. Functional requirements 
provide for signal conditioning, formatting, software, computations, and signal 
routing. 

1.4.5 GRID INTERFACE 

This element includes the power conversion equipment that receives the 
electrical power from the power collection subsystem and conditions/converts 
it to a high voltage de or ac power acceptable for input into the national 
power grid. Also included are those components necessary to route, control, 
and switch this power into the national power grid. 

1.4.6 OPERATIONS 

This element includes the planning, development, and conduct of operations 
at the ground receiving station. It includes both the direct and support per
sonnel and the expendable maintenance supplies required for the ground station 
operation and maintenance. 

1.5 MANAGEMENT AND INTEGRATION 

This element includes all efforts and material required for management and 
integration functions at the systems level and program level. It encompasses 
the following functions: 

a) Program Administration 
b) Program Planning and Control 
c) Contracts Administration 
d) Engineering Management 
e) Manufacturing Management 

(f) Support Management 
(g) Quality Assurance Management 
(h) Configuration Management 
(i) Data Management 
(j) Systems Engineering and Integration 

This element sums all direct efforts required to provide management 
control, including planning, organizing, directing, and coordinating the project 
to ensure that overall project objectives are accomplished. These efforts over
lay the functional work areas (e.g., engineering, manufacturing, etc.) and assure 
that they are properly integrated. This element also includes the efforts required 
in the coordination, gathering, and dissemination of management information. Also 
included are the engineering efforts related to the establishment and maintenance 
of a technical baseline for a system by generation of system configuration par
ameters, criteria, and requirements. It includes requirements analysis and inte
gration, system definition, system test definition, interfaces, safety, reliability 
and maintainability. It also includes those efforts required to monitor the 
system development and operations to ensure that the design conforms to the base
line specifications. 
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This element provides for a cost contingency to offset the variability of 
mass estimates/determinations on items of SPS hardware/software as planned for 
deployment in space. This would potentially involve the WBS categories of 
1.1, Satellite; 1.2, Space Construction and Support; and 1.3, Transportation. 
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This appendix contains results of extensive analyses to identify cost 
estimates for hardware and activities of the Satellite Power System (SPS 
program. It is divided into sections covering a description of SPS config
urations and technical characteristics, details on study guidelines, a 
discussion of costing methodology, line item cost summaries, and supporting 
detail on the analyses and elements of cost in each area. 

In order to promote a complete and understandable comparison of SPS 
costs, and to maintain a compatible economic and programmatic reference, the 
SPS work breakdown structure of Appendix A was used as a framework for cost 
and programmatic definition. This has provided for the development of costs 
at each of the intersects identified on the WBS matrix of Figure B-1. Approx
imately 300 line items were identified within each category of DDT&E, theoretical 
first SPS, SPS investment, and operations as applied to the SPS concepts studied. 

B.l SPS CONCEPTS 

Five SPS concepts were costed in detail during the Exhibit D contract 
activity. Each concept utilized a satellite configuration from one of the 
two "families" shown in Figure B-2. The three-trough planar configurations 
have masses averaging 32.7xl06 kg versus 18.5xl06 kg for the reflector/sand
wich configurations. Other differences between these families are variable 
power output at the utility interface, concentration ratios, and relative 
mass per kW at the utility interface. 
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The SPS reference satellite configuration consists of a three trough
planar solar cell array with concentrators utilizing klystron tubes for 
powering the microwave transmission array. This satellite transmits micro
wave energy to a single receiving antenna at a ground based location where 
it is converted into electrical power for entry into the utility grid. 

This same solar array approach is utilized in a second concept, excepting 
those design modifications that accommodate the characteristics and requirements 
of a magnetron tube used for the generation of microwave energy. The specific 
mass of the configuration is 4.77 kg/kW with a total mass of 26./xlO kg includ
ing growth. GaAs solar cell power capabilities dictate the overall length of 
16,900 m. 

A third configuration utilizes dual end-mounted solid state antennas 
that provide one-half the total power output of the satellite (3.68 GW per 
antenna). The specific mass of this satellite is 7.66 kg/kW based on calcu
lated power at the utility interface. 

The solid-state sandwich configuratlonsof the second family consist of 
dual mirror reflector surfaces that focus the sun's energy upon solar cell 
blankets forming a part of the antenna array sandwich of the microwave genera
tion system. The primary mirror is rotated about the satellite's reflector 
axis so that the dual spacetennas remain locked on the earth based receiving 
antennas. Specific mass of these concepts vary from 8.48 kg/kW to 5.35 kg/kW 
due to the type of solar cell used. 

B.2 COSTING GROUND RULES AND GUIDELINES 

Guidelines and assumptions used in the development of cost and programmatic 
aspects of this study acknowledge study parameters and criteria, the availability 
of supporting programs, SPS development schedules, and provide a basis for the 
uniform development of cost and programmatics. 

1. Key dates of program planning: 

1981-1986 
1981-1987 
1990 
2000 

Ground-Based Exploratory Development (Research and Development) 
Key Technology Advancement Activities 
Decision Point for SPS Commercialization (Phase C/D) 
SPS Initial Operational Capability 

2. Report costs at WBS levels in terms of: 

• SPS development costs and TFU (theoretical first unit) costs 
• Average initial capital investment cost per satellite 
• Replacement capital investment (RCI) cost and operations 

and maintenance (O&M) cost per satellite per year 

3. Cost estimates to be projected in 1979 dollars. 

4. Maximum use shall be made of cost data from past SPS studies 
and associated government/contractor data files. 

5. SPS options shall provide a 300 GW capability at the utility 
interface with a total capacity of 300 GW by year 2030. 
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6. Overall SPS lifetime will be 30 years with minimum maintenance 
and no salvage value or disposition costs. 

7. Complete construction and assembly will occur at geosynchronous 
orbit. 

8. Calculations are based on 0% launch losses. 

9. Program management and SE&I (management and integration) are 
costed at 5% of all other Level 2 costs. 

10. 25% mass contingency is costed as a 15% cost contingency on 
SPS WBS items of the satellite (1.1) and space construction 
and support (1.2). Space transportation (1.3) masses include 
a 25% contingency on mass in lieu of the 15% cost contingency. 

11. Supporting program considerations: 

• Space Shuttle • Solar Electric Power System 
• Interim Upper Stage • Personnel OTV 

B.3 COSTING METHODOLOGY 

The approach followed in developing cost estimates for the SPS program 
was based on the maximum use of results from the current study, a reliance 
on accomplishments of past contract activity, and the use of other contract 
and company sponsored work. The calculation of cost estimates and the organi
zation/reporting of cost data was accomplished through the use of Rockwell's 
flexible Cost/Risk Analysis Computer Program as adapted for the SPS. This 
computer program has been continuously updated to incorporate expanded and 
lower level indentures of SPS-WBS definition including those revisions required 
as a result of design variations within the five concepts. 

Since starting work on Exhibit D, the data base of existing and proved 
CER's was expanded by special analyses of technical design definitions to 
obtain cost estimates of SPS assemblies and components. This included analyses 
on satellite secondary structures and the klystron, magnetron, and solid state 
designs of the microwave generation/transmission system. 

As to the computer program and cost calculations, there are a series of 
equations that deal with four basic types of cost accounts and phases of the 
program - DDT&E, initial capital investment, replacement capital investment, 
and operations and maintenance. 

The DDT&E equation (CD) estimates the cost of the design, development, 
and test/evaluation of WBS line items for the satellite, space construction 
and support, transportation, and ground receiving station, plus management 
and integration support. Management and integration are costed as a separate 
line item at 5% of all other level two costs of the WBS. Because of the 
gross nature of the level of information/definition on systems test and GSE 
(ground support equipment), the cost of system test hardware, and system test 
operations, has been assumed to be one-half of the satellite system average 
unit investment costs. A 10% factor of satellite DDT&E is used for GSE. 
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Appropriate inputs for the DDT&E CERs are the applicable total system 
mass, area, or power. A development factor is provided in the equation (DF) 
to adjust the cost to reflect only that portion of the total system mass, 
area or power considered necessary for development of the complete system 
where it is not required to develop the total mass, area or power. The CD 
cost equation also allows for the application of a complexity factor (CF) 
to adjust the cost results when it is determined that the item being estimated 
is either more or less complex than the CER base data. 

Capital investment (ICI) cost equations estimate the initial capital 
investment cost of hardware items as a function of their mass, area or power. 
The ICI cost equation is expressed in four different forms~CLRM, CTFU, CTB, 
and CIPS. The CLRM (cost of lowest repeating module) equation requires that 
the input correspond to the mass, area or power of the lowest repeating module 
(M). This is necessary because of the physical scale of the SPS and the prod
uction quantities required for many of the hardware elements. It is not reason
able to estimate the SPS initial capital investment cost as a historical function 
of the entire SPS mass, area or power. Instead, it is desirable to cost the 
number of repeating modules required per satellite to establish the satellite 
theoretical first-unit cost (TFU), and to input the satellite TFU cost into 
a progress (learning) function for the quantity of satellites required to 
calculate the average unit cost (CTB - cost to build). This calculation 
involves two steps in the cost equations. The first step (CLRM) is simply 
the portion of the equation which estimates the theoretical first repeating 
module cost as discussed above. The second step (CTFU) has the progress 
function incorporated into the equation for the quantity of repeat modules 
required for the first satellite. It automatically takes into account the 
progress over production quantities required when calculating the cost to 
build an average unit over the total option quantity. This CTB calculation 
is then the basis of CIPS (cost of investment per system), where the number 
of units to construct a satellite option are divided by the option quantity 
and then multiplied by the CTB. In some initial investment cost equations, 
such as those of SPS transportation, the space vehicle has a service life that 
is greater than that needed to construct a single satellite. The CIPS calcu-
1 At ion pro·vides 3ccurntc system cost assessrnent::; ou au individuai SPS basis. 

At the current level of SPS definition, it was difficult to decide just 
what is a repeating module. It is often impossible to know with any certainty 
just what portion of the total mass is appropriate to run through the equation 
as a module. It is just as difficult to identify how many distinct types or 
designs of modules will be required for any subsystem or assembly. In such 
cases, the study simply assumed a module mass (or area or power) based on 
engineering best judgment. 

Replacement capital investment (CRCI) CERs simply provide for the multi
plication of the annual spares fraction (R) of each system by that system's 
cost to build in order to arrive at an RCI cost per satellite per year. An 
"R" factor was identified by dividing the number of equivalent satellite 
replacements over 30 years with a value equal to the number of satellites 
(satellite option) times 30 years. 

An objective of the cost analysis task involving replacement capital 
investment was to segregate costs associated with replacement capital and 
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operations/maintenance expenditures that occur before or after SPS-IOC (initial 
operations capability). A new programming feature was therefore, added to 
the Rockwell computer program that acknowledges this calculation and presents 
pre and post-IOC expenditures over the life of each SPS. 

Operations and maintenance costs (CO&M) were estimated in terms of O&M 
cost per satellite per year. These costs include those expenditures incurred 
in day-to-day operations beginning with SPS initial operating capability (IOC) 
and continuing over the life of each satellite. They consist of wages of 
operations and maintenance personnel, minor repairs and adjustments to systems 
to maintain an ordinarily efficient operating condition, expendables and 
consumables, launch costs for delivery and transfer of on-orbit personnel and 
cargo resupply of expendables and consumables, etc. 

The cost methodology seeks to account for five separate effects which 
influence SPS cost. These are scaling, specification requirements, complexity, 
the degree of automation, and production progress. Scaling refers to the 
relationship in cost between items varying in size, but similar in type. Econ
omies of scale usually assure that such a relationship will not be strictly 
linear, but rather as size increases, cost per unit of size will decrease. 
The slope of this relationship is reflected by the equation exponent which 
results from the regression analysis of the data used to develop the cost 
estimating relationship. 

Specification requirements have been accounted for by normalizing the 
GER data base to manned spacecraft specification levels using factors from the 
RCA Price Model .1 From that model, an average cost factor to adjust MILSPEC 
to manned spacecraft is around 1.75 for DDT&E and 1.6 for production cost. 
Under the assumption that some relaxation of Apollo-type specifications can 
be made for the SPS, a factor of 1.5 was assumed for both DDT&E and production 
cost. Furthermore, it was assumed that a factor of 3.0 would adjust commer
cial specifications to SPS requirements. Therefore, military or commercial 
cost data used in the CERs were adjusted upward by factors of 1.5 and 3.0, 
respectively. 

The cost equations allow a complexity factor input to adjust the cost 
result when it is determined that the item being estimated is either more or 
less complex than the listed GER data base. 

The degree of automation is accounted for in certain cost equations 
through an adjustment to the GER coefficient by the tooling factors given 
in Table B-1. The effect of tooling is dependent upon the annual production 
rate. Higher production rates allow harder tooling and, thus, effect cost 
reductions. The tooling factors are used only on those CERs which are based 
on historical aerospace programs with limited annual production rates. Tool
ing factors are not used on those CERs which are based on data already reflect
ing automated production techniques (e.g., the commercial electronics data 
for the microwave antenna GER). 

1
Equipment Specification Cost Effect Study, Phase II Final Report, Nov. 30, 
1976, by RCA Government Systems Division. 
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Table B-1. SPS Tooling Factors 

AVERAGE ANNUAL 
PltODUCTION RATE 

(AAPll) 

1-2 
3-5 ,_, 

10-19 
20-39 
~-69 
70-109 

f10-159 
16o-219 
220-999 

IOOC--9999 
10.000 

TOOLING 
FACTOR 

(TF') 

1-0 
0.9 
a.a 
0.7 
0.6 
o.s 
o.~ 
0.) 
0.2 

(AAPll)-1 • 11 

(AAPR)- 1 •15 
(AAPR)- 1 • 11 

PltOGllESS 
FRACTION 

(8) 

o.ao 
o.so 
0.80 
0.85 
0.85 
o.as 
0.85 
0.90 
0.90 
0.90 
0.95 
.0.98 

41~ Rockwell 
P.~ International 

The decreasing cost effects of progress due to production process improve
ments or direct labor learning are accounted for through standard progress 
functions. Many SPS components will be mass produced in a capital intensive 
manner and will experience little labor learning. Other SPS hardware items, 
however, will be produced at very low annual rates, much in the labor-intensive 
manner of historical spacecraft programs, and therefore would experience learn
ing. (Technically distinguishable from learning, but still predictable with 
the same form of exponential function, are the effects of production process 
improvement. In this model, when progress functions are used, they are meant 
to account for both of these effects.) A constant relationship has been assumed 
between the progress fraction and the annual production rate as given in Table 
B-1. 

As required by costing ground rules and assumptions, all CERs are in 
terms of 1979 dollRr~, The study did assume 1990 technology and 1990 supply/ 
demand conditions which, in some cases, resulted in differential (non-general) 
price inflation or deflation between 1979 and 1990 being included in the 
CERs. Specifically, it was assumed that composite raw material prices and 
some electronic component prices will decrease relative to general prices 
while aluminum coil stock prices will increase relative to general prices. 
Such effects are allowed for by the CERs, but only to the extent that the 
expected price changes differ from expected general price changes. The CERs 
affected are the antenna structure CER, the power source structure CER, and 
the microwave antenna CER. 

Definitions of SPS cost model terms and equation abbreviations are presented 
in Table B-2. Figure B-3 illustrates the format of cost data sheets developed for 
each WBS line item of the particular concept as produced by the SPS dedicated 
computer program. 
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Table B-2. Definitions of SPS Computer Cost Model Terms 

= COST IN MILLIONS OF 1979 DOLLARS 

CD = DDT&E COST 

CDCER DDT&E COST ESTIMATING RELATIONSHIP CCER) 

CDEXP DDT&E SCALING EXPONENT 

CER COST ESTIMATING RELATIONSHIP 

CF COMPLEXITY FACTOR 

CICER INITIAL CAPITAL INVESTMENT COST ESTIMATING 
RELATIONSHIP CCER) 

CIEXP INITIAL CAPITAL INVESTMENT COST SCALING EXPONENT 

CTB = COST TO BUILD AN ITEM 

CIPS INVESTMENT COST PER SATELLITE POWER SYSTEM 

CLRM LOWEST REPEATING MODULE COST 

CO&M OPERATIONS AND MAINTENANCE COST PER SPS PER YEAR 

CRCI REPLACEMENT CAPITAL INVESTMENT COST PER SPS PER 
YEAR 

CTFU THEORETICAL FIRST UNIT COST 

DDT&E DESIGN, DEVELOPMENT, TEST AND EVALUATION 

DF = DEVELOPMENT FRACTION 

E I .0 + LOG (PHI> -:- (2 .O> 

ICI = INITIAL CAPITAL INVESTMENT 

INV. PER SAT. 

M 

#RM 

OPS 

O&M 

PRE-IOC 

POST-IOC 

PHI 

R 

RCI 

T 

TF 

TFU 

Z1 

Z2 

Z3 

Z4 

ZS 

Z6 

AVERAGE UNIT INVESTMENT COST C2 THRU N) 

MASS, POWER, AREA OF LOWEST REPEATING MODULE 

= NUMBER OF REPEATING MODULES 

OPERATIONS 

OPERATIONS AND MAINTENANCE COST PER SPS PER YEAR 

BEFORE SPS INITIAL OPERATIONAL CAPABILITY 

= AFTER SPS INITIAL OPERATIONAL CAPABILITY 

PROGRESS FRACTION 

= ANNUAL SPARES FRACTION 

REPLACEMENT CAPITAL INVESTMENT COST PER SPS PER 
YEAR 

TOTAL (MASS, POWER, AREA) PER SYSTEM 

TOOLING FACTOR 

= THEORETICAL FIRST UNIT 

= TFU REQUIREMENT 

= SPS OPTION QUANTITY 

= TOTAL SPS REQUIREMENT PER OPTION 

ITEMS NEEDED TO CONSTRUCT SATELLITE OPTION 

= ITEMS NEEDED FOR O&M OF THE SATELLITE OPTION 

RATIO OF Z4 to ZS FOR PRE-IOC AND POST-IOC 
CALCULATIONS 
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B.4 SPS PROGRAM COST BREAKDOWNS 

~l~ Rockwell 
P.~ International 

A summary of SPS estimates presented in this section emphasizes costs 
of the updated Rockwell SPS reference three-trough/planar/klystron concept 
where line item detail is presented for DDT&E, TFU, investment per SPS, and 
RCI/O&M phases. 

An overall comparison of five SPS concepts was developed during the 
study as identified in Table B~3. Option quantities and power output 
at the utility interface are consistent with the provision to establish a 
300 GW capability at 30 years. DDT&E values represent non-recurring front
end program costs estimated for each concept. TFU costs represent hardware, 
software, and services needed to build the first unit. Investments per 
satellite and RCI/O&M estimates during construction operations equal the 
average SPS cost based on the procurement option. Post-IOC operations cost 
is the annual amount required to maintain each SPS system after it becomes 
operational. Installation costs per kW are shown in the last column. 

Table B-3. SPS Concept Comparisons 

1979 DOLLARS <BILLIONS) 

SPS INVESTMEl'<T CONSTRUCTION POST-IOC INSTALLATIOI'< 
OPTION PH OPERATIONS OPERATIONS COST 

SPS CO,.,Cf PT Ql.JAN. DDT&E HU SATELLITE (RCI/O&"ll ($/SAT /YR) S/l.W 

RE~ERENCE UPDATE GaAs 60 33.6 53.6 12.7 2.3 o. 14 S3000 
PLANAR/KLY'.;,TRON 
(5 .00 .JWUTIL l c 1~.o ~ 

THREE-TROUGH GaAs 54 31.7 52.0 11.8 2.2 0.13 S2500 
PLANAR-MAGNETRON 
C5.60 GWUTILl c 14.0 ) 

THREE-TROUGH GaAs 58 35.0 56.0 15.0 2.8 0.14 S3400 
PLANAR-SOLID STATE 
(5.22 GWUTIL) (. 17.8 _) 

DUAL REFLECTORS 125 32.7 57.3 7.4 1.5 0.08 $3680 
GaAs-SANDWICH 
(2.42 GWUTIL) c 8.9 ~ 

DUAL REFLECTORS 98 32.8 55.7 7.8 1.3 0.08 S2975 
MSG-SANDWICH 
<3.06 GWUTIL) c 9 .1 J 

Cost estimates have been based on technical characteristics and design 
definitions developed during the study. A summary of DDT&E and first unit 
costs are presented in Table B-4 for space and ground segments of the ref
erence SPS configuration. These same elements of the program are listed in 
Table B-5 as they apply to the investment per SPS. 
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RUCKwELL ~PS CR-2 REfERENCE CONfJGURATJON,1980 
TABLE B-4 SATELLlTE POwER SYSTl:M ISPSI PROGRAM DEVELOPMENT COST 

DEVELOPMENT 

Rockwell 
International 

wes • OESCRJPTJON ODTtE TFU TOTAL 

---1- - -
SATELLITE POWlR SYS HM C SPS I PROt.RAM 33589.691 53646.430 87236.062 

1.1 SATELLITE SY HEM 7799.059 9811.328 17610.387 

1.2 SPACE C.ONSTRUl..T ION I: SUPPORT 8564.035 10757 .824 19321.859 

---y;-3 TRANSPOR1A11CN 13154.137 23334.477 36488.613 

1.4 GROUND RECEIVING STATION 135.368 4249.154 4385.121 

1.5 MANAGEMENT ANO INTEt.RAllON 1482.630 2407.669 3890.299 

1.f;-- MASS tONlJNGElllCY 2454.463 3085.372 5539.832 

ROCIU•tLL SPS CR-2 REFERENCE CONFIGURATIONt 1980 
TABLE B-5 SATEl.LJlE POWER SY!>lEK ISPSI PROGllAM AVERAGE COST 

WI.IS f OEStRIPTION 
•• OPS COST PER SAT PER YEAR .. 

JNV PER SAT RCI Ol:M TOTAL DI'S 

!.ATE LL JU POWER SYSH:M I SPSI PROGRAM 12llt2.61l 145.772 77.249 223.022 

1.1 SATELLITE SY SlEl'I 4978.184 33.025 0.120 33.745 

1.2 SPACE CONSTRUC.TION r; SUPPORT 209.874 19.465 19. 34 l 38.806 

1.3 1RANSPORlA11 ON 19119.518 78.521 1-7.419 95.940 

1.4 t.ROUNO Rl:CEIYINt. STATION 4211.105 0.321 33.225 33.547 

1.5 l'IANAC.EMENT ANO lNTEGRAllDN 5b9. 734 6.567 3.535 10.102 
1.6-- l'IASS CONTINGtNC.Y 118 .208 7.874 3.009 10.883 

As was mentioned, RCI and O&M costs have been segregated into pre-IOC and 
nost-TOC. r~tPPnriP~-
~ ----o------ Pre-IOC tabulations were calculated on an annual basis as 
presented in Table B-6. The total pre-IOC value per SPS would require multipli
cation by 30 years. Post-IOC operations costs are presented in Table B-7 for 
the reference configuration on an annual basis. A summary of costs on all five 
SPS concepts~including pre- and post-IOC values, was shown in Table B-3. 

ROl.I01tLL SPS CR-2 'Rl:fEREllltE CONflGURATIONt 1980 
TABLE B-6 SATt:LLJll: POWER SYSTEl'I ISPSI PROGRAl'I PRE-Jot COSTS 

••••PRE-lOt •••••• .. • 
AVERAGE OPS COST PER SAT/YR TOTAL 

llBS t UESCRIPT I ON 11\fV PER SAT RtJ-PRE 0&1'1-PRE PRE-IOt 

SATl:l.LJlE POwER SYSlEM ISPSI PROGRAM 12742.617 71.944 6.104 78.048_ 

1.1 SATELLITE SYSTEM 4978.184 o.o o.o o.o 
1.2 SPACE CONSTRUtlllJOI I: SUPPORT 209. 874 4.331 3.713 1.044 

1.3 TRANSPORTATION 1989.518 63.481 o.o 63.1t8l 

la4 GRUUND RECEIYINI. SlAllON 4217.105 o.on 1.570 1.657 

lo5 MAlllAGEMENT ANO lNTl:t.RATlON 51>9.731t 3.395 0.264 3.659 

778.208 0.650 o.557 1.207 

B-11 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

ROtir. .. ~LL !.PS CR-2 REFERENCE CONFJ<.URAlJON, 1980 

Rockwell 
International 

Ta!IU B-7 !.AlELLlTI:; PlJwE't SY:ilEM ISPSI PltU(,RAl'I POSl-IOC ((jSTS 

•••POST-JO( ••••••••• 

DtS(RlP11 U"' 
OP!. COST PtR SAT,YR TOTAL 

"!l~ • RC l-J'OSl O&M-POS T POST-IOC 

S"1ELLIH PU•Ell. SYS HM ISPSI PROGRAM 73.e28 71 .1 .. 6 l<t<to97<t 

lo 1 SA ll:Ll I H SY!.HM 33.02!> 0.720 33. 74!> 

l. 2 SPACE CONSTRUCTlll'I t SUPPURT l 5o 134 l5ob28 300762 

lo 3 TRANSPORTAllON 150039 l7 oltl9 32.lt59 

lo4 GROu"'O RECElVINl su110r. Oo234 31.651> 31.890 

lo 5 "A"'AGEl'ltNT ANO l r.Tt bRA 1 ION 3.17 2 3 .211 6o4t43 

lob MASS CONTINGENCY 70224 20452 9.676 

Relative distributions of cost for the Rockwell reference concept are 
shown in Figure B-4. Transportation systems dominate DDT&E and first-unit 
cost by contributing to over 40% of each cost estimate. However, in the case 
of the TFU, it is known that these costs cover system elements with a service 
life that is capable of building more than one SPS. Whereas, average invest
ment costs and construction operations (RCI/O&M) dollars for the reference 

MGMT & I NTEG. 
GRO. REC. STA. 

$33.GB 

$15.0B 

MASS CONTINGE~CY 

MGMT & I NTEG. 

MASS 

$53.GB 

POST-IOC 
RCI /O&M 

$0.145B/SAT/YR 

Figure B-4. Rockwell Reference Planar/Klystron 
Concept (1980 Exhibit D~l979 Dollars) 
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Rockwell 
I nternationa I 

concept show that the satellite, GRS, and transportation system elements each 
comprise about 30% of the total. 

B.4.1 DEVELOPMENT COST (DDT&E) AND THEORETICAL FIRST UNIT (TFU) 

Total program DDT&E and TFU cost for a first full-up 5-GW SPS system is 
$87.2 billion. The DDT&E of $33.6 billion and the $53.6 billion for the TFU 
are itemized by SPS WBS line item in a subsequent table. Detailed DDT&E cost 
breakdowns show that 65% of the DDT&E cost is identifiable to transportation 
and space construction/support systems. 

In view of the physical size of the satellite and supportive subsystems 
and the large quantities required for certain parts and components, it was 
not considered reasonable to estimate the DDT&E costs entirely as a function 
of total mass, area, or power per subsystem~which is generally the method; 
instead, it was considered desirable to determine DDT&E costs by application 
of a development factor (DF). In general, the DF was applied on the basis 
of a particular system/component in conjunction with the engineering staff 
and as related to the program development scenario and the usage/availability 
of the system when needed. For example, the EOTV pilot plant and test article 
is required early in the program for SPS verification and proof of concept. 
This unit will be built first and DDT&E on many components will be required 
before items can be made available. (For example, the structure, concentrators, 
solar cells, power distribution, and supporting SPS systems will afford design 
verifications nearly identical to those of the full-up SPS satellite.) As 
a result, a 1.0 DF was used on components of the test article; whereas on 
later usages of these systems, such as on similar systems of the satellite 
itself, a reduced factor was applied in recognition of the completed DDT&E 
effort. This logic was also followed in other areas of SPS program cost 
analysis. 

DDT&E and TFU cost breakdowns are shown in Table B-8, The TFU listing 
reflects a somewhat different makeup of costs when compared to the DDT&E costs. 
TFU estimates of $53.6 billion include the full dollar assessment for an Parly 
pilot plant, an initial satellite and ground receiving station, space trans
portation fleets, the LEO, SCB, and support assembly equipment, and the 
facilities needed to establish a 5-GW SPS operational capability. This 
means that the TFU cost includes elements with a service lifetime capable 
of building more than one SPS system. In this regard, analysis has shown 
that transportation and space construction and support equipment represent 
the largest portion of total TFU costs. However, it is these same systems 
that will be used to construct additional satellites. 
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RUCll.wl-Ll ~s c~-2 REFEi:tENCE CONFlbU~ATION,19ijO 
TABlt 8-8. ~Al~LllTf POwER SVSTfM l~PS) PROGRAM DEVELOPMENT COST 

wt3S fl DfSC.R!PTlOl'll ODT&l:: 
DEVELOPMENT 

lFU 

l 
l. 1 
l.1.1 
1.1.1.1 
1.1.1.1.1 
i.1.1.1.2 
1.1.1.1.3 
i.1.1.2 
l.l.1.3 
1.1.1.4 
1.1.1 .... 1 
i.1.1 .... 2 
i.1.1.~.,j 

1.1.1.4.'t 
1.1.1.4.5 
1.1.1.4.b 
1.1.1.5 
l.1.1.b 
i.1.1.b.l 
1.1.1.b.4! 
i.1.1.6.3 
1.1.2 
i.1.2.1 
l.l.2.1.1 
i.1.2.1.2 
i .. 1.2.1.3 
1.1.2.2 
l.1.2.2.1 
1.1.2.2.2 
l.1.2.2.3 
1.1.Lei.4 
1.1.2.2.5 
1.1.2.2.b 
i.1.2.2.1 
l.l.2.2.B 

SATELLllE PUw~R ~vs1~M (SPS) PRO~RAM 
~ATELllTt: sv~,n:M 

l:NERGY CON\t !::f.\.Sl0"' - SAltL L l TE: 
SlRUClURE 
PR HOR V ~TR UC. l UR f 
Sl:COl'.IOARY ~l~UCTU'<.:: 

MflHAN ISMS 
C0"4Cf:~TRATOR S 
SOLAR RLANt<.tlS 
~~wfR 01~1. t CU~Oll JONING 
5w1TC.H GtAR t R::l-L'LAlCJRS - E:.C. 
LU-VOLlAb~ co~v~Rl~Rs - ~.(. 

LONUuCTl.JRS t lNSULAllON 
SLIP RlNbS 
BATH:R l ES 
BATH:~Y PU&C 
THERMAL (D!"4lRUL 
MAlNlENA~CE 

l'\Al,...TEl\iA~CF - FRU: t-L'tt'RS 
MAN,...1:0 MAN!~ULAluk 
lRACKS i ACCtsS WAYS 
POWER lRAN~Ml~~lU~ - ~AlELlllE 
SlRUCTURc 
~RIMARV SlRUtluR~ 

Sf:COND•t<'f Sl kV.. l uKt 
MtlHAN15MS (lRU~Nlu~~J 
IRANS'°'!lllER. ~IJbAf( .. AY~ - !<..LY~lRU~~ 

KLYSTRUN MPl & QS Oll&~ 

wAV!: GUIDf 
HEAT ~lP£5 -lhf~MAL 

l(LYSTRuN POwtR MLILULt tLtME-Nf 
~HA~t SHlFTtR~ 

~hASE tUNlRGL tl~Ll~LNlCS 
1-'UwtR [J l \t J. DE: K~ f.. CUM t'lNt~ S 
MW 5VSltM lNl~bR~llO~ 

335B9.b9l 
7799.059 
137.2~9 
82.810 
55.5b8 
l '1.'10b 
7.39b 
o.o 

20.254 
34.1~5 

3.873 
1. 36 2 
7.320 
8.,b4B 
b.511 
6.421 
o.o 
o.o 
o.o 
o.o 
o.o 

1041.111 
~b.Oo 7 

3.632 
23.5bl 

8.874 
129.3<.'6 
129.306 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

53b46.430 
96 ll .328 
2~~4.026 
213.410 

54.288 
154. 716 

4.40& 
93 .Ott:. 

2035.506 
l ~0.382 
I Ob .978 

.... 202 
11.209 
£~.999 
0.317 
l.677 
o.o 

bl .660 
34.279 
22. e4bl 
't.914 

2568 .322 
215. 719 

1.34!> 
213.118 

l.2bb 
1580.665 

o.o 
3b.b39 

333.757 
304.o2l 
166.307 
144.703 

23.031 
509.608 

lC..TAL 

87236.062 
17610.~87 
lb9 l. 2&!> 

296.280 
109.856 
174.622 
11.602 
413.0bb 

20~ 5.1bZ 
184.51 7 
110.851 

5. ~63 
18. 528 
34.b48 

6.82'1 
8.098 
c.. c 

bl.bbO 
34.279 
22.467 

It. 914 
3609.43~ 

251. 79b 
4.977 

236.679 
10.140 

1109.971 
l29.30b 
38.639 

333.757 
l04.b2 l 
166. 307 
144.103 
2~.031 

~b9.b08 
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ROC~~tLL ~PS CR-2 REFERENtt CONFlGURATION,1980 
TABLE B-8. ~Al~LLllf POwER SYSf~M CSPS) PROGRAM DEVELOPMENl COST 

was # OESCRlPllON OOT&E 
DEVELOPMENT 

lFU 

1.1.2.3 
i.1.2.3.l 
1.1.2.3.2 
1.1.2.3.3 
1.1.2.3.4 
1.1.2.3.5 
i.1.2.3.b 
l.l.2.4 
i.1.2.5 
i.1.2.5 .. l 
i.1.2.s.2 
1.1.2.5.3 
i.1.2.b 
1.1.2.b.l 

tr' 1.1. 2.b.2 
t:;; i.1.2 .. 0.3 

l.l.l.6.4 
1.1.3 
1.1.3.t 
1.1.3.2 
1.1.3.3 
i.1.3.4 
l.l.3.5 
1.1.3.b 
1.1.3.7 
i.1.3.e 
1.1.3.9 
l.l.3.10 
1.1.3.11 
l.1.4 
i.1.4. l 
l.l.'t.l.l 
l.l.'t .. 1.2 
l. l. 4.1.3 
1.1.4.l.4 

POWE:R 0IS1. t C 01\i(Jl T lUN lNG 
Swl TCH C:.t:.ftR f. Ri(,ULA. lO~S 
Hl-~Ol 1 Abf C UNVfR l~R S 
LU-VUlTAbE: Cu~VtRl~R~ 
l.ONOUCTORS t l~SULA T JUN 
ts All ERH:S 
BATTERY l='&C 
HtERf'4AL CUNlRl.Jl. - lNSULAllON 
CONTROL - Pt1A~E Rt:~fRf::NC~ 
REF-ERtNCI: FRcWENCY 1.>fNE~A.IOR 
fJlSl. SYSTEM, COAJllAL C:.A~U~ 

0 IS T • ~ Y ~ T t. M , DEV 1C t ~ 
MAlNTt:NANC:t 
MAlNltNA"'Ct - FREl fLYERS 
GANTRY l.RANt: 
UN-CRANE tUNT~L C.ENl Elt 
TRACKS & A~Lt~~ nAYS 
INFORMATION flAt:,MT. & CCl!lflROli.. - ~ATELLITE 

MAS l ER CUl\fl R OL C..UMPUH:R 
UlSPLAVS & CO~l~ULS 
~UPEl<"lSORY C.GMPLi'JE'.~ 

KE-MU JE CO!"IPU 1 E-R 
8US CON.JROL UNll 
fllltROPROCt S $C,R~ 
REMOTE AtUUlSlllUN & LO~TRUL 
SUBMUL l l PLE .ilURS 
lfl>cS TRuMt:Nl AT ll.Jf'4 
OPTICAL Fl8t:R 
CABLl5/HARN£ !>S 
ATTlTUOt CUNlRUl & ~IAllONt~EH'lNb -SAfELLllt 
ACS HARDWARE: 
AC~ THRuSlER (OM..,UNt: "41 S 
AC.S - CUMJ UC 1 UK~ £. .I ~5UlA T lLUN 
A(S - POWER PROC.tSSIM:o EQUliPMENT 
ACS - ThRUSlER blMuAL~ A~O MOUNllNG 

26.852 
4.014 
7.382 
2.392 
5.232 
o.o 
7.832 

14.174 
0.901 
0.117 
0.102 
0.082 

833.812 
o.o 

106.540 
727.2"f2 

o.o 
97.615 
18.86'1 
12. ~n2 

3.221 
3.093 
3.672 
3.150 
3.bb8 
2.35b 

33.813 
0.9 ... ~ 

11.65 7 
15.192 
15.l<:f2 

b.635 
0.8«?2 
l.lt~H 

6.227 

471.514 
108 .028 
310.012 

1.338 
3 .61 ts 

14.901 
33.618 

l 70 .l 18 
51.328 
0.117 

42 .120 
9.091 

18.961 
42.551 
0.257 

35.'t5b 
Cl .-102 

229.787 
9.179 
1.417 
2.121 
beb61t 
&.119 
7.910 
6.716 

71.359 
99.513 
o.742 

17.447 
81.259 
81.259 
7'i.004 
0.009 
0.93b 
1.310 

lOTAl 

lt98. 366 
112.042 
31l.395 

3.730 
8.849 

1,.. 901 
41.450 

U!4.292 
52.229 
0.234 

42.822 
9.173 

912. 779 
42.551 

106.19"1 
162.728 

o. "101 
327.402 
28.048 
13.'18«i 
~- '¥41 
9.7!»7 

11. 792 
ll.659 
12.384 
79.715 

123.326 
1.687 

29.104 
96.451 
96.4~1 

&~.b3t:S 
0.901 
2.~7~ 
7.538 



RUCK w '=LL ~PS CR-2 REFERENCE CONF JGlJIU 1lON,1980 
TABLE B-8. 5Al tLlll E POwER SYS H.1'4 t SPS) Pr(OGfUM OEVE-LOPME"41 COSl 

WjjS # DESCRIPTION ODl&E 
DEVELOPMENT 

TfU 

1.1.4-.2 
l.1.5 
i.1.s.1 
1.1.5.2 
1.1.5.3 
leleb 
1.1.b.l 
l.l.b.l.l 
l.t.b.l.4:'. 
1.1.6.2 
l. l.b.3 
1.1.b.3.l 
l.l.b.3.2 
l.l.b .. 4 

rr i.1.6.5 
~ l. t .6.S.l 

1.1.b.; .. 2 
1.1.6.5.3 
l. l • I 
i.1.-1.1 
i.1.-r.2 
i.1.e 
1.1.9 
1.1.9.l 
l.l.9.1.l 
1.1.9.l .. 2 
1.1.9.l.3 
l.l.Yele4 
1.1.9.l.5 
1.1.9.l.6 
1.1.9.l.7 
1.1.9.1.8 
1.1.9.l.9 
l.l.9.1.10 
1.1.9.1.11 

ACSS PROPELLANT 
CuMMUNlCAllO~~ - SAlELLllE 
~AlELLlll. TO t;RUUM.i 
~AH:LLIH'. TO RESU ..-PLY VEt1 ICLES 
SATElLITt INllR~u~ 
1NTERFAC£ - ~~l~LLlT~ 
~ lRUClURE-
~RlMA~Y SlqU(lURE 
SECONDAR'r ST RUC ll!RE 
MtCHA~lSMS - lNTtRfA(t 
~UW~R D!~l~lbUllU,... 

CUNOUCTuR & lNSULAlluN 
~LIP RING ~RUSHE~ 
ThERMA l CUN l RUL 
MA IN H:NAi'CC f 
MAINH:!llANC: - FRt:t fLYl:RS 
M~N~tO MANlPUlAlUR 
fRACKS & ACCt~S w~f~ 
SY~lt:M!> lfSl - !>Alf..'.LLlH 

SY~TtM uRUUNU TrSl nARUwA~E 
SYSTE~ GROUN~ fESl OPERAllO~S 
bRUUND SUPPURl tvul~~t~l- ~ATELLllt 
PROOF-OF-CONCEPT PILOT PLANT 
COlV .,RcCURSuR 'itt-tlCL~ 

PRIMARY SlRUllUk~ - ~.t. 
SE.Cuf'40ARY STRUC.lUJ>t - E.C.. 
MECHANISM~ - f-Rt:(..UR~LR hl• 
C0"4Ci:~lR~llJR - ::.l. 
~OLAR BLANKtl -c.t. 
SWJTCHbtAR & REbULAl uRS - t. .c. 
LO-VULlAbE tu~VERl~R~ - ~.l 
l.ONUUCTUR5 & lN~UlATlUN - ~.C. 
ACS HAROwARi: -E.C. 
ACS - tOht'U(lURS & l~SUL - t.C. 
ACS - B-. ll". I{ HS - t.. c.. 

o.o 
o.o 
o.o 
o.o 
o.o 

29.711 
lb.792 

8.b45 
8.1~7 
B.043 
4.876 
3.832 
1.044 
o.c 
o.o 
o.o 
o.o 
o.o 

497e.I~4 

248<>.092 
2489.092 

629.907 
870.0H5 
870.0U~ 

75.73b 
27.346 
l l .2b l 

9.Zl)4 
67.440 

5.205 
1.854 
7.49£ 

l l .893 
2 .439 
7.839 

o.o 
o.o 
o.o 
o.o 
o.o 

74.002 
17.709 
7.956 
9.753 

19.337 
4.276 
l.Z68 
l.008 
o.o 

32.680 
8.810 

22.4b7 
l .40't 
o.o 
o.o 
o.o 
o.o 

4303.941 
1017. 751 

2.39& 
60.315 
10.bOO 
3.329 

89.271 
b.809 
0.211 
1.212 

344.323 
0.030 

4'1. 789 

TOTAL 

o.o 
o.o 
o.o 
o.o 
o.o 

103.713 
34.501 
16.bOl 
17.4100 
27.380 

9.152 
5.100 
4.052 
o.o 

32.680 
8.810 

22.46.., 
1.404 

4978.184 
24t89.092 
2489.092 

b29.907 
5174.023 
l ':#4 7. 8)6 

78.137 
&7.bo2 
31.860 
lL.!>83 

156.711 
12.014 
2.0b~ 
8. 704 

3~6.216 
2. 469 

57.627 
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ROCKwfLL ~PS 'R-~ kEFERENCE CONflGURATlON,1980 
TABL~ B-8. SATELLITE ~OWER SVST~M CSPS) PROGRAM DEVELOPMENT COST 

WBS ff IJESCRIPTION 

1.1.9.t.lZ ACS - BATTE~~ ~otc - t.c. 
l.l.9.t.13 ~LlPRlNG~ - ~R~CUR~UR c.l. 
l.l.9elel4 lRAt~S & ALtt~S WAY~ - t.L. 
1.1.9.l.l~ ~RlHARY STRUClURE - l~lLRfACt 
lele9.l.lb SECONDARY SlhJ{.JUR!: - lNlERf-ACE 
l.l.9.l.17 MEChANlSMS - lNTERF~LE 
l.l.9.l.18 l.ONOUCTORS & ~N~tJLAllON - lNlERfACE 
1.t.9.1.19 SLIPRING bRU~HE~ - ~RfCUR~UR - lNlERFACE 
l.l.9.l.20 PRIMARY SlRUC.hJRt - hlWlR T•UNS 
l.l.9.l.21 St:CONDARY ~-lRUCTORE: - ~O!IWElf( T~AN~ 

l.l.9.1.22 MECHANISMS - ~U~fR TRANS. 
l.l.9.1.23 ~.T. KLVSTRU"" SuHARkA~ oul&E 
l.l.9.l.24 P.T. KLY~TRON WAVtbUlut 
l.l.9.I.25 ~.T. KLYSfRuN HtAl~l~t~ 
lele9elelb i>.T. 1<.Lt'SlROl'-4 ... M. tLlMtNl 
1.1.9.1.27 P.T. KLY~TRON PHA~t ~NlfltRS 
l.l.9.1.28 P. l. ~LYSl~~N P~. CUNTROL ELECTRUNICS 
l.l.9.lei9 P. T. KLYSTRu~ ~~W~R ~lVIU~kS ANO tOMBINERS 
l.l.9.1.30 ~LYSTRON ~UPARRA) ~YSltM lNT~GRATIO~ 
l.l.9.l.31 f"O&C - SW. bR. & Rl:bULATORS - P.I. 
t.t.9.t.3l PO&C - Hl VUllAGt CUNVE~l - P.T. 
l.l.9.l.33 ~O&C - LU ~QLlAbl C~~VERl - P.t. 
J.l.9.l.34 ~O&C LONOUCTUkS & l~~ULAT!UN - P. T. 
1.1.9.1.35 BA"TltRlES - hf • .-RttURSOR 
l.l.9.l.3b P.T. - BATTERY ~c&t 
1.1.11.1.3·1 THERMAL CONlRUL - lNSULAlltJN - PRECURSOR R.T. 
l.l.9.l.38 RE~ER~NCE fRfQUENLY bfN~~AlUR - PRECURSOR 
l.l.9.l.39 DlST. S'STEM, CUAA!Al tABL~ 
l.l.9.l.40 UISl. SYSTEM [>fYlLt~ 
t.t.9.1.41 P.T. - MA~rER CO~l~OL COMPUltR - IMS/COM 
1.1.11.1.42 P.T. BUS C0"41ROL \J".ll'J 
1.l.9.l.43 v.T. - MlCRUPROCt~SOR~ - IM5/COM 
I.l.9ela't4 P.T. - REMUlf AC.I.I & tONlRUI. - IMS/COM 
1.1.9.l.4~ P.T. - SuB~Ulll~llXF~ - iMS/tOM 
lela9ala4b ~.1. - lN~lRUMt~lATlUN - IMS/COM 

DOT&E 

l4.511t 
26.8b2 
o.o 

197.bttl 
8.734 

17.193 
2.ao1 
1.171 

22.915 
l9.H45 
13.312 
91.513 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
c.o 
b.159 
8.183 
l.3jt 
3.777 

31. 793 
5.265 

33.170 
0.585 
0.302 
0.020 

27.076 
10.898 
9.763 
la5&f:S 
4.744 
1.170 

DEVELOPMENT 
lFU 

ll.951t 
1.926 
2.047 
7.95b 
o.4o2 

31.l7b 
o.044 
0.111 
1.345 

32.204 
1.89'1 
o.o 
2.192 

18.938 
14.742 
7.371 
b.Olt> 
0.956 

20.92b 
e.003 

16.287 
0.010 
0.121 

14.974 
9.5b4 

58. 742 
0.111 
0 .t>05 
0.!>85 

11.186 
0.121 
5.93b 
7.519 

163.751 
4.obO 

TOTAL 

26. 469 
28. 788 

2.047 
zo~.617 

15.lCJb 
48.3b9 

2.851 
1.288 

24.260 
S2.049 
l !>. 210 
91.513 

2.192 
18.938 
14.742 

l.371 
6.0lb 
0.958 

20.92b 
14.162 
24.470 

1.408 
3.897 

1to.10 7 
14.828 
91.912 

0.102 
0.907 
0.611 

38.263 
17.625 
15.699 

9.101 
168.495 

!>.8!>0 



RUCK.wtLL ~s CR-2 RE:FERENCE CONFlbURAllON,1980 
TABLE: B-8. ~AltLlllE POWER SYSlEM CSPS) PROGRAM DEVELOPMENT COST 

wBS # OESCRIPTIOM 

l.t.9.l.4l P.T. - CAbLt~ & hARN~~S - IMS/COM 
1.l.9ela48 Pala TRAt~~ AND ACtE~SWAYS FOR MW ANT 
l.l.9.l.49 ~.T. ANl. M~ Ll~l5 - lN~lALL & t/O EQUIP. 
l.l.9.2 PRECURSOR O~E~AllONS 
1.1.9.2.l PRECURS~R ST~ TRANSPORTATION 
1.1.9.2.2 ~RECURSOR LO~STkUtllO~ C~tw 

l. l .9.2 .3 PRECURSOR \.7t lJ Tt:S ·1 A Cl l vl lY 
lele9•2•'t PREC.URSUR PRlJ .. ElLANl 
l.1.9.~ ~RECuRSOR G~UUNu RECEIVlNb fACILllY 
1.2 SPACE CON~1RUtlluN & ~U~PURT 
1.2.l CO~STRUCllON fAtlll11~5 
1.2.lal ~O~K SUP .. URT fAC.lLITlES 
1.2.1.1.l BEAM MACHINE 
l.2.1.1.2 f:SEAM MACHINE CA~5t:.11 t:.S SS:l 

f t.z.1.1.3 ~ABLE AllACHM(Nl ~ACHlNf 
~ 1.2.l.l.4 R~~OTE MANIPULATOR 

1.2.l.t.5 ~LA~KE:l DlS~tNSfR MAChlNf 
1.2.1.l.b ~OLAR ~LAN~tl C.A~StlltS 
l • 2 • l • l • 7 R E: f Li:.'. C 1 UR l.J 1 ~ 1-'E "I ~ I:.!( MA C t-- 1 N I: 
l • 2 • l • I • 8 RE f L H. 1 U~ C. A ~ ~ 11 F $ 
1.2.l.l.9 ~ASlf/~ATf~AK' Ui~~E~5E~ MACHINE~ 
l.~.1.l.lC A~TE~NA 1-'A~tl l~~. ~~Pf. 

1.2.1.1.11 bA~lRY/CRA~t~ 
1.2.l.l.ll C.ARbO STuRAb~ Dtl-'Ul~ 
1.2.1.1.13 ~•B flXlURt 
l.2.l.l.14 Al~LUCK OOC~lN<> MUOUL~ (ADM) 
i.2.1.1.1~ ~ASE ~GMl. MulNl~ te~M) 

1.2.lalelb ~OWER ~OUUlt lPM) 
1.2.1.1.1·1 t>RE:SS\J'"<lltll !:>lUl<~bl: l"llJOud: .... ~~) 
l.2.1.2 Cktw ~UP~URT fA~lLITltS-SCB 
1.2.l.2.l AlRLOCK UOC~l~ MUUULl:-AUM 
l.2.l.2.2 LME~ HAbllABitll~ MUUULE-C.HM 
laL•l•2•j 'ONSU~Ahl~S LuGlSll~~ MUDULE-CLM 
1.2.1.2.4 ~hlELDI~b 

1.2.1.2.s (~tw SU~PORl MOOULl::-CSM 

OOT&E 
DEVELOPMENT 

TFU 

4.350 
28 .342 
37 .272 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

8564.035 
4260.855 
3604.6ll4 

2.340 
0.93t. 
5.031 
4.025 
4.680 
1.170 
1.020 
i.110 
2.57't 

93.bOO 
15.912 

4.3e7 
253 3.200 

o.o 
o.o 
o.o 

928.641 
656.174 

36.44ts 
o.o 
o.o 

40 J .!>44 
218.182 

o.744 
0.102 

30.881 
3221.191 
3213.010 

6.571 
0.600 
1.011 
5.000 

10757.824 
7827.523 
46b2.0l2 

118.220 
7.389 

35 .~76 
65.929 
33.0lb 
22 .815 
5.442 
3.1e1t 

26.660 
234.318 

99.490 
e.844 

9b.4bl 
283.493 

l't 20 .2 28 
125&.288 
942.619 

3030.639 
85 .a 93 

1912.313 
107.4b9 

24.757 
3 00.206 

lOTAL 

5.094 
29.04-'t 
b8. l53 

3221.191 
3213.010 

6.571 
O.bOO 
1.011 
5.000 

19321. 859 
12088. 379 
8266.695 

120. 560 
8.325 

1tO. b01 
69.954 
37.156 
23.985 
12.462 
4.354 

29.2341 
321.918 
115.402 

13. 231 
262Y.6b0 
283.4~3 

l1t20.226 
125b.28tf 
1871.260 
3686.813 

122.341 
1912. 313 

707. 't69 
426.301 
518.388 



RuC~wELL ~PS CR-2 REFERENCE CONFIGURAllON,1980 
TABLE B-8. !_,Al tLl.11 E f>OwE~ SY ~l t:" C ~PS) J>RCJbRAM (JEVELOPMENT COST 

wMS # OESl:RIPTION 

i.2.1.3 
i.2.1.~.1 
1.2.1.3.2 
1.2.2 
i.2.2.1 
1.i.z.1.1 
i.2.2.1.2 
i.2.2.1.3 
1.2.2.~ 

1.2.2.2.1 
1.2 .2.2 .z 
l • .Z.l.l.3 
i.2.z.3 
1.2.2.3.l 

~ 1.2.2.3.:l 
tc; 1.2.3 

1.2.3.l 
i.2.3.1.1 
l.2.3.1.2 
1.2.3.1.3 
1.2.3.1.4 
1.2.~., 

1.l.3.2.1 
1.2.3.2.2 
:a..2.3.3 
1.2.3.3.l 
1.2 .3.3.2 
1.2.3.3.3 
l.l.3.3.4 
1.3 
l. 3.1 
1.3.1.1 
1.3.1.2 
1.3.2 
1.3.2.l 

UPERAl IONS 
UPERAlllJ~!>t (L'N~lRUC.llUi\c C.REw 
ORBllAL OPE~~11UNS,~~N51. PKOV. 
L.0GlSTlC5 5Uf't"ORl t-AC.lLITH:~-LE:O 

w~K su~~O~l fAtlllT!~S 
~ASE MGMl • MOLUd'.-BM~ 
PUwER MOOUL~- .. flll 
Al~ LOCK i.IOCK 1Nb Ml.JUU Lt:- - ~~LIM 
CREW SU~l'ORT t-ALlLlllE:S 
CREW HAB 11 AtHl JI Y !'10L>UU::-CHM 
CONSUMAbLt~ L0b1511C~ M~DUlt CLM 
Ckt:W SUPPuRT IUOOUL!:/t\IA 
Ufo'ERATION5 
LEU UPERAllu~S C.RE~ 
L.tO CRlw PRO~iSIUNS 
O&M SUPPORT f~ClLlfltS - ~AlflllTE 
WORK SUPPORT ~AtlLlllES 

A lR. lOCI\. lJCJC.I\ lNb MuOU Lt-AOl"I 
bASE MbMl MOUULE-~MM 

PRESSURlLElJ SlO~AGt: MUOULE-~SM 
~OWER MUUlJLE:-PM 
LRtW suP~OMf ~AClLlll~S 
CREW HAtllTAbHHY MUDUlt:-CHM 
lONSU,..A~Lf S LU(,,l ~ l l l. S '"lllt)lJ1Lt:-CLM 
Uf't:RATiuN~ 

~ATELlllf tJPf-R•lll:WS <..Rfft - SCB 
SATtLLllE u~~RAJlU~~ tR~w - MMR 
LREW ~RUVl~IUNS - ~Ct 

U&M CRfw PRU~lSlUN~ - MM~ 

lRANSPlJRTAllUN 
SPS-HEAVY Ll~l LALINCh VfMICLE(HLLV) 
5PS-t1LL V fl E fl 
5PS-HLLV OPE~~TlUNS lVlU-Hl) 
CAR&U ORhllAL TRA~~~t~ VtHlCLECCOTVJ 
CUTV Yl::HlCLt~ 

OOT&E 

o.o 
o.o 
o.o 

4303.18 0 
3293.540 
2884. 040 
409.500 

o.o 
1009.b42 

306.865 
310.050 
392. 727 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
O.G 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
Ci. Cl 

131~4.137 
10062 .ooo 
10062.000 

o.o 
128.530 
12&.530 

OE:VELOPMENT 
TFU 

134.873 
92.574 
42.299 

1091.38~ 
"103.519 
363.652 
322.187 

17.679 
3U4t.b75 
11-9.256 

82.011 
183.408 

3.191 
2.190 
i.001 

183&.918 
1633.609 

34.987 
71S.bbl 
24tl.360 
b37.602 
2 01.268 
119.2!>6 

&2.011 
lte0't2 
o.58'-
2 .190 
0.261 
1.001 

23331t.41"1 
11632.133 
10921.242 

710.892 
4578.930 
't571.391 

TOTAL 

l3't. 873 
92.574 
42.299 

5394.562 
3997.058 
3247.693 

73l.b81 
17.679 

1394.317 
426.121 
392.061 
!>76.135 

3elYl 
2.190 
1.001 

1838.918 
1633.609 

34.987 
719.o61 
21tla3b0 
637.602 
io1.26s 
119.256 
&2.011 
4.042 
0.56't 
2.190 
0.267 
i.001 

36't8ti. 613 
21694.133 
Z09ts3.242 

710.892 
4701.457 
4699.918 
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ROLKWfll SPS C.R-2 REFER~~tE tONFlGURAllON,1980 
TABLt 8-8. ~AlELLllE POWER SYSTEM ISP~) PROGRAM DEVELOPMENT CO~l 

wgs "' OE~CRIPTION OOl&t 
DEVELOPMtNT 

lFU 

1.3.2.1.1 
1.3.2.1.2 
1.3.2.1.3 
l.3.2.1.1t 
1.3.2.1.5 
l • .3.2.1.b 
1.3.z.1.1 
1.3.2.l.B 
1.3.2.1.9 
1.3.2.1.10 
i.3.2.1.11 
1.3.2.1.12 
1.3.i.t.13 
1.3.2.2 
1.3.3 
l.3.3.l 
1.3.3.2 
l.3.3.l.l 
1.3.3.2.2 
1.3.4 
1.3.4.l 
i..3 .... l 
1.?.~ 

1.3.5.l 
1.3.5.2 
1.3.6 
t.3.o.I 
t.3.o.2 
1.3.7 
1.3.7.l 
1.3.7.l 
1.3.7.3 
1.3.7.4 
l.3.7.5 
l.~ 

~RIMARY ~TRULlUl<t 
StC.ONUARY STRUl.JURt 
MtChANlSMS - tOlv 
TRACKS ANO AC.C.ESSWAY~ 
CONCENlRAl(J~ 

~OLAR ~LANi<.t: 1 
Swll C.HGEAR A NL1 I< t:GUL •TORS 
LO-VOLTAGE ~ONVtRlEH~ 
LONDUCTO~S A~~ IN~UL~llO~ 
bAllERH~ 

BAllERY PO&C 
ACS HARf.JWA~~-tUl~ 

lNFO. MGMl. A~D Ll.NlkUL 
COT~ OPE:RATIOtliS 
SlS P~RSONNtL CARbO LAU~CH VEHICLE 
SlS CARGO C•RRI~R A~O EM 
SlS OPtRAllu~~ - ~RUwlH AN~ OERIYAllVE HLLY 
UPERATION~-SlS uRUwlh hLLV 
~PERATlON~ - ~TS ~fkl~AllVE 
t>tRSONNE:L URPlTAL TRAN~ V~HlCLE 
t>CJl V-F- LE t: l 
..,lll '#-Ut>t.kA 11 uflc~ 
~ERSU"'"'EL ..-OL•lll~ t ~ t 
t>M f LE El 
PM OPERATIONS 
J"'TRAOR~llAL lRA~~ffR VtHllltllOlV) 
lul V FLl:tl 
Hil 'I UP~RA 11 ur-..s 
bRUUND SO~P~l ~ACJLlllt~ 
LAUNCH fA(lllllt~ 
~~~OVER' fAClll11£S 
fUEL FA( ll l l lt.5 
LO&l~TlC~ ~U~~U~l 

tlf'tRAT Hi"i~ 
~ROUND R~l~lVlNb ~JAl18N 

12.004 
ll.015 

8 .40'1 
o.o 
1.981 

39.056 
z. 78 l 
1.207 
3.801 
4.310 
6.421 
9.4bl 

21.0·1b 
c.o 

286.650 
2e6 .b5v 

o.o 
o.o 
o.o 

409.500 
409. !>00 

o.o 
13~.060 

138.060 
o.o 

117.000 
117.000 

o.o 
2012.400 

o.o 
o.o 
o.o 
o.o 
o.o 

13 !> .3b e 

14 .391 
320.b't!> 

25.440 
1.053 

18.716 
499.988 

13.407 
1.011 
7.441 

1707.040 
·n.121 

17!>6. 297 
l3't.238 

7.541 
30~2.765 

607. 795 
26t lit .970 
14~8 .ooo 
956 .970 

b7.937 
66 .328 
1.6 Oct 

287 .8 l't 
284.830 

2.983 
6.753 
6.633 
0.120 

3738.150 
o.o 
o.o 
o.o 
o.o 
o.o 

4249.154 

TOTAL 

26.395 
332.b59 

33.84Y 
1.053 

20.697 
539.0'tt> 

16.188 
2.21e 

11.248 
1711.356 

78.148 
l 7o~. 758 

161.314 
7.541 

3309.415 
894.445 

2414.970 
14!)E.OOO 
956.970 
'+71.4:!$7 
475.828 

1.609 
425.87't 
422.890 

2.98~ 
123. 7!>3 
123.633 

0.120 
5750.!>ltl 

o.o 
o.o 
o.o 
o.o 
o.o 

4385.121 
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RUCKWtll ~~~ CR-2 REFERENCE tONFl&URATION,1980 
TA~Ll: B-8. SAllLLll~ POWER SYSTEM CSP~) PROGRAM DEVELOPMENT COST 

wMS 1' OEStRl,..llON 

1.4. l 
1.4.l.1 
1.i..1.1.1 
l.1t.1.1.2 
l.1t.1.2 
i.1t.1.2.1 
l.4.l.2.2 
l.4.l.3 
l.'t.l.4 
1 .... 1.4.l 
l.4.l.4.2 
1.4.l.5 
le4eleb 
1.4.l •. , 
1.4.2 
l.4.2.l 
1.1t.2.1.1 
1.4 .2 .1.2 
l.4.~.l.3 

1.4.l.l.4 
l.4.:?.2 
i.1t.2.2.1 
1.4 .2 .2 .£ 
l.4.Z.2.3 
i ...... 2.3 
1.4.3 
l.4.-~.l 

l.4.3.2 
t.4.3.3 
1.4.3.4 
t.4.4 
i .... 4.1 
1.4.4.2 
1.4.'t.3 
1.4. 5 

~lTE: ANU fAClLlllt~ 
LANU A~O ~Rt~ARAllON 
LANO 
LANO PREPARA l JUN 
RuAOS AND FE t-.itES 
RAIL5 ANll RUAlJS 
,_.ENC ING 
ullLlTIE:S 
bUlLOlNb~ 
SlURAGErMAlNlE~ANt~ ~AClLlllES 
C.ON\/. STA. t. l'<l"'llUR/(.Ul-.-IRllJL FAt. 
MAINTtl"4ANCt HRl. FOR Sllf & FACILITIES 
LlGHTNlNG ~RUlEClluN 
SIT~ & FAllLlTlE~ DOl&E 
REClE~~A ~UPPURl ~lRUCTURE 

Sl EE-L t-ANE:l f.A8 • t l ~~1 ALL.l.l ION 
HAT ~ECll0"4S 
wlDl: FLANGES 
l"Ut;~ SRAC..ES t 11A 0 l..'fllA~t 

AS5EMbLY & J~~lALL•llU~ 
TRENCHINb & ttft(R~IE JN~lAlLATION 

FOUllNG ~UN~kl::l~ t kf-BAN 
MACHl~GERY t ~~~l~Mt~l - GRS CO~STR~CTJON 
CONSTRUCT 10~ UPf: RAT l uNS 
SUPPORT STRUClURE ODl&E 
~O~E~ COll~CllO~ 
ANTE~NA ARkAV EL~MF~l~ 
1-'0WER U l !)JR 1 fllff l UI\ SY!) lt:M 
1N5TALLA11 ON t. CMtCKOUT 
POWER COLLEC 1 JON-[J('l &E 
CONl ROL 
tLJNTROL CENTE~ t~~l~~tNl 
CONTROL tLEClRONlt~ 
C~TROL DOT& I: 
GRID lNTf~FACf 

DOT&E 

1.110 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1.170 
2.340 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
2. 31t0 
3.~10 
o.o 
o.o 
o.o 
3.~10 

11.700 
o.o 
o.o 

11.700 
116.648 

OEVELOPMEflll 
TFU 

2 2-8 .381 
123.248 
40.950 
62.298 
8b.791 
86a2'tl 
o.s!»o 
0.234 

13.428 
1.521 

U.907 
'tebliO 
o.o 
o.o 

2lb4.186 
1~85.0~4 
1t20.4 l6 
345.352 
504.675 
7 l't.591 
179.152 

82.861 
26.161 
70.130 
o.o 

1583.257 
1316.978 

tsl .502 
182. 717 

o.o 
87.750 
17.550 
10.zoo 
o.o 

186 .181 

TOTAL 

229.~51 
123.248 
40. 950 
8Z.2Y8 
86.791 
86. 241 

0.550 
0.234 

13.428 
1.s21 

11.907 
4eb80 
o.o 
1.170 

2166.526 
1985.034 
't20.4lb 
3't5.352 
504.675 
714.591 
179.152 

82.libl 
26.161 
70.130 

2.340 
158t>. 767 
13H>.978 

~1.502 
184.!. 777 

3.!HO 
99. 't50 
1·1.550 
10.200 
11. 700 

302.829 
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N 
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WBS # 

1 • .:..5.l 
1.4.5.2 
1.4.b 
1.4.t>.l 
1 .... 0.2 
l. ::> 
1.6 

RUC~wH.L ~s CR-2 RE:fERE~CE ~ONFlbURAlION,1980 
TABLE: 8-8. SAlB. LITE: POWER SYSlEM tSPS) PROGRAM CIE\JELOPMENT 'OST 

DEVELOPMENT 
OtSCRlPllON Dl>T&E TFU TOTAL 

ELECTRICAL E~lJ.lt>Ml:NT o.o 186.181 186.181 
GRID lNTcRFAlE-DOl&t: 116.648 o.o llb. b't8 
U .. ERATlON~ o.o o.o o.o 
OPER. & MAINl. ~tRSO~NEL o.o o.o o.o 
MA.INT• MATERIAL o.o o.o o.o 
MANAbtMfNT A~~ l~lfbRAllGN l't82.b30 21t0l .61:19 3890.299 
MASS CONllNGE~~y 2454.463 3085.372 55311).832 



B.4.2 INVESTMENT AND OPERATIONS 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

41~ Rockwell 
., ... International 

Summarized line item costing information on the investments per SPS, 
including replacement capital (RCI) and operations/maintenance during con
struction periods preceding SPS-IOC is presented in this section. These 
investment costs were developed at two levels: 

1. Average investment per SPS is the cost of production, 
assembly, installation, transportation, and testing/ 

validation of SPS program elements including the satellite, 
space construction and support, transportation, and ground 
receiving station with an operational capability to produce 
electrical energy at the utility interface. 

2. Replacement capital investment (RCI) and operations/maintenance 
(O&M) cost estimates are established on an annual basis. 
RCI/O&M represent capital asset replacements and major 
maintenance overhauls/spares that are expected to last 
for more than one year or result in an improvement to 
the operating system. 

Investment per satellite is equivalent to the average cost of a total 
SPS requirement or option which covers all satellites and related program 
elements needed to establish operational systems. Although details are not 
included in this appendix, cost estimates were developed for five SPS concepts. 
Investment costs for these SPS programs are summarized in Table B-9 with 
reference to the SPS option quantity and power availability at the electric 
utility interface. RCI/O&M costs during the construction or pre-IOC period 
are included for various system elements. 

A listing of line item costs are presented in Table B-10 itemizing esti
mates of the Rockwell SPS CR-2 reference (3-trough/planar/klystron) configura
tion (1980). This table identifies average investment cost estimates and 
pre-IOC replacement capital /O&M costs. RCI/O&M cost estimates are annular 
in this listing and should be multiplied by JU in order to arrive at total 
costs associated with each SPS-WBS element. RCI/O&M estimates are listed 
in annular amounts to accommodate the calculation routine of the computer 
program and SPS option quantity requirements. 

B-23 



t:d 
I 

N 
~ 

SPS CONCEPT 

CR-2 REFERENCE CONFIG. 
(3-TROUGH/PLANAR/ 

KLYSTRON GaAs 

TOTAL 

CR-2 MAGNETRON CONFIG. 
(3-TROUGH/PLANARlGaAs 

TOTAL 

CR-2 SOLID-STATE GaAs 
(3-TROUGH/PLANAR/ 
DUAL END-MOUNTED ANT. 

TOTAL 

SOLID-STATE GaAs 
SANDWICH CR-5 CONFIG. 
<DUAL REFLECTOR 
AtHENNAS) 

TOTAL 

SOLID-)IAlt GaAIAs 
MBG SANDWICH CR-5 
(DUAL REFLECTORS/ 

ANTENNAS 

TOTAL 

TOTAL 

SPS SPS 
PROGRAM RCl/O&M 
INVEST- (PRE-
MENT IOCJ 

-· 

12,743 2,341 

15,084 

11,823 2,231 

14,054 

14,977 2,795 

- --
17. 772 

7,396 I ,461 

- -
8,857 

7 ,b54 I ,j.51 

9, 165 

Table B-9. SPS Investment Costs ($Xl0 6
) 

SATELLITE (I. I) SPACE CONSTR. & TRANSPORT A- GRD. RECV. 
SUPPORT ( I . 2) TION ( 1.3) STA. (I. 4 l 

PROGRAM RC I /O&M PROGRl'.M RCl/O&M PRO- RCI/ PR'.J- RCI/ 
O&M O&M 

INVEST- (PRE- INVEST- CPRE- GRAM (PRE- GRAM (PRE-
MENT IOCJ MENT IOCl INV. IOCJ INV. IOCJ 

-

4,978 - 210 241 1990 1904 4217 50 

4,978 451 3894 4267 

3, 752 - 225 314 1777 1707 4938 59 

3, 752 539 3434 4997 

6,062 - 215 250 2447 2321 4643 55 

--
6,062 465 4768 4698 

3,203 - 107 183 1265 1172 ' 1996 11 

3,203 290 2437 i_\)07 

3,L':>S - lj/ 214 1007 I IJU';t I L~~; ,., 

I 

3,255 351 2096 251 I 

MGMT. & MASS roN-
INTEG. Cl.5l TI ~IG. (I. 6) 

PRO- RCI/ PRO- RCI/ 
O!.:~ O&M 

GRAM CPRE- GRAM (PRE-
INV. IOCJ INV. IOCl 

570 110 778 36 

680 814 

534 104 597 47 

636 644 

668 131 942 38 

799 950 

329 68 496 27 

397 523 

- . I 
.)""'f:J c~ :,v;i ~~ 

41 I 541 

SPS 
OPTION 

OTY 
GWUTIL 

60 5.00 

54 5.60 

58 5.22 

125 2.42 

"' ..).vO 

en 
"' en [en 

-g ~-g 
n "'n 
"' en"' en ~ O 
'< -"O 
"' 11) 11) ;;; 3 ~ 
3 "'~ 
"' 0 0 
G') ~: ~ a ~. Q) 
i: 0 ::: 

"O :::l c. 

~ • -::JJ 
~o 
Cl)() 

.., " 
a:: :E 
O:CD 
o= 
::;, 
Ill 



b:l ., 
N 
V1 

wBS # 

1 
l.l 
l. 1.1 
i.1.1.1 
i.1.1.1.1 
1.1.1.1.1 
i.1.1.1 • .i 
l.1.1.2 
1.1.1.3 
1.1.1.'t 
i.1.1.'t.l 
1.1.1.'t.2 
l.l.l.4.3 
1.1.1.4.4 
i.1.1.4.5 
1.1.1.4.o 
1.1.1.s 
1.1.1.b 
1.1.1.b.l 
l. l.lebe2 
1.1.1.0.3 
i.1.2 
1.1.2.1 
1.1.2.1.1 
1.1.2.1.2 
1.1.2.1.3 
1.1.2.2 
i.1.2.2.1 
1.1.2.2.2 
1.1.2.2.3 
i.1.2.2.4 
i.1.2.2.5 
l.1.2.2.b 
1.1.z.2.1 
i.1.2.2.a 

RUC(wl-ll ~s CR-2 RH·ERENCE CONflGURAlION, 1980 
TABLE B-10. ~AltLllTE: f'OWER SY~lEM CSPS) f'ROG~AM PRE-IOC COSTS 

Of=SC.RlPTluN 

SATFLLllf ~UWER ~YSl~M t~~S, ~RUGRAM 

SATtlLllE SY~lt~ 
ENERbY CO~VtRSIUN - ~AltLLlTE 

STRUCTURE 
PRIMARY SlRUCllJRt: 
SECONDARY ST~UC.. HAE: 
MECHANISMS 
C ONtEN TRA TOR5 
SOLAR BLANK.HS 
POwlR OlST. & CuNJlllO~l~G 
s~IlCn GEAR & R~(..ULAlUR~ - t.~. 

LO-VOLTAGE CuNVtkT~KS - ~.t. 
co~uucruR~ & 1N~~LAJ10~ 
Sllt' R:lNGS 
tjA. TJER H.S 
SAT ·a ERY PO&C 
THERMAL CONl'tUL 
MAINTENA!'1(.E 
MAl~TtNANCE - FRtE ~LYE 0 S 

MAN~ED MANlPULAIUR 
TRACKS & ACttSS wAY~ 
PUw~R lRA~S~ISSlUN - ~AlcLLllt 
STRuCTURt 
PRIMARY STRttClUkl:: 
StCUNOARY ~TRUCluRt 
~ECHANlSM~ l~RUNNlON~) 

lRANSMlllER SUbARRAY~ - K.LY~lRU~S 
"'lYSlRuN f"!tll & R~ uul&t:: 

WAY!: GUlOt:-
HEA I l'l~ES -THt RMAL 
~LYSTRUN ~Uwt~ M~DULt cLtMt~l 

PnA~E SHIFTfRS 
PhA SE CONl RuL t:: LtC l f.. U\~ I CS 
f#OwER DlVH1t:t<S t C.U,.,tlNt~~ 

Mw SYSTEM lNl~bk~TlON 

****PRE-IOC ********* 
AVfqAGE OPS tOSl PER SAT/VR 

INV PER SAT RCI-PR~ O&M-fi'R~ 

12742.bl7 
4978.184 
2349.12 5 

195.373 
54.288 

137.181 
3.904 

82.586 
1916.473 

105.185 
7~.085 

3.655 
11.209 
13.766 
0.223 
1.247 
o.o 

49.509 
27.006 
17.588 
4.914 

2304.016 
l~l.573 

l.34':. 
188.962 

1.266 
1459.600 

o.o 
34.293 

296.216 
268.920 
144.b5l 
12~.678 
20.035 

569.b07 

71.944 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.c 
o.o 
o.o 
o.o 
o.o 
r. "' ..... "" 
o.o 
o.c 
o.o 
o.o 
o.o 
0 .o 
o.o 
o.o 
o.o 
o.o 
o.o 

6.104. 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.c, 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
c -~ 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0 .Ci 
o.o 
o.o 
o.o 

lOTAL 
PRE:-IOt 

78.048 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 



l:d 
I 

N 

"' 

wBS # 

1.1.2.3 
i.1.2.3.1 
i.1.2.3.~ 
i.1.2.~.J 
1.1.Z.3.4 
i.1.?.3.5 
1.1.2.3.C> 
1.1.2.4 
1. 1.2. 5 
1.1.2.s.1 
1.1.2.s.2 
i.1.2.5.3 
1.1.2.o 
i.1.2.6.l 
l.t.2.b.2 
1.1.2.b.~ 

i.1.2.6.4 
1. i .~ 
i.1.3.l 
1.1.3.2 
l.l.3.3 
l.l.Je't 
1.1.3.S 
1.1 • .:..ti 
1.1.3.7 
l.t.3.8 
1.1.3.'I 
1.1.3.10 
l.l.3.11 
l. l .4 
1.1.4.l 
i.1.4.1.1 
1.1.4.1.z 
i.1.4.1.3 
i.1.1t.l.4 

RUCt<. wtLL ~p~ (.R-i l"<EfERE~Cf CONF l~URAllONt l'i80 
TABLE B-10. ~AltLLllE PO~ER SY~lEM ISPS) PROGRAM PRE-lOC COSTS 

U~SCRIPTIL•l'll 

POwER DISl. & Cu~lllU~lNb 
SwllCH GFAk & ~tbuLAlU~S 
HI-vu~lAGt CUNVtRT~R~ 
LO-VOLl~bE co~vtRltR~ 
CONOUCTURS & lN~ULAllON 
BAllERH:S 
BAT IEr<Y Pr.C 
THEkMAL C0NTROL - JN~LATION 
CUNlROL - ~HA~t REf lRt~(t 
~Ef~RENCt fRE~ut~CY bt~l~AIOR 

DIST. SYSlf:M, tuAAl/IL (At\Lt: 
DlSl. ~VSTEM, ~t~IC~~ 

MAiNTENA"4CE: 
MAl~TENANlt - FRtE fLYtRS 
GA,..lRY CRANt 
ON-CRA~t CO~l~Ol CtNltR 
lRACKS & ACCtSS INAY~ 
Ht~URMATIUN MbMi. C. l.UNlRUL - !>AlELL 
MASltR LU~lkuL l~M~vlfk 

OlS~LAY~ & tONTROLS 
SUPER~ISO~Y COM~VrtF 

fUMJlt C.OMPUT.: R 
BUS CUN"I ROL UN l l 
""H.k.ul- Ku~ t ~ ~U!< ~ 
RE~UTE ACOUlSITlll'I E ~u~T~uL 
S UBMUL 1 I PL t)l.UR S 
J i'.S l RuMtN 1 ,\l J IJ"" 
UPTlCAL FlbtR 
tABLE!>/hARNt:-SS 
AllllUOE C~~TR8L & ~lAllCN~EE~lNb -S 
ACS HAROwARi::: 
AC!) lttRUS lt:R cu,.1..U''H. "cl s 
AlS - tONVUCluR~ ~ l~SULATlON 
ACS - PuwtR PROCtS!)jf\11, =~ul~MtNT 
ACS - THRUSl~R b1M~AL5 A~U MOUNllNG 

****PRE-IOC ********* 
AVER4GE OPS COST PfR SAT/YR TOTAL 

J~V P~R SAT RCI-PRE O~M-PR~ PR~-IOC 

3&5.275 
15.807 

269.643 
1.164 
3.618 

10.457 
24.587 

1")0.982 
51.32 8 

0.111 
42.120 

q.oq1 
b5.259 
33.245 
C.257 

~ l.05 5 
o. 702 

189.170 
3.021 
o.Sl5 
1.109 
L:.560 
~.958 

~. c..o .. 
b.395 

68.467 
79.222 

0.675 
15.444 
72.235 
72.235 
b9.979 

0.00<1 
0.93b 
l. 310 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.c 
o.o 
o.o 
o.o 
o.o 
,. f' 
l,..·. \,I 

o.o 
l.lel.J 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0 .o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0 .c 
0 .c. 
- ' u •I. 

o.o 
0 .o 
o.o 
0 ·" o.o 
o.o 
o.o 
o.o 
0 .o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
v.O 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 



t:d 
I 

N 
-...J 

W'3S # 

1.1.'t.2 
1. 1.5 
i.1.s.1 
1. 1 .. 5. 2 
l.l.5.3 
1.1.6 
lelebel 
i.1.0.1.1 
l.l.b.l.2 
l.l.t>.2 
1.1.&.3 
1.1.6.3.1 
1.1.b.3.'= 
l.l.b.4 
1.1.0.!> 
i.1.b.5.1 
1.1.6.5.2 
1.1.t..~.3 
1.1.7 
1.1.1.1 
1.1.-1.2 
1.1.a 
1. 1.9 
i.~.c,.1 

1.1.9.1.1 
1.1.9.l.2 
l.l.9.1.3 
1.1.9.1.4 
1.1.9.l.5 
1.1.9.l.b 
1.1.9.l.7 
1.1.Q.l.b 
l.t.9.J.9 
1.1.9.1.10 
1.1.9.1.11 

ROCKwtLL ~PS CR-2 REFERENC~ CONF1GURATION 9 l980 
TABLE: B-10. SATE LU H: 1-0WtR SYSlE:,. tSPS) PROGRAM PRE-IOC COSTS 

Of.:Sl.R lPT J Uf\f 

AC.SS PROPELLANT 
CUMMUNlCATJON~ - SAl~LLllt 

SAlELLllE TO bR~UNu 
SATELLITE lG RE~uPPL'f VlHICLES 
SATE-LllTE Ir~HE~\.OM 

INTERFACE - SAT~llllt 
SlRUCTURE 
PRIMARY STRUCTURE 
SECONDARY ~TRVC.luRt 
MECHANISMS - HnER.t-ACE 
PUwtR OlSTRlHUllO~ 
CONOUClUR & l~SULAl .tL'N 
SLl~ RJ~G BRU~Ht~ 

THERMAL CUNTRUL 
MAlNl ENANCt: 
MAl~TE~A~Cf - ~kEE ~LYtRS 
MAN~ED MA~lPULAlUR 
TRAC~S & ACCE~~ wAY~ 
SVSTf,..S TEST - SAh:.Llllt 
SY~lEM bRUUNO l~~T hA~UwARt 

SVSlE:M t:.ROUND TE!>l LP~~AllUNS 

GRUVND ~uPPt::.RT ~~Ul~~~~I- ~ATfLLIT~ 
PROOF-OF-CONCEPT PILOT PLANT 
Cu• v h~ lCUit ~ul.\ v lh ! Cu 
PRIMARY SlRlJCTURt - t.C. 
SECONDARY SlRUClL~t - ~.C. 

MEtttANl~~~ - p~=tu~~LR ~.c. 

CON~~NTRATO~ - t.L. 
SULAR BLAN~tl -t.C. 
SWllC.HGEAR & l{t:.bLILAILqS - t.C. 
LU-~OLTAGE CU~v~~T~~~ - t.t 
CONDUCTORS t lN~ULAllUN - ~.C. 
ACS HAROWAkE - ~.L. 

ACS - lONDUCTUR~ & .tNSUL - t.t. 
AC~ - BATTERIES - t:.c. 

****PRE-lOC ********* 
AVERAGE OPS tOST PER SAl/YR lOTAl 

lNv PEk SAT Rtl-PRE O&~-PRE PRE-IO~ 

o.o 
o.o 
o.o 
o.o 
o.o 

b3.64l 
16.604 
7.956 
b.b48 

17.173 
3.4t70 
1.268 
2.201 
o.o 

20. 394 
7.437 

11. -;r, 3 
l.404 
o.o 
o.o 
o.o 
o.o 
o.o 
o.c 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
C•.O 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.u 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
u.O 
o.o 
o.o 
o.o 
o.o 
c.c 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
c.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
v.o 
o.o 
o.o 
o.o 
o.o 
n " ·-."" o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.u 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.c 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
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RUtKw~Ll ~P$ lR-2 REfERf~CE CONflGURAlJON,1980 
TABLE B-10. SAT l: LLJ Tf t-OwER SY s lEM u~PS) P~Ol>RAM PRE-I oc co~ TS 

wBS # DE~CRIPT luf\ 

1.1.9.1.12 ACS - BATTERY ~utt - f.C. 
1.1.9.1.13 SLlPRINGS - PRtLuRSUR t.L. 
l.l.Yelel4 TRA~KS & ACttSS wAY~ - t.t. 
l.1.9.lel, PRIMARY SlRUClUR~ - INTERFACE 
l.l.9.lalb SECLNOARY SlRU(lUR~ - I~lER~ACE 
lele9•lell MfCHA~l~MS - INT~~~Al~ 
l.l.9.l.18 CONDULTORS & lNSULAllUN - INltRFACE 
1.1.q.1.19 SLlf>RlNl> bRUShES - t'RECuRSUR - JNltR 
1.1.9.l.lO ~RIMA~Y SlRUC.lURt - ~Wt~ l~ANS 
1.1.9.1.21 StCUNOARY SlRULlURt - ~uwtR TRANS 
l.I.9.1.22 MECHANISMS - POwER lRAN~. 

l.l.9.l.23 P.T. KLYSTRUN SubAMkAY U~l&~ 
l.l.9.l.24 P.T. ~LYSTRO~ WA~~bUlO~ 
l.l.9ele25 P.l. KLYSTRlJN Ht.Al .. 1.-t:.!> 
l e l • 9 • l • 2 t> P • l • KL '( S TR \JN P • M. t Li: M t 1-..1 
1.1.9.1.27 P.l. KLYSTRON P~ASt ~IFltR~ 

l.l.9.l.28 P. 1. ~LYSTRuN P~. l~iRUL ~lfClRuNl 
l.l.9.t.l9 P. 1. KLYSlkUN P~WEk Ul~lu~NS AND tu 
l.l.9.l.30 l(LYSlRON ~URARRA-. SY~ltM lNlE:GRATION 
l.l.~.l.31 ~Ott - SW. GR. & RtbULAIORS - ~.T. 
1.\.9.1.32 PO&C - HI VGLTAb~ LONV~Rl - P.T. 
l.l.9.l.33 ~O&L - LU VuLlAbt tu~VERI - ~.T. 
l.l.9.l.34 PD&C CONDUCTORS & lN~ULAllUN - P. 1. 
1.1.9.1.35 ~AlltRltS - P.l. ~R~LvR~Uk 
l.l.9.l.3b ~.l. - BATTtRY ~f&l 
1.1.9.1.3·1 THf::t(MAL CONlRUL - l~SULt.llUN - PRECU 
l.l.9.l.38 RE~ER~NCE fREwUtNC.1 b~N~RAIOR - PREC 
l.l.~.l.39 OlSl. SYSlEM, CUAXl~L (A~Lf 
l.l.9.l.40 OlST. SYSTEM UEVlC~S 
i.1.9.1.41 P.T. - MASTfR CuNTROL COMPUrtR - IMS 
l.l.9.l.42 P.T. BUS CONTROL U~ll 
l.l.9.l.43 P.T. - MlCRuPROf~SSuRS - IMS/COM 
l.l.q.l.44 P.1. - REMUTf AL~ & l~NlROL - lMS/tU 
1.1.9.1.45 P.T. - SU8MULll~Lf~~K - lM5/tUM 
l.l.'i.l.4b P.T. - lN!)lRIJMtN1All~ - IMS/lOM 

****PRE-10( ********* 
A~ERAGE OPS COSl PER ~AT/YR 

INV PER SAT RCl-fR~ O&M-PRE 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.c 
o.o 
o.o 
c.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
c.o 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0 .c 
o.o 
o.o 
o.o 
o.o 
o.o 
0. (J 

o.o 
o.o 
o.o 
o.c 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
0 .o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.c 
o.o 
o.o 
c.o 
o.o 
v.\. 
c.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

101 ~L. 
PRE-IOC. 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
c.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
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ROCKWtll ~~ CR-2 Rl:::FERl:::NCE CONFIWRATJON,1980 
1Af:!LE: B-10. SATELLITE POwER SYSlfM lSPS) PROGRA!lll PRE-lOC COSlS 

WtiS # OESCRIPTlCN 

l.l.9.l.47 P.1. - CABLES & hARNE~S - IMS/COM 
1.1.9.l.4~ P.T. TRACKS ANU ALCf!~W•YS FUM ~~ AN 
l.l.9.l.49 P.T. ANI. MW LlflS - IN~lALL & l/0 ~ 

l.l.9.2 PRtC.URSOR ~Pt~AllONS 
l.l.9e2.l PRl:::,URSOR SlS lR•N~~U~TAllO~ 
1.1.9.2.2 PRECURSOR CONSHWCl Jll\I CIU:w 
l.l.9.2.~ PK~tuRSu~ bEU lt~f ALllv11Y 
l.l.9.2.4 PRE~URSOR ~kOPFllANl 
1.1.9.3 t>Rt:UASOR GROUNV RE.U:lVlNG FACILITY 
l. 2 s PACE CONS 1'(UC1 HIN c. Su i't>U~ r 
1.2.l C.UNST~UC.llUN f-AL1Llll£.~ 
l.2.lel WOR~ SUPPORl F•ClLlllt~ 
l.Z.l.l.l BEA~ MACHINE 
leZelel.2 Bl:::AM MALHl~E tA~SfllES Stl 
t.z.1.1.3 CABLE AllACHME~l MAChlNE 
l.2.l.l.4 RcMOT~ MANIPULAIUR 
1.2.t.1.5 bLA~Ktl OlSPE"4StR MAtHlNE. 
1.2.l.l.b SOLAR BlAN~~l t~~~fll~~ 
1.2.l.l.7 RE:FLECTOR lJ1S .. EN!>ER MAC.1,..l"4E 
l.2.1.1.8 REfLEClOR CASStflES 
1.2.1.l.9 CA~Ll/CATENARY D~~~tNSER MAlHINtS 
l.2.I.1.10 ~NTEN~A PA~tl l~~. t~PI. 

l.2.1.1.11 GANTRY/CRANtS 
: • .:.l.l.J:.2 CARCO STCR1>(.'-: t·q~,1~ 

1.2.1.l.13 fAB flXTuRf. 
l.2.l.l.14 AlRLOCK DOC"-l~G !WICJlJUU:: fAOM) 
l. 2 .1 • l .15 8 A~ t MbM I • MCJCJU d ( P. MM) 
1.2.1.1.16 POWER MGOULE tP~i 
le 2.l.l.17 PRESSURILE[J STORAut: MODIJd: (~SM) 

1.2.1.2 CREw SUPPORT FALlllllfS-SCb 
l.Z.1.2.l AlRLOC~ OUCKlNG MOUULf-AUM 
1.2.1.2.2 C.RE-. HABIJAelLllV MtJWLt-C.:HM 
1.2.1.2.3 CUN5UMABLt:S LObl~llCS MUDULf::-CLM 
1.2.1.z.4 SttlELDINb 
1.z.1.2.~ C.Rt:W SUPPORl !'l!Ol.lllL~-f.~IWI 

****PRE-IOt ********* 
AVERAGE OP~ tOST PER SAT/YR 

lNV ~~R SAT R~J-PR~ O&M-PRE 

o.o 
o.o 
o.o 
o.o 
"· 0 o.o 
o.o 
o.o 
o.o 

209.87.lt 
l 'i4.24 l 
r1.1&0 

l.970 
0.227 
o.593 
1.078 
o.551 
0.7bl 
0.091 
o.09a 
0.444 
3.905 
l.b5ts 
0.14 7 
l.bOB 
4.&38 

23.303 
20.64b 
15.467 
49.618 

1.408 
31.28 8 
ll.586 
0.406 
't.930 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
4.331 
3.854 
2.200 
o.o 
o.oo.c. 
o.o 
0.036 
o.u 
0 .oz!> 
o.o 
0.002 
o.o 
o.o 
o.o 
o.o 
o.o 
0.15~ 
o.77b 
0.688 
0.!>15 
l.b!>4 
0.047 
1.043 
0.386 
0.014 
O.lb4 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
3.713 
3.713 
3.713 
o.eu 
Oellb 
0.228 
0.360 
0.183 
o.t 56 
0.020 
0.0 .. 2 
0.074 
1.110 
0 .ltsl 
0.023 
0 .241 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.u 
o.o 

TOTAL 
PRE-IOC: 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
8.044 
7.566 
5.'113 
o.a11 
0.119 
0.228 
0.39b 
0.183 
0.181 
0.028 
0.044 
o.074 
1.170 
o.2a1 
0.023 
0.241 
0.1~5 
o.776 
0.688 
0.51~ 
1.054 
0.047 
1.043 
0.386 
0.014 
O.lb4 



t:d 
I 

iJJ 
0 

Wb5 If 

1.2.1.3 
i.2.1.3.l 
1.2.1.3.~ 

l.2.2 
l. 2 .z .1 
l • .l.2.1.1 
l.2.2.1.2 
i.2.2.1.3 
1.2.2.2 
i.2.2.2.1 
i.2.2.2.2 
l.L • .l.2.3 
i.2.2.3 
1.2.2.3.1 
1.2.2.:3.2 
1.2.3 
1.2.3.l 
1.2.3.l.l 
1.2.3.1.2 
l.2.3.1.3 
1.2.3.l.4 
1.2.).2 
l.:? • .3.:.::.1 
1.2.3.2.l 
l.Z.3.3 
l.2.3.3.l 
l.Z.3.3.2 
1.2.3.~ • .:S 
l.l.3.:;.4 
1.3 
l. 3 .1 
1.3.1.1 
1.3.l.2 
l. 3.2 
1.3.£.l 

ROC~wtLL ~~ CR-2 RtFERENC~ CONFIC,URATI0~,1980 
lABLE B-10. ~AlllllTE POWER SYSlEM (~PS) PROGRAM PRE-IOC tO~TS 

Dt.SCRlt-1 l l.1"4 

OPERATIONS 
uPERATIUNSt C.ON~lRU(.lHl1'C CRtw 
OR& ll AL O~tRA 11 uNS ,C. lJ'J ~ 1" • ... R OV • 
LOblSTICS SUPPURl ~AllLllIE~-LtO 
wuRK SUP ... URT FA(Jllllt~ 
RA~t ~GMI. MOUUl~-~MM 
POwt::R MODlllf:-PM 
A lR LOCK OUCKl r-..b f"UL'UU: - Al',.. 
CREw SUPPURl FALlLlll~S 
CREw. HABllAlHLI .,'t IWIOUUL ~-(hi"! 
CON~V~ABLES L\Jb lST J.C!> ~ul>ult CLM 
CRt:w ~UPPURl ~UlJl'lt,t:VA 

0 f' t: ~ A T I 0"4 S 
l~O U~ER4TluNS tRtW 
LEO tRtW PkUY!SlUN5 
O&M SU~PORl FAtlllll~S - ~ATELLJTE 
~URK ~U~PU~l FAllLl)ll!> 
AIRLOCK L>Olt<.lNC:. l"\JllOU:-AUM 
6ASt MGMT Mf'DUL~-~MM 
PRc~SURlZt.:O SlORAGt MUOvlt-f'S"! 
PUW'ER MOOULF-PM 
tRtW ~U~ ... URl ~A(~Lll1lS 

:_~~;-: '1A~llAt'lll l't ~ ...... LlL.:-"-n·1 

CO~~UMABLE~ LOGISTIC!> MUOULc-CLM 
OPE~AllONS 

5ATtllllE U~t~AllU~~ l~tw - Slb 
SAlELLilE OP~kA)lO~~ CR~ft - ~MB 
CR~W PROVlSlONS - St~ 
OtM CREw PROv lS lUN~ - ""Ml-I 
TRANSPORTATION 
SP5-HEA~1 LlFT LAUNth YthllL~lhLLV) 
SPS-nLLV Flttl 
~P~-HLLV uPfRAl lLN~ lVTG-Hl) 
CARGU ORBITAL TkA~~~[R ~tHlCLllCOlV) 
COTv Vt:1-tlllt:S 

****PRE-lOC ********* 
AVERAGE OPS COST PER SAT/YR TOTAL 

lNV ~E~ SAT R~l-PRE O&M-PRE PRE-IOC 

67.437 
4b .28 7 
21.150 
l~eb33 
9.282 
'te 79 8 
4.251 
0.233 
5.075 
1.573 
1.082 
2.42 0 
1.276 
o.876 
0.400 
o.o 
o.o 
o.o 
o.o 
o.o 
o. (' 
o.o 
l.•• \) 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

1989.518 
lbb2.568 
1121.bbl 
~o.qot> 

204. lB't 
1ct9.257 

o.o 
o.o 
o.o 
0.478 
o. :;o~ 
0.100 
0.142 
0.008 
O. lb9 
0.05l 
0.036 
O.Ot!l 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
c.c 
o.o 
o.v 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

b3.48 l 
5b.480 
56.480 
o.o 
2.938 
2 .'136 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0 .c. 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0 .Ci 
o.o 
o.o 
o.o 
o.o 
c.o 
o.o 
v.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
c;.o 
0.478 
0.309 
Cl.160 
o.11t2 
o.ooe 
0.169 
o.os2 
o.03b 
0.081 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

63.481 
56.480 
~b.48(1 

o.o 
2.ql8 
Z.938 



b;j 
I 

w ,_. 

W8S ft 

1.1.2.1.1 
i.::..2.1.2 
1.3.2.1.3 
1.3.2.1.4 
1.3.2.1.~ 

l.3.2.1.0 
l.3.2.1.7 
l.3.2.l.t:! 
1.3.2.l.9 
1.3.2.1.10 
l. 3.2.1.11 
l.'j.2.1.12 
l.~.2.1.lj 

l .3.2 .2 
1. 3.3 
l.3.3.1 
l.3.3.4'. 
1.3.3.2.1 
1.3.3.2.2 
1. 3.4 
1. 3 .4. l 
1.3.4.2 
t.~.5 

l.3.!>.l 
1.3.5.2 
1. 3.b 
l.3.6.l 
1.3.o.2 
1. 3. 7 
1.3.-1.1 
1.3.7.2 
1.3.7.~ 
l.3.7.4 
1.3.7.5 
1. 4 

RUC!'.w::LL ~s CR-2 REFERt:NCE CUNflbURATJON,l'i80 
1 ABLE B-10. SAl fll lTE POWER SYS lEM CSPS) PROGRAPI PRE:-IOC COSTS 

DESCR!PlllJN 

PRIMARY SlRUClUPE 
SECo~OARV ST~UCl~E 
MEChANlSMS - EulV 
fRAC~S ANO ACCESSWAY~ 
CONCENTRATOR 
SGLAR bLANl\t:l 
SWI JtHGEAR ANO Rf-GUl ,_JURS 
LU-VOLTAGE CUNVtRltR~ 
CONOUCTORS AN~ 1~SULATION 

BAT H:RIES 
BAlH:RY P£.ltC 
ACS hARDwARl-CUlV 
l~fO. MGMT. A~U LU~lRUL 
COTY Uf E:RATlUNS 
STS P~RSON~tl ~ARGO LAl~LH VEHJCLf 
SlS CAR~O CARRltR ANO tM 
STS OPt:RAllONS - GRCwlh AN(; DE.f{lVAll 
UPERAllONS-Sl~ ~RUwl~ HLLV 
O~fRATlONS - ~T~ O~RlVAllVe 

PEkSOl'fNEL O~~lTAL lRA~S VtHICLE 
POTV-FLEET 
POl 'V-OPLRA 1 llJ"t~ 
P.;.RSONN~L "'IOl"l'L t CP"'l t 
PM flt:ET 
PM LPE~ATIONS 
lNTRAOR~ITAL T~~~SffK VlHltLEClOTV) 
IOlV fll:ET 
IOlY OPtRAllUNS 
GROU,._.0 SUP ... OR 1 ~AC l L 11 .1 ~ ~ 
LAUNCH fACILJllt~ 
~ECOVERY ~•CILlllE~ 

FUEL FAt!LlTIFS 
LOblSTltS SU~PURl 
UPtRATlONS 
GROUND REt~l~lN~ STAllO~ 

****PRE-IOC ********* 
AVERAGE OPS COST PtR SAT/YR TOTAL 

INV ~t~ SAT RCI-PRE ~&M-PRE PRE-IUC 

0.640 
13. 721 

1.131 
0.047 
0.803 

21.810 
o.542 
0.045 
o.331 

75.869 
3.188 

75.166 
5.«i66 
5.027 

50.379 
10.130 
40.249 
24.300 
1,.949 
3.b63 
2. 8lt5 
o.a1s 
3.Q~~ 

3.307 
0.656 
2.359 
2.262 
0.097 

b2.302 
o.o 
o.o 
o.o 
o.o 
o.o 

lt217.105 

o.o 
O.O'tt> 
o.o 
o.o 
0.003 
0.01~ 
0.002 
o.ooo 
o.o 
2.529 
0.016 
0.251 
o.ozo 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0.190 
0.190 
o.o 
o.~::q 

0.331 
o.o 
0.151 
o.1s1 
o.o 
3.392 
o.o 
o.o 
o.o 
o.o 
o.o 
0.087 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.n 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1.570 

o.o 
O.Oltb 
o.o 
o.o 
0.003 
0.013 
0.002 
o.ooo 
o.o 
2.529 
O.Olt.> 
0.251 
o.ozo 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0.190 
0.190 
o.o 
0.331 
0.331 
o.o 
0.151 
0.151 
o.o 
3.392 
o.o 
o.o 
o.o 
o.o 
o.o 
l .6!>7 



t:i::l 
I 

VJ 
N 

wtlS # 

1 .... 1 
le4elel 
1.4.1.1.1 
l.'t.1.1.2 
1 .... 1.2 
l.1t.1.2.1 
1 .... 1.2.2 
1.4.1.3 
1.4.l.4 
1 ..... 1 ..... 1 
1.4.1 .... 2 
l.4.1.5 
1.4.l.b 
1.4.1.7 
1. '+.2 
1 .... 2.1 
1.1t.2.1.1 
1.4.2.1.2 
1.4.2.1.3 
1 ..... 2.1.4 
i .... 2.2 
1.4.;:.z.1 
1.4.2.2.2 
i .... ~., • .J 
1.4.2.3 
i .... 3 
1.4.3.l 
l.4.3.2 
1.4.3.3 
1 .... 3.4 
1.4.4 
le'+•'+•l 
1.4.4.2 
1.4.4.3 
1 ..... s 

RUCl\W!LL ~~ CR-2 Rt:FERENCE CONFlbURAllON11980 
TAALt B-10. SAlELLllE POwE~ SYSTEM tSPS) PROGRAM PRE-IOC COSTS 

OESCRIPllOl't 

SITE ANO FALILlllES 
LAND A~O PRtPARAl!uN 
LANIJ 
LANO PREPARATlU~ 
ROAD~ "NO FENCE:~ 
RAlLS A~D ROAUS 
FEN\.lNG 
~llLlllE:S 
HUI LOI NbS 
SlURAbf 1MAlNl£Nll'«:t ~AC1Llllt~ 
CUNVa SlA. G MONllOR/CONIRUL f-AC. 
MAINlfNANCf E~Pl. FUR SlTE & FACILIT 
LIGHTNING PRultClluN 
SITl & FAClllll~S ULJl&E 
RfCTfNNA SUPPORl SlRUCTURE 
SlEEL ~ANEL FAB. & lNSlALLAllON 
HAT SFCTIONS 
wlOt fLAN\:.E~ 

TUbc BRAC~S ~ HARO"ARt: 
ASSEMBLY & l~~TALLAllON 
TRENCHING & CON~RtlE IN~lALLAllON 
~uo11~G ~u~CKflf & Kt-e1~ 
MACHl~~ERY & EQUlP~t~T - GR5 CONSTRU 
C.ul'-4!> lK.ul. l !\JN u ... t kA I .luN~ 
SUPPURl STRUC.lUR~ oul&c 
POwtR COLLECllON 
ANTENNA Al<RAY E L~MENIS: 
PUWtR Ul~TRlBUTlON SY~TEM 
l NS .fALLA 1 ION C. Ctt.Ct\ Wl 
PowER COLLECT!ON-l'ulf£ 
CONIROL 
CONTROL CENTER t~ul~~EN I 
CONTROL tLEtTRO~iC~ 
CU~TROl ODTC.t 
GRID l~Tf.RFACt: 

****PRE-IOC ********* 
AVERAGE OPS tOST PcR SAT/YR 

INV PER SAT RCl-PRE O&M-PRE 

221.053 
115.969 

40.950 
75.019 
8b. l42 
86.241 
o.so1 
0.23lt 

13.428 
1.521 

11.907 
.c.. 680 
o.o 
o.o 

2138.b78 
1985.017 
lt20.412 
31t5.349 
504.671 
714.585 
153.862 

e2. e6o 
0.872 

10.1Ju 
o.o 

1583.244 
1318.966 

81.501 
1a2.n1 

o.o 
87. 750 
11.sso 
10.200 
o.o 

l8b. l8 l 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.oe1 
o.o 
o.o 
o.o 
o.o 
o.o 
0.087 
o.o 
0.087 
VeY 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1.510 
o.o 
o.o 
o.o 
o.c 
o.u 
1.510 
o.o 
1.570 
v.c 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

TOTAL 
PRE-IOC. 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
1.651 
o.o 
o.o 
o.o 
o.o 
o.o 
1.657 
o.o 
1.657 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 



tJ:j 
I 

I,;.) 
I,;.) 

wHS # 

t.4.~.1 

l.4.~.2 
1.4.b 
1.4.b.l 
l.'t.b.2 
1. !> 
leb 

RUCK.wtll ~S CR-2 REFE~tENCE CONFlGURAllON,1980 
TABLE: SATE:Lll"fl~ POwER SYSTEM tSPS) PROGRAM PRE-lOC COSTS 

UEStRlPTJCJ~ 

ELELTRICAL fQUl~~fNl 
GRIO lNlERFALE-DOl&t 
OPl:~ATIUNS 

UPER • & MA INT• ~t~~U~t L 
l'IAINl. MAlt:RIAL 
MANAb~MENl ANO !NlEbRAllu~ 

MAS~ CONTINGE.-.C't' 

****PRE-IOC ********* 
AYER4Gl OPS ~O~T PtR SAT/VR TOTAL 

INV PtR SAT RCI-PRf O&M-PRE PRE-lOC 

18b.18 l 
o.o 
o.o 
o.o 
o.o 

5b9. 734 
778.208 

o.o 
o.o 
o.o 
O.CI 
o.o 
3.395 
o.o5CJ 

o.o 
o.o 
o.o 
o.o 
o.o 
0.2b4 
o.557 

o.o 
o.o 
o.o 
o.o 
o.o 
3eb59 
1.207 



B.4.3 SPS POST-IOC OPERATIONS 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

Rockwell 
International 

Post-IOC operations cost includes replacement capital of systems, facili
ties and equipment, plus those expenditures incurred in the day-to-day opera
tional activities beginning with SPS-IOC and continuing ov,~r the life of 
each SPS. Examples of RCI costs in this category are spar,•s, their installa
tion and transportation charges, plus permanent improveme~ts in major systems. 
O&M costs cover such things as wages of maintenance person11el, minor repairs 
and adjustments to maintain syitem operation, and the transportation cost of 
personnel along with expendable and consumables. 

Table B-11 presents a summary of operations cost in tl1is category. These 
estimates cover post-IOC periods and are identified as average annual expendi
tures for each SPS. Replacement capital is required primarily for the satellite 
system, operational support facilities and transportation vehicles. O&M expend
itures are needed to support 1) mobile maintenance bases that service the 
satellite, 2) space transportation systems for transfer of mass to orbit, and 
3) personnel/maintenance materials needed at the ground receiving station. 

B-34 



wBS ,, 

1 
l.l 
l. 1.1 
1.1.1.1 
1.1.1.1.1 
1.1.1.1.2 
1.1.1.1.3 
l.1.1.2 
1.1.1.3 
1.1.1.4 
1.1.1 .... 1 
1.1.1.4.4! 
l.1.1.1t.3 
1.1.1.4.4 

~ 1.1.1.~.5 

~ i.1.1.i..o 
1.1.1.5 
1.1.1.t:> 
l.1.1.6.l 
l.1.1.6.2 
1.1.1.0.3 
i.1.2 
1.1.2.1 
l.1.2.1.1 
1.1.2.1.2 
1. 1 • .2. 1. 3 
1.1.2.:c 
i.1.2.2.1 
i. 1.2. 2 ·i 
1.1.2.2.3 
1.1.2.2.4 
l. l.2.2.!> 
i.1.2.2.0 
1.1.2 .2.1 
1.1.2.2.8 

ROC1'. w!:LL ~~ CR-2 REFERENCE CONF IGlJRA l ION, 1980 
TAHU: B-11. SATELLITE POwE~ SYSIEM tSPS) PROb~AM POSl-IOC COSTS 

O~SCRlPTlU~ 

SAT~LLITE PU~fR SYSlEM tSPS) •ROGRAM 
SAl~LLll~ ~v~rEM 

ENtRb1 CONVf~SlON - SAltL~llt 

SlRlSCTURE 
PRl"ARY SlRUCTURt 
SEC CJ NOA RY S 114.UC. H"t ~ 
MEC.ttAN l SMS 
CONCENTRAl ORS 
Sul AR BLANl'.tl S 
POWER OlST. & tCMJlllO~!~b 
SwlllH bEAR & RfbULAlUR~ - t•L• 
LO-VOLTAGE ~U~VfRltkS - f-.C. 
CONOUCTUR~ & lNSULAllON 
SLIP RINGS 
BATTER JES 
BATl ERY f'O&C 
HtERMAL CONlRlil 
MAI NTENAN(.t:: 
MAINTENANCE - FRtE ~LYtRS 
MANNED MANl~ULAl~ 
lRAtKS & ACCESS WA~~ 
P Ow ER TR AN 5M1 SS H.JN - ~A l 1: LL l 11: 
SlRUCTuRE 
PRI~ARV STRUCTUkf 
S~CONDARY ~lRUCluRt 
MEC11ANlS,_.S lTRUNNlON~) 

TRANSMlTTER ~UB~~RAYS - KLY~TRONS 
l(LYSTRUN MPT & RS IJL;l&t 

wAVl: GUlOE 
HEAT PIPES -THE:Rfl'IAL 
KLYSlRON t'OwER Ml.•OULt t:Lt:l'1t~J 

PHASE SHIFH:RS 
PHASE tuNTRUL l:LtClR~lC~ 

~O~ER OIVIOERS & COMfl~E~5 
Mw SYSTEM INTEGk~TlU~ 

***POST-JOC ********* 
OPS COST P~R SATIYR TOTAL 
Rtl-POST O&M-POST ~OST-IOC 

73.828 
33.025 
7.512 
O.le> 1 
o.o 
0.152 
0.009 
0.09£ 
4.258 
2.715 
Z.503 
0.122 
o.o 
0.076 
0.001 
0.001 
o.o 
o.2e !> 
0.188 
0.098 
o.o 

24.431 
0.213 
o.o 
0.210 
0.003 

11.47'1 
o.o 
o.o 
o.o 
1. 793 
4.e22 
4.l9b 
O.bo8 
o.o 

71.l'tt> 
0.120 
0.026 
0.015 
o.o 
o.o 
o.01s 
o.o 
o.o 
0.011 
o.o 
o.o 
o.o 
o.o 
0.011 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.5t>9 
0.015 
0 .o 
o.o 
0.015 
Ci .o 
o.o 
o.o 
o.o 
o.o 
0 .o 
o.o 
o.o 
o.o 

l'tlt.97't 
~).145 

7.538 
0.176 
o.o 
o.1s2 
0.024 
0.092 
4.258 
2.726 
2.503 
0.122 
o.o 
0.076 
o.01a 
0.001 
o.o 
0.285 
O.l&tj 
0.098 
o.o 

25.000 
0.228 
o.o 
0.210 
o.01e 

11.479 
o.o 
o.o 
o.o 
1.793 
4.822 
4el9t:> 
0.068 
o.o 



o:i 
I 

c,,..i 

°' 

~tjS # 

1.1.z.3 
1.1.z.3.1 
1.1.4:'..3.~ 

1.1.2.3.3 
i.1.2.3.4 
i.1.z.3.5 
1.1.:?.3.b 
i.1.2.4 
l.l.2.5 
i.1.2.5.1 
1.1.2 • .5.2 
1.1.2.5.3 
1.1.2.b 
1.1.Z.b.l 
1.1.2.6.2 
1.1.2.b.3 
1.1.2.0.4 
l. 1 • .J 
1.1.3.l 
1.1.3.2 
1.1.3.3 
1.1.~.'t 
i.1.3.5 
l.l.J.b 
l.t.3.7 
1.1.3.8 
1.1.3.9 
l.l.3.10 
i.1.3.11 
l.l.4 
1.1.4.l 
i.1.4.1.1 
1.1.4.1.~ 
l.l.4.1.3 
i.1 .... 1 ... 

ROC~wcll ~~5 ~R-£ RtFER~NCE CONflbU~AflON,1980 
lABLt: B-11· ~ATf:LLllE POwt:R SYSlEM U~PS) PROG,UM POSl-10(. C.OSTS 

Ut:SC R l ~11 l!N 

POW~R UlSl. & CU~OllJONJNb 
SwllCH bEAI< & qtWLAlu1<s 
Hl-YULlAGf ~uNvfklEkS 
LO-VOLTAGt tONVtkliRS 
C'1NUU<.1URS f.. 1"4SULAl llJ"' 
BAllE:Rlf.~ 
BATlFRY P&C 
THfkMAL CUNlROL - l~!~LAllUN 
~ONTROL - PhASt REF~ktNLt 
Rtftq~~Ct ~RtWUtNCY bENtRAlLlR 
DlSl. SYST~M, CUAXl~L C~tlLI: 
OISl. SYSTtM, LllVlCt~ 

MA 1 ~ l I: N ~ l\IC l 
MAl~TE:NANCE - FkfE flYHtS 
GANTRY tRANt 
UN-CRAN~ CONl~OL Ct:~lE~ 

TRACKS & ACCESS ftAYS 
l~fJRMAllUN ~bMl. t CUNlRUL - ~AltLL 
MASlfR ~ONT~Ol ~UMPUlfk 
Dl~PLAYS & lONTRUL~ 
SUPERVISORY CCJMf'ultR 
Rt.Mun CUMP1..JTt.R 
RU~ CONlRuL UN 11 
Ml (.l<OPf.tUC. t ~ !)ui{ !) 

R.l:MUTE ACIJUlSI 1 l~ C. L.ur-.l~UL 

S UfH~UL l IPL. E "ORS 
l~SlRUMtNTAllON 

OF'T l C.AL F-1 b~R 
CABU:5/HARNf~S 
AllllUOc tuNTRUL c. ~lAtlu~KtE~lNb -5 
ACS t1ARDwARi: 
AC5 THRUSTER cu~~U~t~I~ 
ACS - CUNL1U(.TOR~ ~ lNSULAllJN 
AC~ - ~uwtR VRO(t~!)j~~ t'Ul?M~NT 
At~ - THRUSl~R blMb~LS A~G MuUNllNb 

***POST-IOC *•••*•*** 
OPS COST ~ER SAT/YR 
RCl-PO~l O&M-POST 

12.039 
2.527 
a.9ae 
0.039 
o.o 
o.34CJ 
0.137 
o.o 
0.307 
0.004 
o.o 
0.303 
c. 39lt 
0.222 
o.o 
0.172 
o.o 
O.t>31 
0.010 
o.ooi 
0.004 
0.009 
0.020 
0.01-t 
0.021 
0.22b 
0.264 
0.002 
O.O:>l 
0.233 
0.233 
0.233 
o.o 
o.o 
o.o 

0.543 
o.o 
o.o 
o.o 
o.o 
O.S43 
o.o 
o.o 
0.012 
0.012 
o.o 
o.c 
u.c 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.c 
o.o 
u. (, 
o.o 
o.o 
o.o 
o.o 
o.o 
0.100 
o.o 
o.o 
o.o 
o.o 
o.o 

TOTAL 
POST-I QC 

12 .581 
2.527 
8.988 
0.039 
o.o 
0.891 
0.137 
o.o 
0.319 
0.010 
o.o 
0.303 
0 .394 
0.222 
o.o 
0.112 
o.o 
o.t>3l 
0.010 
0.002 
0.004 
O.OO<J 
0.020 
0.019 
0.021 
o.zza 
0.26't 
0.002 
0.0~1 
0.333 
0.233 
0.233 
o.o 
o.o 
o.o 



t:P 
I 

(,,..) 
...... 

Wl3S # 

l.1.4.2 
1.1.!> 
l.1.5.l 
1.1.5 • ..! 
l.l.!>.3 
l.t.b 
1.1.&.1 
l.l.b.1.1 
i.1.b.1.2 
1.1.0.2 
l.l.6.3 
1.1.6. 3 .1 
i.1.c..3.l 
lelebe4 
1.1.b.5 
i.1.b.!>.l 
1.1.6.5.2 
1.1.b.!>.j 
1.1..7 
1.1.1.1 
i.1.1.2 
i. 1.a 
1. 1.9 
1.1.~.1 

i.1.9.1.1 
1.1.9.1.2 
1.1.9.l.j 
i.1.9.t.4 
1.1.9.1.5 
l. 1.9. l.b 
1.1.9.1.1 
l. l.9.1.B 
l.t.9.1.9 
1.1.9.1.10 
1.1 • .-,.1.11 

ROCK wlLL !>PS Cl~-2 REFEREl,.CE CONf lGUR.AT JON, 1980 
TABLE B-11. SAltLLll~ ~O~ER SYSTEM tSPS) PROGRAM POSl-IOC COSTS 

OESCRIPT ll.Jf\4 

.\CSS PROPELLANT 
COM MUN lCA l lUNS - SA l tL L ! lit 
~AIE:ll11E TU <7Rl.Jlh0 
SATtLLllE to RE~v~~L~ V~HlCLES 
SATtlllTt lNT~RllJM 
INTERFACE - SATt.LLl IE 
S H<OC. lURE 
PRI llllAR V STRUCTURE: 
SECONDARY SlRUCl~~ 
MELHANlSMS - 1~1EK~ACE 
~OWtR OlSTRJBUlJUN 
CONDUCTOR & l"1SULAllUN 
SLlP RING ~RU~H[~ 
1 HERMAL CuNlRUL 
MAINltNANCE 
MAINTE-NANCE- - FfH:E fLYt:R5 
MANNED MANIPULAIOR 
TRACKS & ACCtSS wAYS 
SY~lEMS Tt:Sl - ~Alt::Lll'fr 
SYSlEM GRUUNL> TE~l hAAD..,ARE: 
~y~·IEM bRUUNU lf~T Of'ER.AllON~ 

G~OU~D SUPPORT ~~Ul~~F~l- ~~TELLITE 

PROOF-OF-CONCEPT PILOT PLANT 
CUIV ~R~~u~~u~ ~tHJ~Lt 
PRIMARY SlRUCTUkE - E.~. 
SECUNDARY ~lRUCl~t - c.(. 
MEC.ttANl~MS - ~~tlUR~LI( l.l. 
CON~E~lRATOK - f..C. 
SOLAR BLANK~T -t.C. 
SWllCHGl:AR & RE:bULAIURS -· f:.C. 
LU-VULTAGl CO~VERTtR~ - ~.C 
CONUUClOR~ & lN~ULAllON - ~.c. 

A~S HARDWAR~ - ~.C. 

ACS - CONUULlORS & l~~UL - t.l. 
ACS - ~AlH:.:RIES - t.C. 

***POST-IOC ********* 
OP~ CO~l PER SAT/YR TOTAL 
Rtl-~O~T O&M-t'OST POSl-IUC 

o.o 
o.o 
o.o 
o.o 
o.o 
0.21 e 
0.010 
o.o 
0.010 
o.03s 
0.012 
o.o 
0.012 
o.o 
0.158 
0.041 
0.117 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
c.c 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

0.100 
o.o 
o.o 
o.o 
o.c 
0.025 
o.o 
o.o 
o.o 
0.025 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.a 
o.o 
o.o 
o.o 
o.o 

0.100 
o.o 
o.o 
o.o 
o.o 
0.243 
0.010 
o.o 
0.010 
O.Ob3 
0.012 
o.o 
0.012 
o.o 
0.158 
0.0~1 

0.111 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
c.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
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RUC~w~ll ~~s LR-? REFERENCF CONFJGURATJON,1980 
TABLE B-11. SATELLITE ~OWE~ SYSTE~ t~PS) P~ObRAM POST-IUC CO~T~ 

wBS # DE: SC R 1 Pl 1 ulll 

1.1.9.1.12 AtS - BATTERY Putc - ~.l. 
l.l.9.l.13 SLIPRl~GS - PR~CL~~UR ~.L. 
l.l.~.1.14 TRAC~S & ALC~SS ~AYS - t.L. 
l.l.9.l.15 PRl~ARY SlRUCTJkt - l~ltRFACf 
1.1.9.l.lb SECuNOARY S1RUC1URE - INt~RfACE 
l.l.9elal7 MfCHANlSMS - lNltR~ACt 
1.1.9.1.18 CUNDULTURS & 1N~l~A11UN - l~TtRfALE 
1.1.9.1.19 SLl~lNb ~RUSHt~ - ~RtCURSU~ - 1~1ER 
1.1.-t.l.20 PRlMAl<Y SlRUC-tUkt - K.JWlrt IRANS 
1.1.9.1.21 Sf:CUNOARY STRlJClURE: - ~uwt:R TRANS 
l.t.~.l.2l MfCHA~lSM~ - ~U~~R lRAN~. 
1.1.9.1.23 P.T. ~LYSTRuN SUtARR~Y uul&E 
l.l.9.l.24 P.T. ~LY5TRU~ WA~tG0JUt 
l.}.9ele25 P.1. KLYSlRu~ Ht~1Pl~t5 
1.1.9.1.Zo P.T. KLYSTRON~.~. EL~~~Nl 
1.1.9.1.27 P.T. KlY~TRUN ~~ASt ~IfltRS 
1.1.9. l.lts P. t. KLYSll<LN Pr--. (..l.r4'iRUL ~lE:CTRUNI 

i.1.~.1.z9 P. T. KLYSTRU~ tu~r.k U1~1uf~S ANO lU 
l.l.9.l.30 i<.LYSlRON ~U8ARR.AY SV~Tf:~ lNJEGRATlUN 
1.1.9.1.31 PO&C - S~. bR. L Rf:bULAl~RS - P.T. 
l.l.9.l.32 PO&C - HI VULTA~E LU!WE~l - ~.l. 
1.1.Q.l.3~ PO&l - LO \tl)Lll>l'- f[1"·Vt?l - P.l. 
1.1.9.l.34 ~O&L LUNUU(fURS t 1NSULAlluN - Pe T. 
:.~.;.1 • .3~ b,.ftlR.l'.:.~ - t'.i. ~'i-:,1.(0~.~ . ._.f, 
l.l.9.l.3b P.T. - h4llt~Y ~V~L 
l.l.~.1.31 TH~~MAL CONlRLlL - l~~~L~TlUN - PRECU 
l.l.9.l.3~ Rf~~RE~CE fk~~uf~(y V:N~kAlUR - PREt 
1.1.9.1.39 01s1. SYSTEM, (uAXl~L (A?Lf 
l.l.9.l.40 Ul~T. ~Y~ltM Dt~llt~ 
l.l.9.l.41 P.l. - MASltR CUNTROL CU~PulfR - IM~ 
1.1.~.l.'tl P.T. 8~S tO~TROL U~ll 
1.1.9.l.43 P.T. - MlCRUPku(t5~uRS - lMS/(QM 
l • 1 • q • l • 't 't P • I • - R ".'. MU ·1 ~ A LI.I t. UJ ... 1 RU L - I "I S IC. 0 
1.1.9.1.4~ P.T. - su~MULll~LE~f~ - !MS/CUM 
l.l.9.l.4b P.T. - lN~lRU~tNlAllU~ - lMS/lOM 

***~OST-IUt **•****** 
OPS COST PlR ~Al/YR TOTAL 
RCl-POST O&M-POST POSl-lOC 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
u.o 
o.o 
o.o 
- ..... 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.c 
o.o 
o.o 
o.o 
o.o 
o.o 
Cr .o 
o.o 
o.o 
o.o 
c.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
,, r 
"" .... 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.c 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
CJ.O 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 



t:ld 
I 

l.,t.) 

l.O 

WbS # 

i.1.9.t.'t7 
l.t.9.le48 
l.l.9.l.49 
l.l.9.2 
1.1.9.2.1 
i.1.9.2.2 
i.1.q.z • ., 
i.1.9.2.4 
1.1.9.3 
l. 2 
1. 2.1 
1.2.1.1 
i.2.1.1.1 
l.2.1.1.2 
1.2.1.1.3 
i.2.1.1.4 
t.2.1.1.5 
i.2.1.1.b 
i.2.1.1.1 
i.2.1.1.a 
1.2.1.1.9 
i.2.1.1.10 
i.2.1.1.11 
l.2.1.1.12 
1.2.1.1.1~ 
1. 2 .1.1.14 
1.2.1.1.15 
1.2.1.t.lb 
i.2.1.1.11 
i.2.1.2 
1.2.1.2.1 
i.2.1.2.2 
1.2.1.2.3 
1.2.1.2.4 
i.2.1.2.:> 

RUCKwtll ~PS CR-2 REFERENCc CONfl~URAllON,1980 
TABLt B-11. SAlELLITE POwER SYSlEM C~PS• ~ROGRAM POST-IOC COSTS 

OESCRlPll vfll 

P. l • - tABLtS & HARflff:SS - IMS/COM 
P.1. TRACKS ANU AC~f5S~~YS fUR MW AN 
P.T. ANT. MW Llfl~ - IN~lALl & l/0 t 
PR~CURSOR OPERAlluN~ 

PRECURSUR SlS TR"NSl-'ORTAllON 
PR~CURSuR CUNSTRUCllLN CRtw 
~~[CURSOR bEU Tl~l •L11~11Y 

PRE~UR~OR ~KOPELLANl 
PRECURSOR GROUN~ R~lEIVl~G ~ALlLllY 
SPACE: C.ONS\RlJC: l Jl.ll'-4 la ~U .. PORf 
CU~SlRU(.1 iUl\t f-Alllll ltS 
wORK SUPPORT fAClLlllcS 
BEAl"I MACHlNf 
BE:AM MACHlNf tASSfTltS ~~T 
CABL~ ATTACHME~l MAL~l~E 
REMuT~ MANlPULAl~R 

&LA~KET OlSPEN~tR MA011~£ 

SOLAR ~LANK!:l CJi.~Sf .-.~~' 
R Ef LEC TUR CHSl"E r..!)E:R MAC. rlM: 
R~fLECTOR CASSEtlf~ 
CABL~/CAfE:NA~Y ~JSP~N5lR MAlH1NES 
ANTENNA PANt:l l N~. tl.J .. li • 
GANlRY/C~ANtS 
CARbO SlOR•uf UfKil ~. 
FAB flXTUf<t 
AIRLOCK DOCKlNG MOUUU: tAOMJ 
BA~L MbMT. MuOUl~ (~MMI 
PO~ER MODUL~ (P~t 

~Rt~SURIL~D STORA~~ ~UOULE ( .. SM) 
CRE~ SUPPOR1 fACILlllES-~C~ 

A IR LOCK 1)0l.l\1"4G MOUULf·-AUM 
(.Rt" liABllARILllY M(.J0UIL.l::-C."1M 
CO"'i~l.IMAt:iLt:S LOGl~llL~ l"lOOULt-C.LM 
SHlELOlNb 
CR~w SUPPORT MOLULE-CS~ 

***POST-IOC ********* 
OPS COST P~R SAT/YR 
RC I-POST O&M-POST 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

15.134 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

15.628 
o.o 
o.o 
o.o 
o.o 
o.o 
c.o 
o.c; 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

TOTAL 
POSl-IOC 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

30.762 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 



o:i 
I 
~ 

WBS • 

i.2.1.3 
t.z.1.3.1 
1.2.1.3.2 
i.2.2 
i.z.2.1 
l.l.2.1.1 
l.z.2.1.2 
i.2.z.1.3 
1.2.2.2 
l.z.2.2.1 
1.2.2.2.2 
1.2.2.2.3 
1.2.2.3 
1.2.2.3.1 
i.2.2.3.2 
le 2e3 

0 
1 • .2:.3.1 
l.2.3.l.l 
i.2.3.1.2 
i.2.3.l.3 
i.2 • .i.l.4 
i.2.~.~ 

1. 2.3.l.l 
1.2.3.2.i 
i.2.3.3 
l • .l.3.3.t 
l.2.1.~.2 
i.i.3.3.3 
1.2.3.3.4 
1.3 
l.3.1 
1.3.1.1 
l.3.1.2 
1. 3 .z 
1.3.2.1 

qucKwtll ~5 (,R-l REfERE.~CE: CO,..FlGURAllONtl980 
1~t3Lt B-11. ~AltLLlTE PCJWER SYSTEM CSPS) PROGRAM POST-IOC tOSTS 

Ol::SC~lt'Jlu~ 

UP~RAT 1UNS 
llPtRAllONSt l.UN~lRul.llUfll CRt:W 
URBITAL OPtRAllU~S,C~~l. PRuv. 
LOblSllC~ SUPPURl ~•L1LlllES-L~O 
w(JR~ su~PUkl ~AlJLlllES 

~ASE MGMT. MUGULt-P~M 

PCJwER MODUU:-PM 
AH< LUCI'. OLCl'.l ~(, P':OlJuLt - AC"'I 
CktW SUPPORl FA(ILllJtS 
(qfw HA811ABJL11~ MUUUL~-CttM 
CUNSU~ABL~5 LUGl~TlLS MUUULc CLM 
CRt:w SUPPORT r-40l'llLE/l::VA 
Ofll:RATlUN~ 

LElJ UPt:RATlUNS. U<l:w 
L~O CREW PROVl~lONS 
O&~ SUPPORT fACJLlll~S - SAltlLITE 
ftURK $UPPOR1 FAlillllf.S 
A lRLOC" Ollttc. lt'4G ""°OULt:-AOM 
BASl: MGMT MUDULt-HMM 
PRE~SURILtD STURtbt MUOlll..i-~SM 

PUwfR MOOUL~-P~ 
CREw Su~PORl ~AflllllES 
CR E: w HA tH 1 AtH Li ·1 V MltWLf: -CH'"l 
CONSUMABL~~ LuG1~11lS MODULt-lL~ 

lJPl:RAllONS 
SAltLLllt uP~RAllU~~ ~Rtw - SCb 
5AlfLlll~ u~ERAllO~~ CRfw - MMB 
CREW PRUVlSIUN~ - ~CB 
O~M CRtw PROVlSlONS - MM~ 

1 RM~5t>OR l Al I UN 
SPS-HEA"Y LIFT LAU~LH VtHlLLtCHLLY) 
SPS-HLL V FLc l:l 
S P~-t1ll V lJtlfR Al ! L"'4!:. l Yl 0-1-tl) 
CAMGG OMRllAL lk~~~Ft~ VtH1CLEttOlVJ 
cor" 'JtHI(U:S 

***POST-lOt ********* 
UPS COSl PER SAl/YR TOTAL 
RCl-~OST O&M-PUST POSl-lOC 

o.o 
o.o 
o.o 
0.119 
0.077 
0.040 
0.035 
0.002 
0.042 
0.013 
0.009 
0.020 
o.o 
o.o 
o.o 

15.015 
14.170 
0.110 

11.531 
O.!>lb 
2 .00·1 
o.a .. s 
0. 501 
0.344 
o.o 
o.o 
o.o 
o.o 
o.o 

15.039 
13 .317 
13.377 
o.o 
0.735 
0.735 

o.o 
o.o 
o.o 
0.130 
0.011 
0.040 
0.035 
0.002 
0.042 
0.013 
0.009 
0.020 
0.011 
0.001 
0.003 

15 .497 
14 .170 
0.110 

11.537 
o.!>16 
2 .008 
0.645 
0.501 
o.3 .. 4 
0.482 
o.v39 
0.292 
(j .o 18 
0.133 

17 .At-19 
13 .150 

8 .ts55 
4.294 
2 .109 
2.Cl7l 

o.o 
o.o 
o.o 
0.2~0 
0.155 
0.080 
0.071 
0.004 
0.084 
0.020 
0.018 
0.040 
0.011 
0.007 
0.003 

30.,12 
28.340 
0.220 

23.073 
1.031 
4.015 
lebYO 
l.001 
O.b8'1 
0.482 
0.039 
0.292 
0.010 
0.133 

32.459 
26 .s2·1 
22.232 

4.2'14 
2.844 
2.80b 



°" I 
~ 
...... 

wes w 

l • .$.2.1.1 
i.::s.2.1.2 
1.3.2.1.3 
l.3.2.1.4 
1.3.Z.1.5 
1.3.2.1.6 
1.3.2.1.1 
1.3.Z.1.tJ 
1.3.2.l.9 
l.3.2.1.10 
l. 3.i.1.11 
l.~.2.1.12 
i.;j.z.1.1J 
1.3.2.2 
1. 3.3 
1.3.3.l 
1.3.3.2 
l.3.3.2.1 
l.3.3.2.2: 
l. 3 ·" 
1.3.4.l 
l.3.4.2 
1. 3. 5 
1.3.5.1 
1.3.5.l 
l. 3.b 
1.3.b.l 
1.3.o.2 
1.3.7 
l.J.7.1 
1 • .3 •. 7.2 
l.3.7.3 
1.3.7.4 
1. 3. 7. 5 
1.4 

RUCK w. r:LL ~PS C.R-2 RE FERE ~CE COl'4F l(~URA TION, l 980 
TABLE B-11. SATELLITE POw~R SYSlEM CSPS) PROGRAfl! POSl-IOC COSTS 

DEStRIPl 1 uf'I 

PRIMARY SlRUClUkf 
S~CUNOARY STRUCl~f 
MECHANl~MS - tUlV 
lRAC~S AND ACC£~sw~vs 
COr.tCENTRAlOR 
SOLAR BLANKE:l 
SwllCHbEAR ANO ~EbUL~TUk~ 

LO-VOLTAGE ~UNVf~TtkS 
CONOULlORS A~U lNSULAllUN 
~AITERlt::S 

bATTE~ l PD&C 
ACS hAROwARE-CUlV 
l NF U • Mb 111 • AN I) LO f'.i 1 RO l 
COlV OPERATION$ 
Sl~ ~tR~UNNtL C~RG8 LAUNCH VcHlCLE 
ST~ CARbO CARRltR A~~ EM 
STS UPERATlU~~ - bRUwTH ANO OERIVATl 
UPrRATlON~-~lS bROwlH hLLV 
OPE~ATlON~ - ~lS DEMIVAllVl 
PE:R~ONNtl ORRIT .AL TRANS VE::ttlCLE 
PUTV-fL!::El 
t'OT\t-Of'E:RAl1UNS 
PtR~ONNEL MOOULltPMI 
PM ~lEEl 
PM UFERAT llJNS 
lNlRAOR~ITAL lRA~~ftR ~~hlLLEClOfV) 

ICJlv fLtEJ 
lOT V OPtRA ll ONS 
<:.ROUND SlJPPURT F-AC.lL1T1t-~ 
LAU~CH fAClllTIE~ 
R~LuVERY FAC1Lll1E~ 
fUt:L FAllLllU:!> 
~OGlSTICS SUPPURl 
OPE~ATIONS 

~RUUNO REtclVlNb STA11U~ 

***POST-lOC ********* 
OPS tOSl PER SAl/YR TOTAL 
RCJ-POST O&M-POST POST-IOC 

o.o 
0.011 
o.o 
o.o 
0.001 
O.Olb 
o.ooo 
o.ooo 
o.o 
0.632 
0.004 
o.063 
0.005 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.04l 
0.04-, 
o.o 
o.oa3 
0.0&3 
o.o 
0.03 t; 
0.036 
o.o 
o.7t>l 
o.o 
o.o 
o.o 
o.c 
o.o 
0.234 

0.005 
0.114 
0.009 
o.ooo 
0.001 
0.182 
CJ.005 
o.ooo 
0.003 
1.043 
0.021 
O.b26 
0.050 
O.O~t1 
o.o 
o.o 
o.o 
o.o 
o.o 
0.031 
0.024 
0.001 
0.034 
0.028 
O.OOb 
0.019 
o.01a 
0.001 
2.011 
o.o 
o.o 
o.o 
o.o 
o.o 

31.o56 

O.OO!> 
0.126 
0.009 
o.ooo 
0.001 
0.200 
o.oo~ 

o.ooo 
0.003 
1.675 
o.o::n 
0.689 
0.0~5 
0.038 
o.o 
o.o 
o.o 
o.o 
o.o 
o.01e 
0.071 
0.00-1 
0.111 
0.110 
0.006 
0.055 
0.055 
0.001 / 
2.8~1' 
o .. o 
o.o 
o.o 
o.o 
o.o 

31.890 



t:d 
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.p. 
N 

\lllBS IJ 

1. 4 .1 
1.4.l.l 
l.1t.1.1.1 
i .... 1.1.2 
l.1t.1.2 
l.4.1.2.1 
1.4.1.2.2 
l.'t.1.3 
1.4.l.4 
i .... 1.1t.l 
1.4.l.4.2 
1.4.l.'> 
1.4.l.o 
l.'t.1.7 
1. 4.l 
l.4.2.l 
1.4.2.1.1 
i .... 2.1.2 
l.1t.2.1.3 
l.4.z.1.4 
1 ..... 2. 2 
l.4.2.2.1 
1 .... z.2.2 
l.'t.2.2.3 
i .... 2.j 
l.'4.3 
1.4.3.1 
l.4.3.2 
l.4.3.3 
l.'t.3.4 
l.4.4 
l.4.4.l 
l. 4 .4. 2 
1.4.4.3 
l.4.5 

ROCKw>:::LL sPS LR-l REFERE~CE C.ONFlGlJRAll0'°',1980 
1Ablt B-11. SATfLLITE POWER SY!)lEM (~PS) ~ROGRAM POSl-lOC. tOSTS 

OESC~ l ... T H.11\i 

Sill A~D ~AClLlllE~ 
LANO ANO ~R~PA~•11U~ 
LANU 
LAf'itu PRft'ARATlU~ 
RUAUS A~U FtNC.E !, 
RAlLS ANO RuAU~ 

FtNCl~b 

UllLlTlES 
BUllDINbS 
S l OR AbE ,MA INH:N ANC.':- f-AC ll 111 ~ ~ 
cu~w. STA. & MO~llUR/CU~lRUL f-At. 
MAl~ltN~~Cl tU~I. f-UR SllE t f-ACIL11 
LlbHl~l~G PRUTtC.llUN 
Sllf & FA(lLllll~ u~l&t 
RE~TENNA su~~URl SlklJClu~f 

Sl~tl PANfl fA~. & !N~T~LLAJIUN 
HAl SEC.l1U1 .. ~ 
wlD~ FLANGE!) 
IUBt BRACtS & HAkDwAR~ 
A~SEM~LY ~ lN~T~LLAllU~ 
TRENCHlNG t CUNLkElE l~~lALLAllUN 

~UUllNG cu~CRllt & Rt-B~R 
MACt-ilNGER't f. t"1UPMt,._.T - <.,R~ COl\.ISTRv 
CONS. l R lJC T I ON lJ P ':PA 1 i UN S 
su~~URT Sl~U(lu~l uUl&t 
POWlR tuLL~(llQ~ 
ANlL~NA ARRAY tLtMt~l~ 
PUwtR LlSlRIBUl lU~ ~~~llM 

INS.lALLAllON & CH::C.K.Wl 
Puw~R COLLE:U 101'<1-0UI&': 
CONlRUL 
C.ONlROL (tNlcR t~Vl~McNI 

Cu~lRuL ELtCT~u~1c~ 
CUlllTROL f)01&£ 
bRlU l~li:RFAC.~ 

***PUST-lOt ********* 
OPS COSl PER SAT/VR TOTAL 
~Cl-~OST O&M-POST PO~l-IOC 

0.234 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0.23't 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.c 
o.o 
Ci .o 

0.094 
0 .o 
o.o 
(J .o 
0 .o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0.094 
o.o 
0 .c 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
(i .o 
o.o 
0 .o 
o.o 

0.328 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0.328 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
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1. 0 SATELLITE POWER SYSTEM (S PS) PROGRAM 
COST ESTIMATES 

Rockwell 
International 

This section of the appendix volume contains information on the identifi
cation of cost estimates for each of the approximately 300 line items within 
the SPS work breakdown structure. It includes cost for DDT&E, TFU, investment, 
and operational phase of the program covering satellite, space construction, 
transportation, and ground receiving station elements. Information within this 
volume emphasizes Rockwell's SPS reference concept-a 3-trough/planar/klystron 
configuration and in some instances, cost detail is provided on WBS line items 
of the other 4 SPS concepts to emphasize system variations within these configura
tions. 

The Satellite Power Systems (SPS) concept is based upon a large photovoltaic 
power collection satellite located in a Geosynchronous, Equatorial Orbit (GEO) 
utilizing a microwave power transmission concept to transmit the collected 
energy to Ground Receiving Stations (GRS) located at selected sites within or 
near the continental United States. The ground receiviug sites then convert 
the received energy to a form compatible with local utility power networks 
where the available energy will contribute to the base load power capability 
of the network. 

All cost material on these concepts is organized by WBS element with support
ing information, cost equations, technical characteristics, and results identified 
at the lowest possible level available from current system definitions and design 
concepts. Main areas of Appendix B cover: 

1.0 Satellite Power System 

1.1 Satellite System (page B-46) 

1.2 Space Construction and Support (page B-221) 

1.3 Transportation (page B-275) 

1.4 Ground Receiving Station (page B-325) 

1.5 Management and Integration (page B-374) 

1.6 Mass Contingency (page B-376) 
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1.1 SATELLITE SYSTEM 

~l~ Rockwell 
"'•~ International 

Elements of the satellite system are costed in this section covering hard
ware, software, and services applicable to the Rockwell SPS reference concept
a 3-trough/planar/klystron configuration. Basic features of Rockwell satellites 
are the use of gallium arsenide based solar cells subjected to various concen
trations of the sun's rays to convert solar energy into its electrical equiva
lent. Klystron, magnetron or solid state power amplifiers are used as the means 
of developing high power microwave energy for transmission to earth. Character
istics of the five concepts that were costed by WBS line item are presented in 
Table 1.1-1. 

Table 1.1-1. Satellite System Concept Summaries 
(June 1980) 

GaAs SOLAR CELL GaAlAs/GaAs SOLAR Cal 
-· -

DUAL DUAL DUAL 
RfFERfNCE END-MOUNTED SANDWICH HAGNfTRON SANDWICH 

SAHLLITE ---
TYPE PLANAR PLANAR COHPOUNO PLANAR COHPOUND 
CRf I. 83 1.83 5.2 I .83 5.2 
DIHENSION (HETERS) 4200 )( 4200 )( 6600 )( 4200 )( TBD 

HASS (x106 KG) 
16,000 18,000 28,500 15,000 

3 I. 63 39.97 20.53 26.BO 16.39 
SOLAR ARRAY/ANTENNA OECOUPLED DECOUPLED SANDWICH DECOUPLED SANDWICH 
NUHBER OF BAYS 30 36 - 30 -

SOLAR ARRAY 

NUHBER OF PANELS 60 72 - 60 -
PANEL DIH~NSION (HETERS) 650W><730L 650W><690L 1.830 (><2) 650W><700L I .63D (><2) 
ARfA (xlO H2) 28.47 32.29 5.26 27.3 4. 17 
GEN. POWER (GW) 9.94 I I. 46 4.82 9.8 6. II 

ANTfNNA 

TYPE KLYSTRON SOLi D STATE SOLi D STATE MAGNETRON SOLID STATE 
POWER OUTPUT (GW) 7. II+ 7.36 3.66 8.00 4.61t 
ILLUMINATION I 0 dB GAUS. I 0 dB GAUS. UNI FORM 10 dB UNIFORM 

HANSEN 
APERTURE ( IQI) "-I. 0 I. 35 1.83 (><2) 0.92 1.63 (><2) 

UTILITY INTERFACE POWER (GW) 5.07 5.22 2.42 5.6 3.06 __ .... 
NO. or SATLLLITES (PT> 300 GW) 60 58 125 54 911 

HASS DENSITY (KG/KWU 1)• 6.24 J.66 8.52 4. 79 5.JS 

*KWUI • KILOWATTS AT UTILITY INTERFACE NETWORK 

·--

The updated Rockwell SPS reference configuration utilizes a klystron micro
wave power amplifier with an end-mounted antenna to form a microwave power trans
mission system receiving power from a GaAs based 3-trough planar solar array 
(Figure 1.1-1). Solar array panels are 730 m long and 650 m wide and two of 
these panels make up a voltage string (43.3 kV) when using a single junction 
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~I~ Rockwell 
P.~ International 

GaAs cell. The 650 m width consists of 26 strips, each 25 m wide. Sizing of 
the array is based on a solar constant at summer solstice (1311.5 W/m 2 ), an end 
of life concentration ratio of 1.83, and an operating temperature of 113°C. 
The installed solar panel area is defined as 28.47xl0 6 m2 for the standard GaAs 
cell. Total power from the solar array output is estimated to be 9.94 GW. 
Total spacetenna transmitted power is 7.14 GW. 

Mass properties for the 5 .concepts, as well as 3 others using MBG solar 
cells, were identified for the systems and elements that make-up the energy 
conversion, power transmission, and interface segment of the satellite. These 
masses were then used in all cost calculations based on values (dry) without a 
25% growth factor. A summary mass properties statement used in cost calcula
tions is shown in Table 1.1-2. This mass statement is consistent with SPS con
cepts presented in Figure B-2. 

Cost estimates for the satellite were 
SPS-WBS breakdown presented in Appendix A. 
analyzed within the following areas of 1.1 

developed in accordance with the 
Approximately 100 line items were 

Satellite System definition: 

1.1.1 Energy Conversion (page B-50) 

1.1.2 Power Transmission (page B-78) 

1.1.3 Information Management and Control (p. B-120) 

1.1.4 Attitude Control and Stationkeeping (p. B-134) 

1.1.5 Communications (page B-142) 

1.1.6 Interface (page B-143) 

1.1.7 Systems Test (page B-158) 

1.1.8 Ground Support Equipment (page B-161) 

SPS research and technology studies have identified the need for a demon
stration article or satellite to serve as an ultimate pilot plant with possible 
extension into a first SPS satellite system. Cost estimates for this pilot 
plant and test articles have been developed and are included as Section 1.1.9~ 
Pilot Plant/Test Article (page B-163). 
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Table 1.1-2. 

I. I. I ENERGY CONYERS I ON (SOLAR ARRAY) 

STRUCTURE 
PR I NARY 
SECONDARY 

HECHANISHS 
CONCENTRATOR 
SOLAR PANEL 

POWER DISTRIBUTION AND CONTROL 
POWER COND. EQUIP,,.ENT ' BATT. 
POWER DISTRIBIJTIOll 

THERNAL 
HAI NTENANCE 

1.1.J INFORNATION NANAGEHENT AND CONTROL 
(PARTIAL) DATA PROCESSING 

I NSTRUl1£NTAT I ON 

1.1.4 AITITUDE CONTROL 
(PARTIAL) 

SUBTOTAL 

1.1.2 POWER TRANSH I SS I ON (ANTENNA 

STRUCTURE 
PR I NARY 
SECONDARY 

MECHANISM 
SUBARRAY 

POWER DISTRIBUTION AND CONTROL 
POWER COHO. • BAIT. 
POWER DISTRIBUTION 

THERNAL 
ANTENNA CONTROL ELECTRONICS 
NAINTENANCE 

1.1.J I NFOMATI 0 .. HANAGE"ENT AND CONTROL 
(PARTIAL) DATA PROCESSING 

INSTRUHENTATION 

1.1.4 ATT I TUOE CONTROL 
(PARTIAL) 

~UDIUl"'L 

1.1.6 INTERFACE 

STRUCTURE 
PR I NARY 
SECONDARY 

HECHANISHS 
POWlR DISTRIBUTION AND CONTROL 

POWlR DISTRlllJTION 
SLIP RI NG IRUSH£S 

THE-L 
NAINTENANCE 
COllHUlll CATI ON 

SUBTOTAL 

SPS TOTAL (ORY) 

GROWTH (25t) 

TOTAL SPS (DRY) WITH GROWTH 

SATELLITE POWER AT UTILITY INTERFACE 

SATELLITE DENSITY, KG/ICWUI 

*AUllLARY POWER ONLY 
**TWO-THIRDS NASS OF REFERENCE COHCEPT 

***20i: REFERENCE KASS PD. ANTENNA 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

Mass Properties Summary Statement 
(September 1980) 

ROCKWELL SPS CONCEPTS 

CR • 2 
UPDATED REFERENCE PLANAR DUAL 

]-TROUGH ]-TROUGH/PLANAR ENO "OUNTED 
P LAMAR/Kl YS TRON MAGNETRON so\:~ .s~~l\ lka • 106) (kg x 1061 

STANDARD HBG CELL STANDARD MBG CELL STANDARD HBG CELL 
CELL GaAIAs/ CELL Ga.t. IAs/ CELL GaAIAs/ 
G•As GaAs GaAs Ga.tis Ga As GaAs 

I. 514 I. 133 1.601 1.245 I .496 I .2J) 
(0.928) (D.804) (0.904) (0. 565) (I. 077) (0. 9021 
(0.586) (0.]29) (0.697) (0.680) (0.419) (0. )JI) 

0.070 0.010 0.0)0 0.070 0.087 0.078 
l.OJO 0.648 0.988 0.663 I. 169 o. 766 
7.174 4.801 6.880 lo.619 8. 138 5.607 

2. 757 I. 388 4. 146 2.874 I. 112 D.846 
(0. 319) (0.206) (O. 319) (O. 319) (O. 102) (0. 222) 
(2.4]8) (I. 182) (J. 827) 12 555) \1.010) (0.624) 

NONE NONE NONE NONE NONE NONE 
0.092 0.06) 0.092 0.092 o. 104 0.056 

0.050 0.050 0.050 D.050 0.057 0.057 
(0.021) (0.021) (0.021) (0.021) (0. 02.4) (0.024) 
(0.029) (0.029) (0.029) (0.029) IO.OJJ) (0.0))) 

0. 116 0.116 0.116 0.116 o. 116 0.116 

12.803 8.272 )3.943 9. 729 12.279 8. 759 

0.838 0.838 0.547 0.547 I. 409 1.409 
(0.023) (0.023) (0.023) (0.023) (0.094) (0.094) 
(0.815) (0.815) (0.524) (0.524) (I. 315) (I. 315) 

0.001: 0.002 0.002 0.002 o.ooi. o.ooi. 
7.050 1.050 3. 320 J.320 10. 561 10.561 

2.453 2.45) l. 515 l. 515 lo.405 4.405 
(1.680) ( 1.680) (0.346) (0. 3lo6) (2. 164) (2. 164) 
(0. 773) (D. 773) (I. 169) (1.169) (2.241) (2.241) 

0.720 0. 720 NONE NONE NONE NONE 
0.170 0.170 0. 170 0.170 0. 340 0.340 
0.107 0.107 0.107 o. 107 0.448 o.448 

0.640 0.610 O. J20 o. 320 1.622 1.622 
(O. J80) (0.)80) (0. 190) (0.190) (I. J85) (I.JBS) 
(0.260) (0.260) (0. IJO) (0. 130) (0. 237) (0.2J7) 

NEGLIG. NEGLIG. HEGL IG NEGLIG. NEGLIG. HEGLIG. 

!? . ~!C n.,~!:I !:-~~1 ~ ~Al 18. 78• 18. 789 

o_ 170 0.170 0.257 0.257 0.2]6 0.236 
(0.1]6) (0.1)6) (O. l J6) (0.1]6) (0.168) (O. 168) 
(0.0J'l (O.OJ') (0.121) (0.121) (0.068) (0.068) 

O.OJJ o.on O.OJJ 0.033 0.072 0.072 
0.288 0.288 1.19, 1.19' 0.5J8 0.538 

(0.271) (0.271) (I. 177) (1.177) (0.487) (0. 487) 
(0.017) (0.017) (0.017) (0.017) (0.051) (0.051) 

NONE NONE NOHE -E NONE NONE 
O.OJ2 O.OJ2 O.OJ2 0.032 0.061o 0.06, 
TBD TIO TIO TID TIO TBO 

0.523 0.52J I. 516 1.516 0.910 0.910 

25. 306 20. 775 21.4, 17.226 11. ,,a 28.lo58 

6.J26 5.19" 5. J6 '-JO] 7.9,5 7. lllo 

JI .6J2 25.969 26.8 21.SJJ J,. 973 JS.572 

(GV) 5.07 5.07 5.6 5.6 5.22 5.22 

6.2 .. 5.12 4. 79 J.85 7.66 6.81 
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CR • 5 
SOLID-STATE 

SANDWICH DUAL 
ANTENNA/REFLECTOR 

(kg • 1061 

STANDARD HBG CELL 
CELL GaAJAs/ 
GaAs GaAis 

3. 412 2.411 
(3.026) (2. 1)8) 
(0. 386) (0. 273) 

0.027 0.019 
2.015 1.616 
0. 076• o. 076* 

0.015 D.015 
(O.OIJ) (0.01 l) 
(0.002) (0.002) 

NONE NONE 
0. )00 o. 100 

0. 033** 0. 033•• 
(0.014) (0.014) 
(0.019) (0.019) 

0. 10] o. 103 

5.841 4.403 

0. 729 0.649 
(0. 161) (0. 143) 
(0. 568) (0.506) 

NONE NONE 
8.821 7 .053 

INCLUDED INCLUDED -- --
-- --

NONE NONE 
O. J40 0. J40 
0.436 0.408 

0.256*** 0. 256**• 
(0. 152) (0. 152) 
(0.104) (0. 104) 

NEGLIG. NEGLIG. 

10.582 8. 706 

N/A N/A 

I I 
N/A N/A 
-- --

TIO TID 

-- --

16.,2J 13. 109 

lo.106 J.21; 

20. 529 16.J86 

2.lol J.06 

8.52 5. J5 
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1.1.1 ENERGY CONVERSION 

~l~ Rockwell 
P.~ International 

This element covers components required to collect solar energy, convert 
the solar energy to electrical energy, condition the electrical energy, and 
transport it to the interface subsystem (WBS No. 1.1.6). 

The satellite "wing" structure, solar cells/blankets, concentrators, and 
power distribution/conditioning systems are included in this element plus 
maintenance equipment necessary to support the satellite during operational 
phases. The following WBS items are included in this section: 

• Structure 

• Concentrators 

• Solar Blankets 

• Power Distribution and Conditioning 

• Thermal Control 

• Maintenance 

1.1.1.1 STRUCTURE 

This element includes structural members that support concentrators, solar 
blankets, and other energy conversion subsystem hardware. It covers structural 
beams, beam couplers, cables, tensioning devices, and secondary structures 
required as an interface between the primary structure and the mounting attach 
points of components, assemblies, and subsystems. 

1.1.1.1.l Primary Structure 

The sat8llite structure for various configurati.ons may be considered in 
two broadly differing categories. The first category, applies to configurations 
utilizing a planar form, consists of the structure required to support the solar 
photovoltaic array, the rotary joint support structure, and basic antenna yoke 
elements. A special variant of the first category is used to establish 
requirements associated with the reflector/concentrator support structure. The 
second category is the antenna itself (WBS 1.1.2). Primary structural assemblies 
are made up of the tri-beam girders, tension cables, and joints. Fabrication 
and assembly of these structures is accomplished on orbit by beam machines and 
supporting auxiliary equipment (reference WBS 1.2). General configuration and 
design characteristics of basic tri-beam girders are illustrated in Figure 1.1-2. 

Primary structural elements are made of a graphite fiber reinforced composite 
that must individually withstand the forces, torques, and dynamics imposed by the 
construction process. Once built into an assembly level, the structure must 
have sufficient strength and stiffness to withstand the forces of environment 
(gravity-gradient torques), attitude control system (forces and frequencies), 
and operational equipment (rotary joint microwave induced thermal environment). 

The SPS requirement for low thermal distortion, under high thermal stress, 
dictates the need for a material with a very low coefficient of expansion. The 
most likely candidate, at this time, is a graphite composite material. 
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Figure 1.1-2. Primary Structure 

~I~ Rockwell 
P.~ International 

A primary structure D&D CER was developed using graphite composite data 
obtained from NASA's Redstar Data Base. Tooling cost was excluded under the 
assumption that this cost would be incurred in the development of orbital 
fabrication equipment such as the beam machine. The following data points 
were used: 

• Space Telescope Shell 

• ATS-1" Truss 

• HEAO Optical Bench 

• Shuttle Payload Bay Doors 

The primary structure ICI includes the cost of raw materials only since 
costs associated with fabrication and assembly are costed under Space Construc
tion and Support Equipment (WBS 1.2). The primary structure ICI cost equation 
is based on raw composite material stock (prepregnated graphite), where costs 
were obtained from vendor quotes obtained from Hercules, Fiberrite and Union 
Carbide. 

Range of Data 

D&D: 30.0 to 2000.0 kg 
ICI: Unlimited 
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1.1.1.1.2 Secondary Structure 
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~l~ Rockwell 
"'•~ International 

Secondary structure consists of passive interface attachments between 
primary structure and operational subsystems. Structural members are made 
of aluminum with the ability to articulate, rotate, or otherwise support/allow 
motion between the primary structure and other system elements. 

This element includes all .structure, consisting of mounting brackets, 
clamps and installation structure required as an interface and mounting attach 
points of components, assemblies, and subsystems. It also includes any struc
ture required between two or more components or assemblies. 

The MSFC CER was used for DDT&E and ICI costs as developed from cost data 
contained in the Redstar Data Base. Data from a variety of launch vehicle and 
unmanned satellite programs were available and the applicable data points are 
listed below: 

S-IV Interstage 
S-IC Forward Skirt 
S-IC Intertank 
Solar Telescope Housing Assembly 

(ASM) 
Common Mount Assembly (ASM) 
Telescope Gimbal Assembly (ASM) 
Common Mount Actuators (ASM) 
Telescope Gimbal Actuators (ASM) 
Array Platform Elevation Pointing 

Actuator (ASM) 
UV Gimbal Mount Actuators (ASM) 

Range of Data 

D&D: 6.0 to 15,000.0 kg 
ICI: 6.0 to 15,000.0 kg 

UV Instrument Mounting Assembly (ASM) 
Solar Array & Boom Structure (ATS-F) 
Squib Interface Unit (ATS-F) 
Interstage (Centaur) 

Nose Shroud (Centaur) 
Fixed Airlock Shroud (Skylab) 
Payload Shroud (Skylab) 
Pallet Segment (Spacelab) 
OS0-1 

ATS.-F 
S-II 

A review of these data points indicates extrapolations at the 6 kg level 
were based on the ATS-F Solar Array and Boom Structure, the Squib Interface 
Unit, ASM Gimbal Assemblies and Actuators; where as the S-IC Intertank, 
Centaur Nose Shroud, and interstages were extrapolated for the 1000 kg category. 
The design and size of these items is considered more complex than that required 
for the SPS, and as a result, a complexity factor (CR) of .80 was established 
for the pilot plant/test article and the COTV. A CF of .70 was used for the 
satellite as the two prior vehicles will be completed and an improved data base 
will be available for the satellite secondary structure. 

Tooling factors were identified by grouping secondary structure requirements 
for the annual production of satellites (WBS 1.1.1.1.2-Energy Conversion, 
WBS 1.1.2.1.2-Power Transmission, and WBS 1.1.6.1.2-Interface). 
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41~ Rockwell 
P.~ International 

This element covers active components such as the drives and drive motors 
located at the interface/energy conversion/rotary joint for yoke rotation, 

Structural mechanisms consist of active subassemblies that articulate, 
rotate or otherwise cause or allow motion between conversion and interface 
elements of the satellite. 

The ICI production cost CER was based on data provided by the following 
manufacturers: 

Manufacturer 

Poly-Scientific 
Poly-Scientific 
Electro-Tee 
Electro-Tee 
I.E.C. 

Application 

High energy 
Radar 
Navy destroyer propeller system 
Satellite solar array 
Navy shipboard hoist 

Due to the difference in complexity and variations in specification 
requirements between ground and space qualified equipment, the following 
factors were applied. 

Complexity Factor 
Specification Uprating factor 

Total 

Range of Data 

DDT&E: 
ICI: 

6.0 to 15,000.0 kg 
6.0 to 15,000.0 kg 

1.1.1.1.4 Cost Estimates 

x 3 
x 3 

79 

Table 1.1.1.1.1, 1.1.1.1.2, and 1.1.1.1.3 cover cost estimates associated 
with the primary and secondary structure and mechanisms of the energy conversion 
segment, 
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TABLE 
ROCKWELL s.-~ C.R-i RE:fERENtt: CONFll.';URA\lON,1980 

1.1.l.l.l f.-RlMARY ~TRUCTURE 

l~~Ul "'ARAMElERS INPUl COEFFICIE"TS 

l= '128000.000 1 F:. 
M= l~4t>7.vooo lJtM:. 

CF= 1.000000 L 1:. 
Pt-ti= 1.000000 l 2=-

R: o.o l3=-
DF= 0.015000 24= 

CALCULATED VALUES 11.b 

LU=COCER X CT X UFJXAtCOE~~) X Lf 

LLRM=ClCtR X (MJAX(CltA~) X (~ X lf 

l.000000 
0 .o 
l.000000 

b0.000000 
b0.000000 
60.000000 ZS=-

SUM TO 1.1.1.1 

CDtER= 
COUtP= 
CIC ER= 
CI EXP= 
BY EAR= 

o.o 

0.026910 
o.sooooo 
o.oooose 
i .000000 

197~ 

lb= 

s,MILLIONS 

55.5tl8 

0.905 

0, #~111 = T I M 59.999 
~ 

t =l.O + LUb(~Hl) I LUbt2.0J 

CJFU=-CCLRM I ElXCCtRM A Ll+.~JAXtEJ -0.5XX(E)) 

Clb =tCCLRM/t:tXtl#RM X Z3 + 0.5)XX(E) -0.5XXCE)) 

C 1PS=CTB•l4/ l2 

CRCl =C.lB X R 
PRE-IOC CRCl =-CRLl X lb 
~uST-IUC CRCl :.CRtJ ~ (l.0-le) 

CO&M =O&M OR CT~*l~/Li/c~YR 

COMM~NTS 

) I l3 

1.000 

!>4 .288 

54.288 

54.288 

o.o 
o.o 
o.o 

o.o 

1971 DATA ENTER~O FuR CO(£R,L1Ct~, AND O&M wERE 0.023000 0.0000~0 o.o 
CUMl>USIT~ MAl~RlAL. t•( 13A't'S - BOO M LONG X 700 M WIOE. OF CALCULAlf:O 
lN COMBlNATlUN ~ITH 1.1~2.1.1, 1.1.b.l.l, 1.1.9.l.lt 1.1.9.1.15 & 
l.1.9.1.20 

o.o 



TABLE 
ROCKwtll ~p~ CR-2 REFERENC~ CONFlGURATION,1980 

t.1.1.1.2 ~fCONOARY SlRUClURE 

INPUT PARAMF.lERS INPUT COEFFICIENTS 

td 
I 

T= ~86000.000 l t=-:. 
M= 5.oooooc lJ& r'1 =-

C.f: O. 70000C l l:. 
PHI= 0.91:10000 L2= 

R= 0.001111 l3=-
OF= 0.0:33333 l4= 

CALCULATED VALUES !((> 

CO=CDCER X ti X OF)XXtCDtXP~ X Cf 

CLRM=-CICER X IM)XXlClfXP) X Cf X lF 

0.012296 
o.o 
1.000000 

b0.000000 
62.000000 
b0.000000 

~UM 10 

~ #RM =1 I M 

E =l.O + LOGCPHI) / L0Gt2.0J 

CTFU=l~LR~ I t)Xll#~~ A ll+.~)XXlt) -0.5XX(t)J 

CTB =CtCL~M/t)X((tRM X ZJ • 0.5)XAtE) -0.5XX(E)) 

C 1PS=CTB*l4/ Z2 

CRC 1 :.CTB X R 
PRE-IOC CRCl =-CRCl X Lb 
POST-lUC CRCJ :.CR(.l X (l.O-.l.b) 

CO&M =O&~ UR tlh*L~/l2/tNY~ 

COMMENTS 

CDC ER= 
COExP: 
CIC ER= 
C IEXP= 
B YEAR= 

l!>= 

1.1.1.1 

) I Z3 

19.17 OAlA ENTERED Fu~ ClH .. E-R,l.lC.l::R, AND O&.M WERE 0.15b00C 
COMBI~~ SATTELlllf UU~Nl1ll~S Uf l.l.2.l.2tlb3000 UNllS)& 
l•l•b•l•2(b800 UNlTSJ ~UR PHI O~ ~ TF CALCULATION~. 

o.o 

0.182520 
0.!>11000 
0.1 UH70 
0 .3!>5000 

1979 
lb:& 

$,MILLION~ 

19.906 

0.002 

111200.000 

0.101000 

0.971 

o.o 

154.116 

137.un 

137.181 

0.152 
o.o 
0.1~2 

o.o 

o.o 



TABLE 
RUC~~tll ~~S CR-2 ~E~E~ENCE CONFlG~~AllON,1980 

l.l.l.l.3 M~(HANI~MS 

lNPul PARA~E ltR~ INPUT COEFFICIENTS 

td 
I 

l::c 10000.0000 1 .-: ;. 
M= 110.000000 lJ&M;.. 

CF= 1.000000 ll= 
Pnl= 0.980000 l2;. 

R:. O.OOl222 l3:. 
uF= o.ozoooc l4= 

CALCULATED VALUtS ~b 

CD= C DC ER X ( T X 0 F ) XX t C 0 t: iW ) X C f 

CLRM=CICE~ X (M)XX(Ct~X~) X C~ X TF 

0.104401 CDC ER= 
O.Ol'tqqq COE XP= 
l.000000 C It ER= 

60.000000 CI EXP= 
b4.000000 BVt::.AR:: 
b0.000000 Z~= o.o 

SU,.. TO 1.1.1.1 

vi #RM ;.. T I NI 

"' 
t =l.O + LOGIPMl) I LUbl2.0t 

CT~U=(CLRM / t)X((#~~' £1+.5)XX(~) -0.~AX(t)) 

CTB :t•CLRMlt)Xll#RM x L3 + 0.5)XX(E) -0.SXXCE)) 

C.1PS=CTB•Z4/l2 

C~Cl :(lb X ~ 
PRf-lOC CkLl ::(.Rtl X Zb 
PlJ~T-lOC CRCI ::.CRC:l X tl.0-l6) 

CO&M :U&~ OR CTB•l~lll/cNY~ 

COMMFrHS 

t I Z3 

lS77 UATA ~NlERtu FU~ CD~F~,LlLE~, AND O&M wfRf o.t5o000 0.000104 
110 K&/M~CHA~l~M~.SY~IEM~ HAY~ SOM~ DEGRtt UF AUlOMAlll OR UlR. M011UN, • 
lNC.LUUlNb DRlVE MOTOR~ t-UR RUlAllON AT RUlARY J01"4l 14000 KG), 
CABLt TtNSIUN OtvlCt~ (b~~oo ~b)t AND DU(KlNb PORTS (1200 Kb) 

0.182520 
Oe!:>llOOO 
0.000894 
0.950000 

1979 
lb: 

$,MILLIONS 

7.396 

o.ooe 

b3b.3b't 

0.971 

4.'tOb 

3.904 

3.904 

0.009 
o.c 
0.009 

0.015 

o.012s20 

o.o 



1.1.1.2 CONCENTRATORS 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

.4111111~ Rockwell 
P.~ International 

This element concentrates the solar energy onto the solar blanket to in
crease the energy density on the conversion device. It includes the reflective 
material and any integral attach points required for mounting. Excluded are 
tools and support equipment required for deployment and tensioning. 

Concentrator membranes are used to reflect the sun onto the solar cell 
surfaces and obtain a nominal concentration ratio of 2. The concentrator is 
made of (0.5-mil) aluminized Kapton. The membrane has a mass of 0.018 kg/m2 

and is mounted on the structure using attachments and tensioning devices. 
Excluded are tools and support equipment required for deployment. 

The DDT&E CER (CD) is based on thin sheet aluminum vendor data. The ICI 
CER for concentrators is based on Rockwell data for Type H Kapton material with 
an aluminized coating. As concentrator thickness decreases, cost per unit 
area decreases due to diminished material requirements. At around 25 microns 
(1 mil), cost reductions are offset by the increased difficulty of processing 
thi~ materials after which the overall cost per unit area begins to rise. 
Rockwell data from Dupont indicates that the cost (1977 dollars) of 0.5 mil con
centrator for the SPS would be about $4.73 per square meter. At increased 
demand and increased yields, cost could potentially reach $1.61 per square 
meter. However, the most likely value, and the value on which the concentrator 
ICI CER is based, was quoted at $2.58 per square meter. For the purposes of 
the CER, this was rounded to $3.00 ($3.51~1979 dollars) per square meter to 
include sensors and mounting attachments and scaled at a slope of .98 to reflect 
anticipated large array economies. 

Range of Data 

DDT&E: 100 m2 
- 100,000 m2 

IC:: Unlimited 

Cost input parameters are shown in Table 1.1.1.2. 
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ROLi< Wt l l ~PS (. R-2 ~ £ FERE r.C. E: CONF 1GURAT10~, 19 80 

T At> Lt 1.1.1.2 c~c~~TRAlOR~ 

lNPUl PARAMtlER~ INPUT COEFflCltNTS 

T= 
M= 

CF= 
p t11= 

R= 
DF= 

5b940000.0 
't74500.000 

1.000000 
O.CJbOOOf 
0.001111 
1.000000 

lF= 
lJ&M= 
Zl= 
l -, -

£..-

£3: 
l4= 

1.000000 
o.o 
1.000000 

b0.000000 
02.000000 
t>0.000000 

COCfR:: 
COEX~= 

CICER= 
Cll::XP= 
RYtARz 

Z5= o.o 

CALCULAltO YALUtS SI.I M SUM JO t.t.l 

tO=COC~R X 11 X DF)XXICD~X~) X C~ 

CLRM=CICER X IMtXXIClfXP) X Lf X TF 
o:I 
I 

\JI 'I llM = 1 I M 
CX> 

E =l.O + LUG(PHI) I LUb(2.0) 

CTFV=ttLRM I E)X((#RM X £1+.~)XX&f) -0.5XX(Ett 

ClB =tlCLRM/t)X(l•~M X Z3 + 0.5)XX(tJ -0.5XX(~)) 

C IPS =C 1 B •l.4/l2 

CRC.I =Clij X R 
PRE-JOC C~Cl :.CRCl X lb 
PUST-lOC CRCl =CRll X tl.C-lb) 

CU~M =O&M uq (lt*L51t2/t~YR 

C0MM~"'4TS 
1977 OAlA E~ltRtU ~UP CDCtR,ClC~R, AND O&M wERE 
DENSllY:.. .0181 K.C:. Ptf< ~C. Mt:lER.120 'SEbMtNTS 

) I Z3 

c.o 0.000003 

o.o 
o.o 
0.000004 
0 .~50000 

1979 
Z6= 

$,MILLIONS 

o.o 

0.866 

120.000 

0.97 l 

o.o 

93.0bb 

82.586 

82. 586 

0.092 
o.o 
0.092 

o.o 

o.o 



1.1.1.3 SOLAR BLANKET 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

Rockwell 
International 

This element converts solar energy to electrical energy and provides power 
to the power distribution and conditioning buses. It includes photovoltaic 
conversion cells, cover-plates, substrate, electrical interconnects, and any 
integral attach points required for mounting. Excluded are tools and support 
equipment required for deployment and tensioning. 

Gallium arsenide (GaAs) cells have been selected. The cell consists of 
GaAs junction with a GaAlAs window, substrate, adhesive, current collectors, 
and an anti-reflective coating. The solar blanket consists of a Kapton membrane 
upon which the cells are fastened with a thermo-setting FEP adhesive. Also 
included in the blanket are the interconnects, thermal coating, attachments/ 
tensioning devices, and sensors. 

Historical cost data on solar arrays from previous satellite programs were 
readily available from the Redstar Data Base and were used to develop the CD 
CER. 

The CD CER was based on solar array historical cost data from the follow
ing programs. 

• Skylab (OWS) 

• Skylab (ATM) 

• FRUSA 

• SEPS (Est.) 

The cost of array structure and mechanisms was not included so that the 
data would be compatible with the SPS concept of on-orbit structure fabrication 
and assembly. Although there is a large difference in size between the above 
arrays and the SPS array, the SPS array will consist of a large number of 
smaller units. The development fraction (DF) was utilized to normalize the 
CD cu~L Lu reflect cost of only that portion of the total solar array area 
required to develop the power system. _ 

Due to the rapidly changing technology, historical data is not applicable 
for use in estimating the SPS solar blanket production cost. The Department 
of Energy (DOE) has initiated the U,S. Photovoltaic Conversion Program. Two 
main objectives of this program are to develop by 1990 the technological and 
industrial capability to produce silicon solar arrays at a price of less than 
$500 per peak KWe and to establish by year 2000 the viability of even lower 
cost ($100 to $300 per KWe) and/or more efficient alternatives utilizing novel 
materials and devices. Since it is generally believed throughout the photo
voltaic industry that low cost solar arrays are achievable and dependent on 
the demand for high production rates and since some progress toward meeting 
the DOE goal has already been made, it was decided to develop SPS solar array 
cost estimates on the basis of projected costs rather than historical costs. 

Cost estimates for material and production processing (reference Arthur D. 
Little report of March 1978~Contract NAS9-15294 with NASA/JSC) were considered 
in the development of investment costs using the materials cost of $33/m2 and 
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Space Operations and 
Satellite Systems Division 

Space Systems Group 

Rockwell 
International 

a fabrication cost of $34/m2 yielding a total of $67/m2 (1977 dollars) for a 
gallium arsenide solar cell array. This assessment is also consistent with 
studies completed under Rockwell company sponsored activity based on 1977 
prices and assuming 1990 technology. 

A cost estimate was extrapolated for multi-bandgap solar cells after 
completing technical studies and trades of the SPS configuration. GaAlAs/GalnAs 
cells were researched from publisl1ed literature and internal Rockwell program 
development expectations with tabulations as shown in Tabl,, 1.1-3 based on a 
solar array area of 61.2 km 2 . By adding the $34/m 2 DOE goal for processing 
(with a complexity factor) the cost of the GaAlAs/GalnAs is projected at 
$76.2/m2 (1977 dollars). These data were escalated to 1979 dollars and used 
in conjunction with SPS concepts requiring MBG cells. 

Range of Data 

DDT&E: 10-300 square meters 
ICI: Unlimited 

Cost estimates for GaAs solar cells used on the Rockwell reference concept 
are shown in Table 1.1.1.3. 
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ti:I 
I 

C1' 
I-' 

MATERIAL 

Gallium 
Arsenic 
Selenium 
Indium 
Silver 
Silica 

Silicon (MG) 
Silicon (SEG) 

Zinc 
Aluminum 
Gold Film + Base 

1M~tal 
Tin 
Al 2 0 3 (Sapphire) 
Copper 
Teflon 
Kap ton 

Table 1.1-3. Cost Estimate of Multi-Bandgap Solar Cell 

AMOUNT REQUIRED (MT) 

780 
840 

17 kg 
26 

310 

59' 311 
13' 162 

9 kg 
100 (For A),10 (For B) 

880 
4872 

860 
1650 
2200 

UNIT COST OF MATERIAL (Ref. 1) 

$200/kg 
$100.09/kg ($45.4/lb) (99.999%) 
$192/kg (99.999%) 
$96.5/kg ($3/Troy oz.) 
$159.39/kg ($72.30/lb) 

$1/kg 
$10/kg 
$1170/kg 
$138/kg 

(99.999%) 
(99.999% 

$1.82/m2 (Ref. 2) 

$12.21/kg 
$325/kg 
$1.17 /kg 
$0.08/kg 
$66.14/kg 

($5.54/lb) 

($0.53/lb) 
($0.0344/lb) 
($30/lb) (25 µm Film) 

(Based on Total Array Area of 
61. 2 km 2 ) 

TOTAL COST OF MATERIAL($M)* 
MULTI-BANDGAP SOLAR CELLS 

GaAlAs/GainAs 

156 
84.1 

2.5 
49.4 

14. 

115.67 

10.8 
1,583. 

1.0 
0.1 

146. 

2,162.57 

($36.27/m2 ) 

Total Array $/m2 = Materials + Processing (DOE Goal) *Millions of dollars 

GaAlAs/GainAs Array $/m2 = $35.3/m2 + ($34/m2 x 1.2) = 76.2/m2 (1977 Dollars) = 
$89.15/m2 (1979 Dollars) 

REFERENCES: 

(1) Evaluation of Solar Cells and Arrays for Potential Solar Power Satellite Application, 
ADL, March 31, 1978 (NAS9-15294). 

(2) High Efficiency Thin Film GaAs Solar Cells, R. J. Stirn, JPL. April, 1976 (NSF/RA 760/28). 
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~ 
I 

RuCKwtLL ~p~ CR-2 RE~tRE~Ct CONFl~URAllON,1980 
TA8LE 1.1.l.3 ~OLAP ~LAN~tlS 

lNPUl ~ARA~EltRS 

T= Z8't7COOO.O TF= 
M= 182!>0.0000 U&M=-

Cf= i .ocoouc. L l :. 
PHl= 0.9'10000 i. i. :. 

R:. 0.002222 l3= 
OF= o.oo~ooo L4:. 

CAL~~LAlEO VALUtS SI.. M 

CO=CCJCER X ( T X lJF )XXCCOf1.P) 1. C~ 

CLR~=-ClCE~ X lM)AX(Cl~XPt X ~~ X 1~ 

#RM :. T I M 

1.000000 
o.e 
i.000000 

b0.000000 
l'.>4.000000 
b0.000000 Z5= 

SUM TO 1.1.l 

lNPUl COtFFICIENlS 

CDC ER:. 
COEXP= 
CICf:R= 
Cil::XP= 
8Yt:AR= 

o.o 

0.188836 
0.39't000 
0.000010 
1.000000 

1979 
Z6= 

S 1 MILLIONS 

20.254 

1.431 

1560.000 

~ E =l.O + LUbCPhl) I L0bt2.C) 0.986 

CTFU=(CLR~ I t)Xll•R~ X Ll+.~)KAttJ -0.~XX(tJJ 

ClB =-lltL~M/t)1.(l#RM A Z 3 + 0 .~) >.X ( ~) -0 • 5XX ( t) ) 

C. IPS=CTB•l't/ L2 

C.Rtl :.(1~ X R 
PRt:-lOC CRCI ::.C.RC1 x lb 
f.'USl-IIJC C.RC.J ::.CRl.l X tl.C-Ltd 

CUt.1'4 =UE.1'4 CJI< Clh*Z~1L2/t:N-.~ 

) I l3 

2035.508 

1916.474 

l9lbe't73 

4.258 
o.o 
4.258 

o.o 

COMMENT~ 
1977 OAlA tNltRtU ~UP CU(t~,CICE~, A~O U&M wtR~ c.161400 0.000067 o.o 
DENSITY ~ 0.2~25 Kb ~tR ~~ ~tllR. bC SECllONS (lb ~A~lLS EAL~). 
MAJUR DUl&t C~MPLEl~~ U0~1Nb ~RtCURSUR ACll~lTY. 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.1.1.4 POWER DISTRIBUTION AND CONDITIONING (PD&C) 

Rockwell 
International 

This element includes power feeders, switching and conditioning equip
ments necessary to deliver power at the required voltage and power levels 
throughout the satellite. An energy storage system is included, as a power 
source, to supply minimum power to the various subsystems during eclipse 
periods. Data buses are not a part of this element as they are included in 
the information management and control subsystem (WBS No. 1.1.3). 

The PD~C system receives power from the solar photovoltaic power genera
tion system and provides tor the power conditioning and switching required to 
deliver the power, through its distribution network, to the satellite power 
transmission system. Electrical power is transferred from the solar array 
distribution network through a rotary joint, utilizing slip rings and brushes, 
to the microwave antenna distribution and conditioning system for the delivery 
of power at required levels. Life expectancy of the PD&C is 15 years with the 
exception of power conductors and slip rings which have a longer life. 

1.1.1.4.1 Switch Gear and Regulators 

Switch gear and regulator functions will: 

• Isolate solar array blankets for maintenance work 

• Provide voltage regulation of solar array output by selective 
switching of isolation switch gears 

• Control voltage and currents through the IMCS system for short 
circuit protection 

• Prevent large line transients 

• Accommodate systematic start-up and shut-down of array during 
eclipse periods 

• Control v;:ir1 0115 1 o;id5 

Primary switches will be of the Penning cross-field tube design. Functions 
controlled by these switches will be monitored by the IMCS to determine their 
status and establish the opening or closing position as required. Basically 
the switches are held in a closed state during the operational mode. During 
start-up and shut-down operations, switches will be monitored by the IMCS, and 
when certain voltage levels are reached, a command signal will open or close 
switches as needed. 

1.1.1.4.2 Low Voltage Converters 

Power converters and conditipners transform existing bus voltages to 
appropriate subsystem voltage(s) required by subsystem loads and output 
tolerances are based on using interface requirements. Power converters are 
designed for a GEO mode of operation. 
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1.1.1.4.3 Conductors and Insulation 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

Rockwell 
International 

Main feeders are sized to minimize combined mass of itself and the solar 
array mass, considering power requirements, efficiency, and the variation in 
resistivity with operating temperature. An average transmission efficiency of 
approximately 94% was used in sizing the conductor. The power distribution 
system utilizes flat aluminum (6101/T6) feeders where feasible, and round 
conductors for those subsystems where flat conductors are not feasible. 

The CD CER was based on historical cost data obtained from the Redstar 
Data Base on the following satellite programs. 

• DSCS-II • ATS-A 
• ATS-F • ATS-E 
• OSO-I • HEAO 
• ATS-B 

The ICI CER was based on preprocessed aluminum material cost data and the 
use of 6101/T6 aluminum. Differential aluminum inflation between current 
prices and expected mid 1986 prices was included. Cost data was obtained 
from the following manufacturers: 

• Reynolds Metals 
• Alcoa Aluminum 
• Amchem Products, Inc. 
• The Yoder Company 

RANGE OF DATA 

DDT&E: 20 to 150 kilograms 
ICI: Unlimited 

1.1.1.4.4 Slip Rin&s 

The slip ring portion of the rotary joint is included in the PD&C of the 
Energy Conversion segment. Slip rings consists of an aluminum core with coin 
silver cladding. The core cross section is 104.9 cm 2

• The slip ring diameter 
is 6 m with a length of 18.85 m. 

Cost data for the slip rings are based upon large ground commercial and 
military slip rings. Since all but one of the base data slip rings were 
designed for ground application, it was decided that these data should not 
be used as a basis for estimating DDT&E costs. It was determined that the 
data should be used only as a basis for estimating ICI production costs and 
then only after applying complexity and specification uprating factors. The 
following factors were applied: 

Complexity Factor 
Specification Uprating 

Total 

x 3 
Factor x 3 

x 9 
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Space Operations and 
Satellite Systems Division 

Space Systems Group 

~I~ Rockwell 
"'•~International 

The ICI production cost CER was based on data provided by the following 
manufacturers: 

Manufacturer 

Poly-Scientific 
Poly-Scientific 
Electro-Tee 
Electro-Tee 
I.E.C. 

Application 

High energy 
Radar 
Navy destroyer propeller system 
Satellite solar array 
Navy shipboard hoist 

Due to the relatively low production rate per year, the tooling factor 
is assumed to be 1.0. 

The DDT&E cost was estimated with a CER developed for secondary structure 
which consisted of space qualified hardware of approximately the same complex
ity. See the discussion of the secondary structure CER. 

1.1.1.4.5 Batteries 

Batteries will be utilized during ecliptic periods to provide minimum 
energy required by energy conversion subsystems. Batteries will be of a 
sodium chloride design, having a density of at least 200 watt hours/kg. 

DDT&E and the ICI CER's were developed using battery data from manned/ 
unmanned spacecraft list below: 

• APOLLO Lunar Module 
• APOLLO Lunar Rover 
• ATS-E 

RANGE OF DATA 

DDT&E: 1.0 to 180.0 kg 
ICI: 1.0 to 180.0 kg 

1.1.1.4.6 Battery PD&C 

• ATS-F 
• HAWKEYE 
• OSO-I 

This element provides for the charging of satellite batteries and the 
distribution and regulation of power to and from the batteries. Included are 
the battery chargers, power regulators, diodes, and power conditioning equip
ment which directly interface with the battery subsystem. The IMS will be 
used to monitor and control charging elements. 

The DDT&E and the ICI CER's were developed using data from the manned 
and unmanned spacecraft programs as noted: 

• APOLLO Lunar Module • GEMINI 
• APOLLO Lunar Rover • HAWKEYE 
• ATS-E • OSI-I 
• ATS-F 
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RANGE OF DATA 

DDT&E: 2.0 to 68.0 kg 
2.0 to 68.0 kg ICI: 

1.1.1.4.7 PD&C Cost Estimates 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~l~ Rockwell 
P.~ International 

Cost calculations developed for the energy conversion system are presented 
in the following tables: 

Table DescriEtion 

1.1.1.4.1 Switch Gear and Regulators 

1.1.1.4.2 Low-Voltage Converters 

1.1.1.4.3 Conductors and Insulation 

1.1.1.4.4 Slip Rings 

1.1.1.4.5 Batteries 

1.1.1.4.6 Battery PD&C 
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TABLE 
ROCKW!: ll s.-~ Cf?-2 REFtRENCE C.ONFlGURA T ION, 1980 

1.1.l.4.l Swill~ btAR & REbULAlORS - E.C. 

Jr~.-ul PAR~MElEq~ INPUT COEFFICIENTS 

t;;j 

T= 
M: 

CF= 
PHI=

!<= 
OF= 

304000.000 
l95.Cv0000 

1 • .&:0000 Q 

o. 950000 
0.033333 
0.050000 

CALCULAlt:O VALU~S 

lF= 
CJ&M: 

Ll= 
z 2:. 
L3= 
l4= 

l\b 

CD=CUCfR ~ CT X UF)XXCLUlAP) A Ct 

C.LRM=ClCt:R X tM)XX(CHAP) X C.t- X TF 

1.000000 
o.o 
1.000000 

b0.000000 
120.000000 
60.000000 

CDC.ER= 
COE.1tP= 
CIC ER= 
CltXP= 
BVfA~= 

l~= o.o 

SUM TO l el • 1. 4 

~ #RM ::.T I·~ _. 

E: =1.0 + LUb(Phlt I l0bl2.0) 

ClfU=CtLRM I ~)X((IRM x Ll+.51xx•E• -0.5XXCtJ) 

ClB :(tCL~M/ttXtt•RM A l~ + 0.5)X~tE) -0.5XXCE)) 

C. l ... S=L TB*Z4t/ l.2 

CRC. I =C 11:' X R 
~RE-lOC LRLl =CRCl X lb 
PUST-IOC CRC.1 =CRCI X U.Cl-lt>) 

(U&~ =O&M OR tTP•L~/L2/~~yq 

COMMENTS 

) I Z3 

1911 OAlA ENTERED FUR CUtER,CltER, ANO O&M ~~Rt: 0.158000 
30 BAYSlbO SEC.110-.:~d wHt-1 2b ~ElS PER St:C.llON UF ~wllCH GEAR 
EQUlPMENT. 15 V~Ak llf~. 

0.000400 

0.184860 
0.297000 
0.000468 
i .000000 

1979 
lb= 

$,MILLIONS 

3.673 

0.110 

1558.974 

0.926 

o.o 

106.918 

75.085 

75.085 

2.503 
o.o 
2.~03 

o.o 

o.o 



TABLE 
ROCKwclL ~~~ CP-2 RE~ERENCE CONFI&URATI0~,1980 

1.1.t.~.2 LU-~ULTAb~ CONVERTERS - E.t. 

lNPUl PA~AMElERS INPUT COEffICIENTS 

T= 9000.00COO H·:. 1.000000 COCt:R= 
M: 5. 77000f' u&M= o.o COEXP= 

CF= 1.2coooc ll= i.000000 CICER= 
P111= o.9soooe; ll:. oC.000000 CI EXP= 

R= 0.033333 Z3= 120.000000 RY EAR= 
lJF= o.osoooc· l.4=- b0.000000 Z!>= o.o 

CALCULAlEO ~ALUES tc..b SUM 10 1.1.1.4 

CO=COC~R X tl X Of)XXCCOtXP) x cf 

CLRM=ClC.~R X (M)XXtC1£XP) X C~ X lF 

t:d 
~ •RM :. I I M 
CX> 

E =l.O + LOGtPhl) I LO~t2.0) 

CTfU=lCLRM I ~)Xll#R" ~ Zl+.5JX~lt) -0.5XXttJ) 

ClB =tlCL~M/f)Xll•RM ~ L3 ~ 0.5)X~tE) -0.5XX(E)) ) I Z3 

C 1P~=CH'*Z4/ l2 

CRCI =Clb X R 
PRE-lOC CRCI ::.C.RC.l J( lb 

POST- lOl. C.R1.. l :Ckl.. J x U.O-Zb) 

CO&~ =O&M UR C.T~*Z~/l2/t~f~ 

COMMENTS 
1977 UATA ENTERED fUR tOttR,tltERt ANO O&M wERE 0.158000 0.000400 

30 SAYS t60 S~CllON~J wllH 26 ScJ~ PER ~ECTION Of CONVERTER EQUIP"fNl 
l~ YE~R LIFt. 

0.184860 
0.297000 
0 .000 .. 08 
l .000000 

1979 
lb= 

s,MJLLIONS 

1.362 

0.003 

l559.iq2 

0.971 

4.202 

3.655 

3.b~5 

0.122 
o.o 
0.122 

o.o 

o.o 

o.o 



TABLE 
ROL~wELL ~p~ CR-2 R~fERENCE CONFibURATION,1980 

1.1.l.~.3 LUNDUCTUR5 & lNSULAliON 

lNPUl PARAMEltR~ lNPUl COEFFJCJENT~ 

T: 
M= 

Cf:: 
Pt11= 

R:. 
OF= 

2395000.0C 
1!>3~.00000 

l.OCOOOCJ 
1. 00(100 c. 
o.o 
O.lCOOOl 

Tf::. 
O&fll1= 
ll= 
Li.:. 
l.3= 
L4= 

1.000000 
o.o 
1.000000 

b0.000000 
60.000000 
60.000000 

CDC.tR:: 
COE:XP: 
C ICER: 
CI EXP= 
~YEAR= 

Z5= o.o 

CAL[ULAl~D VAL~fS ~b SUM TO l.t.l.'t 

CD=COCE:R X ll X OFJ"XtCOUlPJ )l Ct-

CLRM:ClC.t:R JC. lM )>lX lCltXP) J( Lt- X lF 
t;:l 

6- #~M ::1 I M 
\0 

E :l.O + LUG(PttlJ I L0bt2.Cl 

Cl~0:1Cl~M I E)XlltRM X Zl+.~)XXlc) -0.5XXIE)) 

(16 = tlCU~M/E: JXt ORM X l3,. 0.5JXX 1lE) -0.5XX(f)) 

CIPS=CTB*Z4/l2 

CKCl =Clb X R 
PRE-IOC tRCJ =-CRLI A tb 
POST-lOC (..RCI :.(..JH .. l X 11.0·-lb) 

CU&~ :U&M OR Ci~*l~/l2/l~YR 

COMMENTS 
1911 OAlA ENTER~U f~R CUL~R,CIC~R, AND U&M ~ERf 

30 HAYS 160 SECllONS> wll~ ~~ Sfl~ PER 5~C.Tl0~. 

) I Z3 

0.158000 0.000004 

0 .184860 
O.Z97000 
0.00000!> 
i .000000 

1979 
Z6:. 

S,fil!JlllONS 

7.320 

0.001 

l 5b0.2b0 

1.000 

o.o 

11.209 

11.209 

11. 209 

o.o 
o.o 
o.o 

c.o 

o.o 

"JP 



TABLE 
ROt~wELL ~~s CR-2 Rf~ERENCt CONFlbURATION,1980 

1.1.1.~.'t ~Ll~ PlN~S 

!flfPUl P'-Ri'l"ltlf:R~ INPUT COEFFltlfNlS 

T= 43000 .oooo lf= 1.000000 
M= 717. 000000 U&M:. o.o 

CF= 1.500000 L l=- l.000000 
PHI= 0.900000 Ll=- b0.000000 

R= 0.005555 l3= 10.000000 
OF= o. 02000 (1 L4= bO.OOGOOO 

CALCULAlEU VALUES IC.b SUM ·to 

CO=COCl:R X l1 X OFIXX(ClH:APJ X Ct' 

CLRM=ClCt:R ~ (M)XX(CltXP) X t~ X TF 
td 
I 
" •RM =T I M 
0 

E =J. • 0 + l OG C PH 1) I LU(:;' l 2' ·~~ J 
'' ~ 

CTFU=CCLRM I E)XC(•RM ~ Ll+.~)XXlE) -0.5XX(E)) . . ' 
._ 

tTB =lll.LRM/E)Xtl~kM ~ 

ClP~=ClB*Z't/Z2 

CRCI ::.ClB X R 

l3 + 0.5)AX(f) -0.5XXlE)) 

PR~-JUC CRCI =CRl1 X lo 
Pus T-1 UC l.RC l :l. l<l. .I. x (1. 0-Lb) 

cot~ =O&M uR Cl~•l~ll2/t~VQ 

COMMENTS 
1977 OATA EN1€REO ~u~ (uClR,ClCE~, AND u&M wERE 
30 SUP RIN& t'AJR~ HiC Rll\lt>SJ. 

CDC.:t:R= 
COEXP= 
CICe-R= 
CifXP= 
BYtAR= 

Z~= o.o 

1.1.1 ... 

J I Z3 

o.15bOOO 0.000764 

o.1e2~20 
0.511000 
0.00089~ 
o • .,;oooo 

1979 
lb= 

$,MILLIONS 

8.b48 

O.b92 

59.972 

0.848 

o.o 

25.9qq 

13.7bb 

13.1bb 

o.01t> 
o.o 
0.076 

o.o 

o.o 



TABLE 
RUC~w~ll s~~ c.~-2 ~EFERENCE CONFlbURAllON,1980 

1.1.1.4.~ B~Tlf~lfS 

---~-

INPUl PAR~MEH-RS INPUl CO~FFICIENTS 

C:I 

l= 
M:. 

CF= 
Pt-rl= 

R= 
OF= 

4000.00000 
50.0COOOO 

1.200000 
0.9!>0000 
0.03333~ 
O. 20000C 

CALCULATED VALU~S 

1 F:. 
(£M:. 

ll= 
L2:. 
l3:. 
l4= 

t'G 

C.U=COCER X (l X DFJXAtCOt)') ) C~ 

CLRM=CICER X (M)XXICIEXP) X C~ X TF 

o.0544ijO 
0.0108!>0 
1.000000 

b0.000000 
120.000000 

oC.000000 

CDC ER= 
CO EXP= 
CIC ER= 
C 1 tXP= 
BYl:AR= 

Z5= o.o 

SUM TO 1.1.l.4 

.!.i #RM =T I M 
f--' 

~ :1.0 + LilbCPHl) / LUb•2.0) 

CfFU=-CCLRM I f)XCC•RM ~ ll+.!>)XAlE) -0.5XX(l:)) 

CTB :fCC.LRflVt:)X(l#R-. X Z3 + O.~)XX(t) -0.5XA(E)) 

C 1PS:CTB*Z4/ L2 

CRtl =ClB X ~ 
PKE-IUC Lk~l =-Ckll X Lb 
PUST-JOC CRCJ =CRCI X Cl.O-tb) 

CU&M :.O&M OR Clh*L~/L2/t~VR 

CUMMt:NTS 

) I 23 

1978 UATA tNTEREu FuR CuL~R.LILFR, AND OtM wER~ 0.037000 0.02~000 

50 ~G 'l:R C~Ll Al 10 CELL~ P~R BATl~RY. 
C.F A(.tO'fUWLElH;,t~ ~uLnul"I 1..hLO~H·t vs C.:ATA BASt:. 15 Yt:A~ LIFE. SH: ALSO 
l.l.9.1.ll F-0~ ~E:F-tRl::.:NCt lu ODl&E. 

0.04014 5 
o. ·134000 
0.030380 
0.241000 

1979 
16& 

$,MILLIONS 

6.~11 

0.005 

80.000 

0.926 

0.311 

0.223 

0.223 

0.001 
o.o 
0.001 

0.011 

0.010000 

o.o 



ROtl\WtLL ~I-'~ C..R-2 R.fFERENC..E ~O~FlGURATlON,1980 

1J8LE: 1 • 1 • l • 4. b t. ;.. T l l: RY V l.J& C 

JNPul PARAMETER~ INPUT COEFFlClENlS 

T= 2000.00000 lF~ O.l5't'tll COtER= 

Ill\= (!50.000000 Ct& M:. o.o CDEX._= 

C.F= i.ocoooo L l =- i.ocoooo CltER= 

Ptil= O.'l~OOOC ll= bO.OOOOOv CH:XP= 

R= 0.00555~ L3= 10.000000 B YEAR= 

(1F: C.lO:"IOOC i.4= b0.000000 l.5= o.o 

0.057505 
0.89000() 
0.013020 
0 .859000 

1919 
lb= 

CALtULAlE:O VALUtS 11..b ~UM lU 1.1.1.4 S,MllllONS 

CU=COCER X ll X OF)XXtCDt'.APt X Cf-

(LRM=-ClttR X lM)XXlClfAP) XL~ X lF 
b:' 

~ fr.'t"4 =1 I M 
N 

E =l.O + LU~l~HJ) I LO~l2.0) 

CTFU=(CLRM I EJXll•~~ X Ll+.~tXXlt:I -C.5XX(f)) 

CTB =CltLRM/E:)XCC•G.M A l 3 + 0 • 5 )JU( ( t ) -0 • 5 X X ( E: ) ) 

t JPS=CTB•l4/ L2 

C~C.l =tlP. X R 
P~t-lOC CRC.l ::.(R(l X lb 
~~Sl-lUL LRCl :CRLl X tl.C-Lb) 

CU&M :.U&M U~ Clt•l51L2/t~Y~ 

a.ooo 

0.926 

) I l3 

CLJMMt:l'-41 S 
1978 D•TA tNlERt:~ fU~ CULt~,ClC~~, AND ~&M "~R~ 0.053000 o.c12000 o.o 
CuMb.lNI: SATJ:LdH 1,,u..!'-.l.llh~ t-Ru"1 l.l.2.3.b UCG UNllS> FOR OF & TF CALCULATIONS 

o.421 

0.231 

t.677 

1.247 

1.247 

0.007 
o.o 
0.001 

o.o 

o.o 



1.1.1.5 THERMAL CONTROL 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

Rockwell 
International 

This element includes any component used to modify the temperature of 
the energy conversion subsystem components. It includes cold plates, heat 
transfer and radiator devices as well as insulation, thermal control coatings 
and finishes. Excluded are paints or finishes applied to components during 
their manufacturing sequence. 
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1.1.1.6 MAINTENANCE 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~l~ Rockwell 
P.~ International 

This element provides for in-place repair or replacement of components 
and includes work stations, tracks, access ways, and in situ repair equipment 
on the energy conversion segment of the satellite. 

Maintenance requirements of this element are relat2d to the satellites 
energy conversion section covering main structure, concentrators, solar 
blankets, and power distribution/conditioning equipment. Some of the items 
of maintenance equipment will be common-use items serving the satellite power 
transmission and interface segment. In these cases, the costs have been 
apportioned to the related WBS element. Maintenance requirements are listed 
in Table 1.1.1.6 and costs are presented in Tables 1.1.1.6.1, 1.1.1.6.2 and 
1.1.1.6.3. 

Table 1.1.1.6. Maintenance Requirements 

MAINTENANCE ITEM 1.1.1.6 
WBS NO. DESCRIPTION ENERGY CONVERSION 

1.1.1.6.1 "Free-Flyers" or Barge for 0.8 Vehicle 
Cargo and Personnel Uti 1 ization 
(Common Use Item) 

1.1.1.6.2 Manned Manipulator Module 1 Vehicle 

1.1.1.6.3 Tracks and Access Ways 84,ooo kg 
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ROCKW~U. ~ .. ~ CR-2 IH:f-ERENCE: CONFIGURATl~,1980 
TABLE l.l.laC>al l"!Al1'4H.NA~U: -·FREE FLYERS 

l~PUl P"RAl"!F. lfR~ INPUT COEFFICIENTS 

T:. 
M: 

CF= 
Pt-ti= 

R= 
lJI-= 

5000.00000 
5000.00000 

l .l5000 c 
o. 950000 
o.oo!>5 5 ~ 
1.occooc 

TF= 
U&M= 

Ll= 
l2= 
l~= 

L4 = 

1.000000 
o.o 
o .trnoooo 

b0.000000 
!>8.000000 
48.000000 

CDC ER= 
CD EXP= 
C Itt:R= 
CI EXP:. 
BY EAR= 

Z.5= o.o 

CALCULAlED VALU~S K.b ~UM TO 1.1.1.6 

o:i 
I 

(.Ci=CDC.E:R X CT X l>F)XX(\-Ul:).P) X Cf 

Cl.~M=CICl:R X CMH.XlCHXPf X C~ X 1F-

...._. #~M :T I M 
\JI 

E =l.O + LUbCPhl) I LUbl2.0i 

tTFU=ttLRM I EtXCC•RM X Ll+.5JXXCE) -0.5XX(E)) 

CTS :.((CLRM/t)Xtt#RM ~ l3 ~ O.~)XX(E) -0.5XX(E)) 

Clt-'S=CTB*Z4/l2 

C~C.1 =ClB X R 
PRE-lOC CRCI :.CRtl K Lo 
POST-lot C.Rtl =CRL) ~ c1.o-ib) 

CO&M =O&M OR CTP*L5/L2/E~YR 

COMME"1TS 
1977 DATA ENTERE:l.J FUk COC.t"l,UCE-t<, ANO O&M wE~E 

) I Z3 

o.o 0.005798 

o.o 
o.o 
0.006784 
1.000000 

197'i 
lb= 

$,MILLIONS 

o.o 

42 .398 

1.000 

0.926 

o.o 

34.279 

33.758 

27.006 

0.188 
o.o 
0.168 

o.o 

o.o 



TAB Lt 
ROC~Wl:LL SP~ C~-2 REFtR~NCI: CUNFIGURAlJON,1980 

1.1.l.b.2 ~IJllNEL ~ANl~ULAlOR 

11\f PU 1 PAR AME lER!. INPUT COEFFICI~NTS 

t;d 
I 

T= 3000.00000 TF:. 

M= 3000. OJOJ :J utM:. 

tF= 1.10000 0 l l:. 
Pt1l= 0.95000(; Z2= 

K= 0.00~5~., L3=-
OF= 1.000000 l4= 

CALCULAlfU VALUE~ Kb 

CO=COCfR X (TX OFJXXH.Of:APJ )I. C.t-

CLRM=ClCER X (MJXX(CltXP )' X C.f- X lf 

1.000000 
o.o 
1.000000 

00.000000 
10.000000 
60.000000 

SUM lO 

-...i #RM :cl I M 
"' 

E: =l.O + LUbU•HU I LUb,2.CJ 

CTFU=CC.LRM I E)XCC•RM X Ll+.5JX)l.CtJ -0.5XX(~)t 

C TB = C t C LR fl\/ t ) X t (# q M X Z3 + O.~)XX(E) -0.5XXlE)) 

l. IP~=CTB•Z4/ l2 

CRl. J =t 18 X R 
PRE-IUC CRCl :.(R~l X lb 
POST-IUC tRtl =-CRCI X tl.O-Lb) 

CO&M =O&M OR Cl~*l5/l2/1:"4YR 

CUMME~T~ 
1917 UAlA ENT~RED ~UR COL~~,L1LtR, ·~o U&M wER~ 

COtER:: 
CDE:XP= 
CI CE:R= 
CI EXP= 
BYE:AR= 

Z5= o.o 

1.1.1.b 

) I Z3 

o.o 0.005798 

o.o 
o.o 
O.OOb784 
1.000000 

1979 
Z6= 

StMlLLIONS 

o.o 

22.38b 

1.000 

0.92b 

c.o 

22'..4bl 

17.588 

17.588 

0.098 
o.o 
0.098 

o.o 

o.o 



TABLE 
ROC.K.wELL ~ .. ~ l.J.i-; Rtf-ERE"4C.t C.ONFlGURAllON,1980 

1.1.l.6.3 TRAC~~ & ACCESS wAY~ 

lN .. Ul .. ARAMllE~S INPUT COEff ICIENTS 

T= 
"'1= 

CF= 
Ptil= 

R= 
uF= 

84000. 0000 
84000.000C 

1.00000(' 
1.000000 
o.o 
0.2C:00C(; 

f~ = 
lltM= 
Zl= 
l2=
L..;: 
l4= 

1.000000 
o.o 
1.000000 

b0.000000 
60.000000 
60.000000 

CDl.t:R= 
COLXP= 
CICE:R= 
CIE:XP= 
BY E:AR= 

Z5= o.o 
CALCULATED VALUES !(.(;, ~UM ro 1 .1 • 1. e> 

°" I 

C L>= C OC. f R X ( l X I.> f- t XX l C lJ F- .>.P ) X (. F 

CL~M=CICER x lMJXXCCH:JU')' X U· X IF 

....i #RM :.l I M ..... 

E =l.O + LUb( .. hl) I L0bt2.0) 

CJFU=-CCLRM / E)X(f#RM x Ll+.5)XXlt) -0.5XXft)J 

CTB :: C( CLRM/ I: )X ((#RM A L$ • O.~)X~lt) -0.5XXCE)) 

c.1 ... S:CTB *Z 4/ Z2 

CRl.1 =C.lb X R 
f>Rt-llJC l.RCI ~CR(J ~ Lb 

POST-lOC. C.Rtl =tRCJ X tl.O-tb) 

tO&M =O&M OR CTk•t5/L2/tNYR 

COMMENTS 
1917 DATA tNTER~O F0k C0L~K,tlCE~, A~O UtM wERE 

) / Z3 

o.o 0.0000!>0 

o.o 
o.o 
O.C•00058 
1.000000 

1979 
2.6= 

5tM1LLlONS 

o.o 

4.914 

1.000 

1.000 

o.o 

4.914 

4.914 

4.911t 

o.o 
o.o 
o.o 

o .. o 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.1.2 MW POWER TRANSMISSION 

Rockwell 
International 

The MW power transmission system receives de electrical power from the 
solar array via the interface subsystem. This power is conditioned, converted 
to microwave energy, and radiated to the ground receiving station. It includes 
power distribution and conditioning components, de-to-RF conversion devices, 
and antenna radiating elements. 

Costs in this section cover those of the Rockwell SPS reference antenna 
structure and subarrays with their klystrons; the power distribution and con
ditioning system, thermal control, phase reference system, and maintenance 
requirements. The MW antenna system is illustrated in Figure 1.1-3 and illus
trates the basic configuration, including overall dimen~ions of the selected 
antenna structural concept. 

SECONDARY 
FEEDERS (J~ Pt>CES) 

l.2KM 

Figure 1.1-3. Microwave Transmission System 
~Satellite Antenna 

SUMMING IUS 
(2 PL>CES) 

The smallest antenna building block is the power module, which varies in 
size from the one illustrated (which is used at the center portion of the 
antenna) to 3.40 by 5.82 meters at the periphery of the antenna. Ten differ
ent power module sizes are used to comprise the antenna element. Each power 
module has a klystron located in its center. The power modules are arranged 
into subarrays measuring 10. 2 by 11. 64 meters. Each subarray has its own 
phase control electronics. Nine subarrays are connected to form a mechanica] 
module 30.82 by 34.92 meters. The tension web antenna is nominally 1200 min 
diameter with a 1-km-diameter aperture or active area. The power modules with 
high power klystrons are mounted on the array structure. The klystrons serve 
as microwave power amplifiers that beam the MW energy to earth. Table 1.1-5 

B-78 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

41~ Rockwell 
P.~ International 

presents a summary of MPTS and satelliteantennapoint design characteristics. 
The basis for this antenna analysis was a transmission capability of 7.14 GW. 
An assessed maximum klystron output of 52 kW (each) was established. 

Table 1.1-5. Point Design Microwave Power Transmission System 
(MPTS) Satellite Antenna Characteristics 

MPTS System (Gaussi~n Beam) 
Frequency (GHz) 
Maximum satellite array pm.;er density (kw/m 2 i 

Power density at ionosphere (mW/cm 2 ) 

MPTS efficiency (includes ionosphere and 
atmospherics), % 

DC input power to MPTS from solar array (GW) 
DC output power to utility (GW) 

Satellite MPTS Antenna Array 
Size (transmitting diameter), km 

- Area (km2 ) 

Weight (kg) 
Number of mechanical modules 
Number of subarrays 
Number of klystron power modules 

1.1.2.1 STRUCTURE 

2.45 
21 
23 

59.3 
9.94 
5.07 

1 
0.785 
11. 98XlQ 6 

777 
6993 
142,902 

This element includes all members necessary to support transmitter sub
arrays and other power transmission subsystem hardware. It includes structural 
beams, beam couplers, cables, tensioning devices, secondary structures, and 
mechanisms. Microwave controlled segments or subarrays are mounted on the 
hexagonal tension web/compression frame configuration depicted in Figure 1.1-4. 

The tension-web/compression-frame antenna structure concept consists of 
three major elements: (1) the tension web to which de-to-RF conversion and 
transmission hardware is attached, (2) a catenary rope system which is attached 
to the perimeter of the tension web, and (3) a hexagonal compression frame. 
The tension web resists lateral pressure loading that is transmitted to the 
vertices of the hexagonal compression frame via the catenary rope system. 
These frame members are loaded in pure compression and can be analysed as col
umns. Three of the six catenary-to-compression-frame vertex attachments are 
fixed. The other three attachments at every other intersection have lateral 
adjustment jacks. The three fixed attachments describe a plane perpendicular 
to the desired boresight and the adjustable attachments maintain the tension 
web as a flat surface. All six catenary rope/compression frame attachments 
have in-plane tensioning devices that maintain the tension web flat within the 
design limits. Antenna elevation (north-south) adjustments are accomplished 
by gimbals in the trunnion structure which attach the antenna to the rotary 
joint. Azimuth adjustments are made by the rotary joint. 
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Space Operations and 
Satellite Systems Division 

Space Systems Group 

Figure 1.1-4. Microwave Antenna Structure 
Selected Design Concept 

1.1.2.1.1 Primary Structure 

Rockwell 
International 

This element consists of the basic supporting framework of the microwave 
antenna power transmission system up to the interface connection trunnion that 
has three main components~a tension web made from composite wires or tapes; 
a catenary cable that transfers the web tension to the vertices; and the 
octagonal compression frame. The antenna frame provides a structural support 
but does not include the waveguides or radio frequency assemblies associated 
with the microwave subsystem. 

This element is limited to primary load carrying structure and does not 
include other secondary structure such as equipment mounts, platforms, and 
space equipment supports. 

The SPS requirement for low thermal distortion, under high thermal stress, 
dictates the need for a material with a very low coefficient of expansion. The 
most likely candidate, at this time, is a graphite composite material. 

The antenna structure D&D CER was developed using graphite composite data 
obtained from NASA's Redstar Data Base. Tooling cost was excluded under the 
assumption that this cost would -be incurred in the development of orbital f ab
rication equipment. The following data points were used: 

• Space telescope shell • HEAO optical bench 
• ATS-F truss • Shuttle payload bay doors 

The antenna structure ICI considers the cost of raw materials only since 
the costs associated with fabrication and assembly are charged against orbital 
assembly and support equipment (WBS 1.2). The antenna structure ICI cost equa
tion is based on raw composite material stock (prepregnated graphite) cost. 
These material costs are based on vendor quotes obtained from Hercules, Fiber
rite, and Union Carbide. 
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Range of Data: 

D&D: 30.0 to 2000.0 kg 
ICI: Unlimited 

1.1.2.1.2 Secondary Structure 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

Rockwell 
International 

Secondary structure consists of passive interface attachments between 
primary structure and operational subsystems. Structural members are made of 
aluminum with the ability to articulate, rotate, or otherwise support/allow 
motion between the primary structure and other system elements. 

This element includes all structure, consisting of mounting brackets, 
clamps and installation structure required as an interface and mounting attach 
points of components, assemblies, and subsystems. It also includes any struc
ture required between two or more components or assemblies. 

The MSFC CER was used for DDT&E and ICI cost estimates based on cost data 
contained in the Redstar Data Base. Data from a variety of launch vehicle and 
unmanned satellite programs were available and the applicable data points are 
listed below. 

• S-IVB inte~stage 
• S-IC forward skirt 
• S-IC innertank 
• Solar telescope housing 

assembly (ASM) 
• Common mount assembly (ASM) 
• Telescope gimbal assembly (ASM) 
• Common mount actuators (ASM) 
• Array platform elevation 

pointing actuator (ASM) 
• UV gimbal mount actuators (ASM) 

Rar1ge of Data.: 

D&D: 6.0 to 15,000.0 kg 
ICI: 6.0 to 15,000.0 kg 

• UV instrument mount assembly (ASM) 
• Solar array and boom structure 

(ATS-F) 
• Squib interface unit (ATS-F) 
• Interstage (Centaur) 
• Fixed airlock shroud (Skylab) 
• Payload shroud (Skylab) 
• Pallet segment (Spacelab 
• OS0-1 
• ATS-F 

S-II 

A review of these data points indicates extrapolations at the 6-kg level 
were based on the ATS-F solar array and boom structure, the squib interface 
unit, ASM gimbal assemblies and actuators; whereas the S-IC innertank, Centaur 
nose shroud, and interstages were extrapolated for the 10,000 kg category. 
The design and size of these items are considered more complex than that 
required for the SPS and as a result, a complexity factor (CF) of 0.80 was 
established for the pilot plant/test article and the COTV. A CF of 0.70 was 
used for the satellite as the two prior vehicles will be completed and an 
improved data base will be available for the satellite secondary structure. 

Tooling factors were identified by grouping secondary structure require
ments for the annual production of satellites (WBS 1.1.1.1.2, Energy Conversion; 
WBS 1.1.2.1.2, Power Transmission; and WBS 1.1.6.1.2, Interface). 
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1.1.2.1.3 Mechanisms 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~l~ Rockwell 
'1'J.~ International 

This element includes passive components and systems required to support 
rotation or elevation of the power transmission (antenna) system. Included are 
bearings and gearing that allow motion of the antenna gimbal to a proper 
orientation/position. 

Operationally, attitude_ determination system sensors feed signals to the 
IMS for processing and calculation of pointing collllllands and the activation of 
drive motors. 

The ICI production cost CER was based on data provided by the following 
manufacturers: 

Manufacturer 

Poly-Scientific 
Poly-Scientific 
Electro-Tee 
Electro-Tee 
I.E.C. 

A lication 

High energy 
Radar 
Navy destroyer propeller system 
Satellite solar array 
Navy shipboard hoist 

Due to differences in complexity and variations in specification require
ments between ground and space-qualified equipment, the following factors were 
applied: 

Complexity factor x 3 
Specification 

uprating factor x 3 

Total x 9 

Range of Data: 

DDT&E: 6.0 to 15,000.0 kg 
ICI: 6.0 to 15,000.0 kg 

1.1.2.1.4 Cost Estimates 

Input parameters T (total) and M (module) are in kilograms of mass. 
For cost estimates, refer to Tables 1.1.2.1.1, 1.1.2.1.2, and 1.1.2.1.3. 
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lABLE 
ROC:.t\wl:LL Sl-'5 CR-2 !H:f-t:Rt:NCE: CONFl&URAllON,1980 

1.1.2. l. l i'Rl MA RY SlRUClVRt: 

l N f' U 1 "'AR A"'1 t ll: R !> INPUT COEFFICIENlS 

ti;; 
I 

T= 23000.0COO lf:: 
M= 3834.C-.;000 Li&M:: 

(.F: 1.000000 l 1:: 
PHI= l.OOOOOC L2:: 

R= o.o 2. 3:. 
OF= 0.020000 l4= 

CALCULAlEO VALUtS l\b 

CD=COl.lR X CT X OF)~X(l.LJ~~ ... ) X Cf 

CLRM=CICER X lMJXXtCl~~PJ A (~ X J~ 

1.000000 COCE:R= 
o.o COcXJ'= 
1.000000 CICtR• 

b0.000000 CI EXP= 
b0.000000 BVEAR:: 
bC.000000 Z5= o.o 

SUM lO 1.1.2.1 

~ #RM =l I M 

l =l.O + LUb(~HIJ I Lubl2.u) 

CTfU:(CLRM I f)Xft#RM X Ll+.~)XXCt) -C1.S.lOCCEJ) 

ClB =tCCLRM/t:)X((#RM X l~ + O.~)X~lE:J -0.5XX(E)) 

l. l .. S=l. TB*Z4/ l2 

C~C.l =Clh X R 
Pkt-lOC CRCI ::.C.Rtl x lb 
PO~l-IOL CRCI ::CRtJ X (l.0-lb) 

CU&M ::O&~ UR Llk*L~/L2/~~YR 

COMMENTS 

) I 2.3 

1971 UAlA t:NlE:Rt:O FU~ CDCtR,tlClRt AND U&M ~ERE 0.023000 0.0000~0 
HEXAbON ~TRUCluRh l~i.,~ll1"1 wft: U~SIGN. Of- CALClJLAl~l> I~COMB1"4A1JON 

WITH 1.1.1.1.1, l.1.~.1.1, & i.1.9.1.1, l.l.9.1.1~ & 1.1.9.1.20 

o.o2b910 
o.sooooo 
0 .000058 
1.000000 

197fl 
lb= 

$,MILLIONS 

3.632 

0.224 

5.994i; 

1.000 

1. 31t~ 

1.345 

1.345 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



TABLE 
RuCKwtLL SP~ CR-2 REf~RENCt CONFlGURAllON,1980 

l.l.2.1.2 SttL~UA~Y ~l~UCTuRE 

llllPUT f>ARAMcltR~ INPUT COEFFICIE~TS 

T= 81~000. 000 I ~;. O.Ol229b COCfR= o.1 e2s20 
Ill!:. 5.oovooo l.J&M: o.o CDEXF'= 0.511000 

CF:. o •. ,coooo ll: 1.000000 CICt:R:. Oellbl70 
Pt-ti= 0.9~CC0l" L2: bC .000000 CI EX~= 0.355000 

R= 0.001111 l:J: 62.000000 ~Yf:AR= 1979 
[)F: 0.033333 l 4;. bC.OOOOOC 15= c.o lb= 

CALCULATED VALUES IC.b SUM 10 i.1.z.1 S,MlLLIONS 

o.o 

CU=COCtR X Cl ~ OF)AXfCOtXPJ X C~ 
-_ _________. 23. 561 _, ___ . 

b:l 
I 

CLRM=ClCfR ll. tM)XXtCJi::XP) X Lf X lf 

~ •Rl'1 =l I M 

t =l.O + LUGCPhl) I LO~C2.01 

CTFU=t~LRM I t)X((~RM A lJ+.~JXXlt) -G.~XXCt)) 

c1e ;:;(t(L~M/UXtC•RM A Lj • 0.5)XXl~) -0.5XX(E)) 

CJPS=Cl~•l4/l2 

CRCl =Clb JI. R 
PRf'.-Il)C. CRC.l :(kl1 .< Lb 
PUST-!Ul. i.,.l{\..l ;::(.l<l.! X ll.;J-.i:.t) 

CU&M =O&M OR Clb*Z~/£2/t~YR 

CO~MfNlS 

) I Z3 

1977 UATA ENlERED ~UV CuLf0 ,lIL~R, AND C&M #~RE O.l5b000 
l.O~BlN~ ~AlfLLllE ~UA~lll!~S FMUM l.l.l.l.2(117200 UNITSJ& 
l.l.b.le2tb800 UNlJS1 ~UR ~Hl, U~ L lF CALCULATION~. 

o.oc2 

lb3000.000 

0.101000 

0.971 

213.118 

c. 0 

168.962 

188.9b2 

0.210 
o.o 
0.210 

o.o 



TAR LE 
ROC~wELL ~p~ C~-2 ~EFE~ENCE CONFlbURA110Nt1980 

1.1.2.1.3 McCHANISMS CTRUNN10NS) 

lNPUl PA~AMt:ltR~ INPUT CO~FFICIENTS 

td 

1= 
M: 

CF= 
Phi: 

~= 
OF= 

2000.00000 
1000.00000 

i.cooooc 
1.000000 
o. 002222 
1.000000 

CALCULAT~O VALUc~ 

TF::: 
u&M• 
ll= 
l..2= 
l3= 
Z4= 

l\b 

CO=COCER X CT X OfJl~lCDEXP) X CF 

Cl~M:CICE~ X (M)XXCClf.XPJ X l~ X lF 

1.000000 
O.Olo1t999 
1.000000 

60.000000 
64.000000 
60.000000 

COCt:R= 
CDExP= 
C lCfR= 
CI EXP= 
BYEARs 

Z~= o.o 

SUM TO l .1. 2 .1 

~ #RM =T / M 
V1 

t: sl.O + LUGtPnl) I LU~\2.CJ 

CTFU=tCLRM I ~)Xlt#RM ~ Ll+.~JX~lE) -0.~XX(iJ) 

CT8 =tCCLRM/t)Xl(#RM A L3 + o.~t~X(t) -o.~XXlEtt 

CIPS=CT8*Z4/l2 

Ci:tCI =Cle X R 
PkE-lUC CRCl :(.RLl X lb 
PUST-IOC CRCI =CRCi X ll.O-LbJ 

CO&M =O&M OR CTB*L~/l2/tNYR 

(.Of11MENTS 

) I l3 

1977 OATA tNTEREL FOR CUL~R,Lllf~, A~D O&M WERE 0.156000 O.C007b4 
PASSJVt MECHANISM~ L.l'.CAflll lJ!\ •NH:N"'4A - GEAR RING ANU REARINGS. 

0.182520 
o.suooo 
0 .. 000894 
0.950000 

1979 
lb= 

~,MllllONS 

2.000 

1.000 

8.874 

0.033 

l.2b6 

l .2t.6 

1.266 

0.003 
o.o 
0.003 

0.015 

0.012820 

o.o 



1.1.2.2 TRANSMITTER SUBARRAYS 

Space Operations and 
Salellite Systems Division 

Space Systems Group 

~l~ Rockwell 
P.~ International 

This element includes all hardware required for generation, distribution, 
phase control, and radiation of microwave energy. Systems and components are 
identified as subarray structure, waveguides, power amplifiers, control devices, 
and power harnesses. Also included are thermal control devices and finishes 
manufactured as an integral part of the subarray. 

Reference SPS Klystron Concept 

RF generators convert direct current (de) electric power to RF microwave 
power. Klystrons are used in this system as a high-powL·r RF transmitting 
device. Waveguides receive the RF power from the generator and radiate it to 
the ground-based rectenna. 

Klystrons with an efficiency of 85.86% are suggested for the Rockwell 
reference concept microwave power transmitting antenna. The reference klystron 
is based on the performance of various VKS-773, 50-kW, 2.45-GHz klystrons pre
viously built which obtained an efficiency of 74.4% without a depressed 
collector. Addition of a depressed collector with 55% beam power recovery 
efficiency plus other minor design changes will lead to an 80% efficiency. 
Taking into account cathode heater and solenoid power, a final efficiency of 
85% was projected as technologically feasible for the year 1990 and is used 
in point-design calculations. 

Historical cost data for some 20 phased array radars spanning over a 
period of the last 20 years were extracted from the Redstar Data Base and/or 
obtained from various contractors. The data were analyzed, normalized, and 
the costs were adjusted to reflect 1979 dollars. In addition, for all costs 
utilized, the facility receiver subsystem hardware, data subsystem costs, and 
basic facility/housing costs were removed. 

The application of phased-array radar costs to the development cost esti
mates of microwave antennas was pertinent since the design and development of 
these physically large ground installations were conducted in much the same 
manner as that being utilized for the SPS. Ground array radiating elements 
were assembled in subarray panels, complete with radiating elements, wave
guide, and cabling. Subarrays were then mounted into the facility framework, 
subarray cabling, and plumbing connection completed at system level, and con
fidence testing conducted. The same general assembly philosophy is expected 
to be followed for the SPS microwave antenna, the difference being that the 
microwave antenna will be totally assembled in the space environment. 

The D&D CER was based on data from four DOD classified projects identified 
only as Projects 21, 22, 23, and 24, as well as the Cobra Dane, AN/SPS-48 and 
SAM-D (PATRIOT) radar systems. 

A different approach was taken to develop TFU CERs. After reviewing the 
various radar systems' cost it was determined that not l'nough insight was 
afforded into the components; therefore, a "grass roots" approach was undertaken. 
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Space Operations and 
Satellite Systems Division 

Space Systems Group 

~I~ Rockwell 
"'•~International 

The microwave power transmission (MWPTS) array for the updated Rockwell 
reference configuration was analyzed to current design requirements and to 
reflect 1979 cost projections using the Exhibit C data base. The tension-web 
antenna is 830,264 m2 and required 142,902 power modules with one 52-kW 
klystron per (LRU) module of 5.8 m2 each. 

Cost estimates were developed after careful review of MWPTS array subsys
tems using the MSFC data base, vendor estimates, and cost projections of 
equipment with similar design characteristics. A 50% allowance was provided 
for system integration. MPTS instrumentation requirements for voltage control 
measurements are included as part of Information Management and Control 
(WBS 1.1.3). 

An analysis of klystron microwave system components is summarized in 
Table 1.1-6. The microwave radiating element (waveguide) is used in conjunc
tion with microwave power generation devices (klystron or magnetron) to radiate 
this form of energy from a satellite located in GEO to a ground receiving sta
tion. A special study was completed to identify possible techniques of manu
facturing large quantities of these elements and to project costs for their 
mass production. 

Table 1.1-6. Detail of Rockwell Microwave System Design 

MW System Component 

• Waveguide 
• Heat pipes (thermal) 
• Klystron (1 unit/LRU) 
• Phase shifters 
• Phase control elec

tronics 
• Power dividers and 

combiners 

• Integration @ 50% 

LRU cost 
LRU's/Antenna 

Total estimate/ 
antenna 

• LRU 5.8 m2 

• Antenna 830,264 m2 

• Power modules 142,902 m2 

LRU Cost 
(1979 Dollars) 

348 
3,006 
2,340 
1,170 

955 

152 

7,971 
3,986 

11,957 
142,902 

$17Q9XlQ 6 

WBS 
Reference 

1.1.2.2.2 
1.1.2.2.3 
1.1.2.2.4 
1.1.2.2.5 

1.1.2.2.6 

1.1.2.2.7 

1.1.2.2.8 

Techniques considered by Rockwell's Advanced Manufacturing Technology 
group included dip brazing, fluxless brazing, and adhesive bonding. Although 
methods of adhesive bonding seem reasonable, it appeared that this technology 
would need considerable development to meet the 1990 ground rule for availa
bility. The fluxless brazing technique appears as a practical alternative at 
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Space Operations and 
Satellite Systems Division 

Space Systems Group 

.41111~ Rockwell 
P.~ International 

this time. A NASA/Langley Research Center contract (NASl-13382) with Rockwell 
resulted in the fabrication of an actively cooled panel using this technique, 
and Rockwell has approximately 15 years of prior experience with this method 
Mass production requirements would dictate the use of vacuum furnaces, self
jigging features to hold components, fully automated operation with inspection 
on a statistical basis, special tooling, and a continuous operation. 

Solid-State Array 

A cost analysis of the solid-state array for th,2 Rockwell CR-2 planar/ 
dual-mounted antenna configuration is presented in FLgurc 1.1-5. Electrical 
power for this microwave array is received from solar panels located on the 
planar wing of the satellite. Amplifiers used in th Ls configuration represent 
a high-cost item. System integration and test are reflected at 50% of mater
ials and fabrication. 

GaAs MBG Sandwich Arrays 

Microwave transmission subarrays are "sandwich" designed with integral 
solar panels on the antennas of satellite configurations using large reflectors. 
Figure 1.1-6 summarizes cost estimates of this subarray, its solar panel, 
solid-state devices, amplifiers, and supporting components. These data were 
used in the costing of Rockwell SPS solid-state sandwich dual antenna/reflector 
concepts. 

Cost Estimates 

Table 1.1.2.2.1 expresses DDT&E costs 
kilowatts [CD= 0.07839 (PT) 0.507 (CF)]. 
cost estimates of the klystron concept. 

based on antenna power output in 
The following tables cover other 

WBS Table No. Item 

1.1.2.2.2 Waveguide 

1.1.2.2.3 Heat pipes~thermal 

1.1.2.2.4 Klystron power modu]e 

1.1.2.2.5 Phase shifters 

1.1.2.2.6 Phase control electronics 

1.1.2.2.7 Power dividers and combiners 

1.1.2.2.8 MW system integration 
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MATERIALS & FABRICATION 
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OCFUOUSV 

OlllOUNO S1tHPlllill 

STRUCTURE 
KI;VLAR /HONEYCOMB 
FIBERGLASS TRUSS 

GROUND PLANE 
AL/KAPTON 

RF STRIPLINE 
AMPLIFIERS 

SYSTEM INTEGRATION & TEST 
( 50%) 

TOTAL $ 

SINGLE ANTENNA REQUIRI:MENT 

MASS PER ANTENNA 5.28x106 kg 

APERTURE 1350 m 

ANTENNA AREA l.43x106 m2 
SUBARRAYS/ANTENNA 14,300 

MECHANICAL MODULES 1fi89 

DIPOLES 2:14x 106 

AMPLIFIERS 1407x106 

Figure 1.1-5. Solid-State Array 
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ITEM DESCRIPTION 

MATERIALS & FAB . 
STRUCTURE 

KELVAR/HONEYCOMB 
FIBERGLASS TRUSS 

GROUND PLANE 
AL/KAPTON 

RF STRIPLINE 
BERYLLIUM OXIDE 
AMPLIFIERS 
SOLAR PANELS 

SYS.INTEG.&TEST (50%) 

TOTAL $ 

SINGLE ANTENNA REQUIREMENT 

GaAs MBG ITEM 

COST/m 2 (1979 DOLLARS) 

Ga As MBG 

16.73 16.73 
11. 87 11.87 

0.58 0.58 
3.53 3.53 

15.21 28.36 
41. 00 82.00 
78.00 89. 15 

166.92 232.22 

83.46 116.11 

250.38 ~M8. 33 

Ga As MBG 

MASS PER ANTENNA 4.4x106 kg 3.53Xl06 kg SUBARRAYS/ANT. 26,300 20,867 

APERTURE 1830 m 1630 m MECH. MODULES 2.922 2.319 

ANTENNA AREA 2.63xlo6 m2 2.09xl06 m2 DIPOLES 43lxJo6 342xlo6 

AMPLIFIERS 43lx106 684xl06 

Figure 1.1~6. GaAs and MBG Sandwich Arrays 
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t:d 

TABLE: 
RUCKWE:LL S ... S C.R-2 llEFE~ENCE CONF1&URA11Clthl980 

1.1.2.2.l ~LYSTRO~ MPT & RS OOT&E 

INPUl P~RAME.lt:RS lNPUl COtFFlCJ~NTS 

T= 
M= 

CF= 
PHI= 

I<= 
[)f: 

7140000.00 
lllt0000.00 

i.2~0000 
0.980000 
o.o 
o.2ooooc 

C.ALCULAlED ~ALVES 

If= 
lJ& ... :. 

Ll= 
l2= 
£3:. 
L.4= 

k.w 

CU=CDCER X ll X OF)JOltCDt:XP) X Cf 

CL~M=ClCER X tM)XXCClEX~) X t~ X lf 

1.000000 
o.o 
1.000000 

60.000000 
b0.000000 
b0.000000 

CDC ER= 
COEXP= 
C 1 (. t:R= 
CI EXP= 
BVt:AR: 

z~~ o.o 

SUM TO 1.1. 2 • ;~ 

0.018390 
0.507000 
o.o 
o.o 

1979 
lbs 

$,MILLIONS 

129.306 

o.o 

~ If-RM =T I M 1.000 
I-' 

E =l.O + LUGCPHll I LU~t2.0J 0.971 

ClFU=CCLRM I E)X((WRM X tl+.~)XXtt:J -0.5XXltt) 

Cl~ =CCCLR~/E)X((#RM 1' l3 + C.~)XX(t) -0.~XAl~)) ) I l3 

CIPS=C.TB•Z4/l2 

C~tl =tlB X q 
PRE-IOC C.RL l :.(.1<.l. l X lt 
POST-lUC. CR.Cl :.CRC.l 1' U.O·-lb) 

CO&M =O&M OR ClB*Z5/l2/~N1R 

COMMENTS 
19"19 DAlA t:NTt:Rt:L FUR ClJC..fR,LJC.El<t AND U&M fifERE 0.()78390 O.O O.O 
MSFC CtR STRUCluRf::. lNC.LuC)t~ GRuUND/SPACE EXt'LOroTORV DE'IELOPMENT FOR ITEMS 
Wll111N lale2e2l1RAN5Mlll~R SUtjAR~AYS), ANO 1.1.2.~ tA~TENNA tONTROLJt 
OF CONSJotkS i>Rt:tURSUR RECJUlkf:ME:NTS OF PUwER TRANSMlSSlON & RECtfo'TION. 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



t::i:l 
I 

RUlKwt:LL SPS CR-2 REF-ERENCI: CONFIGURAllON,1980 
T•BLE 1 • 1 • 2 • 2 • 2 "";.. V c: bU l Ut 

INPUT PARAMt Tt:R~ 

T= 142902.000 lf;:. 

M= 9.000000 otM= 
Cf= 1.00000(, Ll= 

PHI= 0.98000C ll:. 

R= o.o L3= 
OF= 1.000000 l ~:. 

CALCULAlcU ~AlUtS ~t'I ~I:. 

CD=COC~R X (l X Of-)XXlCOfX~) X C~ 

tLRM=Cl,ER X lM)XXlClfXP) X ~~ X lF 

1.000000 
c.o 
l.000000 

t>O.COOOOO 
60.000000 
b0.000000 l5= 

~UM 10 1.1.2.2 

INPUT COEFFICl~NTS 

COC~R= 
COfXf'= 
C ICER= 
CIEXP= 
B YtAR= 

o.o 

o.o 
o.o 
0.000348 
1.000000 

1979 
lb= 

5,M llLIONS 

o.o 

0.003 

~ #~M :J / M 15878.000 

E =l.O + LUGlPHI) I LU~tl.O) 

CTF-U=tCLRM I EJX((•R~ X Ll+.~)XXlfl -O.~XXlEJ) 

ClB =ttCLRM/E)Xlt#RM A Z 3 + 0 .~) XA ( E) -0 • 5XX ( E) ) 

CIPS=ClB•Z4/Z2 

CRl l :(TB X R 
P~E-IOC CRCl =-<::RC! X lb 
~UST-lUt lRCl =CRCl ~ tl.O-lb) 

CU&M =-u&M OR ll~•L5/Ll/l~YR 

COMMENTS 

J / Z3 

0.971 

3B.o39 

34.293 

34.293 

o.o 
o.o 
o.o 

o.o 

197~ OATA ~~lERtO ~UR CUCt~,ClttR, AND O&M w~RE O.O 0.000348 O.O 
b9~3 SUl)AR~AYS 11\ -ll 1 Ml:C.t-ANll.AL MUUULE~. 30 'IEAR LIFE. 11190 lftt1NOLOGY 
~ LALCULA1Eu AT 9 lY~~~ u~ 142902 PU~ER MODULE WA~E bUlOES. 

o.o 



ROCKwt-LL ~f'~ CR-2 Rll::H:RENCE CONFIGURATl0!•,1980 
TAbLE 1.1.2.z..::> 1-tE:.\l till"l:~ -lt'iE:RMAL 

IN~Ul PAR AM~ HRS INPUT COtFFICIENlS 

T= 142902.000 11-:. 
M= 9.00000C Ut."":: 

CF::. 1. 00000 (' Ll= 
PHI= o.qecooc L2= 

k: o.o L?,:. 

OF= 1. 000000 l4= 

(ALC.ULAl~U VALU~S J'll"I SE:l 

CO:COCfR X (T X Of)XX(CDfAP) X Lf 

CLRM=CICER X tM)XX(CltXPJ X Cl- X JF 
b:l 
I '° 1fR"'l =T I M 

VJ 

E: ::.l.O + LUblPHl) I LObl2.0) 

l .000000 
o.o 
l.0~0000 

b0.000000 
b0.000000 
b0.000000 

~UM TO 

LTFU=CLLRM I E)Xtl•R~ A Ll+.5)XXlE) -0.5XXtE:t) 

ClB =CltLRM/E:)X(t#RM X L~ • o.~•xxtt> -o.sxxtE>> 

C. lt>S=CTB*Z4/ 'l..2 

CRC I :(. 1 b x R 
PRE-lUC CRCl =-CRLI X lb 
PUST-lOC tRCI =CRtJ X tl.O-Lb) 

LO&M =U&M UR ClB*L~/l2/!:NYR 

COMMtNTS 

CDC.Ek= 
CO EXP: 
CICER= 
CI EXP= 
BVEAR= 

l5::. o.o 

i .1. 2.:~ 

) I l3 

wERE O.O 0.00300b 

o.o 
o.o 
O.OC3006 
1.000000 

1979 
Z.b= 

$9MJLLIONS 

o.o 

0.027 

15878.000 

0.971 

o.o 

333.7~7 

296.216 

296.216 

o.o 
o.o 
o.o 

o.o 

lq79 OATA ENTERtU ~Uk COCtR,LJCtR, ANO O&M 
~993 SUBARR"Y~ 1~ 771 M~LhA~ltAL MOOUL~S. 
M CAL~ULATEu ON bll.SlS Of- 9 l'tt'l:S OF l42c;o2 
HtAl PJPt MA~S Al bllCOO ~b 

30 vi: AR L l Fl=. l 9qo T ECHNOLUG y 
1-'0wtR fl'\OOULI: HEA l t'lt>E!ll. 

o.o 



ti:l 
I 

(ABLI: 

RUC~~~LL ~P~ CR-2 qfFERE~CE CUNFl&URATION,1980 
1.1.2.l.4 ~LY~lRu~ .,Uw~R MODULf ELE~ENl 

l~PUf PAki~~lERS INP~T tUfFFIClENTS 

·- 14zqo2.000 rF:.. 

M• 1. 00000 c u&M: 

CF= 1. z~ooor l. l = 
t'Ml= 0. ~t<OOO C L2:. 

R= O.OObbb1 l3= 
uF= 1.00C:JOC £4:. 

CAL(ULAlEU VALUE~ YM SE:l 

CL'=COCt:R X Cl X OF)}!.X(COtA~I X C.t-

cu~~=-CH.t:R ). Cl'H}!.X (CltH') " Lt- x l~ 

1.000000 COCl:.R= 
o.o C Ot: >tP= 
1.000000 C ICER= 

b0.000000 CI lXP= 
12.000000 RYt::AR= 
b0.000000 l5= 

SUM TO 1.1.2.2 

o.Ci 

o.o 
o.o 
o.00234to 
1.000000 

1979 
lb:.. 

$,MILLIONS 

o.o 

0.003 

"' •qM =1 I _,, 
""" 

142902.000 

E =l.O + LUGl~h!) I LQbt2.CJ 

tlFU=CCLRM I tJXtt•R~ X ll+.~JAXlt) -G.~AX(t)) 

Cl~ :.(((.L~M/UX((#RM" L~ • 0.5JX~lt) -0.5XX(~)) 

C.1.,S=Cl~•Z4/l2 

CRC I =Clb X R 
~Rf-lUC C.Rtl =CRLl ~ lb 
PUST-10~ L~Ll -=-CRL1 X (l.J-lt) 

C.Of.~ =0£.M OR C 1~*l5 t l21 t i~l'R 

) I l3 

0.971 

304.621 

2b8.920 

268.920 

1.793 
o.o 
1. 793 

o.o 

CUMMf""lS 
lQ79 OAlA ENlt~Eu fu~ CU(~~,(llfR, A~D 0£.M w~Rf o.o 0.002340 o.o 
l4l'I02 PlJwf:R MulJllLr:S l"f t:<:'73 Su".'AKl<AVS. 1990 TE<:Hr-.ULObY. 
(OM~ EXllV FA(.lUR UF 1.2~ I~ u~tu ~u~ 52 KW KLYSlRON. 
R'"t :t CATnUOt:~ u'\ILY =:vt!{Y JU Yt~P~ Al lO:t m- "LY~lfUJ1'4 COSl E:STIMAlE. 

o.o 



ROl.KWEll $~~ C~-2 REl;ERENC.E CONFIGURAT l0"-1•1980 
Tl'\8LE 1 • 1 • 2 • 2 • ~ f- t-tA S E S H 1 FT F. R S 

lNt'u I PARAMt lER~ INPUT COEFFlCl~~lS 

td 
I 

T= 142902.COO 1 f-= 
M= 20. 4.j4t9q ... lJt. M::. 

C.F= l.2~000G l l:. 
Pt-ii= 0.980000 l2= 

K= o.o:n33" z3; 
OF= l.oooooc l4= 

CALCULATED VALUES !JM Stl 

CLl=COC~R X tT X UF)XJ(tCDt:><P) X Ct-

CL~M=CICER X tM)lXtClf~P) X Lf X lF 

"° •RM ::.: T I 1'4 V1 

E =l.O + LIJG(Pt1U I l0t>t2.0# 

1.000000 
o.o 
1.000000 

60.000000 
120.000000 

b0.000000 

SUM TO 

crFU=lCLRM I EtX(l#R~ ~ Ll+.,txxt:t -C.~XXlE:)) 

CTR. =ttCLR~/~JX(l#R~ A L~ + O.~)XXtE) -0.5XX(~)t 

C..IPS=CTB•Z4/L2 

C~Cl =ClB X R 
PkE-luC ~~~I ~R~l A lb 
POST-lOC CRCI =CRC1 X ll.O-l6) 

CO&M =O&M OR C1B•l~/i2/tNYR 

CuMM~NTS 

CDC ER= 
COEXP= 
CI <:ER= 
CIEXP= 
BYE:AR= 

Z~= o.o 

1.1.2.2 

t I l3 

o.o 
o.o 
0.001170 
1.000000 

1979 
Lb: 

$,MILLIONS 

o.o 

0.030 

6993.000 

o.971 

lbb.307 

144.651 

144.651 

4.822 
o.o 
4.822 

o.o 

1979 DATA ENTERcu FuR CO~f.K,~lC~R, AND O&M W~Rf c.c 0.001110 o.o 
b9~3 SUBARRAYS I~ 771 MtC~ANICA~ MUOULE~. 15 Y~AR LlFE. 1990 TECHNOLOGY 

o.o 



TABLE 
kOlK~~lL s~s Ck-£ ~ff~RENtf CONFlGURAllUNtl980 

1.1.2.2.6 ~hA~t tO~TROL tLECTRONICS 

l1°'4t'IJ1 PARAMt TER~ lNPUl ~OEFFlCIENlS 

l42qo2.ooo 1 f::. 
CJ&M::. 

Ll::. 

l" = 
l3= 

1.000000 
o.o 
1.000000 

CDC ER= 
CO EXP= 
C 1(.ER= 
CI EXP= 
B'f't:AR::. 

T= 
I"\= 

CF= 
Phi= 

R= 
Of= 

183.~1~99 t' 
1.z50000 
0.98000.) 
0.033334 
1.000000 l4= 

60.000000 
120.000000 

60.000000 l~= o.o 

t;:j 
I 

CALCULAYEU YALU~~ fJ~ ~tl 

CU=COCtR X (l X OF)XXlCOEAP) X Cf 

CLRM=CICER x (M)XX(Cl~X~> X t~ X lF 

SL'"'\ TO 1.1•2 • 2 

~ •RM =T I M 

t =l.O + LU~CPHI) I L0bl2.C) 

CTFU=CCLRM I t)XIC#RM X Ll+.~)XXlE) -0.5XX(tJ) 

tTB =ICCLRM/t)Xtt•RM ~ l~ • o.~)XXlt) -o.5XX(E)) 

ClPS=CTb*Z4/L2 

CRCI =C.le X R 
~kE-luC ~~ll ;..l,~Ll X lb 
Pu~T-IOC C~Cl =CRL1 X (l.O-lb) 

CO&~ =O&~ ~R CT~·~~/tl/~~YR 

C0"1Mf:NTS 
1979 UAlA tNTEREU FU~ '~Lt~tLICfA, AND O&M ~fRE C.O 
UNI: PCt PER MEC.HANIC-L l"IUCUL..l. 
ClC.iR APPURTlU~tP ~t~ Puwl~ ~UCULt. 15 V~A~ Llfl. 

) I l3 

0.0009~5 

o.o 
o.o 
0.000955 
l .000000 

1979 
lb= 

S,i-tlLLlONS 

o.o 

0.220 

776.979 

o.971 

l4t4. 703 

125.818 

125.878 

o.o 

4.196 
o.o 
4.l9b 

o.o 

o.o 



TABLE 
ROCKWELL SPS Cl<-2 RE:ff:f<ENCt: CO~flGURA11011.tll980 

1.1.2.2.1 ~OWE:R UlVlOERS t COMRINt~S 

1 NP U l PAR A"1 ( l t RS lNPUl COt~Fitlt:NTS 

1= l't-2902.000 
M= 1H3.91Y'99ti 

l.F= l .2~C00l' 
Pt-tl= 0.98000(; 

R: o.03333"t 

lf = 
l.ltM:. 

L 1 =-
ll=-
.l 3 =-

1.000000 
o.o 
1.000000 

CDC ER= 
COEXP= 
ClCff<: 
CI EXP= 
BYE:.AR= 

uF= 1.oocooo l4=-

6C'.OOOOOO 
120.000000 
b0.000000 Z~= o.o 

td 
I 

CALCULAlED ~ALUtS PM SE:T 

CD=COCER X tl X OF)XX(COEX~) X Cf 

( L q M =C l C fq X ( M ) XX C C H A P ) X t ~ X 1 F-

SU"'1 TU 1.1.2.2 

~ •RM =T I !11 

l: =l.O + lObtPHl) / Lubt2.C) 

CTFU:(CLRM I EJXCC#RM ~ £1•.~)XXIEJ -o.~,X(E)) 

CTB =-CtCL~M/~)XC(#RM ~ l~ • o.~)XA(~) -o.~XXCEt) 

C.1PS=CTB•Z4/L2 

CRCI •Cle. X ~ 
PkE-lU' CR~l =(.ktl X lb 
POST-IUC CRCl :CRCl X Cl.O-Zi!>) 

CO&M :U&M OR C1B*L~/L2/l:~YR 

COMMENTS 
1979 OAlA tNltKl:O Fu~ CUtfR,~l~ER, ANO utM WERE o.o 
UNt: PwR OlVlDERS & COl"ltl Pt:R Mf:Ct;ANllCAL MOCJUU:. 
ClCtR APP~Rl!ONEO P~R POwtR ~LUULt• 15 YfA~ LIF~. 

t I l3 

0.0'10152 

o.o 
o.o 
0.000152 
1.000000 

19"19 
Z6= 

t,MJ.LllONS 

o.o 

O.O~!> 

77b.979 

0.971 

o.o 

23.031 

20.035 

20.035 

O.bo8 
o.o 
0.668 

o.o 

o.o 



TABLE 
ROl.K.WE:LL SP~ 1..f.<-2 RtfEREl'fC.£ l.0"4FIGURAlllJN,l980 

1.1.2.2.e ~w ~y~·~~ l~TtGRATlUN 

l~PUl PAR~~f.ltR5 lNPUl COtFFICltNTS 

°" I 

T= 142902.000 I f- =· 
M= 142902.000 utM::. 

CF= 1.000000 Zl= 
Pnl= l.OliOOOC l 2:. 

R= o.o l~= 
OF= 1.cooooo L4= 

CALC.ULAltU VALUt~ Llil 

CU=CDC.~R X Cl X UF)XXtCU~X~) X Cf 

CLRM::.l.lCER X (M)XXlCl~A~) X Lr X lF 

"° #~M = T I M 
00 

I: =l.O + LU~C~nlJ I LUblZ.0) 

1.000000 
o.o 
l.000000 

b0.000000 
bC.000000 
bO .000000 

!)UM ll) 

ClFU•tCLRM I t)X((•~~ x ll+.~JAX(f) -o.5xxtt)) 

CIB =HCLl".(M/t)X((#RM 'A Z3 .. C.'5nxtu -0.5XXttJ) 

C IPS=C.TB•Z4/l2 

C.R(.J =llR ). R 
~Rt-IOC C~Cl =CR~! X lb 
PiJSl-lUI.: C.RC.l ::.CRC.l X tl.C-lt>J 

cu&M =u&M u~ CT~*l~IL2/f~Y~ 

Lr)l"IM !:!\IT~ 

l5• 

1.1.2.2 

1919 UAJA ENIE~~G ~UR CUC~~,CICE~, ~~D U&M wERE O.O 
~YSTl::M l~T!:bRATlU"' uF Jli:M~ l.l.2.2.2 Tt1R.0UbH 1.1.2.2.7 

CDC.'ER= 
COE XP= 
ClCER= 
Cl f:XF'= 
B YEAR= 

o.o 

) I l3 

c.oo 3986 

o.o 
o.o 
0 .003986 
l .OOuOOCi 

1979 
lb• 

t,MllllONS 

o.o 

569.608 

1.000 

1.000 

o.o 

5b9.t>08 

!>69.607 

So9. 00-1 

o.o 
o.o 
o.c 

o.c 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.1.2.3 POWER DISTRIBUTION AND CONDITIONING (PD&C) 

~l~ Rockwell 
P.~ International 

This element includes power feeders, switching, and conditioning equipment 
necessary to deliver power at the required voltage and power levels for the 
power transmission section (antenna portion) of the satellite. An energy stor
age system is included to supply power to keep the power transmission system at 
a ready state and for housekeeping requirements during eclipse periods. Data 
buses are not a part of this element as they are included in the information 
management and control subsystem (WBS 1.1.3). 

The PD&C system receives power from the interface (energy conversion/ 
power transmission) system and provides for the power conditioning and switching 
required to deliver the power, through the distribution network, to microwave 
energy conversion units. On the rotating member, power is conducted through 
switch gears to de/de converters that produce six primary voltages required by 
the klystrons. Each voltage is then conducted to a summing bus through switch 
gears and power feeders and on through switch gear at mechanical modules for 
use at microwave subarrays to provide power for the 142,902 klystrons. A 
schematic of the power distribution system on the rotating antenna is shown in 
Figure 1.1-7 as applicable to the Rockwell reference configuration. 

Batteries and battery conditioning equipment provide stored energy to 
power klystron heaters which keep the tubes in a ready state during eclipse 
periods. Batteries also provide power for necessary housekeeping activities, 
i.e., stationkeeping, IMCS, TT&C, etc., during these same eclipses. 

The PD&C system has a life expectancy of 15 years with the exception of 
power conductors. 

1.1.2.3.1 Switch Gear and Regulators 

Switch gear and regulator functions will: 

IsolaLe sular array blankets for maintenance work 

• Provide voltage regulation of solar array output by 
selective switching of isolation switch gears 

• Control voltage and currents through the IMCS system 
for short-circuit protection 

• Prevent large line transients 

• Accommodate systematic startup and shutdown of array 
during eclipse periods 

• Control various loads 

B-99 



t::l:l 
I 
I-' 
0 
0 

DC- DC 
115!11 IT'n'I ICONV l.....&----·· flll1 ~ f T NO ••• 

• COlllSPONOS TO l'OW'I MOOUll 
rn'! IDlNT•ICAllOll 

Figure 

lffT~NOIUS llGHI W-NG 1US 

SK ON DUY ""'"" (NO. I OF_J• 1 I ls.I f • I r;; 

0 

UCONOAIY Ht:Oft (NO. 2 or 3') 

40- "lG0-,1(0 

CHAllGlf 
llATl!IY 
.SYSHM 

CHAIGtl 

oc - oc 

oc - cc 
(ONV · 
UTU 

NO. 16 

HV 

t---- • I II' 

IMINT!NANC! CllCON•I• CT !TYPI -

S!CONDUY Fl!Dll INO, N OF 3"' 

lMUG!NCY IUS 

• .i .. · . I MEC~N!AL M()OVU f ' Of 1n l 

SK ONO.UY 

1.1-7. 

«J KVOC 

'0wF I M0f(JI • ( I ('If N, 6!- N~ ;Q} 

TO 
'i(l Y~TI~ 

I . "l".1 I I I l .;;~;,,~T I I L_ J,lkW>MX -

--
S!CONDlllY Ff!!)(I (NO, N +I OF 341 

Microwave Antenna~Power Distribution 

~ 
~ 

UI 
Al 

UI [ UI 

"2 S:i n n 
m UI m 
UI ~ 0 
'< -i:i ., mm 
;; 3 ... 
3 .. ~ 
.. 00 
Cl :c·::. 
""" -· en 
0 !!?. Al 
c 0::. 

'1:1 ::. a. 

~ • -:::n 
~o 
~o ... ~ 
s~ 
g.i& 
::I 
e?.. 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

~l~ Rockwell 
P.~ International 

Primary switches will be of the Penning cross-field tube design. Functions 
controlled by these switches will be monitored by the IMCS to determine their 
status and establish the opening or closing position as required. Basically, 
the switches are held in a closed state during the operational mode. During 
start-up and shutdown operations, switches will be monitored by the IMCS and, 
when certain voltage levels are reached, a command signal will open or close 
switches as needed. 

1.1.2.3.2 High-Voltage Converters 

High-voltage de-de power converters/conditioners are used on the klystron 
concept to transform bus voltages from the array to a level for subsequent use 
by antenna subsystems. 

Magnetron antenna configurations differ from the klystron version in two 
instances. The first is that high-voltage de/de converters are not needed; 
and second, the distribution system need accommodate only one voltage (20 kV, 
nominal). 

1.1.2.3.3 Low-Voltage Converters 

Low-voltage power converters and conditioners transform bus voltages to 
appropriate subsystem voltage(s) required by subsystems load, and output tol
erances are based on using interface requirements. Power converters are 
designed for a GEO mode of operation. 

1.1.2.3.4 Conductors and Insulation 

Main feeders are sized to minimize the combined mass of itself and the 
solar array mass, considering power requirements, efficiency, and the varia
tion in resistivity with operating temperature. An average transmission 
efficiency of approximately 94% was used in sizing the conductor. The power 
distribution system utilizes flat aluminum (6106/T6) feeders where feasible, 
and round conductors for those subsystems where tlat conductors are not feasi
ble. 

The CD CER was based on historical cost data obtained from the Redstar 
Data Base on the following satellite programs: 

• DSCS-Il • ATS-A 
• ATS-F • ATS-E 
• OSO-I • HEAO 
• STS-B 

The ICI CER was based on preprocessed aluminum material cost data and 
the use of 6101/T6 aluminum. Differential aluminum inflation between current 
prices and expected mid 1986 prices was included. Cost data were obtained 
from the following manufacturers: 

• Reynolds Metals • Amchem Products, Inc. 
• Alcoa Aluminum • The Yoder Company 

B-101 



Range of Data: 

DDT&E: 20 to 150 kg 
ICI: Unlimited 

1.1.2.3.5 Batteries 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~l~ Rockwell 
P.~ International 

Batteries will be utilized during the ecliptic periods to provide minimum 
energy to keep the klystrons warmed to a ready state and as neceesary during 
required housekeeping tasks. Batteries will be a sodium chloride type having 
the capability of providing 200 Wh/kg. 

DDT&E and the ICI CERs were developed using battery data from manned/ 
unmanned spacecraft listed below. 

• Apollo Lunar Module 
• Apollo Lunar Rover 
• ATS-E 

Range of Data: 

DDT&E: 1.0 to 180.0 kg 
ICI: 1. 0 to 180. 0 kg 

1.1.2.3.6 Battery PD&C 

• ATS-F 
• Hawkeye 
• OSO-I 

This element provides for the charging, distribution, and regulation of 
power to and from the batteries. Included are the battery chargers, power 
regulators, diodes, and power conditioning equipment which directly interface 
with the battery subsystem. This function will be monitored and controlled by 
the IMS. 

DDT&E and ICI CERs were developed using data from manned and unmanned 
spacecraft programs as noted: 

• Apollo Lunar Module 
• Apollo Lunar Rover 
• ATS-E 
• ATS-F 

Range of Data: 

DDT&E: 
ICI: 

2.0 to 68.0 kg 
2.0 to 68.0 kg 

1.1.2.3.7 PD&C Cost Estimates 

• Gemini 
• Hawkeye 
• OSO-I 

Cost calculations developed for the antenna are presented in the following 
tables: 

Table 

1.1.2.3.1 
1.1.2.3.2 
1.1.2.3.3 

Descri tion 

Switch gear and regulators 
High-voltage converters 
Low-voltage converters 

B-102 

Table 

1.1.2.3.4 

1.1.2.3.5 
1.1.2.3.6 

Descri tion 

Conductors and insul
ation 

Batteries 
Battery PD&C 

--------- --- ----- ------ --- --------- ---- ------ --- ------ ---- ------ -



t:J;:I 
I 

TABLE 
RUtKwtLL s~s tR-2 REfERENCE CONFIGURATJON,1980 

1.1.2.3.l Swill~ utAR & RtGULAlORS 

lN~lJl PAR~~€:ltRS lNPUl CO£FFIClfNTS 

T= 
M= 

CF= 
PHI= 

R= 
OF= 

343000.000 
49.00000G 
1.2ooooc 
o.9~0000 

0.03.33~J 
0.05000<.i 

C•LLULAltD VALUES 

TF: 
O&M~ 

ll= 
LL.:. 
L3= 
L'+:. 

l\b 

CO=CuCER x (1 x UF)XXICU~XP) x c~ 

CLRM=CICER X tM)XXtClEXP) ~ tr X lF 

1.000000 
o.c 
l.000000 

b0.000000 
120.000000 

b0.000000 

CDC ER: 
CO EXP= 
CIC ER= 
CI l:XP= 
B YE:AR= 

Z5= O.O 

~UM TO 1.1.2.3 

0 .184860 
0.291000 
0.000468 
1.000000 

1979 
lb= 

S 1 MllllONS 

4.014 

0.028 

b #~M :1 I M 7000.000 
v..> 

E =l.O + lUbCPHl) I LUbCZ.UJ 

CTFU=lCLRM I EJXC(#R~ X Ll+.~JXXlf) -0.5XXlEJ) 

C:lB =tlCL~M/tJXll1'RM A Z3 + O.';))l.X(I::) -0.5XX(E)) 

C.IPS=ClB*Z4/Z2 

C.Rtl =C.lB X R 
PRl:-IOC CRCI =CRCl X lb 
PUST-!OC. C~Cl =CRtl X tl.C-lb) 

CU&M =U&M OK C1B*l~/l2/t~VR 

COMME:NTS 

> / Z3 

0.92b 

108.028 

75. 807 

75.801 

2.527 
o.o 
2.!)27 

o.o 

2q77 OArA ENltRED FG~ CUtl~tClC~R, ~ND L&M ~ERE 0.158000 0.000400 O.C 
o~9j SUbAR~A'fS. jot:.:HnO Kl> r-UP 1'+2~02 SWITCHES & REGULATORS. 15 YE:AR Lift:. 

o.o 



l Ajj LE 
J{UC..KWl::LL ~ .... ~ C.~-2 Rt:t-E:RENCt CONFlGURATlON,1980 

1.1.2.3.L' t-il-VlJLlAbE C0!'-4'/ERH'..R~ 

lNPl.tl PARA1'1flt:RS. INPUT COEFFICIENTS 

T= 1334000.00 Tf= 
M= 191.00CIOOG lJ& M =-

CF-= 1.20000( L 1:: 
Ptil= 0.980000 l2= 

lot= 0.03~3~3 l3= 
DF= 0.100000 Z4=._ 

CALCULAltO VALut~ Kb 

(. U=C OC. f R X ( f X UF t XX ( C. C:H- JO' ) A Ct-

LL~M=CIC..tQ X (MJXX((JtXP) X f~ X lF 
t:D 
I 

I-' -~M :T I M 
0 
.p.. 

f: =l.C + LOb(~Hl) I LUbt2.0J 

1.000000 
o.o 
1.000000 

b0.000000 
120.000000 
60.000000 

SUM TO 

C.TFU=CCLRM I f)Xll•R~ X L)+.5JXXlt) -0.5XX(tt) 

ClB :.(((L~M/~)Xl(#RM ~ L~ • o.~)X~lt) -0.~XXlc)) 

l I J- ~:. L Te •z 4 / l i 

C.~C.l =C.lb X R 
PRE:-IUC CRl.l ~RC.I X lb 
POST-lU( C.RCI =-CRCl X Cl.C-Lb) 

CO&M =OtM OR ClP•L5tl2/~~YR 

COMMENTS 

CDC.ER= 
CO EXP= 
ClCl::R= 
Clt:XP= 
BY E:AR= 

Z.5= o.o 

1.1.2.3 

) I l3 

0.184860 
o.~97000 
0.000243 
1.000000 

1979 
.Lb= 

$,MlLLlONS 

7.382 

o.056 

b':;tj4.l93 

0.971 

310.012 

269.643 

26CJ. b't3 

B.988 
o.o 
8.988 

o.o 

1971 DAT~ eNTtR~O Fu~ CUL~~,LJLt~, ANO O&M ~E~E C.158000 0.000208 O.O 
b~93 SuB~~RA~S. 133~ccc Ku Pl .1q7 ~G/~w RATIU. 15 YEAR Llf~. 

o.o 



TABLE 
RUC.KwcLL s..-5 CR-2 REll=-ERENCE CONFlbURATION,1980 

1.1.2.3.3 LO-VULTAbt tON·vt:RTERS 

lNFUl PAR~MEl~RS lNPUl COEFFICltNlS 

t::d 
I 

1= 3000.00000 TF = 
M= 0.40000 0 UGM:. 

CF= 1.200000 Zl= 
P~J= 0.9tl0000 l2= 

R=- 0.03333; l3= 
DF= 1. 000000 l4= 

CALCULATED VALUtS ~b 

CO=CO,lR X (l X OFJXXt~Df~~) X CF 

CLRM=CIC~q X (M)XXtCIEX~) X C~ X a~ 

1 .000000 
o.o 
1.000000 

b0.000000 
120.000000 

b0.000000 

SUM TO 

1c;; #~M =T I M 
U'I 

t =laO + LUb(PHI) I L0bt2.0I 

CTFU=CCLRM I E)XCC#RM X ll+.~)XXttJ -0~5XXCE)J 

ClB :.((CLRM/t)X(C#RM X lJ + 0.5)XX(t) -0.5XX(E)) 

Ll ... 5=-C1B•Z4/l2 

C~CJ =Clb X R 
PRE-lUC CRCI =CRLl X lb 
PUSl-lUC CRCI :.LRLJ X tl.0-Lb) 

COtM =U&M OR tl~*l5/l2/~~YR 

CUMMENlS 

CDC ER= 
CO EXP=-
CICER= 
CIEXF'= 
BY EAR= 

l S= 

1.1.2.3 

) I l3 

l9Tl uAlA t:NlERtO FUR COClR,C:.lCE:~, AND O&M wER£ o.1!;8000 
b9Q3 SUBARRAYS. 3COC t<.b Al l ~\.?/1<1~ RAllU. lS YE:AR Liff: 

0.184860 
0.297000 
o.ooo46b 
i .000000 

1979 
o.o lb=-

$,MILLIONS 

2.392 

o.ooo 

1~00.000 

0.971 

1.338 

1.164 

1.164 

0.039 
o.o 
0.039 

o.o 

0.000400 o.o 

o.o 



TABLE 
ROtKwtLL ~~~ CR-2 R£FERENCt CONFlbURATJON,1980 

1.1.2.3.4 LON~UCTQRS & INSULATION 

llltPul PAkAl'H:lERS INPul COEFFICIENTS 

T= 773000.000 
M= 110.000000 

CF= 1.000000 
Pt11= 1.000000 

R:: o.o 
OF:: 0.100000 

lf-= 
l.J&M:. 

l l:. 
l2= 
l3= 
l4= 

1.000000 
o.o 
1.000000 

b0.000000 
bC.000000 
60.000000 

CDC ER:: 
COlXJ.'= 
CIC.ER:: 
CI EXP= 
BYE:AR:: 

l~= o.o 

CALCULATtO VALUtS l\b SUM TO 1. 1. 2. 3 

CU=CDCER X (TX OF)XX(CD~A~) X C~ 

~ CLRM=CICtR X (MfXX(ClEXP) x C~ X lF 
I 
~ 
o #RM =T I M 
~ 

E =l.O + Lubt~Hl) I LU~t2.0) 

CTFU::.ClLRM / c)XCC•R~ X Ll+.~)XXtf) -0.5XXCEJJ 

Clb ::(CCLRM/t)Xlt#RM X £:j • C.~)XXli::) -0.5XX(f)) 

C lt-S=CTB*L4/ l 2 

C.Rtl =Clb x R 
PRE-lUC LRCI :(.RC! X lb 
~UST-10( CRLI =CRCJ X Cl.O-Lb) 

CO&M =O&M UR C T~*L 5 / L2/E: "4YR 

COMMENTS 
1971 DAlA tNltRED FUK cuc~R,ClC.tR, ANO u&M wERE 
111 Mi:C.hANIC.AL MLOUL~~, t><A:, SUtARf<-~YS. 

) I l3 

0.158000 0.000004 

0.1848&0 
0.297000 
0.000005 
1.000000 

1979 
l.b: 

s,MlLLlONS 

5.232 

0.001 

7027.270 

i.ooo 

3 .. bl t! 

3.bl8 

3.618 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



lABLE 

~- --

ROCKWELL ~p~ CR-~ ~E~ERENCt CONFl&URAllON,1980 
1.1.2.3.5 PAllfRlc~ 

lNt'Ul PAkAl"IE: HRS INPUT CO~fFICl~~TS 

b:l 
I 

··= 
200000.000 T F:. 

M:. ::>O.O!)Civuv UtM:. 
CF: 1.~oooco l l:. 

PHI:: 0 .~5000 c l2= 
~= 0.03333~ l3=-

[)f= 0.20C".l00 l4= 

CALCULAltO VALUE~ it.b 

LD=COCER X CT X UF)X~C~Uf~P) A Lt 

tLRM=ClCt~ X (MlAXCCltX~J X C~ X TF 

o.054480 CDC tR=-
0.542500 COt: XP= 
1.000000 CIC.ER: 

60.(100000 CI EXP:. 
120.000000 BY EAR.:: 

b0.000000 2.5=- o.o 

SUM TU 1.1.2.~ 

b #R~ ==T I M 
-..J 

E =-1.0 + LUb(~hl) I LOb,2.0) 

(JFU=CCLRM I fJXt(•RM A Ll+.5JXAIE) -O@~AXCEJ) 

CTB =-t CCLRM/t )X C C#RM X l~ + 0.5)XX(E) -0.5XX(E)) 

C lP S=-CTb*l4/ l2 

CRCl =<.lB X R 
PRE:-lUC CRCl =-CRtJ X lb 
POST-IUC CRCI =-CRCJ X (l.0-Zb) 

CO&M =O&M UR CT~*l5/L2/t~YR 

COMMENTS 

) I l3 

1978 UATA ENTERtU FOK CUCtR,ClCfR, ANO U&M wERt c.o o.028000 
TF & Of CALC0LA1EO b~ CL~~lNl~G ~UANllllES fRO~ 1.1.1.4,4 (80 CELLS) 
50 ~G ~fk ~ELL AT 10 tELL~ ~f~ BETT~RY. t~ ACKNOwlEDbE SODIUM CHlO~INE 
ftCHNULU&Y. 15 YtAR Ll~E. ~ct l.l.l.4.~ FOR UOTt£ 

o.o 
o.o 
o. 030380 
0.241000 

1979 
l..b= 

$,MllllONS 

o.o 

O.OOb 

4000.000 

0.926 

14.901 

10.4!>7 

10.457 

0.349 
o.o 
0.349 

o.54t3 

0.500000 

o.o 



t:d 
I 

TABLE 
ROC~~cll ~P~ Ck-2 RE~ERE~CE CONFlGUR4TlON,1980 

l.t.z.3.o b~ll~RY P&C 

lNPUl PAR~MEltRS INPUT COEFFltlENTS 

l= 
M= 

CF= 
PHI= 

R= 
OF= 

!>0000.0uOO 
zso.000000 

1.000000 
0.95000C 
0.005555 
o. 00~00 l• 

CALCULAlEU ~ALUES 

lF=-
u&M=
ll=-
2.2=
l3: 
l.4= 

CD=COCER X (l X OF)XXCCO~)P) X Ct-

I( 

CLRM=ClCtR A tM)XXtCltXPt X l~ X lF 

0.154410 
o.o 
1.000000 

b0.000000 
10.000000 
60.000000 

COCER= 
COEXf-:. 
CIC E:R= 
CI EXt'= 
~Vt:AR= 

ZS= O.O 

~UM 10 1.1.2.3 

0.051505 
o.s90000 
0.013020 
0.859000 

1979 
l6: 

S ,M lLL lONS 

7.832 

Cl.231 

b t~M =1 I M 
00 

200.000 

0.926 
f: =l.O + LUGCPHI) / LObt2.0I 

LlFUs((.LRM / ~)Xlt#RM x Ll+.~)XX\t) -0.5X~tc)) 

ClB ::.CtCLRM/UXtt•RM X l3 + O.~)X(l~) -0.5XXtf)) 

C1PS=C1R*Z4/Z2 

CRCI =Clt) X R 
~RE-lOC CRCI :CRCl A lb 
~OST-lOC CRCl =C.R~l X ll.O-lb) 

C.OtM =0&1"1 OR C H*Z5/l.2/tNl'~ 

) I l3 

COMMENlS 
19-,8 DAlA fNH.~EIJ flJ~ (.U(.f~tllCf.R, AND O&M wERE C.053000 0.012000 c;.c 
(.UMIH~t- ~AlflllH· QllA!-.Tllli;S fKUM l.l.1.4.~ (8 UNITS) FOR Tf&CJF C.ALCULAllONS. 

33.618 

24. 587 

24. 587 

0.137 
o.o 
0.137 

o.o 

o.o 



1.1.2.4 THERMAL CONTROL 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

41~ Rockwell 
P.~ International 

This element includes any component used to modify the temperature of 
power transmission subsystem components. It includes coldplates, heat trans
fer, and radiator devices as well as insulation, thermal control coatings and 
finishes. Excluded are paints and finishes applied to components during their 
manufacturing sequence, and thermal control devices that are an integral part 
of another component or syst~m. 

Multi-layer insulation panels are required on back surf aces of klystron 
waveguides to restrict waste heat leaks which could increase temperatures of 
electronics to unacceptable levels. This insulation is coated externally with 
low absorptivity/emissivity materials to limit affect of absorbed solar flux 
to which the surface is exposed during part of the orbit. 

CERs for insulation are based upon secondary structure CERs where the 
CERs were considered somewhat comparable to the requirements and application 
of insulation on the antenna. 

Table 1.1.2.4 presents cost estimates for thermal control. 
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ROCIC.w~LL ~~~ Ck-2 REFERENCf CONFlbURATIUN,1980 
TABLf: 

l= 
M= 

CF= 
PHI= 

R= 
OF= 

1.1.2.1.t lrE.KMAl C.ONl~OL - lN~ULATIUN 

I "'IP U I PA R AME: 1 t:: R S 

100000.000 TF= 
0.100000 U&flll: 
l .OC.0000 ll= 
0.9t000C l "• -L-

o.o lj= 
o.o~OOOl' l4=-

O.Ol'5>6q4 
o.o 
1.000000 

b0.000000 
00.000000 
bC .000000 

INPUT tOEFFltlENTS 

CDC.ER= 
COEXP: 
CIC.ER= 
c I E.x.-= 
~YEAR:. 

25= o.o 

0 .162!>2(; 
o.!i 11000 
0.118170 
0.3 55000 

1979 
lb: 

CALCULATED ~ALutS l(b SUM 10 1.1.2 s.MILLIONS 

t:P 
I 

CO=COCER X (1 X DF)XX(COE.Jl.P) )I. Cf 

CLRM=ClCtR X CM))XtClEAPJ XL~ X lf 

I-' 1' RM :. T I M 
I-' 
0 

t =l.O + LUG(PHl) I L0~•2.0J 

CTFU=t~LRM I tJXl(#R~ x ll+.~JXXlt) -o.~xxtt)) 

Ct~ =ltCLRM/tJXlC•RM X l3 • O.~)X~tE) -0.5XXC~)) 

CIPS=C1B*Z4/l2 

CRCl =C.lb )l R 
~RE-lUC CRCJ =CRll ~ lb 
PUST-IOl Lk~l :.C~~l X ll.O-Lt) 

CO&M =O~M OR Cl~•Z~/L2/t~YR 

co~MfNTS 
1977 UATA ENlERtu FU~ CUlfR,CJC~R, A~D U&M ~ER~ 

l~l90L KLYST~O~ UNIT~. 

) I 23 

O.l5b000 

14 .11 .. 

0.002 

14285 7.12 ~ 

0.101000 

0.971 

170.118 

o.o 

150.982 

l~0.982 

o. Cl 
o.o 
o.o 

o.o 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

~I~ Rockwell 
P.~ International 

1.1.2.5 CONTROL-PHASE REFERENCE 

This element comprises reference phase electronics for all subarray 
phase-conjugating circuits consisting of reference oscillator signal distri
bution and frequency conversion equipment, plus components and equipment that 
commonly serve all subarrays. 

The transmitted signal is formed from the pilot beam by means of retro
electronics where one circuit is required per subarray. A servo system is 
needed to transfer the required reference phase from a central point to a 
mechanical module, where it is distributed to the subarrays. Main items 
included in this subsystem are shown in Table 1.1.2.5 

Table 1.1.2.5 Control-Phase Reference 

WBS ITEM/ QUANTITY 
NO. DESCRIPTION PER SATELLITE 

1.1.2.5.I REFERENCE FREQUENCY GENERATOR I SET (777 POWER 
AMPLIFIERS, 1-4 
REGULATORS) 

1.1.2.5.2 COAX CABLE 777 SETS 

1.1.2.5.3 DEVICES FOR USE ON FREQUENCY 777 SETS 
DISTRIBUTION SYSTEM 

Tables 1.1.2.5.1, 1.1.2.5.2, and 1.1.2.5.3 present the engineering esti
mates for these itesm. 
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TAB Lt 
RUC~WELL SPS CR-2 ~E~tRENCE CONFIGURATION,1980 

l.l.2.5.l R~FE~~NC.t: F~E~uENCV bENERATOR 

INPUl PARAM~lERS INPUT LOEfflC.lENlS 

T= I.COOOOCJ TF= 
M= l .OOOOOl• L&M= 

C.F= 1.oooooc- Ll= 
PHI= 1.000000 22= 

R= 0.03333~ Z3= 
OF= O • .lCOOOO l.4=-

CALC.ULAltU VALUl~ SU 

CD=CDCER X t1 X OF)XJl.(CUt:J.P) X Cf-

CU~M=ClCtR x CMJXXCClEXP) 1' L~ X lF 
t:xl 
I 

~ t~M =T I M 
N 

t: =l.O + LOGCPHI) I L0bt2.0) 

1.000000 
o. 011 ·100 
i.000000 

b0.000000 
120.000000 

b0.000000 

!>lJM I (J 

CTfU=-tCLRM / E>Xt t#~M X Zh.~JXXlt::) -0.5XXCt)) 

CT~ =CCCL~M/~)Xtt•~M X l3 + 0.5)XXlf:) -0.5XXC~)) 

CIPS=CT~•Z4/l2 

CR( l =Clt:s X R 
PRE-IUC CRCI =-CRCI X lt-. 
PUST-l UC. l.RC 1 :::Ck~ l X ll. f--Hd 

C.O&M =OGM OR LTb•Z~/L2/tNYR 

(Ul"IMfNl S 

COtER= 
COE XP= 
CIC.ER= 
ClEXf'= 
~Yf:AR= 

Z5= o.o 

i.1.2.5 

) I l3 

1977 DATA t:NlERED FuR COlf~,ClC~R, A!\40 ur.M >"ltRE 0.500000 0.100000 
FNGlNE!:klNb E:Sl 1MATi:. l"'A~~l· u!\ UE:Slbf't OH·HHll0''h 15 VEAR LH·E. 

0.585000 
1.000000 
o.11·1000 
l .cooooo 

1979 
l6= 

S,MJLLIONS 

1.000 

1.000 

0.111 

0.111 

0.111 

0.111 

0.111 

0.004 
o.o 
0.004 

0.012 

Ci. 010000 

o.o 



TABLE 
ROtKw~Ll ~p~ CR-2 REf~RENCt CON~lbURAllON,1980 

1.1.2.5.l ulST. SY~TEM, tOAXlAL CAbLE 

l"iPUl PARNH:lf:R~ INPUT COEFFICltNTS 

1= b00000.000 
M= 2t>l.00000(l 

CF= 1.000000 
PHI= 1.000000 

R= o.o 
Of= o.2ooooc 

l F:. 
O~M= 

ll= 
L-;.:. 
l. 3:. 
l4:. 

1.000000 
o.o 
1.000000 

b0.000000 
60.000000 
bCl.000000 

CDC ER:: 
CDt::XP= 
CICE-R= 
Cl EXP= 
RYEA~= 

Z~= O.O 

CAL(ULAl~U VALUE~ M SUM 10 1.1. 2 • 5 

o:1 
I 

C v=C OC t: R X Cl X Uf- I XX C CD t XP J )( Ct-

CLRM=CJCt::R X tM>XXlClf).P) X U- X lf 

::: #~M =T I M 
VJ 

E =l.O + LOG(PHll / LObt2.0J 

CTFU=ttLR~ I E)Xt•~~M x Zl+.~IXXtE) -o.~xxtt::)) 

CTB =CtCLRM/~)Xtt#RM X lJ + 0.5)XXU:) -0.5XX(~)) 

C lPS=Cl ~*l4/2 2 

CRCI =CT8 x R 
PRE-IOC CRCl =CRCl X lo 
POST-llJC. l.K\...I =C.kl.l X (1.0-·Lb) 

CUGM =O&M UR tlti*Z~/l2/t::~Y~ 

COMMENlS 

) / Z3 

o.ooooob 
1.000000 
0.000010 
l .000000 

1979 
lb= 

S ,flll lll IONS 

0.102 

O.Cll8 

2298.850 

1.000 

42.120 

42 .120 

42.120 

o.o 
o.o 
o.o 

o.o 

1977 DATA tNlt~tU fuP COCf~.L1CER, AND OtM wFRE o.v00005 o.oOOObO o.o 
l~ll~AlE o~ ~o ~b PFk ~~ •f ~cooo ~G E~UALS bOO ~M u~ LlGHl ~EIGHT, 
SHl~LDEO, ANU RAulATlUN R~~J~lANT COAX. 

o.o 



TABU: 
RuC~wEll SP~ tR-2 REFERENtE CONFJGURAllON,1qso 

1.1.2.~.~ ~lSl. SY~TEM, UEVICES 

l~PU 1 PAR AME 1 ER~ INPUT COi:FfltlENTS 

T:. 
M= 

CF:. 
Phi= 

R= 
D~= 

15~4.00000 
2.000000 
t .oooooc 
1.000000 
o.03333.} 
0.200000 

TF= 
U&M= 

L l = 
l2= 
l3= 
l'+: 

1.000000 
o.o 
l.000000 

60.000000 
l?0.000000 

bO .000000 

CDC ER= 
COtXP: 
CICE~= 
CltXP:. 
BYi:AR= 

Z5= o.o 

CALCULAJtU VALUtS ~E:T !)UM TO 1.1.2.5 

c:i 
I 

CO:.COCER X IT X lJF)XXtCOEJIP) X Cf-

CLRM=CICER X IM)XXCCJ~XP) X t~ X lF 

~ #r{M =T I M 
~ 

i: =l.O + LObCPHl) I L0bl2.0) 

CTFU=(CLRM I E)XCC~~~ x ll+.~)AXCt) -0.5X~(t)) 

Cl~ =ClCLRM/t:)XtC#RM X LJ • Q.~)XX(E) -0.5XX(E)) 

ClPS:CTB•l4/ll. 

CRtl =Clt X q 

Pl'lf-lUC l.Rl..l =CRl.l X lb 
~U~T-JOC CRCl =CRCJ x tl.O-l6) 

CO&M =O&M UR CTB•l~1ll/tNYR 

CUMMENTS 
1977 UAlA ENltRE:v FOR co~~k,(ll.ER, AND O&M wfRE 
t~Gl~~tRl~G tSllMAT~. 

) I l3 

0.00022~ 0.005000 

0.000263 
1.000000 
0 .005850 
1.000000 

1979 
lb= 

$,MILLIONS 

o. C/82 

0.012 

111.000 

1.000 

9.091 

9.091 

9.091 

0.303 
o.o 
0.303 

o.o 

o.o 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

.41~ Rockwell 
P.~ International 

1.1.2.6 MAINTENANCE 

This element provides for in-place repair or replacement of components 
and includes work stations, tracks, access ways, and in situ repair equipment. 

Maintenance requirements of this element are related to the power trans
mission (antenna) section of the satellite covering structures, subarrays 
(klystrons), power distribution/conditioning and energy storage, thermal con
trol, and control elements. Some maintenance equipment is multi-purpose and, 
therefore, costed against applicable maintenance items on an apportioned basis. 

Maintenance requirements for this element are presented in Table 1.1.2.6. 
Cost estimates are detailed in Tables 1.1.2.6.1, 1.1.2.6.2, 1.1.2.6.3, and 
1.1.2.6.4. 

Table 1.1.2.6. Maintenance Requirements 

WBS MAINTENANCE ITEM 1 . I . 2. 6 POWER 
NO. DESCRIPTION TRANSMISSION 

1.1.2.6.1 11 FREE-FLYERS 11 OR BARGE FOR 1 VEHICLE UTILIZATION 
CARGO AND PERSONNEL (COMMON 
USE ITEM) 

1.1.2.6.2 GANTRY CRANE AT ANTENNA SET 

1.1.2.6.3 ON-CRANE CONTROL CENTER, SET 
HOISTS, EQUIPMENT TEST GEAR, 
ROBOTICALS 

1.1.2.6.4 TRACKS AND ACCESSWAYS 12000 kg 
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TABLE 
KOtKWELL ~p~ CK-2 ~Et-EKENLl ~O~FlGURAllON,1980 

1.1.2.6.l ~Al~ll:NA~Ct - fRtc FLYERS 

lNPu l PAR I-Mt l t:R ~ INPUT COt:~FlClt~TS 

1: 
f1: 

CF= 
Pnl= 

R: 
OF= 

scoo.00000 
5000.00000 

1.250000 
0.95000C 
O.OObt-bt 
1.000000 

lf= 
u&M= 
ll= 
l2=
l 3= 
l4-= 

l.000000 
o.o 
l.000000 

t>0.000000 
12.000000 
b0.000000 

CDC ER= 
CDEXP= 
C lt E-R= 
C 11: X.,=-
8 VE:AR= 

l5= o.o 

CALCULAl~D VALUtS "b !)l)M JO 1.1.2.b 

C.IJ=COCfR X Cl X DF)XX&C.Of.XP) X Ct-

tLRM=CICf:R X (M)XX(Llf:-XP) X l.t- X TF 
tp 
I 

I-' #RM =1 I M ...... 
°' 

E =l.O + LOG&PHI) I LUl>l2.0) 

ClfU=lCLMM I l:)X((#~M X Ll+.5)XX(l:J -0.5XX(I:)) 

ClB =lltLRM/t)Xll#~M ~ Z 3 + 0 • 5 J >IX H J -o • 5 X X (t: ) ) 

C IPS=CTB*Z4/ LZ 

CRt l :( 1 B )l R 
PIH-JuC CRCI =CRCl X l6 
~UST-lOC l.RLl =CRLI x ll.C-Zt>) 

CU&M =u&M UR CT~•L5/l2/~~y~ 

COMME:NTS 
}'n7 l)Al• tNleflf:(J HJR CLlC.l::~,CICt~, AND UC.M WERE 

) I Z3 

o.o 0.005798 

o.o 
o.o 
O.OOb784 
1.000000 

1979 
l6= 

S,MllllONS 

o.o 

42.398 

1.000 

0.92b 

o.o 

.. 2.551 

33.245 

33.245 

0 .222. 
o.o 
0.222 

o.o 

o.o 



TAHLE 
ROCKWELL s~s tk-2 ~EFERENtt tONFlGURAllON,1980 

1.1.2.6.2 bANlRY CRAN~ 

lNPUl PARAMElERS INPUT COE~FlClENTS 

T= 
M:. 

CF= 
Pt1l= 

R: 
l>F= 

40000.0000 
40000.0000 

1.100000 
1. oooooc 
o.o 
0.2<.'000C' 

TF-
O&M= 
Zl= 
ll:. 
Z3= 
L'4: 

1.000000 
o.o 
l.000000 

60.000000 
b0.000000 
t>C .OOOOOC 

CDC ER= 
COEXf#= 
CICER= 
Cll:XP= 
BVEAR= 

Z5= o.o 

CAlt~LAl~O VALUtS l\b ~UM TO 1.1.2.6 

tl:I 
I 

CU=ClJCFR X ll X OF)XX(COtXI>) X Ct-

CLRM=-tlCER X lMJXX(~lfXP) X l~ X TF 

~ #R.M =T I M 
....... 

E =l.O + LU~CPNI) / LUbt~.O) 

crFU=CCLRM I ~JXCC#R~ x Zl+.~IXXlE) -o.5xx•~·· 

CJB =CCClqM/~)XCC•RM x Z3 + 0.5)XXl~J -0.5XX(E)) 

CIPS=CTB*Z4/Z2 

CRCI =CTH X R 
PRE-IUC CRC1 =CRCl X Z6 
POSl-lUC tRCJ. =C~Cl X Cl.O··lb) 

CO&M =U&M OR Clb*l5/L2/~~YR 

COMMENTS 
1q77 OAT~ E~l~~tD fOR CUCE~,CICtR 1 ANO U&M ~ERE 

) I l3 

0.234000 0.000005 

0.273780 
O.b~3000 
o.ooooob 
1.000000 

1979 
1.6= 

S,MILLIONS 

106.540 

i.ooo 
1.000 

o.z51 

0.257 

0.257 

0.257 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



t::.:I 
I 

~OlKWELL ~f'~ tR-2 REfERENtt: CONFIGURATJON,1980 
TABLE l.l.Z.t1.3 llN-CRANt: CONlROL CENTER 

lNPLll PARAllllE H:RS l~PUT CUEFflCl~NTS 

T= 50000.0000 TF::. 
M= 50000.0000 t:J&M;. 

Cf= 1.000000 l 1 :: 
Pt11= O.'i~OOOO ll= 

R= 0. 00055 !;. Z3: 
Df-:: l.COOOCO l4= 

CALCUL•lt:O VALUE~ 11..b 

CO=CDC~R X (l X UF)XX((.Df:-XP) X C.~ 

lflh4=Ch.tR X (l•HXXlCHXP) X (~ x Tf· 

1.000000 
o.o 
0.100000 

b0.000000 
7.000000 
b.OOCJOOO 

COCE"l= 
C Df:X.P= 
CICER= 
Clt:XP= 
BYt:AR= 

Z5= o.o 

5UM 10 1.1.2.6 

0 .o l4t5't5 
1.000000 
0.00b784 
1.000000 

1979 
1..6= 

S,MllllONS 

121.212 

339.183 

~ #RM =1 I M 1.000 
00 

E =l.O + LUbl Pt1l) I LOl: t2.C) 

Clf-U=CCLRM I f)Xll•RM x Ll+.~JXXlfl -0.~XX(E)) 

ClB =tltL~~/t)X(t•~M A l3 -t C .S)XX(I::) -0.5XX(t)) 

CIPS=CTB•Z4/L2 

CRCI =llf' x R 
PR~-luC CRCl =CRCl x lb 
PU~T-lUl CRCl =CRLI X tl.C-lb) 

CO&M =UtM OR Clt•Z5/l2/l~YR 

COMMENl S 

) / Z3 

C.926 

35.456 

310.549 

31.05~ 

0 .172 
o.o 
0.112 

o.o 

lq77 0~1- ~Nl~Rtu FUR (LJ(tq,(J(tR, A~D LtM ~~~t 0.012432 0.005798 0.0 
CUMMl.J'l U~f t.1.:Ul!>M!::NT • lRANSKJRlAbLt: lltMS 4VAlLABLf: 10 !>ERVlCt: OlHtR 
SAlELL IT~~ 

o.o 



TABLE 

------

RuC"'WtLL 5P~ CR-2 RE~~RENCE CONFJGURAflONtl980 
i.1.2.b.4 lRAL~~ & A(t~ss WAYS 

lNPUl PARA-tF. lfRS lNPUl COEFFICl~NlS 

T:. 
M= 

CF= 
Ptil= 

f{: 

(lf-= 

12000.0000 
12000.0000 

1.00000~ 
i .coooo c 
o.o 
l. 000000 

TF= 
U&M= 
ll= 
l2= 
lj= 
l4= 

1.000000 
o.o 
1.000000 

b0.000000 
C>0.000000 
60.000000 

CDC E~= 
CD EXP:. 
CICEfh: 
CIE:XP: 
BY EAR= 

Z5: O.O 

CALCULATtO vALUE~ lli.b ~UM TO 1.1.2.b 

LO=COLER X tl X OFtXAl~U~APt X Cf 

t:t1 LLRM=CJCt=R X CMJAXlCH:XI->) X Cf· X lF 
I 

f--1 
~ #~114 =T / M 

E =1.0 + LUb(PHl) I LO~ll.O• 

CTFU:((LRM I cJXlC#RM X Ll+.5JXXCE) -0.5XXCt)J 

CTB =CCCLRM/c)~((#RM A ZJ + O.~JXXlft -0.5XXCE)) 

~It>S=C1B*Z't/L2 

C RC 1 :(. 1 B .ll. R 
PRt-JUC CRCJ =CRLl X l6 
~uST-lOC LRCI =CRLl x ll.C-lb) 

CO&M =O&M OR Clf~it.2.ir;/l2/t:l'4YR 

COMMENT~ 
1~11 OAT~ tNTtRtO FUR C~t~R,tlt~R, ANO u&M wE~E 

> I l3 

o.o 0.0000!>0 

o.o 
o.o 
0 .000058 
i .000000 

1979 
lb& 

~,MlLllONS 

1.000 

1.000 

o.o 

o.o 

0.102 

0.102 

0.102 

0.102 

o.o 
o.c 
o.o 

o.o 

o.o 
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This element includes those components that process information on board 
the satellite. This includes sensing, signal conditioning, formatting, compu
tations, and signal routing. 

The information management and control subsystem (IMCS) includes inter
connecting elements between and within all satellites and ground-based 
operational subsystems. The.IMCS also provides operational control of both 
the satellite and ground systems as well as providing for subsystem processing 
support on all but very special functions. 

The satellite IMCS consists of ·bn-board processing equipment central 
processing units (CPU) and memories,'inter- and intra-subsystem data network 
(data buses), man-machine interfaces (display/control), and inter-system 
communication links, including RF. Items not included are those specifically 
provided for the control and transfer of primary power, and all elements 
related to system security, safety, or any other operation necessary to the 
continuing operation of the SPS. 

Because of the early stage of program analysis, only those requirements 
imposed upon the IMCS by a limited number of satellite operations have been 
identified. These requirements generally are limited to those associated with 
immediate operations of an active satellite. Auxiliary functions such as 
ground/space communications, display/control, safety, security, etc., will be 
added when data become available. 

The usage and application of IMCS items are identified in Table 1.1-7, 
and illustrate the association within subsystem functions. 

Table 1.1-7. Usage/Application Matrix per Satellite 

INSTRUMENTATION OATA ACQUISITION DATA PROCESSING COMTl\OL .. .. 
z z z - .. 0 z .. -z z - 0 z 
0 ... ... - ... - "'"' 0 ... - ..: _,1 ..: 

i 
c ,.. ... ,.. .J -..: .J ... 

~ ~ 
... ~~ ~~ .J ... 

0 1Ci 1;: :::i c-
"' A. A. ... A. ... ZO 

ELEMENT z <lllZ <:JI :::i ~ "';z VIZ Cl z WBS 
"' -o 0 -o 0 0 

_.., -o -o 
DESCIU PT I ON .,, ....... ... ... ..: .,, ... .... OCI OU .,,..., NO . 

MASTER CONTROL COMPUTER x x x x 1.1.3.1 
DISPLAYS CONTROL x x x x x 1.1.3.2 
SUPERVISORY COMPUTER x x x 1.1.3.3 
REMOTE COMPUTER x x x 1.1 . .J.li 
IUS CONTROL UNIT x x x x x 1.1. 3,5 
MICROPROCESSORS x x x 1.1.J.6 
REMOTE ACQ. ' CONTROL x x x x x x 1.1.J.7 
SU8-14UL TI PLEXER x x x x x 1.1.3.8 
INSTRUMENTATION x x l.l.J., 
FllER OPTICS x '.I. 3. 10 
CABLES ' HARNESSES x x x x x x x x x x 1.1.3.11 
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These items have been separated into general hardware groups for costing 
purposes. 

COMPUTERS 

Historical cost data were obtained for computers from the Redstar Data 
Base system and are listed below: 

• Gemini-3 • Viking Lander 
• Minuteman • MOL 
• Skylab • HEAO 

A 50% integration factor was included in the DDT&E CERs to allow for 
subsystem-level costs. 

Range of Data: 

DDT&E and ICI: 1.8 to 75.7 kg 

ELECTRONIC COMPONENTS 

Electronic components include submultiplexers, remote acquisition units, 
microprocessors, bus control units, and instrumentation. 

Development of an electronic component's CER was based on selected 
components of the ATS-F and OS0-8 spacecraft; 19 electronic components are 
listed below: 

ATS-F 

Auxiliary digital sun sensors 
Monopulse unit 
Wideband data unit 
C-band data unit 
S/L-band transmitter 
VHF receiver 
Command decoder 
Data acquis. and control unit 
Data switching unit 

Range of Data: 

DDT&E and ICI: 1.1 to 19.6 kg 

DATA BUS 

OS0-8 

Solar power supply 
Power supply 
Control decoder/demodulator 
Kemote decoder 
PCM decoder 
Format generator 
Wheel clock 
Sail clock 
S-band transmitter 
VHF transmitter 

This element consists of both copper wire and fiber optics. Historical 
cost data were obtained from the Redstar Data Base to produce a data bus 
DDT&E CER. Commercial prices were used for the data bus ICI CER. 

B-121 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

~l~ Rockwell 
P.~ International 

Production cost information obtained from private industry for "off-the
shelf" fiber optics and copper wire are listed below. 

Fiber Optics 

Manufacturer 

ITT Electro-Optical 
Products Division 

Valtec Fiberoptics 
Division 

Galileo Electro
Optics Corp. 

GG-02 

GS-02 

MG-05 

Characteristics 

Single fiber, 
50 m dia. 
Single fiber, 
50 m dia. 

Single fiber, 
65 m dia. 

Single fiber, 
88 m dia. 

Average cost per meter 

Cost per Meter 

(1-10 km) 
$3.25 

$2.50 

$2.50 

$1. 58 

$2.40 

One industry spokesman estimates that the cost of optical fibers would 
likely decrease to 40% by 1980. This study assumes a $2.40 per meter average 
price reduced by 40% to $1.44 per meter. 

Copper Wire 

Manufacturer 

Dearborn Wire & Cable 

Standard Wire & Cable 

Karen, Inc. 

Mil-Spec Wire & Cable 
Corporation 

Characteristics 

22-gauge, stranded 
silver plate 

22-gauge, stranded 
silver plate 

22-gauge, 2-conductor 
silver plate 

22-gauge, 19-30 stranded 

Average cost per meter 

Cost per Meter 

$ 0.807 

$ 0.705 

$ 0.807 

$ 0. 610 

$ 0. 732 

Instrumentation input parameters' T&M are in kilograms. 

Cost estimates for the items of Table 1.1-7 are presented in 
Tables 1.1.3.l through 1.1.3.11, inclusive. 
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RUtKWtll ~t'S ~R-2 REf~RENCt CONFIGURAllON,1980 
TABLE 1.1.3.l ~A~TER CltNTROL COMPUTER 

lNt'Ul PARAMElfRS INPUT COEFFICIENTS 

T= 
M= 

CF= 
PHI= 

R= 
OF= 

1000.00000 
500.uUOOOO 

i .ooococ 
O.BOOOOC 
o. 00333 :'.> 
o.500000 

TF:. 
lt&.M:. 
Ll: 
l 2:. 
L3= 
Z4= 

0."100000 
o.o 
l.000000 

b0.000000 
bb.000000 
60.000000 

CDC ER= 
COE:XP= 
CIC.~R= 
C 1 EXPs 
BY EAR= 

25= o.o 

CALCULATED VALUt~ ~b SUM lO 1.1.3 

CO=CUCfR X ll X OF)XXC~O~XP) X C~ 

o:i CL~M=CICE~ X tMJXXCCltXPJ X tf- X fF 
I . ...... 
~ #RM =T I ~ 

E =l.O + LUb(~HlJ I LUbt2.0) 

CTFU=CtLRM I E)XCC#RM X Ll+.~JXXlE) -O.SXXIE)J 

C.lB :( ttLRM.ll:)X( l#R!"t X lj + 0.5)XX(E) -0.5XXCE)) 

~IPS=CTB*Z't/Ll 

CRCI sC. lh X R 
~RE-lGC CRtl :.CPll X lb 
t'USl-lut lRtl =CRCl X tl.0-Lb) 

CO&M =O&M OR ( T~*l5 /L2/tNYR 

COMMENTS 
1917 DATA fNTER~O FU~ CULER,tlCER, AND U&M ~ERE 
M~F~~E~C~ PREC~R~O~ k~~ulR~M~~lS l.l.9ele40 

) I l3 

O.b33000 0.112000 

0.140010 
o.521000 
0.201240 
0.53~000 

1 ~711) 
l.6= 

$,MILLIONS 

18 .869 

2.00'0 

O.b78 

o.o 

5.034 

9.179 

3.021 

3.021 

0.010 
o.o 
0.010 

o.o 

o.o 



ROCKw~LL ~P~ CR-2 RtFERENCt CONF1GURAT10Ntl980 
TABLE l.l.3.2 LISPLAYS & tuNTRULS 

lf\cPul PAkAl'llElERS INPUT COEFFICIENlS 

T= 
M= 

CF= 
Ptil= 

R= 
OF-= 

200.000000 
~ 00. ;j(I(; 0 (i c. 

i.ooococ 
o.aooooc 
0.00~:;3~ 

1.000000 

TF- = 
LJ&M: 

l l:. 
l. 2:: 
l3=
Z4 =-

0.900000 
o.o 
1.000000 

60.000000 
bb.000000 
60.000000 

CDC. ER= 
COEXf= 
ClCER= 
CJEJCP: 
BYt:AR= 

Z5= O.O 

CALCULATED VALUt5 I\{,. SUM TO J .1. 3 

t:d 
I 

LU=CUCER X ( J X OF)XX(LUEXP) X L~ 

Ct.RM=CJCER X (M)XX(Clt::XPt X CF- JI. TF 

I::; #RM =T I M 
~ 

E =l.O + LUb(~t;l) I LU~l2.CJ 

ClFU=ftLRM I t)Xtt•RM X Ll+.5J~XtEJ -0.5XXCtlJ 

CTB =ltCLRM/ttX(l#RM X £3 + o.~)XXCc> -0.5XX(~)) 

C 1PS=CH!•Z4/ l2 

CRC.l =Cl~ X R 
PR~-lUC tRCl =CRLl X lb 
PUST-lOC CRCI =CRtl X ll.C-l6) 

tOtM :O&M OP. C.TR•l~/l2/tNYR 

LllMME~lS 
19"11 DATA t:NTEREO FUk CULt:R,C.lCt:R, Ar-.0 O&M w£R.t 

) / l3 

c.102000 O.Cb9000 

O.l 19340 
0 .8 79000 
O.Ot50730 
o.~51000 

1979 
Z6= 

$,MILLIONS 

12.572 

1.000 

O.b78 

o.o 

1.390 

1.417 

0.515 

o.s1s 

0.002 
o.o 
0.002 

o.o 

o.o 



ROCKWELL ~~~ CQ-2 REFtRENtt CONFIGURAllON,1980 
TABLE 1.1.3.3 ~UPl:RVl~URY COMPUTER 

lN.,Ul PAR AME 1 ER~ INPUT COEFflCIENTS 

1=
M= 

CF= 
Pt-ti= 

I(: 

OF= 

84.000000 
14. 000000 
1. 00000 (, 
o. 850000 
o. 003333 
0.200000 

TF:. 
lJ&M: 
Ll~ 

l2= 
lj: 

l4=-

0.100000 
o.o 
i.000000 

b0.000000 
bb.000000 
60.000000 

CDC.ER= 
CDE-XP= 
CICE:R= 
CI E:X P= 
BY E:AR= 

Z5:. C.O 

CALCULATED VALUtS Kb SUM TO 1.1.3 

l.U=CDCER X (l X OF)XXl~Of~P) X t~ 

b:1 CLRM=ClC.tR X CM )XX(CltX ... ) X C~ X TF 
I 
I-' 
~ #RM =T / M 

E =l.O + LUb(~Hl) / LOb•2.0) 

CIFU=(LLRM I E)XCt#RM ~ Zl+.5JXXtEJ -0.5XX(E)J 

C TB :. ( ( C LR M/ t ) X C l # R.... " l3 + 0.5)XXC~) -0.5XXCE)) 

l. IPS=CTB*l't/ L2 

Cf:tCl =tlB X R 
PRE-lUC CRCI :.CRtl X lb 
~UST-lUC. C.RCI =CRCJ X tl.O-Zb) 

C.OC.M =O&M OR C.lB•l5/L2/1:"4YR 

CUMME.NTS 
1971 UAlA ENTERtO FOR CUClR,tlCER, ANO U&M wERE 
b ~EWIR!:U FUR Rl.l 

) I Z3 

O.b33000 0.172000 

o.740010 
0.521000 
0.201240 
o. !:>35000 

1979 
lb= 

~,MILLIONS 

b.000 

o. 766 

o.o 

3.221 

o.51s 

2.121 

1.109 

t.109 

0.004 
o.o 
0.004 

o.o 

o.o 



ROCK~tLL ~~~ CR-2 REFERENCE CONFIGURATJON,1980 
TABLE 1.1.3.4 Rt"Ult CU~PUTER 

lNF'Ul PA~N'IElERS lNPUl LOEfFlClfNlS 

1= 
M= 

CF= 
PHI= 

R= 
OF= 

518. 00000 \) 
14.000000 
le OOOOOt• 
0. 85000 (: 
0 .003:13:; 
o.03oooe 

TF= 
L&111• 

l l:. 
l2= 
Lj:. 

l4=-

0.400000 
o.o 
1.000000 

b0.000000 
oe>.000000 
b0.000000 

CDC.ER=
COl:XP= 
CICER:. 
Cil:XP= 
BYE:AR= 

Z5= o.o 
CALCULAlED VALUES K.b SUM Tu l .1 • 3 

°" I 

l.O=CDC.fR X Cl X OF)XX((.l.H:>.P) X C.f-

CLqM=CICER X (M)XX(CIEXP) X Ct- X Tf 

~ w~~ =T / M 
0\ 

E =l.0 + LUb(~~l) I L0bt2.0) 

CfFU=fCLRM I l:)Xtt•R~ X ll+.5JXXlt) -0.SXX(f)) 

Cl B = ( l C: LR M/ t: ) X ( l #RM X Z3 + O.!>)XXH) -0.5XX(t)) 

1..lt>S=CT~*Z4/l2 

CRt.J =CIB X R 
~RE-lOC CRCI =CRLl X lb 
PU~T-IOL CRCl =CRC.l X ll.0-Lb) 

CO&M =O&M OR Cl~•l5/l~/tNYR 

COMMENTS 
1917 OATA ENTERtO fJR COLc~tClLER, ANO O&M wER~ 

) I Z3 

0.033000 0.112000 

o.11tot>1 o 
0.521000 
O.Z01240 
0.535000 

1979 
l.b= 

$,MILLIONS 

37.000 

0. 766 

o.o 

3.093 

0.330 

6.bb4 

2.560 

2.5b0 

0.009 
o.o 
0.009 

o.o 

o.o 



RUC.KflfELL SPS C"'.-2 ~t:FE:RENC.t CUNFlGlJRAllON,1980 
TA~LE 1.1.3.!> blJS (ltHRUL UN.ll 

.lNt'Ul t'ARAME H:R~ INPUT COEFFICIENTS 

O:l 
I 

l= 
M= 

CF= 
Phi= 

R= 
C.iF= 

4110.00000 
5.000000 
1. 000000 
o. 950000 
0.003333 
0.012000 

CALCULAl~U VALUE~ 

TF = 
O&M= 
Ll= 
Z2= 
Z3= 
l4= 

K.b 

CU=CDCER X tT X OFtXXl'U~X~t X CF 

tLRM=ClC.~~ X (M)XX(Cl~XP) X C~ X TF 

0.076000 
o.o 
1.000000 

CDC ER= 
CDExP: 
CIC.fRa: 
Clt:XP= 
BY EAR= 

60.000000 
66.000000 
60.000000 Z5= O.O 

SUM TO 1.1.3 

::::; #RM =T I M 
...... 

E =l.O + LUb(~NIJ / LOb,2.0) 

LTFU=CCLRM I E)XCC#RM X Zl+.~)XX,E) -0.5XX(E)) 

C. TH =CCC LRM/ d X ( ltltRM X lj + O.~))X(I:) -0.5XX(E)) 

1:.1PS=CT8•Z4/L2 

CRC.1 =C.18 X It 
PRE-lUC C~Cl ::.CR(l X Lb 
POSl-lOC LRCI =CRLJ ~ Cl.O-lb) 

CU&M :.U&M UR C 1h*l5 / L~ll: NY R 

CO~ME~T~ 

) I Z3 

1911 UAlA tNTER~~ FUk CULtR,tlCER, AND O&M ~ER~ 0.102000 
~22 ~llS REuulR~u. ktFR f'R~tURSOR R£QU1REMEN1S i.1.9.1.41 

0.069000 

0.119340 
0.879000 
o.oso130 
o.~51000 

1979 
Z6= 

S,MJLLION~ 

82 2.000 

0.926 

o.o 

3.672 

0.015 

8.119 

5.9~8 

5.958 

0.020 
o.o 
0.020 

o.o 

o.o 



ROLK"~LL ~p~ CR-2 REFtRENC~ CONFlGURAllON,1980 
TABLE: 1.1.3.o MlCRU.-ROCtSSuR~ 

l~~Ul PARAMElfR~ INPUl tOEFFIClENlS 

td 
I 

T= 3885.00000 lf= 
M= 5. 00000 l) U&M= 

CF= 1. ooooc () ll= 
PHI= 0.9'>!'000 l.2 = 

R= 0.003333 l 3=-
OF= 0.01~000 l4= 

CAL(JLATED ~AluE~ kb 

CO=COCE:R X (1 X DF).XX(COLl{Pi X Ct-

CLl~M:ClCER X (M)XXCC.HXP) x lt- X lF 

0.078000 CDCE:R= 
o.o COE:XP= 
1.000000 CIC ER= 

00.000000 C 1 EXt'= 
66 .000000 l'.\Yf:AR= 
b0.000000 Z~= 

~lJM 10 1.1.3 

~ iQM =T I M 
00 

E =l.O + LUG(PHI) I L0l>t2.0) 

ClFU:.ttLRM I tJXCt•~~ X 11+.~J~Xtt) -0.~~XCt)) 

LTB :.((CLRM/~)X((#qM A lj ~ O.~)XX(E) -0.5XX(E)) 

ClPS=CTR*Z4/l2 

C~Cl =Clb x R 
~~~-lUC CRCI =tRLl x lb 
PO~T-lOC. C.Rl.l =C.Rl.1 X ll.0-Lb) 

C.OL~ =u&~ UR Ll~*L~/L2/t~fR 

COMM~NlS 

) I Z3 

1977 UATA ~NlE~EU FU~ CDLfR,CICER, AND O&M WfRE 0.102000 
777 ~ll.ku-PROC~SSURS k~F~. ~k~Cu~~u~ REwulRF.Mf~T~ 1.1.9.l.4.Z 

0.119340 
0.679000 
o.oso·130 
0 .557000 

1979 
o.o lb= 

$,MILLIONS 

3. 750 

0.015 

111.000 

0.926 

7.910 

5.80't 

5. 80't 

0.019 
o.o 
0.019 

o.o 

0.069000 o.o 

o.o 



ROCKwEll SP~ CR-2 REfERENCc CONFlbURAllON,1980 
TABLE 1.1.3.7 REMUTl •t~UlSllION & CONTROL 

INPUl PARAME-TERS INPUT COEFFltlf~TS 

T= 
114= 

cf-= 
P~l= 

R= 
OF= 

492S.OOOOC> 
!>.000000 
1.000000 
0.9~000C 

0.003333 
o.01oooc 

TF= 
CJ&M= 
ll= 
L,= 
l3= 
L4= 

O.Ob9000 
o.o 
1.000000 

bO .000000 
60.000000 
b0.000000 

COCt:R::. 
CDEXP= 
CIC~R= 

ClE:X .. = 
RYEARz 

l~= o.o 

CALCULAltO VALUES l( (., SUM TU 1.1.3 

l:d 
I 

CO=COCER X (1 X OFJX.X(CUtJlP)). Cf 

CLRM=ClCtR X (M)XXCCllXP> X Cf X TF 

~ #RM =T I M 
\0 

E =l.O + LUb(Pttl) / LObt~.0) 

CTFU=(tLRM I f:)Xt C#RM X ll+.5 )J(.Xlt) -0.SXXU: J) 

CTB =tlCLRM/t)X((#ltM JI. l3 + 0.5).!1.Jltf) -0.SXXCt)) 

CI~S=CTR*Z4/l2 

CRC I =ClB )l M 
PRE-IOC tRCI =CRCJ ~ lo 
PuSl-IOC l.RC1 =CRC.l X U.0-·Lb) 

CO&M =O&M OR C18*l,/l2/lN1R 

COMMENTS 
1977 UATA ENTEREO fGR COC~R,CllfRt ANO O&M ~ER~ 
R~t=R PRH.URSOR l<t:IJlJ) RfMENl l. l.'1.-l .~3 

) I Z3 

0.102000 o.o6qooo 

0 .119340 
0.879000 
0.000130 
o.557000 

1979 
lo= 

s,MILLION~ 

3.6b8 

0.014 

9B~.ooo 

0.926 

8.116 

b.395 

6.395 

0.021 
o.o 
0.021 

o.o 

o.o 

o.o 



RQCl(wEtl ~t>!> CR-2 R~fERENCE CUNFl&URATION,1980 

Oj 
I 

TABLE l.l.3.8 Sl.8M~Lll~LE~ORS 

l~PUl PARAMEll:R~ 

T= '/3000.0000 ff= 
M= 3.000000 O&M= 

CF= 1.000000 ll= 
Pt-ti= 0.9b0000 lZ = 

R= 0 .00333 :'.\ Z3= 
OF= o. 0003l 0 L4= 

CA LC.ULA JE.i.J VALUE-~ "b 

CD=CDCl:R )( n x Df)X.X(CDlXF'J x c~ 

CLRM=CJC:t:R " CM)XXlCH"-P) X Cl- X H· 

0.022000 
o.o 
i.000000 

b0.000000 
66.000000 
b0.000000 

SUM lU 

I-' •~M =T I M w 
0 

t =l.O + LUGtPHI) / LObt2.0) 

ClfU=tCLRM I l:)Xl(#R~ A tl+.~JXXCl:J -~.~XX(t)J 

C18 =ttCL~M/l)ACt#~M A l ~ • 0 • '=:)XX CE) -0 • 5XX ( E) ) 

CIPS=CTB•l4/l2 

CRCl =Clts X R 
~R~-lOC CRtl =CRtl X lb 
PO~T-lOl ~~~1 =Ckll X tl.O-lbt 

CU~M =0,M OR c1~·z~1L2/t~¥~ 

COMMENTS 
1977 OAlA tNTEqEo ~uq (UCt~,llCEq, ANO O&M wERf 
RfFq P~flURSUR ~EuUlK~MfNl 1.1.~.l.44 

lNPUl tOEFFltlENTS 

CDttR= 
COE:XP: 
C ICER= 
CI EXP= 
~ Y l:AR= 

Z!>= 

1.1.3 

) I Z3 

0.10200 0 

o.o 

0.119340 
o.tsl~OOO 

o.oso730 
0 .557000 

1979 
l6= 

$,MILLIONS 

2.356 

0.003 

31000.000 

0.069000 

0.971 

o.o 

77. 359 

b8.467 

68.4b7 

o.22e 
o.o 
0.228 

o.o 

o.o 



ROC~~ELl SP~ CR-2 R~fERENCE CONFIGURAllON,1980 
TABLE l. l • 3. 'f 1NS1 ~ lJ'4E11>4 l AT ll1N 

l~PU1 P~RAMl:lERS INPUT COEFFICIE~TS 

T= 289000.COO TF= 
M= 0.01'+100 U&M;. 

CF-= i .000000 ll= 
Phi= 0.9b0000 ll= 

R= 0.003333 l3= 
OF::. 1. 00000(· l4;. 

CALtULATfO VALUf.~ tl.b 

CO=CDCER X (l X D~lXX(COt)~J X Cf 

CLRM=CICtR X tM)XXtC!l~P) X ~~ X lf 
t;:I 
I 

1--' •~M =1 I M 
v.> ...... 

E: =-1.0 + LUGCPhl) / LOGt2.0J 

1.000000 
o.o 
1.000000 

00.000000 
66.000000 
bCi.000000 

SUM TU 

CTFU=CCLRM I tJXt(~~~ X Zl+.~JXX(~J -0.~XX(t)J 

CT~ :((CLRM/lJX((#RM X L 3 • 0 • 5) XX t E ) -0. 5 XX ( E ) ) 

Clt>S=ClB*Z4/l4! 

C:RC 1 =ClB X R 
PRE-IUC CRCl =CRCl x Zh 
PUST-lUl. LIH.l :C.Rl.l X tl.O-·Lb) 

CU&M =O~M OR CT~*l~/Z2/t~VR 

COMMfNlS 

CDC ER= 
CD EXP= 
CI C.eR= 
CIEXfi= 
BY EAR= 

l5= c.o 

1.1.3 

) I l3 

0 .C.00117 
1.000000 
0.000468 
1.000000 

1979 
Z6= 

S,MllllONS 

33.813 

o.coo 

3qoo134.oo 

0.971 

89.513 

79.222 

79.222 

0.264 
o.o 
0.264 

o.o 

lq77 DATA tNTE~EO fUR COltR,ClCERv ANO O&M wERf 0.000100 0.000400 O.O 
M=APPROX "'1A~S PFi( SF.r-.~Ok. !UH< 1-'HECllRSOR l(clJUIREMt:NlS 1.l.9.l.45 

o.o 



TABLE 
ROCKW~Ll ~~~ tR-2 Rf~fRENtc CONFIGURAllUN,1980 

1.1.3.10 L~llCAL ~ltllR 

INl"Ul PAR llME lf:RS INPUT tOEFFI~ItNTS 

T= 
M= 

CF= 
Pt-tl= 

R= 
OF= 

b2.COOOOO 
02.0001)0(} 

i.000000 
o.c;.soooo 
0.003333 
l. 00000 (I 

TF= 
U&M= 
ll= 
l2= 
l3= 
l4= 

1.000000 
o.o 
1.000000 

b0.000000 
66.000000 
60.000000 

CDC ER= 
COE:XP= 
C ICE:R= 
C 1 EXP= 
B YEAR= 

l~= o.o 

CALCULATED VALUE~ ~" ~UM JO 1.1.3 

O:l 
I 

CD=COCER X H X DF)X>.tCOt).P) X Ct-

CU:tM=ClCtR X tM )Jl.X tC.HXP t lll C.f X Tf 

t;; _, ~M :. T I M 
N 

I: =l.O + LuGCPHl) I LU~l2.0) 

CT~U=tCLR~ I E>Xtt•RM X ZJ+.~JXXtt) -0.5XXtl:)) 

Cl~ =ttCLRM/f)XCl#RM x lj ~ o.s,xxc~• -o.sxxt=•• 

C lt>S=CH\•Z4/l2 

CRCl =Clb JI. R 
YR~-lUC CRCI ~CRCJ X lb 
POST-10~ CRCl :.CR~l X (l.O-lb) 

lU&M :U&M U~ Clb*l5/Z2/tNVq 

COMMf:Nl S 
1977 UATA E~TEREU fU~ cuc~q,cJtER, AND u&M wER~ 

l I Z3 

o. 237000 0.010219 

0 .277290 
o.2<11000 
0.011950 
l .000000 

1979 
lb= 

$,MILLIONS 

1.000 

0.971 

o.o 

0.945 

o. 741 

0.742 

0.675 

0.675 

0.002 
o.o 
0.002 

o.o 

o.o 



ROC~wELL 5~~ CR-2 REfERENCt CONFIGURATlUN,1980 
TABLE 1.1.3.ll CABL~S/nA~NES~ 

lr-.PU1 PARAMETtRS 

T= 293000.000 TF:. 1.000000 
M= 3.,-1.oooooe U&M;; o.o 

CF:. 1.oooooc Ll::. 1.000000 
PHI= 0.9~000C l2= b0.000000 

R= 0.003333 Z3= bb.000000 
OF= 1 .. 0C•OOOC' l4=- b0.000000 

CALCULAl~O VALUtS 1'b ~UM 10 

CO=COCER X Cl X U~)XX(CDt~~· X Cf 

CLRM=CiCtR ~ tM)XXlCl~X~J X Lf X TF 
tJ:l 
I 

(:; #RM :1 I M 
w 

t =l.O + LOGf PHl) / LObC2.0) 

CT~U=(CLRM I EJ~lt•RM X ll+.~JXXltJ -t.5XXltt) 

C 1 B = (t C LR Ml t: ) X t U RM Ji. l j " 0 • 5) XA et:) -0 • 5X X ( ~) ) 

C lPS=Cl ~*Z4/ l2 

CRCl :CTB X R 
PRE-IOC CRCI =CRLI X lb 
POST-lOt t~Cl =tKCl X tl.O-Lb) 

CO&~ =UGM OR Clb*l~/l2/t~Y~ 

COMMENlS 
1977 OAlA ENTEREU fUR COL~~.clCER1 AND O&M wERE 
111 ~~C~ANICAL MGGUL~~ 

INPUT tOEFFJClENlS 

COCfR= 
COlXP::. 
C ICER= 
CIEX"= 
BY EAR= 

Z5= o.o 

1.1.3 

) I Z3 

o. 231000 O.OOOObO 

0.211290 
0.297000 
0.000010 
1.000000 

1979 
lb= 

$,MILLION~ 

11.657 

0.026 

777.188 

0.971 

o.o 

17.447 

15.444 

15.'t't-4 

0.051 
o.o 
0.051 

o.o 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.1.4 ATTITUDE CONTROL AND STATIONKEEPING 

Rockwell 
International 

This element includes components required to orient and maintain satellite 
position and attitude in geosynchronous orbit as shown in Figure 1.1-8. Major 
items include the attitude reference determination system with sensors, 
processors and gyros, reaction control system components and thrusters, plus 
power processing equipment and propellants. 

REACTION CONTROL SYSTEM (RCS) 

FEATURES: 
•ARGON ION BOMBARDMENT THRUSTERS -

LOCATED IN 4 MODULES 
•CRYOGENIC PROPELLANT STORAGE -

ELECTRIC REFRIGERATION FO~ HEAT 
LOSS MAKEUP 

ATTITUDE REFERltKE DETERMINATION 
(7 LOCATIONS, 

• CCD SUN SENSOR (l/SYSTEM1 
•CCD STAR SfNSO~S (2,/SYSTEMi 
•ELECTROSTATIC OR LASER GYROS (3/SVSTEM) 

1.-i·--~ ·•DEDICATED MINI PROCESSOR 

•HEMISPHERICAL PLUME Q.EARANCE 
•SERVICEABLE IN PLACE 

THRUSTER CHARACTERISTICS: 
e THRUST - !JN 

GIMBALLED RCS THRUSTfRS 
(16 PER CORNER, M TOTAL) 

•,·•20,.,.
•2=•1.a· 

•SPECIFIC IMrULSE - 13,000 SEC 
•POWER - 1275 t(W 

•APERTURE - lM 
•MASS (INCL. SUPPORTS & CABLING) - 120 KG 
eRESTART TIME - 15 SEC 
•OPERATING LIH (GRIDS & CATHODES) - 8000 HR 

•2 j ,, 
z 

Figure 1.1-8. ACSS Equipment Locations 

The baseline ACSS features an argon-ion bombardment thruster RCS whose 
characteristics are: 

Thrusters located in four modules at each corner of the satellite 

• Each module has 16 thrusters 

• Cryogenic propellant storage/electric refrigeration with heat loss 
makeup 

• Hemispherical plume characteristics 

• Serviceable in place 

The system operates on an average of 36 thrusters. A total of 64 thrusters 
is included to provide the required redundancy. The redundancy was based on an 
annual maintenance/servicing interval, 5000-hour thruster grid lifetime, and 
five-year thruster MTBF. Sixteen thrusters are located on the lower portion of 
each corner of the spacecraft. Each thruster is gimbaled individually to 
facilitate thruster servicing, to permit operation of adjacent thrusters durinR 
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Space Operations and 
Satellite Systems Division 

Space Systems Group 

41~ Rockwell 
P.~ International 

servicing, and to provide redundancy. The thrusters nominally provide a force 
vector approximately in the direction of the sun to counter solar pressure 
force (stationkeeping) which is the dominant thruster requirement. Thrusters 
are gimbaled through small angles (as illustrated) and differentially throttled 
to provide remaining forces and torques for attitude control and stationkeeping. 

Sensors that make up the attitude reference deter~ination system include: 

• CCD sun sensor (one/system) 
• CCD star sensors (two/system) 
• Electrostatic or laser gyros (3/system) 
• Dedicated mini-processor 

The attitude reference determination system features charged coupled 
device (CCE), star and sun sensors as well as electrostatic or laser gyros 
and dedicated microprocessors. Seven attitude reference determination units 
are located at various locations on the satellite in order to sense thermal 
and dynamic body bending, and to desensitize the system to these disturbances. 
The control algorithms will feature statistical estimators for determining 
principal axis orientation, body bending state observers or estimators, and 
a quasi-linear propulsion thrust command policy to provide precise control 
and minimize structural bending excitation. 

Mass properties of the ACSS are presented in Table 1.1-8. This summary 
includes the mass of individual elements with propellant weight on an annual 
basis per satellite. 

Table 1.1-8. ACSS Mass Summary 

Reference Mass/ 
WBS No. Item ~ --

1.1.4.1.1 Attitude Reference Determination Systems (7) 1,000 
1.1.4.1.1 Thrusters-64 @ 120 kg/thruster 7,335 
1.1.4.1.4 Thruster gimbals and mounting 2,000 
1.1.4.1.2 Condustors/insulation 2,000 
1.1.4.1.1 Tanks, lines, refrigeration 8,500 
1.1.4.1.3 Power processing equipment 2,000 

Total (dry) 22,835 
1.1.4.2 Argon propellant-annual requirement/satellite 85,390 

Historical cost data were obtained from NASA's Redstar Data Base; however, 
it is limited relative to electrical propulsion. Consequently, study data were 
utilized where necessary. Ion bombardment thrusters are argon propellants with 
a low thrust but significantly higher specific impulse, thus reducing propellant 
resupply cost. 
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Development of the propulsion subsystem CERs was based on spacecraft 
programs listed below: 

• SEPS (Boeing) Study 
• SEPS (Rockwell) Study 
• SERT-II 
• ATS-F (Ion Experiment) 
• Rockwell SPS Study 
• SERT-C Study 

Range of Data: 

DDT&E and ICI: 18.0 to 107,500 kg 

Cost estimates are identified in Tables 1.1.4.1.1, 1.1.4.1.2, 1.1.4.1.3, 
1.1.4.1.4, and 1.1.4.2. 
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lABLf 
ROC~WELL S~~ CR-2 ~~~tRENCc CONFIGURATlON,1980 

l.1.4.l.l AtS l~u~lER COMPONENTS 

lNPUl PARAMETER~ INPUT COEFFIClE~lS 

T:. 
M:. 

tf-= 
PHl= 

R= 
OF: 

lb835.0000 
140.000000 

1.00000(\ 
0.9ti0000 
0.003333 
0.300000 

TF:. 
O&fll!:: 

l l:: 
l2 = 
l3=
l4=-

0.300000 
o.o 
1.000000 

b0.000000 
bb.000000 
60.000000 

CDC tR:. 
COEXP= 
CI C~R:. 
ClfXP= 
AYE:AR= 

l5= c.o 

CAlCULAlEU ~ALU£S "'b ~UM Ju l.l.4.1 

CO=COCE.R X (l X OFJXXICDt:XP) X C~ 

td C l ~ M :. C l C tR X l M ) X X l C If X P J X (. t- X l F-
1 

I-' 
w •~M :::1 I M ....... 

t =-1.0 + LUGCPNI) / LObt2.0J 

tTFU=ILLR~ I t)XCC•R~ x ll+.~JXXl~) -0.5XXCEJJ 

C 1 B = ( IC l ~Ml E ) X l (#RM JC. l"j • 0.5)XXH:) -0.5XXCE)) 

. C1PS=CTB*Z4/l~ 

CRCl =ClB X ~ 
PRE-luC CRCJ =CRCl x Lo 
PUST-1 OC 1..RC l :.C l<L l X 11.C·-lb) 

CU&M =O&M OP. ~lB•Z)/£2/cNYR 

COllllME-Nl S 

) I Z3 

1.312739 
0.190000 
0. Obbb9C> 
o. 729000 

1979 
lb& 

$,MILLIONS 

b.b35 

0.734 

120.250 

0.971 

79.004 

69.979 

69.979 

0.233 
o.o 
0.233 

o.o 

1911 JAlA E~lEREO Fu~ CUL~R,tlLER, ANO U&M WER~ 1.122000 0.057000 C.O 
li>4CLUUt~ 64 ThKLl~.l~:k~, lANK.~, ._.1-lUPtLLAl\CT ll"'E:5, A~0 AlllTU~ ~fFR. 

SY~JE:M 

o.o 



TABLE 
RU(Kw:Ll ~p~ CR-2 REFERENCE CONFlbURATJON,1980 

1.1.~.1.2 ALS - CuNOutru~S & lNSULAJION 

lNPUl PARAMtlER5 INPUT COEFFltlENTS 

T= 
pill: 

CF: 
PHI= 

R= 
OF.:. 

2000.00000 
5uo.oooouo 

1.000000 
i .ocoocc 
o.o 
o.1ooooc 

Tf :o 

u&"" :o 

ll; 
Ll= 
L3= 
l4= 

1.000000 
o.o 
l.COOOOO 

bG.000000 
60.000000 
oO.OuOOOO 

CDC ER= 
CDtXP:: 
CI CE-fh:: 
C IE:XP= 
BY EAR: 

25:: o.o 

CALCULAJtD VAL~E~ "'~ ~UM 10 l. l .~. t 

to 
I 

CO=CDCE.-~ X l I X lJF).lOdCUt.>1.P) X Ct-

CLRM=ClCER X lM)XX(tl£XP) X tf X TF 

~ •~M =1 I M 
CXl 

E =l.O + LUGCPHl) I LO&C2.~) 

CTFU::.(Cl~~ I ~)Xll#RM x Zl+.~)XX(~J -0.5xxttJ) 

ClB =llCL~M/lJXCt•RM X l~ + 0.5)XXtE• -0.5XX(~,, 

CIPS=Cl~*Z4/l2 

CRCl =Clb X R 
PRE-IOC CRCJ =CRLJ A lb 
PUST-lLl\.. 1..R\.l :.tk(..1 x n.o-Lot 

CO&M .:.0&1"4 OR C.Tb*l'.:>/Z2/t:111\'q_ 

CUMME:Nl~ 
1Q77 JAlA lNlEREU 1-U~ C~t~~,tlC~R, ANO O&M wE~E 
A~~OC.lAltlJ w1Th ACS lt-Rl'~lf!{ LL~ .. LEXES 

) I Z3 

0.158000 0.000004 

0. l 8't8b0 
o.zcnooo 
0.000005 
l.000000 

1979 
lb~ 

$,MlLLION~ 

0.892 

0.002 

4.000 

1.000 

0.009 

0.009 

0.009 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



TABlf 
ROCKWELL ~~~ LR-2 MEfERENCE CO~FlbURAlJUN,1980 

1.1.4.l.j ~CS - PUWE~ PRGtlSSlNb fQUIPMENl 

lNPU I PAR1<ME: lf:R~ INPUT tOEFFltlENlS 

l= 2000.00000 
M::. 500.00000t• 

CF= l .OCJOCOL 
PHI= 1.000000 

R= o.o 
OF::. o. ~00000 

lf= 
lJ&M = 
ll= 
rt= 
l3=-
£4::. 

1.000000 
o.o 
1.000000 

00.000000 
60.00COOO 
bC.000000 

CDC ER= 
COE>tP: 
C ICER= 
CI E:Xf.'= 
~YEAR= 

Z5= o.o 

CALCuLAlED VALUE~ fC.b SUM TO l.t.4.l 

ti:l 
I 

CO=CDCtR X ti X DFJXXltO~XP) AC~ 

CLRM=ClCE:R X lM)XX(ClfXP) X l.f- X lF 

t:; ~ll~M ::.T l M 
\0 

c =l.O + LUG(PHI) I LU~C2.0) 

CTFU:.CCLR"4 l i:)X((#RM A ll+.~)AXlfJ -~0.51.X(EJ) 

C 18 = t t C Ut Ml f ) X ( l jj '0~ X LS + 0. 5) X.ll, t ~) -0. 5X X t E) ) 

ClPS=Clb*Z4/l2 

CRtl =Clb " R 
PRE-IUC tRtI =CRtl X lb 
POST-IO~ L~~l =-LRLl X tl.G-Lo) 

tU&M =U&M OR Clb*l~1l2/~~YR 

COMMENTS 
197~ 0-TA fNlfREO ~UR cutEq,LJtER, ANO O&M WERE 

) I Z3 

0.184860 o.0001t-t>e 

0.184860 
0.297000 
0.000468 
1.000000 

1979 
Zl:i= 

$,MILLIONS 

1.438 

0.234 

4.000 

1.000 

0.936 

0.93b 

o.93b 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



TABL&: 
ROC~WELL ~~s (~-2 Rcf-ERENC~ CONFlbURATlON,1980 

l.l.4.l.4 ALS - THRUSlt~ blMbALS ANO MO~TIN~ 

11\tPU l .. AR N4E 1 E:RS INPUT LOEFFlCIENTS 

T= 
M= 

tF= 
PHI= 

R= 
OF= 

2000.coooo 
500 .oooo (10 

l.OOOOOC 
i.ocoooc 
o.o 
o.sooooc 

Tf = 
u&M= 

Ll::. 
i.2=
l3=
[4: 

1.000000 
o.o 
l.OOOlOO 

b0.000000 
60.000000 
b0.000000 

CDC ER= 
CDEXP= 
CICER= 
Cl EX.,: 
9YtAR= 

Z5: o.o 

CALCuLAlEU ~ALUES l\b ~UM TO 1.1.4 .1 

t:P 
I 

CD=COCER X t l X DF)XXtCOl:.JIP) X Cf-

CLRM=ClC!:R X tM)XXtC.lEJS.P) X l..f- X TF 

~ •qM =T I M 
0 

t =l.O + LOGCPhl) I L0bt2.CJ 

C.lFU=tCLRM I EJXCt•~~ X Zl+.5)XXltJ -0.5XXtt)) 

ClB =(\CLRM/t)Xtt•RM X Z 3 • 0 • 5) X A t E ) -0 • 5 XX ( f ) ) 

CIPS=ClB*Z4/:t.2 

CRCl =Cle X R 
~RE-lUC CRCI =CRLI x lb 
P 0 51 - I UC. C.. R. C. I =C R L l X ll • 0- l t ) 

CO&M =U&M UR C1B*l~/l2/t~YR 

ClJMMENlS 
1979 DATA ENJERED t-UR CUC.E~tCIC~R, ANO U&M wERf 

) I Z3 

o.1a2s20 0.000894 

0.182520 
0.511000 
0.000694 
0.950000 

1979 
lb= 

$,MILLIONS 

4.000 

i.ooo 

o.o 

6.227 

0.328 

1.310 

1.310 

1.310 

o.o 
o.o 
o.c 

o.o 

o.o 



RUCK~ELL ~p~ CR-2 R~fERENCt CONFlGURATlON,1980 
TABLE l.l.4.2 M.S:i ~Uf'ELLANt 

lNPUl PARAMElER~ INPUT COEFFICIENTS 

t:d 
I 

T:. 1.000000 1 F:. 

M:. 1.000000 lLM:. 

CF= 1.cooooc Zl; 
PHI:. 1.oooooc L2=-

R= o.o l3= 
OF:. 1.000000 Z4=-

CALCULAlEu VALuES 

C~=COCER X (IX DFl~X(COt~PJ X Cf 

CLRM:.ClC~R X lM)XXlCitXP) X Cf X lf 

1.000000 
o.o<J~906 

1.000000 

COC.EP: 
CDEXP= 
Cl CE-R:. 
CI EXP= 
~YEAR= 

b0.000000 
b0.000000 
b0.000000 Z~:. o.o 

~UM lO 1.1.4 

~ #~M :.T I M 
I-' 

E: =-1.0 + LUG(~Hl) I LOb42.0) 

CJFU:ttLRM I t)X((#RM X Zl+.~tXXlt) -0.~XXtt)) 

CTB :((CLRM/f)X((#~M X lj, • o.5Jxxnt -o.sxxH)) 

C 1P~=Clq*Z4/ l2 

CRC.l =Clb X R 
P~E-IUC CRCI =-CRCJ X Zh 
POST-lOC. ~~~1 =\.RCl X tl.O-lbt 

CO&M =U&M UR Cltt•Z~/L2/~NY~ 

COMMENTS 
1917 OAlA ENlEREU FUR coct::q,c.1cER1 AND O&M t'iF.RE o.o 
O&M PROPtllANT t~l/~G-1977) :. Jl.17/~G Al 85390 ~G/SAl/YR 

) I Z3 

o.o 

o.o 
o.o 
o.o 
o.o 

1979 
lb= 

s,MILL10~5 

1.000 

1.000 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

0.100 

o.oe539G 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.1.5 COMMUNICATIONS 

~l~ Rockwell 
P.~ lntemattonal 

This element includes hardware to transmit and receive intelligence from 
among various SPS elements (satellite, construction and LEO base, transporta
tion systems, ground receiving station). It includes conununication of both 
data and voice between the SPS and the control center, as well as among var
ious cargo and personnel vehicles. Excluded are intravehicular and intra
satellite communications. 
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41~ Rockwell 
"'•~ International 

1.1.6 INTERFACE (ENERGY CONVERSION/POWER TRANSMISSION) 

This element covers the movable interface between the energy conversion 
subsystem and the power transmission subsystem. A 360 rotary joint and antenna 
elevation mechanism are required to maintain proper alignment of the transmitter 
with the ground receiving station. Included are structural items, mechanisms, 
power distribution, -and maintenance hardware. 

The interface is utilized to (1) transfer energy from the slip ring 
brushes to the antenna via transmission lines, and (2) act as the structural 
support member between the main satellite and the antenna. Elements of this 
movable interface (Figure 1.1-9) are described in the following subsections. 

Tri-Beam Girder Section 

Basic Beam Element 

Figure 1.1-9. Energy Conversion/Power 
Transmission Interface 

B-143 



1.1.6.1 STRUCTURE 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~I~ Rockwell 
PJ..~ International 

This element includes all members necessary to provide a mechanical inter
face between the primary structures of the energy conversion subsystem and the 
power transmisison subsystem. It includes beams, beam couplers, cables, ten
sioning devices, and secondary structures. Excluded are elements of the drive 
assembly which are included in mechanisms (WBS 1.1.6.2). 

1.1.6.1.1 Primary Structure 

The basic supporting structure of the interface is included in this ele
ment. It is the primary load-carrying structure and does not include the 
secondary structure that is required to support transmission buses or equipment. 

The SPS requirement for low thermal distortion, under high thermal stress, 
dictates the need for a material with a very low coefficient of expansion. The 
most likely candidate, at this time, is a graphite composite material. 

The interface primary structure D&D CER was developed using graphite com
posite data obtained from NASA's Redstar Data Base. Tooling cost was excluded 
under the assumption that this cost would be incurred in the development of 
orbital fabrication equipment. The following data points were used: 

• Space telescope shell • HEAO optical bench 
• ATS-F truss • Shuttle payload bay doors 

The interface structure ICI is the cost of raw materials only, since the 
costs associated with fabrication and assembly are charged against orbital 
assembly and support equipment (WBS 1.2). The structure ICI cost equation is 
based on raw composite material stock (prepregnated graphite) cost. These 
material costs are based on vendor quotes obtained from Hercules, Fiberrite, 
and Union Carbide. 

Range of Data: 

D&D: 30.0 to 2000.0 kg 
ICI: Unlimited 

1.1.6.1.2 Secondary Structure 

The secondary structure consists of the passive interface attachments 
between primary structure and operational subsystems. Structural members are 
made of aluminum with the ability to articulate, rotate, or otherwise support/ 
allow motion between the primary structure and other subsystem elements. 

This element includes all structure, consisting of mounting brackets, 
clamps, and installation structure required as an interface and mounting attach 
points of components, assemblies, and subsystems. It also includes any struc
ture required between two or more components or assemblies, slip ring brush 
and wire support brackets, and mechanism supports. 
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Development of the secondary structure CER for DDT&E and ICI was based on 
cost data contained in the MSFC Redstar Data Base. Data from a variety of 
launch vehicle and unmanned satellite programs were available and the applicable 
data points are listed below: 

• S-IVB interstage 
• S-IC forward skirt 
• s-rc intertank 
• Solar telescope housing assembly 

(ASM) 
• Common mount assembly (ASM) 
• Telescope gimbal assembly (ASM) 
• Common mount actuators (ASM) 
• Telescope gimbal actuators (ASM) 
• Array platform elevation point

ing actuator (ASM) 
• UV gimbal mount actuators (ASM) 
• UV instrument mount assembly (ASM) 

Range of Data: 

DDT&E: 
ICI: 

6.0 to 15,000.0 kg 
6.0 to 15,000.0 kg 

• Solar array and boom structure 
(ATS-F) 

• Squib interface unit (ATS-F) 
• Interstage (Centaur) 
• Nose shroud (Centaur) 
• Fixed airlock shroud (Skylab) 
• Payload shroud (Skylab) 
• Pallet segment (Spacelab) 
• OS0-1 
• ATS-F 
• S-Il 

A review of these data points indicates extrapolations at the 6-kg level 
were based on the ATS-F solar array and boom structure, the Squib interface 
unit, ASM gimbal assemblies and actuators; whereas, the S-IC inner-tank, 
Centaur nose shroud, and interstages were extrapolated for the 10,000-kg 
category. The design and size of these items are considered more complex than 
that required for the SPS and, as a result, a complexity factor (CF) of 0.80 
was established for the pilot plant/test article and the COTV. A CF of 0.70 
was used for the satellite as the two prior vehicles will be completed and an 
improved data base will be available for the satellite secondary structure. 

Tooling factors were identified Ly grouping secondary structure require
ments for the annual production of satellites (WBS 1.1.1.1.2, Energy Conversion; 
WBS 1.1.2.1.2, Power Transmission; and WBS 1.1.6.1.2, Interface). 

1.1.6.1.3 Cost Estimates 

Primary and secondary structure costs are presented in Tables 1.1.6.1.1 
and 1.1.6.1.2, respectively. 
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lA8LE 
R.OC.KWELL ~t'!) C.'t-2 '<H·E~ENCE C0"'4FlGURAllON,1980 

l.l.bel•l PRIMARY ~lRlJC.TURE 

11\1 PU ·1 P A R A"'1 t 1 ER~ INPUl COEFFICIENTS 

t::I:! 
I 

T= 130000.000 T ~:. 
M= 17000.GOOO l~flll:. 

c.. F-=- 1.oooooc ll: 
PHI= l. 000000 l 2=-

R:: o.o l 3:. 
DF= 0 .010000 l4= 

CALCULATED VALUES Kb 

CD=COCtR Jt CT X DF>•xlCUl::Jl.P) X Cf 

CLRM=CICtR X (M)XXtC.l~XP) X l~ X lF 

1.000000 CDC ER= 
o.o CD EXP= 
l.000000 ClCER= 

b0.000000 CIE:XP= 
b0.000000 BVl:AR=-
b0.000000 Z!>= o.o 

SUM TO 1.1.t.1 

t:'. #~ll'f =T / M 
a-

~ =l.O + lUblPHI» I LUbt2.CJ 

ctFu=tCLRM / t>xtt#R~ x Ll+.!>>~xcE> -o.5xxtt•• 

era :.(f(LRM/t)X('#~~ x L3 + ~.~)XXtE) -0.5X~tE)) 

C1PS=C.TB*Z4/l£ 

CRC I ::(lb x R 
Pl<f-lUC C.Rll :CtH.l X lb 
PUST-IOC CRCI =-CRCl X (l.C-lb) 

CU&M =O&M OR Cle•Z~/L2/t~~~ 

) I l.3 

COMMENTS 
1977 OAlA tNTtRtu rUR CUC..lR,LILER, ANO O&M w€RE 0.023000 0.000050 
DF CALCULATH' l"'lCUMl:'Jl\!/IJH.~ wlTH 1.1.1.l.lt 1.1.2.lelt & l.l.9.l.15, 
& 1.1.9.1.20 

0.020'110 
0.800000 
0.00005& 
1.000000 

1979 
lb= 

$,MILLlONS 

8.645 

0.994 

e.ooo 

1.000 

1.CJ5b 

7.956 

7.956 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



lABLE 
ROC~WELL SPS tR-l REFERENCE tONFIGURATlON,1980 

1.1.6.l.2 Sf:CON(JARY SlRUCTURE: 

lNPUl PARAMEll:RS INPUT COEFFICl~NTS 

t::d 
I 

T= 34000.0000 n·~ 

M= 5.COOCOO C!& Ml= 
C~= 0.100000 ll= 

Pt11= o.~sooor ll= 
R= 0.001111 Z3= 

LIF= 0.100000 L4= 

CALCULAltD VALUl:::S KG 

CD=CUCER X (l X DF)XAtCU~XP) X C~ 

CLRM=Clt.ER X tM)XX(Cl~X~) X C~ X Tf 

0.012296 CDC ER= 
o.o COE-Xf'= 
1.000000 CltER= 

60.000000 Cl l:::XP= 
62.000000 BY EAR= 
b0.000000 l!>= o.o 

SUM ro i.1.6.l 

~ #~M =l I M 
-i 

E =l.O + LUbCP~I) I L0~,2.0) 

CTFU=ltLRM I l:)Xl(•RM X Zl+.~JXXlE) -0.5XXtf:tJ 

CIB =ttCLRM/t)X((#RM A Z3 + 0.5)XXlll -0.5XX(E)) 

t.IPS=ClB*Z4/l2 

CR(.l =l.lh X R 
~Rf:-lUC CRCI =CRC1 X lb 
POST-lUC CRCl =CRl.l X ll.C>-Lb) 

CO&~ =~&M UR Cl~*l~llll~~y~ 

C.OMl'H::\ITS 

) I Z3 

1977 UATA ENltRE:O ~UP cuc~~,ClCtR, ANO U&M wERE 0.156000 0.101000 
ClJM~lNE: ~Alt;LLllE: QUt<NTJlkS fRCl'I 1.1.1.1.2(117200 UNITS) & 1.1.2.l.2 
Ub3 000 I 1-0~ t>H 1 l)!- t. 1 ~ (.AL LULA l l UN!>• 

0.182520 
0.511000 
0.118170 
0.355000 

1979 
Z6= 

S 1 MllllON~ 

e. l4t 1 

0.002 

6800.000 

0.971 

9.753 

8.b48 

6.b4H 

0.010 
o.o 
0.010 

o.o 

o.o 

o.o 



1.1.6.2 MECHANISMS 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~l~ Rockwell 
"'•~International 

This element includes the components required to rotate and elevate 
power transmission (antenna) subsystem. Included are the drive ring, bearings, 
gear drives, and drive motors at the antenna connection. 

Structural mechanisms consist of active and passive structural subassemb
lies that articulate, rotate, or otherwise cause or allow motion between the 
primary structure and other subsystem elements, or between subsystem elements 
themselves. 

The ICI production cost CER was based on data provided by the following 
manufacturers: 

Manufacturer A plication 

High energy 
Radar 

Poly-Scientific 
Poly-Scientific 
Electro-Tee 
Electro-Tee 
I.E.C. 

Navy destroyer propeller system 
Satellite solar array 
Navy shipboard hoist 

Due to the difference in complexity and variations in specification 
requirements between ground- and space-qualified equipment, the following 
factors were applied: 

Complexity factor x 3 
Specification uprating 

factor x 3 

Total x 9 

Range of Data: 

DDT&E: 
ICI: 

6.0 to 15,000 kg 
6.0 to 15,000 kg 

Cost estimates for this element are shown in Table 1.1.6.2 
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ROCKWELL ~~s c~-2 ~tfERE~Ct CONFlGURAll0~,1980 
TABLE l.l.b.2 ~tCHA~!SM~ - l~lERFACE 

INt'U I PAfOME l t:R~ INPUT COffFICIENlS 

T= 
M= 

CF= 
Pt-ii= 

R= 
OF= 

33000.0000 
1100.coooo 

1.00000 (' 
0.9POOOC 
o.ooz22z 
0. 05000l1 

l t-::. 
U&M= 
ll= 
l2::. 
L3:;. 
l4= 

1.000000 
0.024999 
1.000000 

b0.000000 
f)'t.000000 
60.000000 

CDC ER= 
COE:XP= 
ClC.tR= 
CIEXP= 
BVEAR= 

Z~= O.O 

CALCULAltu VALUES "(, SUM TO 1.1.b 

~D=C.0(.f~ X Cl X OF)XXlCO~~t'J ~ ~t-

CLRM=CICtR X CM)XX(ClfXPl X Ct- X lF 
b:i 
I 

~ #RM =T I "4 
\0 

l: =l.O + LUb( .,_HI J I LO\: t2 .o J 

CTFU=ClLRM I t)XCCtRM X Ll+.~JAXltJ -0.~XXCEJt 

Clb =l(CLRM/t)X(l#RM X z~ ~ o.~JXXCE) -0.5XX(t)) 

(.; 1 PS =Cle. •Z '+I l2 

C.~C.I =Clb x R 
~RE-JUC CRCl =CRCl x lb 
PUST-lUC CRCJ ~tRCl X tl.O-l~) 

C.O&M =O&M OR l TB*l~/L2/t1"4YR 

COMMENlS 

) I Z3 

1911 DATA tNlEREO fUk COLER,tltER, AND U&M wERE Cel5b000 0.0007b4 
M~CHANlSM~ Ake PRIMARILY PA~SIV~ G~ARS ANO B~ARl~bS Al ROTARY JOlNl Uf 
2000 KG. GIMBAL ltRIV~~ & l.JRlVE MOTURS FOR THE ANlf::Nr"A AIH 31000 ~b 

0 .182!>20 
o.511000 
o.ooos94 
0 .9!>0000 

1979 
lb: 

$,MlLLION!> 

8.0i.3 

O.b93 

30.000 

C.971 

19.337 

17_.173 

17.173 

0.038 
o.o 
o.03b 

0.025 

o. 021367 

o.o 



1.1.6.3 POWER DISTRIBUTION 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~l~ Rockwell 
P.~ International 

This element transmits electrical power from the rotary joint brushes to 
the microwave power transmission system (antenna). The PD&C system consists 
of power risers which are coupled to the pickup shoebrushes on the rotary joint 
and routed through the antenna support yolk (interface) to isolation switches 
on the antenna proper. There are two sets of slip ring3, one positive and one 
negative; 15 brushes are needed per slip ring. Life expectancy of PD&C is 
30 years with some replacements of slip ring brushes. 

1.1.6.3.1 Conductors and Insulation 

Power risers are sized to minimize the mass of itself and the satellite 
mass, considering power requirements, efficiency, and variation in resistivity 
with operating temperature. Power risers are made of multiple round aluminum 
(6101-T6) conductors with 1-mm kapton insulation, where 30 pairs of wire serve 
slip ring brushes. 

1.1.6.3.2 Pickup Shoe Brushes 

The pickup shoe brush portion of the rotary joint is included in the power 
distribution system of the interface segment. Sixty pickup shoe brush assemb
lies are required per satellite. The brush material is 75% m0 S2 and 25% M0 XTa 
with a contact surface area per brush of 825.9 cm2

• The shoe dimension in cm 
is 20. 3W x 25H x 152L with a total weight of 17, 000 kg for 60 pickup shoe brushes. 

1.1.6.3.3 Power Distribution Cost Estimates 

The CER presented in Table 1.1.1.4.3 was used for conductors and insula
tion. An extension of this CER was used for the brushes of 1.1.6.3.2. Cost 
estimates for interface power distribution are presented in Tables 1.1.6.3.1 
and 1. 1. 6. 3. 2. 
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ROCt<.WELL ~t>~ CR-2 qa::FtREfllCt: CONFlbURA11Ufll,Jl980 
TABLE 1.1.b.3.l (l.JNUUCTUR & INSULATION 

lNPUl PAR AME: H::RS INPUT COEFFICIENTS 

T= 
M; 

CF= 
PHI= 

R= 
OF= 

~71000.000 
30.000CCl' 

l.oooooc 
1.000000 
o.o 
0.100000 

TF= 
lJ&M; 

ll= 
L.2 = 
l3= 
l4:. 

1.000000 
o.o 
1.000000 

b0.000000 
60.000000 
b0.000000 

CDtER= 
COEXP= 
CICER= 
Cl EXP= 
8VEAR= 

z !>:. o.o 

CALCUlAlE:U VALUlS l\b ~UM 10 1.1.b.3 

CD=CDCER X. (l X l.JF)X)l(Cllt::XP) X Cf 

CLRM=ClCER X tM)X.XtCltXP) ~ t~ ~ lf 
o:I 
I 

I-' 'lqM =1 I M 
V1 
I-' 

t =l.C • LOGCPHlJ / LO~t2.0J 

ClFU=(LLRM I E:JXll•~M x. Zl+.~JX.XltJ -c.~xxtE>) 

CIB =tlCLRM/t)Xtl#qM X Z~ ~ 0.5)XJllE) -0.5XXCf)) 

CIPS=CTB*Z4/Z2 

CRCl =Clts X R 
PRE-IUC CRCJ ::.CRLl X Lb 
PUST-lU~ LMCl =~RLl X. tl.D-lbt 

CU&~ =O&M UR tlb*l~/l2/t~1~ 

COMMENTS 
1977 OAlA ENTERE:U FUR CULE:R,LltERt ANO O&M w~RE 
30 PAIRS Ot= wl1<f S~~\l)Nb SLIPRINf:,S 

) I l3 

0.158000 0.000004 

0.184860 
O.Z97000 
0 .00000!> 
1.000000 

1979 
Z6s 

s,MILLlONS 

3.832 

o.ooo 

9033. 332 

1.000 

1. 268 

1.268 

le2b8 

o.o 
o.o 
o.c 

o.o 

o.o 

o.o 



TABLE 
ROCKw~ll s~~ CR-2 RE~ERENCE CONFlbURA110Ntl980 

l.l.b.3.2 ~LI~ R!Nb HRUSHES 

IN~lll P1<RAMt:lt:RS INPUT COEFFltlENTS 

T:. 
M= 

Cf= 
PHI= 

R= 
UF= 

17000.0000 
142.000000 

i.000000 
o. S-~000 u 
0.005555 
o.c.2oocc 

Tf = 
lI&M= 
ll= 
LL• 
l3= 
l4= 

1.000000 
o.o 
1.000000 

b0.000000 
70.000000 
b0.000000 

COCER= 
COf XP= 
CICfR= 
C .l t Xf'= 
~YE:ARz 

l~= o.o 

CALCuLAltO VALUtS !\b SUM 10 l.l.b.3 

tp 
I 

CO=COCER X (I X OF)ll(COL"P) ~ C~ 

CLRM=CICER x (M)XX(Clt~P) x l~ x TF 

(:;: #~1"1 =1 I M 
N 

E =l.O + LUG(PMl) I L0bl2.0> 

CTfU•(CLR~ I f)Xtl•R~ X Zl+.5)XAlt) -u.5XXtt)) 

CTB ~tltL~M/t)Xll#RM x Lj • 0.5)XXlE) -0.5XXlE)J 

C lPS ::.( TR•Z4/ L2 

CRCl ::.(TB x R 
PRE-H1C CRCI =CRCl X lb 
PU5T-l0\. C..kl.1 ::..Cl<.l.J. I. tl.:}-lb) 

CO&M ::.O&M UR c1~·z~1z21~~YR 

CUMMENlS 
1977 OAlA tNlERlD ~U~ CUl~~,LIC~R, AND OtM NERE 
30 ~LIP~lNG SElS AT ~ SHOES ~AlH AVfRAGE fOR Me 

) I Z3 

0.158000 0.000200 

o.1e4&60 
0.297000 
0.000234 
i .000000 

1979 
Z6= 

S,MJLLIONS 

119. 718 

0.926 

o.o 

1. 06t4 

0.033 

3.008 

2.201 

2.201 

0.012 
o.o 
0.012 

o.o 

o.o 



1.1.6.4 THERMAL CONTROL 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~I~ Rockwell 
P.~ International 

This element includes any component used to modify the temperature of 
interface subsystem components. It includes coldplates, heat transfer, and 
radiator devices as well as insulation, thermal control coatings, and finishes. 
Excluded an' paints or finishes applied to components during their manufact
uring sequence. No thermal control requirements are defined for the interface 
at this time. 
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41~ Rockwell 
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1.1.6.5 MAINTENANCE 

This element provides for in-place repair or replacement of components 
and includes work stations, tracks, access ways, and in situ repair equipment 
on the interface (yoke) segment of the satellite. 

Maintenance requirements are related to equipment and facilities needed 
to transport men and material to a work station on the interface segment of 
the satellite. Some of the same equipment required for maintenance at this 
location site is used commonly in the performance of work at other sites on 
the satellite. 

Table 1.1.6.5 identifies the requirements. Cost estimates are provided 
in Tables 1.1.6.5.1, 1.1.6.5.2, and 1.1.6.5.3. 

Table 1.1.6.5. Maintenance Requirements 

WBS MAINTENANCE ITEM i. i.6.s 
NO. DESCRIPTION INTERFACE 

1.1.6.5. 1 11 FREE-FLYERS 11 OR BARGE FOR .2 VEHICLE UTILIZATION 
CARGO AND PERSONNEL (COMMON 
USE ITEM) 

1. 1. 6. 5.2 MANNED MANIPULATOR MODULE 1 VEHICLE 

1 .1.6.5.3 TRACKS AND ACCESS ~AYS 24000 kg 
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ROl.l<.w~LL ~.-~. CR-2 REfERENCE CU"4Fl<~URAT101'4,lq80 

TABLE 1 • 1 • b • '> • l M ~ l N l fN A t'f(.. t: - f R E E f l Y ER S 

lNPUl PARAMt:: lt:R~ INPUT COEff-IClt::NTS 

T• 
M= 

C.F= 
Pt;l::. 

R= 
Of= 

5000.00000 
5000.COOOO 

l .2!>0000 
0.95000 Ci 
0.001111 
i.oooooc 

TF= 
CJ& M= 

L l = 
l2::. 
l3• 
L4::. 

1.000000 
o.o 
0.200000 

60.000000 
14.000000 
12.000000 

CDC ER::. 
COtXP= 
C ltfR= 
C H:XP= 
BYE:AR= 

25::. o.o 

CALtULAlEU VALUtS 8'b SUiit f ll 1 .1 • b • 5 

t:d 
I 

CO=COCE-R X l ·r X OF )JOU CD t XP) X Cf-

Cl~ M:: CI t Ei:t X t M ) XX ( C. H: X ._, ) X l.. f- X l F 

~ lfRM =T / M 
\,.<; 

t ~1.0 + lUblPHI) / l0bt2.0J 

ClfU=lCLRM I ~tXCC#R~ ~ Ll+.~)lXtt) -0.5XXCE:t) 

CTR =CCCLRM/t)Xt C#RM A l1 ~ O.~)XX(~) -0.SXXtEJ) 

C..IPS=Cl~*l4/ l2 

CRC.I =CTB X R 
PKE-IUC <..RC 1 ;(.~C.. l X l.b 
PUST-lOC C~Cl =CRC1 X Cl.O-lbJ 

C.U&M =U&M OR tTB*L~/L2/tNYR 

C.uMMt::Nl S 
1917 DAlA ENTcRtO FUK C~l..f~.~lCf~, AND O&M wERE 

) I Z3 

o.o 0.005798 

o.o 
o.o 
0.OOb18 't 
1.000000 

1979 
lb: 

S,MllLIONS 

o.o 

42.398 

1.000 

0.926 

8.&10 

37 .186 

o.o 

7.437 

0.041 
o.o 
0.041 

o.o 

o.o 



TABLE 
RUl~wELL s~~ (R-2 ~E~cRENCl co~FlbURAllON,1980 

l.l.6.~.2 M~NEL MANlPULAlDR 

J~PUl P~RAMtltRS INPUT CO~FFICifNTS 

~ 
I 

T= 3000.00000 1 F:. 
M= 3000.000CO U&M= 

C~= l..lOOOOC L 1 =-
PHI= 0.950000 Cc= 

R= O.OCibbbt- l3= 
OF= 1.000000 lit= 

CALC.ULATcU VALUE~ Kb 

CD=COCER X tl X UF)XXtCO~X~) X CF 

C.LRM=CICER X lM)XXlC.IfXP) X C~ X 1~ 

1.000000 
c.o 
l.000000 

60.000000 
72..000000 
60.000000 

SUM TO 

t;; #RM =T / 1111 
Cl' 

t =1.0 + LublP~l) I LUbl2.0J 

ClFU=(CLRM I t)Xll•RM x Ll+.~)XlltJ -c.~xxt~)) 

LTS :ClC.LRM/f:)Xl URM X l3 • O.~)X~lt) -0.5XX(E)) 

C.IPS=Clh*Z4/ll 

C RC I =C.-f e X R 
PM.f-lU(. (.RCl =(.kl.] X lb 
PU~T-lUC CRCl =-CRC.l X ll.0-16) 

CO&M =U&M OR ClB*l~/Ll/t~~k 

CJMMENlS 
1977 DATA tNTtREu Fu~ Cu~~R,LlC~R, ANO O&M WERE 

COCER= 
COEXP= 
C ICER= 
C H:XP= 
BYl:AR& 

l~= o.o 

1.1.6.~ 

) I l3 

o.o 0.005798 

o.o 
o.o 
O.OOb784 
l .000000 

1979 
lb= 

S,MllllONS 

o.o 
22.38b 

1.000 

0.926 

o.o 

22.4b7 

17.!>!>3 

17. 553 

0.111 
o.o 
0.117 

o.o 

o.o 



TARU:: 
ROC.fl.WE LL Sf-~ CR-2 l'{ltf-E~ENC.E CONF u~uRAl ION, 1'980 

1.1.6.5.3 lkAC~~ & ACCESS ~AYS 

1 NP U l PAR A"'1 i: 1t R ~ INPUl COEFFICIENTS 

1= 
M= 

(. F= 
PHI= 

R:: 
OF= 

24000.0COO 
24000.000U 

1.000000 
1.000000 
o.c 
i.cooooc 

1 F:. 
ut.M:: 
i.l= 
l2= 
l3= 
Z4= 

1.000000 
c.o 
1.000000 

60.000000 
bv.000000 
b0.000000 

CDC ER= 
t: Of: XP= 
C ICER= 
C It:XP= 
l~'fE:AR= 

Z~= O.O 

CALCULAfEU VALUi:~ "-G ~UM TO l.t.~.~ 

td 
I 

CD=COtER X tl X UFJXXlCU~~P) ) CF 

CtRM=CICER X tM)XXCCl~XP) X Lt X lF 

~ •RM =l I M 
-.J 

I: =l.O + LuGCPHl) I l0bt2.0) 

ClFU=CCLRM / E)Xll#R~ X tl+.~tXXCE) -0.~XX(t)) 

tlq =( CCLRM/t:)Xt C#RM A Z3 • 0.5)XX(E) -0.~XXCE)) 

CIPS=CTS•l4/L2 

C~Cl =ClE! X R 
PRf-lllC C.Rl:l :(.RC.1 X lb 
POST-lUC CRCl =CRC1 X ll.O-lb) 

(u&M =u~M UR (lb*L~/Ll/tNYM 

CU"1ME: "4TS 
lq77 DAfA tNTtRtu ~UR Cu~fR,ll~ER, AND Ot~ wER~ 

) I l3 

o.o 0.000050 

o.o 
o.o 
o.oooo5s 
1.000000 

1979 
lb= 

$,MILLIONS 

1.000 

1.000 

o.o 

o.o 

1.404 

le 'tO't 

le'tO't 

le't04 

o.o 
o.o 
o.o 

c.o 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.1. 7 SYSTEMS TEST 

Rockwell 
International 

This element includes the hardware, software, and activities required for 
ground-based systems test including qualification tests and other development 
tests involving two or more subsystems or assemblies. It includes the produc
tion, assembly, integration, and checkout of satellite system hardware into a 
full or partial system test article. It also encompasses the design, develop
ment, and manufacture of special test equipment, test fixtures, and test 
facilities that are not included in other elements such as ground support 
facilities. Also included are planning, documentation, and actual test oper
ations. 

Table 1.1.7.1 documents DDT&E cost estimates for ground test hardware at 
50% of satellite ICI costs. Operations for ground testing are assessed at 
another 50% of ICI costs as shown in Table 1.1.7.2 .. 
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RUCK~ELL ~~~ (q-z RE~ERENtE CONFlbuRAll0~,1980 

o:i 
I 

TAPU: 1.1.7.l ~~SltM GROUND TEST HARDWARE 

1 N Joi \J 1 f' A ~ AM E 1 t RS 

T= o.o TF= 1.000000 
M= o.c ut.M ~ o.o 

C.F= o.o ll= 1.000000 
Ptil= 1.000000 l. l:. 60.000000 

R= o.o l3: b0.000000 
OF= i.oooooc l4= b0.000000 

CALCULAl~O VALUtS SEl SU"1 TO 

CO=CDCER X tT )( OF)XXtCDE"P) X Cf-

CLRM=ClCE~ X (M)XXtClEX~) X tf X lf 

t;; •~M =l I ~ 
\0 

t •l.O + LUb(PHIJ / L0bt2.0t 

ClFU=CCLRM / t)XC(#R~ x Ll+.~JXXCE) -0.~XX(t)) 

crs =ClCLRM/t)XCl#RM JI. l3 + 0.5)XX(~) -0.5XXCE)) 

CIPS=CT6*l4/L2 

CRCI =ClB X R 
~~E-lUC t~Cl =CKCl X lb 
PuST-IOC CRCl =CRCJ X Cl.O-l6J 

CU&M =U&~ OR CTB•L~/l2/ENVR 

CUMMENTS 
1977 UAlA ENTERED FuR c~~ER,tlCER, AND O&M WERE 
D01&E = so~ OF SAltLLllt ICI 

INPUT COEfFICltNTS 

CDC ER= o.o 
COE XP= o.o 
CICl:R= o.o 
CIE:XP= o.o 
BVEAR= 1979 

Z~= o.o Z6= 

1.1.7 $,MILLIO~S 

. 2489.092 

o.o 

o.o 

o.o 

o.o 

) I l3 o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o o.o o.o 

o.o 



RUCK~Ell s~s Lk-'t. RffERENLE CONFIGURATION,1980 
TABU: 1.1.7.2 ~'YSTE:M bRUU~U TEST Ot>t::RAllONS 

t::d· 
I 

lN~Ul PAR.,,.~ltRS 

T= o.o 'f:. 
M= 0. Ci uGM::;. 

(. f:. o.o l l = 
Phi= 1.oooooc l 't. = 

R=- o.o l3=-
OF= 1.000000 l~= 

CALCULATE:D VALUES ~tT 

CO=-COCER X Cl X Of)~XCCOtXP) ~ C~ 

CLRM=ClCER X (M)XXCClfXP) At~ X lF 

i.000000 
o.o 
1.000000 

b0.000000 
t>v.couooo 
t>0.000000 

SUM TO 

~•RM =T I M 
0 

t =l.O + LOGCPHl) I LUbt2.~) 

CTFU=CCLRM I t:JXll#RM X Ll+.,JXXCt) -0.~XXCcJ) 

CTR =ttCLRM/EJXCl•RM X Z3 + O.~)XX(E) -O.~XX(~)) 

C!PS=CTB•Z4/l2 

CRCI =ClB X R 
PRE-lUC LRCl :.(.Rt! X lt 
PUST-lOC CRCl =CRCl X ll.v-lbJ 

CO&M =U&M UR C18•L~/LZ/t~YR 

COflo\MENlS 
1971 OATA ENTERE~ FUk tULf~,LIL~k, AND U&M ~ERE 
OOT&E: lt5T OPS :. 50t m.: ~"-ltlllH: !Cl 

l5= 

1.1.1 

o.o 

INPUl COEFFICIENTS 

COCER= o.o 
COEXP= o.o 
CJ C f-R:: o.c 
CI EXP= o.o 
BVt:.AR: 1979 

o.o lt:>= 

$,MILLIONS 

. 2489. 092 

o.o 

o.o 

o.o 

o.o 

) I l.3 o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o o.o 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

41~ Rockwell 
P.~ International 

1.1.8 GROUND SUPPORT EQUIPMENT (GSE) 

This element includes all ground-based hardware required in 
handling, servicing, test, and checkout of satellite subsystems. 
includes special hardware required for simulations and training. 

support of 
It also 

Costs for design, development, manufacture, acceptance, qualification, 
and maintenance of the GSE equipment are included. It is recognized that 
various equipments can serve multipurposes. For example, a developmental 
mockup may later serve as a training aid after it has served its original 
purposes. In these instances, the acquisition cost is charged to the original 
or first-purpose use, and subsequent usage will incur only recurring operations 
and maintenance costs. 

GSE costs from several launch vehicle, manned spacecraft and unmanned 
satellites were analyzed to determine their applicability to SPS GSE require
ments. From these data, a percentage factor was developed which was used to 
estimate SPS ground support equipment costs. This factor is expressed by the 
equation CD= 0.10 (C); where C = DDT&E cost of the satellite system. See 
table 1.1. 8. 
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ROCK~ELL ~~~ Lk-2 Rff~RENCE tO~FlGURATlON,1980 
TAR LE 1.1.8 6RUUNW SUP~ORT EuUl~MENT- SAlELlllE 

lNPUl PARAME TE.qs lNPUl COE:FFitlE:NlS 

T= o.o 1 f:. i.000000 COCER:. o.o 
"'1=- o.o lJt. M:;. o.o COl:XP= o.o 

C.F= o.c l 1:: 1.000000 Cll.~R= o.o 
PHl= 1.000000 Z2= b0.000000 CI t XP= o.o 

R= o.o l3:. 60.000000 BYE:AR= 1979 

OF= i.oooooc l. 4:. 60.000000 Z5= o.o lb= o.o 

CALCULATED VALUt~ ~tl SUM TO 1.1 5 9 MJLL10NS 

CO=C.DCER }( (TX OF)XXICOl:AP) )l cf- b29.9v7 

C LRM=c.I CfR X (M)XX(Cl~XP) X C.r X lF o.o 
t:P 
I 
~ •~M :.l I "1 

o.o 
N 

E =l.O + LOblPHI) I LO~t2.0) 
o.o 

ClfU:.\CLRM I E:t X l URfl' X Ll+.~)X~'c) -0.~XX(c)) 
o.o 

C. TR :.((CLRM/tJXll#RM) l~ + o.~)XXl~) -o.~XXlE)) ) I 2.3 o.o 

o.o 
C JPS=-CTB•Z 4/ l 2 

o.o 
C.Rtl =CTB X R 

Pf(f-lUC LR(; l ::c(.Rl.l A. lb 
o.o 

f'UST-lOC CRCI =tRC l X l l. 0-Lb) o.o 

CO&M :Ot.~ OR CTB*l~'Ll/tNY~ 
o.o 

(.UMM E-NT S 
1911 DATA t~TtREU FUR COC.~~,Ll~~~, AND OtM w~~f o.o o.o o.o 
001 t. l: l>~t = lC:.t uF ~AltLLl lE DOT&E AbOv~ 
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Satellite Systems Division 

Space Systems Group 

1.1.9 SPS PILOT PLANT AND TEST ARTICLE 

41~ Rockwell 
P.~ International 

This element of the SPS program consists of a pilot plant and test article 
to serve as a proof-of-concept (POC) for the Rockwell SPS reference configura
tion. It will have the objective to minimize overall costs of the program, 
and to maximize concept/system development activities before the commitment of 
extraordinary funds. At this same time, it is intended to validate space sys
tem technologies and to integrate energy conversion, interface, and power 
transmission segments of the SPS satellite. This leads to an operational 
capability that will combine program elements, transportation system interfaces, 
space construction techniques, and ground system operations. 

Fundamentally, a total system proof of concept entails component manufac
turing, launch to orbit, space construction, and system operation measurable 
to a performance specification. More specifically, it must involve validation 
from orbit of key technology issues. Where deemed necessary, full-scale 
system elements are to be employed. Funding for the demonstration must meet 
two basic requirements. First, the overall funding level shall be reasonably 
low, and achieve results commensurate with desired goals. Second, funding 
commitments shall also be conservative during the early time frame of the 
development programs, and still be compatible with the program schedule. 

Completion of the SPS technology advancement phase of SPS research and 
development by 1987 will provide the technical confidence to proceed with 
full-scale pilot plant development and demonstration. Another objective of 
this development is to confirm test article performances and to demonstrate 
commercial viability of the SPS to sponsoring agencies, utility firms and 
potential consortiums, along with other interested groups that would ulti
mately interact with the production system and benefit from its capabilities. 
The proposed demonstration program, as shown in ~igure 1.1-10, reflects, 
in general, the concept and phasing of this activity for cost-effective 
results and early design implementation. 

The proof-of-concept test article would be constructed in LEO by using 
the Space Shuttle System (STS) for mass transfer and construction support. 
The construction of an antenna frame, initially to serve as a large structures 
demonstration article, is contemplated as the first step. LEO base facilities 
would be subsequently expanded to accommodate the buildup and fabrication of 
a single solar panel bay~equivalent in design to that contemplated for the 
satellite. A yoke is then fabricated at the solar bay and will serve as a 
mounting for the antenna frame. Subsequent assembly of antenna subarrays, 
solar panels, power distribution and conditioning, and other required sub
systems will prepare the article for orbital checkout and initial test. The 
proof-of-concept satellite can be expanded by the addition of solar panel 
bays, and antenna subarrays as may be required for further LEO testing or 
as considered necessary for GEO test verification and operational checkout. 

This element of the WBS covers those components of the pilot plant/test 
article program as needed to achieve end objectives. Subsequent sections 
describe cost and programmatic aspects in each area of the pilot plant as 
follows: 
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• Energy conversion 
• Interface segment 
• Power transmission 
• Supporting subsystems 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

.41~ Rockwell 
P.~ International 

• Construction/crew requirements 
• Test and verification activities 
• Pilot plant propellants 
• Space Shuttle transportation requirements 
• Ground receiving facility 

1.1.9.1 PILOT PLANT AND TEST ARTICLE 

This element covers pro~urement of energy conversion, interface, power 
transmission, and supporting system segments of the pilot plant/test article. 

The energy conversion segment consists of primary and secondary structure, 
mechanisms, solar blankets and concentrators, power distribution and condition
ing, attitude control and stationkeeping systems, slip rings at the yoke inter
face, tracks and accessories, and batteries for auxiliary power. 

The interface or yoke segment between the planar array and antenna 
includes primary and secondary structure, mechanisms, power distribution and 
slip ring brushes. 

Power transmission/antenna design requirements identify primary and 
secondary structure, mechanisms, power distribution and conditioning equipment, 
klystron subarrays, thermal control, batteries, information management system, 
and reference frequency generation systems. These items are covered in tables 
of cost data and calculat~ons. 

CER's and cost estimates in this section are based on those as used in the 
particular section or system of earlier sections of this volume. However, 
adjustments and changes in the use of equations have been made to hopefully 
compensate for technology status and production/space experience during this 
earlier period or phase of the SPS scenario. Estimates are established for 
DDT&E as considered necessary to arrive at specific system configurations 
applicable to the pilot plant/test article. 

Cost estimates for this vehicle are presented in the following tables: 

Table Segment 

1.1.9.1.1 through 1.1.9.1.14 
1.1.9.1.15 through 1.1.9.1.19 
1.1.9.1.20 through 1.1.9.1.49 

Energy Conversion 
Interface 
Power Transmission 

1.1.9.2 PILOT PLANT/TEST ARTICLE OPERATIONS 

This element of the pilot plant/test article program covers the transporta
tion aspects, space construction, test validation, and pilot plant propellant 
requirements. 

Cost estimates are presented as follows: 

Table 

1.1.9.2.1 
1.1.9.2.2 
1.1.9.2.3 
1.1.9.2.4 

Item 

Space Shuttle Transportation (STS) 
Construction Crew 
Test Verification 
Pilot Plant Propellants 
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RUtK.Wl:Ll ~ ... ~ C.R-2 RtFERENC.l: tUNFlGU~AllON,1980 
TA~LE 1.1.9.l.l f-~lMAR't' ~-IRU\.lURE - t::.C. 

INPU1 PAR~~tltRS lNPUT COEFFICIENTS 

~ 
I 

l=
M= 

CF= 
PtiJ.:. 

R= 
OF:: 

41000.0000 
15.GOOOOC 

1.000000 
l.OCOOOO 
o.o 
0.500000 

CALCULAIEO VALUtS 

TF = 
ULM:.. 

Ll= 
lZ-. 
L3::: 
L4=-

l\b 

CO=-ClJC~R X 11 X UF)XXCCU~)l.P) X c.-

CLRM=-~ILER X (M)XX(ClfXP) XL~ X TF 

l.000000 
c.o 
1.000000 

b0.000000 
Cl .O 
c.o 

CDC ER= 
CDE:-XP= 
CICE:R= 
Cl l:XP= 
B YtAR= 

Z5= o.o 

SUM TU l.t .9.l 

f--1 #Rfl\ =t I M 
(J'\ 
(J'\ 

E =l.O + LOG(~ttl) I LUbl2.0) 

ClFU=lCLRM I t)XC(•RM X ll+.~JXXtEJ -0.5XX(E)) 

ClB =lltLRM/tJX((#RM A 2 3 • 0 .s) XX (I:: ) -0 • 5X XU:) ) ) I l3 

l.IPS=C1B•l4/l2 

CRl.I =-tlS X R 
i;Rt:-lUC CRC 1 ::.CRC l x lb 
PU~T-10t ~RCI =CRLl X (l.0-L~) 

CUtM =U&M UR tlb*l~/L2/t~Y~ 

(OMME:Nl~ 
J.Q71 OAlA ~NlERtU FUR CDtt~,ClC~R, A~D UtM ~tR~ 0.023000 0.000050 
CUM.,USllt !"'Al=Rlt..Le OF- Cl.LCVLAllO~ CON51£'lE:RS PRIMARY STRUCT\JRt 

FROM l.1.9.lel~ 

0 .02b9l0 
0.800000 
0.000058 
1.000000 

1979 
Z6= 

S,MllllON~ 

7!>.738 

0.001 

2733.333 

i.ooo 

2.398 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



ROCK~~LL ~~~ CR-2 HE~ERENtE tONF1GURAllON 9 l980 
TABLE 1.1.9.1.z ~KONllARY SJ«tUClORE - 1:.c. 

lNPUl P"RAMl:ll:R~ INPUT COEfflCltNTS 

T: ~0000.0000 
M: s.000000 

CF= 0.800000 
Pt-tl:. l .OOOOOl• 

R:. o.o 
l>F= 0.5COOOO 

T~= 
U&I"!~ 

ll= 
L '£:. 
l 3= 
Z4= 

0.032172 
o.o 
1.000000 

b0.000000 
o.o 

t>C,..000000 

CDC. ER: 
COt:XP= 
CIC ER= 
CI c XP: 
B VE: AR= 

25= o.c 

CALCULAll:O VALUES ""' ~UM TO 1.1.9.l 

td 
I 

to=CDCfR x CT x DF)XXtCOfX~) x c~ 

CLRM=ClCtR X CMJAX(ClEXPJ X L~ X lF 

~ #RM =1 / M 
.....i 

E ::1.0 + LUb(PHl) / LU~t2.0) 

ClFU=lCLRM I EJXCt#RM x Zl+.S)XAIE) -c.~xXlE)) 

~IS =llLLRM/tJX((#RM ~ Z3 + 0.5)XX(t) -0.5).X(EJ) 

CJt->S=CT8*l4/L2 

CRCI =ClB X R 
PRl:-IOC C~CJ =CRC1 X £6 
PuSl-lOC LRCI ~CRLI X tl.O-Lb) 

CU&M =U~~ UR tl~*£S1L2/L~YR 

l. UllllM tl\jl ~ 

) / Z3 

0.182520 
o.~11000 

0.118170 
0.355000 

1979 
lb= 

S,MlLLIONS 

27. 3'tb 

0.005 

11200.000 

1.000 

b0.315 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

}Q17 CAIA E~IE~tu ~w~ CU(Lq,CJC~R, A~O UtM ~~RE C.l5b000 0.101000 o.o 
CUMb!Nt OTHER l'R~CUR~L~ (,;'llA"'lllH~ FRUM 1.1.~.l.lt> & 1.1 .. 9.1.21 f(IR 
OF L TF CALCULAllUNS. cuv~RS lHRUSlER SlRUCTUR~S PLUS ~ECOND•RY 
STRvC.TuR~ 

o.o 



o.; 
I 

TAbLE 

~OC~WELL 5P~ t~-2 ~E:~t~ENCt CONFlGURAllUN,1980 
1.1.9.l.3 ~EthAhlS~~ - PRECURSOR E.C. 

INPUl P~~AMEl~R~ INPUT COEFFltlENlS 

T= 10000.0000 T F::. 
M= 110.00000C LfaM::. 

C.f= l.5uOOOC l. l = 
Ptil= l.OOOOOC' l2= 

R= o.o Lj:. 

Of::: 0.500000 l4;; 

CALCULATED VALUt~ "b 

C lJ=C UC.t:R X tl X UF) )Oll C l.J l: ).f') X C. t-

tLRM=ClCER x tM1xxtc1~xP• x c~ x lf 

1.000000 
c.o 
i.cooooo 

b0.(;00000 
o.o 

b0.000000 

CDC. f:R:. 
cot "P=
CIC. tR= 
CI EXJI= 
BY EAR= 

Z5= O.O 

5UM TQ 1.1. 9 .1 

0.182520 
o.511000 
0.000694 
0.9~0000 

1979 
lb= 

$,MllllON~ 

21.2bl 

0.111 

~ #RM :::l I M 
90.909 

00 

E: =l.O + lUbt~~l) I L0bt2.0) 

tTFU:::lLLRM I tJXtC•RM X Ll+.~)XXIE:) -0.5XXtE)) 

CTS =ttCL~M/ttXtt#R~ X l3 + C.~)X•tE) -0.5XXtE)) 

CltJS=CTB•Z1t/L2 

CRC I =tl B ll ~ 
~RE-lUC CRCl ::.CRLI X Lb 
PUSl-l(;C. lRCI :CRll X ti.C-Lb) 

LO&M ::.U&M OR l1P•L~/L2/t~YR 

) I Z3 

1.000 

10.bOO 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

~u~MtNTS 
1011 UAl~ E~T~RtU FUR CDLE~,CJCl~t A~D u&~ w~~f 0.1~6000 0.0007b4 c.o 
1~Cluut5 'tOOO 'u ~UK R01ARY JUINl MOTOR~/D~VJCf~, TfNSlON DtVlCES, 
~AYLUAU LAT~HFS, TH~v~lU~ Gl~hOLS 

o.o 



TABLE 
RUC.KwELL. !)f"~ l.R-l •H:f-ERENCE. C.UNFIGURAllOl'tf,198C 

1.1.9.l.4 lUNC~NlRATOR - E.C. 

INPUT P~kAMEltkS INPUT tOEFFlCl~~lS 

l= 1823200.00 
M= .i.7't~OO.OOO 

C.F= 1. 00000 c 
Ptil= 1. 000000 

R= o.o 
OF:. 1.oooooc: 

ft-: 
lJ& I'll:. 

l l :. 
l"i:.: 
z3._ 
L4=-

1.000000 
o.o 
1.000000 

b0.000000 
0 .o 
o.o 

CDC ER= 
COEXF'= 
CitER= 
Cl EXP= 
RYE:AR= 

2~= o.o 

CALCULATtU VALUES SI.I M SUM TU 1.1.9.l 

t:d 
I 

CD=CDCER X ll X OF)XXCCO~)P) X C~ 

CLRM=CICER X OOXXCCH:XP) X 0- X lF 

I-' #RM =T I M 
0\ 
\0 

E =l.O + LUGCPMI) I LUbt2.0) 

Cffu:.(t.LRM I t)Xtl•RM X Zl+.5)XXtl:) ·-0.5XXttH 

CrB =tlCLRM/t)X((#~M X lJ • 0.5)X;ttt) -0.5XX(F.)) 

C.It>S=CT8*l4/l2 

C~Cl =Clt:s X R 
t>RE-IUC tRC.l =CRC.l 11. Lt> 
POST-IOC '-.Rl.f :.C.k\..l 1. tl.0-L.b) 

(.ULM =-ULM OR llb•l~/L2/~~tR 

CUMMENT~ 

lq77 UAl- E~lE~EO fU~ C~L~R,tltfRt -~D U&M w~Rc 

OFN~lfY :. .0181 Kb PE~ S~ MElER MASS : 33000 KG 

) I Z3 

0.021000 0.000003 

0.031590 
o.39"tOOO 
0.00000 .. 
0.9~0000 

1979 
lb= 

s,MILLlON~ 

9.254 

0.8bb 

3.842 

1.000 

3.329 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

C·.O 

o.o 



lABLE 
RUC~w~Ll SP~ c~-2 REfERENCf CONFIGURATION,1980 

l.l.9.1.5 ~ULAR BLAN~~l -E.C. 

JNPUl PAR~EH:RS INPUT COEFFltlEMlS 

T: '149000.000 Tf::. 
Lf.11':. 

L 1 = 
Ll.: 

1.000000 
c.o 
1.000000 

eo.oooooc. 
o.o 

CDC ER= 
Cot: XP= 
CIC!:R= 
Cl l:Xf-= 
~YEAR= 

IW!= 
Cf= 

Pttl= 
R= 

OF= 

1~250.0000 
1.200000 
l.OOOOOG 
o.o 
2.oooooc 

l3= 
l4= o.o Z5= O.O 

CALCULAl~D ~ALU[~ Sf..l ~ 

CO=CDCER X (l X LJf)XX(COtXP) X Ct 

l:):j 
I 

CLRM=ClCtR X CM)AXCClfXP) X C~) Tf 

~ #IU" =T I M 
0 

E: =l.O + LOGCPHI) I LOb•2.0J 

~UM 10 1.1.9.l 

CTFU=tCLRM I t)X(l#RM x ll+.~)AAlt) -o.~xxt~t) 

tlB :\\CL~M/t)X(l#RM X Z~ + 0.5)XX(E) -0.5XXlE)) 

C!PS=CTP.•Z4/Z2 

C~Cl =CTB X R 
PR~-IOC CRCl =CRCI X Lb 
POSl-101.- l.~l. l :.CIH .. .1. X ( 1.0-l C>) 

CO&M =O&M UR Clb*l~/l2/t~YR 

) I Z3 

(UM~~NlS 
1977 UATA ENTEq~J F~M CDt~~,ClCERt ANO U&M ~~RE 0.161400 
UE~SITY - 0.2~25 ~G P~R s~ M, 2 SElllO~s, 2b PANELS EAtH. 
S~CTIUN=b50M X 13CM 

o.oooot>7 

0.188838 
0.394000 
0.000078 
t .000000 

1979 
lb= 

S, M h.LION~ 

67.440 

1.111 

~z.ooo 

1.000 

89.211 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



TABLE 
ROC~~Ell ~P~ lR-2 RE~ERENte CO~FlGURATION,1980 

1 • 1 • CJ • l • e S w J l \.. t-G 1:- ,11 R t IH GULA T lJR S - E • C • 

lNPUl PARAMc ltRS INPUT COEFFICIENTS 

T:. 9700.00000 
""I= 186.0UOOOli 

(. F::: i.~oooco 

... hl= 1.000000 
R= o.o 

UF= 2.ooooor 

lt=-; 
lJt.M .-. 

l.l = 
l2= 
i 3= 
I.. 't = 

1 .. 000000 
o.o 
1 .000000 

b0.000000 
0. (j 

o.o 2~= 

CALLULAlcD VALUE~ "'; SUM TO 1.1.9.l 

tp 
1-

CU=COCER X lT X OF)X11(CUt)(P) x C.t-

CL~M=C.lCt~ X tMtXX(Ll~XP) X C.~ X lF 

~ ff"M = T I ~ 
1--' 

~ =l.O + LUG(PHI) / LO~C2.0J 

crFU=tCLRM / ~)X((-RM A ll+.~)AAt~t -o.~AX(t)) 

l.TR :(fCLRM/t)X((#R~ A l~ • O.~)XXtEt -O.~XA(E)) 

C!PS:CTb*l4/l2 

C~tl ::ClB A ~ 
PkE-ll.il.. ~IH.1 :.(.kl.I " lb 
PUST-JOC CRCl =C.l<C.t >. ll.O-t6) 

Cu&M :U&M OR CTB*l~/Ll/tN1R 

CUMME~TS 

CDC ER= 
COfXP=
C lCER= 
C H:XP= 
BYE:AR= 

) I 2.3 

o.o 

1977 UATA ~Nlt~tu ~u~ 1..u1..tk,Ll1..t~, AND O&M ~~RE 0.150000 0.000400 
1 BAY l2 SECllO~~) Wllh ~t S~l~ PtR ~ECTIUN. lNCLUO~S 2000 KG FOR 
AC~ PO"ER PROCESSING 

0.184660 
0.297000 
0 .OOO't68 
i .cooooo 

1979 
l.6= 

$,MILLIONS 

5e2C~ 

0.131 

52.151 

1.000 

6.809 

o.o 

o.c 

o.o 
o.c 
o.o 

o.o 

o.o 

o.o 



lAbLE 
ROL~wfLl SP~ Ck-Z RfFERENLf ~O~FlG~KATlU~,1980 

l.l.9.1.1 LO-~uLTAbE lONVERTERS - E.C 

INPLll PARP'ti:: lER~ INPUT COEFFitlENTS 

T= 300.00000C l~= 

M= b.OCOOOu lJ&M:. 
(f: i.~ooooc L l:. 

J'Hl= l. CIOOOO G l~= 

R= o.o l3= 
UF= 2.000000 l4=-

CALCULA1Eu VALUt~ ~b 

CU=COCtR A. (l X OF)XXlCDt)IP) x Cf-

CL~M=CICER X tM>XX(ClfXP) X t~ X lF 
o:i 
I 

~ •RM =T I M 
N 

~ =1.0 + LUblPHl) I LU~l2.C) 

i.000000 
o.o 
1.000000 

60.000000 
o.o 

b0.000000 

SUM TU 

CTFU=lCLR~ I E)Xll#RM X il+.~JXA\t) -0.~AX(t)) 

Cl~ •ClCUHVt)X((#Rf'4 x zj ~ o.~>xxl~) -o.~xxtt>> 

CIPS=CTB•l4/l2 

CRCl =CH~ X R 
~kF-lUC ~RCl =Ck~l X Lb 
~u~T-IOC CRCl =Cktl x tl.O-ZbJ 

LU~~ :J&M ~~ (16•LJIL~/L\i~ 

lU~Mt~lS 
1977 UAl~ tNTEREU FUR CUl~R,LlLf~, ANO Ot~ ~~RE 
1 BAY (2 SECllO~SJ wllH 2c 5~1S PER SECllO~. 

COCER= 0 .184860 
COEXP= o.2cnooo 
CIC E-R= o.OOO'tt>8 
Ci EX._,= i .000000 
BVE:AR= 1979 

l5= o.o lb= 

1.1.9.1 $9MlLLlONS 

1.854 

0.004 

50.000 

1.000 

c.211 

) I l3 o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

fl • 1 '5 HO 0 0 0.000400 o.o 

o.o 



TABLE 
RULK~Ell s~s Ck-2 ~F~ERENCE CUNFlGURAflUN,1980 

1.1.9.l.8 lUNUUtTU~S & lN~ULATJON - E.C. 

1"4f>Ul PAR s.ME l t;~~ JNPUl COEFFJCIE~TS 

l= 
M= 

CF= 
Phl= 

R: 

259000.000 l t- = i.000000 
o .. o 
1.000000 

60 .. 000000 
o.o 

CDCtR= 
CDtXP= 
CJCE:R= 
Cli:XP= 
BY EAR: 

OF= 

49 trn .00000 
1.oooocc 
1.000000 
o.o 
1.000000 

lJ~M:. 

l l:. 
l2= 
l3= 
l4:;;. c.o £5= o.o 

CALCULAlEU ~ALUt~ l\.b 

CD=C.DC.£~ JI Cl X OF)XX.tCOt)IJ.') .x Cf 

t;:l 
I 

CLRM=CICER X CM)XX(C.lfX~) X Lt- X lF 

~ #RM = T I M 
lJJ 

t =1.0 + LUbCPHl) I LUbt2.0t 

~;UM TO l.1.9.l 

CTFU=lCLRM I t)Xll•RM ~ Ll+.~J~Xt~) -0.~XX(Ef) 

l'I~ =ClCLRM/l::)XCl#R.M X l3 • O.~JXA(~) -0.~XX(E)) 

ClPS=CTb*l4/l2 

CRl.l =C.lB x R 
t'RE-IUC l.Rt. l =l.k\.. l x lt.. 
.. IJST-JOC CRCJ :::.CRCl X ll.O-l6J 

Cu&~ =U&M OR (lb•L5/l2/tNV~ 

C.UMMtNlS 

) I l3 

1977 UAfA tNTtREU FOk C~\..tR,~lLf~, A~D UGM ~~RE C.1~8000 

l BAY 12 SEtllUN~J ~11~ ~t Stl~ ~ER SECllO~ UN ARRAV 
0.000004 

0.184860 
o.2q7000 
0.000005 
l .000000 

1979 
lb= 

$,MILLlONS 

7.492 

0.023 

52.008 

1.000 

1.212 

o.o 

o.o 

o.o 
o.o 
o.o 

o.c 

o.o 

o.o 



TABLE 
ROC.~~ELL s~s ~k-2 Rf~~R~NCE tONFIGORATIUN,1980 

1.1.9.l.9 AlS 1-!A.'{uwARE: - E.C. 

ll'llPlll PA~ 1-.""IE T!:RS INPUT COE~flCJE~lS 

T= 
M= 

CF= 
PHI= 

R:: 
DF= 

109000.000 
90H.COOOOO 

i.oooooc 
t .oooooc 
o.o 
1.000000 

1 ~= 
Ll&M:.. 

Zl= 
l2:. 
Z3= 
L4= 

0 .300000 
o.o 
i.000000 

60.000000 
o.o 
o.o 

CDC ER= 
CDEXP= 
CIC. ER= 
CI EXP= 
B'fE:AR= 

l~= o.o 

CALCULATED VALUE~ f(G ~UM TO 1.1.9.1 

t:P 
I 

Ct>=CDCER" (l X OFJXXlCOt.>cPJ >t Cf 

CL~M=-CIC~ X tM)XX(C.lEXP) X t~ X Tf 

.!:::; # ~M = T / M 
~ 

!: =1.0 + LUb(PHl) I LUbl2.0J 

CIFU=tCLRM I E)Xtt#R~ X Ll+.~)AXltJ -0.~XX(~J) 

C~ :( lCLRflll/t: JX t (#RM A L3 • o.~txXtE> -o.sxxtE)t 

CIPS=ClB•Z4/l~ 

CRCI =CTB X ~ 
~RE-IOC CRl.l =CRl.l X Zo 
PUSl-lOC CRCl =CRCl X (l.O-l6J 

CO&M :O&M OR CTB*Z51l2/!:NYR 

COMMENTS 

) I Z3 

1.312739 
0. l '10000 
O.Obbb90 
0.729000 

1979 
Z6= 

S,MILLJONS 

11.893 

2.868 

120.0't4 

1.000 

344.323 

o.o 

o.o 

o.o 
o.o 
o.c 

o.o 

1~77 uATA cNlt~t~ ~ilR LlLt~,~l~ERt A~O O&M ~~Rl l.122000 0.057000 O.O 
ITEM INCLUD~S 120 THRU~ltKS, 1ANKS, ~ROP~LLANT LINES, A~D ATTllUUE 
~EFE~. OtlER. SYSlE~ 

o.o 



TA~LE 

-----

RULKWELL s~s ~k-2 Rf~ERE~Lt LO~FlGURAllON,1980 
1.1.9.1.10 1>(!) - ClJl\OU<.TIJRS & l~~lJL - t.C.. 

l f'i P lJl PAR ~ME: 11:: RS INPUT CO~FFICl~NTS 

l:::o 5920.00000 
M= 1480.00000 

CF= 1. (10000 u 
PHI= l.cooooc 

R= o.o 

1 t-= 
L&~= 

ll; 
Z.::= 
L3= 

1.000000 
o.o 

CDCfR= 
CD EXP= 
Cl C E:R= 
Cl t. XP= 
BY I: AR: 

UF= 1.oooooc l4:. 

l .000000 
t>0.000000 
o.o 

b0.000000 Z5= O.O 

C.ALCuLAltU VALUt~ ~b ~uM ru l.t.9.1 

tu=CUC~R X ll X OF}XXlCUEXP) X C.t 

tLRM=C.IC.ER )t lM))Ot(LltXP) X Lt- X Tf 
o:i 
I 

....... #RM =1 I M 
-...J 
Ul 

t =l.O + LUb(~HI) I LObt2.0) 

CTFU=ltLRM I ~)Xl(~RM ~ Ll+e5JXXlEI -0.~XXlE:)t 

Cl~ =llLL~M/t)Xll•RM X Z3 + 0 .~))lX(tl -0.~X)l(t)) 

C.IPS=CTB•l4/l2 

C.RC.l =CTB X R 
t'RE:-lUC CRCl :.CRC.l X 26 
t'u~T-luC tRC.1 =CRC.l x \l.U-LO) 

Cut.M =ut.M UR. CH•l~Jl2/tl\Y~ 

lOMMENTS 

) I l3 

1Gl9 UAI• t~l~~tO ~UP CO(lq,CJCtR, AND OCM wERE 0.184860 
CUNOlJClCH<S ASSOCl-H:IJ w.l"lh At~ ~VSTtM OF lt l11RUSlc~ t::.UMPL.EXES 

0.000005 

0.184860 
0.297000 
0.000005 
1.000000 

19°19 
Zb= 

s,Mllll0"'4S 

2.439 

0.007 

4.000 

1.000 

0.030 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



TAbLE 

RUCKWELL ~~~ C~-2 Rt~ERENCE CONFIGURATlON,1980 
1.1.~.l.ll ACS - ~AlltRlE~ - E.C. 

lNPUl ~AR"'°"l'::lERS INPUT COEFFICIENTS 

T= 
M= 

C.F= 
PHI= 

R= 
OF= 

1~2000.000 
~0.000000 
1. ~C>OOO C> 
l.oooooc 
o.o 
o.oo~ooo 

TF= 
UC.M ~ 
z l;. 
l2:. 
l3=
l4=-

0.140000 
o.o 
i .000000 

b0.000000 
o.o 

t>0.000000 

CDC ER= 
CD EXP= 
ClCE:R= 
Cl EX~: 
BVEAR= 

l5=- o.o 

CALCULAlEO VALUtS f!..b SUM TU 1.1.9 .1 

CO=CDCf~ X t1 X UF)XJt(COF-XP) X C.t-

CLRM:CJltR ~ (M)XXlLlEXP) X Lf Jl l~ 
~ 
I 

i-i # ~"1 = 1 I 111 ......, 

°' 
l: :1.0 + LUb(Pnl) / l0u(2.0) 

~TFu=cCL~M I E)Xt(•RM x Ll+.~iXXit) -0.5XXl~)) 

~IB :ClCL~M/t)XCl#RM A Z3 ~ 0.5)AXltJ -0.5XXCE)) 

CIPS=Cl8•Z4/l2 

CRC.l =tlB Jl R 
~R~-IUC CRCJ =CRCl X lb 
PuST-luC CRCl :.CRCJ x ll.O-lb) 

CO&M =U&M OR Cl~•Z5/L2/ENYR 

CUMMt~lS 
1~78 0Al- ENlERt~ ~uR CUltR,CICc~, A~D U&M ~tRt 
50 KG PtR ClLL• CF CUNSl~R~ SODIUM CHLuRlOE VS 
INCLllDES BAllERif~ ~llt< E.l. ~tb~ENT, TF ~ASEO ON 

t I Z3 

0.037000 o.02eooo 
OA TA li4SE • 
10 CtLLS/BAllERY' 

o.o40l't5 
0. 734000 
0.030300 
0.241000 

1979 
lb= 

S 9 MlLL10NS 

7.839 

O.Olb 

3040.000 

1.000 

't9.l89 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



TAbLE 
RUC~WELL 5~S CK-2 REFERENCt CONFIGUR~TlUN,1980 

1.1.9.1.12 AtS - BAlTERt ~u~c - t.c. 

lN~Ul .. ARA~~lERS INPUT CO~FFIClfNTS 

T:. 
M: 

CF= 
Pt; I:: 

I(:: 

OF= 

~000.00000 
250.COOOOO 

l.oooooc 
i .oooooc 
o.o 
o.2~oooc 

T F:. 
Li',..:. 
ll= 
l2:. 
L3:c 
14 = 

1.000000 
o.o 
1.000000 

b0.000000 
o.o 

60.000000 

t: DCER= 
CDf)lf':: 
CIC ER= 
Cll:XP= 
BVEA~= 

Z5= O.O 

(ALCULAT~O VALUl:5 Kb SUM TO 1.1.9.l 

~D=Cu~ER X (IX UF)XXICDfXP) X ~~ 

C.LRM=ClCE:R )( (MJX.X(Cll:XPJ X Cf- X lF 
t:i:l 
I 

I-' #RM =T I M 
-i 
-i 

E =l.O + LUb(~Hl) I L0bt2.0J 

tfFU:.((LRM I E)X(ffRM X Ll+.5)XAtt::J -O.~XX(EJ) 

CTB =tlCLRM/t)XtURM A l3 + O.~)XX(t) -0.5XX(E)) 

t.IJ.>S=CTR•Zlt/ll 

CRC l =C 1 B X R 
~RE-Jue tRCI :.CRCl x Lo 
.. UST-IUC tRCI :.(.R(.J .ii. Cl.O··lb) 

(u~M :.~~M UK L1~•L~,L~/~~y~ 

CUMMt:l'lll !:> 
l9lb UAlA tNltRtLJ Fu~ tDt~R,LlC~~. ~NO O&M wERt 
s~~ 1. 1. Q.1. 35 f-uR A LJUI 11 l.NA l DDH~~ 

) / Z3 

C.0531)00 0.012000 

0.057505 
0.890000 
0.013020 
o.&!>CJooo 

1979 
lb= 

$,MILLIONS 

lit. 51't 

1.494 

a.ooo 

1.000 

l l .95't 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



TABU'. 

ROCKWELL ~~~ CR-2 ~EF~RENCt CO~FlbUR~TlO~tl980 
1.1.9.J.13 ~Ll~RJNbS - PRt:CURSOR e.c. 

INPul PA~AMf lfRS INPUT CO~FFICJENlS 

l=- 1500.00000 TF=- 1.000000 
M:. 750. 00000 c ut.M= o.o 

(t-= 2.oooooc L 1:. 1.000000 
Pt1 I=- 1.000000 l t.:. 00.000000 

R= o.o l3:. c.o 
OF= 3.000000 l4:. o.o 

CALCulAlED VALUtS ~l> ~UM ICI 

CO=COCE:R X t1 X DF)XX(COt:>.P) X Ct-

CU~M=ClCt:R X (M)>.XtCH:XP) X C.f- x lF 
o;1 
I 

I-' #~M =l I M 
~ 

00 

E =l.O + LUGCPHI) I L0bt2.0) 

CTFU=(~LRM I t)Xl(•RM X £1+.~JXX(t) -u.5X~(t)) 

ClB =ClCL~M/t)X((#RM X l3 ~ 0.5)XX(E) -0.5XXIE)) 

Cii>S=Clb*l4/Z2 

C~Cl =CTB X R 
J.lR £ -1 l.JC CR C. l =-CR l. J X lb 
PUST-10~ ~K~l :(.k~l X ll.O-lb) 

l.ut."'I ;:;. ... H.i"• i.;:._ ~tu'*L':>tL2/c.1-.tl· 

CUMM~Nl~ 
1Q77 JAlA ENTE~E~ FuQ CDCE~,Ll(~~, AND O&M ~~R~ 
ONE ~Ull SLIP ~INb S~l ONLY 

COtER= 0.182520 
CDt:XP:: 0.511000 
CIC ER=- o. 000891t 
CIEXP= Cl .950000 
~'YEAR= 1979 

Z5:: u.o lb= 

1.1.C?.l s,MILLIONS 

2b.8b2 

0.9t>3 

2.000 

i.ooo 

1.926 

) I Z3 o.c 

o.o 

o.o 
o.o 
o.o 

O.G 

0.15t>OOO o. 000764 o.o 

o.o 



TM~LE 
RUtKWfLL SP~ tR-2 REFERENCE CUNFl~URAllON,1980 

l.l.9.l.14 lRAC~S & AtCtS~ ~AYS - E.C. 

lNl'U 1 ~AR AME lE~S INPUT COEFFltlENTS 

o::l 
I 

T= 350CO.OOOO TI-:. 
M= 100.0uOOCO UC.toll:. 

CF= l .OOCJOO 0 l l:. 
P111:. l .000000 l'l= 

R= o.o l3= 
[Jf: i.oooooc l4= 

CALCULATEO VALUE~ f\.b 

C IJ:.COCtR X t 1 X CJ~) XX( CDtA~ J X CI-

CLqM:::CICtR X CM)XXtClEXP) X Cl- K TF 

1.000000 
o.o 
1.000000 

b0.000000 
o.o 

b0.000000 

CDCt:R= 
CO EXP= 
CICER= 
Cl E:XP= 
~YEAR= 

25= o.o 

SUM lO 1 .1. q • l 

~ ~~M = f I M 
\0 

E :1.0 + LOG(Pnl) / LU~tz.o~ 

CTFU=(CLRM I f)XCt#RM x Zl+.~)XXtE) -o.~xxc~·· 

Clt::i =CCCL~~/E·}~((il~M )( z 3 ... 0 • "" ) JC)( t f ) -o • !'i )( x ' ~ ) , 

C 1P~:::(l~*Z4/l2 

CRC I =CTb X R 
~R~-lUC CRCJ =-CRCI ~ lb 
POST-lOC C~Cl =-tRll X tl.O-lb) 

tU&M =Of.M OR t1B*l)/Z2/t""YR 

C01'4MENTS 

) I z~ 

1977 UATA ENlERlO FUR tDtf~ttlLER, AND OtM WERE O.O 0.000050 
TOIAL OF 35000 9'.b C:.O~fRS 3000 Ku HJR E.c;. At .. O 32000 l\G FOR INTERFACE 

o.c 
o.o 
0 .0000~8 
1.000000 

1979 
lb= 

S,MlLLJONS 

o.o 

o.ooo 

350.000 

1.000 

2.047 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 

~ 



TABLE 
ROC~w~Ll S~~ tR-2 RE~ERENCE CONFlbURAllON,1980 

l.l.9.1.l~ ~~!MARY ~l~UCIU~E - lNTERFAC~ 

111\tPU 1 PARA. ... E: 1 ERS INPUT COEFFICIENTS 

l= 
M= 

Cf= 
f'Hl= 

R= 
DF= 

l3bOOO.OOO 
200.0C!OuOO 

l.000000 
i .oooooc 
o.o 
o.500000 

lF= 
lJ&~~ 

ll= 
L -, -,_ 
l3= 
l..4= 

1.000000 
o.o 
l.000000 

00.000000 
o.o 
o.o 

COtER: 
CDtXP= 
CICER= 
Cl EXP= 
RV t: AR:: 

Z5= O.O 

CALCULAltD VALUf~ t'.b ~UM 10 1.1.9.l 

CO=CDCER X tl X Df)XX(CO~)P• X C~ 

. CLRM=ClCtR X lM)XX(CltA~) X t~ X Tf 
t:Jj 
I 

·:;; •~M =T I M 
0 

f =l.O + LUGC~nl) I LObC2.CJ 

~TFU=lCLR~ I cJXC(•R~ X Ll+.~IXX(t) -0.5XXCtl) 

CT6 =tl~l~M/l)Xlt•RM A L3 + 0 .5)XXH t -0.5XXlE:)) 

Clj)S=Cl~*Z4/l2 

CRCl =Clb X R 
~R~-lUC tRtl =CRlJ A lb 
POST-luC ~R~l :.Ck~l X ll.O-lb) 

t~~~ =u&M G~ ll~•l~1L21~~1~ 

) I Z3 

C01111MEN15 
1977 OAlA ENlE~ED fUQ lJLt~tClC~R, ANO L&M ~ERE 0.023000 0.000050 
(.QM PUS Il t- "1A l H<lAL. l.iF c ALC ULA T ION ~o~SI DERS JIR H4A f('f' ST~UC 1 u~E 
F~uM l.l.9.1.l 

0.02b9l0 
O.bOOOOO 
0.000058 
1.000000 

1979 
Z6=-

$,MILLIONS 

197.bbl 

0.012 

bB0.000 

1.000 

7.956 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



TABLE 
RQCl(WEll ~p~ C.~-2 RE+~RENCE: C.ONFl&URAllON,1980 

1.1.9.l.lb ~fC.lJNi.IARV 5T~U(JullE - INTE~FA(E 

l~F'U 1 PAR11M t: ·1 E~S lNPUT COEFFltlfNT~ 

ti:I 
I 

T= t:>000.00000 TF::c 
M= 5.000000 u&..,,: 

CF: o.eooooo ll= 
Pt-ti: 1.000000 l..2= 

R= o.o l3= 
DF= o.scoooo l4= 

CALC.ULAlEO VALUf~ 1\.1.:> 

C D=C OC l: R X Cl X OF I XX t C 0 EXP) X C. t-

(L~M:ClCER X IM)XXIClt..lt!JJ X c.i:- X TF 

0.03Ll72 
o.o 
1.000000 

b0.000000 
c.o 

bC.000000 

SUM 10 

~ •~M :. T I M 
I-' 

t =l.O + LUG(PHl) I L0b42.0) 

CTFU=CC.LRM I E)X((~RM X ll+.~)XXtt) -0.5.XX(~)) 

C.IB =llCL~M/t)Jl.(t#RM X Z 3 • 0 • 5) X it ( E ) -0. 5X X t f ) ) 

C1PS=CTB*Z4/l2 

CRCI =Clo 1' R 
PRE-IOC CRC.I =CRC.1 x lh 
POST-lUC l.R'-l =CkCl )( tl.\l-H>) 

CUtM =UtM UR ClB•l~/22/tNY~ 

COMMENTS 
AND ut.M wtRE 

CDC.ER= 
COt:XP= 
CIC.ER= 
CI EX ... = 
BY E:AR= 

2!>= 

l.l.9.1 

) I Z3 

0.156000 1917 U~lA tNTER~U fO~ cuc~q,LILER, 
CUM~IN~ UTH~k PRELUk~L~ ~UA~l1Tl~S 
FOR DF & lf- CALCULAI lGNS. 

FRUil'\ l.l.9.l.2 & l.l.9.l.21 

0.182520 
o. 511000 
0.118170 
0 .355000 

l~7~ 
o.o Z6s 

S,MILLION~ 

8.734 

0.005 

1200.000 

1.000 

6.462 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

0.101000 o.o 

o.o 



TA ttLt 
qoc~wELL SP~ C.R-2 qffERENCE CONFlbURA110Ntl980 

1.1.9.1.17 MECHA~ISM~ - INTERFACE 

lNPUl PAPAM~ltRS lNPUl COEFFitl~~TS 

l= 
M= 

C.F= 
l>til= 

R= 
OF= 

33000.0000 
1100.00000 

i.s;ooooc 
1. 000000 
o.o 
0.100000 

l f-: 
L&M= 
ll= 
l2= 
l. 3 = 
l4= 

1.000000 
o.o 
1.000000 

60.000000 
o.o 
o.o 

CDC£R= 
CD EXP= 
C ICER= 
CI E:X P: 
BYE AR= 

Z5= O.O 

CALCULAfEU VALU~~ KG SUM TO 1.1.9.1 

b:l 
I 

CO=COC~R X CT X DF)XX(CDt)P) X C~ 

CLRM=CICER X CM)XXICl~XP) X Cf~ TF 

t--o #RM =l I M 
00 
N 

I: =l.O + lUbtPHl) I l0b&2.vt 

ClfU=tCLRM I E)X((#R~ x Ll+.~)XX(~) -O.~XX(t)) 

ClR =HCLR"1/t:-JX( t•RMI .x l3 + O.~).XX(~) -C.~X.X(~)) 

Cll>S=CTR*l4/l..2 

C RC. I =C 1 ~ X R 
P~E-lUC LRCl =CkC.l X lo 
~UST-luC CRCl =CKCI .x (l.0-!6) 

CO&M =O&~ OR CTB•L5/Ll/~~~R 

CU"1MENTS 

) I l3 

0.182520 
0.511000 
0 .00089't 
o.~~oooo 

1979 
lb= 

$,MILLIONS 

17.193 

1.039 

30.000 

1.000 

31. l"lb 

o.c 

o.o 

o.o 
o.o 
o.o 

o.o 

1977 UAlA ENTERtlJ FOR LO\.f-1{,(.Jl.ERt ANO U&M WERE 0.150000 0.0007b4 O.O 
T INCLUDtS 3100 ~G FLR blMtsAl DRIVt MOTORS/DEVICl~ ANO 2000 KG FOR GEARS 
& bf 4~ lNbS 

o.o 



1 ABLE 
ROCKWELL SP5 tR-l ~EftRE~~~ LONFlbUkAflON,1980 

l.t.9.1.18 CUNOUC.TllR!:> &. ll'ISULAllON - lNll:RFACE: 

l'VPUl PARAME:lERS lNPUT COEFFIC.lENTS 

T= 9~00.00000 
M=- 1200.00000 

CF= 1.000000 
PHI= 1. 000000 

R: o.o 
l> f-:. 1.000000 

l F::. 
Gf.M:. 

Zl = 
l":. 
L3: 
z 4= 

1.000000 
o.o 
i.000000 

b0.000000 
o.o 
0 .o 

CDC ER= 
CDEXP= 
CIC.ER= 
CI E:XP= 
RV EAR= 

Z5= o.O 

CALCULAlE:D VALUES 1'-b SUM Ju l.I.9.1 

t;:I 
I 

CD=CDC.ER )( (1 X DFJXX(COE-XP) X C~ 

CLRM=ClCtR X lMJXX(Ll~XP) X ~f- X TF 

~ #R!'il =1 / M 
VJ 

f =l.O + Lub(~hl) / LO~l2.0) 

ClFU=(CL~M I tJX((4RM X ll+.!:>)XXlE) -0.5XX(E:j) 

tl~ =ttCLRM/t)X((#RM X Z3 + 0.5)XX(t) -0.5XX(E)) 

CI PS=Cl B*l 4/ l2 

C~C J =tlB X H. 
t'Rt-IOC CRC I =CRC l X lb 
PUSl-IOC. C.RCl =CRC.l X (l.C-lb) 

C.lJ&.M =-utM UI{ (. 1 b* l !:> 'L2 I U~Y I< 

tO~ME:N15 
191~ OAlA E:~lE:RtO FU~ C~Cl~,LICER, A~D ~t.M ~ERE 

> I l3 

C.158000 0.000004 

O. l 8't860 
0.297000 
0.000005 
1.000000 

1979 
26= 

S,MILLJON~ 

2.eo1 

O.OOb 

7. 91.., 

1.000 

O.O't't 

o.o 

o.o 

o.o 
o.o ". (.• 
o.o 

o.o 

o.o 



rABLt 
RO(KWlll ~~S CR-2 ~EFERENtE CONFlbURATJON,1980 

1.1.9.1.19 SLl~RlNb bRUSHES - PRECU~SOR - INT~RFACE 

lNPVl PARA~~ltRS lNPUl COEFFICIENT~ 

o:I 
. I 

T= 500.000000 lF= 
M: ll5.000000 OCM= 

CF= 1.000000 ll= 
Pt-tl= l. 00000 (' ll..:;_ 

R= o.o l3= 
DF= l .OOOOOC• l4= 

CALCULAT~U VALUES l\b 

CO=COCfR X IT X OF)XXlCD~XP) X l~ 

CLRM=CICl::R X IM)XKCCIEXP) X C~ K TF 

l.000000 
o.o 
l.000000 

b0.000000 
o.o 
o.o 

SUM TO 

~ #~M =T I M 
~ 

t =l.O + LU6(PHI) I L0bt2.0t 

CTFU=CCL~M I l::JXtl•RM X Ll+.5)AX(t) -0.5XXlEt) 

~TB =ll~LRM/t).ll((#RM A Z3 + 0.5)XX(I::) -0.5XX(E)) 

Cli:t!:>=CTB*Z4/2.2 

C.RLl =ClB X R 
~Rl-lOC CRCI =CRCl X lb 
~uST-lU( LRtl =CR~l X tl.O-lb) 

Cui."'l -uL.M uk tlt•L:>1L2/i:l-;YR 

lUMMf:NT!> 
1977 OATA t~ltRED FUR COCL~,CICl::R, AND U&M wtRE 
SET OF ~RUSHES FUR 01"4E ~Ll" PlNb ONLY 

CDCER= 0.164860 
CDE.llf'= 0.291000 
C It ER= 0.000234 
CIE:XP= l.000000 
B 'fE AR= 1979 

2. 5= o.o l6= 

l.t.9.1 s,MILLIONS 

1.111 

0.029 

4.000 

1.000 

0.111 

) I Z3 o.o 

o.o 

o.o 
o.o 
o.o 

c.c 

0.150000 0.000200 o.o 

o.o 



TABLE 
ROCKWtLL ~p~ CR-2 R~fERENCE tONFIGURAllON,1980 

1.1.9.1.20 PRIM.ARY 5lRl.K:lVRE - t:-Ow.1ER lRAl'fS 

lNPUl ~ARA~tltRS lNPUT COEFFICIENTS 

T= 23000.0000 
M: 3800.00000 

CF-= i.000000 
PHI= 1. 00000 (; 

R= o.o 
OF:. 0.200000 

TF:. 
o~~; 

ll=-
l2:. 
Z3= 
l4=-

i.000000 
o.o 
1.000000 

b0.000000 
o.o 
o.o 

CDCE~= 
CDEXP= 
ClCE:R= 
Clt:XP= 
BYE AR= 

Z5= O.O 

CALCULAlEO V•lUE~ Kb SUM TO 1.1.9.1 

O:I 
I 

C.U=CIJCFR X CI )( LJF )XXlC.U~XP) X C. f-

LLRM=CILER X (MJXXtC!fXPJ X C.f X T~ 

I-" 1#~M =1 I !"\ 
00 
\J1 

E =l•O + LUG(~Hl) / L0bf2.0) 

LTFU=C~Lk~ I E)X(t•~M X Ll+.~)XXtEJ -0.5XX(~)J 

ClA =ICCL~M/t)XCC•RM X l3 + 0.5)~Xlt) -0.5XX(E)) 

Cit>S=CTB*l4/l2 

CRC 1 =ClB X R 
.-.Rt:-IOC CRC l =CRC J X lb 
PuSl-lOC CRCl =-CRLl X tl.O-l~) 

LU~M ~u~M UR Llb•L~IL2/t~YR 

CUMME~T~ 

1971 UAl• tNltRtO F-OR CUtfR,CJCtRt AND O&M ~tR~ 

) I Z3 

0.023000 o.ooooso 

0.026910 
0.800000 
0.000058 
1.000000 

1979 
Z6= 

$,MILLIONS 

22.915 

0.222 

b.053 

1.000 

la31t5 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

c.o 

o.o 



TAbLE 
ROLt<.lllt:ll ~I"!) tR-2 REFERENtE CONFIGURATlON,1980 

1.1.9.l.21 ~tCUNLJARY SIRUCTU~t - PO"ER lRA~S 

INPUT PAR AMI: 1 l:R~ INPUT COEFFICIENTS 

txi 
I 

T= 29900.0000 lF = 
M= s.ooococ litM= 

CF-= o.eooooo Ll=-
PH}:;;: l.OOOOOC l'-= 

R= o.o z.?. = 
uF: o.~00000 l4= 

tALCULAlED VALUES K.b 

CD=CDC~R X C~ X OF)XXtCO~XP) X t~ 

(LRM:Cl~ER X C~)XXtClEXP) X L~ X T~ 

1-1 #QM =1 I M 
CXl 
0\ 

t: =l.O + LUb(PHl) I L0b(2.C) 

o.032172 
o.o 
i.000000 

b0.000000 
o.o 

b0.000000 

SUM TU 

ClFu=tCLK~ I f;JXtl•RM X ll+.~IXXll) -0.5XXtt)I 

ClB =tl,LRM/t)Xl(#RM X l 3 + 0 .5) XX l t) -0 • 5XX lt J ) 

CJPS=C1B•l4/.t2 

C~Cl =tlB ). R 
~RF:-IUC CRCI =CRtl A lb 
PUST-IOC CRLl =CRC! X tl.O-lb) 

C.u~"1 =U~M uR CH1*l!>1t2/l"4YR 

COMM~~TS 

COCER= 
C Of XP= 
CI CER= 
Clt:XP= 
BYF:AR= 

Z5: o.o 

1.1.9.l 

J I Z3 

0.162520 
o. 511000 
0.116170 
0.3~5000 

1979 
lb= 

$,MILLIONS 

19. f.!45 

0.005 

5980.000 

1.000 

32.204 

o.o 

o.o 

o.o 
o.o 
o.c 

o.o 

1977 OAIA ENltRtO FU~ CUCtR,ClttR, AND O&M ~~RE O.l5b000 0.101000 O.O 
COMBINt UTHER PRECVR~l.R 'U•NllflcS FROM 1.1.9.l.2 & 1.1.9.l.lb FOR 
DF & TF CALCULAllONS 

o.o 



lAbLE 
~OC.~wtll. ~P!:> (.P-2 IUFERENCt C0"4FH:oURATI~,19BO 

1.1.9.1.22 MECHA~lSMS - PO~fR TRA~S. 

lNPUl PARAMJ:l~RS INPUl COEFFIClENlS 

T: 
M: 

CF= 
PHI= 

R= 
OF= 

2000.00000 
1000.00000 

1. 50000 c 
i .oooooc 
o.o 
1.000000 

T F;. 
Uf.M: 
Zl= 
L2= 
l3= 
z4::. 

1 .ocioooo 
o.o 
1.000000 

b0.000000 
o.o 

b0.000000 

COCfR= 
CD EXP:. 
CI C.t::R= 
CIEXP= 
BY EAR= 

Z5= O.O 

CALCULAltD VALUES l\b ~U~I T 0 1.1•9. l 

tu=GOCf~ X CT X UF)XX(~OE~~) X (.~ 

'LRM=CICtR X (M)XXCCltXP) X C~ X lF 
t7'l 
I 

I-' -~~ =l I M 
00 
-..J 

E =l.O + LUb(Pt1l) I L0bl2.0) 

trFu=tLLRM I tJXCC•RM x Ll+.5).llAtE) -0.5XXlt)I 

CTb =-ltCLRM/t)All#RM X l3 + O.~)XX(E) -0.5XX(f)) 

l.lt-S=CTB*l4/L2 

C. JtC. I = C l B .ll R 
PR~-IUC CRCI =CRtl .ll lb 
PU5T-10l C.RCl =CRLJ X 11.0-Lb) 

C.Of.M :1Jf.M LlR \..fb*i~/L~/t.:~v~ 

C.lJMMENTS 
1979 DATA ~NTERtO FOR CDL~~,(ll.~R, AND U&M ~ERE 
bEARS & tH:ARINbS LOCAl~O Al AN1E"'4N'' TRUNl'dt>4S 

I I l3 

o.1e25~~o o.oooa-,4 

0.182520 
0.511000 
0 .000894 
0.950000 

1979 
lb= 

$,MILL10~5 

13.312 

0.949 

2.000 

i.ooo 
1 • Ej<J<j 

o.o 

o.o 

o.o 
o.o 
o.o 

Ct. c 

o.o 

o.o 



TABLE 
ROC~WcLL s~~ CR-l REfERENCt tONFlGURATlON,1980 

l.l.9.1.23 ~.1. ~LY~TRuN ~UBARRAY DOT&t 

IN~Ul P-RAMElE~~ INPUT tOEFFICIENlS 

l= 252000.000 IF= 
M= 48.000000 LL !WI:.. 

cf: 1.500000 l l:; 
PHI= 1.000000 l2=-

R=- o.o lj= 
Of--= 2 .ooooou l4= 

CALCULATcO VALUt~ j(.w 

CD=~OCfR X Cl X ~F)XXC~Of)J>) X C~ 

CLRM=tlltR X (M)XXCCJcXP) X (~ X Tf 

1.000000 
o.o 
1.000000 

b0.000000 
o.o 

60.000000 

CDtER= 
CDEX .. = 
CIC ER= 
CI EXP= 
BY EAR= 

Z5= C.O 

5UM TU 1.1.9.l 

ti;:I 
I 
I-' #RM ::T I M 
00 
00 

t =1.0 + LUbl~nlJ I L0b&2.0J 

llfU=CtLRM I f)XCC#RM x ll+.51XXtEJ -o.sxxtt)) 

CTB ::( tC:LRM/t)XC l#RM A l'j + O.~))UUtJ -0.5XXHH 

C.IPS=CT~•Z1t/l2 

CRC. l =C 1 B X R 
PRE-lOC CRCl =CRCl x lb 
PUST-IOC CRtl =tRCl X tl.O-lb) 

CU~M =-UtM OR C1R*l5/L2/tNYR 

COMMENTS 

) I Z3 

191~ DATA tNlERtU ~UR CDL~~.clt~R, ANO u&M w~R~ 0.0783~0 o.o 
52~C ~LY~TRONS ON PRtLUR5UR wllh UPERAllON AT 48 Kw PER TUBf 

0.078390 
0 .507000 
o.o 
o.o 

l'i79 
lb= 

S.tMlLLlONS 

91.513 

o.o 

5250.000 

i.ooo 

o.o 

o.o 

o.o 

o.o 
o.o 
o.c 

o.o 

o.o 

o.o 



TABLE 
ROCKWELL SP~ CR-2 RE~ERENCl CONFIGURATlON,1980 

l.l.9.l.24 ~.l. ~LY~TRON WAVEGUJDE 

lNPUl PA.RAM El l:R ~ INPUl COE:FFICIE~lS 

~ 

T= 
1'1= 

CF= 
PHI= 

R= 
DF= 

5250.00000 
9.000000 
l. 20000(' 
1.oooooc 
o.o 
1.000000 

CALCULATED VALUtS 

TF= 
L>t.:"I:::. 
z 1 ;; 
l.2= 
l3= 
Z4= 

... M ~tl 

~U=CU~ER X CT X OF)XX(tuf~P) X 'f 
CL~M=CICE~ X (M)XX(Cl~XP) X C~ X T~ 

fJRfii11 :.T I M 

i.000000 
c.o 
1.000000 

b0.000000 
o.o 

b0.000000 

COCER= 
co1: AP= 
Cl GER= 
Cit:XP= 
BYE AR= 

l!>= o.o 

SUM TO 1.1.9.l 

~ E =l.O + LUbt~HIJ 'L0~t2.0) 
00 
~ 

CTfU=CtLRM / f)X((#RM x ll+.5)XXCE) -o.~xxtE)J 

CTB =CCCU~M/t)X((#RM X z~ + o.5)XXCt) -o.~XX(t)) 

C. 1JJ5.=C. TB*l4/ l2 

CRCI =C 18 X R 
~Rt-luC CRCI =CRCl X lb 
POST-IOt tRtl =CRCI X tl.C-Lb) 

LOtM =UGM UR cr~·z~,l2/t~YR 

C.OMMl:.Nl 5> 

) I l3 

1979 DATA ENTER~D FU~ COC.ER,llC.ER, A~D U&M wERE O.O 0.000348 
5250 !(LY!>lRuNS wllttlN 9 llENSllY bRAUIE~JS. ONE f(JUIVALHH ~1 AVE:GUIOE f:ACtt 
PER ~250 CUSl ELEMENlS. 

o.o 
o.o 
0.000348 
i.000000 

1979 
Z6= 

$,MlLLJONS 

o.o 

0.004 

583.333 

1.000 

2.192 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



lA~l~ 

RUCKw~LL ~PS CP-2 REffRENC~ CONFlbUR•TJON,l9bO 
l.l.9.t.25 ~.T. KLYSlRUN HEATPJPES 

l~PtJl PARAMElfRS INPUT tOEFFICIE~lS 

td 
I 

l= 5250.00000 TF = 
M= 9.00000C U&l"'I= 

CF= 1.200000 Ll: 
Phi= 1.oooooc L2=-

R: O.Q Z3: 
OF: 1.000000 L4: 

CALCULAlEU \ALUfS ~M ~El 

CD=CUCER X tl X OFlxxCCOt~P) ~ C~ 

CLRM:Cl(t~ X tM)XXCCllXP) X C~ X lF 

1.000000 
o.o 
1.000000 

00.000000 
o.o 

b0.000000 

CDCE:R= 
CDEXP= 
Cltf:R= 
CltXJi= 
RY EAR= 

l~= o.o 

SUM JO 1.1.q.1 

~ •RM :T I M 
0 

t: =l.O + LUGCPHI) I l0bt2.C) 

ClfU=lLLR~ I E))((#~M x ll+.~JXXlE) -o.~xXttJ) 

C.18 =llC.l'tM/t)X(URM X Z3 • 0.5JXX(t) -0.5XX(E)) 

Cli>S=Cl~*Z4/Z2 

C~Cl =CTb X R 
~RE-IUC CRCJ =CRCJ ~ Lb 
~OST-lOC ~~Cl ::CkLl X Cl.O-lc) 

Lu~~ =U£M u~ c1~·z~1L2/t~YK 

CU~MtNTS 

) I Z3 

197~ UAlA ENlE~lO F~~ Cut~~.LltER, AND O&M ~ERE o.o o.00300b 
52~0 ~LY~TRONS WlfHl~ 9 ~~~SITY GRAOlENTS. U~E SEl Of HEAT Pl~ES PER 
5250 COSl EL~MENfS 

o.o 
o.o 
0.003006 
l .000000 

1979 
l.ba 

S,MlLLIONS 

o.o 

0.032 

583. ~33 

1.000 

18.938 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

0 .o 



TABLE 
ROCKWELL SPS tR-2 R~FERE~CE CUNFJGURAllON,1980 

1.l.9.l.2b ~.T. ~LY~l~UN ~.M. ELEMENT 

lNPUl PARAMtltR~ INPUT COEfFltlENlS 

T= 
M::. 

(.f: 

PHI= 
R= 

Df = 

5250.00000 
i.000000 
1.200000 
t.000000 
o.o 
1.000000 

TF= 
U&'"I= 

l.l= 
l2= 
l 3=
l4= 

1.000000 
o.o 
1.000000 

b0.000000 
o.o 

b0.000000 

CDC ER= 
COEXP: 
CI C:ER = 
CI EXP: 
B't'E:AR= 

25= o.o 

CALCULAlEU VALUE:S PM SEl SUM T 0 1 • l • 9. 1 

t:d 
I 

CO=CDCE~ x ll X OFIXX(COE~P) X ~F 

(LRM=ClC.lR X CM)XX(ClEXP) X (~ X lF 

~ IJRM = l / M 
I-' 

t =l.O + LO&lPMl) I Lubt2.GI 

ClfU=tCLRM I f)XtC•R~ X ll+.~)XXltl -O.~XXl~)J 

CTB =CtCLRM/t)X((#RM X l3 ~ O.~JXXlEI -0.5XXlf)) 

tlPS=CT8*Z4/Ll 

CRtl =ClB X R 
PRE-HJC. C.RCl :.Ck\.l X lb 
J>U5T-1UC CRCl =CRCl X tl.O-l61 

CU~M =-U&M OR tl~*l51L2/t~Y~ 

CU*IME-NTS 

) I l3 

o.o 
o.o 
0.002340 
l .OOCOOO 

1979 
Z6= 

S,MllllONS 

o.o 

0.003 

5250.000 

1.000 

l't. l'tl. 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

1979 UATA ENlEREO FOR C~Lt~tLICER, ANO O&M ~ERE O.O 0.002340 O.O 
5250 l(LY~IRUNS WllHlhl 9 Ot:NSllY GRAIDIENlS. ONE KLYSTRON POWER 
MODULE PER COST ELEMlNT 

o.o 



TABLl: 
R Ol.K WE LL ~PS (. k-2 I< f H·R ENC I: CO"fF 1 GURA T lON, 19 80 

l.l.9.l.21 v.T. l\LY!)fRUN Pt1ASt ~HlFTERS 

INPUT PARAMElfRS INPUT COlFFltlENlS 

~ 
I 

1:: 5250.00000 lf= 
M= i .000000 lJ&I'\ = 

C~= 1.200000 ll= 
Phi= i.oooooc L2= 

R= o.o L"!-= 
[J F-= l .OOCOOO l4:. 

CALLULATEC VAlUtS t'M St I 

CU=COC~R X tl X OF)XXltO~XP) X C~ 

CLRM=ClCER X l~)XXCCl~XP) X CF- x TF 

1.000000 
c.o 
l.OOCOOO 

CDC ER: 
CDEXP= 
CICtR: 
CJ EXP= 
B YEAR= 

00.000000 
o.o 

00.000000 Z5= o.o 

SUM TO 1.1.9.l 

tc; •RM = 1 I M 
N 

E =l.O + LU&CPHI) I LOLCZ.C) 

CTFU:CtLRM I E)XC(#R~ X Ll+.5)XXC~J -G.5~X(E)) 

ClB =llCL~M/t)Xll#RM X Z3 ~ O.~)iAlt) -0.5XXC£)) 

lJPS=ClB*Z4/Z2 

CRtl =tTl:l X R 
~Rt:-lOC CRCI :::CRCl X lb 
PUST-lOC l.RCl :.CRCi ~ tl.O-Lb) 

CU~M =u&M OR ll~•L~/L2/t~Y~ 

) I l3 

CUMMENTS 
1q79 UAJ- ~NlEREO F-UR COtlR,ClCtR, ANO O&M wERE D.O 0.001170 
~l50 KLYSTRON ~uwER Ml.DUL~~. UNt ~HASE ~HIFTER PER KLYSTRO~ SET. 

o.o 
o.o 
0.001110 
i .000000 

1979 
lb: 

f 9 MllllON~ 

o.o 

0.001 

5250.000 

1.000 

7.371 

o.o 

o.o 

o.o 
o.o 
o.o 

o.c 

o.o 

o.o 



TA~Lt: 
ROCK.WELL SPS CR-2 R~~ERENCt CONFIGURAllON,1980 

1.1.9.1.28 ..-. I• KLYSTRON t'H. CuN'JROL t:L~ClRUNICS 

IN~Ul PARA~EltRS INPUT COEFFICIENTS 

Oj 
I 

T= 
M= 

CF= 
Pttl= 

R= 
OF= 

5250.00000 
184.000000 

1.200000 
l.OOOOOC 
o.o 
1.000000 

CAlt~LAfEU VALUtS 

TF= 
U&!'ll;; 

ll= 
li= 
l.3= 
L4= 

t'M Stl 

C.u=COCfR X Cl)( DF)XXlLDt-J!P) X t~ 

CLRM=Cl~tR X (M)XX(Cl~XPJ X tf X TF 

i.000000 
o.o 
1.000000 

CC>Cf~: 
COEXP: 
CIC ER= 
C H:XP: 
B YtAR= 

b0.000000 
o.o 

60.000000 25= o.o 

SUM 10 1.1.9.l 

~ #RM :1 I M 
VJ 

E =l.O + LUb(PHl) I L0bt2.CJ 

CTFU=f(LqM I E)X(f#RM X Ll+.5)XXlt) -0~5XXtE)) 

Cl~ =CICL~M/t)X((•qM A Z3 + O.~))X(l) -0.5XXCE)) 

CJt>S=C1B•l4/l2 

CRtl =CTB X R 
PRt-lUC CRCl =CRLl x Z6 
P~ST-lOC CRCl =CRLl X tl.O-lb) 

CU&M =U&~ U~ Cl8*l5/L2/t~YR 

CUMMt:NTS 

II / Z3 

1979 OAlA cNltRtO ~UR CU(~q,ClCtR, ANO U&M nERE O.O 0.000955 
!;.250 K. Ly~ TRON PUwER MUOULt~. uNc H1A.Sf: (.0"41 RUL E lEC. TRONIC s PER 
184 KLY:SlRON!:i 

o.o 
o.o 
0.000955 
1.000000 

1979 
l6= 

t.,MllllONS 

o.o 

0.211 

28.533 

1.000 

o.Olb 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



TAbLE 
RUC~wtLL s~s CR-~ RtFERENCE: CO~FlGUkAllON,1980 

lele9elel9 ~. l. KL~~lRuN PO~tR OlVlOtR~ ANO ~OMBINtRS 

l!iPU l PAR A"'!~ l tR S INPUT COEFFlCl~NTS 

o:s 
I 

T= s2~0.ooooo T F = 
M:. 184.000000 Uf. M ::. 

Cf-::. l.200000 Zl= 
PHI= 1. 00000 (; L .,_ 

L-

R::. o.o L3:. 
llF= 1. C,0000(! L4::. 

CALCVLAlE(! VALUE~ ... M St l 

CJ=tUCF.R X (J X DF))OUCL>fXP) )l Lt-

CLR~=-Cl~tR X (M)XXCLJEAP) X Ct- X lF 

l.-000000 
o.o 
1.000000 

t>0.000000 
o.o 

b0.000000 

CDC E:R= 
CDt:XP::. 
CIC ER= 
CI EXP= 
B 'IE AR: 

2 ~= o. 0 

SUM 10 1.1.9.1 

~ #~M :1 I M 
.i::-

t ::.1.0 + LUb(PHl) I L0bt2.C) 

cr~u=tCLkM I l)Xt(#R~ x ll•.~)~X(f) -0.~XX(E)I 

Cl~ ::.\tCLRM/tJXCt•RM X 23 • 0.5))1.Atl:J -0.5XXCE)) 

llt>S=-CTB*l4/£2 

CRCI ::.tlP )l R 
PRt-lUC CRCl :.CRC! X lb 
i"l.JST-ll.lC C.RC 1 =-CRL .1 X tl. 0-lb) 

CU&M =U&M UR Cl~•L~1£2/t~Y~ 

) I Z3 

CUMMt~JS 
1979 U•l• ~~ltRtD FUR CDCtR,CICtR, A~O u&M ~ER~ ~.o 0.000152 
5.250 KLV~TRu~ PUwE:R ~l.DUU::S. ONE: ~E:T OF f'Owt:R (!lVlDERS ANO C.OM61Ni:R~ 
P~R 184 ~LV~TRO~~ 

o.o 
o.o 
0.000152 
1.000000 

1979 
Z6= 

S,MlLLlONS 

o.o 

0.034 

28.533 

1.000 

0.958 

o.o 

o.o 

o.o 
o.o 
o.c 

o.o 

o.o 

o.o 



TAblf 
ROCKWELL S~~ CR-2 RtfERENCt CUNFIGURATIO~rl980 

1.1.9.1.30 ll.LYSlkON ~UBARRAY SYSTE:Jlll INlEC>llAllt:IN 

lNPUl PARAMJ:lfRS lNPUl COEFFICifNlS 

b::l 
I 

T= 5250.00000 H·= 
M= 20.3999'14 U&M= 

CF= l.OOOOOG Zl =-
PHI= 1.00000(1 l2= 

R= o.o Z3= 
OF= 1.000000 l4= 

CALCULAltD VALUES t'M ~El 

CLr=LIJl.~R K (1 X UF)X.X(Cl.JfXf') X \..t-

(LRM=CICER X (M)XX(CltXP) X Cf X lf 

l.OCIOOOO 
o.o 
i.000000 

b0.000000 
o.o 

60.000000 

C01tEk= 
CD EXP= 
CIC.ER= 
CIE:XP= 
BY EAR= 

Z5= O.O 

SUM TO 1.1.9.1 

·tc; #RM =T I M 
\J1 

E =l.O + LOu(~~I) I LO~t2.0I 

tlFU=ttLRM I E)X((•RM X Ll+.5)XXCEJ -0.5XX(tJ) 

Cl~ =CCf.LRM/tJX(C#RM ~ l~ + 0.5)XX(t) -0.5XX(E)l 

ClPS=ClB*Z't/£2 

CRCI =C.lb X R 
~RE:-lUC CRCI =CRLl X lb 
Pu~T-IOC CRCI =-CRCI X tl.O-lb) 

tO&M =O&M UR tl~*l5/L2/E:~YR 

COMME.~TS 
197~ OAlA tNTERlD FUk COl~R,ClCER, AND O&M ~ERE C.O 
~'f~l~M 1NlEbRA1lUN ut- llf.:M~ :t.l.9.1.24 lt1ROUbH l.l.9ele2q. 
APPiotUXlMATELY 25·7 SUbARIO\'S lJN lfif: AvE~AbE .. 

l I l3 

0.0039tib 

o.o 
o.o 
0.00398b 
1.000000 

1979 
2.bc 

$,MlLLIOl'.S 

o.o 

o.oa1 

257.353 

i.ooo 
20.92b 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



lASLE 
ROCKwELL SP~ CR-2 REFERENCE CONFJGURAT10Ntl980 

l.1.9.1.31 Pu&C - SW. bR. & REGULATORS - P.l. 

lNPU 1 PARAME H:RS INPUT COEFFltIENTS 

T= 
M= 

CF= 
PHI= 

R= 
OF= 

11400.0000 
9.oocooo 
1.500000 
1.00000(1 
o.o 
1.000000 

H·:. 
l.J&M:. 

l l:: 
l l:. 
Z3: 
l4=-

1.000000 
o.o 
1.000000 

b0.000000 
o.o 

b0.000000 

CDC ER= 
CDEXP= 
CICER= 
CI EXP:. 
RYt:AR= 

Z5:. o.o 
CALC~LATED VALUES tt.b SUM TO 1.1.9.1 

o:t 
I 

CO=COCER X (1 X OF)XX(COf)P) X C~ 

CLRM=ClCt:R X tM)XXtClt>l.P) X C.f X TF 

~ '#1\M =l I M 
°' c =l.O + LOG(Phl) I l0bf2.C) 

CTFU=CCL~~ I ~)XCt#RM X Zl+.~)AXlt) -0.5XX(t)) 

CIB =CtCL~M/~JXCC•Q.M X Z3 • O.S)XX(f) -0.5XX(E)) 

ClPS=CTe•Z4/Z2 

CRCI =CTB X R 
... R~-lUC CRCI =CRCJ X lb 
PuST-lOL ~RCl =CR'l X t1.0-lb) 

CU&M =O&M uR Clb*l,/Z2/t~YR 

COMMENTS 
1979 DATA ENlEREO ~OR COLfR,tJCER, ANO O&M wERF. 

) I l3 

0.184860 0.000468 

0.184860 
0.297000 
O.OOO't6& 
l .000000 

1979 
Z6s 

S,MJLLIONS 

l2bb.667 

1.000 

o.o 

6.159 

O.OOb 

8.003 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



TABLE 
ROCK.WELL SP~ CR-2 REFERENCE CONFH.7URATlCJN,1981() 

l.l.9.l.32 t'lJ&C. - ttl VlJLTAbE: C.ONVERT - F'.T. 

lNPUl PAKAMET~RS INPUT tOEFFIC.IE~TS 

T:. 
M:: 

Cf= 
Pt1 I= 

R= 
OF-= 

44~00.COOO 
9.00000(: 
l.50000G 
l .000000 
o.o 
2.000000 

rF;. 
lJ&M:. 

L l:. 
ll=
l3= 
l4= 

i.0010000 
o.o 
i.000000 

b0.000000 
o.o 

b0.000000 

CDICE:R= 
COIEXP= 
C H:E:R= 
Cl'E:XP= 
BYiEAR= 

Z5= O.O 

CALCULATED VALUES f(.b SUM TO 1.1.9.1 

o;l' 
I 

CD=CDCE:R X Cl X DFJXXCCOUtP) X Cf 

CLRM=ClCtR X CM)XX(ClEXP) X tf X TF 

~ •Riii! =T I M 
...... 

t: =1.0 + LOGCPHI) 'LUGt2.0) 

CTFU=tCLR~ I E)X((#R~ X ll+.~JXXlEJ -0.5XXCE)) 

CTB =ClCL~M/llXC(#RM x l.3 • O.~)XX(~) -0.5XX(~)) 

CIPS=CT~*Z4/L2 

CRCl :CT~ X R 
PRE-lUC CRCl =CRtJ ( lb 
POST-lU~ lRCI ~RCl X tl.O-lb) 

CO&~ =O~M OR Cl~*Z~/Z2/tNY~ 

CUM~ENT5 

197~ DATA tNltREO FUk COlf~tlltER, AND u&M wER~ 

) I Z.3 

0.184860 0.000244 

0 .184860 
0.291000 
0.000244 
1.000000 

1979 
lbs 

$,MILLIONS 

8.183 

0.003 

4944.441 

i.ooo 

lb.287 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



TABLE 
ROCKWELL ~~~ cq-2 RtfERENCt CONFIGURATlON,1980 

l.l.9.1.3~ ~IJ&C - LU ~ULTA~E tUNVERT - P.T. 

lNPUl PAR AM~ H:R~ INPUT COEFFICIENTS 

T= 
M:. 

Cf:. 
Ptil= 

R= 
Of= 

100.000000 
9.000000 
1.500000 
1.000000 
o.o 
2. 000(l0 0 

TF:. 
L-&M= 

l l:. 
Ll:. 
l3:.:. 
l4= 

1.000000 
o.o 
1.000000 

b0.000000 
o.o 

t>0.000000 

COCtR= 
COE:XP= 
CIC ER= 
Clf:XP= 
R'YEAR= 

Z5= o.o 
CALCULAlEO VALuES Kb SlJM 10 t.1.9.l 

CO=CDCER X Cl X DFJXXCCDtXP) x Cf 

CLRM=ClCtR X CM)XXCCltXP) X (.t- X lF 
b:' 
I 
t-' •RM =T I M 
\0 
CX> 

E: =l.O + LOGCPHl) / LObl2.0I 

CTFU=tCLRM / t)Xtt•RM X ll+.~)XX,t) -0.5XX(E)J 

ClB =ltCLRM/t)Xll#~M X l3 • 0.5)XA(~) -0.5XX(€)) 

C1PS=C1R*Z4/l2 

CRCl =CTb X R 
PR~-luC CRCJ =-CRCl X Lb 
PUST-lOC l.Rl.l ~RC.I X ll.O-Zt>) 

CO&M =O&M Ok Catl*l5/l2/t~Y~ 

CUMMf:NTS 
1979 UATA ENlt~Eo fLk lDL~~.lll~R, A~O U&M wER~ 

) I Z3 

0.184860 0.000468 

0 .184860 
O.l97000 
O.OOO't06 
1.000000 

1979 
lb= 

StMILLIONS 

11.111 

1.000 

o.o 

1.338 

O.OOb 

0.010 

o.o 

o.o 

o.v 
o.o 
o.o 

o.o 

o.o 



T~BLI: 
ROCKWELL ~~5 CR-2 ~EfERENCE CONFIGUkATlON,1qeo 

1.1.'i.l.34 f"i.J&C CONL.:UC.lUR~ & lNSULATIO~ - P. r. 

INPUl PARAMt H:R~ INPUl COEFFICIENTS 

T= 25800.0000 
~= 9. 00000 (> 

CF; 1.000000 
Pt-ti= 1.000000 

R= o.o 
OF= 1.00000(' 

TF= 
(.)& M:. 

z 1 :: 
L2=-
l3:; 
Z4= 

1.000000 
o.o 
1.000000 

t>0.000000 
o.o 
o.c 

COCl:R= 
COEXP= 
CJCER= 
Cl EXP= 
BYE:AR= 

Z!>= o.o 

CALCULATED VAlulS K SUM l(J 1.1.9.I 

°" I 

Cu=COCE:R x CT X l'FJXXtCDtJlPJ X Cf 

CLRM:.ClCt~ X tM)XX(CltX?J X Cf X lF 

~ •~M =T / M 
\0 

t =-1.0 + LU&C~ttl) / Lubf2.0J 

CTFU=lCLRM I ~)XCC#~M X Zl+.~JXXIE:) -0.~XX(t)) 

Cl~ =C CCL~M/t)A( (#RM X Z3 • 0.5)XX(f) -0.5X~(f)) 

C IPS=CT8*Z't/l2 

C~Cl =CT~ X R 
PRE-IOC CRCI =CRCl X lb 
POST-10, CRCI =~RC! X tl.~-lo) 

C~&M =O&~ OR Clk*l~/l2/~NYR 

CUMM~NT5 

1977 OAlA tNl~QE:D fO~ C~L~~,tlCER, ANO O&M ~ER~ 

) I Z3 

0.15P.OOC 0.000004 

0.184860 
O.lCi7000 
0 .00000!> 
1.000000 

1979 
Z6& 

$,MILLIONS 

3.777 

o.ooo 

28b6.f>6 7 

1.000 

0.121 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



lABLE 
RuCKwELL 5P~ (k-2 ~EFE~ENC~ CONFIGURAllON,1980 

1.1.9.l.3~ ~AllERlE~ - ~.1. PRf(URSU~ 

IN..,Ul PARAM!:H:R5 lNPUl COEFFICIENTS 

1= 
NI= 

CF= 
PHI= 

R= 
OF= 

b400.0COCiO 
~O.CJOOOOO 

1. 50000 c 
i .ocoooo 
o.o 
c.soooco 

lF:. 
LJ&M:o. 

l l:. 
L2:. 
Z3= 
l4=-

1.000000 
o.o 
t.cooooo 

bO .000000 
o.o 
o.o 

COCl:R= 
COfXP= 
CIC ER= 
CI EXP= 
BVt:AR= 

l ~= o.o 

CALCULATEU VALUES 1'.b SUM 1 U 1 • l • 9 • 1 

Cd 
I 

CO=COCtR X (l X OFJX.X(COE~P) X C~ 

CLRM=ClCER X tM)XX(CltA~J X (~ X TF 

"' fqM =T I M 0 
0 

t: =l.O + LOGtPHI) I LOGf2.0) 

ClfU=tCLRM I tJXtt•RM X Zl+.~IXXtt) -0.5XXtti) 

ClB :.(\(L~M/l)X((#RM X l~ • 0.5)XX(f) -C.5XX(~)) 

ClP~=Cl~*Z4/l2 

CRCl =Clb x R 
PRE-IUC lRCI =CRCl X lb 
PUST-lOl. l.RCl =C.IU.l X ll.'l-lt::) 

CQ&~ =O~M UR C16*l~/Z2/t~V~ 

CUMMENlS 
1978 uATA ENTE~fO FOR CUL~~,L!CtRt AND OtM wFRE 
SO ~G Pf~ CfLL - SUOJUM LhLURIOt FUR ANltN~A 

) I Z3 

0.037000 o.02eooo 

0.040145 
o. 734000 
0.030380 
o.2~1000 

1979 
Z6s 

S,MILLIONS 

31.793 

0.111 

128.000 

1.000 

14.974 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



TABLE: 
ROt~wELL ~~~ CR-2 RE~ERENC~ CONFlbURATION,1980 

l.l.9.l.36 ~.l. - AAllERY PD&C 

lNPU'I PARAMt: ltR~ INPUT COcFFJCJENTS 

T= 
M= 

CF-= 
PHI= 

R= 
OF= 

lb00.00000 
2!>0.000CJOO 

i.oooooc 
1.,000000 
o.o 
0.100000 

lf= 
U&~=

ll= 
L2= 
l3= 
l4= 

l .OOOuOO 
o.o 
i.000000 

b0.000000 
o.o 

bO.OOOCJOO 

CCICt:R= 
CC1E:>lt-'= 
CJ CER= 
Cl EXP= 
1H'EAR= 

Z5= O.O 

CALCULAlEU VALUES It,~ SUM TG 1.1.9.l 

~ 
I 

CO=CDCER. X CT X OFJXX(COt:XP) X Ct· 

CLRM=ClC~R X (M)IX(ClEX~) X L~ X lf 

::5 fRM =T I M 
I-' 

E ~1.0 + LOG(~hl) I LU~t2.0J 

ClfU=lLLRM I ~JXtt#RM X Zl+.~tXXlt) -0.5XXlt)) 

Cf~ =ttCL~M/~)Xl(#RM X lj + 0.5)XXI~) -0.5XX(~)) 

Cl!>S=C1R*l4/Z2 

CRCI =Clb X R 
~R~-IOC CRCI =CRLI X Lb 
PUST-lOC L~~l =-CR~l X tl.O-lb) 

CU~M =O&M OR Clb*l5tZ2/t~YR 

CuflllM'=°NTS 
1978 UATA ENlER~o FOR CDtfR,LICER, ANO U&M w~RE 

) I Z3 

0.053000 0.012000 

0.057~05 
o.aCJoooo 
0.013020 
0 .lj 59000 

1979 
lb= 

$,MILLIONS 

b.400 

1.000 

o.o 

5.265 

1.494 

9.564 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



TAHLE 
RuCKWELL 5~~ CP-? ~EftRENCt CONFl&URATION,1980 

l.l.9.l.37 1.-,ERMAL CuNl~OL - INSULATION - PR~lURSUR R.T. 

lNPUl PARAMt: H:R~ INPUT COfFFitlENTS 

T= 
M:. 

(. f= 
Phi= 

R= 
OF= 

2b4CO.Ci000 
4.000000 
l.CCOOOC 
1.000000 
o.o 
l.OOOOGC 

TF= 
l.J&M:. 

l l:. 
l£:. 
l3= 
l4=-

o.04t:>043 
o.o 
l.000000 

bC.000000 
o.o 
o.o 

COCER= 
CDEXP= 
CICE:R= 
CIEXf'= 
BYE:AR= 

Z5= O.O 

CALCULA1EO VALUES it l> SUM lO 1.1.9.1 

CD=COCtR X Cl X DF)XXtCUtXPJ X Ct 

CL~M=CJCc~ X lM)XXlCltXP) X L~ X TF 

rr 
~ •IU1 =l I M 
N 

E: =l.O + LOGCPHI) / LQf,t2.0J 

LTfU=ttLRM I ~)Xtt#~M X Ll+.~JXXttJ -0.5XX(tf) 

CJB :.((CL~M/t)Xtl•~M A l3 • 0.5)XXtt) -0.5XX(E)) 

CiPS=ClS*Z4/l'l 

CRCI =Clb X R 
PR9=-1UC CRCJ =CRC.J X Lb 
~OST-IOL LRLI ~R~l A tl.0-Lb) 

lU&M =U~M UR (lb*l~/l2/t~Y~ 

COMMfNlS 
1977 ~AlA ENTE~~o F~R CUlf~,LJCER, AND O&M wER~ 

) I l3 

0.156000 0.101000 

0.182520 
0.511000 
o.1 un10 
0.355000 

1979 
lb= 

S,MlLLIONS 

33.170 

0.009 

6bOO.OOO 

1.000 

58.142 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



TABLE 
ROCK~~LL ~PS CR-2 R~FERENCE CUNFlbURAT!ON,1980 

1.l.9.l.38 Rt:Fl:Rl:NCt fRfwlJENCY bENERATOR - PRfC~SOR 

lNPUl PARAMtltR!> lNPUT COEFFICIENTS 

l:d 
I 

l= 1. ocooo 0 TF:. 
M:. 1.000000 o&M:. 

CF= i .oooooc ll= 
PMI= 1.000000 l2=-

R= o.o £3: 
OF= 1.000000 l4= 

CALClJLA 1 E:D \IA LUt~ SEl 

C.D=CDCtR x (1 X DFJXXCCDUtP# X Cf-

CLRM=C.lCE:R X CM )XX (CJEJCP t X Lt- X TF 

1.000000 
o.o 
i.000000 

b0.000000 
o.o 
o.o 

SuM lU 

~ #qM =T I M 
w 

t =l.O + LUbCPHl) / LUbtZ.0) 

CTFU=ttLRM I t)X(l•~M X ll+.~IAAltl -0.~XX(~)J 

CTB =ClCLRM/l:)X( 1•1tM .ll l~ • O.~)X~tE} -0.5XX(~)) 

CIP~=Cll\•Z4/Z2 

CRCl =CTH X R 
PR~-JUC CRCI =CRC.J X lb 
POST-lOC l.Rtl =CRCl x 11.0-LC..J 

LO&M :OtM OR Clb*£j/l2/t~YR 

CuMMENlS 

CDCtR: 
COE XP= 
CIC ER: 
C IEXP= 
BYEAR= 

15= 

1.1.9.1 

) I l3 

1977 UAIA ENTEREu FOR CL>U·~,llCfR, AND O&M w~Ri: 0.500000 
fNbll'¢H<ING fSTIMAlE. UNf: SET ... F.:M. SATElllTE .. RECURSOR 

0.585000 
1.000000 
0.117000 
1.000000 

1979 
o.o Z6= 

s,MllllONS 

0.58S 

0.111 

leOOO 

i.ooo 

0.111 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

0.100000 o.o 

o.o 



TAeLE 
ROLKw~Ll 5~~ tR-2 REf-ERENCt CONFJGURATJON,1980 

lele9ele39 ~J~l. SY~lEM, tGAXlAL CASLE 

INPUl PAR~McltR5 INPUT tOEFFIC.IENTS 

l:. bbl3.00000 
M= 2bl.00000(.. 

C.F= 1.000000 
Phi:. l. coooo 0 

R:. o.o 
Dt-= 1.oooooc 

1~= 

U&M = 
L l =-
l.2= 
l3:. 
L4:. 

1.000000 
o.o 
1.000000 

eo.000000 
o.o 
o.o 

CDC.ER:. 
COE:XP= 
CIC~R= 
Cl EXP:. 
BVEAR= 

l ~= o.o 

CALCULAlEU v•LuES M SUM lU 1.1.q.1 

CU=CDCER X Cl X lJFJXX(COl:>.i>) X Cf-

CLRM=CIC~R X tM)XX((lfXP) X tf X Tf
tl:l 
I 

~ #~M =T I M 
~ 

E =l.O + LUGCPHJ) I LO~t2.0) 

CTF-U=tCLR"'I I E)Xt t•?.M X ll+.~LO.tt) -0.~XXCE )) 

CTB =tttL~M/t)XC(lRM X Z3 + 0.~)XXt~) -0.5XX(E)) 

ClPS=CT~•l4/l2 

C~Cl :.CTB x R 
~R~-IUC CRLI =CRCl x lb 
POST-IOL Lk~I =(.RLJ X tl.C-ltJ 

CO&M =U&M OR C.lH*Z~/l2/t~tR 

COMMENTS 
!977 UAlA E~lE~~U FUR tDt~~tCICtR, AND OtM ~FR~ 

tNbJNEERl~G fSTl~AT~ 

> I l3 

0 .000030 O.OOOObO 

c .000035 
t .000000 
0.000010 
1.000000 

1979 
Z6: 

$,MILLIONS 

0.302 

0.018 

33.000 

1.000 

0.005 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



TABLE 
ROt~wfll SPS tR-2 REF~RENC~ CONFIGURATJON,1980 

1.1.9.1.40 ~lST. SVSlEM UlYJCES 

JNPUl t>P.R~E lER~ INPUT COEFFICIENTS 

T: 100.00000C Tt-:= 1.000000 
M: 2.000000 U&M: o.o 

CF: i.000000 l l:. 1.000000 
PHI= l.OOl:'OOC L2: b0.000000 

R= o.o l3: o.o 
OF: 1. 000000 14= o.o 

CALCULAltO ~ALUf~ l\b SUM TO 

Cl>=COCE:R X t1 X UF)).X(CDt-AP)). C~ 

CLRM=CltcR X (MJ).X(CJEX~) X CF X TF 
tf 
N -~M :T I M 
0 
IJ1 

~ =l.O + LOGCPHI) I LOb•2.0) 

LTFU=tCLRM I t)XClfRM X 21+.~JXAtt) -0.~XX(t)J 

ClB =C (CL~M/l)XC (#~M X l3 + 0.5)XX(E) -0.5XX(~)) 

Clt>S=CTR*Z4/Z2 

CRCI =Clb X R 
PRE-lOC CRC I =CRl.l K lb 
POST-10(. CRCl =tRtl x ll.0-Lb> 

CU&M =O&M OR C. ltl•l,/l2/tfltY~ 

CUMMENTS 
1977 DAlA ENlEREO ~UR CDL~~,tlC~R, A~O O&M ~ER~ 
~N&lNEcRING ~SlJMATE 

CDC:EP= 0 .00026 3 
cot: XP= 1.000000 
C IC:ER= 0.00!>8~0 
C lf;XP= 1.000000 
F\YE:AR= 1979 

Z!>= o.o Z6s 

1.1.9.l s.MILLIONS 

0.026 

0.012 

!>0.000 

i.ooo 

0.585 

) I Z3 o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

0.000225 0.005000 o.o 

o.o 



TA~LE 
ROC~wELl 5~~ CR-2 REFERENCE CONFIGURA11UN,lq80 

1.1.9.1.41 ~.T. - MA~TE~ CUNTRUL COMPUllR - IMS/COM 

INPU l PAR~Mt ltR~ INPUT tO~FFlCJENT~ 

T= 1000.00000 Tf= 1.000000 
I"\= ~00.000000 u~,,.:. o.o 

CF= 1.000000 l l:. l.000000 
PHI= 1.000000 l2:. b0.000000 

R= o.o l3:. o.o 
OF= 1. 00000 u Z4 = b0.000000 

CALtULATEO VALUlS ~b SUM 10 

CD=COCt~ X t1 X OFiXXlClltXPJ X Ct-

(LRM=ClCER X l~JXAlCJEXP) X Lf X T~ 
t:ld 
I 
N •RM =1 I M 
0 
0\ 

t: =l.O + LO~(PHI) I LObC2.0) 

CTFU=tCLRM I E)Xtt•RM X ll+.~)XXl~J -0.5XXC~)) 

ClR =tCCL~M/l)Xlt•RM X lj + O.~)XX(E) -0.5XX(~)) 

CIPS=Cl~*Z4/l2 

C~Cl =CTB X R 
PRt-lOC CRCl =CRll X lo 
PuST-101.. (.l<l.l :.\:IH • .l. X ll.C-Lt.) 

CO&~ =O&M OR tlb*Z~/l2/E~Y~ 

CO~MHH!> 
1977 UAlA ENlER~U t-OR coc.~~,CICER, A~D U&M wERE 

CDC.t:R= 
COEXP= 
Cl CER= 
CIEXP= 
BY EAR= 

Z5= o.o 

1.1.9.l 

) I Z3 

O.b33000 0.112000 

o.740blO 
o.~21000 
0.201240 
0.535000 

1979 
lb=-

$,MILLIONS 

27.076 

5.593 

2.000 

1.000 

11.186 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



1ABL£ 
ROt~WELL ~p~ CR-2 RE~~~ENCt: CONFlbURATlON,1980 

l.l.9.l.42 P.T. ~us CUHTROL U~ll 

INJ>l.Jl PARA~t: ll::R ~ INPUT CO~FFIClENTS 

l= 
M= 

CF= 
PHI= 

R= 
OF= 

170.0000CO 
~.ooooco 

1.000000 
1.000000 
o.o 
1.00000 0 

T f- = 
lJ&M: 
ll= 
t.l = 
l 3 = 
l~= 

1.000000 
o.o 
i.000000 

b0.000000 
o.o 

b0.000000 

C 'DC. E:R= 
COE XP= 
C ICER= 
C 1 EXJ-= 
B YEAR= 

Z5= O.O 

CALCULAlEU VALUlS l\b SUM TO 1.1 • 9 .1 

c:l 
I 

CO=COCER x tt X OF)XXlCOtXPI X C~ 

CLRM=ClCtR X CM)XXtCJEXPI X Lf X lF 

::5 •RM =l I M 
.....i 

t: ~1.0 • LUG(PHl) I LO~t2.0) 

CTFU=ttLRM I ~)X((#PM x ll+.~JXXll) -o.~xxtt:ll 

ClB =llCL~M/~)Xtt•RM A l ;j .. 0 • 5) )l.X ( 1E) -o. 5X x ( E) ) 

ClP5=CTP*Z4/l2 

CRCI =ClB X R 
PRf-IOC CRC1 =CRCI ~ l~ 

PUST-lOC CRll =CK~! X tl.~-le) 

CU&M =O&M OR tlb•l~/l2/tNVR 

COMMENlS 
l97"1 0AlA ENT~RED FLR CD(fQ,(lCFRt A~D U&M ~ERE 

) I l3 

0 .102000 0.069000 

0.119340 
0.879000 
0.080130 
0.557000 

1979 
lb= 

$,MILLIONS 

10.898 

34.000 

1.000 

o.o 

0.198 

6.727 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



lABU. 
RU(~WELL ~~5 CR-2 ~EFERENCE CONFIGURATION,1980 

1.1.Q.l.43 ~.T. - MlCRUPRGCESSUR~ - IMS/COM 

l "4 I-' lJ 1 I> AR AM t H· R ~ INPUT COEFFltlENTS 

T= lSO.uOOOOO TF:. 
M:. s.000000 Li&M:. 

CF= l .OOOOOC ll= 
Pnl= 1.000000 ll:. 

R= o.o l3= 
(JF:. 1. OCIOO 0 0 l4=-

CALCULATED VALUtS IC.b 

Cl>=C DCER X (1 X DFJXX(COtXPJ x ct-

~ CLRM=ClCt~ X lM)~XtClf~~) X CF X TF 
I 

N 
o t'l_, =1 I M 
00 

E :.l.C + LUGCPhl) I LOGt2.0J 

1.000000 
o.o 
1.000000 

b0.000000 
o.o 

b0.000000 

SUM 10 

CT~U=ltLRM I E)X(C~RM X Ll+.~JXXtt) -G.~XXCEJ) 

Cl~ =CttLRM/f)Xll•RM X lj ~ O.S)XX(f.) -0.5XX(~)) 

CiPS=Cl~*l4/Z2 

CRCI =Clb X R 
1-'RE-IUC CRCl =CRCI X Lb 
PUST-lOt ~RCJ :.(.R~! X &l.C-Lb) 

CO&M =O&M UR tl~•l~/Z2/E~t~ 

COllll~ENl~ 
1~77 uATA tNl~~E~ FU~ CDtf~,CltER, •ND OtM w~RE 

0 

CDCtR= 0.119340 
CDEX.P= 0 • tt 7«J 00 0 
C ICER= 0.080730 
CIEXP= 0 .557000 
~Yf:AR= 1979 

Z5= o.o lb= 

1.1.9.1 f,MILLIONS 

9.763 

0.198 

30.000 

1.000 

5.936 

) I Z3 o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

0.102000 0.069000 o.o 

o.o 



TABLE 
ROCKWELL s~~ c~-2 KE+tRENCE CO,.,,FIGURAllON,l91!JO 

1.1.q.l.44 ;.>.T. - ~t:MOlE ''C.U & CCJ1dROL - IMS/tOM 

INPUl PARAMt TER!> INPUT COEFFICIE~TS 

T= l~O.OuOOOO TF:. 1.000000 CDC ER= 0.119340 
M:. ~.000000 lJ&M;. o.o C DE JCP= 0.879000 

CF= 1.000000 ll= 1.000000 C ll CE:R:. 0.080730 
Pt-ti= 1.000000 l2= b0.000000 C ll EXP= o.ss7ooo 

R= o.o l3= o.o ~ YEARz 1979 
O~= 0.100000 L4= b0.000000 l~= o.o lb= 

CALCULATED VALUlS M.:i SLIM 10 1.1.9.1 5,MtLLlONS 

C.O=COCt:R x (l X OF ) XX ( C D E:. >.P ) x c~ l.588 

CLR M=Cl C tR >l (M)XXIClEXPJ X CF X lF 0.198 
b;j 

,!., #q,M =1 I M 38.000 
0 
\0 

t =1.0 + LUG(PHI) I L0bt2.CJ 1.000 

CTFU=C~LRM I t)XCC•RM x ll+.5)XX(t) -0.5XX(t)J 7.519 

Cle =ttCL~M/ltX(C~~M X l3 + 0.5)XXlf) -0.~XX(C)) ) / 23 o.o 

C1PS:CT~*l4/Z2 o.o 

CRC.l =CT8 x ~ o.o 
t'R~-IUC C.RCI =CRCI X lo o.o 
POST-lOC \..~\..l =CRC. l X ll.C-lb) o.o 

C.Ut. "I :.Q&M UR Llb•Zj1l2/~~YR o.o 
CUMMf:NlS 

}Q77 UATA ENTERED FOR COC.t~tCICER, A~O O&M ~ERE 0.102000 o.obqooo o.o 

o.o 



TABLE 
RU(~WtLl SP~ CR-2 REFtRENCE CONFl&URATlON,1980 

l.l.9.l.45 ~.T. - SueMUlllPLEXER - IMS/CUM 

lNt>Ul PARAMt ftRS INPUT COEFFltlENTS 

o;I 
I 

T= 3300.00000 TF:. 
M= 3.000000 L£M=-

C.f= l .OOOCOC ll= 
PHI= l.OOOOOC Li.=-

R= 0 .o l3=-
OF:. 0.020000 L4:. 

CALCULAlEO ~ALUES ~b 

CD=COCER x t l X OF)XXCCOtJtPI x Cf-

Ci.RM:.ClCtR X lM)XXtClcXP) X tf· X lF 

l.000000 
o.o 
i.000000 

b0.000000 
c.o 

60.000000 

SUM TO 

N -~M =T / M ..... 
0 

E: =-1.0 + LUGC~nll I LObt2.0I 

CTfU=CtLRM I t)X((~~M X Zl+.~IXXtt) -0.~XX(t)) 

ClB =-ClCl~M/t)X((~RM X z 3 ... c • 5 , x )( ( '= ) -o • 5 xx ( s: ) ) 

CIPS=CTA*l4/l2 

CRCI =-tlb x R 
PRf-luC CRC.I :.(kLI x Lb 
PUST-JO(; tRCl =<.R~l A tl.0-Lb) 

CO&M =U&M OR t.TH*Z5/l2/1:"4YR 

CO.,,ME.-Nl5 
iG77 UAlA ENlEREO ~0~ CUL~~,Clt~R, AND U&M NER~ 

COCER= 
CDEXP= 
C ICER::: 
CI EXP= 
BY EAR: 

Z5= o.o 

1.1.q.1 

) I Z~ 

0 .102000 O.Ot>9000 

0.119340 
o.s-ICJOOO 
0.080130 
0.557000 

1979 
lb= 

S,MlLLIONS 

4.744 

0.149 

1100.000 

l.000 

163.151 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



TABLE 
ROC!'.wl:Ll SJ-'~ CR-L REH:RENCl: CONFlbURATlUN,19,BO 

l.l.9.l.tt6 .-.T. - 1"4SlRuMEN1ATlON - lMS/C.OM 

lNPUl PM<AME:lt:R~ INPUT COEfFI~lENTS 

l= 
M:. 

CF= 
Pt-tl = 

R= 
OF= 

10000. 0000 
0.014100 
1.000000 
1.000000 
o.o 
1.000000 

TF:. 
1.£. M:. 
Ll= 
l2= 
l3 =
l4= 

1.000000 
o.o 
1.000000 

b0.000000 
o.o 

bO.CiOOOOO 

CDC ER= 
C l)E XP= 
C:ICER= 
Cl EXP= 
~ 'f E:AR= 

Z5= O.O 

0.000117 
1.000000 
0.000468 
1.000000 

1979 
Z6= 

C•LC.ULATED ~ALuE~ Kb SUM TU 1.1.9.l $,MILLIONS 

CD=CDCl:R X (IX C:FJXX(COlJlP) X Cf-

C.LRM=-CiCE:R X CM)XXCClt:XP) X Cf- X Tf 
~ 

~ •RM =T I M 
I-' 
I-' 

t: =l.O + LOGCPhl) I LOGC2.0J 

ClFU=CCLRM I t)Xtl#R~ A Zl+.,)XXlt) -o~~xxCEJ> 

ClB =lCCL~M/EJXCC•QM X l~ + 0.5)XX(f) -0.5XX(f)) 

C!t>S=ClB*l4/l~ 

CRCl =CTB :X R 
~R~-JUC CPCI =CRCJ ~ Lb 
POSl-lOC LRCI :.C.RCl X ll.n-Lb) 

CU&~ :.ut.M UR c.n·•l~/Ll/tl\iYR 

CUMMENl~ 
1977 OAlA ENTERlU Fuk cu~~~,LJLER, AND U&M ~ERE 

M = A~PRUX MASS ~l:R ~lNSuR 

1349~2.687 

1.000 

It I Z3 

o.0001c10 0.000400 o.o 

1.170 

o.ooo 

4.680 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



TAR Lt 
k~LKWtLL s~s Ck-2 kEfERENtt CONFlGURAllON,1980 

l.l.9.l.47 .... t. - (A~Lt:S & t1AR"4t::SS - IMS/CUM 

llllf'U-f PARAi'lt:ltRS INPUl COEFFICI~NlS 

T= 
~= 

CF= 
f'Hl= 

R= 
Df-= 

lObC.O.O".JOO 
225.000000 

1.000000 
1. ocooo 0 
o.o 
1. 000000 

f F =-
U& M :

Ll= 
l°£=
l3= 
l4= 

1.000000 
c.o 
1.000000 

60.000000 
o.o 

b0.000000 

CDCi:R= 
CDfXP= 
C lC. ER= 
C lE){P: 
BV'El~= 

Z~= O.O 

CAllULAltO VALUE~ II.I.; ~UM TO 1.1.9.1 

t::d 
I 

tU=COCER X (1 X DF)XXCCU~XP) X Cf 

CL~M=CltE~ X lM)XXCtIEXP) X lf X lF 

~ •~M =T / M 
N 

t =l.O + LUb(PNl) / LObC2.L) 

CJFU=tCLRll1 I t:)XtHrR""I X i.l+.~).Jl.Jllt) -0.~1.X(t)) 

ClB :(((LRM/t)X(t•R~ X l~ ~ o.~)XX(E) -o.~XX(F)) 

l lPS =CT!j*Z4/ Ll 

C~CI =CH~ )( R 
PKf-IU~ L~Ll =-CK~l X lb 
PUST-lUC CRCJ =CRCl X ll.C-l6) 

lU&M =O&M OR ClB*L~/£2/t::NYR 

CU~MfNTS 
1977 UATA tNT~Rtu FOR CO~~R,LlC~~, AND O&M ~ERE 

) I l3 

o. 237000 0.000000 

0.2:77290 
0 .297000 
0.000070 
1.000000 

1979 
lb= 

$,MILLIONS 

47.111 

1.000 

o.o 

4.350 

0.010 

o. 744 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



TAB Lt 
RUC~~tll ~~~ C~-2 ~EfERENtE CONFlb~RAllON,1980 

l.l.9.1.~& ~.T. TRALKS ANLl ACLESSWAYS FOR ~W ANT 

lNPUl PAP.AMt ltRS INPUT CO~FFICI~NTS 

t:d 
I 

l= 12000.0000 1 f-;. 
M= 1000.0000C utM:.. 

c.,;: 1.000000 Ll= 
Pt1l= l.000000 l2:. 

R: o.o l 'A-... -
liF= c.-:,ooooc L4= 

CALLULATEO VALUES I<(; 

CD=COCt:R X &TX DF)X.lUC0£"P) X Cf 

CL~M=ClttR X tM)XXCCl~XP) X C~ X lF 

~ lf~M :. T ' "'1 
w 

t :.l.u + LUbl~~l) I Lubl2.v• 

1.000000 
o.o 
1.000000 

60.000000 
c.o 

t>0.000000 

~u"" ro 

Cl~U=(CLRM I f)XCC~RM ~ ll+.5)AXtE) -Ou5AXCt)) 

CT~ =Cl CL~"1/':: ))( C (#R"'I )l 13. o.~)XX(fJ -o.~XX(~)) 

C l1-'S=ClB•l4/ l2 

(.l(tl =Cl~ JI. R 
~~E-lu~ L~Ll =LR~l X Lb 
PUST-lOC CRCI =CRCi X ll.C-Z6J 

CO&M =U&M UR Clt*l~/£2/tNYR 

CUMMfNTS 

CDC ER= 
C (If XP= 
C lCfR= 
CI EXP= 
B'f'lAR= 

l !>= 

l.I.9.1 

I I Z?o 

1~77 UAfA ENTERt:U FUK CULER,LILE~, AND 0tM WERE 0.02j000 
MtMHER5 Al ANT~NNA F~R l~~T•LLATION, C/O, & VERlflCAllON 
UF 525v PUWER MUUULES 

0.020910 
0.800000 
0 .00005& 
1.000000 

1979 
o.o lb= 

s,MlLLlOl'tS 

28.342 

O.O~Ci 

12.000 

1.000 

o. 702 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

0.000050 o.o 

o.o 



lAliLE 
ROlKw~LL ~p~ ~R-2 RE~ERENC.f CO~FIGURAT10Ntl980 

1.1.9.1.49 P.T. l'Nl. Mw Ll~lS - l~STALL & C/O EQUIP. 

lNPt.J"I PARA!"!t ltR~ INPUT COEFFICIENTS 

T:. 15000.0C;OO 
M= 1000.00000 

CF= 1.500000 
PHI= 1.00000 e 

R= o.o 
OF= 1.000000 

TF ~ 
lJf. M;.. 

ll= 
L .,_ 

'" -
Z3= 
L4= 

1.000000 
o.o 
1.000000 

t>u.000000 
o.o 

bC.000000 

CUC ER:. 
CDf:XP= 
CIC.E:R= 
CI t.ic.P= 
B YEAR= 

Z5= O.O 

CALCULAttD VALUtS l\b SUM T 0 1 • 1 • 9 • 1 

tJj 
I 

CU=CDCER X (1 X OF)XXtCLJl::XP) X Ct-· 

CL'Hit=l..ICf::~ X (M)XX(CIEXP) X C.t- X Tf 

~ •~M : r I M 
~ 

t =l.O + LUG(PHI) / LO~t2.0) 

~lFU=-tCLRM I ~JX((-RM x Ll+.~JX~·~· -o.~xxttJ) 

l.18 =llC.LRM/t)X(l#~M A Z3 + O.S)AX(t) -0.5XX(I:::)) 

{.Jf)S=CTB•L4/L2 

CRtJ =Cle. X R 
!JRE:-lUC CRC I =CRC I " lf. 
~uST-lOC CRCl =CRl.l X tl.O-Lb) 

CU&M =UtM u~ Clr•£5/L2/~~YR 

tUMMt:i-.TS 

) / Z3 

0.182520 
0.511000 
0.118170 
0.355000 

1979 
lb: 

S,MllllONS 

37.272 

2.059 

15.000 

1.000 

30.881 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

1977 DATA tNltQtu F8R COCtR,ClCt~, AND U&M ~~RE 0.156000 0.101000 O.O 
t:ONV EYUR~, PUS l T ION 1 N& ~ l kt.JC l uRES, J.~S TALL41l01\1 ANO C/O t:OU l PMi::N T TO 

SUt' ... OR"J ANT~""'A K.Jwl:R MO(JUU: A5~E!"'IBL'f 

o.o 



TABLE 
ROl.IC.WEll S.,S l,t--2 Rt:Fl::RENC.E: CONFIGURAIJON,1980 

1.1.9.l.l ~RECURSUR SlS l~ANSPORlATION 

lNPLll PARAMflE~~ INPUT CO~FFICIENlS 

T= 11'~. ooooou IF:. l.000000 CDCtR= 
M= 1.000000 (J~M= o.o COE:Xf'= 

CF= 1.000000 Ll= 1.000000 CIC.ER= 
PHI= 1.000000 l2= 60.000000 CI E: XP= 

R= o.o l~= o.o BY EAR= 
OF= 1.000000 Z4= b0.000000 l!>= o.o 

lALCULAlEU ~ALUl~ f-Llbnl SUM TO 1.1.9.2 

td 
I 

Cl1=COl..FR-" (l X OF)XX(CDf.XP) X Ct-

CL.RM=CIC£:R X lMIXX(Clt:XP) X Ct-- X H· 

~ #R.., :T I M 
\J1 

I: =l.O + LOb(~Hl) I LU~l2.0) 

llFU=ftLRM I f)Xll#RM X ll+.~jAXft) -0.5XXlt)I 

Cl~ :(((LRM/t)X(t#~M X l~ + O.!:;)>tXlt:) -0.5XXH)) 

C!f'S=C.TB*l4/L2 

CRC l =C 1 B X R 
~RE-lot CACI =CRLi x z~ 

PO~T-ICJC LRCI =C.RCJ ~ ll.0-Lb) 

(ULM =O&M UR ll~*l~/Li/~NYR 

CUMMtNT~ 

1~11 OAlA ENlEREU FuR CDl.E~,ClCER, ANO U&M ~eR~ 
$27 MILLION P!-R STS Rl ~Lll;hl lU !.UPPURl PRS:.CUR5~ 

lNl.LUUlN(; Vf::HlC.U·S .. t. f'ER~NM:L FLlbHTS &. 113 (ARbO 

J I l3 

o.o 23.07b99b 
AC1IVl1Y(7Q DOLL•RS) 
FL lbHT S. 

o.o 
o.o 

27.00007b 
1.000000 

1979 
2.6= 

s,MlLLIONS 

o.o 

27.000 

119.000 

1.000 

3213.010 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



l A~lf 
R.CJCt<,.w~Ll ~t"~ C.R-2 REFERE1'4Cf CONFll>URATlON,1980 

1.1.Q.2.2 ~RECURSUR CONSlR~(TJON CREw 

J~,_ul PAk,.ME lfl<S INPUT CUEFFIClENlS 

~ 
1 

f= 90.000000 1 t= = 
M= '10.00000(' U&M: 

Cf= i.oocooo ll= 
Ptil= 1.000000 l2= 

R= o.o L. j:. 
OF= l.OOOOOl l4= 

CALCULATEU VALU~~ (. >t t." 

Cll=CDCt:R X tl X UF>xxtCUtJli>) X Cf 

CLRM=CJCc~ X tM)XXICltA.PJ X LI- X. TF 

N •RM =T I M I-' 
O' 

~ =l.C + LO&tPhl) I l0bt2.C> 

1.000000 
0 .Ci 
1.000000 

b0.000000 
o.o 

bu.C>OJOOO 

SLIM ro 

tJ.=.u:tC.LR~ I t>XtCllllR"I X .ll+.~11.X'tJ -0.51.XCtJI 

(18 =-lltl~M/l)X((•~M X l3 ~ C.5)X(C~» -0.5.XXlf)) 

ClPS=CTA*Z4/Z2 

CR.Cl =lltj )I R 
.-RJ:-11.JC CR.Cl =C.Rll .< Lt· 
~LiST-IUC C.Rl.l 4..kC.l X 11.0-Lb) 

LO~M =U&M OR. Ll~•Z~/l2/t~1P 

Cufloi!M~Nl~ 

CD(ER= 
CDt XP= 
CIC !::R= 
ClE:Xt:'= 
BYE:AR= 

Z5= O.CI 

i.1.q.2 

) I l3 

1971 UAIA E~l~~~u ~Uk COtt~,LlC.~~, AND U&M w~RE O.O O.Ob2400 
AV~lhGf PRfC.Ut<.SUR \..Rr:w l.lt- '10 "\F,.. iJuR!NG 12 MuNTH LEO CUNSTRuCTJON 
ACllVJTY 

o.o 
fj. \) 

0.073008 
1.000000 

1979 
lb= 

$,MILLJUN~ 

o.o 

6.571 

1.000 

l.000 

b.571 

o.o 

o. 0 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



TAl:!LE 
ROtKwEll ~~~ CR-2 RtfER~NCE CONFIGURAllONtlqeo 

1.1.9.~.3 ~RE(UkSU~ G~U lEST ACTIVIJY 

1"4PU1 PAR#IM~H:RS INPUT COEFFltlENTS 

T= 20.000000 TF= 1.000000 CCIC. EP= 
M= 20.cooooc:.. U&l"I:. o.o CDtXP= 

CF: l.GOOOOO l 1 =- 1.000000 CJC.ER= 
PHJ= 1.000000 l2= t>0.000000 Cl EXP= 

R= o.o l3=- o.o B'Y'f:AR= 
Of= 1.000000 l't:. b0.000000 Z5= o.o 

CALCULAlEO VALuts bRU.CR Ew SUM 10 1.1.9.2 

CU=CUCtR X (1 X DFIXX(COfXP) X CF 

CU~M:ClC.l:R Jl tMJXX(ClE:X~) .II. C.f X lF 
ti:! 

~ ~P~M =T I M ...... 
....... 

t :1.0 + LUGCPttl) I LO&f2.0J 

C.T~U=(CLRM I E)X((*~M x Zl+.~JXXttJ -o.~xxtt)) 

C.lH =CCCLqM/l:))(((#RM Jl l3 • 0.5JXX(~) -0.5~XCE)) 

CtPS=CTP•l4/l2 

CRCJ :(Tb X R 
~RE-lUC CRCJ =-CRtl X l6 
POST-10(. <..RVI ::.CR1..l 1' ll.O-lb) 

CutM =O&~ OR Clb*l~/l£/t~1R 

CO"'IMENTS 

I I l3 

1q77 OATA ENJEf(ElJ FU!( (.i.)(.~,(.IC.ER, ANO G&.M wfR-: o.c o.025640 
,.,A~J'U~fl< Rfl.,tUlKfM~1'4l·\ FUR AVt.--RAGE t' MO,,.H1 PRECU!otSUR Gl(OIJND lEST ANO 
UPt:RAl'iUN~ .A(l!VlTV wlTH ~!:CUR!:iOR Al GEO. 

o.o 
o.o 
0.029999 
1.000000 

1979 
lbs. 

$,MILLIONS 

o.o 

O.bOO 

i.ooo 

1.000 

0.600 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



TAtiLE 
ROC.~w~Ll SP~ CR-2 R~t-ERENCf CCNFlbURATION,1980 

1.1.9.~.~ ~RElu~SUR ~R~PELLANl 

lf'lPu T PAR1-ME 1 tR!) lNPUl tOEFFltlENTS 

T= l. 00000 (' TF= i.000000 CDC.ER= 
M= i .000000 CJ&!l'I:. o.o COtXP= 

Ct-= l .000000 l l=- l.000000 CICfR= 
PHJ:. i .000000 l2:. b0.000000 Cli:Xf'= 

R= o.o l3= o.o BY E:AR= 
OF= 1.00000(; l4= b0.000000 Z5= o.o 

CALC~L~lEU vALUfS 11.l.7 SUM 10 1.1.9.2 

CO=CDCt:R X t1 X Ot-)XX(COt.AP) X Ct-

CLRM=C.H.ER X CM)XXCCJEXP) X Cf X TF 
c:t 
I 

N •qM =1 I '"' 
I-' 
00 

E =1.0 • LUGfPHJ) I L0bl2.0> 

CTFU=lCLR~ I E)XlC•RM X Zl•.~IXXlt:) -0.~XX(tJJ 

ClB =llCLRM/l)XlC~RM X l3 ~ 0.5)XXI~) -0.5XX(E)) ) I Z3 

CIPS=CTR*l4/l2 

CR.Cl =CTb X R 
PR~-lUC tRCl =CRtl X lb 
PuST-lOl ~Rll =C.Rl.l x \l.f:-Lo) 

CO&M =UtM OR Cln*l~/22/t~VR 

C.OMM~Nl S 
iQ17 0A1A ENTER.ED f~~ CUC~R,LlCER, AND GtM ~ERE O.C 0.8b4000 
OPERAT10"45 A!'40 lf:ST PkOPl'.LLAf'tl Ul/~(:,-19-11)=$1.l-1/ll.b lt-.1 ~b4000 tt.G 

pQt;:(..U~5lJQ. Rt'-iulRt:Mt~ t. 

o.o 
o.o 
1.010880 
i.000000 

1979 
lb: 

St MILLIONS 

o.o 

i.011 

i.ooo 

i.ooo 

1.011 

o.o 

o.c 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



1.1.9.3 GROUND RECEIVING FACILITY 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

Rockwell 
International 

This element covers a ground receiving facility for microwave power recep
tion during test and operational phases of the proof-of-concept/test article 
program. 

Figure 1.1-11 illustrates a typical concept for the ground receiving 
facility. It is about the size of one-half the area of a football field. 
Rectenna panels are comprised of dipoles, appropriately spaced, on a ground 
plane of wire mesh builder's "cloth." 

An engineering estimate is presented in Table 1.1.9.3 considering that 
DDT&E for this facility is included in the research and development program. 

RECTfNNA PANEL! 

BEAMS INCIDENT NORMAU.Y ON GROUND FROM ALTITUDE 368 km 

• BEAMS FOCUSED 
AT R • 482 km liO m ---

•UNIFORM 
I U.UM I NA Tl ON 

• 125 W/~ RF P11NER 
DENSITY IN EACH 
ARRAY 

• 2.25 MW TOTAL 66 m 
RADIATED P<1NER 

I - -- -- ·- -I 

I I 

:~ /: 
I E-W ARRAY I 

NUU lll'£S 

TOTAL P11NER ~ 
WITHIN Z.9W/m< 
CONTOUR ·18.8 kW 
Willi DIKNSIONS 
-66 m x 66 m 

N-S ARRAY 
NUU. Lll'£S 

CONTOUR DENSITY 
LEVELS IN WATI'S/nf 

Figure 1.1-11. Ground Receiving Facility 
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RUtKwtLL ~~~ CR-2 qt~ERENCE CONFlbURAllON,1980 
TAR LE 1.1.9.3 ~RELURSUk GROUN~ RELEIVING fAtlLllV 

INPUt PARAMt ltl(S lNPUl CO~fFltltNTS 

T:. 1.oooooc. TF:. 1.000000 CDCE:R= 
M;. l .OOOOOG L&M=- o.o CDEXf.>= 

LF=- 1.00000 0 l 1 :.. 1.000000 CICER= 
Pt;I:. 1.000000 l2= 60.000000 Clt:XP= 

R= o.o L~--' - o.o BYtAR: 
Of-:. 1.000000 L4= 00.000000 l!>= o.o 

CALlULAltU VALU~S FAC1Ll1V SUM TO 1.1.9 

CO=-CDCER X Cl X DF)XJltCOl:)IP) )(CF 

CLRM=CJCfR A (M)XXfCl~XPJ X (~ A lF 
~ 

~ #RM =T I M 
N 
0 

t =l.v + LOGl~ttl) I L0bt2.0J 

tTFU:(CLRM I t)X(l#RM A ll+.~JXXCE) -0.5XX(t•) 

Cl~ :CtCL~M/clXC(#RM X L3 • C.~JXX(E) -0.5XX(f)) 

CIPS=ClB*l4/L2 

CRtl =Clfj X R 
P~E-lUC LRLI =~R~l X lb 
PuST-lOC CRCl =-CRCI X (l.O-ZbJ 

C~&M =-U&M UR CTb•l5tl2/tNYR 

CLlMME:NTS 

) I l3 

1977 UAl~ t~TtREO ~Ok LULfR,~ILEk, AND UtM wERE C.O 4.273500 
l::NblNEE:RlNC> E:Slll"l~TE. UDl&t t-OR PRE:CUR!>lJR RECTE!lt1"4A lNLLLIDEO IN GAfO 
PRUbRAM 

o.o 
o. (j 
't.99999~ 

1.000000 
1979 

Z6= 

51MlLLlONS 

o.o 

5.000 

1.000 

1.000 

s.ooo 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.2 SPACE CONSTRUCTION AND SUPPORT 

41~ Rockwell 
P.~ International 

This element includes all hardware and activities/operations required to 
fabricate, assemble, checkout, operate and maintain the satellite system and 
supporting elements of the space segment. Included are logistic support 
facilities and operations, construction base and operations, and operations/ 
maintenance requirements. 

The updated Rockwell SPS Reference Configuration~l980 is used as the base
line concept for development of cost and programmatic information. As indicated 
in previous sections, four other concepts were studied and defined for purposes 
of establishing cost estimates including those of required construction and 
support equipment unique to these particular designs. A summary of cost 
estimates for these configurations is presented in Table 1.2-1. 

Table 1.2-1. Investment Costs for Space 
Construction and Support Equipment 

1979 DOLLARS x 106 

SPS INVESTMENT RCl/O&M 
SPS SATELLITE CONCEPT OPTION PER 

( 1980) QUANTITY SATELLITE PRE-IOC 

ROCKWELL SPS CR-2 REFERENCE 
CONFIGURATION (3-TROUGH/ 60 $209.874 $ 8.044 PLANAR/KLYSTRON) SATELLITE 
MASS (DRY)~25.306xl0 6 kg 

SPS CR-2 MAGNETRON CONFIG-
URATION (3-TROUGH/PLANAR) 

54 225. 611 10.453 SATELLITE MASS (DRY)~ 
21.44x10 6 kg 

DUAL END-MOUNTED ANTENNA 
CR-2 SPS (3-TROUGH/PLANAR/ 58 214.741 8.325 cn1 In CTl'.TC'\ C/\TC'll ITC' M/\C:C: 
... vi... I ....... In I~, ._,r;, I 1...1... ._ I I ._ r ,,--,..,,, .., 

(DRY)~31,978xl0 6 kg 

SOLID-STATE SANDWICH CONFIG-
URATION CR-5 (DUAL ANTENNA 125 107.426 6.080 AND REFLECTORS~GaAs) 
SATELLITE MASS (DRY)~ 
16.423x10 6 kg 

SOLID-STATE SANDWICH CONFIG-
URATION CR-5 (DUAL ANTENNA 98 137.024 7. 120 AND REFLECTORS~MBG) 
SATELLITE MASS (DRY)~ 
13.109x106 kg 

PER SAT. YR. 

POST-IOC 

$ 30.762 

31. 170 

31. 098 

25.523 

26.503 

An overall scenario of construction sequences leading to the first 
operational SPS satellite is shown in Figure 1.2-1. The initial step is to 
establish a LEO Station for the fabrication of a construction fixture to build 
the SCB. Crew and materials would be transported to LEO by the STS HLLV with 
liquid rocket boosters. Cost estimates on the STS growth vehicle for personnel 
and a derivative vehicle for cargo are presented in Section 1.3.3. Shuttle 
external tanks from the use of these vehicles would be delivered to LEO and 
combined to form a construction fixture for the SCB. 
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Space Operations and 
Satellite Systems Division 

Space Systems Group 

Rockwell 
International 

After SCB construction, one of its first functional requirements would be 
to fabricate EOTV's that will serve as the vehicle for LEO-GEO cargo transfer 
and the movement of this base to its operational location in GEO. Once in GEO, 
the SCB would be outfitted for construction of a first satellite. As the SPS
HLLV is scheduled for availability when the SCB is completed, this vehicle 
would be used to deliver masses to LEO for EOTV and SPS satellite construction. 
During the 30 year satellite construction period, the SPS-HLLV will become the 
transportation element for delivering construction mass and personnel to LEO. 

The energy conversion segment of the satellite structure is constructed 
by the integrated SCB in a single pass. Satellite longerons of a length suf
ficient to connect the triangular frames of the slip ring support structure 
are fabricated, followed by construction of the slip ring interface structure, 
and the first satellite structure frame. The SCB then proceeds to fabricate/ 
install the remainder of the satellite structure and solar converter. Con
struction of the slip rings, and yoke (interface) takes place concurrently 
using free flying fabrication facilities to support this building process 
(Figure 1. 2-2). 

Figure 1.2-2. Antenna Supporting Structure Assembly Sequence 

The following pages of this report describe facilities/equipment, and 
operations required for construction of space segment elements covering the 
elements of work, crew, and operational needs during the SPS program. 
Section 1.2.1 deals with construction related facilities and crew/operations; 
and Section 1.2.2 deals with work and crew requirements of the LEO logistics 
base. Operations and maintenance of the satellite including replacement 
capital materials/systems, after SPS-IOC, is included in Section 1.2.3. 
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Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.2.1 CONSTRUCTION FACILITIES 

Rockwell 
International 

This element includes the facilities, equipment, and operations required 
to fabricate, assemble, and checkout the satellite system. Specifically included 
are crew support facilities, the SCB and central control facility, fabrication 
and assembly equipment/facilities, cargo depots, and crew/provisions during con
struction. 

Satellites are constructed in GEO at its designated longitudinal location. 
The SCB supports construction of two satellites per year during the program and 
serves as headquarters for operations and maintenance activities necessary to 
support the satellite. 

The SCB is constructed of composites and consists of the fabrication 
fixture, construction equipment, and base support facilities. It is in the 
form of three troughs, corresponding to the satellite configuration and permits 
simultaneous construction of all troughs. Additional structural members are 
located in the middle trough to support fabrication of rotary joint and antenna 
structures. Figure 1.2-3 illustrates the construction base and shows the 
location of work and crew facilities. 

SCB fabrication fixture assembly and support equipment, and crew/work 
modules are itemized in Table 1.2-2. Modules used to support crew/work 
activities are of various internal configurations to accommodate specific 
functional requirements. All modules are of the same diameter and most are 
of the same length, their dimensions and mass being in compliance with space 
transportation system constraints. Modules are located on the fab fixture 
along with SCB assembly and support equipment. 

The Airlock Docking Module (ADM) is used to join other base modules to 
provide docking accommodations for other elements such as crew transport modules, 
consumables logistics modules (CLM) and intra-base logistics vehicles, and for 
transfer of opersonnel and equipment between different pressure environments. 
The Crew Habitability Module (CHM) provides stateroom and personal hygiene 
facilities, and support systems for 24 to 30 crew members. The Base Management 
Module (BMM) houses operational communications and control systems for the base. 
Power Modules (PM) are photovoltaic power systems (collectors, converters, con
ditioners, and storage) which support all base power requirements. Pressurized 
Storage Modules (PSM) provide an area for storage and workshop accommodations. 
Shielding (SHD) is provided in selected modules to protect against solar flare 
radiation. A Crew Support Module (CSM) provides the galley, recreational and 
medical facilities and support subsystems. 

1.2.1.1 WORK SUPPORT FACILITIES~SCB 

This element includes work facilities and equipment required for satellite 
fabrication, assembly, and checkout. Included are beam fabricators, manipulators, 
assembly jigs, installation and deployment equipment, and cargo storage depots. 
Excluded are the facilities related to crew support. 
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Space Operations and 
Satellite Systems Division 

Space Systems Group 

Table 1.2-2. Construction Facilities 

SYSTEM DESCRIPTION 

WORK SUPPORT FACILITIES (1.2.1. 1) 

BEAM MACHINE 
BEAM MACHINE CASSETTES 
CABLE ATTACHMENT MACHINES 
REMOTE MANIPULATOR 
SOLAR BLANKET DISPENSER MACHINE 
SOLAR BLANKET CASSETTES 
REFLECTOR DISPENSER MACHINES 
REFLECTOR CASSETTES 
CABLE/CATENARY DISPENSERS 
ANTENNA PANEL INSTALLATION EQUIPMENT 
GANTRY/CRANES 
CARGO STORAGE DEPOT 
SCB FABRICATION FIXTURE 
AIRLOCK DOCKING MODULE 
BASE MANAGEMENT MODULE 
POWER MODULE 
PRESSURIZED STORAGE MODULE 

CREW SUPPORT FACILITIES (1.2.1 .2) 

AIRLOCK DOCKING MODULE 
CREW HABITABILITY MODULE 
CONSUMABLES LOGISTICS MODULE 
SHIELDING 
CREW SUPPORT MODULE 

QUANTITY 
FOR 

CONSTRUCTION 

198 
1206 

78 
55 
78 

1560 
6 

120 
84 

1 
12 
4 
1 

17 
4 
4 
4 

5 
17 
9 
8 
3 

Rockwell 
International 

Modules associated with work support activities include the ADM-17 units, 
BMM-4 modules, PM-4 units, and PSM-4 modules. CER's used for these modules 
were based on Rockwell Space Station studies. 

All SPS unique fabrication/orbital construction assembly and support equip
ment is included in this section (reference Table 1.2-2). Included are the tri
beam fabricators, cable attachment machines, solar blanket/concentratc1r dispens
ing machines, and antenna panel installation equipmt>nt. Each of thes(' 
requirements were analyzed for equipment usage, replacement factors, Cl&M, and 
projected costs based on engineering estimates of dvsign characteristics. The 
items of assembly and support equipment and base modules remain on tlw SCB as 
it transfers from one construction site to another. 

1.2.1.2 CREW SUPPORT FACILITIES - SCB 

This element includes facilities and equipment required for life support 
and well-being of the crew members. Included are living quarters, ceutral 
control facilities, recreation facilities, and health facilities of the satel
lite construction base. Crew support facilities include 5 ADMs, 17 CHMs, 
9 CLMs, 8 shielding and 3 CSMs. 
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1.2.1.3 OPERATIONS 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~l~ Rockwell 
"'•~International 

This element includes the planning, development, and conduct of operations 
at the construction facility. It includes both direct and support personnel 
and expendable maintenance supplies for satellite assembly and checkout. 

This element has been divided into the subelements of operations and con
sumables where an average crew of 317 persons per shift is required to man the 
SCB over the normal six month fabrication period. A crew rotation is scheduled 
for every three months. Consumables for the SCB are calculated at 3.6 kg/person/ 
day. 

1.2.1.4 COST ESTIMATES 

Cost estimates for work and crew facilities, plus operations, are 
referenced in Table 1.2-3. 

Table 1.2-3. Construction Facility Estimates 

WBS TABLE NO's DESCRIPTION 

1.2.1.1.1 thru Work Support Facilities-SCB 
1.2.1.1.17 

1.2.1.2.1 thru Crew Support Facilities-SCB 
1.2.1.2.5 

1.2.1.3.1, SCB Operations 
1.2.1.3.2 .. . 
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RUl~~tLL SPS LR-2 RtFE:RENLt CONFlGURAllON,1980 

lABLE 1.2.1.1.1 HAM fwlACt"'IJNE: 

lNPUl PARAMtltRS lNPOl COEFFICIENTS 

T= 1. 000000 1 f:. 1.000000 CDC ER= 
M:. l .ocoooo U&"'l== 0.810810 CDEAP= 

Cf-= l. 00000 Ci ll= 198.000000 CIC ER= 
Phl= 0.950000 L2:. 60.000000 CI t:XP= 

R:. o.o L3= 198.000000 BYf:AR= 
l.JF:. 1. ooooc c l4 =- 19~.00000(J Z5= o.o 

CALLULAl~O VALUtS St: I SlJM TO 1.2.1.1 

Cu=CuC~R x tl ~ uF)XX(COtXP) x (f 

CLRM=-ClLcR X (M)XX((.t~AP) X Lf- X TF 
t:J:j 
I 

N •RM =l I M 
N 
CXl 

E :.}.0 + LUblPHI) I LUbtl.0) 

Llfu=tCLR~ I EJXl(#RM x Ll+.5)XX\t) -o.~xxtE•• 

Cl8 =lllLRM/l::)~(l•~M A 23 + O.~JO,(l:) -0.5XX(E:)) ) / 23 

Lll-1S=CT!:1•l4/l2 

lR(l =l.lA X R 
t>IU-IOC CRC I =C.RC l 1.. Lt:.> 
... uST-lUC. C.RCl =CRCl X ll.O-lb) 

C.0i~ =U~M UK C.1B•L5/t2/t~YR 

CUMMl::Nl5 
19-11 UAT~ ENll:~tD ~UR CDtt.~ 9 ClCf:~, AND lJ&M ~E:Rt Z.000000 0.700000 
2 MtlER bEAM MAC..HlNE:. ~. C.uST~ 8A:>ED ON NA~'1-15310. 30 YEAR Lift:: 
t-51A~L]~hf:D wilh "1Al~-tENAl";(t: AbAIN51 A 3 YEA~ FUL Tl!l4t StRVlCE/OUTY 
CVCU: 

2. 3't0000 
1.000000 
0.819000 
l .OOOOO<i 

1919 
lb= 

$,MILLION~ 

2.340 

0.819 

l.ooo 

0.926 

118.220 

0.591 

1.910 

o.o 
o.o 
o.o 

0.811 

0.693000 

1.000000 



TAblE 
ROCKwt:LL SPS cq_-~ ~tH.RENCt CONFlbURATHN,1980 

1.2.1.l.l oEAM MACtilNE: CA~1SETTES SET 

lNIJUl PARP.M~lERS INPUT COEFFICJENlS 

°" I 

T::. i.oooooc T~:: 

M= 1.000000 UG~ = 
(.F: 1.GCOOOO l l = 

Pt-ti= 0.950000 L?= 
R= O.bcbblO L°3= 

DF= 1.000000 l 4:. 

CALCULATED ~ALUt~ ~ t: 1 

(..l.J:Cl>t.-ER .>. tl )( OF)AXCC.DfXP) X C.f 

CL~M:CICt~ X (M)XX(Clt:AP) X (~ X lF 

1.000000 coi:.ER= 
l'.115704 COIEXP= 

llOb.OOJOO CICE:R= 
00.000000 CI EXP= 

3bl8.00000 BY EAR::: 
L412.00000 z5: o.o 

SUM TU 1.2.1.1 

~ ff~M =T I M 
\0 

f =l.O + Lul>(hdt I L0bt2.CJ 

LIFU:t(..LRM / ~JXC(,RM X Ll+.~IAXt~) -0.~AXCEll 

Clb ::.HCLRM/rJX((#~M X l3 + o.~)XXtt) -0.5XX(c)) 

l.1~S=Cll3 *Z4/ L2 

I.. RC. I =CJ B X P. 
PRE-lUC CRCl =-CRtl ~ lb 
PuST-lGC tRtl =CRCl X tl.0-Lb) 

LU&M =U&M UR tTR*l5/L2/~~y~ 

CUMMtNl~ 

) I 23 

1917 UAlA ENTERED FUR COLl~tL!C~R, AND U&M WERt: 0.800000 O.OOb200 
s~qyJC~/OUTY CYCLE u~ 3 YfAR~ wllh R~PLACfMENl f.VERY l~ YEARS. 
120e FUR kCl. z4~12oe sea Rf~UlR~MfNT PLUS 1206 ~01A110N 

0.93b000 
1.000000 
0.009594 
1.000000 

1979 
l6= 

SrMllllONS 

1.000 

0.9Zb 

0.936 

0.010 

7.389 

O.OOb 

0.227 

0.004 
0.004 
o.o 

Oallb 

0.098892 

1.000000 



TAl:ILE 
ROC~wELL SP~ CR-2 R~F~RENCE CONFlbURATlON,1980 

1.2.t.l.3 CABL~ AllACHMENl MACHIN~ 

lN~Ul PARAMETERS INPUT CO~FFl~lENTS 

T: 1.000000 1 f-:. 
M:. 1.000000 lJ&M: 

C.F=- l.OOOOOC L 1 :. 
Pt-11:. 0.9~0000 l 'l:. 

R= o.o l3= 
lJF:. l.OCOOOu [4;:;. 

CALCuLATED VALUE~ sf: 1 

CD=CDC!:R X Cl X OFJXX(COE:)PJ X Ct-

CLRM=ClCcR X tM)XXlClF•P) X tt- ~ TF 
b:j 
I 

N -~M =l I M 
l..t.J 
0 

t =l.O + LLlGCPHI) I l06t2.0) 

1.000000 
o.~2E:J15o 

18 .000000 
b0.000000 
78.000000 
·1ts .uooooo 

SUM TO 

CTFU=lCLRM I t)X((#RM x ZJ+.~)XXlt) -o.~xxtt)) 

Cf~ =tltLRM/~)Xtt•RM x l3 • 0.5)XX(~) -0.5XX(~)) 

C1PS=CTR*Z4/Z~ 

CRCl =CTB X R 
~R~-IOC tRLI =-CRCI X lb 
PUST-IOC ~RC! :.tRtl X ll.O-lo) 

tO~M =O&M l•~ (..Jt~•l~/L21't::Nfl"< 

CUMM~NlS 

CDC ER= 
CDEXP= 
CICER= 
CIEXPt 
RV EAR= 

l5= o.o 

1.2 .1.1 

) I Z3 

1977 ~AlA ENlERtu f-UR COCf~tCICfR, AND O&M wfRE 4.~00000 0.~00000 

~ERYICE/DUTY CYCLF Of- 3 YEAR~ wlTH 30 YEAR EQUl~MENT LIFE TlME 

5.031000 
1.000000 
O.Sb!>OOO 
1.000000 

1979 
?6= 

S 1 MlLLIONS 

5.031 

O. 58S 

1.000 

o.926 

35. 5-,6 

0.4~b 

0.593 

o.o 
o.o 
o.o 

0.228 

0.1950(.10 

1.000000 



TABLE 
RUC~WELl SP~ tR-2 REfERENCl CONFIGURAllON,1980 

1.2.1.1.~ REMUlt MA~IPULATUR 

lNPUl PARAME1ER5 INPUT COEFFICIENTS 

l= i.000000 TF:: 1.000000 CDCE:R= 
M= i.oooo~o U&!"I:;;. 0.360250 COt:XP= 

(. t-.:,;. t.00000(1 l 1:. 55.000000 C 1 C F.R::. 
Phl: 0.9li000<' l£'. = b0.000000 C 1 i~X~= 

R= 0.030600 l 3:. 110.000000 ~ Yt:AR: 
DF:. C. 5COOOC l4=- 5~.000000 Z5= o.o 

CALCULAJED VALuES SEl SuM TO 1.2.1.1 

CU=CDCtR X tl X OF)XXtCO~JP) X Cf 

CLRM:.ClC~R X lM)XXlClE~P) X t~ X lf 
ti:! 
~ ilRM =T I M 
VJ 
f-' 

t =-1.0 + LUG(PNl) / L0bt2.0) 

LTFU=tCLRM I E)Xtt#~M X Zl+.~)XXIE) -0.SXX(t)) 

ClB =C&CLRM/tJXIC•qM X l 3 + 0 • 5) XX tf) -0. 5X X t E) ) 

C IPS=CTi:-•Z4/Z2 

CRCl =CTb X R 
~Rt-lUC CRCI =CRCJ ~ lb 
POST-IOC <.;RC.I =<.RCl X tl.O-Lb) 

(.;UtM =u&M OR tl~•l~/L2/t~Y~ 

CUMMff\ilS 

) I Z3 

1977 OAlA fNlEREU FUR COt~R,CJCER, ANO O&M WERE b.88000C 1.119700 
SERVICE/DUTY CYCLE Of 7.5 Yf:ARS ll'llTH Llf~ Al 15 VEAR~ FOR RC.le 

8.049601 
1.000000 
l.310049 
1.000000 

1979 
Z6~ 

$,MILLIONS 

't.025 

l.:no 

1.000 

0.971 

65.929 

1.176 

1.078 

o.03e, 
o.036 
o.c 

0.360 

0.30790b 

1.000000 



TABLE 
ROC~wELl s~s (R-2 RE~ER~NCt CO~FlbURAlION,1980 

1.2.1.1.s BLAN~ll ulS~ENSE~ MACHINE 

I "I J>U l ~AR ~M l lt: R 5 INPUT COE:FFICIENTS 

b:l 
I 

l= i.oooooc TF= 
M: i.000000 OGM• 

CF= i .000000 ll= 
Pt11= G.96000f' l 2 =-

R= o.o l3= 
DF-= 1.000000 Z4= 

CALCULATED VALUl~ SEl 

CU=ClJCt~ X ( • X OF)XA(C!'tt:Xf') X C~ 

CLRM=ClCtR ~ fM)XXtCJEXP) X C~ X TF 

1.000000 
0.1~2!>20 

7i:j.QQOOOO 
b0.000000 
78.000000 
78.000000 

SUM lO 

~ •RM =T I M 
N 

t =l.O + LOGCPHI) I LObt~.O) 

ClfU=tLLRM I c)Xt(#~~ X Zl+.~JXXlt) -0.5XX(t)) 

C18 -tt~LRM/~JXCC•~M X Z3 + 0 .~)XX(f) -0.5XX(~)) 

f.1P5=CT~*Z4/Z2 

C~Cl =Clb '- R 
IJRJ:.-lUC tRCI =CRLI X lb 
PUSl-10~ ~~Cl =C.Rtl X tl.O-lcJ 

LU£M =-Ut~ UP t}b*l~/12/t~Yq 

C0114ME:Nl S 

CDC ER:. 
COEXP: 
CJ C~R= 
CIEXf':: 
BYE:AR= 

Z5:. 

1.2.1.1 

) I 23 

lq-n DAIA fNlERt:u fOR COLE:R,(..J(f:R, AND O&M w'!Rf 't.000000 
5t:RVICE/UIJTY CYCLf- Of 2.5 YF•~S "ITH 30 "fEAR LIFE FOR RCI 

o.o 

0.400000 

4.b80000 
1.000000 
0.4b8000 
1.000000 

1979 
Z6= 

s.MILLlONS 

4.680 

0.468 

i.ooo 

0.971 

33.076 

0.42't 

o.~~1 

o.o 
o.o 
o.o 

0.183 

C.156000 

1.000000 



TA!:jLE 
ROt~wELL SP~ CR-2 REFERENCE CONFlbURAllON,1980 

1.2.l.l.b ~ULAR ~LANKEl CASSE11E~ 

lNPUl PARAMtl~RS INPUT COEFFltllNlS 

t:d 
I 

T= 1.000000 TF: 
M= l. 00000 (; lJ&.1'11 = 

CF= l.i!>OvOO l 1 :. 
Phi= 1.000000 Li= 

R= 1.733330 l3= 
OF= 1.ocoooo l4= 

CALCULATEU VALutS SEl 

Cu=COCtR A (1 x Uf )XX(COEXP) ~ c~ 

CLRM=~lLtR X lM)XX(LlfAP) A (~ X TF 

i.000000 
o.1~0000 

l5b0 .00000 
00.000000 

6240.00000 
3120.00000 

SUM 10 

~ "4~M =T I M 
w 

t =l.O + LUGtPtil) / L0bf2.0) 

CTFU=lCLR~ I t)X((#RM A 21+.~JAXttJ -0.SXX(t)J 

(18 :.((CL~M/l)Xlt•~M X l3 + 0.5)X~(!::) -0.5XX(t:)) 

CIPS=CTA*Z4/Z2 

C~Cl =Clb X R 
PRf-lUC tRCI =CRCl X Lb 

~OST-IOC ~k~I :.C:Rtl ~ tl.0-Lb) 

Lu~~ =u&M Uk Llb*l~1l21t~Y~ 

COMM~NTS 

CDC:t:R= 
CDtXP= 
CI CfR= 
Cl rXf.'= 
BYIE:AR= 

2!>= o.o 

1.2.1.1 

) I Z3 

19?7 UAlA ~Nl~~Fu f0~ CU(~~,tlC~R, AND u&M ~~RE o.eooooo 0.010000 
~fRVlLf/UUTY CYCLE Al 2.~ YEAKS ~llH 10 YEA~ LIFE. 3120 FUk Rtl. 
Z4=1560 fOR ~ce AND 1~60 t-OR ~UlATJON 

0.936000 
1.000000 
0.011100 
1.000000 

1979 
Z6z-

s.MllLIONS 

1.170 

0.015 

1.000 

1.000 

22.815 

0.015 

0.7ol 

0.025 
0.025 
o.o 

0.156 

0.133333 

1.000000 



TA8LE 
RULKwELL ~~~ CR-2 ~E:t-fqENCE CONFlbURATlON,1980 

t.2.1.t.7 ~~FL~tTOk OlSPENSER MACHINE 

IN PU 1 PAR I-Mt: ftR~ INPUT COtFFICIE:NTS 

ti::! 
I 

l= 1.0(10000 TF= 
M= 1.000000 L!&M= 

C. F=- 1. 000000 l .l:. 
PHI=- 0.980000 l2= 

R= o.c l3= 
Dt-= 1.00000(.1 l4=-

(Al(UlAltD VALUES S!:l 

CO=COCER X &l X OF)XXtCUE~P) X CF 

CLRM=CICER X tM)XXCCIFXP) X Ct- X lF 

N •RM =T I ~ 
\,;) 

~ 

t =l.O + LUbtPHl) I LOb•2.0J 

i.oooooc 
0.028080 
b.000000 

60.000000 
b.000000 
b.000000 

SUM TO 

ClFU=tCLRM I t)X(t*R~ x ll+.~)X~tE) -o.~xxtttt 

lfB =-ttCLRM/t)X((#RM ~ 13 + o.~)XXCE) -o.~XX(E)) 

C.IPS=CTB•l4/L2 

c~c I =C 1 B x R 
PRF.-lOC lQ~l =-CRl.1 X l~ 
tJU~T-lUC CRCI =CRCl x U.O-lb) 

CO&M =O&M UR C1B*Z~/L2/~NYK 

CL1114MEl'llTS 

COC.E.R= 
CO EXP= 
CI C~R= 
CIE-XP= 
BY't:AR= 

l!:>=-

1.2.1.1 

) I 13 

1977 IJAT A E:NlERE:U FUR CUC.E-R, l. ll.E-R, ANO O&M WERE C>.000000 
StRVICf/OUlY CYCLE Al 2.5 Vt:~R~ wllH 30 YEAR LIFE. 

o.o 

o.eooooo 

1.020000 
1.000000 
0.93bOOC 
1.000000 

1979 
lb: 

5tflilllL10NS 

1.000 

0.971 

1.020 

Oa93b 

5. 't't2 

0.907 

0.091 

o.o 
o.o 
o.o 

o.02a 

o.021tooo 

1.000000 



TAR LE 
ROCKriEll s~s Lk-2 RE~FRENCE CONFIGURATION,1980 

1.2.1.1.8 R~FlftfOR CASSETTES 

lNPUl PAR~M~llRS INPUT COEfFICIENTS 

T= 1.00000(' l t-= i .000000 Cl)Ct::R= 
M= 1.000000 l.J&M::.. 0.042120 CD EXP= 

(. F::. i.uooooo Ll: 120.000000 cl(. F.lot= 
Pt1l= 0.950000 l2= 60.000000 Cl EXP= 

R= O.Obbbb 7 L3:. 3bO.OOOOOO B'ft:AR= 
!J f:. 1.oooooc i.4=- 240.000000 Z!>::. o.o 

CALCULATED VALUES Sf.1 SUM TO 1.2.1.1 

CU=C.DCER X (l X UF)XX(COlXP) X CF 

C.LRM::CJC.ER X tM )XX(C.IEXP t X Cf X lF 
t:d 
I 

N #RM =-T I 1"' 
VJ 
IJ1 

t: =l.O + L0b(Phl) I L0bt2.CJ 

CTt-U:CCLR~ / t)Xt(WR~ X ll+.~)XX(t) -On5XX(~)t 

CfR =HtlRM/c)X((#RM .Jl l~ • C.~)~X(~) -0.5XX(E)) 

CIPS:(."fb•l4/i.l 

C~C.I :ClB X R 
PRE-lOC LRCI =CRCl X lo 
PlJST-lOC CRCl ::.(.RCl X U.0-4'.b) 

CU&M =O&M UR ClB*Z5/L2/~NY~ 

CUMMtNTS 

II I .l3 

1917 OAlA cNTtR~O FOR COLE-R,LlLER, AND O&M w~RE 1.000000 0.030000 
SERVICt DUTY CYCLE •l 2.5 YEARS llH 15 YEAR LIF~ ~PAN. 120 FOR Rtl. 
Z~=l20 FOR SC~ AND 120 FUR qQlAllON 

i .110000 
i.000000 
0.035100 
i .000000 

1979 
Z6= 

$,MILLIONS 

i.ooo 

0.926 

1.170 

o.o3!> 

3.lts4 

0.024 

0.098 

0.002 
0.002 
o.o 

0.042 

o.o3t>ooo 

1.000000 



lABLE 
ROl.KWE:LL ~p~ CR-2 qEf-fR~NCt:- CONFlGURAll0~,1980 

1.2.1.1.9 CABLt/CAlE~ARY DISP~NSER MACHlNtS 

lNPul PAR N1E H.RS INPUT tOEFFltlt~TS 

T= 1.000000 1 f-:;;.. 1.000000 coc F.R= 
M= 1.000000 l.J& M=- 0.073710 COEXP= 

CF= i .ooocoo Z l =- 84.000000 CI Cl:R= 
PHl=- 0.980000 ll= t>0.000000 CIE-XP: 

R= c.o l3=- 84.000000 BVtAR= 
OF= 1.ocoooo 2.4= 84.000000 Z5= o.o 

CALCULAlcD VALutS ~t• ~UM ro 1.2.1.1 

CL>=-CCJC.:~R X ll X OF)XXCCUfXP) X Ct 

(LRM=ClCER X lM)XX(ClEXPt X L~ X Tf 
t:;i 

~ •~114 =-T I M 
(,.) 

"' I: =l.O + L~G(PHI) I L0bl2.0) 

CTFU=-lCL~M I EJX((tRM x ll+.5JXXllt -o.~xxtf)t 

ClB =llCLRM/l:)X((•RM ~ Z3 + 0 .~))Olll: t -0.5XXCt) J 

CIPS=-C1B•l4/L2 

C.RC. l =CH~ x R 
PRt-lOC CRCI =CRCl X l6 
PUST-IOt CRCI =-CRCl X ll.0-£bJ 

COtM =u&M UR c.1e•LS,l2/t~YR 

CUMME-NT~ 

) I l3 

19?7 OAlA E:NlE:FfU f-OR CUCl~ 9 ClCtR, A~O O&M w~RE 2.200000 0.300000 
~ERVlCE:/OUlY CYCLi: 2.5 YEA~S. 30 YE:AR LIFE SPA~ WITH MAINTENANCE 

2.573999 
1.000000 
0.351000 
1.000000 

1979 
16= 

S,MlLLION~ 

2.514 

0.351 

1.000 

0.971 

2b.bb0 

0.317 

0.444 

o.o 
o.o 
c.o 

0.074 

o.063000 

t.000000 



t:J:I 
I 

TABLE 
ROCKwt:Ll !)PS CR-2 RE!FERENC.E: C.ONFIGURATlON,1980 

t.2.1.1.10 ANTE~NA PANtl INS. EwPT. 

lNPUl PARAMtlERS INPUT COtFFIClENTS 

T= 1.000000 TF= 
M= 1.000000 Uf..M:. 

C.:.~= 1. 000000 ll= 
PHl= 0.98000(' L2= 

R= o.o l3= 
OF= 0.133333 l "t:.. 

CALCULAlED YALUt:S ~tl 

tP:CDCER X t1 X OF)XX(tOfXP) X Ct-

CLRM=ClttR X tMtXXttlEXP) X tf X T~ 

1.000000 
1.170000 
1.000000 

b0.000000 
1.000000 
1.000000 Z5= 

SUM TO 1.2.1.1 

CUC.ER= 
COEXP= 
ClCE:R= 
CI E:XP: 
B'tt:AR= 

o.o 

702.000000 
i .000000 

234.000015 
i.000000 

1979 
Z.6= 

StM ILL IONS 

93.t:>OO 

234.000 

~ #JUif :l I M 1.000 
-...J 

E =l.O + lUb(Pttl) I L0b(2.0) 

CTFU=CCLRM I f)Xlt•RM X Zl+.5JXXCE) -Ou5XX(E)) 

CIB =tlCLRM/t)X((#RM X Z3 + O.~)XX(t) -0.5XX(E)) :~ I Z3 

C.IPS=C1B*l4/l2 

CRC.l =C.lB X R 
P~E-lOC CRCI =CRC! X lb 
.. usT-IUC C.RCl =CRC.l x ( 1.0-~.b) 

CU&M =ULM UR C.1~*l51l2/tNYR 

C.OMMt:NTS 
1977 DATA ENlEREO FUR COCt:~,CIC~R, A~D O&M wERE bOO.OOOOCtO 200.000000 
5ERVIC£/DUTV CYCLE Al 70 i::.v~ f.'E:R SATELLITE. LIFE Of 30 YE:ARS 
~llH MAl~TENANl~ 

o.CJ71 

234ta318 

234.318 

3.905 

o.o 
o.o 
o.o 

1.170 

1.000000 

1.000000 



c::I 
I 

lA~U: 

~OCK~tLL ~p~ CR-2 REf~RENCt CONFIGURATION,1980 
1.Z.1.1.11 bA~TRY/CRANtS 

INPul PAR ~ME H·RS INPUl COEFFICIENTS 

l::. 1. cooooo TF= 
M= 1.000000 O&M::. 

CF= 1.000000 L l:. 
PHI= 0.950000 l2= 

R= o.o 2. 3= 
OF::. 0.000000 l.4=-

CALCULATtD VALUE~ ~tl 

CO=COC.ER X t l X OF)XX(C.Dt:X .. ) X C.f-

CLRM=CICtR X (M)XXCCl~XPJ X C~ ~ lF 

1.000000 
0.280800 

lZ.000000 
b0.000000 
12.000000 
1?.000000 Z5= 

SUM TO 1.2.1.1 

CDCfR= 
CDEXP= 
ClC.tR= 
CIEXP= 
BYE:AR= 

o.o 

19.889999 
1.000000 
9 .3b0001 
1.000000 

1979 
lb= 

S,MILL10"'4S 

15.912 

9.3b0 

~ lfRM ::. T I "4 1.000 
co 

E =l.O + LUb(~Hl) I L0Lt2.0J 

LlFU=CLLRM I t)Xtt•RM x Ll+.~)XXI~) -o.~x~CEJ) 

ClB :((CLRM/t)X((#RM X l3 + 0.5)X~(E) -0.5XXCE)) 

l.It:-S=CTB*L"t/l2 

C~C.l =Cle X R 
PRf-lOC CRCl ;;(Rll X lb 
~OST-lUC tRCI =CRCl X tl.O-lb) 

lU&M =U&M UR ll~•l5/L£/t~Y~ 

> I Z3 

COMMENTS 
1917 OAlA ENltRtO Fuk CDCER,C.lCE~, ANO O&M wERt 17.000000 s.000000 
~€RVIC~IOUTV CVtLf O~ 't V~AR~ OVER UPTION. LlF~ SPAN OF 30 YtARS WITH 
MAlNlENA~C~ 

0.926 

99.'t90 

e.291 

1.658 

o.o 
o.o 
o.o 

o • .C.ol 

0.240000 

i.000000 



TABLE 
RUCKwfLL ~p~ CR-2 RE~eRE~CE CONFIGURATION,1980 

1.2.1.1.12 CARGC; SlORAGE ClEftOlS 

lN"'Ul PAR AME lERS. INPUT COEFFICIENTS 

T= 1.000000 TF= 
M: i.oooooc u&M:: 

CF= 1.000000 l 1 =-
PHI= 0.950000 lZ:. 

R= o.o Z3= 
OF= o.2~oooc l4= 

CALCULAlED VALUE~ Stl 

CU=CDCl:::R X tl X DfJX~tCOc)P) X Cf 

CLRM=ClCE.:R x tM)XX(ClEXPJ X C~ X Tf 
t;d 
I 

N ·~M =T I M 
VJ 
\0 

E =l.O + LOGCPHI) I LOb•2.0) 

1.000000 
0.023400 
4.000000 

00.000000 
4.000000 
4.000000 

SUM 10 

CTFU=tCLRM / E)Xtt#RM X ll+.~JAA,lJ -0.5XXtt)J 

tfB =ClCLRM/E)XlC•RM X l 3 + 0 • 5) X.X ( E ) -0. 5XX l E) ) 

CIPS=Cl~*Z4/Z2 

CRC I ::Clb X R 
PRf-IOC lRCJ =-CRCJ X lb 
t'OST-lOC CRC.I =C.RC.l )I u.o-~'.b) 

CO&M sO&M OR CTB*l~/l2/l:::~1R 

COMMENTS 

CDC ER= 
COl:::XP= 
C ICER= 
CIE.:X'°'= 
BVt:AR= 

Z5= o.o 

i.2.1.1 

It I Z3 

1917 OAlA ENTE.:REO FOR COCtR ,CICERt ANO U&M W~R!:- 15.0000()0 2.000000 
STRUCTURf:,~Nl.LUSUl<S:S, ELE"AlCJRS, CONVEYORS, SP~ClAl t'iANOLll,.G tQOJPMENT 
30 YE.:ARLlFE WITH MA11'4H:,..AM.t. 

17.549988 
1.000000 
z.340000 
1.000000 

1979 
lb= 

$,MILLIONS 

i.ooo 

0.926 

4. 387 

2.340 

8.844 

2.211 

0.147 

o.o 
o.o 
o.o 

0.023 

0.020000 

i.000000 



TABLE 
RuL~wELL S~~ CR-2 REfERE~CE CONFIGURAll0~,1980 

1.2.1.1.13 fAB flXTURF. 

lNPUl PAR#>ME TER~ INPUT COtfFlCIE~TS 

b:l 
I 

T:. 1648900.00 Tf-= 
M= 5000.00000 UC.~= 

(..F= 1.000000 l l :. 
t>t11=- 1.000000 l2= 

R: o.o l3= 
OF= i .oooooc l4:.: 

CALCULAl~D VALUES M~ 

CD=CUCtR X Cl X UF)>cXtCOE>cP) X Cf 

CL~M=CICER X (M)XX(~l~X~) X Lf ~ lf 

1.000000 
0.241251 
1.000000 

60.000000 
1.000000 
1.000000 

SUM TO 

N #RM =l I M 
~ 
0 

t; :}.0 + LOblPHl) I L0bl2.0J 

ClfU=lCLR~ I tJX((#R~ X Ll+.~JXXl~) -0.5XXlt)) 

t1B =ltCLRM/ttXll#R~ >c l3 + 0.5)XXl~) -0.~XX(f)) 

(. .(P~=C.1 b*Z4/ l L 

CRC.I •Cl~ X R 
P~E-IUC CRCl =CRLl X lb 
PU~T-!UC CRCI •CRCl X 11.0-ZbJ 

Cu£~ =U~M UR tlt*L~/Ll/t~YK 

COMMENTS 
1977 O~TA ENTEREU FOR C~~~R,LICE~, AND O&M wtRf 
30 YtAR LIFE Wllt1 MA1NTtNA~Ct 

COCf::R:. 
COEXP= 
C H~ER= 
CI EXP= 
BYE:AR= 

2~= o.o 

1.2.1.1 

) I Z3 

0.023000 0.000050 

o.02b9lO 
o.sooooo 
0 .000058 
1.000000 

1979 
lb= 

5,MllLlONS 

2~33.200 

0.293 

329. 780 

1.000 

96.4bl 

9b.4bl 

1.bOB 

o.o 
o.o 
o.o 

0.£:41 

0.20«>197 

1.000000 



TABLE 

- --- -------------

ROLKWELL s~s LR-2 ~f~E~ENtE CONFIGURAllON,1980 
l.2.l.l.14 A!RLUtK OOtKlN6 MODULE: CADM) 

lNPUl PARllMi:ltRS INPUT ~OE:FFICIENTS 

T:. 
M=

( F:. 
Phi= 

R= 
OF=-

2500.00000 
2500.00000 

i .000000 
0.980000 
0.009444 
1.oooooc 

lF= 
lJGM =

Z 1 = 
l'l.= 
£3=
l4= 

i.000000 
Ci .o 

11.000000 
60.000000 
:i4.000000 
17.000000 

CDC ER= 
CO EXP= 
C lCfR= 
C :[EXP= 
S"E:AR= 

l5= o.o 

CALCULAltO VALUtS "'" SUM TO 1.z.1.1 

CD=CDCEq X tl X DF)XJttCOt:XP) X Ct' 

CLqM=C1CE:R X tM)XXtCl~XP) X tf X lF 

! fRM =T I M 
~ ..... 

I: =l.O + LUblPhl) I l0bl2.C) 

CTFU=CCLRM / EJXtCWRM ~ tl+.)tXXlt) -O~)XXtt)) 

CT~ =-lCtlRM/t)Xtt#RM X Z3 • O.~)XX(E) -0.~XX(E)) 

CJJiS=C.Ttl*Z4/Z2 

CRC.I =C.TB X R 
PKE-IOC l.kCl :(.~l..l X lb 
PUST-IOC CRC l =CRC l X t l .0-;!6) 

CU&M =U~M UR Cl~•L)/Ll/t~Y~ 

CUMMENTS 
1977 OATA ENTEREO FOR CULfR,LlCER, AND O&M wERf 
SEE 1.2.t.2.1 ~OR ODT&E. l~ YEAR LIFE. 

) I l3 

o.o O.O!.>b03b 

o.o 
o.o 
0.001062 
1.000000 

1979 
Z6c 

S,MllllONS 

o.o 

17.6~5 

1.000 

0.971 

o.o 

283.4'J3 

lb.370 

lt.638 

0.155 
0.155 
o.o 

o.o 

1.000000 



TABLE: 
ROl.IOffLL SPS L"<-2 RfFERENLE ~Ui'4Flf>uRATlON,l980 

1.2.1.1.15 f.1>SE: ~Ml. MUOULE (RMM) 

l~PUl PARAMtlf~~ INPVl COtFFlLll::NlS 

1= 27000.0000 
M= 27000.000CI 

CF= l .OOOOOli 
PHI= O.C:J3000u 

R.:. o.00222c 
UF: 1.000000 

l f =-
lltM =-

l l :. 
l 2:. 
L3= 
l4= 

l.000000 
o.o 
4.000000 

t>0.000000 
s.000000 
4.000000 

CUC t:R.= 
CDE:XP: 
C lC!:::R= 
C 1 t XF"= 
BVEAR= 

l~= o.o 

C~LCULAT~O VALUtS Kb SUM 10 1 • 2 • 1 • 1 

(U=CDC~R x tl A uF)~X((u~XP) x (~ 

CLRM=Cl~~R X IMJXXIClfXP) X Cf X TF 
o; 

~ #'tM =1 I M 
.I:' 
N 

I:: =l.O + LUb(Pttl) I LUbt2.0) 

tlFU:(CLR~ I tJXll•~M X ll+.~JXXtt) -0.5XX(t)) 

ClA =ltCLQM/r)X((•~~ X Z3 + 0.5).XX(t) -0.5XX(t:)) 

l Ii>S=CTB•l4/ i. 2 

CRll :(1~ x R 
.. ~t:-lUC CR.Cl =CRC.1 X Z6 
PuST-lUC CRC.J :(.RCl X ll.0-Lb) 

CU&M =U&~ uq Clt•l51l~/l~Yq 

CO~MtNTS 
1977 OAlA l::Nlt~I::~ FUR CUCtQ,ClCl~, A~U O&M ~ERE 
SEE 1.2.2.1.l FuR OOl&f. 15 YEA~LIFE. 

) I Z3 

c.o 0.011496 

o.o 
o.o 
0 .013450 
1.000000 

1979 
Zt>: 

$ 9 MlLLlONS 

o.c 

363.159 

1.000 

o.'171 

1420.228 

349.551 

o.o 

23.303 

o.77b 
o.776 
o.c 

o.o 

1.000000 



TAbLE 
RO(~WcLl s~s CR-2 Rl:f~RENC~ CONFIGURAllON,1980 

l.2.1.l.lb PUW~R MOOUL~ CP~) 

lNPUl PAR~MEl!::RS INPUT COEFFICIENTS 

b:j 
I 

T= 2-;0.000000 TF:. 
M= 250.000COC O&M= 

CF= l.000000 Z l:. 
PHI= 0.98000(' l 2:. 

R= 0.002220 Z3= 
OF= 1.000000 l4=-

CALCULAlcO VALUtS "'" 
CU=CUC.S:::R X (1 X UF)XXCCDE-XP) X Cf-

CLRM=ClCER X tM)XXtClEXPJ X Cf X 1~ 

i.000000 
o.o 
4.000000 

b0.000000 
a.000000 
4.000000 

SUM TO 

~ #qM =1 I M 
w 

E =l.O + LOGCPHl) I LO~t2.0) 

C.T~U=tLLRM I EJXCC#RM X Ll+.5•XXlEJ -0.5XX(f)) 

ClB =tt~L~M/t)X((#RM X l3 + 0.5)XX(EJ -0.5XX(~)) 

CIPS=CTB*l4/l2 

tRt l =C lB X R 
PRt-IOC CRCl =CRCi A Lb 
... us1-1uc C.RCI :CRCl )( tl.O-.l.b) 

CO&M =U&M u~ ClB•z;1z21t~YR 

C.OMMU-H S 
1977 DATA ~NlEREO FUR CDLt~1ClCtR1 ANO U&M ~ERE 
SE~ 1.2.2.1.2 FOR OOl&E. l' YEAR LIFE 

CDC ER= 
CDEXP= 
CIC ER= 
CI EXP= 
BYl:AR= 

Z5= o.o 

1.2.1.1 

I I Z3 

o.o 1.100000 

o.o 
o.o 
1.287000 
1.000000 

1979 
2.o= 

S1MILLIONS 

o.o 

321.750 

1.000 

0.971 

1258.288 

o.o 

30'i.b93 

20.b4b 

O.b88 
o.688 
o.o 

o.o 

1.000000 



lAbLE 
ROl~WELL SPS CR-2 RE~~~ENCt CU~FlbURAlJON,1980 

1.2.1.t.17 ~RESS~llEO STORAGE MOUULE t~S~) 

lNPUl PA~AM~lER~ l~PUT COEFFICIENTS 

1=- 15000.0000 
M= 15000.0000 

C. F:.. 1. CC'OOO (1 

PttI= 0.98000(' 
R=- o. 00222 0 

CJF= 1.000000 

T F:. 
ll& M:. 

l 1 :. 
L2:. 
Z3:.. 
!4= 

1.000000 
o.o 
4.000000 

b0.000000 
B.000000 
4.000000 

CDC fR.= 
COl::XP= 
CIC.ER= 
C H:XP= 
8YEAR= 

l5= o.o 

CALCULATED VALUES t<.b SUM TO 1.2. t. l 

~U=l.LJ~~R X Cl X OF)XX(COfXPt X ~~ 

CLqM:CICE~ x lM)JJ.X(ClEXP) X C~ X l~ 
b:1 
I 

N #RM =T I M 
+:-
+:-

t =l.O + LUb(PHlJ I LObtZ.0) 

CTFU=CtLRM I t)XlC•RM X ll+.~)XXCE) -0.5XX(E)) 

(. l tj = C C C LR Ml I: ) .J( ct # RM X lj + o.;)XX(t) -0.5XX(E)) 

l.1PS=Cl~*l't/l2 

C~l. l =C 1 b x ~ 
~RE-luC CRCI =CRCI X lb 
PUST-JOC lRtJ =-CRll X ll.0-Lb) 

lU~M =ULM UK (l~•l5/L2/~~YK 

COMMcNT~ 
1977 UAlA ENTERED FOR CUtlR,llCtR, ANO U&M wfRE 
15 Y~AR Liff: 

J I l3 

0.052914 0.013734 

O.Obl909 
1.000000 
O.Olb069 
i .000000 

1979 
lb= 

$,MlLLIONS 

928.b ... l 

241.032 

1.000 

0.971 

942.bl9 

232. 000 

o.o 

l5 .... b7 

o.~15 
0.515 
o.o 

o.o 

1.000000 



TABLE 
ROCKWE: LL SP~ Cff-2 Rtn:RENCi:: CONFIGURA 1lON,191!0 

1.2.1 • .2.l Al~LUCK lJUCKJM, MODULE-ADM 

INPUT PARAM~lE~S INPUT COEFFICIENlS 

T= 
M: 

CF= 
Pt-ii: 

R= 
OF= 

2500.00000 
2:>00.00000 

1.000000 
0 .980000 
0.002110 
1.000000 

lF= 
lJ&M=· 

l l:. 
l. 2:. 
l3= 
l4= 

1.000000 
o.o 
5.000000 

60.000000 
10.000000 
5.000000 

CDCE:R= 
CCH:XP= 
Cit ER= 
CI EXP= 
BY EAR= 

Z5= O.O 

CALCULATE:D VALUE~ Kb SUM TO 1.2.1.2 

b:1 
I 

C.U=CDCEM x ( T x OF) xxu,;o E-XP, x c F 

CLRM:tICE~ X (M)XXCCIEXP) X C~ X lF 

~ #RM =T I M 
U1 

E =l.O + LOb(PHl) I L0bt2.0J 

CTFU=Cl.LRM I E)XC(tRM X Ll+.51AXCE) -0.5XX(E:J) 

CTB =I l CLRM/ I: JX ((#RM X l3 + O.~)X~ttJ -0.~XX(E)) 

l. IPS=C.. TB•l4/l2 

C.RC.I =l.18 X R 
PR~-lOC CRCI =CRC.l X l.t> 
PUST-luC CRCI =CRtl X Cl.O-lb) 

COtM =O&M OR Cl~*l5/LZ/~NYR 

COMMENTS 
1977 DATA ENTERED FUR CDtEM,ClCER, ANO U&M wERE 
15 YEA~ L IFf 

) I l3 

0.012461 o.OOb03b 

0.014579 
1.000000 
0.007062 
1.000000 

1979 
Z6= 

SrMlLLIONS 

36.4't8 

17.bS5 

1.000 

0.971 

o.o 

85.893 

16.902 

1.408 

0.041 
0.047 
o.o 

o.o 

1.000000 



TABLE 
ROCKWELL ~PS CR-2 REFERENt~ CONFlGURATlON,1980 

i.2.1.2.2 CREw HAeJTABILJTY MOLJULf-ChM 

l,....,..UT PARAl"IE lERS INPUT COEfflCIENlS 

T= 
M::. 

CF: 
PHI= 

R= 
OF= 

21000.0000 
27000. 0000 

1. (100000 
0.9SOOOC 
0.00944 4 
1.000000 

TF= 
U&M= 

Z 1:. 
l2= 
L3=
l4= 

1.000000 
o.o 

17.000000 
60 .000000 
34.000000 
17.000000 

CDtl:::R: 
COi: J<P: 
CICER= 
CI EXP: 
BVEAR:: 

£5= o.o 
CALCULATED VALU~S t<.b SUM TO 1.2 .1. 2 

t:d 
I 

C.u=-(.;.l>1.,.t-R X CT X OFJXXCClJfX .. t X CF-

tLRM=ClC~R X (M)AX(Cll:XP) X C~) lf 

~ #RM :T I M 

"' 
E: =l.O + LUb(YHl) I L0bC2.0J 

CTFU=ClLRM / c)XIC#RM x ll+.~)XXCE) -0.5XXCc)) 

tlB =-CCCLRM/c)Xlt•RM X Z3 + O.~)XX(t) -0.5XX(E)) 

C !P S=CT8 *l 't/ l2 

CRC:. l =C... l B X R 
PRt-lOt CRCI =-CRCJ X lb 
~UST-lOl tRCl =CRC:.l X Cl.O-LbJ 

lU&M ::.U&M OR tTA•£~/L~/t~Y~ 

CUMMfNT~ 
1~77 DATA ENlERtO FOR CUtE~tllCER, AND O&M wE~E 

S~f 1.2.2.2.l fOR OOl&E. 15 YEAR LIFE 

) I Z3 

o.o 0.003770 

o.o 
o.o 
0.004411 
1.000000 

1979 
lb= 

$,MILLIONS 

o.o 

119.094 

i.ooo 

0.971 

1912.313 

o.o 

110.427 

31.288 

1.043 
1.043 
o.o 

o.o 

1.000000 



lAHLE 
ROCKwELL SP~ CR-l REFERENCE CONFlbURATlON,1980 

1.2.1.2.3 CUNSUMABL~S LUblSTICS MOUULE-CLM 

lNPUT ~A~AMflERS lNPUl COEFFICIENTS 

T= 5000.00000 T~= 1.000000 
M= 5000.00000 Uf.M:. Cl .O 

CF-= 1.000000 Ll= 9.000000 
Pt11= 0 .98000 Cl l2= b0.000000 

R= 0.005000 l ,j:. IH.000000 
OF= 1.000000 Z4= "I .000000 

CALCULAltO VALUt~ l\b ~UM TO 

CU=CDCER X CT X DF)XX(~UfXP) X Lf 

CLRM=CICtR X (M)XXtClEXP) X C~ X TF 

°" I 
N #RM =T I M 
.i::--
-..J 

E =l.O + LUbC .. hl) / LUbl2.0) 

ClfU=CCLRM / EJXCf#RM X ll+.5JXXft) -0.5XXft)) 

ClB :(tCLRM/c)Xl(#RM X Z~ + 0.5))X(t) -0.5XX(E)) 

l.1 .. S=C.TEl*Z.'t/lZ 

CRC.l =Clb )I. R 
PRt:-lUC CRCl =CRC.l X lb 
~U~J-IUC CRC! =CRtl X (l.O-lb) 

CO&M :.UtM OR llA*Z5/l2/tNYR 

C.OMMENTS 
1971 OAlA ENlERtU FOR CuLtR,LltER, ANO U&M wERt 
SH· 1.2.2.2.2 FOR DDl&E. 15 YEAR LIFE. 

CDttR= 
CDEXP= 
ClCER= 
Cl'. EXP= 
8"f' EAR= 

Z5= o.o 

1.2.1.2 

Ji I Z3 

o.o 0.014000 

o.o 
o.o 
o.o lt>380 
1.000000 

1979 
Z6s 

$,MILLIONS 

o.o 

81.900 

i.ooo 

0.971 

o.o 

101.ltb9 

77.242 

11. 58b 

0.386 
0.3P6 
o.o 

o.o 

1.000000 



TABLE 

ROCKWELL S .. ~ CR-2 REFERENCE CONFIGURATIO~, 1980 
le2ele2e4 ~nltLOINl-> 

lNJ'Ul f>AkAMFH::RS INPUT COfFFICIENlS 

l'= 11000.0000 11-;.. 1.000000 

M= 11000.0000 l.Jf.M: o.o 
CF= 1.000000 z 1:. e.000000 

Pt11= 0.9~0000 l2= b0.000000 

R= 0.00'9440 l~= lb.000000 

01-= 0.200000 l4= 8.000000 

CALC~LATEu VALUE~ K.b SUM TO 

co=C~CFR x (1 x OF•XA(CD~XPt x l.~ 

CLRM=ClC~R X tM)XX(CltXP) X Ct- X lf 
b:l 
I 

N #R/lt =T I M 
.p. 
CX> 

E =leO + LubC~Hlt I LOblZ.0) 

CfFU=ClLRl'1 I E)XCC•RM X Ll+.~)XXtE) -0.5XXttJ) 

CTB =l,CLRM/t)X((#RM X l3 • 0.~)XX(E) -0.5XX(t)) 

l.l~S=CTB*l4/l2 

CRC.1 =-C.1 B X ~ 
PRE-lOC tRCl =CRCl X lb 
PUSl-lOC tRli =CRll X tl.O-lb) 

tU&M ~utM UR (ltt•L~/L~/t~YH 

CO~l'1EN1 ~ 
1917 DATA ENTERED FUR CDCE~ 9 C1CERt AND utM wERE 
15 Yf-Af.( LI Ff 

CDC.ER= 
CDl:XJI= 
CIC ER= 
Clt:JlP:: 
BYEAR:: 

25= o.o 

i.2.1.2 

) I l3 

o.t5booo 0.101000 

o.1e2s20 
1.000000 
0.118170 
0.355000 

1979 
lb= 

$,MILLIONS 

401.544-

3.21~ 

l.ooo 

0.971 

24.7';)7 

o.o 

3.042 

0.40b 

0.014 
0.014 
o.o 

o.c 

1.000000 



TABLE 
RO~K~ELL S~~ CR-2 ~EfERENC~ CONFIGURATlON,1980 

1.2~1.2.~ CREk ~UP~ORT ~UOULE-CSM 

lN .. Ul PA RA!-tE 1 ER~ INPUT COEfflCIENTS 

T= 
M= 

CF= 
Pt-II= 

R= 
rJF= 

15000.0000 
15000.00uO 

1.000000 
0.980000 
O.OOlbbb 
1.000000 

TF= 
U&.M= 

l l =
l 2 = 
l3= 
l4= 

1.000000 
o.o 
3.000000 

b0.000000 
b.000000 
3.000000 

CDlE:R= 
CDf:XP& 
CICER= 
CIEXt'=
B'V EAR a 

Z5= O.O 

CALCULATeO VALUE~ l\b SUM TO 1.2.1.2 

CO=COCER X (f X OFtXXt,~fXPJ X Cf 

C.LRM=ClCtR X (M)XX(Clf:XPJ X Cf X TF 
b:l 
I 

N •RM =T I M 

"'" \C 

!: =l.O + LUb(Phl) I L0bt2.0) 

CTfU=ftLRM / EJXC(#RM X Ll+.5JXA4tJ -0~5XXCE)J 

CTB =ClCLRM/t:)Xtl#RM )( Z3 + 0.5)XX(E) -0.5XXlE)) 

CIPS=CTB*l4/L.2 

CRC.l =tlB X R 
PRE-IOC CRCI =CRLl X 26 
POST-lOC. CRC.J =CRCI J( u.o-.~b) 

CO&M =O&M UR CT~•l5/£2/f:NYR 

COMMENT~ 
1971 DATA ENlfRED FUP COt~R,ClCER, ANO U&M WERE 
15 YEAR LIFE 

) I Z3 

0.0124:52 0.005798 

0.014545 
1.000000 
O.OOb784 
1.000000 

1979 
l6= 

$,MILllONS 

218.182 

101.755 

1.000 

0.971 

o.o 

300.ZOb 

c;e.b03 

4.«>30 

0.164 
O.lb4 
o.o 

o.o 

1.000000 



1 ABLE 
RuC.~wE- ll s .. ~ t.~-l. Ri:H:RENCl: t.Of\JFlbURA l JON, 1980 

1.2.1.3.1 u .. EkAllUN~, tON~TRUCllON CR~w 

lN ... Ul J>.AR.AMl:lE~~ INPUT COEFFIClE~lS 

T= 1268.COOOO T f-:. 
M= l.vOGGOO U&M-. 

CF= 1.00000('· ll= 
J'hl= 1.ocoooo l2=-

R= o.o l 3:. 
flF= i.ouoooo l4= 

CALCULATtO VALUtS MtN 

LU=CD(ER X tl X UFJXX(CUtXP) AL~ 

C.LRM=CICl:~ X (M)XXtCltXP) X t~ X lf 
t:d 
I 

N #RM =l I M 
V1 
0 

E =l.O + LUb(PhlJ I Lubt2.GJ 

1.000000 
c.o 
i .000000 

b0.000000 
31.000000 
3C.OOOOOO 

!.UM 10 

ClfU=CtLRM I EJXCC#kM X tl+.5JXXtE) -0.5XXCEJ) 

Cl B = t t C LR M/ t ) X l l #RM ,_ l3 • O.~)XX(f) -0.5XXlE)) 

C.1PS=C.TB•Z4/l.2 

C~tl =ClB X R 
PRE-lOC CRCI =CRtl X lb 
~uST-lUC tRC.l =-CRtJ x tl.O-lb) 

LUL~ =U&M OR Lf~*l~/L~/t~Y~ 

CDC ER= 
CO~XP= 

CIC.E~= 
Clt)IP: 
BYEA~= 

l5= o.o 

1.2.1.3 

) I Z3 

o.o 
o.o 
0 .C73008 
1.000000 

1979 
Z6= 

s,MllllONS 

o.o 

0.013 

1268.000 

1.000 

92.~7't 

92.574 

46.287 

o.c 
o.o 
o.o 

o.u 

tU~MENT~ 
1917 DATA ENTtRtD fUR CDCER,tlCtR, AND U&M wER~ o.o o.Ob2400 G.O 
TFU ~~wuJRFS u~~ YEAR TU tUIL~. bO SATELLITE U~TION BUILT Al RAT~ Of 2 
PER YEAR. 

1.000000 



~ 
I 

ROC.KWl:Ll SP~ CR-2 lltEFERENCE CONFlC:,URAT10Nt:l980 
TABLE 1. 2 .1. 3. 2 ORB 11 AL UPER'~ T IONS ,CONST• PROV. 

INPU l PAR.AME lEkS INPUT COEfFICIENlS 

T= 
M:. 

CF= 
Pnl= 

R= 
Of-= 

lb43328 .oo 
3.bOOOOCi 
1.000000 
1.000000 
o.o 
1.000000 

CALCulATEO VALU~S 

Tf = 
L&M= 
ll= 
ll=
z3:. 
l4:. 

11-b 

CO=COCfR X Cl X OF)XX(CO~XP) X C~ 

CLRM=CILER X (M)XX(Cl~XP) X C~ X TF 

1.000000 
o.o 
1.000000 

b0.000000 
31.000000 
30.000000 

COC~R= 
COEXPs 
C ICER= 
CIE:XP= 
B YEAR= 

Z5= o.o 

SUM TO l. 2 .1 • 3 

o.o 
o.o 
o.00002b 
1.000000 

1979 
Z6= 

S,MILLIONS 

o.o 

o.ooo 

~ •~M =T I M 45b479.93l 
...... 

E =1.0 + LObCPHl) I LO~t2.0) 

CTFU=ltLRM I E)X((#RM X ll+.5JXX(t) -0.~XX(~)) 

CIB =tCCLRM/f)X((4RM ~ Z 3 ... 0 • 5) Xl< C E ) -0 • 5 XX ( E ) ) 

CIPS=CTB*l4/Z2 

CRtl =CTB X R 
PRE-IOC CRCI =CRCl X lb 
POST-lOC (..l(L 1 =CRl. l X 11.ll-lb) 

CU&M =O&M OR Clb*Z5/Z2/tNYR 

COMMf:NTS 

) I l3 

i.ooo 
42.299 

42.299 

21.150 

o.o 
o.o 
o.o 

o.o 

1977 UAlA ENTERED FOR CDtER,tlCERt ANO O&M WERe O.O 0.000022 O.O 
1643328 KG OF f>ROV lS 11:.WS llNNUALL'Y f-OR TOTAL UF A 12b8 PE1RS0"4 CRE.,,. 
$26 KG Al 3.6 KG/PERSON/DAY 

1.000000 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.2.2 LOGISTICS SUPPORT FACILITIES~LEO 

Rockwell 
International 

This element includes hardware, software and operations required in LEO 
to support construction and operations/maintenance of the satellite system, 
Included are crew life support facilities, cargo and propellant depots, and 
vehicle servicing facilities necessary for the transfer of cargo and personnel 
destined for a construction mobile maintenance base activity in GEO. 

LEO support operations require a permanent crew of 30. These personnel 
provide supervision over the transfer of payloads between the HLLV and OTV's. 
They also perform scheduled maintenance required by the electric propulsion 
OTV such as the changeout of ion thruster screens. Included are work and 
crew support facilities (Table 1.2-4) plus required operational support. 

Table 1.2-4. LEO Base Modules 

WORK CREW 
SUPPORT SUPPORT 

SYSTEM DESCRIPTION FACILITIES FACILITIES 

CREW HABITABILITY MODULE (CHM) 1 
CONSUMABLES LOGISTICS MODULE (CLM) 1 
BASE MANAGEMENT MODULE (BMM) 1 
CREW SUPPORT MODULE/EVA (CSM/EVA) l 
POWER MODULE (PM) l 
AIRLOCK DOCKING MODULE (ADM) l 

1.2.2.1 WORK SUPPORT FACILITIES 

This element includes facilities and equipment required to provide 
logistics support in LEO. Included are HLLV and OTV docking stations, payload 
handling equipment, and cargo and propellant storage depots. Excluded are 
facilities related to crew support. A 100 kW solar array power module, the 
airlock docking module, and a base management module are work support facilities. 
Cost estimates were based on Rockwell Space Station studies. 

1.2.2.2 CREW SUPPORT FACILITIES 

This element includes facilities and equipment required for the life 
support and well-being of the crew members. Included are living quarters, 
recreation facilities, and health facilities at LEO. 

The crew habitability module and crew support module/EVA are the same 
basic configuration as for those on the SCB. However, the crew support module 
has an airlock and EVA preparation area. A consumables logistics module is 
the third element of crew support facilities. CERs used for crew support 
facilities were based upon Rockwell Space Station studies. 

1.2.2.3 OPERATIONS 

This element includes planning, development, and conduct of operations 
at the logistics support facility. It includes both direct and support 
personnel and the expendable maintenance supplies required for logistics 
support. 
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Space Operations and 
Satellite Systems Division 

Space Systems Group 

41~ Rockwell 
P.~ International 

An average of 30 crew members are required at the LEO Base to support 
orbital operations. Engineering estimates were made of the operations and 
consumable requirements at LEO. 

1.2.2.4 COST ESTIMATES 

LEO base cost estimates covering work, crew, and operational elements 
are included in Table 1.2-5. 

Table 1.2-5. LEO Base Cost Estimates 

WBS TABLE NO's DESCRIPTION 

1.2.2.1.1, 1.2.2.1.2, 
and 1.2.2.1.3 

1.2.2.2.1, 1.2.2.2.2, 
and 1.2.2.2.3 

1.2.2.3.1, 1.2.2.3.2 

Work Support Facilities 

Crew Support Facilities 

Operations 
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TABLE 
RU(KWI: LL !).-~ C~-2 ~EF-E~E~Cl CONFlbURATlON, 1980 

1.2.2.1.l ~A~E MC~MT. MOUULE-8MM 

JNPUl PARAMt ltP.S INPUT COlfFICI~NTS 

T= 21000.0000 1 F :. 
M= 21000.cooo f.J&M;;.. 

tF= 1.000000 L 1 ;. 
Pt-ti= 0.98000C L2:. 

R: 0.000555 13= 
DF::: 1.000000 l4= 

CALCULAf~U VALUES l\b 

CO=LDCtR X Cl X UF)~XtCD~XP) X CF 

b:1 CLRM=CICE~ X tM)XXtC.lf.X.f.') X C.~ X lF 
I 

N 
Ln •~M =T I "1 
~ 

t: =l.O + LU&CPHI) I L0bl2.0J 

1.000000 
o.o 
1.00000(\ 

60.000000 
~.cooooo 

0.800000 

SUM JO 

CTFU=fCLR~ I EJXCC"R~ )( ll+.~)XXlE) -0.5~X.Ct)) 

CTB =CtCLRM/t)X(t#RM X l3 • O.~)XX(E) -O.~XX(E)) 

CIPS=CTt:l*l4/l2 

CRC.1 =CT B X R 
P~E-lUC CR~l =-CR~l X lb 
POST-lOC CRCl =CRCl X Cl.O-Z6J 

coc~ =U&M OR ClB•l~ILl/tNYR 

~UMMENTS 

Z5= 

1.2.2.1 

CDC ER= 
CD!: XP:: 
CIC.ER: 
CI EXP= 
BYtAR::: 

) I l3 

0.106816 
1.000000 
o.o 13450 
1.000000 

1979 
0.200000 lb= 

StMlLLlONS 

2884.040 

363.1~9 

1.000 

0.971 

363.6~2 

359.830 

4.798 

0.200 
O.lbO 
0.040 

0.040 

1977 DATA ENTEREU F~R CUL~R,ClLER, ANO OtM ~ERE o.09129b o.Oll49b o.o 
15 YlAR LIFE. 80 PE~CE~l u~ ~MM A~SOCI~TtU WITH CON~lRUCTlON ACTIVITIES 

0.800000 



l:P 
I 

TA~LE 
l<U(..f<.~ELL SfS l.R-l Rl:FERENtt:: CONFIGURATlON,1980 

1.2.2.l.2 !o'OWER MOlJULt:-PM 

lNPUl PARAMtT~RS INPUT tOEFFICl~NTS 

T= 250.000000 lF= 
M= 250.000000 lJ&M= 

tF= 1.cooooo l.1::. 
Pt1l= 0.980000 l2:. 

R= 0.000555 l3= 
OF= 1.000000 l4-= 

CALCULATED VALUES l'.W 

CO=COCE:R X tl X OF)XXCC.Of>tP) X CJ-

CLRM=ClCl::R X (M)XXtCl~XP) X (~ • lf 

1.000000 
o.o 
1.000000 

b0.000000 
2.000000 
o.aooooo Z!>=-

SUM ro 1.2.2.1 

COCER= 
COEXP= 
CJ Cf~= 
CI EXP= 
BY~AR= 

l .638000 
1.000000 
1.287000 
1.000000 

1979 
0.2 00000 l.6= 

$,MILLIONS 

409.500 

321.7~0 

~ •J(M =T I M 1.000 
\.J1 

E =l.O + LOb(PHl) I LObC2.0J 

ClFU=tCLRM I t)XtcwR~" ll+.~)XX(t) -0.~XX(f).) 

C fR :: CC t:LRM/t )X t t#RM X l3 + O.~)XKIE) -0.5XX(Et) 

CIPS=CTb•l4/l2 

CRtl =ClB X R 
PR~-IUC CRCl :Ck~l X lb 
PUST-lOC CRCI =-CRC.l X U.O-·lb) 

CO&~ :O&M OR C18•l51Ll/tNYR 

COMMENTS 

) I l3 

0.971 

322.187 

318.801 

4.251 

0.111 
0.11+2 
0.035 

0.035 

19'17 UAlA t:NTE:RtU FOR COC.l:R,l.H.ER,, AND O&M "ERE: l.400Ct00 1.100000 O.O 
15 Yt:.AR LIFE. 80 PERCE~l Uf PM A~1~UCIATE:O wITH CONSTRUCTION ACTIVITIES. 

0.800000 



ti:! 

TABLE 
~OLKWfll s~s CR-2 ~EfERENC~ CONFlGURAllUN,1980 

1.2.2.l.3 AlRLUtK uOC~INb MODULE - ADM 

INPUl PAR~MEltRS JNPUl COEF~JCl~NTS 

l= 2500.00000 lf= 
M= 2500.00000 L&M= 

CF= 1.ocoooc LI= 
Pt;J:. o.9soooo l2= 

R= 0.000555 l-;. -,.;-

OF= i.oooooc l4= 

CALCULATEU VALUE~ I(& 

C.O=COCE~ X CT X IJF)XX(COfJIP) X Cf 

CLRM=CJCE~ X (M)XXCC.lfXPI X L~ ~ lF 

1.000000 
o.o 
1.000000 

00.000000 
LeOOOOOO 
o.aooooo l~: 

SUM 10 i.2.2.1 

COCER= 
CD EXP= 
CICER= 
CI EXP= 
8YE:AR= 

o.o 
o.o 
0.001002 
i .000000 

1979 
0.200000 16: 

$,MllllONS 

o.o 

17.6!>5 

~ #~M :T I M 1.000 
\J1 

"' I: =l.O + LUb(PHl) I LObt2.0) 

CTFU=(CLRM I ~)Xl(#RM x Ll+.~)XXtt) -o.~xXCt)) 

C.TB =HCLRM/t:)X(l#RP4 1< Z3 ~ O.~)XX(E) -0.5XX(E)) 

C IPS=CTb•Z4/ L2 

Clttl =C.lB X R 
PK~-lOC CRtl =CRtl X lb 
POST-IOC CRCl =CRCl X tl.O-Zb) 

CO&~ :O&M UR CT~•l~/l2/ENYR 

) / Z3 

0.971 

17.b79 

11.493 

0.233 

0.010 
o.oos 
0.002 

0.002 

COMMENTS 
1977 UAlA ENTtREO FOR COCER,tltERt ANO OtM wE~E o.o o.006036 o.o 
StE t •• 2.1.2.1 FUR OOT&t. 15 YtAR LIFE. 80 PERCENT OF AOM ASSOCIATED 
~llh CONSTRUCTlON ACllVITltS 

o.aooooo 



ROCKWELL SPS C.R-2 IH:FERENCE: C.ONFlGURATlON,1980 
TABLE 1.2.2.2.l l.REw HA811AlHLl1Y MODULE-CHM 

JNPUl PARA114E1ERS INPUT COEFFICIE~TS 

T= 27000.0000 TF= 
M= 27000.0000 (l&M= 

CF:. i .000000 Zl= 
PHI= O.Y80000 Z2= 

R= 0.000550 l3= 
OF= 1.000000 L't= 

CALCULAltO VALUtS KG 

CD=CDCFR X ll X OF)XXCCD~XP) X Cf 

CLRM=Cl,ER X (M)XXtCIEXP) X Lf X Tf 
If 

1.000000 
o.o 
1.000000 

bC.000000 
2.000000 
0.800000 

SUM TO 

Z5= 

t.2.2.2 

COCER= 
COfXP= 
CICER= 
CIEXPs 
BY EAR= 

~ #RM =1 I M 
-..J 

E =l.O + LOG(PHI) I L0bl2.0» 

CIFU=ICL~M I E)XtctRM X ll+.5.XXll:I ·-0.5XX(EU 

CTB =ltCLqM/t)X((#RM X Z 3 + 0 .5) )Ol U: J -0. 5XX CE) ) 

C.JPS=C1B•Z4/l2 

C.RC 1 =CTB X R 
PRE-IOC CRC I =CRCl X lb 
POST-IUC CRtl =CRCl X 11.0-Zb) 

CO&M =U&M O~ CTB•Z5/L2/ENY~ 

COMME:NTS 

J I Z3 

1977 OAlA ENltRtD FUR CDCtR,ClCE:R, AND ~~M WERE 0.00971~ 

15 YEAR LIFE. 8Ci PERCE~l UF CHM ASSOCIAlEO ~lTH CONSlRUC:TION 
ACllVITIES. 

o.o 11365 
1.000000 
0.004 ... 11 
1.000000 

1979 
0.200000 Z6= 

0.003770 

$,MILLIONS 

306.865 

119.09~ 

i.ooo 

0.971 

o.o 

119.256 

118.003 

1.573 

0.065 
0.052 
0.013 

0.013 

0.800000 



TAbL!: 
ROCKwELL ~~~ CR-2 REFERENCE: CO~FlGURATlON,1980 

I.2.2.2.l tCJNSUMA~LtS LUbJSTlCS MODULE CL" 

INPUl PARAM~l~RS INPUT COEFFICIENTS 

t;d 
I 

T= sooo.00000 T f- = 
M= 5000.00000 Of.M:. 

CF: 1.000000 z l:. 
PHI= 0.9bOOOC l2= 

R= 0.000555 l 3= 
DF= 1.000000 l4'=' 

CALCULAlEO VALUtS 1'.b 

CU=COCER x 'T x OF)XX(CulAP) x c~ 

CLRM=CIC~R X CM)XX(ClfXP) X C~ X TF 

i .000000 
o.o 
1.000000 

b0.000000 
2.000000 
0.80()000 

SUM 10 

Z5= 

1.2.2.2 

COCER= 
COEXP= 
CICER= 
CIE:XP= 
B V E:AR= 

~ #~M =T I M 
00 

E =l.O + LUb(PnlJ I LUbC2.0J 

CTFU=tCLRM I E)Xll#RM X Zl+.5)XXlE) -0.5XXCE)J 

ClB =tlCLRM/c)Xt(•~M X Z3 + o.5)XX(E) -o.~XX(E)) 

CJPS=CH~•l4/l2 

tRtl :(.TB X R 
~RE-IOC CRCI =CRC! X lb 
POST-lOC CRC1 =CRCl A ll.O-Lb) 

CU&~ =Ot~ UR CT~*Z5/L2/f~Y~ 

COMME:NTS 

) I Z3 

1917 UllA ENlER~O FU~ COttq,c1c~~. AND U&M wERE o.053000 
15 VEAR LIFE. 80 ~EPl.E~l uF CLM A~SOClATEO WITH CONSTRUCTION 
ACT I Vil H.S. 

0.200000 

0.014000 

O.Ob2010 
1.000000 
o.ol63BO 
1.000000 

1979 
lb= 

s,MILLIONS 

310.050 

Bt.CJOO 

1.000 

0.971 

82.011 

o.o 

81.149 

t.082 

0.045 
0.036 
0.009 

0.009 

o.eooooo 



ti;:! 
I 

TAbLE 
ROCKWELL SJ#~ CR-2 H&:FERENCt CONFIGURATION 1 :L980 

1.z.z.z.3 tRtW ~O~PORT MOOULE/tYA 

lNPUl PARAM~TERS INPUT COEFFICIENTS 

T=- .27000.0000 TF:. 
M= z1000.oooo lJ&M= 

CF: 1.000000 £1: 
Pnl::: 0.980000 £2.;; 

R= 0.000555 l3::: 
DF= 1.000000 l4= 

CALCOLAl~U VALUES "-b 

CO=COCER X ll X OF)XXCCO~XPJ X Cf 

CLRM=Cl~ER X CM)XXtCIEXP) X ~~ X TF 

1.000000 
o.o 
1.000000 

60.000000 
2.000000 
o.~00000 

SUM TO 

Z5= 

1.2.2.2 

CDC ER= 
CD EXP= 
C ICER= 
CIEXPz 
BY EAR= 

0.014545 
1.000000 
0.006784 
1.000000 

1979 
0.200000 Z6z 

S,MILLIONS 

392.127 

183.159 

t;; #!:tM = T I M 1.000 
\0 

E =l.O + LUG(PHl) I LObCZeOJ 

ClfU:(CLRM I E)XtC•R" X ll+.j)XXIE) -0.5XX(E)J 

Cle =CtCLRM/EJX((#RM A Z3 + 0 .5)J()\(t:) -0.5XXCEJ) 

C IPS=Cl B•Z4/ZZ 

CRl.l •<.Hi X R 
PR~-lOC CRCI =CRCl X Z6 
PUST-lOC CRCl :CRCl X Cl.O-lb) 

CO&~ :U&M OR C1~•£5ti2/ENVq 

COMMENTS 

> I l3 

0.971 

183 • .r.08 

181.480 

2.420 

0.101 
0.081 
0.020 

0.020 

1977 OAlA ENTERED ~UR CDClR,tlCER, AND O&M ~ERE o.012432 o.005798 o.o 
15 YEAR LIFE. 80 PERCENT OF C.SM/EYA ASSOCIATED WITH C~STRUCTION 
ACTIVITlfS. 

0.800000 



TABLE 

T= 
M;:. 

CF-= 
PHI= 

R= 
OF= 

ROLKWE:Ll s~s LR-2 R~FERENCE: tONFIGURATION,1980 
1.2.2.3.1 LE:O ~~ER•TIONS CREW 

JNPUl PARA."'1E lE:R~ INPUT COEFFICIENTS 

30.00000(; TF;:. 
1.000000 OC"-1~ 

1.000000 21= 
1.00000(\ ll= 
o.o l.3= 
1.000000 Z1t: 

1.000000 
o.o 
l .000000 

t>C.000000 
30.~00000 

24.000000 Z5= 

CDC ER= 
CDfXP= 
CICE:R= 
Cll:XP& 
BYtAR& 

o.o 
o.o 
0.073008 
1.000000 

1979 
6.000000 lb= 

CALCULATE:O VALUES F-t RSUf\i!) SUM 10 1.2 .2 .3 S,MILLIONS 

t:i:I 
I 

CD=COCfR X ll X UF)XXlCO~XP> X t~ 

tLRM=CICtR X CMtXXtClfXP> X t~ X lf 

~ #qM :J I M 
0 

E =l.O + LOG(Pttl) I LUbt2.0> 

CTFU=ttl~M I tJXttfRM X ll+.5)XXlEJ -0.5XXCE)) 

ClB &(t(LRM/t)X((#RM A Z3 + 0 .'5))lX(f:) -0.5XX(E)) 

C. IP S=Cl B•Z4/ l.2 

C.Rt 1 =t l 8 A R 
PRE-IOC CRCI =CRCl A lb 
PUSl-lOC CRCl =CRtl X ll.O-lb) 

CUtM =U&M UR tlh*Z5/l2/ENYR 

) I l3 

COMMENTS 
1917 OAlA ENltRE:O FUR COCt~,ClCtR, ANO O~M w~RE o.o o.Ob2400 
30 PERSON CR~w Al LE u. bu Pf.RCtNl UF CREW ASSOCIATEO WITH CONSTRUCTION 
ACTI'VlllfS 

o.o 

0.073 

30.000 

1.000 

2.190 

2.190 

0.876 

o.o 
o.o 
o.o 

0.001 

o.o 

0.800000 



TABLE 
ROCl(Wt: LL ~PS C R-2 RE FERENC t CONF IGURA T10N 11 1980 

l.~.2.3.2 ltO CREW ~ROVlSIONS 

lNPUl PARAMf::lER~ INPUT CO~FFICIENTS 

b:j 
I 

T::. 38880.0000 TF=-
M= 3.bOOOOC (Jf. M:;;. 

CF: 1.000000 l 1:. 
PHI::. 1.000000 lZ:. 

R= o.o l3= 
(IF: 1.000000 L4= 

CALCULATED VALUES l<..b 

CO=CDCER X (l X UF)XXCCOfXP) X Cf 

CLRM=-CICER X CM)XXCCIEXP) X ~f X lF 

~ #RM =1 / M ,_. 
t: =leO + lUGCPMl) I l0bl2.0) 

1.000000 
o.o 
1.000000 

b0.000000 
30.500000 
Z't.000000 

~UM 10 

CTFU=CCLR~ / E)XIC•R~ X 21+.~)XXIEJ -0.5XX(~)) 

C1B =tltLRM/c)Xl(#RM A Z3 + 0.5)JlJt(t) -0.5XX(E)) 

C JPS=ClB•Z4/ l 2 

CRl.I =CTB X R 
PRE-IUC CRCJ =CRCl X l6 
PtJST-llJC CRC.1 =-CRC.I X Cl.C-l.t>) 

Cu&M =U&M o~ Cl~*l5/l2/tNY~ 

COMMENTS 

ZS= 

1.2.2.3 

COCER=
COEXP= 
CI CER= 
CI EXP:: 
BYl:AR= 

> I l3 

o.o 
o.o 
0.000026 
1.000000 

1979 
6.000000 Z.6= 

S,MlLLIONS 

10199.996 

1.000 

o.o 

o.ooo 

1.001 

1.001 

0.400 

o.o 
o.o 
o.o 

0.003 

1977 DATA l:NlERED FOR COCtR,CICER, ANO U&M wER~ O.O 0.000022 O.O 
$26/KG AT 3.b Kb/P~RSl~/DAY. 30 PtRSON CREw. 80 PERCENT OF CREW 
PROVISIU~S ASSUtJATE~ ~llh CONSTRUClIO~ ACTIVITIES. 

o.aooooo 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.2.3 SATELLITE O&M SUPPORT FACILITIES 

~I~ Rockwell 
P.~ International 

This element includes the facilities, equipment, and operations required 
in GEO to support operations and maintenance of satellite systems after IOC. 
Included are on-orbit monitor and control facilities, life support facilities, 
and equipment required to provide confortable safe living quarters for resident 
crew members during O&M activi.ties, plus storage module facilities. 

Post IOC-O&M activity and the replacement of capital investment systems 
is carried out under the concept of mobile maintenance facilities traveling 
from satellite to satellite by using the SCB as a home base. Table 1.2-6 
identifies work and crew support facilities associated with SCB and MMB 
missions. 

Table 1.2-6. Satellite O&M Facilities 

WORK CREW 
SYSTEM SUPPORT SUPPORT 

DESCRIPTION ABBREVIATION FACILITIES FACILITIES 

AIRLOCK DOCK- ADM 12 
ING MODULE 

CREW HABITA- CHM 8 
BILITY MODULE 

CONSUMABLES CLM 8 
LOGISTICS 
MODULE 

BASE MANAGE- BMM 64 
MENT MODULE 

POWER MODULE PM 12 

PRES SUR I ZED PSM 12 
STORAGE MODULE 

A mobile maintenance base is scheduled to provide an average of 45 days 
of service to individual satellites on an annual rotation basis. Table 1.2-7 
identifies MMB rotations against a satellite option and summarizes crew require
ments for SCB and MMB categories. 

1.2.3.l WORK SUPPORT FACILITIES 

This element includes work oriented facilities and equipment required at 
the SCB and on the MMB, along with those needed at the satellite to satisfy 
operational and maintenance needs of the satellite system during its operation. 

Of the 12 ADM's (reference Table 1.2-7) - 4 are located on the SCB and 
8 are located on the contingent of MMB's (mobile maintenance bases). Sixty 
MMB's are assigned as one per satellite with 4 more located in the SCB. Four 
PM's, and PSM's are located on the SCB to support satellite O&M activity for 
the option. One set each of the other 8 PM's and PSM's is located on the 
individual MMB's. One CHM and CLM is also located on each of the MMB's. 
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~~able 1. 2-7. MMB Requirements 
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Space Operations and 
Satellite Systems Division 

Space Systo;ms Group 

.4111111~ Rockwell 
P.~ International 

The MMB located on each satellite incorporates a monitoring and fault 
isolation capability for SPS satellite subsystems as well as the controls 
required for alternate operational modes and functional isolation of selected 
subsystems for maintenance. CER's are based on Rockwell Space Station study 
data. 

1.2.3.2 CREW SUPPORT FACILITIES 

This element includes facilities and equipment required for life support 
and well-being of the crew members. Included are living quarters, recreation 
facilicies, and health facili.Lie~ lu<.:a.i..e<l Ull Ll1e !·j}i:U. Costs vf c1n.1 ~nd CLM 
modules are based on Rockwell's Space Station studies. 

1.2.3.3 OPERATIONS 

This element includes the planning, development, and conduct of operations 
at the O&M support facility. It encompasses both direct and indirect personnel 
plus expendable maintenance supplies required in GEO for satellite oeprations 
and maintenance. 

O&M crew are located on the SCB and MMB. Each satellite is serviced for 
an average period of 45 days per year. 

1.2.3.4 COST ESTIMATES 

Operational support costs are identified in Table 1.2-8. 

Table 1.2-8. Operational Cost Tables 

WBS TABLE NO's DESCRIPTION 

1.2.3.1.1 thru Work Support Facilities 
1.2.3.1.4 

1.2.3.2.1, 1.2.3.2.2 Crew Support Facilities 

1.2.3.3.1 (SCB Crew), 
1.2.3.3.2 (MMB Crew), 
1.2.3.3.3 (SCB Provisions) 
1.2.3.3.4 (MMB Provisions) 

Operations 
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ROCK.WELL s~s CP-2 Rc~~RfNCc CONFIGURAllON,1980 
TABLE 1.2.3.l.1 AlRLUCI( uOCK.lNG MODULE-ADM 

lNPUl PAM.AME 'JERS 

T= 2500.00000 lF; i.000000 
M: 2500.00000 t:J&M: o.o 

C~::: 1.000000 Zl::: 2 .000000 
PHI::: 0.980000 l2= b0.000000 

R= C.OObbbb L3: 24.000000 
OF= 1.000000 ll.t =- o.o 

CALCULATED VALUES Kb SUM TO 

LU=CO~E~ X (l X DF)XX('O~X~t x Lf 

CLRM=ClCER X (M)XXlCl~XP) X C~ X lF 

z5~ 

i.z.3.1 

INPUT COEFFICIENTS 

CD~ER= 
CO~XP• 
CICE~s 
CltXPz 
BVEAR= 

12.000000 

o.o 
o.o 
0.0070b2 
l.000000 

1979 
Z6• 

$,MILLIONS 

o.o 

17.655 

~ #RM =T I M 1.000 
U1 

E =l.O + LUb(~Hl) I L0bl2.C) 

CTFU=ttLRM / E)Xft#RM X Ll+.5JXXtEJ -0.5XXlcJ) 

CTB =l tCLRM/t)X( t#RM X 

ClPS=C TB•Z4/ZZ 

CRCI =ClB X R 

ll + 0.5)~XCE) -0.5XX(E)) 

PRE-IOC CRCI ;.(RCJ X lb 
POST-IOC CRCl =CRCJ X Cl.O-ZbJ 

CO&M :O&M UR ll~•Z5/Z~/t~YR 

COMMENTS 

) I Z3 

0.971 

34.987 

lb.525 

o.o 
0.110 
o.o 
0.110 

0.110 

1917 OAlA ENltR~U FUR tOtE~,lltcR, AND O&M w~RE C.O O.OOb03b O.O 
S~E i.2.1.2.1 FOR ODltE. 15 YEAR LIFE. 4 ADM'S LOCATED ON sea. 
8 ADM'S FOR MMR•s. u~E AL;M ON S~B ANO ONE ADM ON MMB FOR TfU 

o.o 



tij 

TABLE 
ROC~wELL SPS CR-2 RE.FERENCE CONFlGURATlON,1980 

l.2.3.t.2 ~-S~ MbMl MODULf-B~M 

lNPUl PAkAMElfRS INPUT COEFFJ:Cl ENTS 

T= 27000.0CCiO TF= 1.000000 COCER= o.o 
M: 21oco.oooo U&M= c.o CO EXP: o.o 

CF= 1.000000 ll= 2.000000 
PHI= 0 .9tt000 0 Ll=- b0.000000 

C ICER= 0.013450 
CIE.XP= ll .000000 

R= 0.035555 Z3= 128.000000 BY EAR= 1979 
OF= 1.ocoooo l4= o.o l5= 64.000000 lb& 

C-LCuLAlEO VALU~~ 9'.b ~UM TO 1.2.3.1 StMILLIONS 

CU=COC~R X Cl X OF)XXCCOtXPJ X C~ o.o 

CLRM=CICER X fMJXXCClEXP) X C~ X lf l~3.159 

~ •~111 =l I M 1.000 

"' "' E =l.O + LOGCPHlt I LOGf2.0J 

(TFU=CCLR~ / E)XCC•R~ x Zl+.~)XXl~) -o.,xxtt)) 

ClB =tltLRM/tJXCt#~M X l3 + O.~)XXCf) -0.5XXtE)) 

ClPS=-ClB•Z4/l2 

CRCI :Cle X R 
PRf.-IOt CRLI =tRCI X lb 
PUST-lUC ~RCI ::(.RCJ X ll.O-lb) 

CO&M =O&~ OR Clb•l~/l2/t~Y~ 

) I 23 

0.971 

719.b6l 

324.472 

o.o 

11.537 
o.o 

u .537 

11.531 

CU~MENTS 
1977 OAlA ENTERED FOR coc~~.LICER, AND O&M wERE o.o o.Oll49b o.o 
~f~ t.2.2.1.1 FO~ UDl&E. l~ VEAR LlFE. ONE BMM LOtATEO ON see F~ T~u. 
lBMM LOCAT~D ON tACH ~AltLLllt. IRMM LOCATEO ON ~q TO SUPPORT 
a&~ ACllvlll~S ~UR l~ SAatLLlltS. 

o.o 



TABLE 
ROLK"~ll s~s ~K-2 ~EFERENCE CONFIGURATION,1980 

1.2 .3.1.3 ~RES~ UH l.tl.J STORAGE: MOOlJLE:-P~,.. 

lNPUl PAR AME 1 ER~ INPUT COEFFICI~NTS 

T= 15000.0000 f F::: 
M:. 15000.0000 l.J&M:. 

CF= 1.000000 £.1:. 
PHl= 0.980000 l2= 

R= 0.00222 2 l3= 
OF= 1.000000 £4:.. 

CALCULATEO VALUtS IC.b 

CO=CDC!:R X CT X OFtXXCCOEJCP) JC Cf 

CLRM=CICE:R X CMtXXCClfXP) X Cf X lF 
ti:l 

1.000000 
o.o 
1.000000 

60.000000 
e.000000 
o.o 

SOM TO 

Z5= 

1.2.3.1 

COCER= 
CDEXP= 
C lCfR= 
CI EllP= 
BVEAR= 

~#RM =T I M 
0-
-...J 

E =l.O + LOG(Phl) I L0bt2.0) 

CTFU:.(CLR~ / E)X(C#RM X ll+.~)Xl(E) -0.5XX(~)) 

Cl8 =CCCLRM/t)Xtt#RM x l3 + O.~)XXC~) -O.~XXCE)t 

CJPS=CT8*Z4/Z2 

CRC.I =Cl~ X R 
PRE-IOC ~k~l =Ck~l X lb 
PuSJ-IOC CRCI =CRCI X ll.O-L6) 

CU&M =O&M UR CTb*Z~'L2/tNYK 

COMMf:NTS 
1977 DATA E:NTER~u FOk cu~ER,~l~Ek, ANO O&M WfRE o.o 

) I Z3 

StE 1.2.1.1.11 FOR 001&1:. 15 Yt1oR LIFE. PSM LOCATED ON SCA TO 
TFU MMt> AClVlTlt:S. FWR .-SM'~ tZ5) ON SC8 TO SUPPOQT SAl'ELLllE 
AClIVIlY FOR OPJIO~ 

o.o 
o.o 
O.Olb0b9 
1.000000 

1979 
4.000000 Z6= 

0.013734 
SUPPORT 
O&M 

$,MILLIONS 

o.o 

241.032 

1.000 

0.971 

o.o 

241.3b0 

232.000 

o.o 

0.516 
o.o 
0.5lb 

o.~lb 

o.o 



TABLE 
ROC~WELL S~~ CR-2 R~FtRENCE tONFIGURATlON,1980 

1.2.3.1.4 P~Wl:R MOO~Ll:-PM 

INPUl PARAl"IElcRS INPUT COEFFICIENTS 

T= 2,0.000000 Tf·= 
M= 250.000000 Uf..M:. 

(. f-= 1.000000 ll= 
PHI= 0.980000 l2= 

R= O.OObbbb Z3= 
OF= 1.oooooc l 't;. 

CALCULATED VALUt~ KW 

CU=COCER X tl X ~F)XX(COfXP) X C~ 

C.LRM:.C.lCtR X lM)"XU:.IE"P) X C.~ X lF 

1.000000 
o.o 
2.000000 

t>0.000000 
24.GOOOOO 
o.o 

SUM 10 

25:. 

1.2.3.1 

COCER= 
CCIEXP= 
CIC ER= 
CIE:XP= 
B Yl:AR= 

12.001:>000 

Cd 
I 

N #~M =T / M 
(j\ 
CfJ 

E =-1.0 + LOGCPHl) / LUbl2.0) 

Cl~U=(CLRM I f)XCCtRM X Ll+.5JXXlt) -0.5XXCE)J 

CTB =tttLRM/E:)XCC•RM A Z3 + 0.5)XXCl) -0.5XX(E)J ) / Z3 

CIPS=CTB*Z4/Z2 

CRC.1 :(.f B >l R 
PRl:-IOC CRCI =CRC.l X lb 
PUST-lOC tRCI =CRCI X tl.O-lb) 

ClJtM :U&M OR CTE.l*l5/22/l:NYR 

COMMENTS 
1977 DATA E:NTER~O FU~ CDCtR,CICE~, ANO U&M WtRE O.O 
SEE 1.z.2.1.2 FOR ODTtE. 15 YEAR LIFE. PM ON SCB TO SUPPORT 
AC11V11Y ~llh o~~ LOCAT~C ONMMB. ~ON 5tB ANU 8 ~ MMe•s FOR 
O~llON 

l .lOOC>OO 
TFU MMB 
SATELLilE 

o.o 
o.o 
1.287000 
1.000000 

1979 
Z6: 

s.MllllONS 

o.o 

321.750 

1.000 

0.971 

o.o 

637.602 

301.152 

o.o 

2.001 
o.o 
2.001 

2.ooa 

o.o 



1 ABLE 
ROCll..WELL S.,S CR-2 RE:H:RENCE CONFIGURAllON,19•80 

1.2.3.Z.l CR~w HABITAblllTY MODULE-CHM 

lN~Ul PARAMtlERS INPUT COEFFICIENTS 

T=. 21000.0000 Tf =-
M= 27000.0000 O&M= 

CF= 1.000000 ll::. 
PHI= 0.980000 l2=-

R= 0.004444 l3= 
OF= 1.000000 l4= 

CALCULAl~O VALUt~ ~l> 

CU=COCER X Cl X OFtXXC'O~X~) X ~f 

~L~M=ClttR X (M)XX(CJEXP) X Cf X lF 

1.000000 
o.o 
1.000000 

60.000000 
lt>.000000 
o.o 

SUM TO 

Z5= 

i.2.3.2 

CDC ER= 
CO~XP= 
CICER= 
CI~XP= 
0VEAR= 

e.000000 

o.o 
o.o 
0 .004411 
1.000000 

1979 
2.6= 

$,MILLIONS 

o.o 

119.094 
t:d 
I 

N #RM =T I M 
°' 

1.000 
\0 

E =l.O + lUGl~hl) I LObt2.0J 

CTFU=H.LRM I flXH#Rflll X Ll•.~)XXtt:) -().5XXH:)) 

CTB =ttCLRM/t:)X( (#RM X Z3 + O.~)XXlt) -0.5XX(E)) 

CIPS=CTB*l4/Z2 

CRC.1 =tlB X R 
PRE-IOC CRCI =C.Rll X lb 
.. us1-1oc C.RCI :.C.RC. l x t leO·-Lb) 

C.UtM =U&M OR tl~*Z5/L2/thYR 

COMMENTS 

) I Z3 

0.971 

119.2~b 

112.6tib 

o.o 

0.501 
o.o 
o. 501 

O.!>Ol 

19"11 i.>ATA ENTER to Fuk COC.t:R' l..lCER' AllcO lJ&M w~RE o.o o.003770 o.o 
SEE l.l.L.2.1 ~UR OOl&f. 15 YE~R LIFE. tH~ LOCAlEO ON MMB FOR lFU. 
l CHM ON EACH l"'MB TCJ SlJ .. J-~ T O&M FOR OPT lON 

o.o 



TABLE 
ROCKWELL s~s C.R-2 ~EfERENCE CONFl~URATION,1980 

1.2.J.2.2 CllNSUMABLFS LUulSTIC.S MOOULE-CLM 

lNPUl PARAMtTER~ INPUT COEFFltlENTS 

T: 5000.GJCiOO ff-:. 1.000000 
~:. ~000.00000 lJ&M:: o.o 

CF= 1.000000 l I:. 1.000000 
Pt-ti= 0.9bOOOC l2= b0.000000 

R= 0.004444 Z3= lb.000000 
OF= 1.000000 Z4= o.o 

CAL(ulAlED VALULS ~b SUM TO 

CO=COCER X (1 X DFJXXCCOtXPJ X C~ 

CLRM=ClCER X tM)XX(ClEXPJ A Cf X lf 
td 
I 

N •RM :.T I M 
........ 
0 

E =l.O + LOGf PHlJ I LObC2.0) 

CT~U=tCLRM I EJXtt#~~ X Zl+.~JXXtt) -0.~XXC~)) 

tlB =-lttLRM/E)XCC•RM Jl Z3 ... 0.5)XXCEJ -0.5XXH:t> 

CIPS=tl8*Z4/Z2 

CR.Cl =CTb X R 
PRE:-IOC. C.RCI ~Rtl X lb 
POST-IOC C.Rl.1 =OU.l X U.O-Lb) 

C.0&~ =O&M OR Clb*l5/l2/tNYR 

COMMENTS 

ZS= 

1.2.3.2 

1977 DATA ENlEREO FuR COCtR,ClCER, AND O&M w~RE o.o 

CDCf.:R= 
CD EXP= 
C JCER= 
CI EXJ>= 
RY EAR:. 

) / l3 

s~f i.2.1.2.2 ~OK uOl&t. 15 YEAR LIFE. CL~ LOCATED o~ MMB 

o.o 
o.o 
Oe0lb380 
1.000000 

1979 
8.000000 Z6= 

0.014000 

1,MILLION~ 

o.o 

81.900 

1.000 

0.971 

o.o 

82.011 

77.479 

o.o 

o.344 
o.o 
0.3't4 

0.344 

o.o 



TABLt: 
R OC.IOIE LL St- S C R-2 REF ERE NC E CONF H~URA 1ION,19 8 0 

i.2.3.3.1 ~ATELlllc OPERATIONS CR~w - StA 

INPUl PAR~tltRS lNPUl COEFFlClfNTS 

T= a. 000000 lF = 
M= 1.000000 L&M~ 

CF= 1.000000 l l:. 
Pt-tl= 1.000000 L2=-

R= o.o l3= 
OF= i.000000 l4=-

CALCULATED VALUES Pl::RSON 

CD=COCER X CT X OF)XXCCOE~P) X CF 

CLRM=CICER X CM)XXIClEXP) X t~ X lF 

1.000000 
o.o 
1.000000 

60.000000 
120.000000 

o.o 

SUM TO 

Z!>= 

1.2.3.3 

CDC ER= 
COf XP= 
CIC ER= 
Cl EXP= 
BY'EAR= 

120.000000 

O:l 
I 

N #RM =T / M 
-..i 
I-' 

t =l.O + LOb(PHI) I L0bt2.C) 

CTFU=tCLRM I t)X((#RM x ll+.~)XXtE) -o.~xxtt)) 

CTB =CftLRM/E)X(C#RM X 2.3 .- 0.5)XX(f) -O.!>XX(E)) 

CIPS=CTB•Z4/Z.2 

CRC I =CTe X R. 
P~E-lOC CRCl =CRCl X lb 
f.'OST-lOC CRCI =CRC. l X U .0-26) 

CO&M =U&M UR ClB•Z~Jl2/tNYR 

COMMENTS 

) I Z3 

1917 OAlA ENTtRED FO~ CULtR,LlCER, AND O&M WERE O.O 0.062400 
8 P~RSO~ CR~w SlAllO~ED UN ~Cb fOR TFU. CRE~ SERVICt~ 2 MO~llt 
MAINTENANCE ~ASE~ tMMB 1 S). ~o SAllLllll OPTION R~QUl~ES 4 see CR~ws. 

o.o 
o.o 
0.073008 
1.000000 

1979 
Z6r: 

S,MlLLIONS 

o.o 

0.013 

e.ooo 

1.000 

0.584 

0. !>84 

o.o 

O.G 
o.o 
o.o 

0.039 

o.o 

o.o 



TABLE: 
ROl.KwE LL SPS C.R-2 REf-ERE~Cf C..ONFIGUMA 110,.. 9 1980 

1.2.3.3.2 ~ATELLITt OPE:RAllONS CREW - MMA 

INPUT PARAMET~RS lNPUl COEFFltlENTS 

tJ;I 
I 

T= 30.000000 lf-= 
M=- 1.000000 IJ&M:;:; 

CF= 1.000000 ll= 
Pt-tl= 1. oooooc ZZ= 

R= o.o l3= 
C>F= 1.000000 l4=-

CALCULATED ~ALUES Pt:RSOll.S 

CO=CDCER X Cl X OF)XXCCOEXP) X Cf-

CLRM=LlCER X CM)XXttlEAP) X t~ X TF 

1.000000 
o.o 
1.000000 

b0.000000 
240.000000 

o.o 

SUM 10 

z 5= 

1.2.3.3 

CDC ER= 
CO EXP= 
CltE:R= 
CI E Xfo'= 
8 VEAR:. 

240.000000 

~ #"M =l I M 
N 

f =l.O + LUGCPHI) I L0bl2.0J 

tTFU:.ttLRM I EJ~((#RM x LJ+.~)XXlf) -0.5XXCE)) 

tTB =CCCLRM/~)X(C•RM l Z3 + o.~)XXC~) -o.~XX(f:)) 

C lfl~=CTB*Z 4/Z2 

(Rt 1 =C 18 X R 
~RE-IOC CRCl =CRCI X lb 
PUST-IOC (RCl =CRLl X 11.0-lb) 

CU&~ :;:;Q&M UR tle*l5t22/E~Y~ 

t0MMENT5 

) I Z3 

1917 DAr- ENTERED FOR COClR,ClCER, AND O&M wE:R~ o.o o.062400 
30 PERSON CRtft UN EAC~ Mubllt MAINTENANCE bASE (MMB) ONE MMS SERVICES 
2 SATflLilES EVfRY 9C OAY~ UN lhE AVERAG~. BMMB~ REOUJR~O FOR 
UPERATIUNS OVE~ lf~M 

o.o 
o.o 
0.073008 
1.000000 

1979 
Z6= 

S,MlLLIONS 

o.o 

0.073 

30.000 

1.000 

2.190 

2.190 

o.o 
o.o 
o.o 
o.o 

0.292 

o.o 

o.o 



b:l 
I 

TABLE 
ROCKWELL ~PS CR-2 RE~ERENCt CONF1GURAT10Nt1980 

1.2.3.3.3 CREw PROVISIONS - sea 

lNPUl PAR AME lERS INPUT COEFFICIENlS 

T= 10368.0000 TF:. 
M= 1.000000 otM= 

CF:. 1.000000 £1= 
Pt-ti= l.000000 l2= 

R= c.o l3= 
OF= 1.000000 Z4= 

CALCUlATEO VALUES CR l:w 

CU=CDCER X CT X DF)XX(tDfX~) X Cf 

CLRM=CICtR X (M)XXCCl~XP) X C~ X lF 

1.000000 
o.o 
1.000000 

b0.000000 
120.000000 

c.o L 5:. 

SUM 10 1.2.3.3 

CDC.fR= 
CDEXP= 
CICERs 
CIEXP= 
BVEAR= 

120.000000 

o.o 
o.o 
0.000026 
1.000000 

1979 
Z6= 

$,MILLIONS 

o.o 
o.ooo 

~#RM =l I M 10368.000 
w 

E: =l.O + LUG(~M1) I LObt2.0) 

tTFU=ftLRM / f)Xlf#RM X £1+.~)XXIEJ -0.5XXfE)) 

CT 8 = C ( C LR Ml i: ) X ( UR M X l3 + O.~)XXCE) -0.5XX(E)) 

C.1PS=-CTB*Z4/Z2 

CRC I =Cl B X R. 
PRE-IOC CRCI =CRLl X lb 
POST-IOC C.RC1 =CRC.l X Cl.O-lb) 

tO&M :Of.M OR tl~*L5/2..2/l:l'W~ 

COM"'1ENT~ 

1.000 

) / Z3 

1977 DATA ENTERED FOR CDCER,ClCER, ANO O&M wE~E O.O 0.000022 O.O 
$2t>/Kb Al 3.b l((,.f .. ER5CJN/[J"Y· ~ PERSON (.R.'EW Al sc.e PER lo SAlELLIH:S. 

0.267 

0.267 

o.o 

o.o 
O.l' 
o.o 

0.018 

o.o 



o::J 

lABLE 
ROCKWELL SP~ Ck-2 REFERENCE toNFIGURATlON,1980 

1.2.3.3.4 O&M CREW ~RUVISIONS - MMB 

INPUl PARAMEltRS INPUT COEFF1Cl 1ENTS 

T= 38880.0000 lf--:. 
M: 1.000000 L£M: 

CF= 1.000000 z l:. 
PHI= 1.000000 l: 2:. 

R= o.o Z3= 
OF-= 1.oooooc 2.4: 

CALCULATED ~ALUES C.~ E11t 

CO=CDClR X (1 X Of)XXCCOtXP) )l Cf 

CLRM=ClCER ~ (M)XXCC1EXPJ X tf X TF 

1.000000 
o.o 
1.000000 

60.000000 
240.000000 

o.o Z5= 

SUM 10 1.2.3.3 

CDC ER= 
COEXP= 
CICER= 
Cl EXP= 
BY EAR= 

240.000000 

o.o 
o.o 
O.Ot:>002b 
1.01)0000 

1979 
lb& 

s.MILLlONS 

o.o 

o.ooo 

~ •~M =T I 111 38880.000 
-...J 

·"'" E =l.O + LOGCPHI) I LO~t2.C) 

ClfU=ttLRM I E)XCt•PM X Zl+.~)XXCE) -0.5XXCE)) 

C fB =Cl Cl~M/l: )X ( URM X Z 3 + 0. ~)XX ( E ) -0. 5XX IE) ) 

CIP~=ClB*Z4/l2 

CRCI =CTB X R 
PRE-lOC. C.Rtl ::..CRCI X lb 
POST-10~ tR~l :(.~~1 X tl.G-lb) 

CO&~ =O&M OR C1B•Z5/L2/t~Y~ 

COMMENT~ 
1917 DATA ENlEREO FO? CUtt~,tltER, ANO O&M WERE O.O 
'26/KG Al 3.b 1<.C,/t>i;:r<~L."4/DAY. 30 PERSON C.RE_. ON E-llC.H MMB. 
2 SATELL llES E.V ERY ~CWA YS UN ·1 Ht A'JE.RAGf • OPT ION RE\JUll~ES 
8 M"18 1 S. 

) I Z3 

0.000022 
MMP. SE~VlCES 
SERVICE~ FOR 

i.ooo 

t:>.o 

1.001 

1.001 

o.o 

o.o 
o.o 
o.o 

0.133 

o.o 
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1.3 TRANSPORTATION 

~l~ Rockwell 
... ~International 

This element of the SPS program covers all space transportation system 
vehicle and operational requirements needed to accommodate the delivery of 
materials and personnel to orbit. The requirement supports SPS satellite 
system fabrication, assembly, test and evaluation plus the replacement and 
operations/maintenance of space systems. Estimates of cost and cost analyses 
in this section cover transportation systems used to transfer materials and 
personnel to LEO, LEO to GEO, and within LEO and GEO orbits during space 
construction and lifetime operation of the satellite system. 

Figure 1.3-1 illustrates the Rockwell reference transportation flight 
operations scenario designed to deliver cargo and personnel to geosynchronous 
(GEO) orbit for SPS construction. Three SPS unique elements of the system are: 
the Heavy Life Launch Vehicle (HLLV), the Electric Orbit Transfer Vehicle 
(EOTV), and the Personnel Orbit Transfer Vehicle (POTV). The HLLV is a two 
stage parallel burn launch vehicle utilizing LOX/RP in the first stage and 
LOXiLH2 in the second stage. Second stage propellants are crossfed from the 
first stage during first stage burn. These stages take off from a vertical 
position and land horizontally in a manner similar to that of the Shuttle 
transportation system. Each HLLV launch can transport a 0.227xl0 6 kg 
(0.500xl0 6 lb) payload to low earth orbit (LEO). 

UOSTAGING 
WE 

~ 

~·y~>~ 
. .\: ·-

Figure 1.3-1. SPS Transportation System~LEO Operations 
Operational Program 
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Rockwell 
International 

The second major transportation element is the LEO-to-GEO cargo transfer 
vehicle, the EOTV. The EOTV consists of a basic solar array structure and 
electric (ion) thruster arrays by which as much as 6.86 10 kg of cargo can 
be transferred to a GEO~located construction site. A maximum EOTV load would 
therefore accommodate approximately 25 HLLV missions. The same EOTV configura
tion has been retained for all satellite options. 

A third vehicle is designed to transport personnel from the LEO staging 
area to and trom the GEO site. The vehicle consists of a single chemical 
propulsion stage and a separable crew module. The propulsion element is 
refueled in GEO for return to LEO. Acceleration and operation restrictions 
are similar to those imposed for manned space vehicles. 

Transportation requirements and concepts for SPS vary as a function of 
program phase. During the research/technology phase (1981=1987), the baseline 
Space Shuttle is planned to conduct sortie missions. Its use will continue 
through the period of space activities to prove the concept by ultimate con
struction of a pilot power plant. A growth vehicle will use solid rocket 
boosters to transfer personnel to orbit in preparation for LEO base and SPS 
construction base facilities. An STS derivative vehicle will consist of a 
solid rocket booster and a special payload/engine module (replacing the orbiter) 
to serve as a cargo carrier. The SPS VTO/HL HLLV is scheduled later in the 
program for use in EOTV construction and SPS fabrication/operations. 

During satellite construction phases, geosynchronous orbit is the eventual 
destination of SPS construction materials/equipment, personnel, and supplies. 
The crews will be transported from earth to LEO by the SPS VTO/HL HLLV contain
ing the personnel module (PM) where the PM will then be carried to GEO by the 
POTV. Cargo will be delivered to LEO by the SPS VTO/HL-HLLV configuration, 
transferred to the EOTV by IOTV's, transported to GEO by the EOTV, and off
loaded by IOTV's. Additional detail on the individual vehicles is presented 
in later subsections. 

Mass-to-orbit cost requirements for construction, propellant, and opera
tions/maintenance activities were established in accordance with the mission 
profile and build schedule of required SPS satellite options with a first 
unit (TFU) by the end of year 2000. These calculations are based on a round 
trip vehicle life as shown in Table 1.3-1. 

Vehicle flight and fleet requirements to build the first (TFU) Rockwell 
SPS reference configuration satellite are identified in Table 1.3-2. These 
calculations were based on the mass to LEO and to GEO for personnel, materials, 
and supplies needed to construct the satellite and EOTV vehicle reflecting 
mission timelines, turnaround schedules, and flight profiles. 

Transportation vehicle and flight requirements for the Rockwell reference 
configuration are identified in Table 1.3-3 by construction (Pre-IOC) and 
operation and maintenance (Post-IOC) categories. These elements of the 
traffic model were used in calculations of costs associated with fleet 
requirements for a 60-unit SPS program. 
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Table 1.3-1. Vehicle Life with Maintenance 

I 
VEH1CLE 

SPS VTO/HL HEAVY LIFT LAUNCH VEHICLE 
CSQ0,000 Lb, 227,QOO kg) 

EOTV CARGO (ELECTRIC) ORBIT TRANSFER VEHICLE 

POTV PERSONNEL ORBIT TRANSFER VEHICLE 

IOTV INTRA-ORBIT TRANSFER VEHICLE 

R. T. FLIGHTS 
PER VEHICLE 

- - -----
300 

20 

100 

200 

I 
' 

Table 1. 3-2. GaAs Refe:rence SPS Concept-TFU Transportation Requirements 

VEHICLE FLIGHTS 

PLV 
IOTV 

(HLLV) HLLV POTV EOTV LEO 

SATELLITE CONSTRUCTION & MAINT. 5.4 153,3 40 5, 1 215 
CREW CONSUMABLES 6.6 - 7 
POTV PROPELLANTS 12. 7 0.2 13 
EOTV CONSTRUCTION & MAINTENANCE 32.8 - 33 
EOTV PROPELLANTS 33,5 - 34 
IOTV PROPELLANTS 0.6 - 1 

SCB TO GEO - 2 -

TOTAL FLIGHTS 5 240 40 8 303 

FLEET - 5 4 6 2 

GEO 

153 
-
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-
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Table 1.3-3. GaAs Reference SPS Concept~Total Transportation Requirements (60 Satellites) 

HASS x 1 Or, kg VEHICLE FLIGHTS 

PLV IOTV 

LEO GEO (HLLV) HLLV POTV EOTV L l 1) GEO 

SATELLITE 
CONSTRUCTION 2087.7 2087.7 111 9. 197 1220 306.4 10, J' 41 9, 197 
OPS & HAINT. 492.2 492.2 34 2. 168 324 72. 7 2. ~.60 2. 168 

CREW CONSUMABLES 
CONSTRUCTION 29.9 28.7 132 4.2 132 126 
OPS & HAI NT. 9.2 7.6 41 I. I 41 34 

POTV PROPELLANTS 
CONSTRUCTION 87.9 44.o 387 6.5 387 194 
ors & HAINT. 23.3 11. 7 103 I. 7 103 52 

EOTV CONSTRUCTION 
CONSTRUCTION 19.9 12.4 88 I. 8 88 55 
OPS & HAINT. 5.0 5.0 22 0.7 22 22 

EOTV PROPELLANTS 
CONSTRUCT I ON 306.0 1. 9 1. 348 0.3 I. 348 8 
OPS & HAINT. 73.0 0.8 322 0. I 322 4 

IOTV PROPELLANTS 
CONSTRUCTION 7.4 3.2 33 0.5 33 14 
OPS & HAINT. 1.8 0.8 8 0. 1 8 3 

SUHHARY 
CONSTRUCTION 2538.8 2177.9 111 11, 185 1220 320 12, 729 9.594 
OPS & HAINT. 604.5 518. 1 34 2,664 324 76 3,056 2 '28·3 

TOTAL 3143.3 2696.0 145 13 .849 1544 396 15,785 11,877 

VlHICLE rLEET 
CONSTRUCTION - - - 38 12 16 112 
OPS & HAINl. - - - 9 3 4 27 

TOTAL - - - 47 15 20 139 
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1.3.1 SPS HEAVY-LIFT LAUNCH VEHICLE 

41~ Rockwell 
P.~ International 

The SPS HLLV is shown in Figure 1.3-2 and has a payload capability of 
227,000 kg with a vertical takeoff and horizontal landing feature. The SPS 
HLLV is used to bring space construction and support equipment payloads, 
satellite system hardware, OTVs, consumables and crew expendables, and pro
pellants from earth to LEO. This element covers SPS HLLV vehicles and opera
tions required to support satellite system assembly and operation during a 
30-year period. Ground rules and guidelines applicable to the HLLV are 
summarized in Table 1.3-4. 

72.0 M 

I 
BOOSTER 

I 

I 
62.63 M 

l_ 

---- i6.u;.; ----...; 

Figure 1.3-2. SPS VTO/VL HLLV System Launch Configuration 

1.3.1.1 SPS HLLV FLEET 

A total of 47 HLLV vehicles are required to handle mass flow requirements 
throughout the 60-year SPS program; Thirty-eight vehicle are required for the 
construction of 60 satellites and 9 vehicles are needed for operation and main~ 
tenance during the 30-year satellite lifetime. 

Data used in projecting estimates for the HLLV were factored from the 
NASA/JSC Contract NAS9-15196. Specific changes were made to consider the 
reference HLLV design configuration: vehicle complexity factors-engines, 
ablative shield, propellant valves, and system/subsystem design; and the 
greater mass of the orbiter/booster as compared with current experience and 
Rockwell Space Shuttle contract work. 
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Table 1.3-4. HLLV Ground Rules/Assumptions 

• Two-stage vertical takeoff/horizontal landing (VTO/HL) 

• Flyback capability both stages; ABES, first stage only 

• Parallel burn with propellant crossf eed 

• LOX/RP first stage; LOX/LH2 second stage 

~l~ Rockwell 
P.~ International 

• High Pc gas generator cycle engine; 1st stage [ls (vAc) 352 sec.] 

•High Pc staged combustion engine; 2nd stage [ls (VAC) = 466 sec.] 

• Staging velocity-heat sink booster compatible 

• Circa 1990 technology base-BAC/MMC weight reduction data 

• Orbital parameters-487 km@ 31.6° 

• Payload capability-227Xl0 3 kg up/45 kg down 

• Thrust/weight-1.30 liftoff/3.0 max. 

15% weight growth allowance/0.75% 6V margin 

HLLV capital asset replacements, major overhaul requirements, spares 
provisioning, and system lifetimes were projected as being the equivalent of 
1.5 vehicle replacements for each of the SPS fleet vehicles. These calcula
tions amount to a total of 71 RCI vehicle equivalents with an allocation of 
approximately 57 to pre-IOC activities associated with satellite construction, 
and about 14 HLLV equivalents chargeable to the O&M activity after IOC. 

See Table 1.3.1.1 for SPS HLLV cost computer program tabulations. 
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ROCK~ELL SPS CR-2 REFERENCE CONFIGURATION,1980 
TA~LE 1.3.1.1 ~PS-hllv ~LEET 

lNPUl PARAMEllRS 

1= 1.000000 1 F:. 
M= 1.000000 lltM = 

CF= 1.000000 ll= 
~hl= 0.950000 l2:. 

R= 0.03944., Z3= 
OF= 1.000000 L4= 

CALLULAllD VALUtS SE:l 

CO=COC~R X tl X OF)XXCCOEXPJ X Cf 

o:i CLRM=-ClCER X (MtXX(CIEXP) X (;f X lF 
I 

N 
~ fRM :.T I M 

t =l.O + LObCPHl) I LObt2.0) 

1.000000 
o.o 
~.000000 

60.0uOOOO 
118.000000 
38.000000 

SUM TO 

CtFU=CCLRM I E)X((#RM X ll+.5)XXCE) -0.~XX(t)) 

CTB =CCCLRPVt)A((#RM X Z3 + 0.5)XX(~) -0.5XX(E)) 

CIPS=-ClB•Z4/Z2 

C.RCI =CTB X R 
PRE-IUC CRtl =CRtJ X lb 
PUSl-IOC CRCI ::::CRC.l X tl.O-Z6J 

CO&M =U&M UR CTB*L51l2/~NYR 

CUMMENTS 

25= 

J.3.1 

INPUT COEfFICIENTS 

COCER: 
COfXP= 
C JCER= 
CltXfo'= 
BYEARs 

) I Z3 

10062.0000 
1.000000 

23't0.00000 
1.000000 

1979 
9.000000 Z6: 

s,MILLlONS 

10062.000 

2340.000 

1.000 

o.926 

10921.242 

1771.045 

1121.661 

69.8~7 

56.480 
13.377 

8.8~5 

1917 DATA l:NTEREO ~OR COC.fK,~IC.ER, j•.r'-40 O&M WERE 8bOO.OOOOO 2000.00000 O.O 
118 ~EHICLE:S 1"4 fLEEl=-71 RCI, 38 CUltfSTR Ri::LATED, 9 ll&M RELATED RCI AT 
l.~ VEHICLE EOUIVALENlS TO KtEP lHLLV OPERATIONAL 

0.808510 
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41~ Rockwell 
P.~ International 

1.3.1.2 SPS HLLV OPERATIONS 

This element includes necessary vehicle operations (user charge 
including payload integration) required to support the SPS program. 
has a lifetime capability of 300 flights. 

per flight 
The HLLV 

There js a total of 13,849 roundtrip flights required to support the 60-
year program, where approximately 227,000 kg is delivered per flight. These 
are grouped into a total of 11, 18':i fli~hr!': for ~onstru~tion ar.d 2664 flights 
for operations and maintenance. The TFU requires a total of 245 flights to 
carry the necessary mass to orbit. On the average of 60 satellites, approxi
mately 186 flights are needed for satellite construction and 44 flights are 
required for operations and maintenance per satellite over the 30-year opera
tional period. 

The projected cost per HLLV flight is based on contract data (reference 
NAS9-15196) that was factored and revised to arrive at a propellant, payload 
integration, and supporting operational cost by evaluation against such things 
as propellant costs versus HLLV requirements. See Table 1.3.1.2. 
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ROC.KWELl ~PS CR-2 REFERENCE C.ONFlGURATlON,198('.:J 

b:l 
I 

1Al3LE 1.3.1.2 ~PS-HLLV OPERATIONS CVTO-HL) 

lNPUl PAR~MElERS 

T= 1.000000 lF= 1.000000 
M= 1.000000 UGM= o.o 

CF: 1. 000000 z1: 245.000000 
PHI= 1.000000 LZ= b0.000000 

R:: o.o l3= 13849.0000 
OF= 1.000000 l4= 11185.0000 

CALCULATED VALUES f-LJ(;Hl SUM TO 

CO:.COCER X CT .l( OF)XXIC.OfXP) X Cf 

tLRM=-CICER X CM)XX(CIEXP) X ~~ X Tf 

N #RM =T / M 
00 
(,,,) 

E =l.O + LUGCPHI) I LO~l2.0J 

CTF~=CCLRM / ~)XCC#RM x Zl+.S)XXCft -o.sxxcett 

tl8 =ltCLRM/t)X((#RM X 

C IPS=CTB•l4/l2 

CRC.1 ::CTB X R 

Z3 + 0.5)AX(t) -0.5XXCE)) 

PRE-IOC CRCI =CRCI X l6 
PUST-IOC. C.RCI :.CRCl X 11.0-lb) 

CU&M =U&M OR CT~•L5/l2/~~V~ 

ClJMMENl S 
1977 0A1A ENlERtO ~OR COC.tR,CICER, ANO O&M WERE 

ZS= 

1.3.1 

o.o 

INPUT COEFFICIENTS 

CDC.ER= 
CO EXP= 
C ICER= 
Clt:XP: 
BYE AR= 

2664.00000 

J / Z3 

2.480000 

o.o 
o.o 
2 .901599 
1.000000 

1979 
Z6c 

StMILLJONS 

o.o 

2.902 

i.ooo 

i.ooo 

o.o 

710.892 

2.902 

540.90t> 

o.o 
o.o 
o.o 

4.294 

0.807640 
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1.3.2 CARGO ORBITAL TRANSFER VEHICLE (COTV) 

41~ Rockwell 
... ~ International 

This element includes the COTV vehicle and operations required to support 
satellite system assembly and operation. Included is the LEO-to-GEO transfer 
of space construction and support equipment, satellite system hardware, spares, 
and propellants required throughout satellite lifetime, plus O&M materials. 

An electric orbital transfer vehicle (EOTV) is Pmploypo As thP primary 
transportation element for SPS cargo from LEO to GEO. The vehicle configuration 
defined to accomplish this mission phase has a high specific impulse thruster 
that utilizes the same power source and construction techniques as the SPS. 
The concept is shown in Figure 1.3-3 and has a payload capability of 6.814Xl0

6
kg 

(equivalent to 30 HLLV payloads) with a six-month roundtrip time per flight. 
The solar array consists of two "bays" of the SPS, electric argon-ion engine 
arrays, and the requisite propellant storage and power conditioning equipment. 
The vehicle configuration, payload capability, and "trip time" have been estab
lished on the basis of expected overall SPS performance characteristics. 

wr I GITT -~GICl o-6 
EOTV ORY 1.129 
PROPtLLANT 0.86~ 
PAYLOAD 6. 814 1 SOC M 

TOTAL 8.~ 

T 

Figure 1.3-3. Rockwell EOTV Reference Update~l980 

IM 

COTV fleet procurement and operations are detailed in Sections 1.3.2.1 
and 1.3.2.2, respectively. 

B-284 



1.3.2.1 COTV FLEET 

Space Operations and 
Satellite Systems Division 

Space Systl!ms Group 

~I~ Rockwell 
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This element of the WES covers COTV fleet requirements in support of con
struction and operational phases of the SPS program. The COTV structural 
configuration is equivalent to the design/profile of a satellite bay except 
it is equipped with thruster arrays and an attitude control system. It has a 
dry weight of 903,000 kg with subsystem masses as shown in Table 1. 3-5. 

Table 1.3-5. EOTV Weight Summary (GaAs) 

SUBTOTAL TOTAL 
MASS MASS 

ITEM DESCRIPTION ( kgx 10 6
) (kgx 10 6

) 

STRUCTURE 0. 106 
PRIMARY STRUCTURE 0.041 
SECONDARY STRUCTURE 0.056 
MECHANISMS 0.006 
TRACKS AND ACCESSWAYS 0.003 

SOLAR BLANKETS (949,000 m2) 0.229 
CONCENTRATORS (1,823,200 m2) 0.033 
POWER DISTRIBUTION & CONDITIONING 0.422 

SWITCH GEAR & REGULATORS 0.0027 
LOW-VOLTAGE CONVERTERS 0.0003 
CONDUCTORS AND INSULATION 0.265 
BATTERIES (INCL. ACS REQMTS) 0. 152 
BATTERY PD&C (INCL. ACS REQMTS) 0.002 

PROPULSION & ACS SYSTEM 
ACS HARDWARE o. 111 

THRUSTERS (120), 1 m x 1.5 m 0.022 
TANKS & PROPELLANT LINES 0.086 
ATTiTUDE REF. SYSTEM n n.n 1 

v.vv1 

POWER PROCESSING EQUIPMENT 0.002 
INFORMATION MANAGEMENT 0.002 

GRAND TOTAL 0.903 

WITH 25% GROWTH 1. 129 

ARGON PROPELLANT PER EOTV R.T. FLIGHT 0.864 

The thruster array consists of 1.0 m by 1.5 m rectangular thrusters at 
four locations. A specific impulse of 7900/second results in a high thrust 
capable of handling large payloads for the array power output. The total 
attitude control system and thruster array mass is equal to 119,000 kg (dry) 
per EOTV (Table 1. 3-6). 
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Table 1.3-6. EOTV ACS Mass Summary 

MASS 
ITEM DESCRIPTION (kg) 

THRUSTERS (120) 1 METER BY 1. 5 METERS 22,000 
PROPELLANT TANKS AND LINES 86,000 
ACS CONDUCTORS & INSULATION 6,000 
ATTITUDE REFERENCE SYSTEM 1 ,000 
THRUSTER GIMBALS AND MOUNTING 2,000 
POWER PROCESSING EQUIPMENT 2,000 ---

TOTAL (DRY) 119,000 

PROPELLANT (ARGON) 864,000 

EOTV cost estimates were developed from those of the main satellite 
because of design and system similarities. Adjustment factors for development 
and learning were used to reflect the period of time and technology state of 
these requirements versus those for the satellite in coming years. Replace
ment capital investment factors were calculated on the average of a 5-6% 
vehicle attrition. Table 1.3-7 identifies COTV elements/systems costed. 

Table 1.3-7. EOTV Cost Elements 

WBS Element Description 

1.3.2.1.1 
1.3.2.1.2 
1.3.2.1.3 
1.3.2.1.4 
1.3.2.1.5 
1.3.2.1.6 
1.3.2.1.7 
1.3.2.1.8 
1.3.2.1.9 
1.3.2.1.10 
1.3.2.1.11 
1. 3. 2.1.12 
1.3.2.1.13 

Primary Structure 
Secondary Structure 
Mechanisms 
Tracks and Access Ways 
Concentrator 
Solar Blanket 
Switch Gear and Regulators 
Low-Voltage Converters 
Conductors and Insulation 
Batteries 
Battery PD&C 
ACS Hardware~COTV 
Information Management and Control 

B-286 



ta 

TAliLE 
ROCt<.wELL !\ .. ~ CR-2 REFERENCE CONFIGURATION,198~) 

1.3.2.1.1 PRIMAi.CV SlRUCTUfl:E 

lNPUl PAR AME lERS INPUT COEFFICIENTS 

T= 41000.0000 TF= 
M= 15. 000000 U&M: 

CF= 1. 000000 Zl: 
Pt-ti:. l.OOOOOC l2:. 

R: o.o £3= 
OF= o.osoooo l4= 

CALCULATED VALUES Kb 

CU=COCfR X tl X UF)XXCCuE~P) X l~ 

LLRM=ClCER X (M)XX(Cl~XP) X CF X lF 

1.000000 
o.o 
b.000000 

00.000000 
20.000000 
lb.000000 Z5: 

~UM TO 1.3.2.1 

CDC ER= 
CO EXP= 
CICER= 
CIEXP:. 
BY EAR= 

o.02b9lO 
o.sooooo 
o.oooosa 
1.000000 

1979 
4.000000 lb= 

$,MILLIONS 

12.00't 

0.001 

~ lf~M =1 I M 
00 2733.333 
....... 

E =l.O + LUblPHlJ I LObt2.0) 

CTFU:CtLRM I E)XtC•RM X ll+.~IXXIE) -0.5XXlf)I 

CT8 :((CLRM/t)X((#RM X Z3 + 0.5)XXCEP -0.5XX(f)) 

c; It>S=CT6•Z4/ l.2 

CRCI =Clt; X R 
PRE-lOC CRCI =-CRCl X lb 
... osr-1oc tRCI =-CRCJ x u.o-zt» 

CO&M =O&M OR CT~•Z5/l2/ENYR 

COMMENTS 

) I l3 

1.000 

14.391 

2.398 

0.640 

o.o 
o.o 
o.o 

0.005 

1977 DATA ENTERED FUR CDtER,tlCER, ANO O&M wERE 0.023000 0.000050 O.C 
COMPUSllf MAlERlAL. ?O ~OTV FLEET. lb FOR CONSlRUCTION. 4 FOR O&M 

0.800000 
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ROCKWELL SPS CR-2 REFERENCE ~ONFI~URATlON,1980 
TABLE 1.3.2.1.2 StCUNlJARY STRUCTURE 

INPU 1 PAf<.Jt.M E TE'tS 

T:: 56000.0000 Tf= 0 .038263 
M= 5.000000 lJ& M:. o.o 

CF= o.aooooo Zl= b.000000 
PHI::: o.9eooor l2= 00.000000 

R::: 0.001111 L3= 22.000000 
OF::: 0.100000 l4=- 16.000000 

CALCULATED VALUlS "'" SUM TO 

CO=COCER X (1 X OF)XXCCOEX~t X ~f 

CLRM=CICER X CM)XXCCl~XP) X CF X lF 

Z5= 

1.3.2.1 

INPUT COEFFICJENlS 

CDC. ER= 
COtXP: 
C ICER: 
CI~XP= 
BVEAR= 

O.J.82520 
o.~.11000 
0.118170 
o.~ ssooo 

1979 
4 .000000 Z6= 

S,MllLIONS 

12.015 

0.006 

~ #R~ =T I M 
00 

11200.000 
00 

E =l.O + LOG(PHlt I L0bt2.0) 

ClFU=tCLRM I EJXCC•RM X ll+.~IXXtt) -0.5XX(E)l 

ClB =ttCLRM/l)X((#RM ~ Z3 • 0 .~)XX(E:) -0.5XX(E)) 

Clt'S=CTB•Z4/ l2 

CRtl :ClB x R 
PRE-IUC CRCI =C.RCl X lb 
~UST-lOt CRCI =CRCJ X Cl.O-Zb) 

(O&M =O&M OR CT~•l~/l2/~~YR 

C.OMMENTS 

> I l3 

0.971 

320.blt!> 

51.455 

13.721 

o.057 
0.046 
0.011 

0.11 .. 

197 / OAl ,\ tNTERE:D fl.)R CDC.E~, C.1C£:R, •NO O&M wt RE O. l5b000 0.101000 O.O 
lNCLUDf:S TttRlJSlE-R STRUClUR~ &2000 ~b) IN AOOillON 10 E-OTV ~AY SECONDARY 
STRuCTuR~ NEEDS. 

o.eooooo 



ROCKWf; LL SPS C R-2 RffEl~ENCE CONFIGURATION, 1980 
lAbLf 1.3.2.1.3 ~E:CHANISMS - EDTV 

lNf'Ul PAkAME TERS INPUT COEFFICIENTS 

l= b000.00000 TF= 
rot:. 110.000000 O&M= 

CF= 1.000000 Zl= 
PHI= 1.000000 l2= 

R= o.o Z3= 
OF= 0.3COOOO l4=-

CALCULAlEO VALUE:S 11.G 

\..D=COC.ER X (l X OF)X>'.CC.DEJl.P) X Cf 

CLRM=CJCER X (M)XX(ClcXPI X Cf X lf 
ti:j· 
I 

N #RM =l / M 
00 

'° E =l.O + LUb(PHI) I L0bC2.0) 

1.000000 
o.o 
0.000000 

b0.000000 
20.000000 
lb.000000 

SUM TO 

CTFU=CCLRM / E)XCC•RM X ll+.5)XX(E) -0.5XXCE)) 

CTB :.((CLRM/~)XC(#RM X L3 + O.~)XX(E) -O.SXX(E)) 

l.lF'S=CTB•Z't/L2 

C.RCI =C.18 x R 
PRE-IUC CRCI =CRCl X lb 
PUST-IOC tRC.l =CRCI X (1.0-lb) 

CO&M :.O&M OR Cl~*Z~/L2/~NYR 

COMMENTS 

Z5= 

1.3.2.1 

CDC ER= 
COE.XP= 
CIC ER= 
C !EXP= 
BY EAR= 

, / l3 

1977 DATA ENlERE:O FUR COC.t::~,C.ICER, AND O&M wE:RE 0.15bOOC~ 

T'ENSlON DE:VICES, PAYLOAD LAll.1-tfS, lHRUSleR GIMBALS 

4.000000 

o.oo07b4 

0.182520 
0.511000 
0.000894 
0.950000 

1979 
lb& 

S,MlLLIONS 

8.409 

0.078 

54.545 

1.000 

Z5elt't0 

o.o 

4.240 

1.131 

o.o 
o.o 
o.o 

0.009 

0.800000 



TABLE 
ROCKWELL S~~ CR-2 REFERENC~ CONFIG~RATIONtl980 

1.3.2.l.4 TRAC~~ ANO ACCE~SWAYS 

lNPUl PAl<N"IETERS INPUT COEFFICIENTS 

'f= 3000.00000 lf= i.000000 CDC ER= o.o 
M= 100.000000 Uf.M= o.o COE XP= o.o 

CF= 1.000000 Zl= b.000000 CICfR= 0.000058 
Pt11= 1.000000 l2= b0.000000 CI E: XP= i .000000 

R= o.o z3~ 20.000000 8YEAR= 1979 
OJ-= 1.000000 24= 16.000000 Z!>= 4.000000 lb= 

CALCULATeO VALU~S ~b SUM TO 1.3.2.l $,MILLIONS 

tD=COCER X CT X OF)XXCCOEXP) XL~ o.o 

CLRM=ClCtR X (M)XXCCIEAP) X C~ X TF 0.006 
t:d 
I 

N #RM =T I M 3 Ci. 000 
\0 
0 

e =l.O + LUbC~Hl) I L0bt2.0J 1.000 

tlFU=CtLRM I E)XCCtRM X Zl+.5JXXlE) -0.5XX(f)) 1.053 

Clb =CtCLRM/t)XCC#RM l 2.3 + C.~)llXU:) -0.5XXU::)) ) I Z3 0.175 

C.lt>S=CTB*Z't/Z2 O.O't7 

tRCl =ClB X R o.o 
PRE-lOC C.RC 1 =CRl. l X lb o.o 
PO~T-lOt tRCl :;(.RCJ ~ Cl.O-lb) o.o 

CO&M :O&M OR CT~*Z5/l2/cNYR o.ooo 

COMMENTS 
1977 DATA ENTERED FOR COCER,CIC.E~, AND O&M WERE o.o 0.000050 10.0 

0.800000 



TABLE 
ROCKWELL SPS CR-2 REFlRENCt CONFlGUR•llON,1980 

1.3.2.1.5 Cl.tfCtNTRATO~ 

JNPUl PARAl'H lf:R~ INPUT COEFFICIENTS 

T= 1823200.00 lF= 1.000000 
r-t= 474~00.000 U&M= o.o 

CF= 1.000000 ll= b.000000 
PHI= 0.980000 l.2= t:>0.000000 

R= 0.001111 l.3= 22.000000 
OF= 0.020000 Z4::. 16.000000 

CALCULAltD VALUf:S SQ M SUM TO 

tD=CUCER X ll X DFJXX(CDf~~) X CF 

CLRM=CICER X (M)XXlClf:XP) X t~ X Tf 
t;d 

~ #~M =T I M 
"° ...... 

E =leO + LOb(PHlt I L0bl2.0) 

tffU=CC.LRM / t)XCC#RM X Zl•.~IXXCt) -0.5XXCEJ) 

C Tt~ : ( ( C LR M/ t ) X ( (#RM X L3 + O.~)XXtE) -0.5XX(t)) 

l.lt'S=CTB*Z4/l.'L 

CRC.1 =ClB X R 
PRE-lOC CRCI =CRtl X lb 
PUST-IOt tRCl =CRtl X 11.0-L~) 

cut~ =O&M OR ll~•Z~/l2/tNYR 

COMMENT~ 
1977 OATA ENTEREO FUR tDtER,LltE~, ~NO U&M riE~E 
DENSITY= .0181 ~b P~R S~ M~lfR. MASS 33000 KG 

Z5= 

1.3.2.1 

CDC ER a 

CO EXP= 
CICERs 
CI EXP= 
BY EAR= 

) I l3 

0.027000 

0.031590 
0.394000 
0.000004 
0.9~0000 

1979 
4.000000 Z6= 

0.000003 

S,MILllONS 

1.981 

0.866 

3.842 

0.971 

18.716 

o.o 

3. 010 

0.803 

0.003 
0.003 
0.001 

0.001 

0.800000 



TABL~ 

RUCKW~LL SPS CR-2 REFERE~CE CONFIGURATION,1980 
1.3.Zeleb SOLAR BLANl(l::T 

l,..PUl PAR N"IE 1 ~RS. INPUT COEFFICJENTS 

T= 949000.000 lF= 
foo1:. 182!>0.0000 Q&M:. 

CF:. 1.200000 Zl = 
Pt1l= 0.990000 l2= 

R= 0.001111 Z~=-

OF= 0.500000 Z4= 

CALCULAlEO VALUES SQ M 

CO=COCER X If X uF)XXICu~~P) X CF 

CLRM:CICl:R X (M)XXtCltXP) X C~ X lF 

i.000000 
o.o 
b.000000 

b0.000000 
22.000000 
16.000000 l!>: 

SUM TO 1.3.2.l 

CDC ER= 
CO EXP: 
CIC ER= 
CI I: XP= 
8YEAR= 

4.000000 

0.1 88838 
o.~194000 
o.c.ooo7a 
l .ciooooo 

1979 
Z6= 

$,MILLIONS 

39.058 

1.717 
t;d 
I 

N #RM =T / M ~.2.000 

"' N 

E =l.O + LUG(Phl) I LObt2.0) 

CTFU=ltLRM I E)XCC•RM X ll+.5)XXIE) -0.5XXfE)) 

CH~ =-ICCLRM/l:)Xll#RM X 13 + 0.5)XXtf) -0.5XX(E)) 

C.1PS=C.TB•Z4/l2 

CRC.I =C. lb X R 
PRE-lOC CRCl :CRLl X lb 
POST-IOC CRCI ::..CRtl X 11.0-lb) 

CO&M =O&M OR (TR•Z~/l2/~NYR 

) I l3 

0.986 

499.988 

81. 786 

21.e10 

0.091 
0.073 
O.OlH 

0.182 

COMMENTS 
1917 DATA ENTERl:O FOR COCl:R,tlC~R, ANO O&M wERE 0.161400 0.000067 O.O 
NASA/AOL NAS q-15294 MARth lq78 
$bl/St.I ~ ll977 DOLLARS). MTL~ $33/~Q M & P~OCESSlNG $34/SQ Me OENSITV: 
0.2525 Kb PER ~OM. l ~tlllONS, 2b PANtLS EACH. 

0.800000 



c::I 
I 

TABLE 
ROCK~Ell s~s CR-2 REf~RENtE CONFlGURAllON,1980 

1.3.z.1. 7 ~wllttt&EAR ANO flEuULAl~S 

lN~UT PARAME:lERS INPUT tOEFFICIENTS 

l: 4700.00000 TF:. 
M: !>2 .000000 (J&M:. 

CF= 1. 500000 l l= 
Pnl= 0.950000 2.2= 

R= 0.001111 Z3= 
l)f:. o.5coooo l4= 

CALCULAlED VALUES Ku 

CO=COCER X Cl X OF)XXCCDtAPJ X Cf 

CLRM=ClCtR X CM)XX(CllXP) X tf X Tf 

1.000000 
o.o 
b.000000 

b0.000000 
22.000000 
lb.000000 Z5= 

SUM TO 1.3.2.1 

CDCt:R= 
CD EXP= 
C J1C:ER= 
CI EXP= 
AV EAR= 

4.000000 

0.184860 
0.297000 
0.000"68 
1.000000 

1979 
l6s 

$,MILLION~ 

2. 781 

0.037 

N tRM :.t I M 
"" 

90.385 
w 

E: =l.O + LOGCPHI) ' LO~tZ.O) 

CTFU=ttLRM I E)X(t#RM X ll+.5JXXtE) -0.5XXt~)) 

CTB =llCLRM/~)X(t#RM X Z3 + 0.5)XXCE) -O.~XX(E)) 

C lPS =-CTB•l4/Z2 

CRCI =CTb X R 
PRE-IOC CRC1 =CRCl X lb 
POST-10~ CRLI =CkLl X Cl.O-Lb) 

CO&M :O&M OR Clti*Z5/Z2/t:NY~. 

COMMENTS 

) I Z3 

0.926 

13.407 

2.031 

0.542 

0.002 
0.002 
o.ooo 

0.005 

1977 UAlA ENlE~ED FOR cu~~R,ClCfRt AND O&M WERE 0.158000 0.000400 o.o 
1 SAY C2 SH.:TIU~S). i'b SHS PEk SECTION. INCLUDES 2000 KG· FOR ACS 
~OwER PRUCE~~ Ifltb E QU lJ#Mt:Nl 

o.eooooo 



TABLE 
ROCKWELL S~~ CR-2 REfERENCE CONFIGURATJON,1980 

1.3.2.l.8 LO-VULTAGE CONVE~TERS 

lNPUl PARAMt IER~ INPUT COEFFICIENlS 

T: 300.000000 T f: 1.000000 
M: s.110000 o&~: o.o 

CF: 1.200000 Z l:. b.000000 
PHI: 1.000000 12= 60.000000 

R= 0.001111 L3= 22..000000 
OF= 1.000000 l4= lb.000000 

CALCULAl~O VALUfS KG SU~ TO 

CO=COCER X Cl X OF)XXICD!:.XP) X CF 

CLRM=CIC.ER X (M)XXCCIEXP) X Cf X lF 
tl:l 

~ #RM ::T I M 
\0 
.!:'-

t =l.O + LUGC~Ml) I L~bt2.0I 

CTFU:CCLRM I ~)XCC#R~ X ll+.5)XXCt) -0.5XXCE)) 

ClB =CltLRM/t)Xtt•RM X Z3 • O.~)XXI~) -0.5XXCE)) 

CIPS=C.TB•l4/l2 

CRC.l =ClB X R 
PRE-IUC CRCl =Ck'l X lb 
PUST-IOC CRCI =CRCl X Cl.O-l6) 

CO&M =~&~ OR ClB•Z51£2/tNtR 

CuMMENTS 

Z5= 

1.3.2.1 

CDC ER= 
COE: XP= 
CIC ER= 
CIEXPz 
BY EAR= 

) I l3 

1977 UATA ENTERtO FOR C~L~R,LICER, AND O&M ~ERE 0.1~8000 
l BAY 12 StCllU~~) WllH 2t SEJ~ OPtRATING ~E~ ~EClION 

0.1 ;s4860 
o.2·~1000 

o .oi:>0468 
l .Oi)OOOO 

1979 
4.000000 Z6: 

$,MlLLIONS 

1.207 

0.003 

5 :t. 993 

l. .ooo 

1.011 

0.168 

0.045 

o.ooo 
o.ooo 
o.ooo 

o.ooo 

0.000400 (1.0 

o.sooooo 



TABLE 
ROCKWELL Sf'S l.k-2 REff~RENCE CONFIGURATION11981[) 

1.3.2.l.9 tOND~lTOR~ A~D INSULATION 

lNPUl PARA. .. EH:Q.S 
INPUT tO~F~lClENTS 

t;d 
I 

l= 265000.000 lF= 
M= s100.cioooo U&M• 

(F: t .OOOOOL ll= 
Pt-tI= 1.000000 l2= 

R= o.o l3:. 
OF= 0.100000 £4;. 

CALCULAlEO VALUES Kb 

CD=COCER X CT X OF)XXlCOEXP) X C~ 

CLRM=CICER X IM)XXCCl~XP) X C~ X lF 

N #RM :.T I "" I.Cl 
V1 

t =1.0 + LOGf Pttl) / l0bl2.0) 

1.000000 
o.o 
b.000000 

60.000000 
20.000000 
lb.000000 

SUM TO 

ClFU=CCLRM / f)Xl(#R~ X £1+.~)XXlt) -0.5XX(~)) 

ClB :.CtCLRM/tJX((#RM X l3 + O.~)XXCE> -0.!:»XXCE)) 

CIPS=CTB*l4/l2 

C'tCI =ClB X R 
PRE-IOC C.Rl.l :.CkCl X lb 
POST-JOC CRCI =CRCl X (l.O-Z6) 

CO&M =O&~ OR CT8•Z~/L2/E~YR 

COMMF-NTS 

l!>= 

1.3.2.1 

CDC ER= 
CO EXP= 
C ICER= 
Cl EXP= 
BYl:AR= 

) I Z3 

4.000000 

lq77 DATA ENTEREO FOR. CLH .. ER,C.IC.ER 1 A~iO O&M WERE 0.158000 0.000004 
5920 Kb- ALLOCAltlJ TO ACS. 1 BAY C2 ~)ECTION~J 26 SETS PER SH:TION 

Oe l 8.ft.860 
0.291000 
0.000005 
1.000000 

1979 
Z6= 

$,MILLIONS 

3.807 

o.021t-

51.961 

1.000 

7.4'tl 

1.240 

0.331 

o.o 
o.o 
o.o 

0.003 

o.o 

o.eooooo 



t1:I 
I 

TABLE 
ROCKWELL s~s Ck-2 REFERENtt CONFlGURATION,1980 

1.3.2.1.10 BATTERIES 

l~PUl PAR Ai'lE TE-RS lNPUl tOEFFlCl ENlS 

T:: 152000.000 1 F=-
M= 50.000000 O&M:. 

CF= 1.200000 l l:. 
Pt1J= 1.000000 Z2= 

R: 0.011111 Z3: 
OF: 0.003000 Z4= 

CALtULATED VALUE~ l\.G 

CO=CDCER X Cl X OF)XXCCDEXP) 1l CF 

CtRM=CltER X (M)XXICIEX~) X t~ X TF 

1.000000 
c.o 
b.000000 

00.000000 
40.000000 
lb.000000 l5= 

SUM TO 1.3.2.t 

CDC ER= 
CO EXP= 
C JCf.R= 
C !EXP= 
BYl::AR:s 

0.0·~0145 
o. 7:34000 
0.0:30380 
0.2•HOOO 

1979 
be600000 Z6= 

S,MlLLIO~S 

4.310 

0.094 

~#RM :T I M 3041).000 
(J'\ 

E: =l.O + LOb(PHI) I L0Gt2.C) 

CTFU:(CLRM I t)X((#R~ X £1+.~)XX(E) -0.5XXCE)) 

Cl8 =CCCLRM/E)X((#RM X l3 + O.~)XX(f) -0.5XXCE)) 

C IPS=-CTB*Z4/ l2 

CRCI ::CTB X R 
PRE-luC CRLl :.CRLl X Lb 
POST-IOC CRCI =CRC1 X ll.O-Z6) 

COtM =U&M OR CTe•Z5/L2/t~vq 

CUMME"4TS 

) I l3 

1.000 

1101. O't6 

281t.508 

75 .869 

3.161 
2.52f'i 
0.632 

1.043 

1918 OAlA l:NTEREO FUR COC.f_R,LICERt ANO O&M WERE 0.037000 0.028000 ~3.0 
l~CLU0t5 BA11E~JE5 ~UR AC~. Cf CON~IOERS ~ODIUM CHLORIDE VERSUS DATA 8A~E. 
15 YE-R LlFc. CO&M CUVERS 4 VtHltl~ BAllt~Y SElS ASSOC. WITH O&M AtllVlllES PLUS 
Z.2 f.QUIVAL~~TS POR $412300 ANNUAL MAINl. SEE 1.1.1.~.~ FOR OOT&E 

o.rsooooo 



TAbLE 
ROCKWtLL SPS CR-2 qff-ERENCE CONFlGURATlON,1980 

1.3.2.1.11 BATT~RY ~O&C 

lNPUl PAR AMI:: 1 E.R$ lNPul COEFFICIENlS 

t:J::I 
I 

T= 2000.00000 fF= 
M= 250.000C>OCi O&M= 

CF= l.OOOOOC Z 1:. 
Phi= 1.000000 l2:. 

R= o.ooto6b l3=-
O~= 0.100000 Z4= 

CALCULAltD VALUE~ K.b 

CO=CDtER X Cl)( OF)XXIC.Ot:XPt X <..f-

CLRM=ClCtR X CM)XXCCltXPJ X CF X lF 

1.000000 
o.o 
b.000000 

60.000000 
23.000000 
16.000000 

SUM TO 

~ •RM =l I M 
....... 

E =leO + LOb(f't'!l) I l0bt2.0) 

ClFU=tCLRM / t)Xtt•RM X £1•.~IXXIE) -0.5XX(E)) 

Clb =lltLRM/t)Xll#RM X l3 + O.~)XXlE) -0.5XX(E)) 

C.lPS=CTB*l4/2.2 

CRCJ =ClB X R 
~Rt-lOC CRCI :.CRtl X lb 
PUSl-lOC LRCl =CRC.J X Cl.O-Zb) 

CO&M =O&M OR l1P*l5/Z2/E~YR 

COMMENTS 
1978 DATA ENTERED FOR COlER,tlC~R, AND U&M WERE 
INCLUDES PO&C f-OR ACS BAll~RIFS 

Z5= 

1.3.2.1 

CDC ER= 
CD EXP= 
CIC ER= 
Cl EXP= 
BY EAR= 

) I l3 

0.053000 

4.000000 

0.012000 

0.057505 
o.a90000 
0.013020 
0.8~9000 

1979 
lb& 

$,MllllONS 

6.421 

1.494 

e.ooo 

i.ooo 

71.7Zl 

o.o 

11.954 

3.188 

0.020 
0.016 
0.004 

0.021 

0.800000 



TABLE 
ROCt<.wE LL SP~ C R-2 RE FE:RENCE CONF l(;,URATION, 1980 

l.3.2elel2 ACS HARUWARE-COTV 

lNt>Ul PAR AME TtR~ INPUT COEFFICIENlS 

t:P 
I 

T= 109000.000 TF= 
M= 908. 000000 O&M= 

CF= 1.00000(} Zl= 
Phi= 0.980000 l2=-

R= 0.001111 Z3= 
OF= 0.300000 Z4= 

CALCULATED VALUES Kb 

t.O=COCER X lT X Of)XXCCO~)l.P) X (;f 

CLRM=CICER X CM)XXlCl~XP) X Cf X ff 

~ llRM =T I M 
CXl 

E: =l.O + LUb(PHl) I LObt2.0) 

0.300000 
o.o 
0.000000 

60.000000 
22.000000 
16.000000 

~UM TO 

C.ffU:.CtLRM I E»XCUtRM X Ll+.5)XXU:) -0.5XXtEU 

CTB :.((CLRM/ttX(l#RM X l~ • 0.5)XXCt) -0.5XXCE)) 

C:.1PS=C.TB*Z4/Z2 

CRC.I :t16 X R 
PRE-lOC CRC1 ;(Rtl X lb 
~OST-lOt lRCl =CRCl X tl.O-Zb) 

CO&M =OtM OR tT~*l~/l2/~~y~ 

(.0"'1MENlS 

Z5= 

1.3.2.1 

CDtt:R= 
COEXP= 
CIC.ER= 
Cl EXP= 
BYE AR= 

) I Z3 

't.000000 

1.312739 
o.1 ·~0000 
O.Oi!>bb<JO 
o. 7;~9000 

1979 
lb= 

$,MILLIONS 

9.'t6l 

2.868 

120.044 

0.971 

1756.2'i7 

281.874 

75.166 

0.313 
0.251 
0.063 

O.bZb 

1977 UATA ENTERED fOR CUCER,CJCER, AND O&M ~ERE 1.122000 0.057000 O.O 
INCLUOES 120 THRUSTER~ lM ~1 l.5M; lAN~S PROPElLANl LlNES, ANO AlllTUOE 
REFERENC.E SYSTEM 

0.800000 



TABLE 
ROC~wELL s~~ CR-2 REFERENCE c~~FIGURATlON,19BO 

1.3.2.1.13 JNFu. MGMl. ANO CONTROL 

1NPU l PARAMETERS INPUT COEfFIClfNlS 

T= 2000.00000 f F; 
M: 500.000000 u&M= 

CF= 1.000000 ll::.: 
PHI= 1.000000 l2-:. 

R= 0.001111 Z3= 
OF= 0.500000 £4= 

CALCULAlEU VALUES $ 

CD=COCER X (1 X DFJXX(COtXPJ X C~ 

CLRM=ClCtR X &M)XXICJEX~) X CF X TF 
t;;l 

1.000000 
o.o 
b.000000 

60.000000 
22.000000 
lb.000000 

SUM 10 

r!_, #RM =T I M 
l.O 
l.O 

E =l.O + LOGtPHl) I LOGf2.0) 

CTFU=ttLRM I t)X(l#RM X ll+.~JXXt~) -0.5XX(~J.) 

ClB =ttCLRM/t)X((#qM X l3 ~ 0.5)XXtE) -0.5XXtE)) 

C IPS=CT8•Z4/Z2 

CRtl =ClB X R 
PRE-IOC CRCI =CRCl X lb 
PUST-10\. CRC.I :CRC.l X tl.O-ll)) 

CO&M =O&M uP CT~*l~/Z2/tNYR 

CUMMENlS 
1977 OAlA ENTERED FUR COtfR,llCER, ANO OLM wERE 
C.OVfRS All IMS ON EOT~ 

CDC ER= o.740610 
COEXP: o.~21000 
C l·CER= 0.201240 
C lEXP:: 0.535000 
BY EAR= 1979 

Z5& 4.000000 Z6:c 

1.3.2.1 S,MILLIONS 

27.076 

5.593 

4.000 

1.000 

134.238 

) I 23 22.373 

5.9b6 

0.025 
0.020 
0.005 

0.050 

C.633000 0.112000 o.o 

o.eooooo 



1.3.2.2 COTV OPERATIONS 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

41~ Rockwell 
P.~ International 

Necessary vehicle operations (user charge per flight including payload 
integration) are included in this element. 

The flight life of the EOTV is estimated at 20 roundtrips from LEO to 
GEO. Three-hundred twenty flights are required for the construction of 60 
satellites and an additional 72 flights will maintain operations of a satel
lite for the 30-year period. Eight flights are required to h11il<l the first 
satei11te. 

Calculations used in this cost estimate are presented in Table 1.3.2.2. 

B-300 



TABLE 
ROC.KWEll St.t!> CR-2 RH·t:RENCl: CONFIGURAl10Ntl980 

b;j 
I 

1.3.2.2 tulV UPE~AllON~ 

lNPlll PARN4ElERS 

1:. 1.000000 Tf= 
M= i.000000 u&M-. 

CF-= 1.000000 Zl= 
PHI= 1.0(\0000 l2=-

R=- o.o l3= 
Of:. 1.000000 l 4:. 

CALCuLAlEO VALUES fll<;, hl 

CO=CDCER X (1 X OF)XX(COlXP) X C~ 

CLRM=CltcR X tM)XXCClEXP) X Cf X TF 

1.000000 
o.o 
a.000000 

b0.000000 
392.000000 
320.000000 

SUM TO 

~ l~M =T I M 
I-' 

E =1.0 + LUGCPhl) I LO~t2.0) 

LTFU=ttLRM / tlXll~R~ X Zl+.~JXXl~J -0.5XXl~)I 

CTB =CtCL~M/tJXtCtRM X l~ + 0.5)XX(f) -0.5XXtE)) 

CIP~=C1B*Z4/Z2 

CRCl =CTB X R 
PRE-IOC CRtl =CRll X Zo 
POST-IOl. (..RCI ~RC.I X 11.0-lc:>t 

CO&M =U~M OR Clb*l~/12/t~YR 

COMMENTS 
1977 UAlA ENTERED fUR COLEq,LIC~Rt ANO O&M w~R~ 
R.T. PROPELLANT PER ~LIG~T=8l0000 K~ 

Z5= 

1.3.2 

o.o 

INPUT COEFFICIENTS 

CDC ER= 
CO EXP= 
CICER=
C IEX~= 
SY EAR= 

) I l3 

72.000000 

0.805bZO 

o.o 
o.o 
0.942575 
1.000000 

1979 
Z6= 

S,MILLIONS 

o.o 

0.943 

1.000 

1.000 

o.o 

7.541 

0.943 

5.027 

o.o 
o.o 
o.o 

0.038 

0.816330 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.3.3 STS PERSONNEL/CARGO LAUNCH VEHICLE 

~l~ Rockwell 
P.~ International 

This element covers STS requirements in support of personnel and cargo 
transfer to LEO for the fabrication and assembly of the SPS LEO base and space 
construction fixture (SCB). STS "growth" vehicles will be used as a personnel/ 
cargo launch vehicle after the replacement of solid rocket boosters with liquid 
rocket boosters and the use of a personnel module within the orbiter as needed. 
The STS-derivative HLLV (100,000 kg payload to LEO) will require STS modifica
tion by adding liquid rocket boosters ~nd the repl2ccmcr.t cf the orbiter with 
a cargo carrier and EM. The SPS VTO/HL HLLV (WBS 1.3.1) will be used for sub
sequent space operations to fabricate EOTV and SPS satellite requirements. 

Flight requirements to build the SCB and LEO base are summarized in 
Table 1.3-8 for the five concepts costed. The size of the SCB needed to fab
ricate solid-state sandwich concepts will require more flights to transfer the 
necessary mass. 

The frequency of STS growth vehicle flights can be satisfied by the use 
of one launch vehicle, whereas it is contemplated that two vehicles are needed 
in the fleet to support derivative (cargo only) requirements. It is also 
assumed that DDT&E costs for the growth and derivative vehicles wiJl be 
absorbed by contract activity associated with other supporting programs. 

Two personnel modules (PM) are adequate to satisfy mission requirements 
for the STS growth vehicle. These PMs are included in the costing under 
WBS 1. 3. 5. 

Costing of the STS cargo carrier and engine module is presented in the 
next section (1.3.3.1). STS operations costing of growth and derivative 
vehicles is described in Section 1.3.3.2. 
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Table 1.3~8. STS Personnel and Cargo Launch Vehicle Flight Requirements 
(SCB and LEO Base) 

STS STS STS 
GROWTH VEHICLE DER I VJ\T I VE VEHICLE CARGO CARRIERS & 

SPS CONCEPT (PERSONNEL/CARGO) (CARGO) ENGINE MODULES 

•ROCKWELL REFERENCE CR-2 CONFIG. 
(3-TROUGH/PLANAR/KLYSTRON)-- 72 FLIGHTS 63 FLIGHTS 2 
Ga As 

• ROCKWELL MAGNETRON CR-2 CONFIG. 
(3-TROUGH/PLANAR/MAGNETRON)-· 72 FLIGHTS 63 FLIGHTS 2 
Ga As 

• DUAL END-MOUNTED ANTENNA, CR-2 
(3-TROUGH/PLANAR/SOL ID-STATE)-- 72 FLIGHTS 63 FLIGHTS 2 
GaAs 

• SOLi D-STATE SANDWICH CR-5 CONF I G. 
(DUAL ANTENNA AND REFLECTORS)-- 72 FLIGHTS 168 FLIGHTS 2 
Ga As 

• SOLID-STATE SANDWICH CR-5 CONIFIG. 
(DUAL ANTENNA AND REFLECTORS)-- 72 FLIGHTS 168 FLIGHTS 2 
MBG 

COST ESTIMATE PER FLIGHT $20.25xl0 6 $]~;. 19xl06 

"' .. 
Ill!!: Ill 
~ :;:;: 
n CD n 
CD Ill CD 
Ill':; 0 
'< -"Cl 

;. ~ !t 
3 "'~ 
"' c 0 
c;) :c· :I 

a !?: : 
c 0 :I 
"Cl :I Q, 

~ • S":O s-o 
.., 0 

~~ 
!:%<1> 
o= 
:I 
I» 



1.3.3.1 STS CARGO CARRIER AND EM 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~l~ Rockwell 
PJ..~ International 

This element includes a container for cargo and an integral engine module 
to transport mass to orbit in conjunction with the STS booster as a lift 
vehicle. The STS HLLV consists of a standard external tank with two liquid 
rocket boosters. The cargo/engine module replaces the orbiter. 

Cost estimates were developed from work under Rockwell's Shuttle Growth 
Study Contract (NASS-32015) dated May 1977. DDT&E and hardware costs of the 
carrier and engine module were identified by comparative evaluation with a 
Shuttle growth data base. Two cargo/EM carriers are needed for use in building 
the SCB and LEO base facility. Table 1.3.3.1 presents cost data on this 
WBS element. 
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TABL~ 
RUCkwELl ~~s CR-2 REFERENCt CONFIGURATJON,1980 

l.;,.3.1 ~·ts CARbU CARRIE!"( •NO S:M 

lNPUl PARAMf::lt:RS lNPUl COEFFlCIE~TS 

T= 1.000000 T F- : 
M= 1.000000 Uf.M• 

CF= 1.ocoooc ll= 
PHI::: 0.9~0000 l.. 2. = 

R= o.o l3=-
OF:. 1.0000\J(i l4= 

CALCULAT~O ~ALUES 

C.O:::CDCE.R X Cl X OF)XX(ClH:XP) x Cf 

C.LRM=Cltt:R X tM)XXlCH:XP) X C.f X 

•R~ =T I M 

$ 

lf 

1.000000 
o.o 
2.000000 

CUC ER== 
CD~)(P: 

C ICER: 
CI EXP= 
RY EAR:. 

60.000000 
2.000000 
2.000000 Z5= C.O 

SUM TO 1.3.J 

286 ab49902 
1.000000 

310.9e!>840 
1.000000 

1979 
Z6= 

S,MILllONS 

286.650 

310.986 

1.000 

~ E =l.O + LUGtPHl) I LObt2.0) 0.926 
0 
\.J1 

crFu:.CCLRM I t)X(C•R" x Zl+.~lXXCt) -0.~XX(t)) 

CJb =ltCLRM/~JXCC•RM X l3 ~ 0.5)XXt~) -0.5XX(E)) 

C1PS=CTB*Z4/Z2 

CRCl =Clb >t R 
PRE-IUC CRCI =-CRtl x lb 
PUST-lOC LR~l :~K~l X tl.O-Lt) 

CO&~ =O&M 0~ ll~*Z,/12/tNYQ 

COMMENl!) 

) I Z3 

1977 UAlA ENlERED ~UM t~L~q,c1c~R. A~O U&M ~ERE 2~5.000000 2b5.800049 o.o 
2 (;.ARGO,EM CARRlf:k5 t-UR (l~,f JN ~ulLu.lNG SPA(..f (.0f14~TkUCTlON BASE: AND LEO 
FAClLilY. NU Rel UR U&M. Ulil&t l"'tlUDE:u 

601. 795 

303.897 

10.130 

o.o 
o.o 
o.o 

o.o 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.3.3.2 STS OPERATIONS~GROWTH AND DERIVATIVE HLLV 

41~ Rockwell 
P.~ International 

This element covers the cost of necessary vehicle operations required to 
support the fabrication of the LEO base and the space construction facility. 

A total of 135 flights is required of STS growth and derivative HLLVs to 
transport the required mass to orbit. Seventy-two flights are needed for 
personnel primarily (STS growt.h vehicle) and 63 flights of the STS derivative 
vehicle are required for cargo transfer to LEO. 

The cost of operations is based on a per flight estimate established after 
careful analysis of STS user charges extrapolated to values for use in early 
SPS operational support and as scaled to expected operational efficiencies and 
experiences. The per flight cost of STS growth vehicle (personnel) support 
was established at 75% of STS Shuttle flight costs ($27xl0 6 ) considering liquid 
rocket booster advantages, advanced design improvements, and operational exper
ience. Costs per STS derivative (cargo only) flights were estimated at 75% 
of "growth" charges because the mission is unmanned and the orbiter is not 
required. 

Tables 1.3.3.2.1 and 1.3.3.2.2 cover operational cost estimates. 
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TABLE 
RO(KlllE LL S .. S C.R-2 RE f-ERENC E CONF H:1lJRA 1JON,1980 

1.3.3.2.l O~~RAT10NS-STS LROWTH HLLV 

lNf'lll PARAMt HR~ INPUT COEFFICif:NTS 

1= 1.000000 T F-:. 1.000000 CDC.ER= 
114= 1.000000 l.£M:. o.o C 0!: XP= 

C.F: 1.000000 ll= 12.000000 C ltER= 
Pl1 I:: 1.000000 l2= 60.000000 Cl tXP: 

R= o.o l3= 12.000000 B't'f:AR= 
OF= l .OOOOOC' l4= 12.000000 l5= o.o 

CAL(ULAlcO VALUcS fLU:.t1l~ SUM JO 1.3.3.2 

CD=CDC~R X IT X OFJXXCCOtXP) X Cf 

CLRM=CICER X CM)XXCCl~XP) X t~ X 1~ 
~ 
I 
w wRM =T I M 
0 
-...J 

f: =l.O + LO~CPnl) I L0bt2.C) 

CTFU=CCLRM I E)Xll#R~ A Ll+.~)XXlt) -O.~AX61:)) 

lTB =ICCLRM/t)XCC•RM A l3 + O.!:>J>.XlF.) -O.!>XX(E)) 

C IPS=CTl:S*l4/ l2 

(q(.J =Cl!! X R. 
P~E-lU~ ~Rtl :.C~~l X lb 
PlJST-lOC C.RCl =CRt1 1.. U.O-l·b) 

CO&~ =O&M o~ c1~·1~1L2/tNYR 

CUMMENTS 

) I l3 

1977 OATA tNlERtu FOR tUlER,~llER, AND O&M w~RE o.o 17.307093 
UStR ~Et ESTAbLl~t1tD ~N A P~R FLIGHT BA~lS. FLlGhTS SUPPO~T ~cs AND LEO 
bASE FAbRlCATIO~. 

o.o 
o.o 

20.2 !>0000 
1.000000 

1979 
lbi: 

$,MILLIONS 

o.o 

20.250 

1.000 

1.000 

145b.OOO 

o.o 

20.250 

24.300 

o.o 
o.o 
o.o 

o.o 

o.o 



TABLE: 
ROtKWELL SPS CR-2 REFERE~CE CO~FIGURATION,1980 

1.3.3.2.2 OPERAllU~S - STS OER1VATIVE 

INPUT PAR•MElERS lNPUl CO~FFitl~NlS 

T= 1.000000 TF= 
M= 1.000000 ut.114= 

CF= 1.000000 l 1:. 
Pt11= 1.000000 l2= 

R= o.o l3= 
OF= i.000000 l4= 

CALCULATED VALU~S s 

CD=CDCER X (l X OF)XXCCDt.XP) X CF 

CLRM=CICER X CM)XXCClfXPt X C~ X TF 

1.000000 
o.o 

63.000000 
60.000000 
63.000000 
63.000000 2.5:. 

SUM TO 1.3.3.2 

COCER= 
CD EXP= 
C ICER= 
CI EXP= 
B Vt:AR= 

o.o 

o.o 
o.o 
15.1~~0000 
1.000000 

1979 
lb= 

S,MlLLlONS 

o.o 

15.190 
t:P 

' w #RM =T I M l..000 
0 
00 

E =l.O + LOGCPHI) I LU&t2.0t 

CTFU=CCLRM I E)XCC#RM X Ll+.~)XXCE) -0.!>XXC~)) 

CTB :.f(CLRM/t)XI C#RM X Z3 + O.~)XX(E) -O.!>XXtE)) 

CIPS=CTB*Z4/l2 

CRC.l =ClB X R 
PRE-lOC CR~l =CR~l X Z6 
POST-lOC CRCI =CRCl X ll.O-lb) 

CO&M =O&" OR Cl~*l~ILZ/tNVR 

COMMENTS 

) I 2.3 

1.000 

95b.970 

15.190 

l!>.949 

o.o 
o.o 
o.o 

o.o 

1977 OATA ENTERED FOR COLlR.LILfM, AND O&M ~ERE O.O 12.982905 O.O 
US~R FE~ ESTABLISHEO I.JN - PtR FL1&Hl B~~I~. FLIGHTSSUPPORT see ANO 
LEO BASE FABRICATION. 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

~J~ Rockwell 
P.~ International 

1.3.4 PERSONNEL ORBITAL TRANSFER VEHICLE (POTV) 

This element includes POTV vehicles and operations required in support of 
satellite system assembly and operation. Included is the LEO-to-GEO and return 
of all personnel and priority cargo required throughout satellite construction 
and operational periods. 

All POTV options evaluated utilize a single-state propulsive element that 
is fueled in LEO and refueled in GEO for the return flight. The mated config
uration (POTV/PM) is illustrated in Figure 1.3-12 where the POTV (a propulsive 
chemical stage) is capable of transporting a 60-person module (PM) of 18,000 kg. 

T 
•.s M 

J_ 
1~ .. ---- 17 M -----•-il------13 M-------~ 

• 60 MAN CREW MODULE 

•SINGLE STAGE OTV 
(GEO REFUELING) 

18,000 KG 

36,000 KG 

• BOTH ELEMENTS CAPABLE OF GROWTH STS LAUNCH 

Figure 1.3-12. POTV Configuration 

The vehicle is costed in Section 1.3.4.1, and POTV upeLations are 
covered in Section 1.3.4.2. 
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1.3.4.1 POTV FLEET 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~l~ Rockwell 
P.~ International 

The POTV fleet required to support the SPS program is included in this 
element. The POTV is a single-stage OTV of 36,000 kg for the transfer of a 
60-person crew module to LEO with refueling at GEO for the return to LEO. 
Propellants are carried from LEO to GEO by the EOTV at considerable overall 
savings. The SPS HLLV carried construction materials, crew, expendables, and 
propellants to LEO. 

The single-stage OTV configuration selected is a scaled version of those 
concepts presented in the BAC FSTSA NAS9-24323 contract and engineering anal
yses presented in Exhibits A/B of the Rockwell contract, NASS-32475. DDT&E 
estimates considered fewer engines, a significant difference in mass, and the 
degree of development required for the engines. Engineering analyses of 
available vehicle estimates projected a POTV cost based on the design and 
complexity of the vehicle. 

POTV cost estimates are presented in Table 1.3.4.1 for a total fleet of 
45 vehicles with (1) 12 for personnel involved in satellite construction, 
(2) 3 for SPS operational activities, and (3) an attrition factor of 30 equiv
alent vehicles to keep the fleet fully operational. 
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ROCKWELL S .. ~ C.R-2 REFIERENCE CONFlGURAllON,1980 
TABLE 1.3.4.l HiTV-1'-LEE:l 

lNPUl PARAMEl~RS 

1= 1.000000 TF: 
M: 1.oooooc 0£"'1::. 

CF= 1.000000 Zl= 
PHI= 0.'1~0000 l2=-

R= O.Olobbo Z3= 
OF= 1.000000 ztt:: 

CALCULAlEO VAlUeS s l: 1 

CO=COtfR X tT X OFtXXtCOE~P) X C~ 

CLRM=Cl,ER X (M)XX(LlEX~) X Cf X TF 

1.000000 
o.o 
4.000000 

00.000000 
4!>.000000 
12.000000 25= 

~UM TU 1.3.4 

INPUT COEFFICIENTS 

CDC ER= 
CDEXP= 
CIC.ER= 
CI t:XP= 
BYE AR= 

409.500000 
1.000000 

17.549988 
1.000000 

1979 
3.000000 Z6= 

S,MlLLIONS 

409.500 

17.550 
ir 
w #RM =T I M 
I-' 

1.000 
I-' 

E =l.O + LOG(Phl) I L0~(2.0) 

CTFU=(CLRM I E)XlC#~M x ll+.5jXXlE) -o.~xxc~·· 

CTB =lCCLRM/t)A((#~M X Z3 + 0.5JXX(~) -0.5XXCE)) 

C IPS=CTB•l4/Z 2 

CRCl =tTA X R 
~Rt:-lOC CRCI =CRCl X Z6 
PuST-lOC CRCI =CRCI x c1.0-Z6) 

CU&~ =UtM UR CT~*L51L21t~Y~ 

COMMHH~ 

) I Z3 

0.926 

66. 328 

14.225 

2.845 

0.237 
0.190 
0.041 

0.024-

1977 OATA E~ltRtO ~UR COCt~,ClCtR, ANO O&M wERE 350.000000 15.000000 O.O 
45 POTV VtHltltS 1111JTh 12 C.UN~lRUCllON RELATE.O ANO 3 O&M RELATE:D. 30 FOR 
~CJ 

0.800000 



1.3.4.2 POTV OPERATIONS 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~I~ Rockwell 
P.~ International 

This element includes necessary vehicle operations (user charge per flight 
including payload integration) required to support SPS program and required 
personnel. 

The primary operational cost of the POTV is the cost of fuel. A total 
of 1544 flights was costed on this basis with 1220 flights for satellite 
rnnRtr11rtinn Qurrort, and 32~ for opcrcticn~ and maintenance. 

Table 1.3.4.2 presents the results of this analysis. 
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ROCKWELL s~~ c~-2 ~tFf~ENt~ CONFJGURAllON,1980 
TABLE 

T= 
M= 

CF= 
Pt11= 

k= 
OF= 

1.3.4.2 ~OTV-LPERATION~ 

lNPUl PARAMtfER~ 

1.000000 
1.000000 
1.000000 
i.cooooo 
o.o 
1.000000 

TF= 
tA.M = 
ll= 
l2=
l3= 
Z4=-

1.000000 
o.o 

40.000000 
t>0.000000 

1544.00000 
1220.00000 ZS= 

CALCULAltD VALUE~ fllbttlS SUM TO 1.3.'t 

t::J:I 
I 

CO=COCER X CT X OFJXXCCO~~p) X tf 

CLRM=CICER X (M)XXCCltXP) X (~ X T~ 

~ ffRM :T / M 
VJ 

E =l.O + LO&l~Hl) ; LObl2.0) 

CTFU:fCLRM / EJX(f#RM x ll+.~JXXtE) -0.5XXCEJ) 

CTB ::((CLRM/t:)X(l#RM X Z3 + o.~)XXtt) -o.5XX(E)) 

Cl~S=CTB*l.lt/l' 

CRCI =ClB X R 
PRE-IOC CRCI =CRtl X Lb 
~usr-1oc tRtl ~cRtl x 11.0-£6> 

COtM :O&M OR tfq*l~/l2/tNY~ 

C0111ME~T~ 

1971 DATA ENTERtO FUR COCER,llCER, ANO u&M wt~f o.o 

INPUT COEFFICIENTS 

CDC.ER= 
COE:XP= 
CIC.ER= 
CJ EXP: 
BYE AR= 

324.000000 

o.o 
o.o 
0.040230 
1.000000 

1979 
Z6= 

S,MILLIONS 

1.000 

1.000 

) I l3 

0.034385 o.o 

o.o 

0.040 

1.609 

0.040 

0.818 

o.o 
o.o 
o.o 
0.001 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.3.5 PERSONNEL MODULE (PM) 

~}~ Rockwell 
Pj.~ International 

This element includes PM units and operations required to support satel
lite system assembly and operation. Included in the earth-to-LEO-to-GEO and 
return is the transfer of all personnel and critical hardware items required 
throughout satellite construction and operational periods. The PM provides 
a crew habitat during the orbit-to-orbit transfer of personnel as well as dur
ing the trip from earth. An illustration of the PM was shown in Figure 1.3-12. 
It has a bU-man capacity and is approximat:ely 17 m long uy 4. '.:; 11i iii diaw.ctcr. 
The SPS HLLV is used for the earth-to-LEO and return transfer of personnel 
and the POTV propulsion unit handles roundtrip movement from LEO-GEO-LEO. 
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1.3.5.1 PM FLEET 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

Rockwell 
International 

Procurement of the PM as required to support the SPS program is covered 
in this element. The PM is operated by a pilot and co-pilot and contains the 
major systems of life support, communication, seating, and support facilities. 
A total of 5 PMs are needed to support the program, and three equivalent PMs 
are considered sufficient to provide spares and major overhaul components for 
each PM during the program. Two vehicles will be required for early program 
supporting elements such as the LEO base and SCB. 

Engineering cost projections were based on Rockwell company-funded studies 
of 1976 where DDT&E, a pair of 68 passenger modules, and orbiter modification 
kits were costed from internal design specifications. PM fleet procurement 
costs are presented in Table 1.3.5.1. 
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t:P 
I 

ROCKWELL SPS (Q-2 qEFERENCt CONFIGURAllON,1980 
TABLE 1.3.5.1 ~~ FLtET 

lN~Ul PARAMElERS 

T= l.OOOOOC TF= 
M= 1. ooococ Of.M= 

CF= i.000000 ll= 
Pt11= 0.920000 l2= 

R.= 0.008333 L~:. 

OF= 1.000000 Z4=-

CALCULATED VALU~S SET 

LD=COCER X (T X OF)XXtLO~XPI X Lf 

CLRM=ClC~R X (M)XX(CIEXP) X CF X Tf 

1.000000 
o.o 
5.000000 

00.000000 
20.000000 
4.000000 lS= 

SUM TO 1.3.5 

INPUl COEFfltllENTS 

CDtE:R= 
CDE-XP= 
CICf::Q: 
CIEXP= 
BYE AR= 

138 .0!>999 8 
1.000000 

63.t.47995 
1.000000 

1979 
1.000000 Z6= 

$,MILLIONS 

138.060 

b3. 648 

w #RM =T / M 
I-' 1.000 
°' 

E =1.0 + lOb(~HI) I l0bl2.0J 

ClFU=tCLRM I c)Xtt•RM x £1+.~)XXtf::) -0.5XXtc)) 

CTB :((CLRM/E)Xt(#RM X 23 • 0.5)XX(E) -0.5XXtE)) 

C lt'S=CTB*Z4/ l2 

CRC:.l =CTB X q 
PRE-lOC CRLl =CR'l X lb 
POST-lOt CRCI =CRCI X 11.0-lb) 

CO&M =O&M OR CT~*Z~IZ2/~~y~ 

COMMENTS 

) I Z3 

o.seo 

28't.830 

49.601 

3.307 

0.413 
0.331 
O.Ob3 

o.oza 

1911 OAlA ENTER~O FOR CDCER,LltER, A~O ~&M wERE 118.000000 54.399994 O.O 
INCLUDES TWO PM'S ~OR SlS CbRUwlh) R~OUIREMENTS TO BUILD THE SC8 & L~O 
SASE. THESE PM •s TU hE l.J~ED WITH 3 OTHERS FUR s~s. LEO 84 s E SPS tONSTR. 
AND O&M. 

0.800000 



1.3.5.2 PM OPERATIONS 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~I~ Rockwell 
P.~ International 

This element includes necessary operations on a user charge per flight 
basis required to support the SPS program. 

A pilot and co-pilot command the personnel module with a crew of 60 
persons from earth to GEO and return. The initial journey is from earth to 
LEO, a transfer of the PM to a propulsion (POTV) unit for a roundtrip mission 
to GEO, and the safe return oi personnel to earth. The crew will monitor 
passenger off-loading/transfer to and from the LEO base, SCB, or satellite 
mobile maintenance base. Two man-days are required per trip which includes a 
rest period at GEO and a day off after the trip. An average of 1738 roundtrips 
are projected from earth to GEO and back. A total of 1346 is planned for con
struction, and 392 are for operations 2nd maintenance. 

Engineering estimates of PM operations are presented in Table 1.3.5.2. 
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ROC~wELL SP~ CR-2 REFERENCE CONFlGURAllON,1980 
TABLE 1.3.5.2 PM uPERAllONS 

lNPUl PARAMElERS INPUT COEFFltIENlS 

bj 
I 

T= t.C>0000(\ lF= 
M:: 1. 00000 t: o&M= 

CF= 1.oooooc ll= 
Phl= 1.000000 l2=-

R= o.t Z3= 
OF= 1. 00000 (' l4= 

CALCULATfO VALUE~ Fllbhl 

CO=CDCER X Cl X 0F)XXCCO£~P) X CF 

CLRM=ClCtR X (M)XXCC1£XP) X LF X TF 

1.000000 
o.o 

102.000000 
b0.000000 

1738.00000 
134b.OQOOO 

SUM 10 

l5= 

l.3.5 

COCER= 
CDEXP= 
C ICER= 
ClfX"'= 
BYE AR= 

392.000000 

w #~M =T l M 
f-' 

°' 
E =l.O + LOGC~hl) I LOGl2.0) 

tTFU=tCLR~ I ~)X((#RM X ll+.5)~Xt~) -0.5XX(tJ) 

CTB =llCLRM/E)XCl•RM x L~ • o.5>XJtlE> -o.sxxn:n 

CIPS=CTB*Z4/L2 

CRCl =CTB X R 
PRE-lOC tRLI =CRtl X lb 
POST-IOl LkLI =~kll X ll.O-Lb) 

CD&M =O&M OR tl~*Z~/Z2/E~f~ 

COMMENTS 

) I Z3 

1977 UATA ENTfRcO rOR COCt~tlltER, AND OtM wFRE o.o 0.025000 
1738 ~LlbhTS OF PM. 13~o ASSULiATtD WITH CU~STRUCTION OF SAT~LLITES. 
12 ASSOC!ATEU WllH (U~STRIJC.TlON OF StB ~NO LEO BASE. 392 FLIGHlS FOR 
O&M SUPPURT. 

o.o 
o.~ 
0.029250 
1.000000 

1979 
U= 

$,MILLIONS 

o.o 

0.029 

i.ooo 

1.000 

2.983 

0.029 

0.6!>0 

o.o 
o.o 
o.o 

0.006 

o.o 

o.o 
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1.3.6 INTRA-ORBITAL TRANSFER VEHICLE (IOTV) 

41~ Rockwell 
Pj.~ International 

This element includes IOTV vehicles and operations required to support 
satellite system assembly and operation. Included is the intra-orbit transfer 
of cargo between the HLLV, EOTV, construction facility, logistics support 
facility, and operational satellites. 

1.3.6.1 IOTV FLEET 

This element includes necessary vehicle fleet procurement required to 
support the SPS program. The IOTV has been synthesized in terms of applica
tion and concept only. IOTV elements considered here are powered by a chemical 
(LOX/LH2) propulsion system. At least three distinct applications have been 
identified: (1) the need to transfer cargo from the HLLV to the EOTV in LEO 
and from the EOTV to the SPS construction base in GEO, (2) the need to move 
materials about the SPS construction base, and (3) the probable need to move 
men or materials between operational SPSs. Clearly, the POTV used for trans
fer of personnel from LEO to GEO and return is too large to satisfy all intra
orbit requirements. A "free-flyer" teleoperator concept would appear to be a 
logical solution to the problem. A propulsive element was synthesized to 
satisfy the cargo transfer application from HLLV-EOTV-SPS base in order to 
quantify potential on-orbit propellant requirements. Pertinent IOTV parameters 
are summarized in Table 1.3-9. 

Table 1.3-9. IOTV Design Parameters 

SUBSYSTEM WEIGHT (kg) 

ENGINE (1 ASE) 245 
PROPELLANT TANKS 15 
STRUCTURE AND LINES 15 
DOCKING RI NG 100 
A~l9r11P\,.. ,.l'\~l'T""'1'1 ,. f\ 
/"\I I I I ULI~ 1.vn 1 l'\VL. ;JV 

OTHER 100 
SUBTOTAL 525 
GROWTH (10%) 53 
TOTAL INERT 57~ 
PROPFI I ANT 100 
TOTAL LOADED 878 

A total of 417 IOTVs is needed to maintain intra-orbit cargo/operations 
flow during the program; 112 vehicles will be dedicated to the construction 
phase, and 27 vehicles are needed for satellite O&M. An attrition/spares 
fleet of equivalent vehicles was projected on the ratio of two units for each 
of the operational vehicles. 

Cost estimates for the IOTV are engineering assessments based on POTV 
designs and similarities such as those of the common advanced space engine 
(ASE). Table 1.3.6.1 displays applicable cost data. 
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TABLE 

T= 
M= 

CF= 
Pt11= 

R= 
OF= 

ROCkwELL ~~S tR-2 RE~ERENCE CONFlbURATION,1980 
1.3.6.l tul~ FLEET 

lNPUl PARAMtltRS 

1.000000 T F:. 
1.000000 CJ&M :-
1.000000 Ll= 
0.95000C Z2= 
0.15444~ l3= 
1.000000 l4= 

1.000000 
o.o 
4.000000 

60.000000 
417.000000 
112.000000 l5= 

INPUT CO~FFJCIENTS 

CDCER= 
CDElfP= 
Cltt:R= 
C IEXP= 
BVEAR= 

117.000000 
1.000000 
1. 755000 
1.000000 

1979 
27.000000 l6= 

CALCULATED VALUES ~i:T SUM TO 1.3.b S,MILLIONS 

1:1:1 
I 

CO=COCER X tl X OF)XX(COEXP) X Cf 

CLRM=CltER X CM)XXIClfXP) X t~ X T~ 

~ #RM =T I 114 
0 

~ =l.O + LU&tPHl) I LOGl2.0) 

CfFU=CCLRM I E)X((#R~ x ll+.5)XX(f) -o.5xXCE)) 

tTB :tfCLRM/E)XCt#RM A L3 + O.~)XXtE) -0.5XXIE)) 

CIPS:s:CTB*Z4/l2 

CRCl :ClB X R 
PRE-IOC CRCl :.CRtl X lb 
PUST-lOC CRCI =CRCl X tl.0-£6) 

CO&M =UC~ OR CTE*L~/l2/ t:NY'< 

(U114MfNTS 

) I l3 

1977 OAJA ENTERtu FUR CuLfR,tlCER, ANO O&M WERE 100.000000 1.500000 
lUlY LlFl: JIME : 200 K)~t11S. RCI REQUIRtS 2 101v•s FUR EACH FLIGHT 
ITEM l~tLUOl~G A ~!NlMAL ALLL~A~CE FOR O&M. 

.111.000 

1.000 

o.926 

o.o 

1.7~!> 

b.b33 

1.212 

2.262 

0.187 
0.151 
0.036 

o.ote 

0.805755 



1.3.6.2 IOTV OPERATIONS 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

~I~ Rockwell 
P.~ International 

This element includes necessary IOTV operations and propellant costs 
required to support the SPS program. It includes the on-orbit operational 
cost of transferring cargo at LEO and GEO. 

A total of 27,662 IOTV flights is planned for LEO and GEO construction 
and operations/maintenance requirements of the program; 22,323 flights are 
needed for construction, and 5339 flights for operations and maintenance. 
Equal-length missions are considered for the purposes of costing. Propellant 
requirements were averaged and calculated at 1979 dollars (Table 1.3-10). 
A 40% mark-up was added per flight for other operational and maintenance 
charges. 

Table 1.3-10. Average Cost per IOTV Flight 
(1979 Dollars) 

Amount 
Item x106 kg 

L02 0.000257 
LH2 0.000043 

40% 

$/kg 

0.0819 
3.826 

contingency 

$/Flight 

21.00 
165.00 

74.00 

260.00 

IOTV operational costs are presented in Table 1.3.6.2. 

B-321 



ROLK~ELL ~p~ LR-2 REFERENLE 'ONFlGURATIO~t1980 
TABLE 1.3.o.2 lUTY OP~RATlO~S 

lNPUl PARAMtlERS INPUl COE:FFltltNTS 

T= 1.000000 1 t-= i.000000 CDC ER= o.o 
M= 1.000000 U&M= o.o COEX~s o.o 

CF= 1.000000 Zl= 463 .000000 C IC.E-R s 0.000260 
PHI= l.OOOOOC l2= b0.000000 ClE:XP= 1.000000 

R= o.o l3= 27602.0000 8 YEAR= 1979 
OF= 1.000000 l't = 22323.0000 z !>= !>3 39. 0 0000 2.6= o.o 

CALCULAlEO VlLUE:S t-LlbHT SUM TO 1.3 .6 S,MILLIONS 

CO=ClJCfR X (1 X OF)XXlCOl'.:XPJ X C.f- o.o 

CLRM=C.IC.ER X (M)XXlCIE~P) XL~ X TF o.ooo 
o:i 
I 

~ #~~ ~ T I "4 1.000 
N 

e: =l.O + LUG(PHI) I LUbCZ.O) 1.000 

CTFU=CCLRM I E)XI(#~~ X Ll+.~)XXtE• -0.5XXCEJ) 0.120 

CIB =ltCLRM/tJXCC#~M A Z3 + 0.5)XX(t) -0.5XX(E)) ) I Z3 o.ooo 

C IPS=CH:i•l4/ L2 0.091 

C.RC. I =C.lB X R o.o 
PRE:-IOC CRCl =CRCI X lb o.o 
P05T-lOC C.RL1 ::.CRt:.l X Cl.O-lb) o.o 

CUt."1 •U t M 0 R C. 1 t:- • L :> / l 2 I l- l~V R. 0.001 

COMMl::NT~ 
1977 DAlA E:NlERl::D FUR COCtR,CICE:R, ANO O&M wERE o.o 0.000222 o.o 



Space Operations and 
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Space Systems Group 

1.3.7 GROUND SUPPORT FACILITIES 

.41111111~ Rockwell 
P.~ International 

This element includes all land, buildings, roads, shops, etc., required 
to support the cargo handling, launching, recovery, refurbishment, and oper
ations of the space transportation system. 

1.3.7.1 LAUNCH FACILITIES 

This element includes the design and construction of the actual launch 
facility and its associated equipment. Included are land, buildings, and 
equipment required to support the various crews. It also includes the required 
control centers and administrative facilities. 

1.3.7.2 RECOVERY FACILITIES 

This element covers the design, construction, and equipping of the actual 
recovery facilities. 

1.3.7.3 FUEL FACILITIES 

This element includes fuel production facilities, storage and handling 
facilities, transportation, and delivery and safety facilities for both the 
fuel and the oxidizer. Also included are the facilities for fuels used in the 
various orbital transfer facilities. 

1.3.7.4 LOGISTICS SUPPORT 

This element includes the land, buildings, and handling equipment for the 
receiving, inspection, and storage and packaging of all payloads to be launched 
except for fuels and oxidizers. 

1.3.7.5 OPERATIONS 

This element include::; the planning, development, and ccmclnr.t of operations 
at the ground support facilities. It includes both the direct and support 
personnel and the expendable maintenance supplies required for the ground 
support facilities operation and maintenance. 

A cost estimate for ground support facilities is projected in Table 1.3.7, 
based on the Boeing final report (NAS9-14710), dated September 1977, Volume 4, 
Cost Estimates. These costs have been escalated to 1979 dollars. It was 
judged that there is little difference in the cost of facilities in this 
report as compared with those projected for the transportation and operations 
requirements of this study. 
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l:1:l 

ROtKWtll SPS tR-2 REFERENCE CONFIGURATION,1980 
TABLE 1.3.7 bROUNU SUPPORl FACILITIES 

INPUT PARAMEltRS 

T= 
M= 

CF= 
PHI= 

R= 
OF= 

i.000000 
1.000000 
1.000000 
1.000000 
0.001111 
1.000000 

CALCULAlED VALUES 

TF:. 
(J&~; 

Zl= 
l2= 
l3= 
l'+= 

FAClLllY 

CCJ::COCfR X Cl X OF)XXCC.u~XP) X Cf 

CLRM=CICER X (MtXXtClE)l.P) X tF X TF 

1.000000 
2.076749 
1.000000 

b0.000000 
3.000000 
1.000000 

SUM 10 J.3 

INPUT COEFfIC.l ENTS 

CDC ER= 
CD'=XP: 
CI CER: 
CI EXP= 
B YEAR: 

Z5= o.o 

2012.39990 
1.000000 

3738.15015 
1.000000 

1979 
lb= 

S,MILLIONS 

.2012.400 

~ #RM =T I M 

3738.150 

1.000 
N 
~ 

E =l.O + LUG(PHI) I LObC2.0) 

CTFU=CCLkM I f)Xl(t~M X Ll+.~)XXlEI -0.5XXtE•1 

ClB :((CLRM/t)X((#RM x Z3 + 0.5)XX(~) -0.5XXtE)) 

CIPS=C.TB•Z4/Z2 

tRC.I =C.lB >I. R 
PRE-IOC CRCl =CRCl X lb 
PUST-10( CRtl =CRCl X tl.O-lb) 

CU&M =U&M u~ c1e•l5/£2/EN~~ 

> / Z3 

1.000 

3738.150 

3738.148 

62.302 

4.153 
3.392 
o.761 

2.011 

COMMENTS 
1977 D•lA ENlEREO FOR CUCfR,ClCtR, ANO O&M w~RE 1720.00000 3195.00000 1.175000 
RCl BA.SEO ON EQUI VAL EflfT Of 2 FAC l LllY REPLACEMENl S OYER PROGRAM INC.LUO ING Ol~M 
DURING CUNSlRUCllON.O&M CUSl~ AASEO UN EQUIVALENT OF ONE FACILITY OVER PROGRAM. 

o.a1666t 
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1.4 GROUND RECEIVING STATION 

~J~ Rockwell 
P.~ International 

The ground receiving station (GRS) is equivalent to the ground segment and 
is made up of elements including the rectenna, power conversion, power distri
bution, grid interface, and data management systems, plus land and facilities. 
The GRS is designed to accept microwave energy from a satellite and to convert 
that energy into electrical power for the utility. A typical receiving station 
would be located at 34°N latitude. 

The GRS site for the reference satellite requires approximately 35,000 
acres. The rectenna site for the magnetron associated site will increase to 
about 42,000 acres, while the siting requirement for the solid-state system is 
expected to be less than 20,000 acres. Figure 1.4-1 shows a layout of the 
Rockwell reference SPS site. The inner ellipse of 10xl3 km contains 580,500 
rectenna panels and is about 25,000 acres, or 72% of the total GRS acreage. 
The rectenna dimensions for the magnetron, end-mounted, and sandwich solid-state 
concept are 10.95kmX14.34 km, x 7.45 kmx 9.76 km, and 4.87 kmx 6.38 km, respec
tively. The area surrounding the inner ellipse is utilized for maintenance 
facilities, access roads, converter stations, and the two peripheral rows of 
towers which support the 40-kV de and 500-kV ac cables. The outer perimeter of 
the area is fenced for security reasons. The towers which support the 500-kV 
ac cables are constructed of steel girders footed in concrete and are approx
imately 230 ft (70 m) high. The inner towers are each comprised for four 
tapered steel columns 60 ft (18.3 m) tall. Fifty-four of the larger towers 
and 401 of the smaller towers are required; the latter figure translating into 
1604 tubular members because of the configuration. 

500 KVAC llUS (TYP .) L POWER CONVERSION STATION (TYP) 

(3-PHASE, 60 HERTZ)_....,.,.....,,,,,._,,__--='-__.__ 

"' ~_;::::;j' t~' 
. ~ ~· 

. .>;-~~~ .. , 

PILOT llEAM TRANS. 

RR 

MONITOR & CONTROL FACILITY 

CONSTRUCTION ACCESS__. 
ROAD NOT TO SCALE 

(PANEL AREA 10 KM X 13 KMl 

Figure 1.4-1. Operational Ground Receiving Facility (Rectenna)~Typical 
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.4111111~ Rockwell 
P.~ International 

Overall dimensions and area requirements for each of the five costed sat
ellite configurations are summarized in Table 1.4-1. System point design 
characteristics for the klystron configuration are presented in Table 1.4-2. 

Table 1.4-1. Ground Receiving Station Area Requirements 

Klystron Solid State Sandwich 
(Rockwell (Dual End Solid StatE GaAlAs/ 
Reference) Magnetron Mount) GaAs GaAs 

u1mens1ons (km) per Antenna 

5.47x7.161 . Rectenna 1Qx13 10.95Xl4.3 7.45X9.76 4.87x6.38 . Perimeter 12x1s 12.4 x 16.3 8. 44Xll. 06 10.06Xl3.18 11.29Xl4. 79 

Land Area (km ) 

• Rectenna 102.1 123.0 57 .11 24.4 30.76 . Perimeter 141. 4 158.7 73.31 104.13 131.15 

Land Area (acres) 

. Rectenna 25,000 30,000 14,000 6,000 7,600 
• Perimeter 35,000 39,000 18,000 26,000 32,000 

Table 1.4-2. Rockwell Reference System Point Design 
Characteristics 

GRS size (km), 35,000 acres 
Rectenna ground area (km2

), 25,000 acres 
Rectenna panel area (km2

) 

Area per panel (9.33xl4.69 m) 

Number of panels 
Number of diodes 
Rectenna efficiency (%) 
Voltage output per string (kV de) 
Voltage output to utility (kV ac) 
Power output (GW) at utilitie inter-tie 

*Based upon 6.15 GW incident radiation. 

12xl5 
102.1 
79.53 
137.0 

580,500 
33ox1os 
88 
40+ 
500 
5.07* 

The ground based element of the SPS is comprised of the land, facilities, 
equipment, and hardware/software systems to receive the radiated microwave 
power beam and to provide the power at the required voltage and type of cur
rent for entry into the national power grid. It also includes the equipment, 
facilities, and hardware/software necessary to provide operational control 
over the satellite; and a reliable means of monitoring and controlling ground 
based systems and equipment. 

Major objectives of the SPS ground system design are: (1) to provide low 
maintenance subsystems and equipment capable of handling the designed power 
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Rockwell 
International 

levels; (2) to assure that the overall station will provide dependable service 
for at least 30 years; (3) to minimize the size of operational crews and costs; 
and (4) to economically optimize system performance. 

There are nine major activities involved in the overall GRS construction 
process. After the survey and clearing, utilities and supporting facilities 
are installed while the site is leveled and graded. Trenching and concrete 
pouring precede the installation of rectenna panels, after which electrical 
hook-up, converter stations, and monitoring facilities are installed. The 
40-kV de and 500-kV ac buses are then interconnected and procedures take place 
for system checkout. Cost effective utilization of equipment and personnel 
was identified after the development and integration of detail phasing sched
ules on each of the first four ground stations. Contacts with A&E, equipment 
manufacturers, concrete, and construction firms provided additional informa
tion on the duration and sequence of operations based on their experience with 
programs of this type. Figure 1.4-2 is an integrated summary schedule of 
major events in constructing the ground receiving station where emphasis is 
placed on the utilization of construction equipments and their transfer from 
site to site as required to maintain the build rate of two stations per year. 
It was concluded that the equipment from Site 1 would be available for use on 
Site 3. This information on equipment/manpower utilization, site sequencing, 
and equipment lifetimes is used in this analysis to establish total resource 
requirements for the program. 

The ground receiving station was divided into several main elements for 
the purpose of associating cost and prograilllllatic definitions. These elements 
include (1) site and facilities, (2) rectenna support structure, (3) power 
collection, (4) control, (5) grid interface, and (6) operations. SPS design 
definitions and specification requirements were analyzed to provide realistic 
cost estimates and resource definitions for each element as explained in the 
following sections. 

Internal Rockwell resources, cost estimating relationships, and other cost 
analyses were supplemented by (1) direct contact with business, industry, and 
institutional organizations, and (2) a literature search uf various publica
tions to obtain realistic cost estimates and operational definitions directly 
applicable to the unique requirements of the GRS. A list of principal organ
izations and literature sources are presented in Table 1.4-3. 

A summary of costs associated with the Rockwell reference GRS is presented 
in Table 1.4-4. Detail supporting these costs is presented on subsequent pages 
of this section. 
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WBS 
No. 

1.4.1 
1.4.2 
1. 4. 3 
1.4.4 
1.4.5 
1. 4. 6 

Space Operations and 
Satellite Systems Division 

Space Systems Group 

41~ Rockwell 
P.~ International 

Table 1.4-3. Organizations and Literature Sources 
Supporting GRS Definition 

ORGANIZATION PURPOSE 

• AMERICAN BRIDGE - A DIVISION OF 
U.S. STEEL 

• RIVERSIDE CEMENT --A DIVISION OF 
AMERICAN CEMENT CORPORATION; 
ANO C. S. JOHNSON, CO. 

• TOWNS[ND & BOTTUM, INC., 
CONSTRUCTION MANAGER, 
TEN MW SOLAR PLANT -
BARSTOW, CA. 

• SOUTHERN CALIFORNIA EDISON 

•MODERN ALLOYS, INC.; AND 
HILLER FORMLESS CO. 

• CATERPILLAR; INTERNATIONAL 
HARVESTER; AND JETCO, INC. 

LITERATURE SOURCES 

·, THE RICHARDSON RAPID SYSTEM 
1978-1979 EDITION 

• ENGINEERING NEWS RECORD - 1977 
A WEEKLY McGRAW-HILL 
PUBLICATION 

• NATIOtlAL CONSTRUCTION ESTIMATING 
GU!OE (NCE) . 

TO DEVELOP STEEL REQUIREMENTS, COSTS 
AND OPERATIONS DEFINITION FOR PRO
CUREMENT AND INSTALLATION OF 
RECTENNA SUPPORT STRUCTURE 

PROVIDE CONSULTATION ON CEMENT/CONCRETE 
SPECIFICATIONS, OPERATIONAL METHODS, 
PROCESSING/HANDLING EQUIPMENT, AND 
CONCRETE PLANT 

DISCUSS SITE PREPARATION, CONSTRUCTION 
OPERATIONS/SEQUENCING, PLUS ACTIVATION 
REQUIREMENTS 

TO DISCUSS DC/AC POWER DISTRIBUTION AND 
CONVERSION REQUIREMENTS, AND OBTAIN 
COST ESTIMATES ON INSTALLATION OF 
LINES/TOWERS 

TO DISCUSS USE AND APPLICATION OF 
EQUIPMENT/CREW FOR CONTINUOUS CONCRETE 
POUR OF RECTENNA SUPPORT STRUCTURE 
FOOTINGS 

OBTAIN PRICES ON EARTH MOVING, GRADING 
AND TRENCHING EQUIPMENT 

CONSTRUCTION LABOR AND OPERATIONS 
PRICES 

CEMENT, AGGREGATE AND LABOR PRICES 

CONSTRUCTION OPERATIONS 

Table 1.4-4. GRS Cost Summary (1979 Dollars in Millions) 

Rockwell Reference RCI/O&M (SAT/YR) 
Configuration DDT&E TFU ICI Pre-IOC l'ost-IOC 

Site and facilities 1. 2 228.4 221.0 - 0.3 
Rectenna support structure 2.3 2164.2 2138.9 1. 7 -
Power collection 3.5 1583.3 1583.2 - -
Control 11. 7 87.7 87.8 - -
Grid interface 116. 7 186.2 186.2 - -
Operations - - - - 31. 6 

Total 135. 4 4249.8 4217.1 1. 7 31.9 
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1.4.1 SITE AND FACILITIES 

~l~ Rockwell 
P.~ International 

The ground receiving station is located on a site of 35,000 acres where 
over 25,000 acres of a central ellipse, or 72% of the total acreage, is used 
for rectenna panels. The area surrounding the inner ellipse is allocated for 
maintenance/control facilities, access roads, converter stations, and the rows 
of towers that support the 40 kW de and 500 kV ac cables. The GRS perimeter 
is fenced for security reasons. 

The sequence of construction operations begins with site identification, 
environmental impact studies, zoning/permits, surveys, utility/road installa
tion, and supporting facilities. After reference coordinates are established, 
the site is cleared, leveled, and followed with precise grading for panel 
foundations, fabrication facilities, installation, and GRS site completion. 
This includes concrete mixing plants, rectenna panel fabrication factories, 
crew accommodations, warehousing, and support facilities as shown in Figure 
1.4-3. The GRS DDT&E effort will be a valuable asset to all GRS sites by 
providing designs, analyses, and procurement specifications for commonly used 
buildings and facilities. 

PANEL FACTORY 

POWER TO 
CONSTRUCTION BASES 

LIVI NG & CREW AREA 

Figure 1.4-3. Support Facilities 

Clearing and leveling operations will occur at a number of locations within 
the panel farm perimeter. These operations consist of tree removal (if required), 
grading, and leveling the terrain to acceptable slope angles, and removing excess 
dirt. Sixteen areas of the ellipse would be cleared and leveled simultaneously. 
Site topographies were assumed at a 1:30 maximum average grade of non-forested 
land. These ground rules lead to an appropriate identification of equipment. 
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Bulldozers will make the initial cut, scrapers will grade to more precise 
requirements, and an estimate was made of one crew of 13 men to grade eight 
acres per day. The crew and equipment required to prepare a 35,000-acre site 
were established based on a single shift that would level 130 acres per day 
to meet a nine-month schedule (reference contacts with heavy equipment dis
tributors). A control center is envisioned for traffic monitoring and synch
ronized operations as the grading system moves through i~s operational 
sequencing. Contingencies for weather, shift changes, rest periods, etc., 
have been considered through the planning of a 20-hour day. 

Costs developed for GRS site and facilities are divided into the elements 
of land, site preparation, roads and fence, utilities, buildings and facilities, 
maintenance equipment, lightning protection, and DDT&E. Basic design parameters 
used in this costing are presented in Table 1.4-5. 

Table 1. 4-5. 

Item 

Land/fencing 
Grading/leveling 
Preparation 
Utilities 
Roads/rails 

Facilities 

Drainage 

Lightning protection 

Site and Facilities Requirements 

Unit Parameter 

35,000 acres 
Heavy equipment/crew size 
Survey, EIR, permits, A&E planning 
Water, electricity, gas, sewage 
Roads~35 miles, rails~45 miles 

Conversion station, monitor and control, 
maintenance/storage 

6-in. gravel for combination access-way 
and drainage between panel rows 

TBD 

DDT&E, investment, and operations costs (1979 dollars) established for 
clement of site and facilities are presPntPn in the following tables: 

Cate or 

Land and Preparation 

Roads and Fences 

Utilities 

Buildings and Facilities 

Maintenance Equipment 

Lightning Protection System 

Site and Facilities DDT&E 

Table 

Land-1. 4 .1.1.1 
Preparation~l.4.1.1.2 

Rails and Roads~l.4.1.2.1 
Fencing~l.4.1.2.2 

1.4.1.3 

Storage/Maintenance~l.4.1.4.1 

Converter Station~l.4.1.4.2 

1.4.1.5 

1.4.1.6 

1.4.1.7 
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TABLE 
ROCKWELL s~~ c~-2 REFERENC~ CONFJGURAlION,1980 

1.4.l. l.l LAND 

lNf Ul PARAJl4E 1 ~R ~ INPUT COEFFICIENTS 

T= 35000.0000 TF= 1.000000 
M= 35000.0000 CJ&M= 0 .o 

CF= 1.000000 ll= 1.000000 
Phi= 1.000000 l2= b0.000000 

R= o.o Z3= 60.000000 
Of-= 1.000000 Z4= 60.000000 

CALCULATED VALUt5 ACR E:S SUM TO 

CD=CuCER X (T X OFtXXCCD~XP> X C.F 

CLRM=CJCER X (M)XXCCIEAP) X C~ X TF 

#RM =T I M 

E- =l.O + LUbCPHI) I L0bC2.0) 

CfFU=fCLRfl'1 / E)XtC•RM X ll+.51XX4E) -0.5XXCED 

tTb =tlCLRM/t)A((#RM X lJ + 0.5)XX(E) -0.5XXlE)) 

C.1PS=CTB•l4/l~ 

C.RC.I =tl8 X R 
PRE-IOC C.RCI =CRCI X lb 
POST-10( LRCI :CRCJ X 11.0-Zb) 

CO&M =O&M UR CTB*l5/L2/tNYR 

COMMENTS 
1977 OAlA tNTERtO FOR COCtR,ClCERt A~O O&M wERE: 
~fCTENNA 10 KM X 13 ~M NllM BUFF-ER ZONE. 

CDC.ER= 
CD EXP= 
CIC.ER= 
Clf:XP= 
BY EAR= 

l!>: o.o 

1.4.l.1 

) I l3 

o.o o.oo 1000 

o.o 
o.o 
0.001170 
1.000000 

1979 
16= 

S,MILLlONS 

o.o 

40.9!>0 

1.000 

1.000 

o. () 

40.9!>0 

40.950 

40.950 

o.o 
o.o 
o.o 

o.o 

1.000000 
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TA ts LE 
RUCK~~Ll SP5 CR-2 REFERENCE CONFIGURATJON,1980 

l • .1t.1.1.2 LAND PRE:f#ARAl!lON 

INPUT PAl<llMEH:RS 
INPUT COEFFICI ENlS 

T= 35000.0000 lf-:. 1.000000 COCER= o.o M= 35000.0000 0&114= o.o CD EXP: o.o CF= 1.000000 ll= 1.000000 CICER= 0.002348 PHI= 0.980000 l2: b0.000000 Cl EXP= 1.000000 R= o.o 23= 60.000000 BYE AR: 1979 OF= 1.000000 Z4= 60.000000 Z5= o.o Z6= 
CALCULATED VAL~ES ACRfS SUM TO t.At.1.1 S,MJLLIONS 

CO=CDCER X ( l X l>F ) XX ( C 0 f; XP) X C F o.o 
CLl~M=Cl CcR X tM)XX(ClEXP) X C~ X TF 

82.187 
!fqM =T / M 

1.000 
t =l.O + LOb(PHl) / LOGf2.0) 

0.971 
CTFU=ftlRM / ~)XCC•RM X ll+.~)XXll) -0.5~X(E)) 

82.298 

CIB =CCC.LRM/E)X.(t#RM X Z3 + 0.5)XX(E) -0.5XX(E)) ) / Z3 75.019 
C.JPS=CTB*l4/Z2 

75.019 
CRCl =CTb X R 

o.o PRE-IOC t.RCJ ::.CRCI X lb o.o PUST-10~ l.RCl =CR~l X tl.O-lb) o.o 
CO&M =O&M OR Cl~*l~/l2/l~YR 

o.o 
COMMENTS 

1971 DAlA ENTE~EO ~O~ CDL~~,ClCER, AND O&M WfRE o.o 0.002001 o.o 

1.000000 



TABLE 
ROCKWELL SPS CR-2 REFERENCE CONFlGURATION,1980 

1.4.1.2.1 RAILS ANO ROADS 

lNPUl PARAMElERS INPUT COEFFltlENTS 

T= 1.000000 TF:s. 
M= 1.000000 u&M:. 

CF= l .OOOOOC ll= 
PHI= 1.000000 l2::. 

R= o.o Z3= 
OF= 1.000000 £4:. 

CALCULAlED VALUES SE. l 

CO=COCER X Cl X OF)~XCCOE~P) X Cf 

CL~M=CICER X CM)XXCCIEXP) X t~ X lF 
tJ:j 
I 

w #RM =T I M 
w 
~ 

E =l.O + LOGCPHI) I LO~t2.0) 

l.OOC>OOO 
o.o 
1.000000 

b0.000000 
60.000000 
b0.000000 

SUM TO 

CTFU=CtLRM I E)XCC#RM X ll+.5)XXtt) -0.~XXCE)) 

t18 :((tLRM/l::)>l(t#RM X 23 + 0.5)XX(E) -0.5X~CE)) 

C1PS=C1S*Z4/l2 

CRCl =CTB X R 
PRE-IUC CRCI :CRtl X lb 
POST-lOC t~tl :.C~Cl X ll.O-lb) 

C.O&M =U&M OP (. JH*l:>J'Z2/t:NYR 

COMM~NTS 

CDC ER= 
CDEXP= 
CICERs 
C1EXP= 
BY EAR= 

Z5= o.o 

1.'t.1.2 

) I l3 

1917 UAlA ENTERED FUR COCER,CICER, AND O&M w~RE O.O 73.710007 
ACCfSS AND PER1M€T~k ROAuS. GRAVEL ROADS AT RECTENNA ROWS. 
PERIMETER ~PUR A!CJ A(CE~S RAlL~OAU. 

o.o 
o.o 

86.240707 
l .000000 

1979 
Z6s 

s.MJLLIONS 

o.o 
86.241 

1.000 

1.000 

o.o 

86.241 

86.241 

86.241 

o.o 
o.o 
o.o 
o.o 

1.000000 
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TABLE 
ROC(wEll s~s CR-2 REFERENCE CONFIGURAlION11980 

1.4.1.z.z FENCl~ 

lNPUl PARAMETE:RS INPUT tOEFFIClENTS 

l= 42b 11.0000 TF= 1.000000 CDC ER• o.o 
M= 42b7l.OOOO O&fil=- o.o CD EXP= o.o 

C.F= 1.000000 Ll= i.000000 CIC ER: 0.000013 
Ptil= 0.980000 Z2= 60.000000 CI EXP= 1.000000 

R= o.o ZJ= 00.000000 B't'EAR= 1979 
OF= 1.000000 l4= b0.000000 2!>= o.o l6= 

CALCULAT~O VALUES M SUM 10 1.1t.1.2 51MILLlONS 

CO=CDCER X CT X OF)X~tCOtXP) X CF o.o 

CLRM;.CJ CER X CM)XXtCIEXPJ X t~ X lF 0.549 

4RM =T I M 1.000 

I: =l.O + lOb(PHl) / L0b(2.0) 0.971 

CTFU:(CLRM I E)X((#R~ X ll+.~)Xl(~) -0.5XX(EJ) c.550 

CTB =CtCLRM/tJX(t#RM X 23 • O.~,XX(E) -0.5XX(E)) ) I l3 o.so1 

C.1PS;.CTB•Z4/l2 0.501 

c~c 1 =CH~ x ~ o.o 
PR~-lOC tl<l.1 ='C IH. l X l. b o.o 
.-.osT-lUC CRCl =CRC.1 X tl. O-l6) o.o 

CO&M =O&M OR ClB*l~/Ll/~~YR o.o 

COMMENTS 
1977 OATA tNTERtO FOK CuCER,~lLER, A~D O&M wERE o.o 0.000011 o.o 

1.000000 



TABLE 
kUC~wE LL Sl-'S CR-2 REffRENCE toNFH~uRATION, 1980 

1.4.1.3 UlJLlllE~ 

l N fl U 1 PA R AP'! t: 1 l: RS INPUT COEFFICIE~TS 

T= 1.000000 lF: 1.000000 CDC ER= o .. o M= 1.000000 O&M;;;; 0 .o C D~XPa: o.o CF= l.OOOOOl' .l.l=- 1.000000 CIC.ER= 0 •. 234000 PHI= 1.000000 l2=- 60.000000 C 1 EXP= l. 000000 R= o.o l3:. bCJ.000000 BVE:AR:. 1979 UF: 1.000000 l4:. b0.000000 l~= o.o lb= 1.000000 

CALCULAT~D VALUtS s l:l SUM TO 1.4.l S,MlLLIONS 

CO=COCER x tl X OF)XX(CDEXP) X Cf o.o 
CLRM:.CI CER x (M)XXCCl~XP) X l~ X lF 0.231t b:I 

I 

~ #RM =T / M 1.000 °' 
E =l.O + LO&CPhl) / LObl2.0) 1.000 

CTFU:.CCLRM I l:tX((#R~ X £1+.~)XX(E) -O.~XX(I:)) 0.234 

tTB =C CC.LRM/t axe (#RM x Z3 • O.~)~Xlf) -0.5XXCE)) , / Z3 0.234 

CIPS=CTS•Z4/L2 0.234 

CRCI =ClB X R o.o 
Pf<E-IUC ~R(..l =CRCl X L..o o.o 
PuST-lOC CRCl =-CRtl X tl.O-lbJ o.o 

CO&~ :O&~ OR CTB*L5/12/tNVR o.o 
COMMENTS 

1977 UATA tNTtR~~ F8R LU~~R,LltERt ANO O&M ~fRE o.o 0.200000 o.o 



TABLE 
ROCKWELL s~s c~-2 R~fERENCE CONFlGURAJION,1980 

1.4.l.4.l ~lORAGt,MAINTENANCE FACILITIES 

'-------- -------- - -- -~-

INJ.'Ul PAPAflltE H:RS INPUT COEffICIENTS 

T= 
M= 

CF= 
Phi= 

R= 
UF= 

1.000000 
1.000000 
1.000000 
1.000000 
o.o 
i.oooooc 

TF= 
U&M= 

Z.1: 
l2=
l3= 
Z4= 

1.000000 
o.o 
1.000000 

60.000000 
00.000000 
60.000000 

CDC ER= 
CO~XP= 
C ICER= 
CI EXP: 
B'ff:AR= 

l~= o.o 
CALCULATED VALUES $ SU~ TO 1.4.l.'t 

b:l 
I 

CO=CDCER X (l X OF)lX(COt)P) X C~ 

CLRM=CICER X CM)XXtCIEXP) X Cf X Tf 

~ •RM =T I M 
" 

E =l.O + LOGlPHl) I LObt2.0> 

ClfU:((LRM I E>X(l•RM a tl+.~)XX(t) -0.~AX(~)) 

tTB =-CtCLRM/t)Xtl•RM X l~ • 0.5)XXCf) -0.5XXCE)) 

ClPS=CTB*Z.4/lZ 

CRCI =C.18 X q_ 
PRE-IOC LRCl =CRLl X lb 
PO~T-JOC CRCI :CRCl X ll.0-£6) 

CO&M =U&~ UR CTB•l~/L2/~~YR 

COMMENTS 
1977 DATA ENTERED fOR COLfR,LlLERt ANO O&M ~ERE 

) I l3 

o.o 1.300000 

o.o 
o.o 
1.521000 
1.000000 

1979 
l.b= 

StMILLIONS 

o.o 

1.521 

1.000 

1.000 

o.o 

1.521 

1.521 

1.521 

o.o 
o.o 
o.o 

o.o 

1.000000 
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TABLE 
ROCKWELL ~~S CR-2 REFE~ENCE CONFlbURAllON,1980 

l.4.l.4.2 tl.hV. STA. t MONITOR/CONTROL FAC. 

lNPUl PARAM~llRS INPUT COt:FFIClE~TS 

l= 21290.0000 TF= 
M= 21290.0000 l.J&M-. 

CF= 1.000000 l. l = 
Phi= 1.000000 L2= 

R= o.o Z3= 
OF= 1.oooooc l4= 

CALCULAl~U ~ALUES ~Q M 

CO=CDCER X (l X OF)XX(COE)P) X Cf 

CL~M=CICER X (M)XX((JEXP) X C~ X TF 

1.000000 
o.o 
1.000000 

60.000000 
60.000000 
b0.000000 

COCER= 
CD~>CP= 
CIC ER= 
CIEXP= 
8 Yt:ARc 

ZS= O.O 

SUM TO 1.4.le4 

O.Ct 
o.c. 
O.Ct00559 
i .c 00000 

1979 
Z6= 

S,MlLLIONS 

o.o 

11.907 

~ #RM =T I M 1.000 
v..i 
00 

I:. •l.O + LOGCPH!) / L0~12.0> 

CTFU:(CLRM I l:)X(t#RM X ll+.~)XX(t) -0.5XXCl)) 

ClB :( ( C.LRM/t: )X ( (#RM X Z3 + o.S)XX(E) -o.~XX(E)) 

C IPS=CTB*l4/l2 

CRCI =C.18 X ~ 
PRE-IUC CR~l :(;R(I X Lb 
POST-IOC CRCl ::.CRCl X Cl.O-Z6) 

Cu&M =U&M u~ ClB*lS/l2/tN1~ 

COMl'tENTS 
1977 DATA ENTEREO FOR CUL~R,~ICERt A~O O&M WERE 

) I Z3 

o.o 0.000476 

1.000 

o.o 

11.907 

11.901 

11.907 

o.o 
o.o 
o.o 

o.o 

~~~~~~.~~~~~~~~~~~~~~~~~~~~~~~~~ ~-- -

1.000000 



TABLE 
ROC~wE LL SPS CR-2 REf'E:RENCE CONFIGlJRATION, 1980 

1.4.1.5 MAINTl:NAM:t: EQF'T. FOR SITE & FACILITIES 

INPUT PARAMETERS INPUl COtFFICIENTS 

TF= 1.000000 
0.093600 
1.000000 

CDC ER= 
COf-)(P: 
CIC ER= 
C IEXP= 
BYEARz 

T= 
M= 

CF= 
PHJ= 

R= 
OF= 

1.000000 
1.000000 
1.000000 
l .000000 
0.050000 
1.000000 

Cl&M= 
ll= 
l2= 
l3:. 
l.4= 

60.000000 
150.000000 

60.000000 £~= o.o 

~ 
I 

CALCULATEL> VALlJE:S SET 

CD=CDCER X CT X UF)XX&CDE).P) X Cf 

CLRM=CltER X CM)XXCCl~XP) X lF X lf 

SUM TO 1.4.1 

w #RM =T I M w 
\0 

E =l.O + LObtPHI) / L0bl2.0J 

CTFU=CCLRM I E)X((#RM X ll+.~)~~IE) -0.5XXCE)) 

CTB =ffCLRM/t)X((#RM X Z3 + 0.5)XXt~) -0.5XXtE)) 

CIPS=CTB•Z4/i..2 

CRCI =CTB X R 

PRE-IUC CRCl =CRCl X l.6 
PUST-lOC CRCl =C~Cl X Cl.O-Z6) 

CU&~ =O&~ UR Clb*l~/l2/tNfR 

COMMENTS 
1977 OATA ENlER~LJ FOR co~~R,LICER, ANO U&M WERE o.o 
MAl~I. ~~UIP., lUOLS, Slt, fUR "Al~lENANCc OF RECTENNA. 

) / Z3 

4.000000 

o.o 
o.o 
4.680000 
i.000000 

1979 
Z6= 

$,MILLIONS 

o.o 

4.680 

1.000 

1.000 

4.680 

4.680 

4.680 

0.234 
o.o 
0.234 

0.094 

0.080000 

o.o 



RU(.KW~ll SJ'S i..R-Z REFERENCE CONFIGURATION,1980 
TA~LE 1.4.l.6 LIGHTNING PROTECTION 

lNPUl PARAl'IET~RS INPUT ~OE:F~IClfNlS 

T= o.o 
M: o.o 

CF= o.o 
P11l= t .oooooc 

R= o.o 
OF= 1.000000 

lF= 
U&.M= 

Z l:. 
l2=-
ZJ= 
l4= 

1.000000 
o.o 
1.000000 

60.000000 
60.000000 
b0.000000 

COCER= 
CO~XP= 
CIC.ER= 
Cl EXP= 
BYf:AR• 

Z5= o.o 

CALCULATED VALUES s SUl1 TO 1.4. l 

o:i 
I 

CD=COCER X CT X OF)XXCCDEXP) X Cf 

CLRM=ClCER X (M)XXCCl~XP) X C~ X TF 

~ #RM =T I l't 
0 

E •l.O + LOGCPHl) / LOGC2.~) 

CTFU=CCLR" I f:)XCCtRM X 11+.~)XXlE) -0.~X~(t).J 

C.T8 ;.C(CLRM/E:iXt(#RM A l 3 + 0 • ~ )).X C E ) -0 • 5 XX C E ) ) 

tlPS=CTB*Z4/ l.2 

CRCI =CTB x R 
PRE-lOC C.RC.1 =t.RCJ X lb 
.. UST-IOC CRCI =CRCI X Cl.O-l6) 

CO&M =u&M OR ClB•l~/Ll/tN~R 

COMMENTS 
1977 OAlA ENTEREv FUR Co~ER,C.IC.f~, ANO O&M w~RE 

) I Z3 

o.o o.o 

o.C• 
o.o 
o.o 
o.o 

1919 
lb= 

s,MlLLlONS 

C>.O 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

4).0 

1.000000 



ROCMfELL SfS CR-2 REFERENCE C01'4FlbURA1ION,1980 
TABLE 1.4.l.7 ~ITE & FAtlLlllES OOT&E 

INPUl PARAMElERS INPUT CO~FFICIE~TS 

T= i.000000 
M:. l.OOCOOO 

CF= 1.000000 
Pt11= 1.000000 

R= o.o 
OF= 1.000000 

l F:: 
O&M= 
ll= 
l2:: 
l3= 
Z4= 

1.000000 
o.o 
1.000000 

60.000000 
60.000000 
b0.000000 

COCE:R= 
CDfXP= 
CIC E:R= 
CH:XP= 
&Yl:AR= 

Z5= o.o 

CALCULATED VALUl:S s. SUM TO 1.4.l 

l:d 
I 

CO=COCER X (l X Of)XXtCDE~PJ X Cf 

CLRM=ClCER X (M)XXtCJ~X~) X t~ X Tf 

~ #RM =l I M 
1--' 

E =l.O + LOGCPHI) / LObt2.0J 

CTFUz.(CLRM I l:)XCC#R~ X ll+.5)XXCEJ -C1.~XXCE)) 

CT'3 :.((CLRM/E:JX( t#RM X l3 + 0.5)XX(~) -0.5XX(E)) 

CIPS=-CTb•Z4/l2 

CRCI =C18 X R 
P~E-IOC CRCl ~Ck~l X lb 
PU~T-IOC CRCl =CRC l X U.O-·Z6) 

CO&M :.U&~ OR Cl~*l~1L2/tNYR 

COMMENTS 
1977 0A1A tNT~R~U FUR COLER,LJCERt AND O&M WERE 

) I l3 

1.000000 o.o 

1.110000 
i .000000 
o.o 
o.o 

1979 
lb= 

5tMILLJONS 

1.000 

1.000 

o.o 

1.170 

o.o 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

l.000000 
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1.4.2 RECTENNA SUPPORT STRUCTURE 

The rectenna farm area of 102.l (km) 2 is covered by 580,500 panel3 tii.at 
have a total mW intercept area of 79.53 (km) 2

• Each panel (9.33 m x 14.69 m) 
is tilted at an angle of 40° to the horizontal and is mounted on two continu_
ous ribbons of concrete as shown in Figure 1.4-4. Procurement, fabrication, 
assembly and installation of the steel rectenna support structure, and the 
placement of a supporting foundation are costed in this section and represent 
rc3ults of c01"isultatiu11 ctuU Ji.ticu::;~;.i.u11s wich experienced individuals from 
industrial and construction organizations. 

O.JIM WIDE FOOTING, O.ISM ABOVE GRADE, 
0.43 M BELOW GRADE (2 PLACES) 

INSULATED CONDUIT 
STANDOFF SUPPORTS 

Figure 1.4-4. Panel Installation 

1.4.2.1 PANEL STRUCTURE 

The rectenna panel structure is comprised of four standard size eight
inch (wide flange) I beams, supporting tube braces, and 18 hat-shaped sections 
for the mounting of power collection electronic elements and the maintenance 
of panel rigidity. Tube braces, steel cast fittings and attachment hardware 
are used to support the panel on continuous footing as shown in Figure 1.4-5. 

A detail analysis of the support structure was completed to identify the 
amount of material needed; necessary fabrication, operations, assembly, and 
installation requirements; and to estimate manpower and equipments needed to 
produce the average daily production requirement of 2150 panels over the nine
month period. The cost of processed materials for a rectenna panel is shown 
in 1.4-6. 
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The rectenna panel hat section serves as a mounting surface for the 
laminated-copper-clad mylar array elements. (See Section 1.4.3, Power Collec-
tion). Adhesives will be used to mount the elements to the structure to 
provide continuous support and added strength with a minimum of localized 
panel deflection. 

<i. Cl <i. 
-+426 M.426 + 

I.SIN. 2 10 IN o 020 
14.69M----------1 1~1 41N. INJ1r·1r21N • IN. 
(48, 194 FT) ~ I I 'tfl £: .., !;25 t:J \ 

BIN. i( I"' t:61N. I ~ 
' ~ 4 IN. NOTTO SCALE tJ 

Figure 1.4-5. Rectenna Array Support Structure 

PREFAB ' 
DELIVERED 

DIMENSIONAL NUMBER TOTAL COST/PANEL 
ITEM/DESCRIPTION DATA REQ'D WEtGHT * -1 6" r----1 

14,69K t1"'C. ~ 18 1288# $ 723. 34 HAT SECTIONS U>NC 584.25 kg r 2"-1 i..' 

I ·BEAMS 9.33M 
.02~ t- 3.94" 

4 1589# 
$ 594.92 LONG 0.170~~0" 720. 75 kg 

L ---1 ' TUBE BRACES r 4 $ 905.30 
0.204 

4.76K e- 0.226" 1104# 
LONG --1 1-- 3.50" 500.75 kg 

HARDWARE 
FITTINGS ' 4 SETS 
WELDING ROD 

J 

$ -35.92 RETURNED SCRAP -307# 
ALLOWANCE -139 kg 

COST 3674# $2187.64 
PER PANEL 1666.75 kg 

*1979 dollars 

Figure 1.4-6. Rectenna Panel Support Structure 
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The basic hat section is formed at the rectenna site from 0.020-inch 
galvanized steel sheet stock by processing through a set of forming rollers 
in a continuous manner. The forming machine (Yoder mill) accommodates widths 
of rolled mill stock sufficient to produce the finished hat sections ready for 
assembly to the I beams. 

Four standard wide-flange 8-inch galvanized steel I-beams are required in 
lengths of 9.33 m for each rectenna panel. This material will be delivered to 
the site in precut 1-:>ngt!:s f::::r- hclt= puuci1i.ug and t:he addition of brackets/machined 
castings for support braces and panel mounting. 

Four 3.5-inch-diameter tube braces of galvanized steel are cut to a length 
of 4.76 m and preassembled to the fittings/hardware. Anchors, brackets, clips, 
hangers, etc., are fabricated or cast of carbon steel material and galvanized 
prior to machining at the site. All these items are scheduled to combine with 
the hat sections and I-beams at a centralized facility for assembly. A concept 
for such a facility is shown in Figure 1.4-7. The factory has multiple assembly 
lines where each line has a materials feed section, steel assembly facilities, 
electronics assembly and checkout section. It was assumed that one line using 
automated procedures could assemble and checkout a panel in 40 minutes. On this 
basis, seventy-two assembly lines operating 20 hours per day, seven days a week 
are required to produce 580,500 panels in the allocated 270 days. 

FULL MAGAZlllE HAllDUllG LlllE 
TRAllSFU TO LOADlllG STALLS, 

TRACK WITH CONVEYOR"'-. ~ STORAGE I TRUCK LOADING 

MATERIALS 
DllTRllUTIOll 
CENTER 

_nl I 8 .e B B I I g \ EMPTY MAGAZINE HANDLING LlllE 
1:::11 TRUCK 01"'1 '.cvl 'CY\ I TRUCK UllLOADING. SlORAGE I 
\·. _ ( RETURN TO MAGAZINE lDAOER 

\ 4 PRECISIOll \ 
MAGAZlllE LOAOER TRUCK LOADERS D D } A • I 

:~~~ ~~ ~-o ~ ~ ~ =>o-o~~'io' ~ ~ ~ ~::~r ~ ~ ·~i::-
: :~::~.AISY-o o o o o o11~4UllRAOYLQED o o o o o o. ;-£CJ I TRUCK 

r 

I IHOOKUP--0 D 0 DD D Liu Liu Li Ll DD 0 0 D 0 ~CJ+ 
I I CIO"D D 0 D 0 D 0 D 0 0 0 0 0 0 D D D 0 
I : "J;"" c:::;.....+ ___. PAllEL COllVEYOll --+ 

I I ~-:1=- - - - - - - - - - - - - - - -- - - - - - - ~ 
L. '- - - - - -i-------------------Jr] 

PllODUCTIOll llATE: 0 0 D 0 f"l n n n r r r r ,., n :-i n 
1DIPAllELS/HR I I I I I I I I LI 
U.1-PAllEL MAOAZlllE LOADlllOllHll 

CllEWllE1111l1: 
3 MEii Al AllY ITA 

_l.MEll AT ELECT. STA 
h 1UISY LlllH f -

MAOAZlllE LOAOHS U 
MATL 'S OllTRllUllOll 11 
R llVIClllG/MAlllTEllAllCE _11. 

IUPEllVlllOll 
•11nc11rw 
4 IHllT CREWI 

421 
_!I.. 

""' 

oor r :n 
11 PAllEL ASSY LlllES ,_J err f] 

DuL~~G~uuuu~LJ~uJDj + 
I ~c::::J ___. ___. CJ o ol 

Figure 1.4-7. Central Panel Factory 
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After the panels have been checked, they are placed on an overhead convey
ing system and transported to loading stalls, where they are assembled into 
9-panel magazines and loaded on specially designed trucks for delivery to the 
point of installation. Automated assembly and installation costs were estimated 
at $1231 per panel. 

Specialized equipment is required to deliver the panels from the factory 
to the installation point and to install them because of their large dimensions. 
After consultation with industrial sources on large equipment handling, a con
cept for a specialized machine was developed (Figure 1.4-8). The front and 
rear wheel pairs are each steerable as a unit and have provisions for height 
adjustment. The panels are transferred in magazines and lifted by means of 
fixtures mounted in vertical rails. They can be translated laterally and 
longitudinally for final positioning before attachment to the footings. 

Figure 1.4-8. Panel Loading Sequence 

1.4.2.2 TRENCHING AND CONCRETE FOOTINGS 

A cost trade-off was made to consider eight individual footings versus 
continuous footings. A maximum wind force of 90 m/hr was assumed at rectenna 
panels mounted on the footings. It was determined that the amount of concrete 
required for either approach was essentially the same, but that the continuous 
footing concept was easier to install and required fewer operations and less 
capital equipment. 

Each panel is secured to the footings at eight locations by fittings (brac
kets) which are imbedded in concrete during the pouring operation. Mounting 
attachments which provide for longitudinal and lateral adjustment are secured 
to the fittings. Screw jacks on each of the rear attach points provide for panel 
adjustment and alignment (reference Figure 1.4-5). 

Table 1.4-6 summarizes costs of crew and equipment requirements for the 
placement of footings based on a nine-month schedule to prepare 1088 panel rows 
per rectenna. 
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Table 1.4-6. Concrete Footing Equipment/Crew 

S-ITE 1979 TOTAL 
CONSTRUCTION UNIT COST 

ITEM/DESCRIPTION QUANTITY PRICES (1979 DOLLARS: 

TRENCHERS - JW-2 38 $81,900 $3,112,200 

DUMP TRUCKS - CAT 773 26 $409,500 $10,647,000 

CONCRETE DELIVERY 
VEHICLES - 10 C.Y. 190 sss,soo s11,11s,ooo 

CONCRETE FORMING 
MACHINES 10 $70,200 $702,000 

CONCRETE CENTRAL 
MIX PAVlNG PLANTS 2 $292,500 ssss,ooo 

TOTAL COST $26,161,200 

TRENCHING & CONCRETE 
CREW PERSONNEL 1'+80 

The footings of continuous concrete are 0.43 meters deep, 0.31 meters wide, 
and project 0.15 meters above ground level. Two footings are excavated simul
taneously by trenchers which feed the removed dirt into a truck. Approximately 
17xl0

6 
meters of trenches must be excavated. To accomplish this, 38 trenchers 

are required, each trencher excavating 90 meters per hour. A well developed 
plan is contemplated by the placement of concrete footings in order to maximize 
labor requirements, avoid congestion, and. improve operational sequences that deal 
with this highly repetitive activity on site after site. 

Each rectenna panel will be mounted and aligned on 6.8 cu yds of concrete 
placed by concrete formers such as those commonly used in freeway divider con
struction. The formers extrude a shaped ribbon at rates of 6 meters per minute. 
Reinforcing steel and panel attach fittings are inserted as the concrete is 
vibrated during the extrusion process. Concrete footing requirements for rectenna 
panels are shown in Table 1.4-7. 

1.4.2.3 COST ESTIMATES 

DDT&E, investment, construction/installation, and operations costs of 
rectenna structures (less electronic elements) and the concrete footings needed 
to support these structures are identified in the following tables: 

Rectenna Panel Fab. & Installation 

Table 1.4.2.1.1 

Table 1.4.2.1.2 

Table 1.4.2.1.3 

Hat Sections 

Wide Flanges 

Tube Braces & Hardware 
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Table 1.4-7. Concrete Footing Requirements per Panel 

1979 $ INGREDIENTS 
(MILL PRICE FOR 

ITEM/DESCRIPTION DELIVERED) 6.8 CU.VOS. 

CEMENT (5 SACK) $49.10/TON 3196# 
(94# SACK) 

SAND $5.28/TON 9520# 

ROCK 1"-1!" $5.14/TON 12444# 

WATER - 2040/I 

REINFORCING $0.12/LB 64/I 
STEEL - #4 

TOTAL/PANEL 27264# 

DELIVERED 1977 MILL PRICES PER ENGINEERING NEWS RECORD 
HILL, CA~ INDUSTRY PUBLICATION) HAVE BEEN ESCALATED TO 

Table 1.4.2.1.4 Assembly & Installation 

Trenching and Concrete Installation 

Table 1.4.2.2.l Footing Concrete & Rebar 

Table 1.4.2.2.2 Machinery & Equipment 

Table 1.4.2.2.3 Construction Operations 

Rectenna Panel DDT&E 

Table 1.4.2.3 Support Structure DDT&E 
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MATERIAL COST 
DELIVERED 

(1979 Dollars) 

$78.53 

$25.12 

$31.96 

0 

$7.53 

(ENR) - McGRAW 
1979 DOLLARS 



TA~LE 

KUC~~ELL ~p~ CR-2 REFE~ENCE CONFlbURATION,1980 
1.4.2.1.1 h~T SttTJONS 

INPUT PARAMtltRS INPUl COEFFICIENTS 

at 
I 

T= ~80~00.000 TF; 
M= 1.000000 llt.M; 

tf= 1.00000<' ll= 
Pt11= i.000000 l2= 

R:. o.o l3= 
OF= t.000000 Z4=-

CALCULATED VALUES PANtL 

CO=COCER X CT X OF)XX(COEXP) X CF 

CLRM=CICER X CM)XXCClEXP) X Cf X lf 

~ #RM =T I M 
();) 

E sl.O + LOGCPttl) I L0bt2.vl 

1.000000 
o.o 
1.000000 

60.000000 
b0.000000 
b0.000000 

SUM TO 

CTFU:(CLRM I E)X((#RM X Zl+.~)XXIE) -O.~XX(E)) 

CTB =CCCLRM/E)X(C#RM X Z 3 + 0 • !>) XX t E ) -0. 5 XX ( E ) ) 

CIPS=CTB*Z4/l2 

CRtl =CTB X R 
PRE-IOC LRLl =t:Rtl X lb 
~UST-IOC CRCI =CRCl X tl.O-Zb) 

CO&M :.U&~ OR C1B•Z5/L2/~~~R 

COMMENTS 

CDC ER= 
CDE>CP= 
CIC ER= 
CI EXP= 
BYt:AR= 

z !>= 

1.4.2.1 

) I Z3 

1977 OATA ENTERE~ FUR C~LtR,LlCERt A~D O&M ~ERE O.O 
EACH PAWEL USES 18 H~l ~ECflONS TOlAll~G 584.25 ~b Cl288 LB~) 
WlTN COST ESTlMAlE Of $1.058/Kb CS.48/LbJ. 

o.o 

0.1) 
o.o 
0.1)00724 
l .C>OOOOO 

1979 
Lbs 

$,MILLIONS 

o.o 

0.001 

5805(10.000 

o.ooobt9 

1.000 

420.4lb 

420.412 

420.412 

o.o 

o.o 
o.o 
o.o 

o.c 

o.o 



TABLE 
ROC..KwELL SF-S tR-2 REFERENCE <..O~FlGURATION,1980 

l • 4 • 2. 1 • 2 W 10 E fl ANGE S 

b;I 
I 

lNPUl PAR AMI: TERS 

T= 580500.000 l r- = 
M= 1.000000 U&M= 

CF= 1.000000 Zl= 
PHI= 1.000000 l2= 

R:: o.o £3= 
OF= 1.000000 £4= 

CALtULAl~D VALUtS PANEL 

CO=CDCER X 11 X OF)XXICD~XPt X C~ 

CLRM=tltER X CMtXXCCIEXP) X C~ X lF 

1.000000 
o.o 
1.000000 

b(J.000000 
60.000000 
60.000000 

SUM lO 

~ #ctM =T / M 
\0 

E =l.O + lUbCPHl) I LObt2.0) 

CTFU:(tl~M I E)Xl(#RM X Zl+.~)XXtE) -Ou5XX(E)I 

CTB =CICLl~M/~)X(C•RM Jt Z3 + 0.5)XX(l) -0.5~XtE)) 

CIPS=CTB•Z4/L2 

CRCI =C.T8 X R 
PR~-IOC CRCJ =CRC! X lb 
PUST-lOC CRCl =tRCl • ll.O-Zb) 

CUC.M =Ot.M OR Cl~•L.5tL.2/Erwi< 

COMMENTS 
1977 DATA ENlfR~O FUR CDttR,ClCER, ANO O&M WERE 

Z!>= 

1.4.2.1 

o.o 

INPUT COEFFICitNTS 

CDC ER= 
CDEXP= 
CICER= 
CI EXP= 
BVEARz 

o.o 

o.o 
o.o 
0.000595 
1.000000 

1979 
Z6= 

S,MILLIONS 

o.o 

0.001 

580500.000 

) I Z3 

0.000508 

1.000 

o.o 

345.352 

345.349 

345.349 

o.o 
o.o 
o.o 

o.o 

o.o 



TABLE 
RUCKW~Ll SP~ CR-2 REFERENCE CONFI~URAT10Ntl980 

1.4.2.1.3 HJ8E b•UCE:S & HARDWARE 

lNPUl PARAMETERS INPUT COEFFICl~NTS 

T= 
M: 

lf= 
c.£M~ 

i.000000 
o.o 
1.000000 

CDC ER= 
CDEXP= 
C ICER= 
CIE:XP= 
BYEAR= 

0 .o 
o.o 
0.1)00869 
1.4)00000 

CF= 
PHI= 

R= 
OF= 

580500.COO 
1.000000 
1.000000 
1.000000 
o.o 
1.000000 

Zl= 
ll= 
Z3= 
l4= 

b0.000000 
b0.000000 
b0.000000 Z5= o.o 

1979 
Z6s 

tJ:I 
I 

CALCULAlcD VALUES t'ANt:L 

CO=COCER X tl X OF)XXCCOEXP) X C~ 

CLR~=CICER X (M)XXC,lfXPJ X ~F X TF 

SUM TO l.4.2el 

~ #RM =T I M 
0 

E : 1. 0 + LUG ( PH I ) I l 0 G • 2. 0 » 

CTFU=CCLRM I fJX((#RM X ll+.,tXX(EJ -0.5XXtEJ) 

C18 =ttCLRM/E)X(t#RM x Z3 + 0.5)XXCE) -0.5XX(E)) 

C.lPSr:CTB•Z4/2.2 

CRC.1 =tTB X R 
PRE-IOC CRCI =C.RCl X Z6 
POST-lOC tRC.1 =CRtl X tl.O-Lb) 

CU&fll! =O&M OR C16•l.5tl2/E~VR 

COMMENTS 
1977 DATA ENlERtO ~OR COC~R,CICERt AND O&M WERE O.O 
INCLUDES 4 TUBE bRACf~ 4.1bM LO~b, 
FRONT & REAR CLEVIS ~llllNbStCASl MU~NTINGStW~LD ROOt 
AND PRO~lOES FOR OV~kALL SCRA~ ALLOWANCfS. 

) I Z3 

$,MILLIONS 

o.o 

0.001 

5805(10.000 

0.000143 

1.000 

504.675 

504.611 

504.671 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



lABLE 
ROCK.wE ll SPS CP-2 Ret:ERENCE CONFIGURA 1ION,1980 

1.4.2.l.4 A~SEMBLY & lNSlALLATlON 

tNJ>Ul PARAMElERS l~PUT COEFFICIEMTS 

T= 
M= 

CF= 
PHI= 

R= 
OF= 

580500.000 
l.OCJOOOO 
1.000000 
1.000000 
o.o 
1.000000 

TF: 
O&M:. 
ll= 
l2== 
l3== 
l4= 

1.000000 
o.o 
1.000000 

b0.000000 
b0.000000 
60.000000 

CDC ER= 
CDEXP: 
CICERs 
Cll:XP= 
BY EAR= 

Z5= O.O 

o.o 
o.o 
0.001231 
1.000000 

1979 
lbs 

CALCULATED VALUES PAN t:L SUM TO t.4.2.t S,MILLIONS 

t;lj 
I 

C. O=C DC ER X t T )( UF ) XX C CD E AP ) X C F 

CLRM=CICER X tM)XXCCIEXP) X (~ X lf 

~ #RM =T I M ..... 

l: =l.O + LObtPnl) I L0bl2.0) 

CTFU:(tlRM I EJXtf•RM ~ ll+.5)XXtE) -0.5XXfE)) 

CTt:s = (( CLRM/ t ).IC Ct #RM X ll + 0.5)XXCE) -0.5XX(~)) 

C. IPS=CTB•Z4/ l2 

CRCI =ClB X R 
PRE-IOC CRC l :.CRC l X lb 
PUST-10C CRCl :::CRl.l X 11.0-l.6) 

CO&M :Q&~ OR (TR•l5/L2/t~V~ 

COMMENTS 
1917 UATA ENTERED FUR COlER,Cl~tR, ANO O&M wERE 

) I l3 

o.o 

o.o 

0.001 

580500.000 

o.oo 1052 

1.000 

71'9.591 

o.o 

714.~85 

7 l't. 585 

o.o 
o.o 
o.o 
o.o 

o.o 



b:I 
I 

ROCK.WE:LL S.,S CR-2 fU:fERENCE CONFIGURAfION,1980 
TABLE 1.4. 2.2.1 FUOl lNb CONCRETE & RE-BAR 

lN~Ul PARAMt:TERS INPUT COEFFICIENTS 

T= 
M= 

CF= 
PHI= 

R= 
OF= 

580500.000 
1.000000 
1.00000 (' 
1.000000 
o.o 
1.000000 

CALCULAlED VALUES 

TF:. 
Q&M:. 
Zl: 
l2= 
L3: 
l4= 

PAN t:L 

CO=CDC.ER X CT X OF)XAtC.Ot:X~) X Cf 

CLRM=CICER X (M)XX(ClEXP) X C~ X TF 

1.000000 
o.o 
1.000000 

b0.000000 
b0.000000 
60.000000 

CDC ER= 
CDE:XP= 
CIC.ERs 
CI EXP= 
BYE AR= 

Z5= o.o 

SUM TO 1.'t.2.2 

o .. o 
04.0 
0 .. 000143 
1. 000000 

1979 
Zb= 

$,MILLIONS 

o.o 

o.ooo 

~#RM =T / M 580500.000 
N 

E =l.O + LUb(PHl) I L0bt2.0) 

CTFU:fCLRM I E)Xlf#RM X Zl+.5JAXIE) -0.5XX(t:)) 

CTB =ttCLRM/t)Xl(#RM X l3 + o.s)xxce• -o.sxxtE)> 

CIPS=C.TB•Z4/2.2 

CRC.I =C.18 X R 
PRE-IOC CRCl ::.CRC.1 X lb 
POST-lOC tRCl :.CRC.l X ll.O-Zbt 

C.O&M =O&M OR CT~*£~/l2/E~YR 

COMMENTS 
1977 DATA ENTERtO FOR CDCERrC.lCcRr AND O&M "ERE O.O 
CONCRETt ESll~Al~O Al o.8 CU YOS Of 5 SACK CEMENT. 
MIX 3l9b LBS CEMENT, 9520 LB5 SA~O, 
12444 LRS 1-1.5 INCH ROLK. 

) I l3 

0.000122 

1.000 

o.o 

82.8bl 

82.8b0 

82.BbO 

o.o 
o.o 
o.o 

o.o 

o.o 



ROCKwELL ~f'!> CR-2 REFt:RENC.E CONFIGURATION,1980 
TABLE l.'t.2.2.2 MACt11M>ERV & EQIJIPM~NT - GRS CONSlRUCT ION 

INPUl PARAM~TERS INPUT COEFFICIENTS 

o:i 
I 

T= 1.000000 'f-:; 
flit= 1.000000 u&M= 

tF= 1.000000 l l:: 
PHI= i .ooocoo lZ= 

R= 0.003333 Z3= 
OF:: 1.000000 l4=-

CALCJLATEO VALOES st: 1 

CD=COC~R X (1 X OF)XX(COlXPI X Cf 

CLRM=CICER X (M)XXlCIE~P) X CF X Tf 

1.000000 CDC~R= 
l.5b9b73 COEXP= 
1.000000 CIC ER= 

b0.000000 CI EXP= 
e.000000 BVEAR• 
2.000000 Z5= o.o 

SUM 10 l.1t.2.2 

~#RM =T I M 
\,,.) 

E: =l.O + LUGCPHI) I LOGC2.0J 

CTFU=CCLRM I E)XCC•R~ A Zl+.5)XXtl) -0~5~XCE)) 

c·re =CICLRM/E:JX(URM x l3 + O.!>)XXH:) -0.5XX(E)) 

C IPS=CTB *Z4/ l.2 

CRCI =CTB X R 
PRf-IUC CRCI =-CRll X lb 
POST-lOC. c.;;RC..l :;(.R\. l X C l.0-4~b) 

CO&M :O&l"I OR Cl~*Z5/l2/l:NYR 

COMMF.NTS 

) I Z3 

1977 OATA ENlERtO ~OR CU(ER,ClCERt ANO O&M wfRE O.O 22.360001 
HEAVY OUJY E'1lJ IPMtNT. 2 Sf TS FOR SE:QUE:NC.EO CONSTRUCT ION. RCI SETS 
THREE lll"tES Ot/ER 30 Yt:AR .-ER IOLJ. ·1112 YE:AR LIFE WITH MAINTENANCE. 

o.o 
o.o 

Z6.l 61194 
1.000000 

1979 
Z6s 

S,MJLLIONS 

o.o 

26.161 

1.000 

1.000 

26.161 

26.161 

0.872 

o.oa1 
0.087 
o.o 

1.570 

1. 341600 

1.000000 



TABLE 
ROC~~ELL SP~ CR-2 REFERENCE CONFibURAlION11980 

l.4.2.Z.3 Cl.lNS1KuC11UN O~ERATlONS 

INi-'Ul "'"RAMEH:R~ INPUT COEFFICIENTS 

T= 
M: 

l.F= 
Pl-ti= 

R= 
OF= 

399000.000 
399000.000 

1.000000 
1.000000 
o.o 
1.000000 

Tf::. 
(J&M:: 

Zl= 
Z2=
Z3::. 
z4:. 

i.000000 
o.o 
t.000000 

b0.000000 
60.000000 
00.000000 

COCER= 
COE:XP= 
C ICER= 
CIEXP= 
BYEARs 

Z~= o.o 

CALCULATtO VALUt~ MA"4UAYS SUM TO 1.4.2.2 

CD=CDCER X IT X OFtXAl,OlXP) X Cf 

CLRM=ClCER X CMtXXC~lfX~) X C~ X lF 

#RM =T I M 

tf t =l.O + LObCPHI) I L0~12.0) 

""' U1 
~ ClFU=CCLRM I E)X(C#RM X ll+.5)XXIE) -0.5XX(tt) 

C.TB =UCLRM/E:IX((#RM X l3 + 0.5)XX(E) -0.5XXCE)) 

C.1PS=CT8•Z41L2 

CRtI =C lt5 X R 
P~E-JOC ~~l.I :CR~l X lb 
PuST-IOC CRCl ~RCl X (l.O-Zb) 

CO&M ::.U&M OR ClB•l~/LZ/tNYR 

COMMENTS 
1977 DATA ENTEREU fOR CC>~~, C.JCER, AND O&M WERE 

270 WORK DAYS FOR CR~w OF 1480 

) I Z3 

o.o 0.000150 

o.o 
o.o 
0.000176 
1.000000 

1979 
lb= 

$,MILLIONS 

o.o 
70.130 

i.ooo 

1.000 

o.o 

70.130 

70.130 

70.130 

o.o 
o.o 
o.o 

o.o 

1.000000 



TABLE 
ROCKWELL s~s Lk-2 ~EfERENCE CONFIGURATlON,1980 

1.4.2.3 SUPPORT SlRUt:lURE DOT&E 

INPUl PARAMEll:RS 

T= 1.000000 TF: i .000000 
M= 1.000000 lJ&.'4 = o.o 

Cf: 1.000000 Z I= 1.000000 
PHI= l.OCOC'Ot' l2= 60.000000 

R= o.o Z3= 60.000000 
OF= 1.000000 l4= b0.000000 

CALCULATED VALUES M:l SUM TO 

CU:CDCER X tT X OF)XXtCDEXP) X Cf 

CLRM=ClCER X (M)XXtCl~XP) X C~ X lF 

#RM =T I ~ 

~ 

~ E =l.O + LOG(Phl) I LO~l2.0) 
~ 
~ 

CTFU:(CLRM I l:)X(C#R~ X £1+.~)XX(E) -0.5XX(I:)) 

Cl B = C C C LR fl'I/ E ) X ( t #RM >. l3 • O.~)XX(f) -0.5XX(t)) 

CIPS=CTR*Z4/Z2 

CRCI =ClB X R 
PRE-JOC CRCJ ~CRll X Lb 
PUST-IOC CRCl =CRCl X tl.O-lb) 

CU&M =U&M UR CTB*l~/L21~NY~ 

COMMENTS 
1977 DATA cNTERto FOR COCER,CIC~R, ANO O&M WfRE 

lNPUl COEFFICIENlS 

CDC ER= 2.340000 
CD EXP= 0.300000 
C lCER= o.o 
CI EXP= o.o 
BYt::ARa: 1979 

Z~= o.o lo=-

1.4.2 StMILLIONS 

2.340 

o.o 

i.ooo 

l.ooo 

o.o 

) I l3 o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

2.000000 o.o o.o 

o.o 
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This element of the GRS includes rectenna array elements associated with 
the actual reception and rectification of microwave energy. These array ele
ments are in series and parallel as required to deliver the line output voltage 
and current. Also included are those components that accept de power from 
array elements and route, control, convert, and switch this power for delivery 
to power conversion stations of the grid interface. 

Incident microwave energy from the satellite is estimated to total 6 .15 GW 
within an elliptical area with major and minor axes of 13 km and 10 km, respec
tively. The rectenna area is arbitrarily divided into five concentric zones, 
with power received per unit area diminishing from the center to the edge. 
Figure 1.4-9 shows these zones plotted for the 10xl3-km (reference) rectenna, 
along with some of the other assumed rectenna characteristics. 

I ROCKWELL SPS REFERENCE CONFIGURATION 
5,......----- (KLYSTRON) 

4 

"" 0 z 
:i 2 

0 

2 3 4 
MAJOR AXIS - KM 

AREA AVAIL 
PANEL AREA 
INCIDENT POWER 
NO. PANELS 
NO. 40.5 KV/0.321A STRINGS 
NO. DIODES 

102.1:fM2 

135 M 
6.15GW 
580,500 
-329,000 
-330 x 106 

NO. PANELS 
AVERAGE 

~ ~ PWR DENS 

14200 220 W/M2 

58200 180 
135400 100 
211000 52 
161700 18 

5 6 

Figure 1.4-9. Rectenna Power Density Pattern (34°N Latitude) 

Rectifier assemblies (rectenna panel electronics) consist of GaAs diodes 
and input/output filters. The outputs of these circuits are series connected 
to produce outputs of 40 kV as shown in Figure 1.4-10. Power regulation equip
ment accepts voltage from the series connected rectenna diodes and adjusts 
voltage outputs to power distribution feeders at values consistent with a pos
itive current flow. Rectenna array elements are 0.735x9.33 min size, and 
20 elements are combined per panel with diode circuitry equivalent to the 
microwave density pattern. A total of 735 diodes or diode equivalents are 
required per average panel with a rectenna total of 330Xl0 6 diodes as shown 
in Figure 1.4-11. 
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FEEDER POWE.It ONPUT TO 
40,000 voe BUSSES) 

RANGE 12.1 -16 MW AT 

41~ Rockwell 
P.~ International 

(300 - 400A) AS MANY FEEDERS 14
•
8 

MW AS REQUIRED TO 
MASS IN QUADRANT (FEEDERS ONLY) 50,000 KG (200,000 KG FOR ENTIRE FARM) APPROACH 16 MW 

Figure 1.4-10. Rectenna Schematic Block Diagram 
(Preliminary) 

UOOI CiAs SUBSTRATE• 
CiAs EPILA YER 

·mu CiAs IS Al.SO A CANDIDATE 
FOR SCHOTTKY BARRIER DIODES 

n 

Figure 1. 4-11. 

cu 

COULD Al.SO BE SNAP-ON 
HOWE\llR, SNAP-ON HAS SERIOUS 
DEGRATION PROBLEMS - ESPECIALLY 
WITH MOISTURE. 

Diode Concept 
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Electronic array elements of the antenna are multilayered copper/dielec
tric sandwich panel material. Resource/mass projections are identified in 
Figure 1.4-12 based on the array cross section and panel requirements shown 
in the illustration. Costs were then determined from estimating guides/indus
trial contacts to provide a cost estimate of $1088Xl0 6 for all antenna array 
elements (Table 1.4-8). The addition of costs for switches and regulators 
needed at each panel provides a cost estimate of $2272/panel. 

580, 500 RECTENNA PANELS 

• PIELECTRIC 

•MYLAR 

PLASTIC COMPOUND-3.5 LB/FT3, 
0.4375 LB/FT2 x 856.4 x lo6 FJ2 

O.OOHN. THICKNESS AT 87.36 LB/FT3, 
o. 02913 LB/FT2 x 856. 4 x uP n2 

·~ 
O. 0039 TH I CKNES S AT 556. 6 LQ/FT3, 
O. 11875? LB/FT2 x 856. 4 x Id> FF 

• Q.1Qllli. 

374. 68 x id> LB 

24. 95 x id> LB 

101. 70 x lrP LB 

i OZ. PER 426.67 x 1o6 DIODES OR EQUIV. - 26. 67 x 1o6 LB 

528 x irf LB 

909. 6 LB/PANEL 
412. 6 KG/PANEL 

TOTAL 

• 20 ARRAY ELEMENTS I PANEL 

• i475 FT2 1137 M2l PER PANEL 

• i990 TECHNOLOGY 

• i977 PR ICES 

Hard Surface ARRAY CROSS SECTION 

Figure 1.4-12. Resource Requirements Rectenna Dipole 
~Bow-Tie~Panel Array Elements 

The power collection and distribution system consists of all field feeders 
(collectors), supporting switch gear, 40-kV de buses to the power converters, 
and the towers/footings needed to support the transmission lines. Approxi
mately 330,000 switch gears, 107 meters of feeder cables, miscellaneous junc
tion boxes, etc., must be delivered and installed at the panel sites. Tractor/ 
trailer trucks are used for this purpose and proceed through the panel rows, 
delivering material at each panel. Additional trucks with reels play out the 
feeders, which then are installed in conduits and spliced to panel connections 
by the electrical installation crew. Contacts .with a utility company indicate 
a requirement of eight man-hours to hook up one panel. On this basis, the 
manpower and equipment projections were established for a 20-hour 7-day week. 

Equipment for electrical hookup and checkout of completed panels was cal
culated on the basis of acquisition cost prorated over the service life and 
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utilization period at a particular site. Total crew requirements of 4196 per
sonnel and the schedule period were the basis of calculating man-day require
ments of 755,280. The amortized cost of equipment and labor was combined for 
the total cost factor. 

Table 1.4-8. Rectenna Dipole~Bow-Tie~ 
Panel Array Elements 

• Total panel area: 9. 33 m x 14. 69 m x 580, 500 panels 
(30.61 ftx48.19 ftx580,500 panels 

• Dielectric: 0.4375 lb/ft 2 x 856.4xl0 6 ft2 @ $1.02/lb 

• Mylar/surface: 4 layers x 856.4Xl0 6 ft 2 @$0.117 ft 2 

• Copper (processed/bonded): 65% coverage 856.4 
x 10 6 ft2 @$0.175/ft 2 

• Diodes/equivalents/wire: 426.67xl0 6 diodes @ $0.117 
each 

• Bonding: 6 surfaces 856.4xl0 6 ft2 @$0.0307/ft 2 

(1979 Dollars) Total panel area cost 

79.56xl0 6 m2 

856.4Xl0 6ft 2
) 

$382.27Xl0 6 

$400.80xl0 6 

$ 97.69XlQ 6 

$ 49.92Xl0 6 

$157.51XlQ 6 

$1088.19XlQ 6 

($1874.57/panel) 

DDT&E power collection costs are associated with the design and verif ica
tion of bow-tie electronic panels/bonding processes, connectors, and large 
switch gear to optimize the voltage/current ratios and element/wiring config
uration. Cost estimates are provided in the following areas: 

Area 

Antenna Array Elements 
Power Distribution System 
Installation and Checkout 
Power Collection DDT&E 

Table 

1.4.3.1 
1.4.3.2 
1.4.3.3 
1.4.3.4 
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ROC~~ELL SPS tR-2 ~EFERENCE CONFlbURA110Ntl980 
TAR LE 

T= 
114= 

CF= 
PHI= 

R= 
OF= 

l.4.3.l A~lENNA ARRAY ELFMENTS 

IN~Ul PAP.AMEl~RS 

!>80500.000 TF:. 
1.000000 U&M:. 
1.000000 l.l = 
1.000000 l2-=-
o.c L3= 
i.oooooc l4=-

1.000000 
o.o 
1.000000 

60.000000 
t>0.000000 
t>0.000000 

IN PUl COl:F FI c: 1 t:NlS 

CDC ER: 
CDEXP= 
CltER= 
CitXP= 
BYE AR= 

15::. o.o 

o •. o 
o .. o 
0 •. 002272 
1 •. 000000 

1979 
lb: 

CALCULAltD VALUcS PAN l:L SUM TO 1.4.3 S,MILLIONS 

b:I 
I 

CO::.CDCER X (TX OF)XX(C.OEXP) X CF 

CLRM::.CIC~ X IM)XXCCIEXPt X ~~ X lf 

~· •RM =T I M 
0 

E =l.O + LOGlPHlt I L0bt2.0) 

CTFU=lCLRM I ~)X((#R~ ~ 11+.~)XXlE) -0.5XX(~)) 

CTB =lCtLRM/c)X(l#RM A Z3 + 0.5))0UE) -0.5XXCE)) 

ClPS=CT6•Z.4/ L2 

CRC.l =ClB X R 
PRE-IOC CR~l =CR~l X lb 
~UST-lOC CRCl =CRCl X ll.O-Zb) 

CO&~ =O&M UR C18•L~/L2/t~YR 

COMMENTS 
1977 DATA ENTEREU FUR ~OlfR,llCER, ANO O&M WERE 

) I Z.3 

o.o 

o.o 

0.002 

5805·00.000 

0.001942 

1.000 

1318.978 

1318.967 

1318.966 

o.o 

o.o 
o.o 
o.o 
c.o 

o.o 



O:I 
I 

ROCKWELL S~~ t~-2 ~EFERENCE CONFlbURAllON,1980 
TAR LE 1.4.3.2 POWER Ol~TRIBUTION SYSTEM 

lNPUl PARAMElERS INPUT COEFFICIE~TS 

T= ;80!>00.000 TF= 
M= 1.000000 O&M= 

C.F= 1.000000 ll= 
PHI= 1.000000 l2= 

R= o.o Z3= 
OF: 1.000000 Z4=-

CALCULATE~ VALUtS PANEL 

CO=COCER X ll X OF)XXCCOEXP) X Cf 

CLRM=CltER X tM)XXCC1EXP) X Cf X TF 

1.000000 
o.o 
1.000000 

60.000000 
b0.000000 
b0.000000 

COCE:R= 
CO EXP= 
CICER= 
CI EXP= 
BYE AR• 

Z~= o.o 

SUM TO 1.tt.3 

o.o 
o.o 
0.000140 
1.000000 

19'79 
16• 

S,MILLIONS 

o.o 

o.ooo 
~ #RM =T I M 580500.000 
I-' 

E =l.O + LOGCPHl) I l0bt2.0> 

CTFU::.(CLRM I f)X((JRM X ll+.~)XXlt) -0~5XXCE)) 

CTB =CICLRM/E)XCC#RM X Z3 + O.S)XX(E) -O.~XXCE)) 

CIPS=-CTts•Ztt/L2 

CRtI =tlB X R 
PRE-IOC CRLl =C.R~l X l~ 
POST-lOC CRCI =(RCl X Cl.D-Zb) 

CO&~ :u&M OR ClB•l~/£2/fN1R 

COMMENTS 
1977 DATA ENTERED ~OR CD~fR,~l,ER, ANO O&M WERE 

) I Z3 

o.o 0.000120 

i.ooo 

o.o 

81.502 

81.501 

81.501 

o.o 
o.o 
o.o 

o.o 

o.o 



ROC"- .. E LL s~s CR-2 REFERENCE CONFlbURA l ION, 1980 
TABLE 1.4 .3. 3 lNSTA LLA TlON & CHEC~OUT 

lNPUl PARAMElf:RS INPUl COE:fFIClE:NTS 

1= 
flt= 

CF= 
Pt-tl= 

R= 
Of:. 

781100.000 
4340.00000 

i .000000 
1.000000 
o.o 
1.000000 

Tf:. 
o&M• 

Z. l::: 
Z2= 
Z3= 
l4=-

1.000000 
o.o 
1.000000 

60.000000 
b0.000000 
b0.000000 

COCER= 
CDf XP: 
CICER= 
C lEXP= 
8Yf:AR~ 

Z5= o.o 

CALCULATED VALUcS MANDA VS SUM TO 1.4.3 

ti:l 
I 

l,,J 
~ 

CO=CDCER X ll X OF)Xl(COEXPt X tf 

CLRM=CICER X CMtXXCClfXP) X tf- Jl lf 

•RM =T I M 

E sl.O + LOGC Pt11) I LObt2.C t 

CTFU=CCLRM I E)X((•RM X Zl+.5)XXCE) -0.5XX(t)) 

"" C.TB =-41CLRM/t)X((#RM X Z.3 + 0.5)XX(E) -0.5XX(E)) 

CIPS=CT8*Z4/l2 

CRCI =CTB X R 
PRE-IOC CRCl =C.RLI X lb 
PUST-IOC CRCI =C.RCl x c1.o-Z6) 

CO&M =O&M OR tTB*Z5/£2/f:NYR 

COMMENTS 
1977 OATA ENT~REu FUR CO~ER,,ICfR, AND O&M WERE 

) I Z3 

o.o 0.000200 

o.o 
o.n 
0.000234 
1.000000 

1979 
lbs. 

$,MILLIONS 

o.o 

1.016 

li'9.977 

1.000 

182. 777 

182.717 

182. 777 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 



ROC~WELL S~~ CR-2 R~~ERENCE CONFIGURATJON,1980 
TA9'LE 1.4.3.4 POW~R COLLE:tTlON-DDT&E 

lNPUl PARAflltE:lERS INPol COEFFICIENTS 

T= 
M= 

C.F= 
PHI= 

R= 
OF= 

t.000000 
1.000000 
1.000000 
1.000000 
o.o 
1.000000 

TF= 
OCM:: 
Zl= 
Z2= 
Z3::. 
z4::. 

1.000000 
o.o 
1.000000 

b0.000000 
60.000000 
60.000000 

COCER= 
COEXP= 
C ICfR= 
CIE:XP= 
BYE:AR= 

Z5= o.o 

CALCULATED YALU~~ ~Fr SUM TO t.4.3 

CD=COCER X tT X OF)XXCCDEXP) ) CF 

CLRM=CICER X (M)XX(CIEXPt X Cf X lF 

tRM :T I ,.. 

tf E =l.O + LOGCPHl) I LObt2.0) w 
C\ 
w 

CTFU:CCLRM I ~)X((#R~" ll+.5)XX(E) -0.5XXC~l) 

tTB =C (CLR,../t)X( (#RM X l3 + 0.5)XXtE) -0.5XXCE)) 

ClPS=CT8*Z4/L2 

CRCI =tlb X R 
PRE-lUC CRCI =C.Rtl X lb 
~uST-luC CRCI ~cRCl x (l.O-l6) 

CO&M =U&M UR ClB*l~/£2/tNYR 

COMMENTS 
1977 DATA E~TEREO FUR COLER,~l~ER, ANO O&M WERE 

) I l3 

3.000000 o.o 

3.S 10000 
0.300000 
o.o 
o.o 

1979 
Z6a 

5,MILLIONS 

i.ooo 

1.000 

3.510 

o.o 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 
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1.4.4 CONTROL 

Rockwell 
International 

The telemetry, tracking, communications, monitoring of microwave beam 
characteristics, computing phase corrections, and the equipment needed to 
provide frequency standard signals for the satellite are included in this 
section. This hardware will be used to monitor and control the satellite 
from the ground. 

The following monitor and control functions are performed: 

1. Tracking, using ground-based radars to monitor the orbital 
stability of the satellite. 

2. Beam monitoring and control, using ground equipment for 
adaptive or command control of the satellite microwave 
beam. 

3. Data management, using equipment required to analyze signals 
and data from the satellite and ground-based systems to compute 
control signals and corrective data to maintain safe and optimum 
performance. 

4. Communications, using equipment required to maintain com
munications between the ground station and the SPS satellite. 
Included are the communications with the crew, and telemetry 
and command equipment not included in the beam monitoring 
and control assembly. 

At this time, the cost effort is divided into the three categories of con
trol center equipment, beam control electronics, and DDT&E. Two sets of full-up 
IBM 370, or equivalents, a complete display center, and a manned control room 
are envisioned as basic elements of the control center. Beam control electronics 
would consist of control sensors and dual frequency transmitters. The overall 
DDT&E and hardware costs were projected by engineering. The exacting requirement 
of this rectenna operation will require further study in future contract activity 
to define the technical and performance standards. It should also be noted 
that system and operational requirements are needed to define adequate software/ 
programming considerations. 

Cost estimates are presented as follows: 

Table 1.4.4.1 

Table 1.4.4.2 

Table 1.4.4.3 

Control Center Equipment 

Control Electronics 

Control DDT&E 
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RUCIOlELL Sf>S CR-2 IU-F:ERENCE CONFl~URAllON,1980 
TABLE 1.4.4.l C.ONTROL C.ENTER EQUIPMENT 

INPUl PARA~EltRS lNPUl COEFFICIENTS 

T= 
Mz 

(.F:: 

PHI= 
R= 

OF:.: 

1.000000 
1.000000 
1.000000 
1. 000000 
o.o 
i .000000 

TF= 
c.i&M::: 

Zl:.: 
l.2:. 
l3= 
l.4= 

1.000000 
o.o 
1.000000 

60.000000 
b0.000000 
b0.000000 

CDC ER= 
CDEXP= 
CIC ER= 
Cl EXP= 
BYE AR= 

l5= o.o 

CALCULAlEO VALUt~ S t:T SUM TO 1.4.4 

°" I 

CO=CDCER X tl X OF)XXCCOE•P) X Cf 

CLRM=CICEq X (M)XXCCIEXP) X Cf X TF 

w #RM =T I M 
"' V1 

E =l.O + LOG(PHI) I L0&12.0J 

CTFU=-CCLRM I E)XCC#R~ ~ ll+.5)XXCE) -0.5XXCctJ 

CTB =CtC.LRM/t)Xtt#RM X l:S + C .5)XXCE) -0.5XXCEJ) 

CIPS=CTB*Z4/l2 

CRCI =C.18 X R 
PRE-IUC CR~l ~kL1 X Lb 
POST-JOC CRCI ::CRCl x u.o-Z6) 

CO&M =U&~ UR Cl~*L~/L2/~NYk 

CCJfl4MENTS 
1977 OATA ENTER~O FOR CU~lR,~ICER, ANO O&M wERE 

) I Z3 

o.o 15.000000 

o.o 
o.o 

17.549988 
1.000000 

1979 
16= 

$,MILLIONS 

o.o 
17.550 

1.000 

1.000 

o.o 

17.550 

17.5,0 

17.550 

o.o 
o.o 
o.o 

o.o 

o.o 
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RUC~~ELL ~~~ CR-2 R.E~ERENCE CONFlbURAllON,1980 
TABLE 1.4.4.Z CU-..TROL ~U:tlRO~lCS 

l~PUI PARAMtlERS 

T:. i .000000 TF:. 1.000000 
1'4= 1.000000 l.£M= o.o 

CF: 1.000000 Z. l:. 1.000000 
Pt-ti= 1.000000 Z2= b0.000000 

R= o.o l3:. b0.000000 
OF= i.oooooc Z4=- b0.000000 

CALCULATED VALUES St:l SUM Tll 

CO=COCE-R X (l X DFtXXlCOt~P) ~ C. F 

CLRM=CIC.ER X (M)XXICl~XP) X Cf X 1F 

#RM =T I M 

E =l.O + LOblPHl) I LObt2.0) 

CTFU:.(CLRM I E)X((#R~ X Zl+.~)XXtE) -0.5XX(t)) 

tTB =tlCLRM/E)Xtt#RM X l 3 + 0 • !>) XX ( E: ) -0 • 5 XX C E D 

CIPS:.CTB•l4/ll 

CRCI :tlB X ~ 
PRE-IOC C.RCl :.C~CI X lb 
POST-lOC CRCI ::CRCl X Cl.~-lb) 

CO&~ =O&M OR Cl8*Z51l2/tN1R 

COMMENTS 
1977 UATA tNTEREu FOR CUL~R,CIC.ER, AND O&M W~RE 

Z5= 

1.4.4 

o.o 

INPUT COEFFICIENTS 

CDC ER= 
CDEXP= 
C ICER= 
C IEXP= 
BYtAR: 

o.o 

, I l3 

o.o 
o.o 

70.199997 
1.000000 

1979 
lb: 

$,MILLIONS 

o.o 

10.200 

1.000 

1.000 

10.200 

10.200 

10.200 

o.o 
o.o 
o.o 

o.o 

b0.000000 o.o 

- -

o.o 



RUC~WELL S~~ CR-2 REFERENCE CONFlbURATlON,1980 
TABLE 1.4.4 • .3 C.ONTROL. l>l>T&E 

lNPUl PAR AME lERS INPUl COEFFltlfNTS 

T= 1.000000 TF= 1.000000 COCfR= 11.700001 
M= 1.000000 U&M= o.o COE XP= 1.000000 

C.F= 1.000000 l.1 = 1.000000 CIC ER= o.o 
PHI= 1.000000 Z2= 60.000000 Clt:XP= o.o 

R= o.o L3= b0.000000 BY EAR: 1979 
OF= 1.000000 l4= b0.000000 2!>= o.o Z6: o.o 

CALCULATED ~ALUES ~i:l SUM TO 1.4.4 5,MILLIONS 

CD=CDCER X t T X OF ) XX (C 0 E )lp ) X CF 11.700 

CLRM=CICER X CM)XXtClfXP) X Cf X lF o.o 
t:d 
I 

1.000 w #RM =T I M 
"' ...... 

E =l.O + LO~IPHl) / lubC2.u) 1.000 

ClFU=(CLRM / E)X(l•RM X Zl+.5)XX(f) -0.5XX(~)) o.o 

CTB =4CCLRM/f)Xlt#RM X l~ ~ O.~JXXff) -0.!)XX(E)) ) I l3 o.o 

CIPS=C1B•l4/L2 o.o 

CRCI =CTB X R o.o 
PRE-lOC.. C.RCl =C.Rl.l X lb o.o 
PL!:>T-!OC. C.RCI =CR( .1 Jl tl .C··lt:> J o.o 

CO&~ =O&M UR ClB*Z~1L2/tNY~ o.o 

COMMENTS 
1977 OAlA ENlEREO F~R C~Ct:R,C.lCERu AND O&M WERE 10.000000 o.o o.o 
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1.4.5 GRID INTERFACE 

~l~ Rockwell 
P.~ International 

This element includes power conversion equipment that receives electrical 
power from the power collection system and conditions/converts it to a high 
voltage de or ac power acceptable for input into the national power grid. 

Converter stations accept 40 kV de power and output 500 kV ac or de. The 
concept utilizes a solid-state inversion/step-up concept typified by an existing 
de - a..: .:0'1-vci"si0u ::ii .. di..i.uu located in Syimar, caiiiornia. Although specitic 
design details of this system await clarification in a future study effort, 
an analysis and cost estimate was prepared as shown in Table 1.4-9. 

Table 1.4-9. Grid Interface (WBS 1.4.5) 

GRS PROJECTED TOTAL 
ITEM DESCRIPTION SPECIFICATION QUANTITY UN IT COST (1979 s) 

CONVERTER STATIONS 400 mW 12 EA. $11.7x10 6 $140.389x10 6 

500 kV ac 
or kV de 

ISOLATION SWITCH- 4x4x4 m 36 EA $468,000 EA $16.848x10 6 

GEAR 

FILTER YARDS 12 $117,000 EA $1.404x10 6 

INTERCONNECT TOWERS 500 kV ac 90 EA $165,600 EA $14.904x10 6 

& FOUNDATION TOWERS 

INTERCONNECT 12 LINES 120 MILES $105,300/MI $12.636x10 6 

TRANSMISSION CABLE 

TOTAL/GRS $186.181x10 6 

The CER for grid interface DDT&E was derived from cost estimates in the 
"Technical Study Report on Pacific Northwest-Southwest de Inter-tie," prepared 
by the Bonneville Power Administration in February, 1976. This DDT&E estimate 
was based on six cost quotations which Bonneville received on a 1.44 GW and a 
2.20 GW inter-tie. The total cost for the 1.44 GW terminal ($156.7 R) was 
allocated as 30% DDT&E and 70% ICI. This judgment was based on the assumption 
that most of the facility will be a standard design. 

Cost estimates are presented in Table 1.4.5.1 on electrical equipment and 
in Table 1.4.5.2 on DDT&E. 
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ROC!!.~ELL S .. S CR-2 REf:E~ENCE CONFlGlJRAllON,1980 
TABLE 1.4.5.1 ELEClRIC•L EUUlPMENT 

lf'tPUl PAR»ttlERS INPUl COE:FFICIENTS 

T= 
M= 

CF= 
PHI= 

R= 
OF= 

1.000000 
1.000000 
1.000000 
1.000000 
o.o 
l.OOOOOC 

TF=-
OCM=
ll= 
l2=
l3=
l4=-

1.000000 
o.o 
1.000000 

60.000000 
60.000000 
b0.000000 

CDC ER= 
CO~XP= 
CICER= 
C IEXP= 
BY EAR= 

l5= o.o 

CALCULATED VALUES SET SUM TO 1.4.5 

CO=CDCER X CT X OFJJXCCD~~p) X CF 

CL~M=CICE't X (M)XXIClEXP) X (~ X TF 

b:t fRM =T I M 
I 

~ E: a 1. 0 + LUG ( PH l) I LU b t 2 • 0 ) 
\0 

CTFU=(CLRM I ~)X((#RM x Ll+.~)XX(t) -0~5xxtf)) 

tTB =-ftCLRM/~)X((#RM X Z3 + O.~)XX(~) -0.5XX(E)) 

ClPS=CTB•l4/ ll 

CRCI =Clb X R 
PRE-IUC CR~l =CR'l X Zo 
~UST-IOC CRCl =CRCI X U.(.l-Z6) 

CO&M =U&.1'11 OR C.lB*l.!>/.LZ/E.:IWR 

COMMENTS 

> I l3 

o.o 
o.o 

186.180939 
i.000000 

1979 
Z6• 

$,MILLIONS 

o.o 
l8b.l81 

1.000 

1.000 

l&t>.181 

186.181 

186.181 

o.o 
o.o 
o.o 

o.o 

1977 OAlA ~NTERtU FOR COLfRtCICER, ANO O&M WEkE O.O 159.128998 O.O 
COSTS 8ASt0 01'; 1 TE.Ml lEO R1:1JU JREMf.N"fS FOR ROCKWELL DESIGN. 12 CONVERTERS 
STATIONS, 3b ISOLATION !>WllC.t1 GE:AR·1 12 F.IL-TE~ YARDS, 90 INH:RCONNE-CT 
10WERS/FUUNOA1 ION~, ANO INTERCONNECT TRANSMISSION CABLE:. 

1.000000 



b:I 
I 

w 
.....i 
0 

ROCKWELL SPS CR-2 RE~ERENCE CONFIGURATION,1980 
TAl:SLE 1.4.S.2 bRIO lNltRFACE-UOT&E 

INPUl PARAMETERS INPUT COEFFICIENTS 

T= 5.000000 ff; 1.000000 
I'll= i .000000 0&.M= o.o 

CF= 1.0\)0000 Zl= 1.000000 
PHI= 1.000000 L2= b0.000000 

R= o.o Z3: b0.000000 
OF= 1.000000 z. .. : 60.000000 

CALCULAIED VALU~S bW SUM TO 

CO=CDCER X tT X OF)XX(COl:XP) X Cf 

CLRM=,lCER X CM,XXtCIEXP) A Cf X TF 

fJRflt =1 I M 

E =l.O + LUGtPHI) I LUbt2.0) 

CTFu=CCL~flt I EJX((#RM X Zl+.5JXXlE) -0.5XXtE)) 

ClB =tlCLRM/c)X(t#RM X Z3 + 0.5JXX(t) -0.5XX(E)) 

CIPS=CTB•Z4/Z2 

CRtl =C18 X R 
PRE-lOC CRCl =CRCl X Z6 
PUST-lOC ~RCl =CRC! X ll.C-£b) 

CO&M =U&M OR (1~*l5/12/ENYR 

COMMENTS 

CDC ER= 
COEXP= 
CltER= 
CI EXP= 
BYE AR= 

Z5= o.o 
1.4.5 

) I l3 

1977 DATA ENlERtO FOR COCffi, ClCtR, AND Cl&M WERE 37. 714996 O.O 
CDCER/C.DEXP &•SE:O UN M~FC. 1'177 uTlLlTY INTERFACE INFORMATION. 

't't .126541 
0.604000 
o.o 
o.o 

1979 
lb= 

s,MILLIONS 

116.648 

o.o 

5.000 

1.000 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

o.o 

o.o 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.4.6 OPERATIONS 

~I~ Rockwell 
"'•~ International 

This element includes the planning, development, and conduct of operations 
at the ground receiving station. It covers both direct and support personnel 
and expendable maintenance supplies required for ground station operation and 
maintenance. 

Operations and maintenance personnel required after IOC are identified as 
a 300 personnel staff to pr~vide a 24-hour operation, maintenance/repair, secur
ity, and administrative support (Table 1.4-10). A cost estimate for maintenance 
material (expendables, trucks, and equipment); standby auxiliary power; and test/ 
support equipment is also identified in the table. 

Table 1.4-10. Operations Requirements 

ITEM SHI FT NO. TOTAL 1979 DOLLARS 

•OPERATIONS & MAINTENANCE 
PERSONNEL 

COMMAND & CONTROL CENTER l 30 
(PERSONNEL+ SUPERVISORY) 2 30 

3 20 80 

CONVERTER STATION I 36 
(TOTAL FOR 12 STATIONS) 2 36 

3 36 108 

24-HOUR MAINTENANCE, REPAIR, 112 112 
SECURITY, & G&A/SUPPORT 

300 

•MAINTENANCE MATERIAL S15.362x10 6 

EXPENDABLES, TRUCKS~ EQU tP., 
UT I LIT I ES' TEST /SUPPORT EQU Ip. I 

Cost estimates are shown in Table 1.4.6.1 for operations and maintenance 
personnel and in Table 1.4.6.2 for maintenance material. 
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ROtKWf: LL SPS C.R-2 REFERENCE CONF IGURAflON, 1980 
TABLE l.4.6.l OPER. & MAINT. PERSONNEL 

INPUT PAR AllltE Tt:R~ INPUT COEfFI~IENTS 

l= 300.000000 
H= 300.000000 

CF= 1.000000 
PHI= 1.00000Cl 

R:. o.o 

Tf: 
CJ&M: 
Zl: 
Z2: 
l3= 

1.000000 
16 .J 99997 

CDC ER= 
CDEXP= 
CICER= 
Cl E:XP= 
BVEARs 

OF= 1.000000 Z4= 

1.000000 
b0.000000 
b0.000000 
60.000000 Z5= O.O 

CALCULAlf:D VALUES Pl:UWOAY SUM TO 1.4.6 

CO=CDCER X (1 X OF)XX(CO~XP) X C~ 

CLRM=-CICER X (M)XXCClEXPt X tf X TF 
lj;:j 

I #RM al I M w 

" N 
E =l•O + LUG(PHI) I LObC2.0) 

CTFU=CCLRM I E)XCC4RM X Ll~.5)XXlll -0.5XXCtJ) 

Cl8 =UCL'tM/t: JX C (#RM ll Z3 + 0.5)XXC~J -0.5XX(E)) 

CIPS=C1B•Z4/l2 

CR<.I =CTB ). R 
PRE:-JOC CRCI =CRCI X lb 
PUST-IOC CRCl =CRCl X Cl.C-Lb) 

CO&M =O&M OR CTH•l5/L2/ENYR 

COMMENTS 
1977 OAlA ENltRE:O ~OR COCtR,CICE:R, ANO U&M WERE o.o 

) I Z3 

3 SHIFTS/DAY. 3b0 OAYS/Y~AR. 300 PtRSONS/OAY. $150/PERSON 

o.o 

o.o 
o.o 
o.o 
o.o 

1979 
Z.6= 

$ 1 MllLIONS 

1.000 

1.000 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 
o.o 
o.o 

16.200 

13.846150 

o.o 



TAl:SLE 
ROCKW~LL ~p~ CR-2 REFERENCE CONFIGURATlON,1980 

1.4.6.2 MAlNl. MATtRlAl 

J~PUl PAR~ElERS INPUT COEFFICIENTS 

T= 1.000000 Tf: 1.000000 COCERs o.o 
M= 1.000000 O&M= 15.362101 COEXP:: o.o CF: 1.000000 Zl= 1.000000 CICER= o.o 

Pnl= 1.000000 2.2: 60.000000 Cl~XPa o.o 
R= o.o l3= b0.000000 BYEARa 1979 

OF= 1.000000 L4= 60.000000 Z5:: o.o 16= o.o 
CALCULAl~O VALUtS StT ~UM TO 1.4.6 $,MILLIONS 

CD=COCER x '1 x OF txxc CO EXP) x cf o.o 
CLRM:CJCER X CM)XXlCIEXP) X Cf X Tf o.o 

b:I 
I 

1.000 w #RM •T I M ....., 
w 

E =l.O + LUG(PHl) I LOG(2.0) 1.000 

CTfU:(tLRM I E:JX((tRM ~ ~l+.5)~XCEJ -0~5XXC~t) o.o 

CTB =CICLRM/~)X(l#RM A 23 + 0.5)XXCl::J -0.5XXtE>) ) / Z3 o.o 
CJPS:CTB•Z4/L2 o.o 

CRCI =ClB X R o.o 
PRE:-IOC CRC I :CRC l X Z6 o.o 
PUST-lOC CRCl :.CRl. l X tl.O-Z.b) o.o 

CU&M :O&M UR llt:s•Z5/l2/tNYR 15.362 

COMMENTS 
1977 DATA ENTERED ~OR CDCtR,ClCER, ANO U&M wER~ o.o o.o 13.130000 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.5 MANAGEMENT AND INTEGRATION 

~l~ Rockwell 
P.~ International 

This element includes all efforts and material required for management 
and integration functions at the systems level and program level. It encom
passes the following functions: 

1. Program Administration 

2. Program Planning and Control 

3. Contracts Administration 

4. Engineering Management 

5. Manufacturing Management 

6. Support Management 

7. Quality Assurance Management 

8. Configuration Management 

9. Data Management 

10. Systems Engineering and Integration 

This element sums all direct effort required to provide management control 
including planning, organizing, directing, and coordinating the project to 
ensure that overall project objectives are accomplished. These efforts over
lay functional work areas (e.g., engineering, manufacturing, etc.) and assure 
that they are properly integrated at higher levels. Also included are those 
efforts required in the coordination, gathering, and dissemination of manage
ment information, plus engineering efforts related to the establishment and 
maintenance of a technical baseline for a system by generation of system con
figuration parameters, criteria, and requirements. This includes requirements 
analysis and integration, system definition, system test definition, inter
faces, safety, reliability, and maintainability. Efforts required to monitor 
system development and operations are part of this element to ensure that 
designs conform to the baseline specifications. 

The management and integration function for DDT&E TFU, ICI, RCI and O&M 
are estimated at a cost equal to 5% of the corresponding total dollar estimates 
for WBS elements of the satellite (1.1), space construction and support (1.2), 
transportation (1.3), and the ground receiving station (1.4). 

Cost estimates for management and integration charges are presented in 
Table 1.5 for the Rockwell reference SPS configuration. 
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RUCKWE LL SPS CR-2 ftEfERENCE CONFIGURATION, 1980 
TABLE: 1.5 MANAGtMf:~l ANO I~T~GRAllON 

INPUT PARN'!ElfRS 

T= o.o TF- 1.000000 
M= o.o O&M:. o.o 

CF= o.o Zl= 1.000000 
PHI= 1.000000 ll= 60.000000 

R= o.o Z3= b0.000000 
OF= 1. 000000 24= b0.000000 

CALCULAl~O VALUES 5t • All SUM 10 

CO=ClJCfR X ll X Of)XXCCOfXP) X Cf 

°" 
CLRM=ClCtR X (M)XX(CIEXPt X CF X TF 

I 
VJ 
~ #RM =T / M 

E :.t.O + LOb(PHlt I L0bC2.0) 

CTFu=&CLHM / E)Xl('R~ X Ll+.5)XX&E) -0.5XX(f:)) 

CTB :((CLRM/t)X(C#RM X Z3 + 0.5JXX(t:) -0.5XX(E)) 

CIPS=CTB•Z4/l2 

CRCJ =ClB X R 
PR E-IOC CRC I =-C.RC l X lb 
PUST-lOC C~Cl =CRCJ X C 1.0-·lb) 

CU&M :.O&M OR CTb*L51ll/tNYR 

COMM~NTS 

1977 OAlA ENlERtO FUR COCER,CIC~R, AND O&M WERE 
ODl&E,TFU,JCl,RCl, A~O O&M AR~ 
CALCULATeo Al si OF CORRESPONDING lOTAlS 
FOR WBS 1.1 THROUGH l.4 

-

Z5= 

1 

o.o 

INPUT COEFFICIE~TS 

CDCERa: 
CD EXP= 
C ICER= 
CI t:XPs 
BYEARs 

) I Z3 

o.o 

o.o 

o.o 
o.o 
o.o 
o.o 

1979 
Z6s 

s.JiULLIONS 

. 1482.630 

o.o 

o.o 

o.o 
2407.bb9 

o.o 

o.o 

569.731t 

6.567 
3.395 
3.172 

3.535 

o.o 



Space Operations and 
Satellite Systems Division 

Space Systems Group 

1.6 MASS CONTINGENCY 

~l~ Rockwell 
P.~ International 

A cost contingency has been added to the SPS Program to provide for a 
25% mass contingency due to the potential increased weight as a result of 
design/development activities that would affect the procurement of systems 
during any phase of the program. This allowance is costed as a 15% bottom line 
contingency to the DDT&E, TFU, ICI, RCI and O&M elements of the program. Table 
1 . r.. prese!!ts the :?.;::c~r.t::; ir. ea.ch 0f Ll1ei:;e areas based on the totals of space 
segment WBS line Items 1.1 - Satellite, and 1.2 - Space Construction and Support 
for the Rockwell Reference SPS Configuration. Space Transportation (WBS 1.3) 
was not included in these calculations as fleet sizes and number of flights 
were established on the basis of masses to orbit with a 25% contingency. 
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ROCKWELL St'S C.R-2 REf-lt:.RE"4CE: CONFlGURAlJON,1980 
TAbLE le6 MASS CONllNt>ENC'Y 

lNPUl PARAMElERS 

T= o.o fF:. 
Ma o.o O&M:. 

CF= o.o Zl= 
PHI= 1.000000 l2=-

R= o.o l3= 
OFs 1.000000 l4= 

CALCULATED VALUES 

C.O=COCfR X tT X OF)XXtC.lJEXP) X (.F 

CLRM=CICER X (M)XXlClE:XP) X C~ X lf 

1.000000 
o.o 
1.000000 

60.000000 
t>0.000000 
60.000000 

SUM TO 1 

INPUl COEFFICIENlS 

CDCERz 
COEXP= 
CICER:s 
CIEXP:s 
BYEAR:s 

Z5= o.o 

o.o 
o.o 
o.o 
o.o 

1979 
Z6s 

$,MILLIONS 

2451t.463 

o.o 
t:l::I , I 
w #RM zl I M o.o ...... 
...... 

E sl.O + LO~C~Hlt I L0bt2.0) 

CTFU:.CCLRM I t)XCC#RM X ll+.~JXXIE) -0~5XX(EJ) 

CTB =(CCLRM/~)XCC#RM X Z3 + 0.5)XX([) -0.5XX(f)) 

C lf'S=C l B*Z1t-/ Z2 

CRtl =ClB X R 
PRf-lOC tRtl =CRtJ X lb 
POST-IuC CRC I ::.CRC. I X C 1.0-;~b) 

C. 0 & M : Q & M ll R C 1 l'I * Z s; / L. 2 I !::: ~'Y R 

COMMENTS 

) I l3 

o.o 
3085.372 

o.o 

778.208 

7.874 
0.650 
7.221t 

3.009 

1977 DATA tNTEREO FUR COCER,tlC.ER, AND O&M WERE O.O O.O O.O 
A 25~ MA SS CUNl JNl:>f~( 'Y l ~ CU Slf:'.l.I AS A 15 i COS 1 CONTINGENCY ON 1.1, l e2, 
TRANSPORTAllUN l.Al\.ULAlllJNS Ol8S l.3 > ~OR FLEEl ANO NUMBERS Of FLlbHTS 
ARI: RASE:O ON MAS~l:S wlTn A 2~* tON"JJNGENCY. 

o.o 


