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1.0 INTRODUCTION

1.1 PURPOSE

This document provides a concise but complete system description for the preferred concept SPS
developed by the Solar Power Satellite System Definition Study (Contract NAS9-15196).

1.2 RATIONALE FOR SELECTION

The selection rationale was dominated by a desire to develop as much credibility and technical con-
fidence in the results as could be achieved within the study resources available and within the under-

standing of the required technology. Significant selection decisions included the following:

L R

B

~N N W

Single crystal silicon solar cells

Glass encapsulated solar cell blankets

Concentration ratio |

Graphite composite materials for primary structure

Electric propulsion for attitude control

Klystron RF amplifier tubes for the transmitter

One kilometer diameter transmitter with a design transmission link output power of 5000
megawatts

Construction in low carth orbit with self-powered transfer of satellite modules to gzosynchron-
ous orbit.

Two-stage winged fully reusable rocket vehicle for transportation to low earth orbit.

Rationales for these were as follows:

I.

Single crystal silicon solar cells were selected because their technology base is considerably
more advanced than the altematives. Promising altematives include thin film gallium arsenide
and other thin film materials. However, silicon cells nearing the performance levels desired for
SPS are presently in experimental production. The paths to achieve the SPS level have been
largely demonstrated expernimentally. Even with this comparatively conservative technology
selection, a substantial technology advancement niust be accomplished in order to make the
SPS system practical. Significant advancements include achievement of the desired perform-
ance level in production cells, selection of production processes and their automation, imple-
mentation of adequate capacity low cost silicon solar cell production, and implementation of
SPS solar blanket production on an adequate scale. These technical challenges are sufficiently
great that sefection of a design requiring even further advances was felt to result in a lack of
confidence in results. The more advanced technologies. however, would likely lead to improve-
ments in SPS cost characteristics later in the program.
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Glass encapsulation of the cells in the blanket was selected because this avoids life limitations
that may exist for plastic matenals and potential problems with darkening of adhesives.

It also provides better radiation protection for the solar cells and is compatible with directed
encrey anncaling of the solar blanket, should that be required.

Concentration ratio 1 was selected because low cost solar cells drive the concentration ratio
trade to elimination of concentrators, because of the simplicity of the concentration ratio |
configuration. Solar cells expensive enough to give a significant advantage to concentration
lead to an overall cost preference for thermal engine systems.

The primary reason for selecting graphite composite materials for the SPS main structure was
their achievability of very low thermal coefficients of ¢xpansion. This is highly desirable
because the very {ow structural frequencies of an SPS satellite lead to sigmficant concerns

related to the dynamic effects of temperature changes due to changes in sun illumination.

The selection of Klystron tubes as the power amplifiers for the microwave power transmitter
was largely arbitrary. Earlier studics had concentrated on amplitron crossed-field amplifiers
and it was desired to bring an understanding of the Klystron system up to a comparable level,
The klystron tube appears to be more tlexible in operation than the amplitron tube and could
lead to advantages in situations where control of the SPS power level is desired tor load follow-
ing or other reasons. Considerable interest has been expressed in solid state amplifiers but no
solid state amplifier technology presently in the laboratory is adequate. The principal diffi-
culty anses from the fact that sohid state amplifiers must be operated at low temperatures (e.g.,
S0, Thas leads to severe limititions on the amount of power that can be transmitted with-
out excecding the allowable temperature limits on the solid state devices due to waste heat
thermal rejection temperitures. For example, a one kilometer diameter power transmitter
using sthcon sohid state devices could probably not handle more than about 1 to I': gigawatts
of clectrical input power. Size sensitivity analyses have indicated that SPS’s with transmitters

i this power range incur a significant penalty in teems of lugh capital cost.

The selection of the 3,000 megawatt power level per ink and the 1 Kilometer transmitter tem-
perature resulted from a size sensitivity analvsis reported in Appendix A of the book. The
minimum system cost in terms of dolfars pee Kilowatts of generating capacity occurs at this
power fevel The cost penalties tor reducing this power level are relatively minor down to

about 3,000 megawatts. Below 3 000 mepawatts the penalties increase much more rapidly.

+d
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7. Construction in low earth orbit was selected because the availability of the electric propulsion
mode reduces the number of laurch vehicle flights by factor of approximately two. This
reduction causes a reduction in transportation cost that overshadows the costs associated with
increased complexity of the electric propulsion transfer mode.

8.  Selection of the two-stage winged rocket launch vehicle occurred after an extended analysis
and comparison of winged and ballistic singie-stage and two-stage options. The single-stage
options were technically marginal with the level of technology presumed available. The two-
stage winged and two-stage ballistic options were essentially equal in cost as reported in earlier
documentation. The winged system is believed to represent less of an operational challenge
and would probably be less subject to vehicle attrition in landing accidents.

1.3 DOCUMENT DESCRIPTION

This document is organized to the current SPS work breakdown structure. The work breakdown
structure is hardware-software oriented and it encompasses all elements of an SPS program. A sum-
mary of the work breakdown structure is presented in Figure 1-1. The system description is pre-
sented under cach WBS item in four sub-headings. First is the work breakdown structure dictionary
and description of what is included under the WBS item. Next is a description of the hardware or
software item, followed by a description of the item mass when applicable. and finally. a descrip-
tion of the item cost. Description. mass, and cost summaries are provided at the higher WBS levels.

§PS
PROGRAM

WER GROUND SPS SPACE SPACE
sosk??t&-re RECEIVING CONSTRUCTION AND TRAMSPORTATION
STATION MAINTENANCE
* SUPPORT SUBSYSTEMS o REAL ESTATE  LOW ORBIT BASES * CARGO LAUNCH
¢ ENERGY COLLECTION  * CONTROL AND * GEOSYNCHRONOUS VEHICLE
o ENERGY CONVERSION COMMUNICATION BASES ¢ PERSONNEL
o POVER DISTRIBUTION  ® PRIMARY STRUCTURE  » MOBILE MAINTENANCE LAU?‘TC:_"R‘:EN‘;'CLE
«MICROWAVEPOWER  ® ENERGY COLLECTION :::Eiurs-nsso ' R aLE NSFER
TRANSMISSION e POWERDISTRIBUTION  * P% cee ) rn (o o SPSINSTALLED
' AND PROCESSING
EQUIPMENT ORBIT TRANSFER
¢ OPERATIONS AND SYSTEMS
SUPPORT
Figure 1-1 SPS Work Breakdown Structure
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PRECEPING PAGE BLANK NOT FILMED
2.0 SYSTEM DESCRIPTION

WBS 1.0 SPS Program

This study concentrated on analysis and description of operational SPS systems with a nominal gen-
erating capacity of 10,000 megawatts delivered through two RF power transmission links each rated
at 5000 megawatts. Various rates of installation of these systems were considered with principal
effort directed towards the installation rate of one per year. The complete operational SPS system
includes the satellites, their ground receiving stations, space construction systems for completion for
the sateilites in space, space transportation systems fcr movement of SPS, other cargo and crews
into space and into the final operational location, and miscellaneous support functions carried
under these WBS items.

WBS 1.0.1 Program Integration

WBS Dictionary

This element includes those aspects of operating a commercial SPS system that cannot be conven-
iently accounted at the individual solar power satellite level or under the construction and trans-
portation work breakdown structure items. An example of such an item might be governmental
regulatory functions applicable to solar power satellite systems.

Description
No effort was expended under this study effort to identify or characterize any system elements that
might apply to this WBS item.

WBS 1.0.2 Space Traffic Control

WBS Dictionary

This element applies to space tratfic control operations that would function as an overall controlling
element for the fleet of solar power satellites and their associated space operations systems includ-
ing construction bases and transportation vehicles. This element would indiude tracking and mon-
itoring functions as well as computing and control functions as necessary v maintain all system
elements in safe and non-intertering orbits.

Description :

No effort was expended under this study to identify space traffic control s/stems. An analyses was
performed of collison hazards sind potential workarounds., These results are reported in Velume §

of the Part I final report.
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PRECEDING PAGE BLANK NOT FIMmsl |
WBS 1.1  Solar Power Satellite

WBS Dictionary

This element includes all hardware and resident software for operation of the solar power satellite.
Maintenance equipment resident on the satellite is separately described under element 1.3.4, but is
included in the summary SPS mass statement.

Element Description

The reference configuration illustrated in Figure 1.1.0-1 is a photovoltaic SPS (without solar con-

centrators) employing glass-encapsulated single-crystal silicon solar blankets. The nominal ground
output is 10,000 megawatts through two power transmission links each rated at 5000 megawatts.

A summary of the efficiency chain and sizing requirements are presented in Tables 1.1.0-1 and
1.1.0-2.

Element Mass

The element mass summary is presented in Table 1.1.0-3. This summary does not include item
1.3.4, satellite-based maintenance equipment. Mass estimating factors and/or rationales are given
undecr the lower Jevel element entries. The mass growth allowance was derived from the uncertainty
analysis conducted in Part II. About 2/3 of the identified mass increase (relative to Part 1) was
incurred due to normalizing the SPS to 10,000 megawatts (the Part 111 reference design output was
9300 megawatts); this power deficiency was included in the Part II growth allowance. as illustrated
in Figure 1.1.0-2. The other 1/3 was a result of design changes not included in the growth allow-
ance, and represents an increase in predicted mass with growth. The result was a slight downward
revision of the predicted mass growth with upward revision of identified and predicted masses.

Element Cost
The updated SPS cost summary is shown in Table 1.1.04. The cost estimating factors are described
under lower level elements.

WBS 1.1.1 Support Subsystems

WBS Dictionary

Support subsystems are those subsystems on the solar power satellite that arc not specifically
allocatable to energy collection, energy conversion, power distribution or power transmission. They
include primary structure, attitude control. central computing complex, communications, antenna
yokes, and turntables. These items are described under the sub-headigs below.
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256 DAYS
667.5 x 667.6m

——

— 21420m
— TS T T T
24620m E
TOTAL SOLAR CELL AREA: 101.8 km?2
TOTAL ARRAY AREA: 110.2 km?2
TOTAL SATELLITE AREA: 114.5km?2
OUTPUT: 16.93 GW MINIMUM TO SLIPRINGS

Figure 1.1.0-1 Photovoltaic Reference Configuration (5,000 MW Output Each Transmitter)

Table 1.1.0-1 Nominal Efficiency Chains Photovoltaic SPS

WS 1653
CURRENT ,
ITEM JSC GREEN BOOK NOMINAL REASON FOR DIFFERENCE
SUMIER SOLSTICE FACTOR NOT INCLUDED 9765 THESE WERE INCLUDED IN
COSINE LOSS (POP) NOT INCLUDED 219 ENERGY INTENSITY ON SPS
SOLAR CELL EFFICIENCY an
RADIATION DEGRADATION 97
TEMPERATURE DEGRADATION 0.103 954 }0.151 | SLIGHTLY BETTER CELL: CR =1
COVER UV DEGRADATION 956 J
CELL-TO-CELL MISMATCH 99
PANEL LOST AREA NOT INCLUDED 961
STRING I7R 92 998 } 932 | DISTRIBUTION OPTIMIZATION
BUS I2R 934
ROTARY JOINT 10 10
ANTENNA POWER DISTR 98 97 PROCESSING & TEMPERATURE
DC-RF CONVERSION 87 85 VARIAN ESTIMATE
WAVEGUIDE 12R 98
IDEAL BEAM 965 |
INTER-SUBARRAY ERRCRS 88 956 ] .86° | INTRA-SUBARRAY EFFECTS
ITRA-SUBARRAY ERRORS 981 NOT INCLUDED IN GREEN
ATMOSPHERE ABSORP. 98 98 B0OOK
INTERCEPT EFFICIENCY 85
RECTENNA RF.DC 90 89 NUMERICAL INTEGRATION
GRID INTERFACING 99 97 INCLUDES DC-DC PROCESSO"S
PRODUCTS/SUMS 0608 on2
SIZES (Km2) 108.8

® INCLUDES INTERCEPT EFFICIENCY
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Table 1.1.0-2 Reference Sysiem Power Budget and Sizing Criteria

wewsr
® EFFECTIVF BLANKET QUTPUT - 100.8 win? &EoL)
® BASIC CELL PERFORMANCE {0.Y575 @ AMO-35°C) -3 1wied
© 0% MPROVED PERFORMANCE -DUE TO TEXTURED COVERS - 2344 win?
® BLANKET FACTORS-STRING I2R, UV LOSSES, & MISMATCH (0.0653) — 2218 wim?
© TEMPERATURE LOSSES-36.5°C @ £ JMMER SOLSTICE (0.9500) - 214 wia?
® SUMMER SOLSTICE COSINE, LOSSES ;0.9190) - 1943 w/m?
® APHELION INTENSITY FACTOR (0.9675) - 188 wim?
® 30.YEAR NON-ANNEALASLE RADIATION DEGRADATION (0.970) - 123 w/m?
* ORMT TRANSFER COMPENSATION (9906) - 190.6 w/m?
© ARRAY POWER REQUIREMENT—18.31 (10® WATTS
® GROUND OUTPUT - 100 (10P WATTS
® SLIP RING TO GROUND OUTPUT EFFICIENCY LINK (1533 . - 16.93 (1017 WATTS
® SATELUITE BUS R LOSSES (1.071) - 113 (1019 WATTS
® OVERSIZE-REGULATION, AUX. PWR., ANNEALING (1.01) - 31 (1P WATTS
© SOLAR CELL AREA REQUIREMENT-191.4 knrd
® ARRAY AREA REQUIREMENT (INCLUDES LOST AREAS ON ARRAY)—110.2 km?
® TOTAL SATELLITE AREA (EXCLUDING ANTENNAS)~ 114.5 kaw?
L
Table 1.1.0-3 Photovoltsic Reference Configuration Nominal Mass Summary Weight in Metric Tons
COMPONENT PraL | CURRENT REMARKS
12 SOLAR ENERGY COLLECTIONSYSTEM | 61.782) | &5802)
11 PRIMARY STRUCTURE 5,385 7,55 | CONTINUOUS CHORD BEAMS AND
NORMALIZING POWER
12 SECONDARY STRUCIURE —_ —
1.3 WECHANICAL SYSTEMS & | NOCHANGE
14 MAINTENANCE STATION — —_—
15 CONTROL 17 323 | REESTIMATED
18 INSTRUMENTATION/ 4 & | NOCHANGE

COMMUNICATIONS

1.7 SOLAR-CELL BLANKETS 43,750 45,7713 .| INCREASED ARRAY AREA TO
NORMALIZE POV/ER TO 10 GW

18 SOLAR CONCENTRATORS

%
']
§

SLIGHT INCPEASE IN TRANS-
MISSION LENGTH
28 APTS X212 230 NORMALIZED POVWER AND
: SQUARE SUBARRAY
SUBTOTAL 76,994 81,99
GROWTH 20,400 - 12,590 NORMALIZED POWER ON

GROWTH CURVE

TOTAL 97474 99,773
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Figere 1.1.0-2 Masa/Size Uncertainty Update

]
Table 1.1.04 Capital Cost Update Summary: 1SPS Per/Year (In Millions of 1977 §)
PART It FINAL | PART 11 UPDATE
TEM gl et REASON FOR CHANGE
* SUPPORT SUBSYSTEMS 7 570 > .
© ENERGY CONVERSION 3759 4023 LARGER ARRAY FOR 10 GW
(SOLAR CLANKETS)
© PLER DISTRIBUTION 3 - w2 HIGHER POWER
@ KICROV/AVE POWER 2622 2,960 HIGHER POWER-ENERGY
TRANSHSSION _ STORAGE NEGLECTED IN PART 1
© GROUTND RECEIVING 4842 4520 RE-ESTIMATE
STATION (2) :
® GRID INTERFACE d — 1348 NOT INCLUDED IN PART It
© CONSTRUCTION & SPACE 1,100 1,108 —_
SUPPORT :
© SPACE TRANSPORTATION | 6445 6387 1CREASED EARTH LAUNCH
COST BUT SAVINGS BY ORBIT
TRAMSFER SYSTEM RECOVERY
o INITIAL SPARES — 240 NEGLECTED IN PART 1
© PACKAGING & OTHER 3 602 ICREASED TO 5% OF
APPLICABLE ITEMS
© INTEREST DURING 1254 2,082 HIGHER BASE COST
CONSTRUCTION
* GROV/TH 3450 3115 SOME OF PART Il GROWTN
INCLUDED POWER DEFICIENCY
TOTAL 24,768 26.59%
{S2,663/kt¥e) (62,809/ktse)

D ATTITUDE CONTROL THRUSTER COST WAS REDUCED TO REFLECT
COMMONALITY WITH ORBIT TRANSFER THRUSTERS.

10
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WEBS 1.1.1.1 Priouaev Structure

~." This includes 2l structure which is not unique to one of the major systems (energv collection, con-
- version, distribution or transmission). This includes attach points/fixtures for the major systems.

Element Description

The reference satellite configuration was illustrated in Figure 1.1.0-1. The satellite is comprised of
=56 bays, each 667.5 meters square. The bays are arranged eight wide by thirty-two long to provide
an aspect ratio of four.

It was attractive to use a modular structural concept for construction in LEO with transfer and final
assembly in GEQ. The szrellite was sectioned into eight modules of equal size, each module is four
bays by eight bays. When joined along eight bay edges, the desired satellite configuration is formed.

A typical module was used to perform a loads analysis to identify the critical beams. The basic
structural configuratior oi the module is shown in Figure 1.1.1-1 with typical beam lengths shown
in Figure 1.1.1-2. The critical beams, upper surfzce beams in bending, were noted and the structure
was sized accordingly. The edge load (3.5 N/M) on these members is the result of array catenary
loading on the primary structural beams.

A typical section of 7.5 meter beam is shown, in Figure 1.1.1-3, with end-fitting and loading points
noted. This beam is fabricated by a continuous chord process which will be discussed in section 1.3.
The element configuration for this beam. with basic dimensions and materials, is shown in Figure
1.1.14,

The end-fitting shown in Figure'1.1.14 is that for a centroidaljoint. beam-to-beam connector. An
illustration of an edge bean intersection, using this approach, is shown in Figure 1.1.1-5. This type
of joint permits centroidal beam-to-beam load transmittal and is also consistent with current con-
struction techniques and construction facility sizing.

Element Mass

The final primary structural mass estimate is shown in Table 1.1.1-1 and a comparison of the Part 1l
final mass estimate. The incr-ase in mass, from the Part Il final. is broken into two categories: that
resuiting from increased bay size to normalize power output (6.1 percent): and that resulting from a
change to continuous chord beams (93.9 p~rcent).
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Figure 1.1.1-5 Continuous Chord Beam-Beam Iatersections

Table 1.1.1-1 Primary Structural Mass Comparison

CURRENT PART 11 FINAL

MASS ESTIMATE MASS ESTIMATE CHANGE
(M7) (MT) ™MT)
7155 5385 1770
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Element Cost

The cost estimating factor used for primary structural members is $58/kg. This factor was based on
mature industry projections and was verified by detailed manufacturing and fabrication analysis.
The updated SPS cost summary was shown in Table 1.1.04.

WBS 1.1.1.2 Attitude Control

WBS Dictionary

The attitude control subsystem includes all operational elements and software required to maintain
orbit station keeping and attitude control of the SPS in the operational orbit or to establish attitude
control from an initially uncontrolled condition.

Description

The attitude control system is an electric propulsion system with four installations. one at each

cormner of the SPS energy conversion system. A typical corner installation is illustrated in Figure
1.1.1-6 (blue book). The attitude control system includes thrusters, power processors, structure,
propellant feed and control systems and instrumentation aid control.

Mass
A mass summary of the attitude control system is given in Table 1.1.1-2. This mass estimate is based
on Part 11 resuits described in Volumes 5 and 6 of the Part Il Final Report.

Cost
A cost summary for the attitude control system is given in Table 1.1.1-3, The cost data represents
an update from the Part Ul Final Report results given in Volume 6.

WBS 1.1.1.2.1 Thrusters

WBS Dictionary
Thrusters include the primary electric thrusters for maintenance of attitude control. and auxiliary
chemical {hrusters required for establishment of attitude control when electric power is not gener-
ated by the SPS.

Description

The electric thrusters are 100 centimeter diameter ion thrusters operated on argon as primary pro-
pellant. A typical thruster is illustrated in Figure 1.1.1-7. Performance characteristics for such a
thruster are illustrated in Figure 1.1.1-8. Chemical thrusters are small pressure-fed oxygen/hydrogen
thrusters operating at a mixture ratio of 4 to 1 with a specific impulse of approximately 400 sec-
onds. Illustrations or technical details for these thrusters were not developed. They would represent
a negligible mass. volume, or cost contribution to the attitude control system.

15
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Table 1.1.1-2 Flight Controls System Mass

THRUSTERS 50 kg x 40 x 4 CORNER - 8,000 kg
PROCESSORS 15,583 kg x 12 b 187,000
INSTL = 15TONSx4 - 60,000
TANKS 15TONSx 4 - 6,000
CONTROL 2
263 TONS
PLUS ANNUAL PROPELLANT 60
323 TONS

Table 1.1.1-3  Flight Controls System Cost

THRUSTERS 160 X $10,000* =$ 1.6 MILLION
PROCESSORS $3.57M EACH X 12 = $42.84 MILLION
INSTALLATION = $25.0 MILLION
TANKS = $ 58 MILLION
CONTROL = $12.6 MILLION

$85.0 MILLION

*LOW COST RESULTS FROM COMMONALITY WITH ORBIT TRANSFER THRUSTERS.
THEY ARE THE SAME EXCEPT FOR ACCELERATION VOLTAGE AND OPTICS.

17



THAUSTER INPUT POWER *KILOWATTS)

100

GROUNDE
SHIELD

SCREEN GRAID -~ ‘
~— PERMANENT
MAGNEY
ELECTROMAGNEY ——" f MOUNTING 4
[ ODISTRIBUTION  jiNG
caTHODE —/ MANIFOLD
L:ﬁ PROPELLANT
INLET ‘
Figure 1.1.1-7 120 CM Argon lon Thruster ‘
100 - 2=
POWER ‘
10 b= 0 - "~
a EFFICIENCY ‘
-
-t
§ R s g an - \': L i
- 3 -
2| & § J/ ‘
- -
- Y <
Sef Lwi § s b /
- = -
T E’ >
- - =
4P w g - * 4+ \—
w — REAM VOLTAGE
® FROZENLOSSES » Y873 eVAON ‘
re wr r / ® UTHIZATION - QBN
o ® DEAV CURHINT = S0A
—
ot oL 0 H S| 1 1 1 SN SUPUNIE QU W SO i ‘
5,000 10,000 1h 000

D180-24071-1

SPECIFIC IMPULSE {SECONDS)

Figure L.1.1-8  120-CM Argon lon Thruster Performance

18




D180-24071-t

Mass
Electric thruster mass was estimated at 50 kilograms each based on extrapolations from the 30
centimeter thrusters presently in expenmental production.

Cost

The thruster cost estimate was derived trom an electro-mechanical cost estimating relationship and
a mature industry extrapolation. A cost check was made between this result and a cost estimate
provided to NASA by the thruster manutacturer (Hughes) with good agreement.

WBS 1.1.1.2.2 Power Processors

WBS Dictionary

The power processor element includes all power processing required to convert the SPS-gencrated
electrical power (at 40.000 volts) to the voltages and conditions required by the attitude control
system, including thruster requirements, control requirements, as well as computing and other
requirements.

Description

Power processors are solid state clectronic provessors that convert the 40,000 volts from the SPS to
the fower voltages required by thrusters and other equipment. There are a total of 12 processors,
three at each comer.

Mass
Mass of each power processor was estimated as 13583 Kilograms based on 4 mass scaling relation-
ship of 1.7 Kilograms per Kilowatt This esumate includes the thermaal control that would be

required tor these provessors.

Cost

Fach processor was estimated to cost $3.37 milhon dollan based on a mature mdustry scaling from
cost estimate projections denved tor simdar hardware m commeraial production. This s about
$230 kg,

WBS 1.1.1.2.3 Structure and Installation Hardware

WHS Dictionary

This clement includes all structure and attitude control installation hardware not accounted for
under other WBS ttems. As such. i mcludes all structural cquaipment and standotts added to the
hasic SPS structure to mount the atttmde vontrol svstems. Alsoincladed are secondary structure
tor support of propellant tanks and other equipment. and the gunbal syxtem and thruster pancels

requtred to control the thrust vector direction of the thrusters,

19
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Description

The structure was lustrated earlier in Figure 1.1.1-6. The structure would be similar to the SPS pri-
mary structure including truss beams with suitable .erminations to form the tripoc¢-like standoff.
The gimbal system is a 2-axis motor-driven slow rate gimbal system. Gimbal commanils are derived
from the instrumentation and control system. The thruster pap2ls provide mounting tor the thrus-
ters and support routing for the electric power feeds from the power processors.

Mass
Each structural installation was estimated at 15,000 xe.

Cost
The four structural installations were estimated to cost $23 million. approximately 1670/kg. includ-
ing the gimbal system.

WBS 1.1.1.2.4 Propellant Tanks

WBS Dictionary

This element includes the argon. oxygen. and hydrogen propellant tanks for the SPS attitude con-
trol thrusters. It also includes tank-mounted equipment such as propellant gauging and vent valves
and the multilayer insulation on the tank.

Description

The propellant containers are spherical aluminum tanks located near cach thruster installation.
Tanks are sized to hold one year's supply of propellant plus a 20¢% margin. The oxyveen and hydro-
gen tanks include a 20,000 Kilogram mancuvenng reserve in addition to the normal control propel-
lant. This is sufficient to re-establish the SPS normal attitude from any initial attitude.

Because of the long propellant storage time the tanks are designed with a light-weight hard-shelled
vacuum jacket that includes approximately 30 layers of multilayer insulation. The tanks are
designed to be refilled from a tanker or removed and exchanged with new tanks brought {from
Earth.

Mass

The mass of the propetlant tanks was estimated as 1007 of the luid contained. The total mass is
1500 kilograms per comer not inchuding contained propellant. The contained propetlant is 60,000
kg including the manecuvering reserve.

Cost
The cost of the tanks was estimated using a cost estimating relationship for tank structures. The
total cost for all tankage was estimated at $3.8 million. about $970/kyg.
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WBS 1.1.1.2.5 Propellant Feed and Thrust Control System

WBS Dic’ mary
This element includes all propellant feedlines and thrust control electronics and instrumentation.

Description

The propellant feedlines are uninsulared aluminum lines. Propellant pressure is controlled to the
pressure required for the thrusters by regulators. A shutoff valve is inctuded in each line for each
thruster so that any malfunctioning thruster can be isolated {rom propellant feed. The feedlines
include flexible elements and gimbals to cross the thruster panel gimbal joint. Electric thiust
control is provided by startup and shutdown of individual thrusters. Oxygen/hydrogen thruster
thrust control is provided by operating the thrusters in pulse mode.

Mass
The mass of the propellant feed and thrust control system was ostimated at $12.5 million. an
average of $6250/kg.

WBS 1.1.1.3 Central Computing Complex

WBS Dictionary

The Central Computing Complex includes all computers and centralized data processing required
for overall onboard management of the satellite configuration operation and tlight control. (This
element excludes antenna-dedicated computing and data processing. The latter is separately covered
under element i.1.5.1.4)

Description

The Central Computing Complex consists of a triply redundant solid-state computer system with
supporting equipment. Relatively little effort was invested in defining computing requirements or
the computer complex. A rough order of magnitude estimate suggests that the computer capacity
of this complex need be no greater than the capacity of the space shuttle computers. The computer
system was assumed to employ advanced large-scale integration.

Mass
A rough estimate of mass suggested 225 kg per computer, including a significant allowance for
radiation shielding of the computer complex to ensure long life and minumum ditficulties and

failures.

Cost
The cost of the Central Computing Complex was estimated using 4 CER at approximately $28
million,
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WBS 1.1.1.4 Communications

WBS Dictionary

The Communications subsystem provides a communications link between the satellites and the
greund receiving station for overall satellite control purposes. This communications link does not
inciude specialized antenna phase control communications services. It is tied in with the onbeard
central computing complex and includes all onboard data bussing for condition and performance
monitoring of the energy conversior subsystem.

Description

The Communications system includes a triply redundant transmitter/recciver systom operating on a
frequency sufficiently removed from the power transmission frequency to avoid interference. A
KU-band link is » likely candidate. The communications system also includes data, bussing, and
enllection. This system interfaces with the Central Computirg Complex for onboard control. Data

bussing means has not been selected but will probably cmploy tiber optacs.

Mass

The Communications system mass was estimated as 2720 Ke.
Y

Cost
The Communications system was estimated to cost 74 million, an average of $27.000/kg. Aero-
space communications cost estimating relationships were used.

WBS 1.1.1.5 Antenna Yokes and Turntables

WBS Dictionary
T 1ent includes all production hardware required to mechanically inicrface the satelhte pri-
me sucture with the MPTS structure. Subelements include the mechanical rotary joint and drive

system, the elevation yoke joint. and interface structure cetween the satellite and MPTS systems,

Element Description

The MPTS antenna is attached to the satelhite primary structure by the use of an antenna yoke,
yoke support structure, a mechanical rotary joint and an elevation joi"m (figure 1.1.1-9). The entire
MPTS support structure is hinged at the edge of the satellie structure for LEO/GLO transport
configuration (section [.3).

The yoke support structure is composed of the 7.5 meter beams Foaselined for the satelhite primary
structure (section .11 1), The suppert structure beams join to form a hexageaal interface that
provides ¢ight support points for the mechanical rotary joint circuiar beam (figure 1.1.1-100. On the
satellite side, these beams join to the hinged platform that will allow the complete antenna and

support system to rotate under the end modules of the satellite,
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Figure 1.1.19 Antenna Yoke and Turntabies
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The mechanical rotary joint is composed of two segmented circular beams (one on the satellite side
and one on the yoke side), a section of which is shown in figure 1.1.1-11. Each circular beam is
supported at cight points, every 45 degrees, to its adjacent support structure. The inner and outer
base chords of each circular beam are arranged adjacent to each other. Between each set of base
chords, a drive ring and roller assembly is attached (figure 1.1.1-12) to provide relative movement
between the satellite and MPTS system. The antenna yoke attaches to its circular beam in a similar
method as described for the yoke support structure.

The yoke is composed of one hundred meter trusses made up of the same beams as that for the
MPTS primary structure (section 1.1.5.1.1). At the antenna end of the yoke, a special end fitting is
provided to interface with the antenna elevation joint. The elevation joint provides for a small
pointing angle adjustment (approximately 7 degrees) of the MPTS system for alternate rectenna
transmission capabilities.

There is an ¢lectrical rotary joint at the interface of the yoke and yoke support structure. The clec-
trical connection across the clevation joint uses flex cables because of the small angle adjustment
involved. These electrical elements are detailed in section 1.1.4.4.

Element Mass

The mass of the antenna yoke and tumtable. for one MPTS. is listed in Table 1.1.14. Included in
these masses are the attachment provisions and mechanical elements necessary for the subelement
supports.

Element Cost
The element costs estimating factors. tor the items listed in Table 1.1.1-4. are listed in Table 1.1.1-5,
Also listed is the total cost fur one MPTS antenna yoke and tumtable system.

WBS 1.1.2 Energy Collection

WBS Dictionary

The Energy Collection System includes all retlectors or concentrators used to concentrate solar
energy on the Eneigy Convenion System and a secondary structure required to support the concen-
trator »; stem.

Description

The concentration ratio | preferred concept requires no energy collection systen.
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Table 1.1.14 Anteana Yoke and Turntable Mass Estimate

ANTENNA SUPPORT STRUCTURE S53.0MT
MECHANICAL ROTARY JOINT 34MT
ANTENNA YOKE auzmy

TOTAL 1276 M7

Tabie 1.1.1-5 Antenna Yoke and Turntable Cost Estimate

ELEMENT CER ($/XG) COsT ($105)
ANTENNA SUPPORT STRUCTURE m s87
MECHANICAL ROTARY JOINT 340 11.36
ANTENNA YOKE 128 5.27

TOTAL COST 225%10°
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WBS 1.1.3 Energy Conversion

WBS Dictionary

This element includes all production hardware required to convert incident sunlight into electrical
power at the required voltage and deliver this power to the distribution system. There are three
primary subelements:  the solar blankets, the catenary support system, and interbay jumbers.

Element Description

The reference energy conversion svstem configuration was illustrated in figure 1.1.0-1. A summary
of the efficiency chain and sizing requirements were presented in Tables 1.1.0-1 and 1.1.0-2. A
more detailed description will be given under each of the subelements.

Element Mass
The encrgy conversion mass summary was given in Table 1.1.0-3. The mass estimating factors will
be discussed in the ~sub “iement entries.

Element Cost
The updated SPS cost summary was shown in Table 1.1.04. The cost estimating factors will be
described in the subelement entries.

WBS 1.1.3.1 Solar Blankets

WBS Dictionary
This elementincludes all production hardware required to convert incident sunlight into the required
electrical power. Subclements include solar celt pancls. panel interconnects. provisions for interbay

interconnects, and support device intertaces.

Element Description
An tlustration of the solar cell blunket is provided in figure 1.1.3-1. A silicon solar cell must be pro-
vided with a cover to increase front-surface emittance from around 0.25 to around 0.83, and to

protect the cell from low-encrgy nroton wrradiation.

Cerium-doned borosilicate glass is a good cover material becruse it costs only a fraction of the best
alternate, 7940 fuscd silica, matches tie coetficient of thermal expansion of silicon, and yet resists
darkening by ultravoilet light. Borosilicate glass can be electrostatically bonded to silicon to torm a
strong and permanent adhesiveless joint. In ATS-0 light tests the cells having integral 7070 boro-
silicate glass covers lost only 0.8 £ 1.1 percent of their output because of ultraviolet degradation,
These cells ied no cover adbesive. Other cells having cell-to-cover adhesives degraded twice as much.
Jena Glaswerk Schoot & Gen. Inc., in West Germuany, expects to be able to manufacture 75 um

borosilicate glass sheets one meter wide by several meters long.
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Figure 1.1.3-1 Solar Array Blanket
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The cell cover is embossed during bonding with grooves which refract sunlight away trom the grid
lines and buses on the cell surface. COMSAT Labs expects an 8 to 12 percent increase in cell output
from this feature in cell covers.

Solar cells only 50 gm thick recently made by Solarex had an air-mass-zero efficiency of 12.5 per-
cent without a backsurface field or cover glasses. Improved efficiency can be obtained by using
textured cover glasses. Texturing the sun-facing surface makes the incoming light arrive at the back
surface of the cell at an angle over 319, 50 the light rays that have not been absorbed are reflected
off the back surface with virtually no loss, the critical angle in a silicon-air junction being 15.3
degrees. This feature not only improves photon collection efficiency. when compared with thicker
cells, by lengthening the light path in silicon for infrared photons, but also improves radiation resis-
tance. Since all charge carries are generated within 50 pm of the P-N junction. which is 0.2 um
under the snn-facing surface. the cell can absorb radiation damage until the ditfusion length in the
bulk silicon is reduced 1o 530 um by radiation generated recombination centers.

The cells are designed with both P and N terminals brought to the backs of the cells. This feature
makes it possible to use simple 123 pm silver-plated copper interconnections which are formed on
the substrate glass. Complete pancls are assembled electrically by welding together the module-to-

module interconnections.,

Glass was chosen for the substrate to enable anncaling of radiationi damage by heating. With all
glass-to-silicon bonds made by the elcctro-static process there are no elements in the blanket which
cannot withstand the 773%K (931°F) anncaling temperature, which at present scems to be required.
One rescarcher suggests that 773°K (931°F) may not be needed for annealing out the radiation
damage trom solar-flare protons. However, his theory has roi vet been confirmed by experiment.

The basic panel adopted for design studies (higure 1.1.3-2) has a mateix of 224 solar cells, each 053
by 744 cmin size, connected in groups of 14 ceils in parallel by 16 colls in a series. Spacing bet-
ween oot and edge spacings are as shown. Tabs are brought out at two edges of the panel tor electri-
vally connecting pancls in series. Cells within the panel are interconnected by conducting elements

printed on the glass substrate.

Important panel requirements were these:

o The pancl components and processes should be compatible with thermal annealing at 300°C.

o Presence of charge-exchange plasma during ion-ongine operation may necessitate msulating the
clectnical conductors on the panel.

Q T'he pancel design should be appropriate for the high-speed automatic assembly required tor
making the same 93 mitlion pancls required for cact satellite.

o Low weight and low cost are important.
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Also shown (figure 1.1.3-2) is the way panels would be assembled to form larger elements of the
solar array. The interconnecting tabs of one panel are welded to the tabs of the next panel in the
string and then the interconnections are covered with a tape that also carries structural tension
between panels. The 0.5 cm spacing between panels provides room for the welding electrodes, and
also permits reasonable tolerances in the large sheet of 75 um glass that covers the cells and the
50um sheets of substrate glass.

The panels are joined in 2 matrix that is 14.9 meters wide by 656 meters long to form blanket seg-
ments (figure 1.1.3-3). After assembly, the segment is accordion folded, at panel intersections,
into a compact package for transport to the low-Earth-orbit assembly station. Packaging is given
more detail in Section 1.3.

Provisions are made for connection of the blanket segments with interbay jumpers to form power
sectors. Power sector definition will be discussed in Section 1.1.4. Conductor strips will be used to
join strings, with provisions for welding strips to join blanket segments, to form power sectors. The
conducting strips also have a bossed section to connect with interbay jumpers.

The tapes, at the end of blanket segments, are extended and have attachment rings to connect to
the tensioning springs of the catenary support system.

Element Mass

The total energy conversion system mass was shown in Table 1.1.0-3. A more complete mass break-
down of the solar blanket is provided in Table 1.1.3-1. Also included in this table are the mass
estimates for the array support system.

Element Cost

The cost estimating factors for the solar blanket elements are the same as those given in the final
documentation of Part 2. The mature industry projection cost estimating tactor for the reference
solar blanket is S35,’m:,

WBS 1.1.3.2 Catenary Support System

WBS Dictionary
This element includes all production hardware required to support the solar blanket within the
satellite primary structure including attachments to both the structure and solar blanket.

Element Description

The Part H silicon photovoltaic system provided an output of 4650 megawatts per antenna. To
normalize this outpur to 5000 megawatts it was necessary to increase the satellite bay size to 667.5
meters which was more than adequate to satisfy the increased area requirement,
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Figure 1.1.3-3 Reference Photovoltaic System Description

Table 1.1.3-1 Silicon Solar Cell Blanket Mass

AVAILABLE BLANKET @ PART Il MIDTEFM

COVERS-FUSED SILICA 220 55.88 30 10 167.64
CELLS-SILICON 236 59.94 20 0.9607 115.17
INTERCONNECTS—COPPER 63 22708 5 0.100 n3s
SUBSTRATE—FUSED SILICA 220 £5.68 20 10 m.7e
THEORETICAL PANEL WEIGHT  405.92
IMILS COVER TOLERANCES ALLOWANCE (5%) 2030
TMILS Mo wLs ceLL

S wiLs sugs ESTI#JATED PANEL WEIGHT 42622

2MILS SUBSTRATE & INTERCONNECTS
ERCONN PANEL AREA FACTOR (9913) 42251
SEGMENTS AREA FACTOR (9972) 42133
JOINT/SUPPORT TAPES 2.93
CATENARY SYSTEM 252
ESTIMATED ARRAY WEIGHT 42678
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The array segment width was changed to 14.9 meters. This change provided better packaging for
transport but made it necessary to provide 15 meter catenary attachment points on the structural
beams. A 10 cm spacing was provided between array segments for clearance during array
deployment.

The method of supporting the solar blanket within the primary structural bays was shown in figure
1.1.3-3. This method of support will provi-le a uniform tension to the end of each solar array
segment by the use of constant-force blanket tensioning springs at each blanket support tape (figure
1.1.3-4). These springs are also attached to a catenary cable that is then attached to the primary
structure, upper surface, beams at 13 meter intervals. The springs are in compression, for better
reliability, and exert a uniaxial force of approximately 3.5N to each blanket support tape.

A uniaxial blanket support was selected over the biaxial support shown in Part 11 of this study. This
change was the result of analysis of construction techniques and associated blanket uniformity pro-
blems. It will be necessary to provide batten tapes between blanket segments, at a few intervals
along the segment length, to provide correct segment-segment orientation.

Element Mass
The mass of this element was included in Table 1.1.3-1 and represents small fraction of the energy
conversion system mass (less than 0.5 percent).

Element Cost

The cost of this element was included in the solar blanket cost factors.
WBS 1.1.3.3 Interbay Jumpers

WBS Dictionary
This element includes all production hardware required to provide for interbay power distribution
within a power sector of the solar blanket.

Element Description

The formulation of high voltage in the solar array is accomplished by connecting approximately
78.000 sets of solar cells in series. Since the strings of solar cells start at the centerline of the satel-
lite, goes to the outer edge and then back to the centerline, it must cross the primary structural
beams. betweon bays. eight times. The purpose of the interbay jumpers is to provide a means of
electrically connecting strings in one bay to the appropriate strings in the next bay of the string

length.

The interbay jumpers (figure 1.1.3-8) are No. 12 aluminum cable. One-blanket segmients jumpers
are collected and run along the catenary cable to an end-connector. This end connector is joined
with the next bays jumper end connector in the beam framework near the catenary support point.
This method was chosen as a less complicated construction/maintenance scheme while still
providing the necessary function.
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Element Mass
The mass of interbay jumpers was estimated to be 34,401 kg, based on using No. 12 aluminum cable.
The average length of each cable is 20.4 meters and there are 192,080 cables.

Element Cost
The cost estimating factor used for the interbay jumpers was 45 $/kg.

WBS 1.1.4 Power Distribution

The prime function of the Power Distribution subsystem is to accumulate and control prime power
from the slicon solar cell collector panels; control. condition, and regulate the quantity and quality
of the electrical power generated for the klystron microwive generators; provide for the required
energy storage during solar energy occultation or system maintenance shut-down: and provide for
monitoring fault detection, and fault isolation disconnects. Figure 1.1.4-1 shows a simplified func-
tional svstem block diagram of the SPS from end-to-end.

For power management and power distribution, the photovoltaic SPS is divided into typically 228
power sectors. Each power sector is switchable and can be isolated from the main power bus, facili-
tating annealing ~r other servicing. Main features of the power distribution system are shown in
figure 1.1.4-2. Power transfer across the rotary joint is accomplished by a skip ring/brush assembly.
Mechanical rotation and drive is provided by a mechanical turntable 350m in diameter. The antenna
is suspended in the yoke by a soft mechanical joint to isolate the antenna from turntable vibrations.
The antenna is mechanically aimed by CMG’s installed on its structure. A position feedback with a
low frequency passband allows the mechanical turntable to drive the yoke to follow the antenna
and also provide sufficient torque through the soft joint to keep the CMG’s desaturated.

Figure 1.1.4-3 is an eiectrical schematic of the SPS. The *“satellite” is defined as the large collectur
solar array. its power generation modules and control. altitude control, and stationkeeping power
processing: thermal control, telemetry and control, data, power processing. etc.: and DC/DC conver-
sicn and energy storage for the satellite. The rotary joint is the interface between the “satellite™ and
the “antenna”.

Table 1.1.4-1 gives the Calculated Power Distribution System weight (mass) and power loss for the
“satellite” connection locations and components. The total losses are approximately 200 megawatts
per SPS “satellite” (less antenna losses).

Solar cell strings approximately 5.1 km long were selected for the reference photovoltaic system
configuration. This permits generating the required voliage directiy from the solar array without
intervening power electronics. All solar cell strings are ideittical. Current generated by the solar cells
are carried by conductors or by the solar cells themselves. The configuration in figure 1.1.4-4 uses
the solar cells to the maximum possible extent for carrying the current. It is noted that no conduc-
tors are needed for bringing in the current from the edges of the array. the solar cell strings being
arranged in loops which start from one center bus loop around the edge of th+ array. and return to

the other bus at the center of the array.
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Table 1.1.4-1 Calculsted Power Distribution Systers Msss and Loss Sammary

LOCATION CONNECTIONS & COMPONENTS MASS (KG) 128 LOSS (WATTS)
“SATELLITE” ROTARY JOINT TO POWER 220577 145,453,890
SECTOR CONTROL
~SATELLITE™ SECTOGR CONTROL TO 109,722 49.903.520
SUBARRAYS
ORIGINAL PAGE B
OF POOR QUALITY
+BUS RETURN
STRUCTURAL BAY
- b d -
———————— =%
= ———-53
P L J L
JSUMPERS

SHEET CONDUCTOSS — 1 MM THICK

12R LOSS 1.08

x 109 WATTS

CONDUCTOR TEMP = 100°C

Figure 1.1.4-4 Reference Photovoltaic Power Collection
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Solar array power is controlled by vacuum circuit breakers near the buses. Voltage is controlled by
turning groups of strings on or off, depending on load requirements. Two sections of the armay pro-
vide the required voltage at the sliprings using the sheet conductor voltage drop to achieve the
required voltage at the sliprings.

Powei source “A’ provides power directly to the fifth stage of the klystron depressed collector.
Power source ‘B’ provides power directly to the fourth stage of the klystron depressed collector
and to the MPTS DC/DC converters which supply ail other klystron clement power requirements.

The collection and distribution approach selected for the reference configuration meets the photo-

voltaic energy conversion subsystem requirements delineated below:

1. The photovoltaic system shall be modularized into space installable blanket array configura-
tions.

L

The photovoltaic system shall employ radiation shielding and/or anncaling as appropriate for
minimum power Cost.

3. Individual converters (cells) shall be wired into the blanket arrav such that cither open or
short circuit failures of individual converters do not cause loss of array output tdisproportion-
ate to the loss of the individual converter’s contribution) or arcing.

4.  The photovoltaic svstem shall be designed such that a solar blanket power sector and/or its
switchgear can be isolated from the operating onboard electric power distribution system. and
its generated electrical potential reduced (o safe fevels. 50 that it may be serviced without shut-
down of the entire photovoltaic energy conversion subsystem.

WBS 1.1.4.1 Switchgear

The silicon cell pancls and bays form the power generaition modules shown in the photovoltaic elec-
trical schematic in figure 1.1.4-1. These modules are fed to vacuum circuit breaker switchgear con-
trolled by load and system demands. The satellite switchgear is rated at 2,200 amps and 40 kv and is
similar to the antenna switchgear. (For more details sec Section 1.1.5.2.3).

WBS 1.1.4.2 Main Buses

The main bus subsystem outlined here covers the portion of the power distribution subsystem from
the solar cell iaterconnections to the antenna sliprings. The buildup of solar cells into strings, within
each bay was described in Section 1.1.3.1. The strings on each side of the satellite longitudinal cen-
terline are connected in scries to form a half string 39,104 (9776 x 4) cells in length. To obtain the
40,000 volts needed to operate the klystrons of the MPTS, the half strings are connectud together at
the outer edge of the satellite by triangular jumpers. This gives 298 series strings (for each four bays
center to edge) cach 78,208 cells Tong. Note that, to provide cell failure protection, cach string is
reallv 14 cells wide.
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For voltage control and fault protection each “‘end™ of the satellite is isolated into 96 load sectors
by vacuum circuit breakers. This is done by subdividing each bay length into three load sectors:ie.,
each end of the SPS is 16 bays long and 8 bays wide. Thus there are 32 “bay sides™ to each end.
each with 3 load sectors. Each load sector provides an average current of about 2100 amps at about
40.000 volts to either bus A or bus B. The current is collected from the ~100 strings in each bay
side via copper connectors from the solar array strings to acquisition buses. Each acquisition bus is
controlled/isolated from the main buses by switchgear. This whole configuration of strings. jumpers,
acquisition bus, switchgear, and main bus is shown in figure 1.1.4-5. Since the current along the
acquisition bus increases as strings are added. these conductors are approximately triangular in
shape.

To minimize satellite mass. conductor grade aluminum sheet was selected for the reain and acquisi-
tion buses. Analysis of conductor operating temperature vs. mass led to the choice of a conductor
operating temperature of 100°C. A one millimeter conductor thickness was selected as the mini-
mum gauge on the basis of handling and assembly. This leads to the result that the buses are
0.01581 centimeters wide for each ampere carned. Hence the main common bus reaches a maxi-
mum width of 3237 cm (for 204.760 A) at the slipring ends of the satellite. It reaches this maxi-
mum in a series of steps. one increase for cach added load sector from the center of the satellite.
The conductors for buses A and B are smaller. corresponding to their lower currents. and bus A

only extends about two thirds of the distance from the antennas toward the center of the satellite.

Operating power for the satelhite housekeeping and central functions is drawn tiom buses B and
common. To provide this power redundantly  from both ends of the satellite - these two buses nun
the full satellite lengtn. To provide this redundancy and allow some load transter from one MPTS to
the other to meet load demands. a minimum bus conductor of 3 meters was selected for the conter
connection of buses B and common. This current capability of 19,000 A (750 MW) at nominal
current density would not onhy supply all SPS control needs. but allow about ¥ load sharning 1o
occur. Under emergency conditions this could be increased to over a third load shanng between the

MPTS without overheating the main buses to the point of permanent damage.

Details of the mechanical arrangement of the bus section are contained in Section 1.1.4.3, Bus
Support.
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WBS 1.1.4.3 Bus Support

The basic requirements for the bus support subsystem are easily stated:

Provide a natural frequency. substantially higher than the satellite.

Accommodate thermal exparsion without applying large loads to the main satellite structure.
Be light weight.

Have Jow ground fabrication rost.

© 0 6 0o o

Be easy to assemble in orbit. using mostly automated methods.

The suppoit design presented here satisfies these basic requirements, but it is recognized that fur-
thur study might lead to a better design.

The principa! loads on the bus conductors are illustrated in Figure 1.1.4-6. The “compression™
and *“‘cooling™ loads are generated within the conductors and must be resisted by the conductors,
with whatever form of reinforcement is provided. Fortunately. these forces are relativeiy small so
the resulting stress level is very low. The elastic stability of the thin sheet conductors is a concem.
however.

The major load on the main bus conductors is the magnetic force repelling two conductors varry-
ing current in opposite directions. This load is so large that, for the current density being used. the
bending stress in the sheet conductors over the span of a segment would almost certainly cause
elastic instability in the compression side of the bus bar, especially when combined with the com-
pression and curling forces. Fortunately, the force is replusion. so it can be reduced by adding
tension ties between the conductors at points intermediate to the supports at the main structure at
segment joints. This reaction means that at the ends of the satellite where there are three buses:
A. B. and common. the common bus must be located between buses A and B so that tension
rather than compression loads are gen- . ated in the intermediate supports.

The finai force acting on the conductors is caused by the interaction of the bus magnetic field and
the earth’s field. In operation at geosyncrhonous altitude this force is extremely small. because
the earth field is weak (138 n T} and nearly aligned with the bus conductor. In comparison with
the other forces this one may be neglected. During self transportation from low orbit the forces
are substantially higher. but still small.

The other major factor which determines the design is the differential thermal expansion between
the graphite-eopxy structure and the aluminum bus. The temperature variation between eclipse
and full sunlight is from about 123K to 373K. Over the span of a full segment this results in a
differential thermal expansion of a little over four meters. For the one millimeter thick sheet con-
ductor a load of 443 kN for each meter of conductor width (stress of 443 MPa) would be required
to overcome this change in length. Since the return bus is over 32 meters wide at the slip-ring end.
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a total load in excess of 14 million Newtons would be developedl This is an unreasonably large
load to impose upon the structure. so provisions for thermal ex ansion must be made. After con-
sidering several altematives, the design selected is 1o allow a thermal expansion curve at cach bay
joint, as shown in Figure 1.1.4-7.

The selected method ot keeping the natural frequency of the sheet conductors about that of the
satellite is to keep the bus conductors in tension. A preliminary analysis indicates that modest
forces (of the close order of one Newton per centimeter of conductor width) will keep the natural
frequency of the bus an order of magnitude higher than that of the satellite. (The satellite fre-
quency is about 0.005 Hz). To maintain this load in the conductors while allowing for thermal
expansion requires springs. The easiest way to provide this spring action is to use high stresses in
low modulus materials, such as KevlarR or E-glass. (A stress going from 25010 SO0 MPaina

200 m Kevlar tension support will provide the four meter extension needed to accommodate
thermal expansion, while varving the load on the bus by only a tactor of two),

These factors led to the Oinal selection of the main bus configuration shown in Figure 1.1.4-8
This view shows several bavs near the ship-ring end of the satelhite. where there are three parallel
buses. The three point spring cable ties to the mam structure are shown, and the teasion ties to

react the bus magnetic repalston forees can be seen.

Not shown in Figure 11 4-8 18 the ract that cach bus is divided into several parallel segments. This
is done tor both transyp o rtation convenience and for assembly reasons. The common bus increases
un steps) from a meter (or <o, uepending apon the toad sharing between the two MPTS)Y to over 30
meters. Rolled up as a single sheet. the roll would be 30 meters long. volumetnicaliy very poor.
and too heavy for a single HLLV launch. Further, for so!f transportation. it must be divided into
at least four segments for cach “Fad™ of the satelllite. Hence at least eight segments will be used
tfor the main and B buses: further study may show that even greater subdivision s desirable. The
individual sheets. cach only 83m wide tmaximum are joited by the stretchers at the bay sides

which support and tension them, and at imtemiediate points by the tenson ties.

Ihe acquisttion buses. which are triangular in shape. are suspended wiihin the center 7.8

meter beam by guy wires, as shown i bigure 11490 These acquisttion buses are alse aluminum,
Making the connection between the copper pigtails that interconnect the mndividual strings of
solar cells and the alununum acquisition bus is g problem that requires further study. Pyen
though the joint s made and Kept i vacuum so that galvanic corroston and oxidation are
chminated as problems. differential expansion remans a problem that will make good jomnt design
difficult. From that mitial connection, subsequent connections will be aluminum to sluminum

and will be welded.
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WBS 1.1.4.4 Electrical Rotary Joint

The MPTS antenna-to-satellite interface requires 3609 rotation about the spacecraft central axis
with limited motion for ¢levation steering while maintaining structural and electrical integrity
between the satellite and the antenna. Figure 1.1.1-9 illustrated the rotary joint in relationship to
the basic “satellite” structure.

Coin silver (90% silver and 10% copper) was selected for the slip-ring material and a silver-
molybdenum disulfide brush with 377 graphite was selected. The charactenstics of this combina-
tion are shown in Figure 1.1.4-10. With a design using a brush current density of 20 amps/cm-=
only about 40 kKW of power is dissipated in the rotary joint.

The installation of a single brush assembly on a circufar slip-ring causes unwanted deilections due
to assymetrical loading. For this reason, the slip-ring/brush assembly was designed for symmetical
loading as shown in Figure 1.1.4-11. Brush drag (with a coefiicient of friction ot 0.14) at a brush
pressure of 4 PSI25.6KPa) was computed to be 307N, 387N and 463N (69, 87 and 104 pounds
force) for each ianer, middle and outer slip-ring brush uassembly.

The coin-silver slip-ring is a bnght surface and. hence, rejects heat very poorly. Coin silver is a very
good conductor. However, the combinations of the two results in fairly high slip-ring temper-

atures as is shown in Figure 1.1.4-12. It was assumed that no heat is rejected through the slip-ring
feeders. Actual operating temperatures will thus be somewhat lower than shown since the fecders

are designed to operate at a much lower temperature and will help in removing slip-ring waste heat.
Feeders from the ouin power distrib ion buses to the slip-ring arce designe - to operate at a
current density of only 100 amps.em-. Feeders are spaced 45 degrees apart (centerline to center-
line) and are spaced at 13 degree intervals as shown in Freore 114130 The temperature of the

feeders is shown in Figure 1.1.4-14.

The projected brush/slip-ring wear is very small (0289 to 0617 cx1\3,."ycnr).
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WBS 1.1.5 Microwave Power Transmission System

WBS Dicti
This element includes the entire spacebome phased array power transmitter. This includes the dc
distribution system from the rotary joint to the rf transmitters, the rf transmitters themselves
(klystcons), their dc and rf confrol and monitor circuitry, and the rf antenna elements composed of
slotted waveguides, support structure, rf feed circuits, mechanical pointing control, and all the
components required for distribution and contro! of the phase of the retrodirective antenna sub-

arays.

Elemént Description

The MPTS system serves the basic function of converting dc power to microwave power in space,
transmitting it through the medium with 2 minimum of environmental impact and converting it
back to dc on trc oo 1nd. The baseline approach utilizes a retrodirective phased array described

in Section 1.1.5.3, powered by de-of klystron converters described in Section 1.1.5.3.2. DC power
from the rotary joint is distributed in 2 manner to minimize 12R losses to the klystrons, utilizing
83% unprocessed power with a maximum voltage of 42 kv. The transmitter design constraints are
outlined in Figure 1.1.5-1. The high efficiency klystrons are described in Section 1.1.5.3.2 and are
combined to provide a tapered (10 db quantized Gaussian) illumination of the array resulting in low
sidelobe levels and high antenna efficiency (over 953%). The thermal loading in the center of the
ammay (22 kw/m= rf) permits a design for a 1 km diameter array which provides roughly 5 GW of dc
power on the ground per antenna. The phased distribution system is d=signed to minimize line
lengths and cumulative phase errors in the distributing transmission lines by using a 3-node refer-
ence distribution system with line length compensation. The pilot referznce signal from the ground
utilizes 2-tone modulation with a suppressed carrier near the power beam frequency. to effect con-
jugation (i.e.. clectronic fine beam steering) in an efficient manner. Correction for some systematic
propagation crrors is provided through multiple pilot beam transmitting antennas.

Element Mass has been estimatea at 12,749 metric tons and element cost at billions per antenna.
Table 1.1.3-1 presents mass and cost summarics.

WBS 1.1.5.1 Support Subsystems

This elemer.t includes those subsystems not directly associated with conversion of electric power
into rf bcam power.

WBS 1.1.5.1.1 Primary Structure

WBS Dictionary )
The Power Transmitter Primary Structure is the main structure that provides overall shape and form
to the transmitter.
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Table 1.1.5-1 Mass and Cost Summary

PRIMARY STRUCTURE -
SECONDARY STRUCTURE -
ATTITUDE CONTROL -
COMM/DATA -
POWER DISTRIBUTION -
DC—-DC CONVERTERS & SWITCHGEAR - ns -
THERMAL CONTROL - ma
BUSSING - 39
ENERGY STORAGE - 3132
SUPPORT — 118.7

RF GENERATION & DISTRIBUTION -

KLYSTRONS — 48745
THERMAL CONTROL - 20002
WAVEGUIDE ASSYS - 17956
HARNESSES AND CONTROL CKTRY — 5436
SUBARRAY STRUCTURE - 667.0
TOTALS PER ANTENNA
TOTALS PER STATELLITE

NOTE: THIS BREAKDOWN COST DOES NOT INCLUDE ASSEMBLY AND CHECKOUT OR INITIAL SPARES.

MASS (MT) COosT
{nmiltions of 1977 §)
525 66
1975 255
1779 101
27 102
29935 a1
9
I
48
74
12
96809 794
262
137
94
n
70
12,773 M7 1430
25546 MT 2860
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The Primary Structure is an A-frame open truss structure, 130 meters deep, with a quasi-oclagona
shape in excess of 1,000 meters width and length. The Primary Structure and its relationship to the
Secondary Structure and the rest of the power transmitter are shown in Figures 1.1.5-2 and 1.1.5-3.
The A-frame elements of the Primary Structure are made up of 7-1/2 meter continuous chord
beams composed of graphite polysulfone composite structure.

Mass
The mass of the Primary Structure is 52,500 kilograms per aatenna for a total of 103.000 kilograms
for the two antennas.

Cost
The cost of ihe Primary Structure was estimated at 3125 per kilogram for a total cost of $13.2M
for the two antennas.

WBS 1.1.5.1.2 Secondary Structure

WBS Dictionary

The Secondary Structure provides structural bridging over the Primary Structure with a sutficiently
small repeating structure element interval to allow installation of the transmitter subamrays. The
Sccondary Structure docs not include subarray structure.

Description

The Secondary Structure is a deplovable cubic truss. with telescoping vertical members to minimize
packaging volume. The members are made from graphite composite materials and the joints all
include a rigidizing mechanism or device to provide complete ngidity of the structure atter
deployment. Diagenal cross-members are removable as necessary to allow for maintenance of the
subarrays by the maintenance system described under WBS Section 1.3.4.

Mass
The Secondary Structure mass estimate was 197 300 kilograms for cach antenna for a total of
395,000 kilograms.

Cost
The cost estimare for the Secondary Structure was estimated as $129 kilogram for a total $51
million (2 antennas).

”n
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Figure 1.1.5-2 Reference MPTS Structural Approach
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Figure 1.1.5-3 Reference MPTS Structure Interfaces

57



D180-24071-1

WBS 1.1.5.1.3 Attitude Control

WBS Dictionary

The Power Transmission System Attitude Control System provides fine control of antenna mechani-
cal aiming. Control Moment Gyros (CMG’s) are used to generate torques required for this fine
control.

Description

The CMG’s are located on the back side of the Primary Structure and are 12 in number for cach
transmitting antenna. A feedback loop from the Antenna Attitude Control System to the SPS
mechanical rotary joint allows the rotary joint to apply torque to the zntenna to continuously
desaturate the antenna CMG’s. This torque is supplied through a highly compliant mechanical joint
so that the natural frequency of the antenna in its mechanical supports is below the control
frequency bands for the CMG’s controlling antenna attitude.

Mass
Each CMG was estimated to have a total mass of 10.660 kilograms for a t~tal per antenna of
127,920 kg.

Cost
The total cost for the attitude control systems including the 24 CMG’s for two antennas was esti-
mated as $202 million based on a CER. This averages to $790/kilogram for the CMG hardware.

WBS 1.1.5.1.4 Computing and Data Processing

WBS Dictionary

This Computing and Data Processing system handles the computing and data processing load for
the Power Transmission System. A data link is included for communication with the SPS Central
Computing Complex. This antenna computing system also handles the computing load for antenna
attitude control.

Description

For the reference design (the phase control is provided by a retrodirective system with phase
compensation at each subarray), the computing load is mainly for condition monitoring. {ault isola-
tion and detection. and general antenna configuration management. Some of the potential phase
control systems would add to this computing load (¢.g.. a command and control operation based on
ground-measured phase information). The computing load for conditioping monitoring and
associated functions requires a high capacity. high speed computer comparable in general capability
to the current types of scientific or business large scale computers. Flight computers in this
capacity range presently do not exist. It presumed that in the time frame of SPS interest such a
computer could be developed using advanced LSI techniques. Each antenna was assumed to have
three computers operating in a triply redundaut fashion.
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Mass

The estimated mass for each computer was 225 kilograms. This mass estimate includes radiation
shielding and heat rejection.

Cost

The cost of the computer complex for one SPS was estimated as $56 million, including the six
computers and their support subsystems.

WBS 1.1.5.1.5 Communications

The Antenna Communications System provides data, collection, processing, and command distri-
bution onboard the antenna, and also provides a data link to ground separate from the main SPS
data link in the event this is required. This communications system does not include the retro-
directive phase control system, as such. That system is separately covered.

Description

The Communications Complex involves three primary data handing subsystems for redundancy and
employs tiber optic data bussing to minimize mass of cable and problems with RF1 on the
transmitting antenna.

Mass
The total mass of the Communications and Data Complex was estimated as 20,000 kilograms per
transmitting antenna for a total of 90,000 for the SPS.

Cost
The total cost estimate for one SPS for the Communications and Data Complex was estimated as
$147.5 million.

WBS 1.1.5.2 Power Distribution

The MPTS antenna power distribution system provides power transmission. conditioning, control.
and storage for all MPTS clements. The antenna is divided into 228 power control sectors, each
providing power to approximately 420 klystrons. Two of the klystrons® depressed collectors
A" and "B which require the majority of supplicd power are provided with power directly from
the power generation system to avoid the dc/de conversion losses.  All other klystron element
power requirements are provided by conditioned power from the dc/dc converter. System dis-
connects are provided for isolation of equipment for repair and maintenance.

Fach dc/de converter nrovides power to approximately 0.5 of the total number of antenna

klystrons as shown in Figure 1.1.54. Its power requirements are given in Figure 1.1.5-5. The

klystron with five depressed collectors has a calculated tube efficiency of 857,
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Figure 1.1.5.4 MPTS Antenna Power Distribution Control Sectors
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The MPTS antenna was divided into approximate equal power areas to define power control sectors.
Figure 1.1.5-6 shows the location of the power sector control substation and the associated dc/dc
converters. No substations are located on the center structural node, since this node is in the center
of the highest waste heat flux region.

The reference antenna structural design concept consists of a relatively sparsc pininary structure,
fairly dense secondary structure and ten different types of antenna subarray elements to achieve a
ten step approximation of the desired illumination taper. Within the subarray element, one set of
connections provides the interface between the external power distribution system and the subarray
distribution system. Power is routed from the power sector substations to the antenna subarray
elements. Disconnects are installed at the power sector substations to provide isolation for
maintenance and repair. The power sector substation location was selected to be at the back of the
primary structure. Aluminum sheet conductors are routed from the rotary joint to the power
sector control substation located at the primary structure truss intersection nodes at the back of
the structure.

The following is a list of the key antenna power distribution subsystem requirements which are

satisfied by the reference configuration:

1. The power distribution system shall conduct dc electrical power from the energy conversion
system interfaces to the klystron transmitter rotary joint interfaces. (It is assumed that there
are two 5-GW ground output antennas and associated rotary joints per SPS.) The distribution
system shall supply the following nominal voltages and currents to the rotary joint interface
from the integrated klystron array module clusters:

Bus 1 40,800 volts at 138,600 amps (5.65GW)
Bus B 38.700 volts at 59,400 amps (2.3CGW)

A common return for these two supplies shall be provided.

2. The antenna power distribution system shall employ dedicated aluminum conductors (not part

of main structure) which are passively cooled by radiation to free space.

3. The antenna power distribution system shall have switching and control equipment as
necessary to isolate the rotary joint and power transmission svstem {from energy conversion
system startup and shutdown transients. This requirement may be in part met by delaved

activation of power distribution provided that the delay is not greater than five minutes.
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Power Conditioning Subsystem

Figure 1.1.5-7 MPTS
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Figure 1.1.5-8 Simplified DC/DC Converter Block Diagram

Table 1.1.5-2 Calculated Power Distribution System []ass & Loss Summary

LOCATION CONNECTION & COMPONENT MASS (KG) 12R LOSS (WATTS)
“ANTENNA" SECTOR CONTROL DC/DC 1,441,596 49,644,720
CONVERTERS AND
SWITCHGEAR
“ANTENNA™ SUBARRAY WIRING 35,871 4,774,760
{INSULATION INCLUDED)
TOTAL 1,877,034 249,776,890
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Figure 1.1.5-9 Power Processer Thermal Control

66



D180-24071-1

WBS 1.1.5.2.1 Power Processor

The MPTS power control and distribution subsystem provides conditioned power for all MPTS
elements. The five depressed collector klystron requires conditioned power on all inputs except the
two collectors which utilize power directly from the SPS Collector A supplies and Collector B solar
panel supplies. The power conditioning subsystem block diagram is shown in Figure 1.1.5-7. The
estimated input power to each dc/dc converter is about 5400KW.

Figure 1.1.5-8 shows a simplified more detailed diagram of the individual dc/dc converter modules
employed. The selection of the particular switching circuit device has not yet been made but an
analysis has shown that a switching speed of 20 KHz with SCR’s or power transistors can yield a
dc/dc conversion efficiency of about 95%.

Overall power distribution system mass and losses are summarized in Table 1.1.5-2.

WBS 1.1.5.2.2 Processor Thermal Control

WBS Dictionary
This element includes all production hardware required to collect and dissipate the waste heat flux
from the power prccessing equipment on the MPTS system.

Element Description

The power processors (dc-dc¢ converters) have a waste heat of approximately 218 Kw per unit. The
thermal limitation of the power processors is 700C (for high reliability) so it was necessary to base-
line an active thermal control system for this equipment.

The active thermal control system (Figure 1.1.5-9) was sized. for the MPTS system, using a heat
flow of 1000 watts per square centimeter. Redundancy was built into the system (pumps. valves.
and control equipment) for higher reliability.

The basic system is composed of a heat exchanger, pump. thermal control/bypass valve, and thermal
radiator. The heat exchanger uses finned heat pipes. with the condenser sections in contact with
the working fluid of the active loop. The evaporator section is in the power converters. for better
heat rejection from the more sensitive solid state components. The fluid pump was sized at 4.1 Kw.
The power consumption of all the processors thermal control systems was estimated at 928 Xw.

Element Mass

The estimated mass of a typical power processor themal control system is 972 kg. Approximately
o3 percent of this mass is for the thermmal radiator with the remaining mass dis*ributed between
waorking fluid, piping. pumps. motors, control valves, and includes redundant components. The
total processor thennal control systems mass is 222.1 MT
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Element Cost
The cost estimating factor for this element was 414 $/kg as discussed in the Part 2 final report.

WBS 1.1.5.2.3 Switchgear/Energy Storage

Each MPTS antenna in the baseline design contains over 97,000 dc/rf converters and 228 power
sector control substations. During the conceptual design of the klystron, an effort to minimize the
mass of the individual tube clements resulted in an overall lightweight tube. However, removing
mass from the tube imposes the requirement that the probability of intemal arcing mus; be mini-
mized and, in the event that arcing should occur, rapid removal of the power sources is required.
Preliminary requirements placed on the MPTS switchgear were extremely stringent - 10 microseconds
current interruption time. The development of sw' ~hgear to perform this task will require an
improvement of two orders of magnitude in current interruption time over present switchgear
capabilities (milliseconds to hundredths of milliscconds). Analyses are required of possible klystron
design changes and possible uses of current limiting reactors to increase this time.

The antenna circuit breakers could be cither solid state (present configuration) or vacuum switches
{proposed configuration). The rating of the switchgear is 600A at 49KV. Table 1.1.5-3 summarizes
the two circuit breakers.

An additional circuit breaker is required which clamps the anode to the cathode at the klystron.
Microsecond switching is required at 40KV and no current. A solid state circuit breaker is proposed.

The antenna power distribution system fault protection scheme is shown in Table 1.1.54.

in addition to the fault protection required in the MPTS Power Distribution System. isolation of
the switchgear for maintenance purposes is required. The use of isolation disconnects would enable
isolation of a single power sector substation without powering down the main power busses. The
disconnects are not designed for current interruption and arc only operated when no current flow
exists (i.c., the downstream breaker is open when the disconnect is operated).

In Figure 1.1.5-7, the need for an Uninterruptable Power Supply (UPS) is indicated which has
suitable dc¢/dc converters which continuously charge an energy source (battery bank). Klystron life
is impacted by cathode heater power on-off cycles. In order to increase the MTBF of the klvstron.
it is proposed that heater power be maintained durning the period of time when occultation (caused
cither by the carth or other solar power satellites) is encountered.

It is anticipated that significant increase in the MTBF of klystrons can be achieved if thermal

cycling of the klystron cathode heater can be minimized. There are 101,552 klystrons per antenna
each requiring heater power of 50 watts at 30 VDC. Thus. a total of 5.08 megawatts of power is
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Table 1.1.5-3 Summary of DC Circuit Breakers

GE VACUUM SWITCH (PRESENT TECHNOLOGY)

RATING: 40KV, 300 to 2000A continuous, 20,000 A interrupt
MASS: 10 gm/KW

COST: $100/KG

SWITCHING TIME: 5 milliseconds range

SOLID STATE SWITCHES (FUTURE TECHNOLOGY)

Rating: 40 KV, 300 to 2000A continuous, 10,000 A interrupt
Mass: 18 gm/KW

Cost: $260/KG

Switching Tume: 5 microssconds range

Table 1.1.54 Antenna Power Distnibution Fault Protection

FAULT AREA PROTECTION SCHEME

MAIN BUS REMOVE ALL SATELLITE POWER SOURCES

ANTENNA SUB DISTRIBUTION BUS | OPEN APPROPRIATE MAIN ANTENNA CIRCUIT BREAKER
ANTENNA DC/OC CONVERTER OPEN CONVERTER CIRCUIT BREAKER

KLYSTRON INTERNAL ARCING TAKE KLYSTRON MODULATING ANODE TO CATHODE POTENTIAL

OUTPUT WAVEGUIDE ARCING REMOVE KLYSTRON INPUT RF DRIVE
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used for kiystron heaters. If a distribution loss of 20% (because oi the low voltage) and a period of
2 hours required for operation from stored encrgy are assumed, then 12.186 megawatt hours of
stored energy are required ror Liystron heaters.

Gas electrode (i.e., nickel hydrogen) battery systems offer the advantage of numerous recharge
cycles and high energy densities. A nickel hydrogen battery system is selected for the reference
configuration and should provide at least four times the service life of conventional nickel cadmium
battery systems. With an energy storage system of this size, an energy density of 57.3 watt-hours/
kg (26 WHr/Ib) including tankage was derived. With a depth of discharge of 0.7 during a normal

2 hour operation, a density of 40.1 WHR/kg is used to determine the mass of the required energy
storage system. The estimated mass for the energy storage system is 313.2x103 kilograms (313.2
metric tons).

WBS 1.1.5.2.4 Bussing and Cabling

The conductors for the MPTS power distribution consist of aluminum sheet conductors from the
rotary joint to the power sector control substation, circular aluminum conductors from the s:b-
stations to the subarray interface, and circular conductors on the subarray.

The conductors on the individual MPTS antenna subarrays are included under “‘harnesses,” WBS
1.1.535.

WBS 1.1.5.3 Transmitter Array

WBS Dictionary
This element includes all hardware required for the generation. distribution, phase control. and
radiation of the microwave energy including thermal control.

Element Description

The retrodirective phase array configuration utilizes 7220-10.4 x 10.4 meter subarrays arranged in a
quantized 10 db taper configuration conforming to dimensional requirements which will result in a
maximum RSS error associated loss of 2%. The concepts of configuration_for fine beam steering
have been adequately defined to the block diagram stage but require further design refinement and
laboratory verification. The array features a standing wave slotted waveguide approach with a
maximum effective stick length of 5.2 meters and maximum power level of 3.5 kw per stick. A test
program for a plated composite waveguide has been suggested to verify the potential adv .ntages of
this lightweight approach, currently in modest use on some communication satellites.

A modular concept integrates klystron power tubces with subarray radiators. One grarter - 7 e

transmitting array is shown in Figure 1.1.5-10. The square subarrays, complete with assccisted
klystrons. tile the face of the antenna which is in turn supported by the secondary structure. A
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taper of the microwave power density across the antenna aperture is achieved by varying the
number of klystrons used per subarray. A section of a subarray called the integrated klystron
module is shown in Figure 1.1.5-11. It shows the 70 kw klystron mounted on the back of the
slotted waveguide antenna array. The passive cooling system can be seen. Not illustrated here is the
phase control system required to insure that the radiation from the modules will be in phase at the
rectenna. This system will tie the modules within a subarray together with waveguide and all the
subarrays together with coaxial cable or an equivalent transmission link.

Element Mass
Detailed mass estimates for this element arc given in Table 6-9 of Vol. IV of the Part 2 final
document. The total is 9880.9 metric tons per antenna.

Element Cost

Cost estimates for this *lement are given in the summary table (1.1.5-1) as $1.43 billion per
artenna for structure, waveguide, klystrons, thermal control. and control circuits (mature industry
estimate at 1 SPS per year).

P315%

EXER ARC SENTOR
oL POWER MONITOR ’

THERMAL CONTROL HEATPIPES

KLYSTRON

RT BEAM SCLID STATE

CCONTROL DEVICE

DiSTRISUTION
WAVEGUIDE

RADIATING WAVEGUIDE

~— LATERAL I-BEAM

POWER CISTRIBUTION CASLING

Figure 1.1.5-11 Integrated Klystron Module
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WBS 1.1.5.3.1 Structure and Waveguide

WBS Dictionary
This element includes all production hardware required for the radiating waveguide. distribution
waveguide, subairay support structure and attachment provisinns for subarray components.

Element Description

A typical, four module. subarray is shown (Figure 1.1,.5-12) with all pertinent systems installed.
The elements to be discussed in this section are the radiating waveguide, distributin waveguide,
subarray support structure, and the klystron support structure.

The radiating waveguide. at the subarray level, is composed of 120 waveguide sticks (Figure'
1.1.5-13) that are 10 43 meters long. The method of attaining various numbers of module units
per subarray is to install internal shorts. conducting elements, within the stick lengths and to dis-
tribute rf power with che distribution waveguide sticks to the desired number of waveguide sticks,
for a single klystron. In this manner, it was possible to obtain ten types of subarrays, ranging from
36 to 4 ¥lystrons per subariay (Table 1.1.3-3), to achieve the desired power taper. The integral
radiating waveguide forms a subarray unit 10.43 meters square. which remains unchanged
throughout the array, a1~ - based on realizable mechanical tolerances and acceptable error
plateau levels.

The distribution waveguides feed power from the klystron output waveguide to the radiating wave-
guide. The distribution waveguide sticks are arranged in pairs. cach one supplying half of the rf
power to a given klystron module. There is also an attachment point, at haif of the distribution
stick length. to connect;disconnect the klystron ouiput waveguide.

The subarray support structure is composed of perimeter beams. lateral and longitudinal I-beams
(Figure 2.2.5-12). These beams have a web of 12.0 cm and tlanges of up to 6.0 cm and are bonded
directly to the back of the radiating waveguide. The lateral and longitudinal I-beams form a matrix
with a klystron module being framed within ¢ach box.

Attachment provisions are made on the subarray structure for the klystron support structure. power
distribution hamesses, module power connectors, solid state control devices. and subarray support
to the secondary structure. The klystron is supported. within the module. by a C-beam/saddle fix-
ture that has a support block on cach end for load transmittal into the radiating waveguide. Further
support of the klystron is provided through the klystron output waveguide/distribution waveguide
connection.

The power distribution harnesses are discussed in Section 1.1.5.3.5. The hamesses are supported.
by the subarray support structure beams. with ticdown bands at haif module lengths. At the point
of departure of the cables. from the harness to the module. a connector support attachment is pro-

vided for the module power connector.
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Table 1.1.5-§
SUBARRAY NO. MODULES ARRANGEMENT MODULE DIMENSION
TYPE SUBARRAY OF MODULES W (m) x L (m)
Wxt)

1 36 6x6 1.738 x 1.738

2 30 6x5 1.738 x 2.086

3 24 6x4 1.738 x 2.608

4 20 5x4 2.086 x 2.608

5 16 4x4 2.608 x 2.608

6 12 5x4 2.608 x 3.477

7 ] 3Ix3 3.477 x 3.477

8 8 4x2 2.608 x 5.215

9 ] Ix2 3.477 x 5.215

10 4 2x2 8215 x 5.215
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Provisions must also be made on the perimeter beams, at three points, to attach the subarray to the
secondary structure. This attachment will allow the adjusting mechanism, located on the secondary
structure attachment points, to attach to the subarray structure to facilitate relative movement
between the subarray and the MPTS structure.

Element Mass

The element masses for the element in this section are shown in Table 1.1.5-6. The structural mass
includes attachment and support provision for the subarray. The mass per subarray for the distribu-
tion waveguide and subarray strucutre varies, between the limits shown, depending on the number
of modules per subarray.

Element Cost
The cost estimating factor used for the elements in this section, was 663/kg. This factor covers
both wave, uides and structure at the subarray level using a mature industryv approach.

WBS 1.1.5.3.2 Power Amplifiers

WBS Dictionary

This element includes all the hardware and control circuits for the klystron rf transmitters, namely
the cathode subassembly, the rf circuit (body), the collector, the output waveguide and window (if
required) and the solenoid for beam focusing. Extemal monitor circuits, both dc and rf are also
included.

Element Description

An rf transmitter and configuration of 101,552 - 70 kw CW klystron amplifiers operating at 42 kv
with 45-50 db gain using a compact efficient (82-85%) solenoid wound-on-body design approach
with conservative design parameters (0.15 umpsg’cm: cdthode loading) to achieve iong life has been
chasen. This 5 stage depressed collector design provides a complementary design to the amplitron
alternative. Proposed multiple tube development programs and assessment of high voltage opera-
tion in space will provide the final answer to the transmitter selection. The layout of the basic kly-
stron building block modulc is shown in Figure 1.1.5-14, with the various elements shown. The

6 cavity design. with a second harmonic bunching cavity for short length and high cfficiency, fea-
tures a dual output waveguide with 35 kw in cach arm. Heat pipes at conservative ratings are used
to cool the output gap, the depressed collector and the solenoid. with a design temperature o.
300°C maximum on the body and 5009C on the collector. An MTBF improvement of 3 to 10
from the present value for several hundred spaceborne tubes of 2 years, and best tubes of small
groundbased radar systems of 10 years v..!] have to be realized through conservative design and pro-
per bumn-in procedures. The driver for the final klystron power amplifier will require an output of
about 3 watts cw for a 45 db output amplifier saturated gain. This power level is available in several
oft-the-shelf reliable low power low noise TWT amplifiers which can be driven directly from phase
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Table 1.1.5-6
ELEMENT MASS/SUBARRAY (Kg) MASS, '~ ENNA (MT)

RADIATING WAVEGUIDES 24 1545

DISTRIBUTION WAVEGUIDES 22-63 289

SUBARRAY STRUCTURE 63-120 667
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Figure 1.1.5-14 70 Kw Klystron
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Table 1.1.5-7 Waste lest Sources

-2
SOURCE _LEVEL SUALITY
A KLYSTRON:
%) COLLECTOR 8.5 KWANSIT 500°C
2} CAVITY LOSSES 28 KWANIT 300°C
3N SOLENOID 14 KWANIT 300°C
8 SOULID STATE COKTROL DEVICES WRAMNIT oM C
€.  RADIATING AND FEED WAVEGUIDE 1.0 TO 9.1 KW/SUBARRAY " e125%C
Table 1.1.5-8 Thermal Limitation Assumptions
t 2. ]
KLYSTRON: COLLECTOR 500°C
SOLENOID AND CAVITIES N0°C
SOLID STATE CONTHOL QRCWITS 70°C
STRUCTURES: COMPOSITE MATERIALS

1. GRAPHITE-EPOXY 175°C
2. GRAPHITE—POLYMIDE 260°C
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regeneration circuitry at power levels well below a milliwatt. The driver tube coula be either an ofi-
theshelf low-noise high-gain TWT or a multi-stage tra-sistor amplifier w2}, up to 10 db gain per
stage at this frequency. All phase configuration functions will be performed at low drive levels.

Element Mass
The klystron mass per tube is estimated to be 48 kg, with an additional 18.9 kg for thenmal control.

Element ( st
The mature indurtry mass production cost per klystron has been estimated between $1900 and
$2500 per klvs.ron (1977 dotiarsy,

WBS 1.1.5.3.3 Thermal Control

WBS Dictionary
This ¢lement includes all production hardware required to remove and dissipate waste heat from the
Klvstron modules at the subarray level. Sui zlements include the klyvstron heat pipe radiators, solid

state control device thennal control, and thermal insulation within the subarray.

Flement Description

The two major waste heat sources. at the subarray level. are the collector and cavity solenoid sec-
tions of the kivstron. A small amount of waste heat must be dissipated from the solid state control
dovice., Tables 1137 and 1.1 3-8 List the waste heat sources and thermal imitation assumption
for subarray components.

Heat pipes and radiators were designed to dissipate Klystron waste heat losses. The heat pipe evan-
orators, an mtegral part of the Khvstron, pick up the waste heat tor transter 1o the thermal radiatens
iFigure 1.1.3-15). The thermal radiator has six sections, two sections for ihe collector and tour for
the cavities and solenotd. A cross-brace s used to retan the radiators along two edges. The collec-
tor section operates at S009C and the cavity solenod section at 200°C, A better descrption of the

wat pipe radictors s given in Table 1139,

Even though the themal control system removes the heat released by the Klvstron, a high tempera-
turs stll existed at module components such as sohd state control. power distnibution busses, andd
composite matenals in the structure and waveguades. A lower temperature environment for these
components was provided simphy by solatuing the high temperature sections of the Kivsteon and the
back sude of its themmal radiaton with thermal wsulation ¢ Table T3-10Y The small amount of

waste heat from the solid state control device s dissipated by its own radator heat sink.
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Figure 1.1.5-15 Top View of Klystron Module Thermai Radiator
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Table 1.1.5-9 Kiystron Thermal Control

CAVITY AND SOLENOID SECTION:

COLLECTOR SECTION:

300°C
HEAT PIPE TYPE-1.339 KGM
WORKING FLUID- n,
4 HEAT PIPES # 1.30 KW EACH
RADIATOR — ALUMINUM
~ THICKNESS ~ .081CM
— AREA = 0.432 42 FACH
MASS (EACH) = 3.18 KG

S00°C

HEAT PIPE TYPE — 1339 KG/M
WORKING FLUID - "
2HEAT PIPES & 4.0 KW EACH
RADIAT( [ - CGPPER

THICKNESS = 0.086 CM
AREA » 0.306 M2 FACH
MASS (EACH) = 3.08 KG
MASS/KLYSTRON = 189 KG
Table 1.1.5-10 Thermal Insulation
COMPONENTS: TYPE:
$00°C
COLLECTOR SECTION 9 LAYER MULTIFOIL (J¢ O SPACER)

(RADIATOR & KLYSTRON)

300°C
CAVIT ¢ & SOLENOID
NATIATOR & KLYSTRON)

WAVEGUIDES

- 6 LAYER KAPTON (QUA \TZ NET SPACER)

- 15 LAYER KAPTON (QUARTZ NET SPACER)

- 10 LAYER KAPTON (QUARTZ NET SPACEE‘

MASS/MODULE =

2.80KG
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Element Mass

The major thermal control system element masses were listed in Tables 1.1.5-9 and 1.1.5-10. The
total thermal control mass per subarray varies between 778 kg and 86 kg. depending on the sub-
array power adensity. The total mass of subarray thermal control systems is 00.2 MT.

Element Cost
The cost of thermal control elements was estimated as S1350 each.

WBS 1.1.5.3.4 Phase Control Circuit

The purpose of the phase control circuit for the space antenna of the microwave transmission
system is {0 focus over 96% of the microwave power radiated from space to the rectenna
focated on the ground.

Figure 1.1.5-16 shows the simplified block diagram of the system consisting of a ground and
a sapce segment.

On the ground. a trarsmitter and antenna complex generates a pilot signal which is radiated
toward the space antenna. In space, the subarray elements of the overall space array antenna
receive the pilot signal in a phase cormrespondig to their location relative fo the ground antenna.

By comparing these phases to the phase of one of the subarrays (tvpically the nominally closed.
or center subarray) the phase differences at the individual subarrays arc determined. Then the
relative transmut phase at these subarrays is set to the conjugate of the received phases at each
subarrays. This assures that the downlink signals from all the subarrays are launched in the proper
direction to the pilot signal and armve in phase at the pilot antenna. The correct operation of

the system 15 monitored on the ground by a set of monitor stations.  The output signals from
these stations are used to czlculate fine corrections which may be necessary to compensate second
uider systematic pointing errors due to the transmission medium.

A key function in the operation of the above described system is the determination and the con-
jugation of the relative phases of the pilot sigpats of tne subarra. .. This requires the generation and
distnibution of a reference paase for the conjugators. In the selected system, the reference phase is
the phase of the A, subarray and this phase s distnibuted over a transmission line tree. The
clectrical length changes in these transmission lines are sent back to the next higher level node on
the phase distnbuting network.  This w equivalent to performing all conjugations at the Ay
subanay. In such an amangement. the phase distributing lines are used bilaterally, thus their

line length changes do not aftect the conjugation process.
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Figure 1.1.5-16 Retrodirective SPS Phase Control System
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Figure 1.1.5-17 shows am~ - .iailed block diagram of th: system. The operation of the system
can be explained by f: P'Lw 1g 2 rypical signal through the circuit.

On the ground (Figure 1.1.5-17a) a pilot generator at f{; = 2460 MHz is amplitude modulated by a
nominal f; = 76.5625 MHz ~ 77 MHz. The carrier is suppressed and the remaining f_=fy;- 1) =
2383 MHz and f = fy; + f} = 2537 MHz tones are distributed to the transmitters of three antennas.
These antennas are 10 m diameter steerable paraboloids, which are located in the apexes of a
triangle, approximately 1.3 km from each other snd symmetrical relative to the center of the
rectenna. These aniennas are used for fine positioning »f the beam and larger separation may be
used when a wider pointing range is desirable.

At the pilot antennas a dual transmitter is located, capabie of transmitting each of the uplink tones
at 13 kw level. The actual level and phase of these transmitters can be adjusted in such a manner
that the effective phase center of the three clement array appears to be adjustable from the space
craft antenna. This adjustment is achievad by the pilot location control subystem which is using
input signals from the monitoring antennas of the dowalink beam.

The frequency plan for the phasing circuits is outlir=d in Figure 1.1.5-17b and a detailed description
of the retrodirective system is given in the MPTS Phase 1H Studies.

The operation of the above described system in real life is influenced by a number of practical
limitations which degrade the power transfer efficiency from its ideal value.

Table 1.1.5-11 gives a summary of the considered errors. They can be divided into random and
systematic categories. In cach case phase and amplitude crrors can be distinguished.

-

The results of this error analysis are summarized in Table 1.1.5-1
WBS 1.1.5.3.5 Hamesses

WBS Dictionary

This elemnent includes all productior nardware to provide power distribution at the subarray level.
The subelements in this category include the pigtail connector for the subarray. busing between this
connector and the klystron raodule connector. and the klystron module connector.

Element Description

The conductors on the individual MI'TS antenna subarrays are insulated circular aluminum
conductors. The thermal environment for the coaductors is relatively benign since the klystron
radiater system is designed to radiate away from the waveguide surface. Each subarray conductor is
routed from the interface connectioan at the subarray drop to the klvstron. For reliavility reasons
no conductor taps ar¢ made on the subarray to provide for multiple klystron feeds from a single
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Frequencies (MHz) Circuit Designations Indices
fp = 2450 r = receiver o = reference
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fy = fp/32 = 76.5625 d = i-f diplexer ka = third layer (m = 1, 2,...n3 = 22)
f. = 2383.4375 t = transmitter o oy
f, = 2536.5625 xq = sultiplier G 7
f: = 50.3125 c s 8r, —
fp, = 102.8125 112 | il W -
fp = £ - fp = 36.25 . mKE ¢
fg = fp - f3 = 66,5625 ot “T
fr = f4 - fp = 86.5625 Ci1,m3 a» 4&p
£, - £, = 16,0625 Tizg = 62.5
fa - £, = 16.25 ~ & 111 .
fg - fc = 16.25 .8_£_1_ Ryy
2:3 = 153.125 L
&fy = 306.25 T
8f; = 612.5
&f, Bfy
| g |
wa IO
[
) fa
21y -
N ] 4
21,
el xz Yx2 x8 x4 ) x4 x4
° T
fiL = 1, i1 l‘n fL =t |20
! L.
bt %‘ i 7 ¥
[ SR SR Y fo L I fp
% n St fi11 [Pt

Figure 1.1.5-17b Block Diagram and Frequency Plan of Phasing Circuit for Space Antenna
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Table 2.2.5-11 Numination Errors Affecting Antenna Efficiency

RANDOM SYSTEMATIC
_PHASE AMPLITUDE POINTING AMPLITY
PHASE JITTER (f, £4) TRANSMIT POWER APPROXIMATE {LLUMINATION
CONJUGATION QUANTIZATION
TRANSMITTER NOISE SUBARRAY ROTATION DOPPLER FREQUENCY POLARIZATION
SHIFT ROTATION

CONJUGATOR (5,) ABERRATION

LINE MATCH IONOSPHERIC DIFFERENTIAL

DIFFERENTIALS (&)

DIPLEXER MATCH ATMOSPHERIC DIFFERNTIAL
DIFFERENTIALS (84)

TRANSMITTER PHASING (6p)

DIFFERENTIAL DOPPLER

Table 1.1.5-12 Summary of Losses

1
SOURCE LOSS (%)
RANDOM PHASE 153
RANDOM AMPLITUDE (A0, = .05) 1.34
SYSTEMATIC POINTING (3 PILOT STATION) 14
SYSTEMATIC AMPL . TUDE (8 LEVELS) 31
| RESULTANT 1 0SS ASSOCIATED TO SPACECRAFT ARRAY 3.32, AMS
FARADAY ROTATION (Bonston, WORST YEAR) .48% “AVERAGE"
PEAK.
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conductor. Connectors are provided at the interface connection, of the secondary structure and
subarray, and also at the interface of the harness and the klystron module. This provides the
capability to physically connect/disconnect either the module or subarray for maintenance options.

Figure 1.1.5-18 presents the conductor summary for the four klystron subarray. Also shown in this
figure are per unit length tabulations of conductor mass and I12R losses. All subarray conductor
calculations for subarray distribution mass and losses were computed using these per unit length
values. Figures 1.1.5-19 through 1.1.5-23 present the results for the other antenna subarray types.
Total antenna subarray conductor mass and losses were computed by multiplying these quantities
by the number of each subarray types.

Element Mass
The harness mass for each type of subarray was listed in the tables on Figures 1.1.5-18 through
1.1.5-23. The total mass of hamnesses for an MPTS antenna is 35.9 MT.

Element Cost
The cost estimating factor for the harnesses is the same as that given in the Part 2 final
documentation, 435 S/kg.

WBS 1.1.6 Assembly and Checkout

WBS Dictionary

The Assembiy and Checkout functions include assembling and packaging of SPS hardware fora
launch to low Earth orbit, installation of the individu il payload packages into a payload pallet. and
ground checkout prior to packaging and prior to launch as applicable. This function doss not
include the assembly and checkout of the SPS modules in space. That function is separately
covered under the space construction work breakdown structure element.

Description
A description for assembly and checkout was not developed.

Mass

Mass of payload packages and pallets was estiniated as 11% of the mass of contained useful payload
on an average basis. This 117 estimate was included in calculations of numbcers of flights for the
transportation system. (The useful payload was considered to be 907% of the launch vehicle gross
payload lift capability.) Payload pallets and payload packaging provisions are considered reusable:
they are returnable to Farth by tl.e launch vehicle, except tor solar cell boxes which remain
attached to the SPS to protect solar cells during the transit to geosynchronous orbit.
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Figure 1.1.5-18 Four Klystron Subamay Conductor Summary
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VOLTAGE  TOTAL CURRENT
21,050 —
42,100 0528
21,060 0.204
o | o | o mm
/ 20470 0924
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40,000 a2
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Ly 4934 M
O O O
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Figure 1.1.5-19 Six and Eight Klystron Subarray Conductor Summary
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VOLTAGE  TOTAL CUR’ .NT
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Figure 1.1.5-20 Nine and Twelve Klystron Subarray Conductor Summary
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VOLTAGE TOTAL CURRENT

21,050 —

O 42,100 1.408
21,050 0.704

25,160 1.408
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37,890 5.280

40,000 32312
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COMMON 111.496
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16 KLYSTRONS 4X4

VOLTAGE TOTAL CURRENT
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i e 100 200,000
COMMON 143.120
lo LT = 166.566 M
Wy = 740 Kg
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Figure 1.1.5-21 Sixteen and Twenty Klystron Subarray Conductor Summary
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Figure 1.1.5-22 Twenty-four and Thirty Klystron Subarray Conductor Summary
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Figure 1.1.5-23 Thirty-six Klystron Subarray Conductor Summary

Cost
A 57 blanket allowance was applied to applicable SPS items for packaging., assembly and checkout
Costs.

1.1.7 Initial Spares

WBS Dictionary

Initial spares arc those spares supplicd with the SPS as initially purchased to provide an adequate
spares base to accomraish the construction and the initial checkout job, The quantity has been
estimated as 27 and was costed as 277 without a specific breakout as to how many spares ot what
type.
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PRECEDING PAGE RLANK NOT FILMED
WBS 1.2 Ground Receiving Stations

WBS Dictionary

The SPS ground receiving stations include all functions required to receive e power beams, con-
vert them to gnd-compatible electric power, and provide ground control of beam formation, aiming.
and power. Whether the ground receiving stations would be responsible for SPS flight control has
not been determined.

Description

The design of the ground station is a combined effort by The Boeing Company. Raytheon (Wall-
tham). and General Electric Space Division. Each receiving station includes the land area. rectenna
(rectifying antenna). grid interface equipment. and control and communications systems. The land
sites are 13.18 x 18.7 km (nominal. at 35° latitude) and each rectenna proper is 9.885 x 14 km.
The output power of 5000 megawatts is delivered through five 1000-megawatt transformer stations.
Several rectenna configuration optiorns were evaluated. The tilted-panel configuration shown in
Figure 1.2-1 was retained as preferred concept.

Mass
Mass estimates were not made.

Cost

Land and site preparation was estimated as S5000 acre based on Bovay estimates (vontract NAS9-
15280) of $1500-4000,acre. with additions for agriculture in the perimeter area not covered by
rectenna.

Cost Summary

Rectenna costs were based on Bovay Engineers estimates for structure and installation. Raytiicon
estimates for the RF hardware and ground planes. Boeing and GE estimates for RF diodes. and GE

estimates for power processing and grid interface.

The structure used Bovay #4 (see below, WBS 1.2.3). which is approximately $19.3 m- (of panel
area). The panel area is 76.7 km-.

Land was estimated at S5000 acre for acquisition and site preparation.

The «F assemblies were estimated at 3¢ each. with cach dipole element receiving 70 cm= of beam
area. A total of 10.96 billion elements and diodes are required.
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Figure 1.2-1. Tilted Panel Rectenna Configuration
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Diades were estimated from I¢ to 2 each by GE and Boeing. A figure of 2¢ was used. Distnibu-
tion busses were estimated at $57 million. i'he command and control system was extimated at $53
million. Power provessing and grid interface costs were estimated as $674 million.

A summary follows:
Cost mithons of §

Land 47.800 acres 120
Structures & Installation 1.480
RF Assemblies & Ground Plane i
Diodes 219
Distnbution Busses §=
Command & Control Center S5
“Bare™ Rectenna Total T30
Power Provessing & Grd Interface o 4

Vhese 1= wires are for one recening site. The 10.000 megawatt SPS requires two receving sites.
WBS 1.2.1 Real Estate

WBS Dictionary
This element inchudes the land arca for the ground recaving stations and all site preparation.

Description

The Tand arca requitement was asumed to be equivalent to the SPS power beam tootpnant on the
ground.  The size i nominally 13I8~ 187 km. cliptizal, but vanes with latitude. That portion of
the Land area not used for active rectenna clements may be planted in grass or forest (as s appropr-
ate to the chmate) to minimize reflection of the outer fringes of the microwave beam. The beam

. Yy . .
mtensty i ths region will be less than T mw cm=. The entire recenvang site will be teneed.

Mass

Not applivable.

WBS 1.2.2 Control and Communication
Flectronie svstems are provided which cause the spacetenna to generate the required coberent beam.
The ground-based power of thus swstem consists of beam monitonng svstems and a pilot transnus-

ston svstem, Gratmd-based systems tor control of satellite operations have not been imveatigated.
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WEBS 1.2.2.1 Phat Control System

On the ground the position of the received beam is monitored and the ¢ffective phase center of
tnangularly configured pilot anfenna array is vaned in such a way that the beam center is kept at
the center of the rectenna. The uplhink frequency is baselined as 2460 Mhz (to provide separation
from the down hnk frequency o 2450 Mhz). Three pitot antennas would be spaced approximately
two kifometers apart within the rectenna area. Four monitoring antennas would be provided. as a
minimum.

WBS 1.2.2.2 SPS Operations

A detailed analysis of SPS operations has not been performed. However, on a preliminary basis it
appears that all ground systen. operations can be performed automatically. This does not include
system maintenance such as the replacement of rectenna panels. The modular configuration of the
rectenna allows load following and tacilitates maintenance. The power collection and distnibution
system is descnbed in section 1.2.4.3 theough 1.2.4.0.

8
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WBS 1.2} Rectenna Primany Structure

WBS Dictionary

This element includes al! support structure for the active rectenna.

Description
The structural design selected was Bovay #40 Tos dlustrated w Pygure 1231 ovcerptad trom the

Bovay report

Mass and Cost
Mass and oot estimates were adapted from the Bovay Repott, Contract NANE IS IR0 sammaneed
m Lable 12341

WEBS 124 Faergy Collection

WEBS Dictionan

The tectenna enerey collevhion syatem meludes allactne clements of the RE-DU comeraen satem
dipoles, flters, duades, covironmental shields, ground planes, and any mtesral bussing The encney
collection svatem was detined by Ray theon under sabvontiact and o docamented u the Phase i

MPUS report (Book IV i detad

The rectennd size optunzation was developed on the bass of anmproved o de clitceney maded
did A revtenng revenus e m': parameter beyond which collechion was mantinel Thempleaents
ton of such a svatm o will require further defnution of how bost o concentrite cnomy on the
dipolte, such as the use of the “hogline™ antennas, or methods of clhventhy paratiching dipoles o

dindes
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Tabile 1.2.3-1

TRICAL CONDUCTION QUANTITIES FOR ONE 96 FOOT SECTION.

1422 LBS. ALUMINUM SHAPES @ $1.50

10377 LBS. LIGHTGAGE STEEL ©€8.36

13277 LBS. STRUCTURAL STEEL @ $.42

2 EACH CONDUCTOR INSULATION MOUNT @ $5.00
1 EACH CONDUCTOR SLIDING MOUNT @ $8.00
JEACH 20X 5 LG. FTG. @ $50.00

JEACH4 0X 7'~-6" LG. FTG. @ $200.00

1 EACH JUMPER CABLE @ $30.00

5% CONT.

10N PROFIT

4140

SYSTEM NO. &4 STEEL FRAMES ON 32 Fr. CENTERS, WITH 13 LIGHTGAGE
STEEL PURLINS AND ONE ALUMINUM PURLIN AND SPANDREL FOR ELEC.

[

$ 2133
3.7136
5576

10
8
150
600

30

$12,243
612
12,855
1.286

$14.140

. ] .
i COST/SU. £T. = ~57g57 = $1.80/SQ. FT. GROUNDPLANE - $19.32M2

o
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The rectenna concept utilizes a weather poool matohed dipole configuration shown in Figure
1241, which is ameendable to mass production.  All materials required are readily available and of
fow cost. The mechanical design s amendable 1o hughly automated production. Using the pre-
viously proven rectennas construction methods from the JPL Raytheon tests, a more efficient two
plane design format has been developed (Fig. 1L.24-2). An actual complete section has been evalu-
ated in r.d. tests and is shown in Figure 1.2.4-3, The metal shield is used to provide iovironmental
frotection as well as provent direct sadiation of harmonw power. Abso, the do vonverting bus forms
part of the filter and 1§ cectification cirenit,

An Artists’ concept of a moving rectenna factory is shown in Figure 1,244, Matenals brought in at
one end of the factony ae basic ingredienis 1o high speed sutomated manufaciure and ssembhe of
roctennag pancls whach How contimonsly Trom the movisg factory, The detals of the manutfacin-
ing process are given i the MPTS Phase 1 study report. which abso inclades 3 discussion of the
mpact of structural loadmes

1.2.4.1 Ground Planes

The two plane desipn consisix of the sctive recening dlements end g reflecting plane, or ground
plane.  The retlectng plane need only be ametallic modd with sutable spacing relaline 1o the wave
length. Reter 1o Figure 1.2.4-2 for the fonm and focaton of the ground plane.

Use ot 4 mesh allows passage of the wand, ram, soow ., ete, to reduce strocrural loading,

1242 R F Asemblios
Yhe toveplane contams the lalbwave dipolesithe mput wonve Blferd the rocihivation Givcid, the
sitoothing capavitam e, and the DU power vollection and bussing Tunction. Figure 1.0 48 shows
the eleciocal format of the foreplane. Preure 12 423 showed o phssical embodunent of a section of
foreplane constiction as debimed o Freure 12 B3 wuh the addition of adueld. The Toreplane
shomn e bone B0 404 b beon thorsuahby checked ont electically (Section 5 5 of Reference D
{ found 1o becqual m ol ndy W that of the three plane construction. Figure 12422 showal
how the toncpdane Can beantegralod with the reflochmg sorven te tors the pugor poction of the
recienna shncture. 1 o found that the metal shield placed Over the avtive portion of the rectenm
to shisedd of Troon the envirommcnt anad 1o provent diveot mdiataon of lamonie power from the meetr
er ciramt con Bunchon very salndactonhy as the Borzontal load beanng member of the rectonna

12420 Bipeles

Foo dipodes are fomed of abumisom wive as shown in Bigure 1.0 40
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DIPOLE ANTENNA ; \
DC BUSS AAR
2 SECTION LOW PaSs .
MICROWAVE FILTER INDUCTANGE BVPASS. CAPACTTANCE
TO RESONATE AND OUTPUT FILTER

HALF WAVE STHOTIAY
BARRIER DIODE RECTIFRER

RECTIFIER TIRCUHT

Figure 1.2.4-1. Cutaway section of the three-plane rectenna approach used in the RXCV at JPL's
Goldstone facility showing how the recienna elements plug into the array,
Although this approach was satisfactory elevtrically, it is conplicated from a
fabrication point of view. A greatly simplificd mechanical approach is the
two-plane system which preserves all of the desirable electrival properties of the
three-plane system,
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REFLECTING SCREEN

./f - . Mﬁ“xf'

ENVIRONMENTAL
SHIELD

Figure 1.2.4-2. Drawing of the two-plane rectenna construction format consisting of a reflecting
screen or ground plane and the foreplane which contains dipole antenna, wave
filters. diode rectifiers, and bus bars - all protected from the enviornment by a

metal shield.

16 11134

Figure 1.2.4-3. Completed rectenna foreplane assembly consisting of metallic shield and the core
assembly of five rectenna elements. This section has been substituted for a section
of the three level construction in a rectenna and found to perform as well.
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Digure 1.2.4-4. Artist’s Concept of Moving Rectenna Factory
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Figure 1.2.4-5a. Schematic of the foreplane of the two-plane rect-nna showing the arrangement of
half-wave dipoles, input filters, and Schottkybarricr rectifying diodes. Two-wire
Transmission lines are used for both microwave circuits and carrying out the DC
power cu.ected by the armay.
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Figure 1.2.45b. Schematic electrical drawing showing how the sections of diodes representing the
rectenna elements within a long length of foreplane nre connected in parallel and
series to build up to the desired output current and voltage levels.
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1.24.2.2 Girvuitey
Retes to bigure 1.2 4-5 tot the ckevtnal cicuit of the rectenna pancls Pancl misoonnechions are
descnbed insecton 1L 2.4 3

1.24.2.3 Shields and Covers

Vhe desggn shown in Figore 12 43 sttongly suggests that the metal hichd that s essennal to the
clectneal andd environmental devgn can ahe function as the prncipke load-beanng honzontal sroc
tural member in eithor o Nt v sertated soctonna. s the purpose of ths section te make an ansh-
ais of this shuckd s the hotzental structural clement and toadetemune the thackhiness ot the sheet
metal from which 1t tabncatad ax g tunction of length of span between Laeral suppant and the
winidloading or other loadmg mnpressed upen it OF cony = *he vosd of the member »oacarth pro-
portional to the thickonews of the matenal, o that the thicknes patameter o an important one.

The shape and size of the sisehd shownan cronosecton i Figaie 1047w detennmad by a numba
af taton  The depth of the heam » Jetemuned by the necosany distanee of about one invh
hotween the halt wave dipole anfeanax and the weilecting soreen and the methad of assembling the
shield to the wreen. The asombly of the beam (o the soreen ooamportant bat the ophions on haw
tode it awe severeh Tamted By mabang the shiekt deeper amd sserimg ot mto tolds i the saeena
secure, fast, amd cvoncical avembly can result wiluke abo provehing the beam with greate i rength
because of the gicater dopth The wadth of the shaeld o Lagely deteonmmed by the phvaccal veze o
the vore asembhy and the Rgquirement tor opertating the core asembly at some potential e el
from grouind The thacker the assembin the maove wall be the waind resstance. The ticknes ot the
member o made constant thioushout by depth to pronade owath hugh toraonal resntanee 1t the
top sind bottem members o the shickd e qunte than, they can be gnen wesiatiee te buch b nndes
ey by dermnag batenal grooves i the matenad

-

Althoush the dimestsions aaaened fo Faiae 1247 may be somewhat arbitiany . they are quite
eprosentatnge of what the deagn will probabhy be wath thas approach. Wath the asamad dunen
sians the nential anve s towmnd o be at i el amd the moment ofinertn g s tound o be 8303

Lowhere U the thickness of the matenad
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Figuse 1.2.4-6.  Proposed method of continuous fabrication of the core assembly of rectenma
clements. Top and bottom members are continuously {ormed from {wo rolls of
flat wire to the left of the assembly. Details of the above drawing have been
superceded by 3 new design shown in Figure 1.2.4-2,

~NEUTRAL AXIS

H
1
f WA ARRL AR CRE DALY

------

to
e v T A TR R R
0.200 —»¢ {-e %
., - 1.200 — “_w;-l
o — 1.450 e
i 1.960 — e 2

Figure 1.2.4-7. Proposed design of the shicld for the foreplane assembly. Design consists of
three parts. The parts are continuously assembled to cach other by rolling over
flanges left on (op and side pieces, after the parts flow around and enclose the

core of the foreplane.
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1.2.4.3 Power Collection

Tite rectenna intervepts the RF radiation of the PSS and coaverts this RF power to usetul utility
power. for public or industry consumption, nearby or far from the rectenna stnwcture.  The size and
configuration of the rectenna is determined by the PSS radiated beam which is detemined mainhy
from the amount of tadiated nower, the safe radiation densitics (on earth amnd tn the \onosphere)
and the economy of power collection (as determmned trom the RF collection ettictency, the conver
sion efficiency of RE aad the installation expenses). It appeans at this tme that the aonunal size of
10 km ror the rectenna radtatic. seam s the most feasible dimension for collectmg 3 GW of power
at 245 GHz. Such a configuration comphizs with the previoisly mentioned constramts at man-
mum power deasity of 23 mw cm: and with nummal atmosphene attenuation ottects; expecially at
extreme weather conditions, with dveasional 1an, at the northem part of the globe.

The use of 5.8 GHz s attractive from the view point of smaller size for the rectenna structure. The
advantage, however, s offset by the neardy sux-fold increase i the omaxas RF fiekd densaty . same
degradation in the end-end efficiency, somewhat higher ran attenuation levels, and fexs total
revenue. This asalyvsis, as well as the atmosphene amd tonosphenc effects on the radation beam are
elaboratad in the Phase 1H MPTS document

Included within the rectenna structure s the groumd sepment of the retrodirective phase control
hak which inchades separate RE fsanv-receive ground stations which are desenbed in phase control

section of the referenced doument.

The rectenna is composed basically of 1 MW panels which are grouped together as shown i b
1.2 3-8 (described in 1244 below),

1.24.3. 1 Lavout of Rectenna Fanels for RE Collection

The receiving rectenna elements fovaliy absorb the RE radation of thew small apertine area amd
deliver s converted DXC version 1o the tocal unit DU buss bars. In this way the accumulated DC
power woukld be wndependent of the toval phase front of the RE recenved power of the srdnadaal
RF clements. The sze ot the paneh whach carry the RE elements s determned by the shadowing

diTraction ettects which modity the RE field Tevels snolient on the comecutng panehs

Fhe lavout of the pancel configurations soshown o Figare 1.2 490 A hugh lantudes, s abwans

structurally destrable to have latee values for H which tramslates to lamee values tor K0 On the otha
hand, the JuTrac ton omtations restonet the salues of Hoand makes it deosirable to have tlag rectonng
structures which s casdy achuevable at fow lattude locations of the rectennae Thas hauds, howaever,

the width of the collecting pancis at lagher atitnde lovations.
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Figure 1.2.4-9. Layout of Rectenns Panels
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1.24.3.2 RI' /DT Conversion

The RF/Du conversion occurs right behind the radiating elements using simple detection Schottky
banier diodes. These are back biased, by the buss ba: generated DC voltage, which allows conduc-
tion of RF charging current pulses only in small portions of the RF oscillation cycles. Randomiza-
tion of RF phase at each RF radiating ekment would randomize the charging pulses and avoid
accumulation of RF ripples which can be wasted by radiation on the DC buss bars (which reduces
the RF/DC detection efficiency). Fortunately this is the situation of tire rectenna phase front
after passing through the ionospheric and atmospheric layers which is also sequentially phased by
the need ror using a flat rectenna. where the radiating elements are arrayed in a plane tilted from
the plane of the unperturbed phase front.

The optimum efficiency of the rectifying elements is attainablc at specific RF density levcls and at
specific DC load levels. The matching DC load increases for low RF density levels. which makes it
needful to use different elements at different locations of the rectenna. Higher impedance elements
are needed at the rectenna edge locations which is concomitant with the need to array more parallel
elements to reach specific power levels. The receiving aperture cross-section area of such an element
is approximately 30 cm. The conversion efficiency of the clement is averaged to be 8%, with 86'%
efficiency at the preiphery of the rectenna at power levels of approximately 1 mw/cm-. and 94"

at the center of the rectenna at power levels of 21 mw/cm-.

The RF/DC converters are arvayed in units of 1 MW at a DC voltage of +2 kV. These again are
arrayed to form 2x 20 MW primary units at the same DC voltage. The DC efficiency of ammaving to
the level of 40 MW units at £2 kV is evaluated to be 977, which leads to total RF/DC efficiency of
approximately 857,

All the primary units of 40 MW along a radial line of the rectenna are locally converted to utility
power levels and the power flow is directed radially to or out of the center of the rectenna.

1.2.4.4 Local Busing

The collection of the outputs from the 1| MW primary units is done into blocks of 40 MW. Thisis
shown in Figure 1.2.4-8. Two 20 MW power blocks ecach with £2 kV is connected in parallel to one
converter station. The DC cables will start closest to the periphery and run radially to the 20th
primary unit in each block and then to the converter station located at the midpoint closest to the
center of the rectenna for each 40 MW power block.

The 2 kV DC cables will be run in conduits and tapered to allow for the increasing current levels
approaching the converter station.
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1.2.4.5 Distributed Processing

Conversion to AC is performed in a total of 125 40 MW converter stations. The converter stations
are shown on the diagram in Figure 1.2.4-8 The reactors shown are stuoothing reactors for the
purposc of reducing ripple currents.

The voltage-current characteristic of the rectenna, over the range to be considered, can be described
a2 a constant power rectangular hyperbola. At high voltage and low current, an automatic short
circuiting device or “crowbar™ will be provided as an integral part of the rectenna. Likewise at the
low voltage. hich current end. the characterstics will be terminated by a short circuit. The only
usable portion of the curve is the immediate vivinity of the rated voltage point as shown in

Figure 1.2.4-10.

The inverter in the converter station is an ¢lectronie device capable of several modes of control.
The linecommutated inverter is chosen for the SPS system and the inverter will operate in a
constant voltage mode. 1t is not possible for the inverter to affect power throughout. It is
therefore the goal of the control system and mode of operation to provide reliable operation at as
optimum a power factor as possible.

In addition to the constant voltage portion of the corverter charactenstic, a constant extinction

angle () cunve will be provided as a back-up dunng contingencies of low AC hne voltage.

Figure 1) 411 desenbes the converter control i block form. The “regulator” is seen feeding a
transducer T which converts a voltage into an angle (or timing) tor the fining pulses to the

thy nistors of the converter badge circut.

A DO voltage sensor provides a measure of tne actual voltage which, when compared wath the
reference voltage (ko) provides the error signal for the regulator. This automatic voltage control

loop is the pnmary controf of the converter.

AC hne current and AC hine voltage are measured (as shown) and a relative timing signal s
developed wluch results in measurement of extinetion angle . This quantity is compared to the
extinction angle reference amd the resulting error signal passes to the regulator and holds the

vonstant y cunve when conditions are such that constant voltage cannot be held

A branch in the 3 quantity is shown passing through a deadband controller and atfecting the toad
tap changer on the prman of the transtformer. Fhis forees the converter to operate in the steady

state at s optimum control pomnt and compensates for vanations in AC system voltage,
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Figure 1.2.4-10 Converter Characteristic
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Figure 1.2.4-11 Converter Control Block Diagram
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1.2.4.6 Grid Interface Provisions
The converter thyristor bridge vircuit teeds altemating curent to the convester transtormer which
steps the voltage up to 69 kV to 60 Hz.

Filters connected to the AC bus absorb current harmonics generated in the converter. The AC
wave shape is thereby kept within acceptable harmonic content limits lor the utility grd and
associated plant equipment.

The converter station output, at 69 kV and a maximum current of 300 amperes is transmitted by
underground cable to the transformer station as shown in Figure 1.2.4-12

The converter station, once conunissioned, operates automatically, All switching, startup and
shutdown are directed and monitored by a smalt computer system in coniunction with other
converter and station control ¢guipment.

Since the rectennas are constant power devices and the DC/AC converter can in no way affect
power flow, the control of power can be applied on the DC side. This means that either the RF
Tevel must be controlled at its source or the number of rectennas connected in paratlel must be var
ied. Circuit breakers provided for rectenna protection can also be used to add or remove units in

order 1o control power, but not on a continuous basis.

The collection transformer station gathers the power output of 5 converter stations, connects
these circuits into a reliable switching arrangement, and transtorms the AC power from 69 KV up to
230KV, This s done by physically and electricaily arranging and connccting standand clectrical
cquipment into the desired conhguration. The clectnical configuration provides rehiability by u
“breaker amd o hatt”™ scheme 69 KV switchyvand, A single contingency outage van be sastained in
the 69 KV switchyvand without Joss of power output capability. To provide compensation for the
inherent lagging power factor charactenstics of the converter valve and trmastormer equipment ong
100 MV AR syachronous condenser is connected to the 09 KV bus. The synchronous condenser
rating is chosen to alfow syachronous condenser maintenance on adjacent collection: transformer
stations without curtailing power autput.
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The step-up switching station receives the output from five collection, transformer stations at
230KV and transfonms the voltage to SO0 KV, The “breaker and a half™ scheme emploved can
sustain any single contingency 230 KV switchyand fault without reduction in station output. The
sclection of the voltage level for the ultimate bulk power transmission intertace with the utility gnid
as well as tae rosuablity of mterconnecting two or more of the 1000 MW switching stations together
should be optimized based on detailed information about the connecting utility svstem. The
sulution shown in Figure 1.2.4-12 is one of several possible.

200MW 1000MW
COLLECTION/ TRANSFORMER STEP-UP - SWITONING
STATION STAYION
3 Tora) 2300V (3 TOTAL)
OVERNEAD LINES
o (23 TOTAL) S00AV
BLOIK - D -~
{’s ToTAL} J- A . ! E-
N Lgo ey vl \a—f-[\c}f- ;
3 €V [CAmLE 3 f_-2xav __} E_\Oj___
- i i t i
CONVERTER N} f.l.\{}—'.[\c}.f y - l.\{).fI\D,f.‘

STATIONS i “se ) -
(28 YOTAL)
-\Df‘l\uff\{}f'-«}w -G~ ————

_\Dfl\Dx:I\c}x'.* ”\D'/l‘\DjT\D/"
T
AJX LOADS

Figure 1.2.4-12, Ground Power Collection
and Transmission System
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WBS 1.3.0 SPS SPACE CONSTRUCTION AND MAINTENANCE

WBS Dictionary—This element includes all space facilities. construction and maintenance equip-
ment, crew habitats, and the in-space crews.

Integrated Space Operatiors and Maiatenance Concept Description

The integrated construction. maintenance and trasnportation operational concept for Low Earth
Orbit (LEO) construction of the CR=1 photovoltaic satellite is shown in Figure 1.3.0-!. Space
operations crews and all hardware and consumables required in space are delivered to LEO by
launch vehicles. The crew launch vehicle was assumed to be an improved space shuttle with the
solid rocket boosters replaced by a reusable liquid propellant booster. The cargo vehicie is a two-
stage wing-wing vehicle capable of delivering approximately 400000 Kg of payload per flight. Crew
flights occur every two wecks while three cargo vehicle flights are required every two days to each
construction facility for the case of constructing one 10 GWe satellite per year.

The LEO construction basc is nominally located in a 478 Xm circular orbit at 310 inclination. This
base houses a crew of 480 with overflow quarters for transients. e.g., those crew members awaiting
transportation to some other location. The primary purpose of the LEO basc is ~onstruction of
eight SPS power generation modules and two antennas. The satelliie construction timeline is shown
ir: Figure 1.3.0-2. The base also serves as a staging depot for orbit transfer vehicles used to carry
construction and maintenance crews, crew supplies and replacement parts to the GEQ base. A con-
struction crew OTV flight to the GEO base normally occurs once every three months. Maintenance
crew and replacement components are also transferred to GEO every three months.

The satellite modules are equipped with electric propulsion systems and tlight control systems for
the self-powered trip to GEO. Figure 1.3.0-3 shows a typical module arrangement as configured for
the transter. Thruster installation are located at the module comers fer maximum control author-
ity. Propellant tanks are located at the center of the module. Although the propulsion system is
primarily solar-clectric. some chemical (LO>/LH?) thrust capability is also provided so that control
authority can be maintained while flying through the Earth’s shadow and during periods of high
gravity gradient torque.

The GEO base is used for final assembly and maintenance operations. The final assembly operations
include module berthing, antenna placement, and deployment of solar array. The maintenance
operations tnclude refurbishment of failed SPS hardware. The GEQ base is also used as a staging
area for the satellite maintenance crews, mobile habitats spare parts (LRU’s) and their orbit transfer
vehicles. The GEO base houses 60 final assembly crew members and up to 240 SPS maintenance
crew members.
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Figure 1.3.0-2  Photovoltaic Satellite LEO Construction Timeline
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The maintenance crews are dispatched from the GEQ base in an QTV-propellied crew module along
with an OTV-propelled replacement parts module destined tor an operational SPS that is scheduled
for regular maintenance. The maintenance crew will visit cach SPS two times per vear and will
spend Tour days replaang defective components before returning to the GEQ base or peoceeding to
the next SPS.

Construction Cost Summary
Construction costs include amorthization of the tacility and equipment and its transportatton, crew
operations and support, and construction crew transportation. Values shown were obtamed from

the Part H final report. Vol. 6, except for crew trunsportation cost,

Costin

Millions
Construction Base Amortizaion 6Us
Crew Support and Operations M3
Total direct Hiow
Urew X Supplies Transportation (543
Total Related te Construction tlesdy

NOTE Crew anmd supphies transportation is reported as a space

transportation cost in the overall cost summuany .
WBS 1.3.1 Low Earth Orbit Construction Base and Operation

WBS Dictionary
This clement mcludes the facthty framework, crow modules, work modules, cargo handimg distob-
ulion sy stems, base subsvatems, construction cquipment and nuintonance provistons that comprise

the fow barth orbit construction base

Summary Description
O construction base tor the photovaltae satellie consints of two interconnecting tacihitios.
o the tacthitios s used to construct the module and the other is used to construct the antennas

shown an Frgure T30 and 1.3.2,

The madule construction facihity s an open<aded stracture which altows the 4-bav-wide module to
be constructed with onhy tongitudinal indexmg. There are two sets of intemal working bans The
At bays Lre used for structural assembly using moving beam machines and crane manipulators
attached o Foth the A7 leveland DY levelsurfaces of the taaility. Solar array aod power distr-

bution compeaents are instatled from equipment located on the “A™ level in the forwand bavs. (In
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Part 11, the solar arrays were deployed from the “D” level of the facility. Cargo movement con-
siderations led 10 relocating this operation to the D" level). The satellite module is supported and
indexed by movable towers located on the D" level of the facility.

The antenna facility is located with respect to the module facility in such a way that the antenna is
constructed at alocation where the completed antenna can be mated to the voke without any verti-
cal movement. The antenna construciion facility (also shown in Figure 1.3.1-2) is configured in an
opcn-ended structure that is five antenna bays wide which allows the antenna to be constructed
using both lateral and longitudinal indexing. The two end bays arc used to assemble the primary
structure and the inner bays are used to deploy the secondary structure and subarrays , and to
install the power distribution system and maintenance gantries. Construction equipnient operates
from both the “B” and “C"” levels of the antenna facility.

The antenna facility concept has been changed from that shown in Part 1 to reflect the “A” frame
(Vee Ridge) primary structure of the antenna described in Section 1.1.5.1.1. This new antenna con-
figuration was chosen as a result of the maintenance analysis which shows that this primary struc-
ture provides better access for maintenance than other altemative structures.

The module construction scquence for the structure. solar array and power buses begins with build-
ing the first end frame of the structure. This completed end frame is indexed forward one struc-
tural bav length. Machines can then form the remainder of the structure in ¢ach of the bays.
Figures 1.3.2-3 and 4 show how the beams are assembled. The first row of four bavs is then
indexed forward to allow construction of the second row of structural bays in parallel with instal-
lation of solar arrays in bay | through 4. This scquence is shown in Figure 1.3.1-5. Solar array
mmstatiation and construction of structui. occurs simuitancously across the width of the module.
although neither operation depends on the other. At the completion of the 16 bays (four rows of
bays in length), the power buses and propellant tanks are installed. Construction of the structure
and installation of solar arrys of the remaining four bay lengths of the module are done in a similar
manner to that previously described. Thruster modules for the self-power system are attached to
cach of the four comers of the module. An annealing device gantry is installed on each module.
The module construction timeline is shown in Figure 1.3.1-6.

Construction of the antenna takes place in parallel with module construction. The first antenna
is completed during construction of the fourth satelhite module: the second antenna is completed
with the cighth module. The antenna construction sequence is shown in Figure 1.3.1-7. The
antenna is indexed laterally through the tacility one bay at a time. When a full width of bays is
constructed the antenna is indexed longitudinally out of the facility so that the neat strip of bays
can be assembled. When the antenna is completed. it will be located at the proper position so that
it can be mated to the voke. (sce Figure 1.3.1-9 in Section WBS 1.3.1.1)
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Figure 1.3.1-3  Frame Assemoly
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® INDEX 1 BAY LENGTH & INSTALL THRUSTER NEXT ROW OF STRUCTURE
MODULES ® INSTALL BUSES AT END OF 4th ROW
A INDEX 1 BAY LENGTH AND PROP. TANKS

® WNDEX Y BAY LENGTH
® INSTALL SOLAR ARRAY CONTAINERS
& FAR STRUCT
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As shown in Figure 1.3.1-8 the yoke for the antenna is constructed in the module construction fac-
ility because of its large dimensions. This requires the yoke to be made between the thind and
fourth module and between the seventh and eighth modules. Following yvoke construction. it is
moved to the side of the module facility. At that time. either the fourth or the eighth module will
be constructed. During the construction of these modules. the antenna is completed so that it can
then be attached to the yoke. After five bays of either the fourth or eighth module have been com-
pleted. the antenna/yoke combination can then be attached to the module in its required location.
Construction of two more rows of bays pushes the antenna outside the facility where it then can be
hinged over the module for its transfer to GEO.

Mass Summary
The mass of the LEQ construction base is summanzed in Table 1.3.1-1.

Cost Summary
The cost of the LEO construction base is summarized in Table 1.3.1-2.

Crew Summary
The crew size at the LEO construction base is summarized in Table 1.3.1-3. The ¢rew scheduling
concept that was used was as follows:

90 day staytime
6 days on/1 day off per week
10 hours work shift per day (5/1/5/13 work-rest cyele)
2 shifts per day (2 crews)
7% operator productivity factor

WBS 1.3.1.1 Facility

WBS Dictionary
This element includes the LEOQO base facility framework. crew modules, work mod+ies. cargo hand-
ling‘distribution system. and base subsystem.

Element Dictionary

The general arrangement of the construction base has been deseribed in Section 131 In summary,
the basc is divided into two major facilitics with one used to construct the satellite and the other to
construct the antennas.

The overall construction base is shown in greater detadi in Figure 1.3.1-90 The principal el ments of
the base include the structural framewodk, cargo handling and distribution system, crew maodules

and basc subsystems
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Table 1.3.1-1 LEO Construction Base ROM llass

FACILITY

FRAMEWORK

CREW MODULES

CARGO HANDLING/DISTRIBUTION
BASE SUBSYSTEMS
MAINTENANCE PROVISIONS

CONSTRUCTION AND SUPPORT EQUIPMENT

STRUCTURAL ASSEMBLY

ENERGY COLLECTION/CONVERSION INSTALL.

POWER DISTRIBUTION INSTALL.
ANTENNA SUBARRAY/SEC. STRUCT INSTALL.

CRANES/MANIPULATORS
INDEXERS
DRY TOTAL
CONSUMAELES {90 DAYS)
TOTAL

INCLUDES 33% GROWTH ALLOWANCE.
OTHER ITEMS DO NOT INCL. GROWTH.

{(270)

(5870}
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Table 1.3.1-2 LEO Construction Base TOM Cost

$108
FACILITY (3465)
FRAMEWORK 350
CREW MODULES 2870
CARGO HANDLING/DISTRIBUTION 330
BASE SUBSYSTEM 15
MAINTENANCE PROVISIONS -
CONSTRUCTION AND SUPPORT EQUIPMENT {1310)
STRUCTURAL ASSEMBLY 350
ENERGY COLLECTION CONVERSION INSTALL. 165
POWER DISTRIBLT'ON 75
SUBARARY INSYAL ¢, 80
CRANES/MANIPULATORS 560
INDEXERS 8n
BASIC HARDWARE 47785)
SPARES (15%) &) 718
INSTALL, ASSY, €/0 (16%) 165
SE &1 (7%} 335
PROJ MGT (2%) 95
SYS TEST {3%) 145
GSE {4%)
TOTAL (7020)

D % OF BASIC HARDWARE
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Table 1.3.1-3 LEO Construction Base Crew Size Estimate

$PS 1455
BASE MGMT 80}
CONSTRUCTION {352)
MGMY 2
MODULE CONST 68
ANTENNA CONST 82
SUBASSEMBLY 49
MAINT 49
LOGISTICS 42
TEST/QC 40
BASE OPS (39)
MGMT 7
TRANSPORTATION 18
COMM 8
DATA PROCESSING 6
BASE SUPPORT {77}
MGMT 8 ORIGINAL PAGE IS
BASE UTILITIES " OF P
HOTEL 38 OOR QUALITY
MEDICAL 13
FLTCONT 4
BASE TOTAL 478
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The framework for both the module and antenna facilities include upper and lower surfaces to
which construction equipment is attached, the satellite is supported and other base elements are
attached. .

Ten primary crew miodules are located in an urea where the greatest concentration of personnel are
involved while perfornung their daily duties. Six of the modules serve as crew quarters and four as
work centers. Other pressurized shirt sleeve work modules are also present but serve only as small

work quarters sometimes referred to as remote work stations or controj cabs.

Docking provisions for all transportation vehicles are located along the back edge of the module
facility. The orbit transter vehicle operations center is located at the oppasite end of the base trom

the crew madules due to the required proprellant transier operatious.
Each of the base clements is deseribed in additional detail in subsequent paragraphs.
WBS 1.3.1.1.1 Framework

WBS Dictionary

This clement includes ali of the structural elements that comprise the tramework of the LEQ base.

Element Description
The structural trivmework of the construction base must provide a mounting’attachment surtace for
all construction cquipment as well as mounting provision for other base elements such as crew

modules. carge handhng and distr.bution systems and base subsystems,

Phe structure of the module facility consints of tive 200m trusses formad in the shape of a C7 that
are connected together with three 200m Literal trusses i both the upper and lower surfaces of the
facility ax was shown previeusly in Figure 1.3 1-90 Fach truss consists of four 13m beams runnimg
its entire length. The truss also imcludes perpendicular and diagonal members which are also 153m
beams. The 13m beams are the same tvpe as used in the satellite with all individual struts having

a wall tickness of O3 cm (0.020 mo) vesulting 1 a mass of S kg permeter, This sizing appears to
be rather conservative but seems justificd at this pontan the analyses. The module construction

tacihity was found to have approvimately 433000m of 1T3m beam.

The antenna construction facihity was assumed to have truss depths of 30m inats upper and lower
surfaces. As aresult o total fength of S3.000m of 153m beam was ostiumated. Again. the 15m beam

was asstmed to have a mass of § kg metens,
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WBS 1.3.1.1.2 Crew Modules

WBS Dictionary

This element includes the crew modules designated as crew living quarters. The crew module strue-
ture, electrical power, environmental control, life support, crew accommodations, and information
systems are described. Excluded from this category of modules are the crew work modules, the
crew buses used to transfer personnel around the base and the small two-man control cabins used in
conjunction with the construction equipment and ciargo handling and distribution equipment.

Element Description

A total of five primary crew modules have been included in the LEQO construction bese. The mod-
ules have an barth atmosphere environment and have been sized to accommodate crew sizes
between S0 nd 100, Accordingly, the modules have dimensions of 17m diameter and up te 23m
length.

A summary listing of these modules and their functions are presented in Table 1.3, 14, All modules
are self-sutficient in terms of environmental control provisions and emergency power. Primary
power is obtained through a common power sepply provided by the base. Five crew quarter mod-
ries have been provided with cach sized for a crew o1 100, These modules provide all of the oft-
work functions associated with living, Further information concerning the sizing of cach module is

presented in subseouent paragraphs,

As indicated, a transient crew gquarters has been provided.  The logic associated with this module
reiates to crew rotation perio s where the overlapping of the crews could occur without causing
inconveniened in terms of quartering ete., and also allows {or time to ¢lean up the rooms or modules
of the departine crew. An additional feature of this module concerns itselt with an emergencey situ-
ation where one of the primary crew quarters has a tailure or in the event a crew scheduled 1o move
trom the LEO base up to GEQO or back to Farth are unable to do so due to weather, vehicle trouble,

ete.

Floor area requirements assoctated with a 100 person module and the division of functions among
the decks of the module are shown in Figure 1.31-100 The indicated arca allocations are based o a
large degree on the Rockwell Integral Space Station Study (NAS9-9053) 1t should also be pointed
out that the indicated areas retlect having all 100 people present which is a case which occurs one

day per week when both shitts are off-duty.

The size of the module to contain the required floor space s 1 7man diameter and approximately
20m in length inctuding the spherical end domes. The module is divided into seven decks with the
indicated functions peiformed on cach deck. General arrangement within cach deck was net per-

formed at this time.
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Table 1.3.1-4 Construction Base Crew Lodules

MODULE _ CQUANTITY FUNCTION (PROVISIONS) _
CREW QUARTERS 5 e  PERSONAL QUARTERS HYGIENE
e  PHYSICAL FITNESS/RECREATION
e DINING
TRANSIENT CREW 1 e USED DURING CREW ROTATION Pt RIODS
QUARTERS e HOUSE VIP'S
. EMERGENCY QUARTERS

NOTE: ALLUMODULES SELE SUHPICIENT E XTCEPT PRIMARY POWLR AND FLIGHT CONTROL.

o SIZED FOR 100

0 FLOOR ARCAS STALED FROM 12 MAN UNITARY SPACE STATION (BASED ON ROCKWELL 1970 STUDY -

;F REC/PHYS FIT./MAINT FURCTION FLOOR AREA
. .
e e s e e - GAi9)
PERS. L RIERS B - -
- — 1 o CURSONAL QRS 312 (5500)
CONTROUZSUBSYSTEMS
15.5m O — o POYSIVAL RYGTENE 89 T
GALLEY/DTNING ,
G BV RTINS o RECRUATION W (s
FERS. QUARTERS o PHYSICN FITNESS 33 { 87¢
i PIRS. QUARTERS o GALLEY 53 N
2.2m EXPEND STORAGE o DN He - {ie
LT ~_ o CONTROL CENTER 37 { 200)

T 0 SUBSYSTEMS 149 {1602)
o Y T ™ '
0 MAINTLMANCE SuQp 9 { 100}
o GEQ MODULE MODIF
o A0 1 OtCK FOR RACIATION SHELTER 9 ENTENMBLL STORAGE 193 (2080)
190 DAYS)
o TUNNELS/AISLES 163 11750)
TOTAL 1380 15830
MARGIN n 760

Figure 1.3.1-10 Crew Quarters Sizing
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Crew Module Subsystem Definition—The design approach used for each subsystem was generally
the same as defined by Rockwell in their solar powered integral Earth orbit space station study
(NAS9-9953) for JSC in 1970. A summary of these subsystems is provided in Table 1.3.1-5 and
described below.

Structure —Crew module structure primarily consists of aluminum alloy. The pressure compartment
is designed for an operating pressure I(H()On,im2 (14.7 psia). The outer shell of each module con-
sists of a double bumper micrometeoroid protection system that was designed to give a 0.9 proba-
bility of no penetration in 10 years. Also included in the outer bumper system is the thermal radia-
tor for internal heat rejection.  An aerothermal shiroud for the crew modules 1s not required since
they will be launched within the pavload shroud of the launch vehicle.

Electrical Power - The primary electrical power system is discussed under the Base Subsvstem Sec-
tion 1.3.1.1.5. Each crew module however incorporates an emergency power system consisting

of fuel cells. Distribution, wiring and special power conditioning equipment is aiso included in cach
module.

Enviromuental Control—All modules have an independent ECS. The system prosides ar Farth
atmosphere environment. Oxvgen makeup for leakage and usage is provided tirough electrolysis of
water which is obtained by reduction of ¢ O- using a Sabatier reactor while C 0- ivself is removed
using molecular sieves.

Nitrogen to supply leakage and represssurization is stored as 2 crvogenic. Oxvgen for reprossurniza-
tion is stored as a cryosenic while the emergency oxyvgen sy stem uses high pressure storage. Ther-

wmal contro! of the madules makes use of water and freon loops.

Life Support —Both urine and wash water are recovered. The urine is reprocessed using vapor com-
pression while wash water recovery vtilizes reverse osmosis. Dried and frozen focd was used Also
included under Life support are the waste management and personal hvgiene svstems.

Crew Accommedations—-Included under this category are the personal equipment, furnishings,
recreation and physical fitness eqinpment. Again these systems are located only i the crew

quarters.
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Table 1.3.1-5 Sebsystem Summary

CREW MODULES
& STRUCTURE ®  ALUMINUM ALLOY
e  METEOROID PROTECTION
e Pig) ~O0FOR 10 YRS
e DOUBLE BUMPER
e  PRESSURE COMPARTMENT
e 101000 n/m? (14.7 psia)
e  ELECTRICAL POWER e EMERGENCY - FUEL CELLS
e ENVIRONMENTAL CONTROL e  EACH INDEPENDENT

LEAKAGE
&  OXYGEN WATER ELECTROLYS:S
e  NITROGEN - CRYOGENIC
e  REPRESSURIZATION
e  OXYGEN HIGH PRESS
e  NITROGEN - CRYOGENIC
WATER - SABATIER REACTOR
CO; REMOVAL - MOLECULAR SIEVES
THERMAL - WATER AND FREON LOOPS
URINE AND WASH WATER RECOVERY
DRIED AND FROZEN FOOD
WASTE MANAGEMENT
PERSONAL HYGIENE
PERSONAL EQUIPMENT
FURNISHINGS
RECREATION
PHYSICAL FITNESS
COMMUNICATIONS S BAND
DATA PROCESSING
DISPLAYS AND CONTROLS

1 ] LIFE SUPPORY

®  CREW ACCOMMODATIONS

® INFORMATION SYSTEM
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Information System—The principal systems included are communications, data processing and dis-
plays and controls. Each medule will have its own internal communication system as well as con-
tact with the main communication center located in the operations module. The principal link
between the base and Earth or transportation vehicles is S-band. Each mouaule has data processing
capability suitab.e for its needs. However, again the principal data processing center is located in
the Operations module. Each module also has the appropriate set of displays and controls although
the Operations module contains all displays and controls associated with overall base operation.

Guidance and Control-Displays and controls for these systems are located in the Operations mod-
ule although the equipment itself is located throughout the base and consequently are discussed
under Base Subsystens.

Reaction Control—Again, this is a base level subsystem and is discussed under Section 1.3.1.1.5.

Special Equipment—This is equipment that is peculiar to the maintenance/test/checkout and train-
ing/simulation modules.

Element Mass
The mass of the crew modules are summanzed in Table 1.3.1.6.

WBS 1.3.1.1.3 Work Modules

WBS Definition
This element includes the crew modules used for operations. mamntenance and training.

Element Description
The work moduies have the same general configuration and subsystems described for the crew
modules. A summary listing of the work modules is shown in Table 1.3.1-7,

The operations module serves as the control center for all base operations anid consiruction opera-
tions. Typical base operations to be controlled from this module include that associated with the
primary power supply and flight control system (attitude and station keeping), communication sys-
tem within the base as well as that with Earth, other bases and transportation vehicles in transit.

Overall cvew scheduling and consumables management functions are also included under base opera-
tions. Construction operations controlled from the module include those functions associated with
scheduling, briefings. troubleshooting or identifying workarounds, monitoring of the actual con-
struction operations being conducted and the operations associated with cargo handling and distri-
bution. Another functicn provided by the operations module is that of housing the zentral data

management and processing center,
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Table 1.3.1-6 Crew Module Max Sumamary

o Masin 103Ky
CREW
QUARTERS
SYSTEM L .

STRUCTURE 80
ELEC. POWER S
ENVIRON. CONT./ 60

LIFE SUPPORT
CREW 11

ACCOMMODATIONS
INFORMATION 6
GUID & CONT 0
REACTION CONT (1]
SPECIAL EQUIPMENT 0

SUBTOTAL 162

GROWTH/ 53

CONTINGENCY )
TOTAL DRY 215
CONSUMABLES 45

(90 DAYS)

TOTAL 280

Table 1.3.1-7 Construction Base Work Modules

MODULE QUANTITY FUNCTION (PROVISIONS) _

OPERATIONS CENTER 1 e  BASE OPERATIONS

e  CONSTRUCTION OPERATIONS
MAINTENANCE TEST AND ! e  CONSTRUCTION EQUIPMENT
CHECKOUT ®  SATELLITE COMPONENTS
TRAINING & SIMULATION 1 e  NtWPERSONNEL

e  NEW CONSTRUCTION OPERATIONS
UNDLFINED 1 e CLINIC

NOTE. ALL MODULESSELE SUFFICIENT EXCEPT PRIMARY POWE R AND FLIGHT CONTROL.
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The mamtenance, test and checkout module provides the capability to work on large pieces of con-
struction or base cquipment or satellite components while in an Farth atmosphere enviromnent.

A training and sunulation madule has been inciuded with s primary purpose being to train new
personnel and to establish and/or demonstrate certain construction tasks while in a controdicd
envit ment.

An unspevified moduk has been weluded pamandy to cover the volume requirements of functions
aot included in other modutes at this time,. Pxamples of such functions molude chaw O pe prove
stons i terms of madieal, dental and sickbay provisions as well as tor the temporan contamment of
personne! who have died while on duty. Isolation of the sickbay from the other base crew quatters
seems (o be particalardy important due o eelatively continad volume that o avadable

Element Mass

The mass of the work mosiules are sammansed in Vable 1318,
WES 12114 Cargo Hamdling Distribution

WBS Dictionary
This clement wnchudes all 4 the LEO base logntion track svatomy, tramponter selackes, and cango

handling aqupment.

Flement Description

Fach lovel of the base has 3 lomstios Back network that provides the capabdity tor movng matenals
ik crews from the tramporiation copten e e sarchomang, sabassembhy  arew habatats, and
assembly aeas via tramspottenveheles Pagie DA LT Grows a tupreal track netwaork Ths paite
ular one » o the lower fevel of the module comttuction faabty . Inadditton to providing the
pathwavs tor moviag the matenalbs ana crew, the trach satent s abso waed By alt of the constiecoen
cqupment Phese tracks abosene as dhe mdeneng paths Tor the maoduole and antenna suppont

MATNE owen

These are caree handhng cqupment items that are ased to Bk varge velucios, oft oad vargos . and

sl vaios

Fable 1 3192 s the catee hamdling and dnanbation sqanpment requned at the THO base
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STRUCIURE
ELEC POWER
ENVIRON CONT S
Lirt SUPPORT
CREW
ACCCAMMIGDATIONS
INFORMATION
GUID & CONT
REACTION CONT
SPECIAL P OUHPMENT
Ses1OTAL
GROWITHS
CUONTINGENCY
1O1AL DYRY

CONSUNVARLES
SR DANYSY

ToTat

Table 1.3.1-8 Work Module Mass Summary
o lMassin 103ig

CREW
QUARTERS
{EA}

80

[+

1t
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OFPERATIONS MAINTENANCE TRAINING

CENTER

80
7

163

M8

)]

140

ILSTACO

80

[#¥]

164

Q

164

&SIMUL

80
7

o0 o O

08

MisC.

1no
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5,070m
£.040m ‘\
F——W--—'-} SOLAR ARRAY SEPLOYMENT ALL TRACK
MACHINE (2 PLACES) (10m GAGE)
§ ; 1 = ]
SN —
-L_ =i = : 3 L
L= = - = S
i ‘ T e ANTENNA —
: FACILITY
] A i e H
- v —2 #EP : — i
sl 7 A i ;{a_.i,hxz 5 —
i 37 T 1 I S
éemmuuer:mx 7 ;7 ) CREW MODULES
!
(FULL WIDTH OF FACILITY CARGO DELIVERY LEVEL A SUBASSEMBLY
TANKER DOCKING PORTS TRACKS HLLV DOCKING PORTS
: CENTRAL CARGO RECEIVING AND
PROPELLANT STORAGE (OTV'S) < TURNTABLE (166 PLACES)

Figure 1.3.1-11 Logistic Network Level A
LEO Construction Base
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Table 13.19 LEO Base Cargo Handling & Distribution Equipment
Photovoltaic Satellite

EQUIPMENT ITEM

NO REQD

MASS (EA) 103Ky

COST (EA} S8

® HLLV CARGO DOCKING PORY

® HLLY CARGO EXTRACTION SYS

® HLLV TANKER DOCKING PORY

@ HLLV TANKER CARGO
EXTRACTION SYS

¢ OTV TANKER DOCKING PORT

® OTV TANKER LOADING SYS

& SHUTTLE DOCKING PORT

® GROWYH SHUTTLE OOCKING PORT

® PERSONNEL TRANSFER
AIRLOCK SYS

® GANTRY CRANE

® CARGO SORTING
MANIPULATOR/TRANSPORTER

© 24 MAN CREW B8US

© 10 MAN CREW BUS

& TURNTABLES

® CONTROIL. CABS FOR
LOGISTiCS EQUIP

& HLLV CARGO

o HLLV/OTV TANKER

® SHUTTLE/SHUT GROWTH
© GANTRY CRANES

& CARGO SORTER

© TRANSPORTERS

SNN-I-O-AQJ 5 NN N NGNNEG Wad

g oR

o 38
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WBS 1.3.1.1.5 Base Subsystems

WBS Dictionary
This element includes the base electrical power and flight ~ontrol systems.

Element Description

As indicated previously, several subsystems do not relate specifically to anvone of the crew mod-
ules, but instead are associated with operating the base as a total entity. Such subsystems includc
primary power and flight coutrol.

Electrical Power—Basic operating power requirements have been grouped into the categories asso-
ciated with crew modules, construction equipment and external lighting as shown in Table 1.3.1-10.
The average operating power level required is estimated at over 1600 KW. This load does not
include recharging of the secondary power supply or losses.

Under the category of crew module, considerable use was made of the estimates identified fora 12
man space station as defined by Rockwell. These estimates were then scaled up both to account for
the difference in crew size and the number of modules involved.

Construction equipment power estimates were made using both Boeing generated data and data
from recent space station studies  Typical examples per machine include the 153m beam machine at
5 KW_solar array deplover at S KW, crane/manipulator at 3 KW. All of these estimates include the
power for a two man control cabin.

External lighting estimates are based on providing 216 lumens/m-~ as specified by McDonnell Doug-
las in the Space Station Systems study (NAS9-14958). Typical construction areas in this study
covered 2000 m- and required 10 KW to provide the specitied illumination. A total of 32 areas of
this size¢ have been estimated for the SPS construction base.

The total power requirement to be used in sizing the primary power supply is 3725 KW as shown in
Table 1.3.1-11. The sccondary power recharging toad is for a nickel hydrogen system that produces
the operating loads during 377 of the orbit. The allowance for oversizing is that associated with

30 g cells and 75 pm cover slips. No thermal annealing is assumed.

The primary power gencration systew is solar arrays similar to those used in the satellite, with a

nickel hydrogen battery system used for occultation periods.  An agray voltage ot 1509 volts has
been selected and appears to be the highest practical when considering 1 usina losses.
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Table 1.3.1-10 Base Operating Power Requirements Photovoltaic Satellite

OPERATING POWER

_{(__\‘!

CREW MODULES {1175)
ENVIRONMENT CONT/LIFE SUPPORT 750
INTERNAL LIGHTING 350
INFORMATION SYSTEM 70
GUID. & CONT. 5

CONSTRUCTION EQUIPMENT {150}
SATELLITE EQUIPMENT 50
ANTENNA EQUIPMcNT 50
SUBASSEMBLY 50

EXTERNAL LIGHTING {(320)
SATELLITE CONST. 120
ANTENNA CONST. 120
SUBASSY/WAREHOUSE 80

TOTAL 1645

Table 1.3.1-11 Solar Array Sizing

[ ) REQUIREMENTS (KW) {3645}

® OPERATING LOAD 1645

° SECONDAFY POWER 960

SUPPLY RECHARGING

POWER CONDITIONING 330

POWER DISTRIBUTION 540

RADIATION DEGRADATION {5%) 170

e SIZING

e  CONTINUOUSLY SUN ORIENTED ARRAY:
(SATELLITE TYPE CELLS, 140 w/m?)

e  FIXED BODY MOUNTED ARRAY WITH
EARTH ORIENTED CONST. BASE
e ARRAYS ON 3 SIDES OF BASE
e  MAXSUN INCIDENCE ANGLE OF 54.5 DEG
e TOTAL ARRAY SIZE:
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The selected installation approach for the armay isa fxed body mounted concept, with an array
located on three sides of the construction base so that the necessary power can be generated by any
one array with the base at any lovation in orbit. Figure 1211, shown previousty, illustrates the
location of two of these arravs. Bach array abso has been sized to account for swr wcidenes angle
peaalties o the combmed net atfect ooa total array that is approximately five times as lange as an
array that was alwavs PEP. By past space svstem standands, this excess would be prolubime. Howe
over, it the ema of power satellite with low mass and tost cost cells, the peaalty s gute small.

Flight Control- Included under the category of flight vontrol are the guidance navigation attitude
type sensors such as TRU, star trackers and hotizon senson and the propulsion system to perfonm
attitude and orbit maimtenance mancuverns.

A Key factor i estabhishing the thght attitude of the base and the location of attitinde vontrol and
orbit Reepang thrustens o the . location at vanous stages of the construction. Figure 13,1412

shows the ¢ focation tor several key phases of the construcion

Ihe selected vonstruction base attzade has the fong anas of the base pomted towanld the center of
the Earth and the satelhite module constructed parallel with the velooity veotor and out in front of
the base. The location of the arbat Reoping thoustens s shown m Fagare 13113 winke the attitude
control thrusters are shown in Figure 3 1-048 Boshould be noted, the oidat Aeepmg and attitude
control thiusten focated on the antenna facdity may be placed at the same lovation. In all casex the
thrusters are tixed (e gimballing) and wse 1O, LH propetiant. The averaee propellant equire-
ment s approvamately 1200 ke dav, Should a constant aceclenition of o e e used, the worst
vase contiguration (pivtie Vand V0ot Frgare L322 woukd egquire appronmateh 40000 N of
thrust. Should the thaust level e resticted to that whaeh provides w £ (3T MY when ondy the
base i present, a Mam time of approvimate 17 annutes would be requued for an altitude comrec-
tan of t Am.

WES 1312 Comstruction Fquipment

WRS Dictionary
Vhs cloment mmcludes all equipment items directhy asoviated with the fabncation and assembhy ot
the satellite Eacludaed trom th clemeat are machne temy dwovnated wath carnce handhng and

duinbution
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Figure 1.3.1-12 Construction Phase Configurations
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ADVANTAGES OF SELECTEQ DESIGN
100% EFFICIENT AV THRUSTING

-«
T\

L J
® NO THRUST GIMBALING REQUIRED
® GRAVITY -~ GHADIENT STABILITY:
e UNCONDITIONALLY STABLE ~2/3

<}

o |
OF T'ME
® UNSTABLE EQUILIBRIUM = 1/3

OF TIME

F3
NOTES:

® LOWEST DRAG FOR HEAN Y CONFIGURATIONS

&  POSSIBLE COMMON LOCATION FOR ATTITUDE
CONTROL AND AV THRUSTERS

& ATTITUDE CONTROL PROPELLANT CONTRIBUTES
TO POSITIVE AV

® ORBIT MECHANICS rORCES BETWEEN BODIES
MINIMIZED

®  “VELLIITY VECTOR™” APPROACH CAN BE USED FOR
DOCKING OF SUPPLY VENICLES

¢ LATERAL LOCATION OF Fy & Fy
SELECTED TO MINIMIZE BASE
STRUCTURAL DEFLECTIONS

®  VERTICAL POSITION ANO/OR
THRUST MAGNITUDE BASED
ON PREDICTED CG LOCATIONS

Figure 1.3.1-13 Selected Orbit-Keeping Control Concept  JRIGIN:p o
OF POUK 17 o

e \“ “.:‘1~41¥

*R -R v
.Y 71 / A v
+
-P N3
CRITERIA
& MINIMIZL IMPINGEMENT
& MINIMIZE STRUCTURAL
DEFLECTIONS
& ACCOMODATE ALLCSG.
LOCATIONS
‘R ‘ +R
Y / +yY
P

Figure 1.3.1-14 Typical Reaction Control Thruster Arrangement
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The major construction equipment ite.ns associated with the photovoltaic satellite are illustrated in
Figure 1.3.1-15, along with key characteristics such Js quantity. mass and dimensions.

* The beam machine shown is configured to allow two beam machines to form all the main module
structure (actual assembly machines within framework not shown). Accordingly it has both trans-
lation and rotational capability. The dimensions and mass indicated are for the 13m scgmented
beam approach although machines fabricating thermally formed continuous chord structure could
be attached to the same frame and used in a similar manner. Two 10m beam machines are used to
fabricate the antenna primary structure. A two-man control cab is attached to cach beam machine.

Crane/manipulator systems are primarily used to form the structural joints ot the satellite frame.
Although the sizc shown is most common, two 230 meter units are also required in the construction
of the antenna voke as well as several 20 meter cranes. Two-man control cabins with manipul>tors
are located at the end of the crane which is itself attached to a moving platform.

Four of the selar array deployment machines will be located on the "A™ level of the module
construction facility. This machine will deploy the solar armay required for self-powered transit to
GEOQ. The non-depioyed array will be installed on the structure in radiation-protective containen
by this machine.

Power bus deployment machines are used to roll out sheet metal bus strips and weld thewe strnips to
supporting structures. These machines are used on the “A™ level of the module facility and on the
=" level of the antenna factlity.

The antenna deployabie secondary structures and the subarrays are installed by the deployment
platform shown in Figure 1.3.1-16. The moest significant vnique piece of equipmient on this deploy -
ment platform is the subarray instatler shown in Figure 1.3.1-17. This machine lowers subarrays
onto the structure and makes the structural and clectrical interfaces.

The cans ruction equipment types and quantities are summarized in Table 1.3.1-12. Addiional
details about each of the equipment ttems is found in the Part H Final Report, Vol V.
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CRICINAL PAGE B
OF POOR QUALITY

© CRANEMANIPULATOR © POWER BUS INSTALLER
e a0 a0 o sUNITS o TUNIT
ke © 8000 kg ® 7000 kg

® {2150 -7 500 kg
b

© SOLAR ARRAY DEPLOYMENT )
e 4UNITS -
® 12000 kg (Ea)

Figure 1.3.1-15 Major Construction Equipment Photovoltaic Satellite
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Figare 1.3.1-16 Deployment Platform
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Table 1.3.1-12 LEO Base Construction Equipment —Photoveltaic Satelfte

NUMBER REQD EOUIPMENT ITEM MAJDR NO. REQD
EQUIPMEWT ITEM 200 JANT]vOxE[susassy ELEMENT EN
© 15M BEAM MACHINE 2 ® CARRIAGE L I
& ALSC USED TO MAKE b o YOKE ASSY 3
MODULE-TOVOICE o STRUT ASTY MACHINE *
INTERFACE STRUCTURE » JOINT FITTING FEED BECH 3
® INDEXING CARRIAGES ' 3
macs 20K kg ® STRUT MAGAZINGS L -]
ICOST $100M) ® JOWNT FITTING CHRROUSEL 3
® CONTROL CAR (2 MAN) 1
® 10M BEAK MACHINE 2] 2
{MASS 7X xgi
{COST $35t8)
® 10M TURIITABLE BEAM MACHINE ' -
(MASS 8X Kq)
{COST S30M)
® 20M MARIPULATOR/CRANES 2 n Y g&mafé 1
THRUSTERS 2 o ELEVATOR BUOM .
§> $W GEAR 4 b o TRANSVERSE BOOM 1
STRUCTURES & » CONTROL CAB (1 MAN) 1
(mAsSS 3K kgl
(COST $°°4)
® 90M MALIPULATOR/ICRANE s ]
{MASS 8K Kg)
O AR IS GUATORCTANES—
[ MANIPU 2
m 12K xg) -
b ALL COST REFLECT AVG UNIT COST AFTER APPLYING LEARNING FACTOR OF 0.9,
t A1/ Table 1.3.1-12 (Continued)
NUMEBER REQD WO_RETD]
EQUIPMENT ITEM ZOD|ANT| YOKE |SUBASSY| EQUIPMENT ITEM MAJOR ELEMENT ITEM

® 4SM INDEXiNG/SUPPORT MACHINE 6] 2 ® CARRIAGE 1
(AASS 1.3K Kg) ® BOOM 1
{COST $3.8M)

& 200M INDEX ING/SUPPORT MACHINE 2 ® CARRIAGE 1
{MASS 5K Kq} * BOOM 1
{COST $10%)

® BUS DEPLOYMENT MACHINE ® CARRIAGE 1

© 90A1 BOOM 1 * GOOM 1
® 504 BOOM ) ® BUS DEPLOYMENT MACHINES
® 1310M ARTICULATING BOOM 1 e e ABUS !
* 8BUS 1
® CBUS 1
NOT REQ'D ON YOKE ® COLLECTOR BUS =
AND ANTENNA MACHINES
(AASS 8K Kg) AVG FOR ® CONTROL CAB (2 MAN) 1
{COST £2514) THE 3 SIZES
® CARRIAGE/GANTRY 1

® SOLAR ARRAY DEPLOYMENT 4 @ BLANKET MAGAZINE 1

MACHINE ® BLANKET FEED MECH 1
X ® BLANKET PACKAGE INST MACH 1

(MASS 127 Kg) © BLANKET DEPLOYER

{COST $45M) ® CARRIAGE

® BLANKET END HANDLER 1
MECH 1
- ® EDGE CLAMPER 1
® CONTROL CAB {2 MAN} 1
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Table 1.1.1-12 (Continved)

$75 Wt
NUMBER REC D ’ NO. REQD
EQUIPMES ' (TEM : ' ' TIEM W T -
T Vo EOANPRENT ITE ' AIOR ELEMEN Ten
& DEPLOYMENT RLATFORN 1 ® CANRIAGE FRAME ASSY 1
® SECONDARY STRUCTURE
> mcLuoeo w2 ST TELESCOPES A
MANIP/CRANE COUNT 1 ® SECONDARY STRi. TURE
DEPLOYMENT GANERY
® GANTRY TARKRIAGE ¥
® DETELESCOMING MACNH |
® J0M MANIFUL A TN CRANE ' >
‘ ¢ SUBARSAY DEZi IVNINT GANTRY
® GANTRY CARRIAGE 1
® ELEVATOR |
MASS 20X kg 1 ® SUBAREAY DEPLOYER
T ® CANAGE ]
{COE T So0) ® MAGAZINE 1
' ® DEPLOVMENT MECH 1
s ® 20M MAN:F CKANE v >
: ® CONTROL CAB {2 MAN) 1
- o 5 M N _
BUS BAR ROD LENDER Py
BUS BAR WELDER 2 '
- R [ S -
RADIATOR PIPE WELDER v |
b et e a - —— 4
CABLE FITTING MaC Py
— - +
STRUT ASSY M7 CH i4 SIZES) "
SUBARRAY TESTING MACH N '
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WBS 1.3.1.3 Maintenance Provisions

WEBS Dictionary
This clement includes all information systems, structures, and machinery items devoted to mainte-
nance of the LEO base.

Element Description

No unique base mainterance provisions have been identified at this time. The base logistics net
work and the available construction crane/manipulators appear to be sufficient to accomplish any
necessary base maintenance tasks.

WBS 1.3.2 Geosvncronous Earth Orbit Base and Operations

WBS Dictionary
This element includes the GEO-based operations. facility. construction equipment. and maintenance
provisions.

Summary Description

The GEO bace s a 2 x 2 bav-wide platfonm that s attached 1o and indexed across the solar array
sile of the modules. as shown in Figure 1.3.2-1. This piatform has four solar array deplovment

machines that dre used to deploy the undeploved solar arravs, There are also a vanety of crane;

manipulators, Icgistics and SPS maintcrance equipment aboard.

The first operation to occur once the modules reach GEQ is that of the berthing (or docking) ot the
modules. The modules are berthed along a sinele ¢dee as indicated in Figure 1.3.2-2. The major
equipment used to perform these berthing operations are shown. The concept emplovs the use of
four docking systemis with cach involving a crane and three control cables. Variations in the applied
ension o the cables allows the modules to be pulled in. provide stopping control and provides atti-
tude controf system involving thrusters which are not shown. This berthing concept is described in
detail in Vol V of the Part 11 Final Report.

During the transter trom LEO 1o GEOL the antenna is attached below the module with a single
hinge line. Once GO s reached. the antenna is rotated into posttion tollowed by the final struc-

tural and clectrical conncctions, as indicated by Figure 1.3.2-3.

Mass Summary

The mass of the GEFO base s summarized in Table 1.3.2-1.
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SATELLITE
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Figure 1.3.2-2 Antenna Final Installatinn Photovoltaic Satellite
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Cost Summary
The cost of the GEO base is summanized in Table 1.3.2-2,

Crew Summary
The GEOQ base construction crew size is summanzed in Table 1.3.2-3,

WBS 1.3.2.1 Facility

WBS Dictionary
This element includes the GFO base framework. crew modules, work modules, cargo handling/dis-
tribution systems and base subsystems.

Element Description

The overall configuration of the GEQ final assembly base is shown in Figure 1.3.24, The base has
overall dimensions of 1400m x 1600m X 100m with two decks of operation. The upper deck sup-
ports the crew and maintenance modules and docKing tacilities for transportation systems and pay-
loads. The lower surface of the facility supports the four solar array deplovment machines Dock-
ing cranes used in herthing the modules are also attached to the base when not in use or when the

GEO base is transferred to another longitudinal location.

WBS 1.3.2.1.1 Framework

WBS Dictionary
This clement includes all of the structural elements that comprise the framework of the GFO base.

Element Description

The structure framework of the base has been sized to provide a natural frequency of S0 cphr which
is greater than that ot a single satellite module. The primary structure consists of 153m beams torm-
ing a grid patter tor both the upper and lower surfaces of the base. A total beam length of
33,000m has been estimated.

WBS 1.3.2.1.2 Crew Modules
WBS Dictionary
This clement includes the construction crew module structure. electrical power, cavironmental con-

trol. life support, crew acconumodations, and information systems. Excluded trom this clement are

the crew maodules associated with the maintenance activities.
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Table 2.2 2.1 GFO Final Assembly Base ROM Mass

FACILITY
FOUNDATION
CREW MODULE
CARGO HANDLING/DISTRIBUTION
BASE SUBSYSTEMS

CONSTRUCTION & SUPPORT EQUIPMENT
SOLAR ARRAY INST
CRANE/MANIPULATOR
INDEXERS
DOCKING CRANES

CONSUMABLES (90 DAYS)

{>wcmoes RADIATION SHELTER

109kg

280

N

55
10

15
104

DRY TOTAL

TOTAL

Table 1.3.2-2 GEO Final Assembly Base RO*{ Cost

FACILITY
FOUNDATION
CREW MODULFS
CARGO HANDLING 'DISTRIBUTION
BASE SUBSYSTEMS

CONSTRUCTION EQUIPMENT
SOLAR ARRAY INSTALLATION
CRANE MANIPULATOR
INDEXERS
BERTHING CRANES

SPARES

INSTALL, ASSEMBLE, CO
SE&I|

PROJECT MANAGEMENT
SYSTEM TEST

GSE

30
300
50

ro

165

L2
n

-—
w

210
BASIC HARDWARE

TOTAL

{680)

(175}

(855}
{ 35)

(880)

$106

{382}

(425)

(807}

120
128
55
15
17
30
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Table 1.3.2-3 GEO Base Construction Manpower Estimate

SPS 1455
BASE MGMT %
CONSTRUCTION (20)
MGMT 4
MODUL_E CONST 8
ANTENNA CONST
SUBASSEMBLY
. MAINT 8
LOGISTICS 2
TEST/QC
BASE OPS (16)
MGMT 4
TRANSPORTATION 4
COMM 6
DATA PROCESSING 2
BASE SUPPORT (26)
MGMT 4
RASE UTILITIES 6
HOTEL 8
MEDICAL 4
FLT CONT A
BASE TOTAL 67
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Element Pescription

The GEO u... liws a construction crew size of 65 and only a minimum of construction operations
50, consequently, all functions can be incorporated into a single crew module. Transportable main-
tenance crew modules are also based at the GEO facility. These modules are discussed in section
1.3.3.3.

The crew modules of the GEO base are similar in design to the crew quarters modules used at the
LEQC construction base. The major modifications to the LEQ modules are as follows: 1) incorpora-
tion of an operations deck in place of one of the three personnel decks since only 65 rather than
100 people are housed iu the module, and 2) add an eighth deck which serves as a solar flare radia-
tion shelter. Assuming a shielding requirement of 20 to 25 gm/ em=. the shelter will add an addi-
tional 115,000 Kg to the basic module mass. Within the shelter will be provisions for up to five
days and controls to operate the complete base on Ltandby status. Subsystems used within the
modules are the same as for the LEO base modules described previously.

WBS 1.3.2.1.3 Work Modules

WBS Ditionary
There ¢re no work modules at the GEO base other than the refurbishment modules that are
addressced in Section 1.3.3.

WBS 1.3.2.1.4 Cargo Handling/Distribution

WBS Dictionary
This elemenrt includes all of the facility track svstem, transportation vehicles, and cargo handling
cquipment.

1 lement Description
The logistics track network was previously shown in Figure 1.3.2-4. The logistics equipment is
summarized in Table 1.3.24.

WBS 1.3.2.1.5 Base Subsystems

WBS Dictionary
This clement includes the base electrical power and tlight control systems.

Element Description

An operating electrical load of 260 Kw has been estimated. Use of satellite type solar arrays results
in an array size of 1700 square meters. Flight control in terms of attitude control, station keeping
and transfer of the base to the longitude location of the next satellite will make use of a LO» ‘1,11:
propulsion system.
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Table 1.3.24 Cargo Handling and Distribution Equipment
GEO Final Assembly Base

EQUIPMENT ITEM

NO. REQD

MASS (FA) 103 Kg

COST (EA) $106

[ 2K 3K 2N BN BN BX BN BN BN B J

OTV CARGO DOCKING PORT
OTV CARGO EXTRACTION SYS
OTV TANKER PORT

OTV TANKER CARGO EXT SYS
OTV PERSONNEL DOCKING PORT
PERSONNEL AIRLOCK SY$S
CARGO SORTING MANIP/CRANE
CARGO TRANSFCRTER

10 MAN CREW BUS
TURNTABLES

CONTROL CABS FOR LOGISTICS
EQuUIP

LA N

e

to

]



D180-24071-1

WBS 1.3.2.2 Construction Equipment

WBS Dictionary

This element includes all equipment items directly associated with the fabrication and assembly of
the satellite. Excluded frcm this clement are the equipment items associated with cargo handling
and distribution and refurbishraent equipment.

Element Descripticn
The only piece of GEO base construction equipment that is different from tha* described for the
LEO base are thc four module docking cranes with characteristics shown in Figure 1.3.2-5.

The construction equipment located at the GEO base are summarized in Table 1.3.2-5.

WBS 1.3.2.3 Maintenance Provisions

WBS Dictionary
This ¢clement includes all information systenss, structures. and machinery items devoted to wainte-
nance of the GEO base.

Element Description

No unique GEO basc maintenance provisions have been identified at this time. The logistics net-
work and available construction crane/manipulation seem to be sufficient to attend to any neces-
sary GEQ base maintenance tasks.

WBS 1.3.3 Satelli. Maintenance Systems and Operations

WBS Dictionary
This element describes the satellite maintenance mission concent.

Mission Concept Description

fhe reference satellite maintenance mission includes semi-annua' visits to each satellite by four
repair crews that work continuously on the satellite until finished. The maintenance operations
associated with the firs: visit to the satellites occurs from the beginning of one equinox (e.g. spring)
to the beginning of the next (e.g.. autumn). The second visit to the satellites begins 2t the start of
the autumn equinox and lasts until the beginning of the next spring equinox.

Typical flight operations associated with one GEO final assembly base and the operations associated

with one repair group and one rc furbishme ** group assigned to rire base are described. Other final
ass~mbly basc> would have comparable cper. tions.
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Ned

Figure 1.3.2-5 Docking Crane

Table 1.3.2-5 GEO Base Contruction Equipment Photovoltaic Satellite

S

|
EQUIPMENT ITEM NUMBER REQD I EQUIPMENRT ITEM MAJOR ELEMENTS mm'o
® DOCKING CRANES 4 ® CARRIAGE
& BOOM
{MASS 26K Kg) ® WINCH SYSTEM
{COST £52M) ® DOCKING PROBES
® CONYROL CAB {2 MAN)
® 26M INDE XING SUPPORT ¢ ® CARRIAGE
MACHINES ® BOOM
{P2ASS 1K Kg)
| {COST 534)
® 60MA A ANIPULATCR/CRANES 4 « CARRIAGE
® ELEVATOR BOOM
{rASS 7% Kg) ® TRANSVERSE BOOM
{COST $15M) ® CONTROL CAB {1 MAN)
® MANIPULATOR ARMS
® SOLAR ARRAY DEPLOYL ENT 4 ® GANTRY/CARRIAGE
MACHINE e DEPLOYMENT CARRIAGE
(MASS 12K Kg) ® BLANKET END HANDLER MECH
(COST $45M) ® EOGE ATTACHMENT MECH
® CONTROL CAB {2 MAN)
® SOLAR ARRAY ANNEALING {T80) {T8D)
MACHINE

ALL COST REFLECT AVG UNIT COST AFTER APPLYING LEARNING FACTOR OF 0.9.
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Once maintenance operations are begun, the GEQ constniction base serves as a major staging depot
for the mainteaance crews and their hardware in addition to its role of constructing the satellites.
The initial operations associated with a typical 90 day period are shown in tigure 1.3.3-1. Four
repair crews and four refurb crews are transported to the GEO final assembly base, Each crew is
provided with its own orbit transter vehicle. At approximately the same time another osbit transfer
vehicle delivers klvstron tube module componeats to be used in the refurbishment of failed tubes.
This vehicle would also transter other replacement components.

Refurbishment crews remain at the GEQ final assembly base, repairing failed klystron tube modules
that have previously been delivered by other repair crews. Repair crews transfer to the satellite
designated for repair taking with them their habitat. The second stage of the orbit transfer vehicle
which brought the crew to GEO is used for the transfer to the satellite. The sccond stage of the
orbit transfer vehicle us=d to deliver the klvstron tube components to the GEO final assembly bas
is then loaded with refurbished Kiystron tube modules and transferred to the first satellite tobe
repaired.

At the completion of repairs on the first satellite, the crew and habitat transfer  to the next satellite
to be repaired. The other orbit transfer vehicle retums the failed Klyvstron tube modules back to

the GEOQ final assembly base where they will be refurbished. The OTV then retums back to the
LEO construction base. Prior to this time. however, another orbit transter vehicle has come from
LEO construction base to the GEO final assembly base delivering additional klvstron tube compo-
nents and s then dispatched with completely seturbished Kivstron tube modules to the second satel-
lite that 1s to be repaired.

This cycle is repeated for each satellite to be repaired.

The final operations associated with a typical 90-day peniod are iffustrated in figure 1.3.3-20 After
the 20th satelllite has been repaired. the crew and habitat retum to the GEFO final asembly bawe
where the habitat s lett for the next repair crew. The inttial crew then retums back to the LFO
construction base and eventually back to Farth. The returbishimoent crew has also completed thewr

90 Jdayv stay time and also returns back to Farth.

Four new crews and four new returbishment crews are then transterred 1o the GFO final assembly
base. The complete cvele is repeated again. The crew size at the GEFO final assembly base will have
a maximum operating size of 310 (240 associated with returbishment and “0 with satellite assem-
biv ) and at the time the four repair crews return at the end of their tour of duty the crew size will
be 550.
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L ]
© FLIGHT OPERATIONS FOR ONE REPAIR AND ONE REFURD
Teo MAINT GROUP EACH CONSISTING OF 4 CREWS
HABITAT BASE
FACILITY
FINAL,
Z078LY
BASE
OTV N0,
SREPAIR
CREw
SBLIPLIES OTV NO.
SREFURB
cnsw
SUPPLIES
LEQ
CONST
BASE
KTM = KLYSTRON TUBE MODULE
» ALL OTV'S HAVE Wy, = 460% kg. NO PROP TRANSFER REQUIRED AT GEO
{ deg STPARATION BETWEEN SATELLITES
COMPONENTS COULD BE DELIVERED VIA SELF POWER MODULE
CAN BE DELIVERED BEFORE OTV NO. § RETURNS
Figure 1 .3.3-1 Selected Ma.urtenance Mission Concept
[ . 2 ]
OTV £1.4 T =90 DAYS REFURB PLUS
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3ASE \1Y /
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ANNUAL FLT SUMMARY (100 SATELLITES)

€280 OTV FLTS TO GEO .
#400 OTV FLTS GEO TO GEO

©350 HLLV FLTS TO LEO

©80 SHUTTLE GROWTH FLTS TO LEO

Figure 1.3.3-2 Selected Maintenance Llission Concept
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The annuai number of orbit transfer vehicles and launch vehicles flights which occur in the mainten-
ance of 100 satellites are also indicated. During this time period, maintenance operations will com-
pletely dominate the GEO transportation operations rather than assembly of satellites at GEO.

Crew Summary

The maintenance crev. size estimate is suammarized in table 1.3.3-1.
Table 1.3.3-1 Maintenance Crew Size Estimate [1>

Repair Crews D

Direct 160
Indirect 80

Refurbishment Crews b
Direct 160
Indirect 80
480

DMaintemmce crew assigned to a typical GEO base.  This size can repair
and refurb the equivalent of 40 SPS’s per vear. Other GEO bases would
have same crew sizc.

These repair crews would be at operational SPS’s except when at the GEO
base at the time of crew rotation.

These crew members would be stationed at cach GEQ base.
WBS 1.3.3.1 Satellite-Based Maintenance Equipment and Operations

WBS Dictionary
This clement mcludes all of the structures. information svstems. and equipment items bmlt mto the

satellite to facilitate maintenance work.

Element Description

A number of major components of the satellite have been analyzed for their nature of tatlures,
mean time between failure. power loss per failure, and finally the power toss per vear. The compo-
nent having the greatest impact in terms of power loss and in the time required to v the failures »
the klvstron tube modules as indicated in Ggure 13,33, A totai of 7o tubes are estimated to fail
per year resulting in an annual power output loss of 800.000 Kw. Anteana mamntenance was there-

tore focused only on the Kivstron tube module and is desenibed in Section 133,11

The equipment used for anncaling of solar arrayy s included in the satethte-based mamtenance

cquipment and operations. This system is described in Section 1.3.3.1.2
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WBS 1.3.3.1.1 Antenna Maintenance Equipment and Operations

WBS Dictionary
This element includes the description of the antenna items requiring maintenance, the level of
replacement, the replacement concept, logistics provisions, and the maintenance equipment.

Level of Replacement—The level of replacement selected is that of the klystron tube module plus its
thermal control system as shown in Figure 1.3.3-4. Actual removal of the tube module involves
access through holes in the radiator to reach the distribution wave guide attachment bracket which
secures the module to the distribu.ion wave guide. Once this attachment is released the module is
free to be removed.

Concept
The selected klystron tube module replacement concept uses vertical access through the cubiv
secondary structure which is attached to the A-frame primary structure.

The overall concept is illustrated in Figure 1.3.3-5. The primary structure is an A-frame design
forming ndges that ailows free unobstructed movement of the maintenance gantry moving hori-
zontally across the antenna.

The antenna will have a total of 10 channels in which maintenance gantries can be mounted.
Attached to each of the gantries are the maintenance vehicles which reach up through the secondary
structure to reach the failed klystron tubes as shown in Figure 1.3.3-6.

Additional detai! of the cubic secondary structure and the maintenance vehicle is presented in
Figure 1.3.3-7 with a maintenance vehicle shown moving along ir: the directior: - © (he channel. The
gantry itself is designed to transport all of the spare x:ystron tubes necessary for a given shift. The
maintenance vehicle consists of a hinged boom and a two-man crew cabin with manipulators. A
small klystron rack is also attached to the boom to eliminate the need for the manipulators to reach
back down to the gantry for each tube that must be repaired. In the case of a 36 tube subamray as
many as three tuhes may require replacement.

Using this concept a tube replacement time of 45 minutes is expected. which includes removal and
replacement of two diagonals (in lower and upper surface of secondary structure). removal and
replacem=nt of one klystron tube module, and movement to the next fialed kivsiron tibe estimated
at a distance of 2 subarrays away or 20 meters.

169



D180-24071-1

@ SELECTION: TUBE PLUS RADIATOR

ACCESS HOLE IN RADIATOR HANDLING POST
TO REACH OUTPUT WAVEGUIDE /_ LING
RADIATOR \ ATTACHMENT

WA‘] —twmt——

outeut ¢
WAVEGUIDE

m\veculo'e\ WAVEGUIDE ] j
RADIATING 11 1|,/ eracker
WAVE-

C 7 —
GUIDE 2 — X F ﬁ)
A AA

WAVEGUIDE

Figure 1.3.3-4 Level of Replacement Selectior

A" FRAME PRIMARY STRUCTURE \%

b’.
Figure 1.3.3-§ Vertical Access For Tube PMaintenance

170 . AGE I8
ORIGINAL P
OF POOR QUALITY



D180-24071-1 oF POOK Ql.
[ S}, ) |
b= 1040m — -
? y
3 L10.4 m X i
“ A SUBARRAY—\ |
‘ “- :; — = CUBIC )
h ! . SECONDARY
/ / ' / / // / / p 'i / seconoan
A e
/ /K\/\/\/V\/i/\/‘W\
4 ) MAINTENANCE GANTRY 7
V4
4
/ “A” FRAME
PRIMARY STRUCTURE

® 10 CHANNELS
. PER ANTENNA

Figure 2.3.3-6 Vertical Access For Tube [laintenance

TUBERACK .~ ||  CUBIC SECONDARY
STRUCTURE

'

|

& U —VERTICAL AND
4 HORIZ i/ DIAGONAL MEMBERS
47\ MEMBERS {TELESCOPE)

> i

P {KNEE
: JOINTS)

MAINTENANCE
VEHICLE

MAINTENANCE
GANTRY

PRIMARY
STRUCTURE
RIDGE BEAM

SECTION A-A

Figure 1.3.3-7 Vertical Access [faintenance Vehicle

17



D180-24071-1

The Satellite based maintenance systems will be mstalled during construction of the LEO construc-
tion base. The systems are shown as they refate to one sude of one antenna i Fgure 1.3.3-8 and
1.3.3-9 Since tour crews work on cach satellite. these same systems are present on both sides of

both antennas.

To enable the docking of the vanous mamntenance svstem clements and to transfer cargo around the
antenmi. the antenna structure has been destgned to ing wporate a cargo distnibution system and has
structural additions to allow maintenance gantrics to b positioned so they can be maintained and

supphied with new Klyvstron tube modules.

The 60 person crew ix delivered 1o the satellite in the crew habitat using the sccond stage of the
OTV that inttially brought the crew from the 1 EQ construction base to the GFO tinal assembly
base. Once at the satelhite tantennal, a crew bus s tsed o transter persons between the habitat and

the maintenanse wpatr weheles.

Cargoe. primanty i the fort of khvstron tube moduades s also dehivered to the satelhite using a dedi-
cated OTV estage 2y that had unnally brought Kivstron components to the GEO final assembiy base
tor refurbishmoent of “faled™ Kivstron tubes, The operations assoviated with an OTV include dock-
mg and release of one Kivstron tube pallet on one sude of the antenna and then free-thving to the
other side of the o ma leaving another palict tollowed by thving to the other antenna and leaving
two pallets ina simatar caanner. AL the compichion of e repair operation, the pallets are loaded
with “fatled” Klvstron tubes. Thie OFV then moves 1o the four docking locations collecting the pal-
tets with faded tube modules and then retirns them back to the GO final assembly base where
they will be returbished. rollowing the release of the patiets, the OV renirns to the LHO construe-

tion base wheree it s made ready to deliver another load of Kivstron components,

The actual distribution of the catgo sround the antenna s accompiished through tse of cargo trans-
porters operating on the track system on two sades of cach antenna. The cargo transporter system
conststs of three separate umits attached topcther to tomm g “traan ™ The nuddie unit s a control
umt that has a crew cabin, power svstems and crane mampulator that moves the corgo between the
train and the mamtenance gantries. Units on aither side of the control unit are essentially trailers
that carny cither new Khvstron tube modules or those that have faded and have been removed. The
train systen moves dowp to cach gantry and deliners toat the number of Rivstron tubes required in

that particular antenna chanmel durng one shif't or one day of operation depending on the channel.

The mstattation focation of the muantenanee cquipment on an antenna bemg repatred by two crews

s shown m Prgare 13,310

The number of mamtenance vehucleos tmachimesy mstalicd m cach channel of the antenna s 4 tune-
tion ot the estimated number of tube fwlures. This value s Lareer in the nuddie chunnels of the

antemu sitee the center of the antemnm has subareay s contammye 3o and 30 Kivstron tube modules
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while near the edge of the antenna. the subarrays have 4 or 6 tubes per subarray. Consequently it
will be noted that the middle channel has three maintenance systems consisting of a gantry and
repair vehicie.

With this equipment distribution and working 20 hours per day, the middle channels require slightly
more time than previously identified for repair—3 1/2 days per satellite. The addition of 1/2 day to
the schedule, however, will not appreciably alter the prior analysis.

it should also be noted. the outside channels require far less time to repair and less equipment due
to fewer failed tubes. Consequently when the crews assigned to this particular equipment are tin-
ished. they can then be used to repair other components on tne satellite such as the de-dc converters
mentioned earlier in the discussion.

Mass and Cost
Mass and cost characteristics for the permanently installed antenna maintenance equipment is
shown in Table 1.3.3-2.

WES 1.3.3.1.2 Solar Array Annealing Equipment and Operations

WBS Dictionary

This clement includes all hardware required to provide the capability of anncaling radiation Jdeg-ada-
tion .rom the solar cells. Subelements mnclude the anncaling device, support structure. and auxil-
liary equipment.

Element Description

Lascr anncaling was chosen as the reference approach 1o recover radiation induced perfomuance
degradation of the energy conversion svstem. Simulation Physics. Inc.ounder Boemng subcontract.
has successtully demonstrated laser annealing in the laboratory . Table 1.3.3-3 hists the basic anneal-

mg parameters uscd in the laboratory tests.

The design assumptions for the laser device that was used in our analyvsis is miven in Table 1,334,
With these assumptions, several options were investigated for the number of annealing devices,

method of annealing, and effect on svstem operation.

The option chosen for this study was 1o use one atnecaling device gantry per satellite module (baure
1.3.3-1D). A typicat annealing device gantry is also shown using forty-tour laser anncalers. The
gantry would index to its first position. at the edge of the satellite, anuneal that section 15 meter
width x 660 m length) and then move on to the next section. In this manner, it would traverse the
width of the satellite annecaling one bay wide sections of the module. When one row ot bays (8) has
been anncaled, the gantry will index to the next row of bavs and pertorm the annealing operation.

These sance operations are repeated unti the complete module has been annealed.
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Table 1.3.3-2 Antenna Built-In Maintenance Equipment

PER UNIT
EQUIPMENT ITEM NO. REQUIRED D VIASS (Kg) COST ($105)
o Maintenance Gantry 22 5000 20
& Manipulation
o Crew Module Docking Port 2
o Crew Bus 2 12000 7
o Crane/Maniput:tor 2 3000 8
o Component Transporter 4 1000 1
o Turntable 4

D Items required on each antenna. Multiply by 2 for total per satellite.

Table 1.3.3-3 Laser Annealing (Spire Data)

Laser Tyr - COy

Pulse Power - 50 watts

Beam Diameter - 0.5 cm

Pulse Length -- 2 scc

Tmax Cell ~550°C

Power Density 63.7 wiem2 (pulsed)

Table 1.3.3-4 Design Assumptions for Laser Annealer

Annealing Energy Density — 127 :“sgc
Power Density — 63.7 w/cm?

Pulse Length — 2 sec

Beam Area - 500 cm?

T.nax {Active Region) — 550°C
Laser Efficiency — 0.15

Laser Energy Consumption — 0.2355 vahg
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The gantry system travels on tracks provided on the satethite primary stroctural members, in the
upper surface beams, running across the satellite wadth,

Within the gantry. theee are 43 Laser systems. Fach laser system is gimballed to allow the laser to
scan a 15 meter square section. The 15 meter section was chosen (o be consistent with the array
blanket seem-nt widths. With all of the Liser systoms on a single gantry operating ot will take
approximatoly 2.5 hours to anneal 2 15 meter section one bay wide. Thas results i a time of 110
hoars to anncal one by of solar array.

Table 1.3.3-5 hsts the pover requireme=t 2.0 time allovation of anneabing the reference photo-
voltaic SPS.

WBS 1.3.3.2 Mobile Maintenance System

WBS Dictionary
This clement includes the mantenance crew modules and component pallet modules ihat are trans-
ported to operational SPS's from the GEO base . The Jeet of OTV Y used to transport tiese mod-

ules are ncluded i Section 'V 4,

Flement Descniption
The maintenance crew madule and s charactenatios are shown i Fgure 133120 Four of these

modules are transported to cach SPS when the senu-annual mantenance s 1o be perfomed.

»

The compounent pallet module and i characterntios are shownan Figure 133330 Four of these

modules are tranzported as o set by one OTV 1o cach SPS when the muaatenance s 10 he perfoaned.
WEBS 1,333 GRO Base Maintenance Support Systems

WBS Dictionary

Phis clemient includes the habdats tor the refurbinbment crew stationed at the GEO final assemibh
bave and the tacsity and cquipment wegquired to porfonm the weinrbshment operations

Elemeni Descniption

The habitat tor the setab ciew s pencrathy the same as that used by the repatr crewn on mamtenane

sorties to the satelhites The moedude s a e deck ssstenm ocdudimye tadation shelter

Fhe returh ooty and ibs provistons e not been detimaed ot this tinee
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Table 1.3.3-5 Reference Annealing Requirements

Power Required/Laser = 212 Kw

Power Required/Gantry = 9.35 Mw

Number of Gantry ‘Anneslers = B {one/satelhite module}
Total Powsr Requirement = 75 Mw

Tune to Anneal Solar Asray = 147 days

{assumes concurtent operation of sl ewght

gantry -annealers)
DRIGINAL taglt O
[ 20 ] SWLY %l s RS R e
© CREW HATITAT OF rovR QUALTY
"" T eC PHYS HIT SUBSYS ® ONE HABITAT PER 60 PEOPLE
Pl PERSQinS * MOOIFIED CREW QUARTERS MOOULE
i e e —— _—
11.0m | BAS SHELTERSTORAGL ® 240000 by
| T PELRSQIRS ® $340 MILLION INVESTMENT
| [eievonceon ] * 1% CAPITAL CHARGE

© GANTRY 'REPAIR VENICLE {EA)
® 5000 kg
e L2O0MILLION TFrUL
* 15% CAPITAL CHARGE
® TRANSPORTATION COST
EARTH TO GEO SELF POWER = $48.%g

Frure 1.3.3-1) Mamtenancr Provisions
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WBS 1.4.0 Space Transportation

This section of the document addresses the description of the spac: transportation system. Both
launch aad orbit transfer vehicles for cargo and personnel are included. In addition. launch facility
requirements. propellant production and delivery systems. and operations/support are discussed in
the following sub-sections.

Transportation Summary

The space transportation system includes a heavy ift launch vehicle (HLLV). a modifiad shuttle
personnel launch vehicle (PLV ), a personnel and supplies high-thrast orbit transter vehicle (OTV)L
and low-thrust orbit transter system (OTS) installed on the SPS modules constructed at LEO. The
tow-thrust OTS modules are reusable and are returne-I to LEO by a vehicle similar 2o the personnel
OTV. A vehicle tlight utilization and cost summary is presented in Table 1.4.0-1.

WBS i.4.1 Cargo Launch Vehicle

The launch cor®iguration of the SPS cargo vehicle is shown in Figure 1.4.1-! with the overall
geometry noted. This series burn concept uses 16 LCH LO > engines oa the booster and 14 staad-
ard SSME’s on the orbiter. The LCHy L0~ beoster engines employ a gas geaeraior oy <le and pro-
vide a vacuum thrust of 9.79 x 169 newtoas cach. The SSME's au the orbiter provide a vacaam
thrust of 2.09 x 10? newions (10072 power level). The cominal 10077 power level tor the SSMES
was selected based on engine life considerations which indicated about a 3 facior reduection in hife it

the 1097 power level is used.

An airbreather propulsion system has been provided on the booster tor flyback capability to

simnlify the booster operational mode. The reforence wing aica for both stages is:

Sw (Orbiter) = 14d6m= (15500 f17)
Sw (Orbiter) = 2330m= ¢ __0K0 it-)

Heat sink thermal protzction svstem is peonvsded on the Looster and the Shuttle s Reusanle Sartace

Lasulation (RS is used on the orbiter.

WBS 1.4.1.1 Launch Vehicle Characterstics

WBS 1.4.1.1.1 Vehicle Design Characteristics

The vehicle design chanictensiics are noted in Table L41-1. The net delivered payvload is 424,600 kg
A return pavload of 137 (635300 kg of the delnered puyiu.ni wis assumed tor the orbiter entry

and {anding conditions. The resultmy mass traction i O 873 for the booster and OW841 foy the

aiivier.
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Tabe 1.4.6-1 Veuicle Flight Utilization Symmary

PAY _OAD | MASS
DE! 1VERED METR:C | NO.OF
VEHICLE AND DESTIMATION TONS | FLIGHTS | COST. MILLIONS
HLLV $PS HARDWARE TO LEV 99568 2%° 3486
HLLV SPS SPARES 1591 4 53
:
RLLV ORBIT TRANSFER SYSTEM i !
“PARES 2432 7 83
t
HLLV OTS PROPELLAXT (ASCENT
AND RETURN) 51632 135 1803
HLLV® +EQ AND 7E) BASE
SUPPLIES TC LEO TVERY
90 DAYS 375 4 53
HLLV® PROPE. LANT FOR G20
PERSONNE LSURCLIES
DELIVERY 1960 3 80
TETALHLLY/! FLIGHTS anD COST 417 5568
PV r=ZWS TO LEO 32 4T
PUTV? CREWS TO GEQ AND
RETURN ¢ 12
015 SPARES AND *
REFURBISHMENT l 8 a7
1
TOTAL YRANSPORTATION! i 8347
t

*CAN BE CHARGED AS A CONSTRUCTION COST

Ix2
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WBS 1.4.1.1.2 Ascent Performance Characteristics

The SPS launch vehicle ascent performance characteristics are noted in Table 1.4.1-2, A “3g" maxi-
mum acceleration thrust profile was used due to the manned capability and also to minimize the
load conditions on the arbiter. The booster staging velocity of 2170 mysec is well within the “heat

sink ™ capability of the aluminum: tianium airframe.
WBS 1.4.1.1.3 Reentry Characteristics

The reentry characteristics ter the booster and orbiter are noted in Table 1.4.1-3. The maximum
deceleration for the booster is 4.27 ¢'s and the subsomie transivion altitude s 17.860 km. The orbiter
reentry has been limited to a normal load factor of 1.41 g’ until the subsonic transition which

occurs at an altitede of 13.62 km.
WBS 1.4.1.2 Booster Stage
WBS 1.4.1.2.1 System Description

Th= beoster stage of the 2-stage winged vehicle consists of the following subsystems.
structures
fndic o2 Fovironmental Protection
Landing ad Auniliary Systems
Ascent Propulsion
Fiyback Propulsion
RCS Propulsion
Prime Power
Electaical Conversion oitd Distribution
Hy diauhic Conversion wad Distribation
Surf ce Controls
Avionics

Frvirommentat Control

Fach of these subsy stems is discussed i the followimg sections including definition of the rationale

tor the mass and cost ostimaes,

WBS 1.4.1.2.1.t  Structures— The booster stage strctures subsystent consises of the wing. vertical
tail. dind body grours The bady group consists of the nose section oxidizcs t1 O )tk intertank,
fueh tLCH gy tank. base shaet thruet strucruie ittt body fhap, and Ty structunes. A presmian
sazite analvsis was condnered to determune the mdnadual structurat choment masses saclusne of

heat skin requirements The additional matenais required 1o satisty o2t sk requineiients are

meoerperated imto the sndaced ensronmental protection subsystem,
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Table 1.4.1-2 Ascent Performa::ce Characteristics

FIRST STAGE

T/ AT IGNITION

MAXIMUM DYNAMIC PRESSURE
MAXINMUM ACCELERATION
STAGE BURN TIME

RELATIVE STAGING VELOCITY
DYNAMIC PRESSURE AT STAGING

SECOND STAGE

HUTIAL T
MAXIMURY ACCELERATION
STAGE BURN TINE

- 1.30

- 3591 kP {750 mf)
- 3.08

- 155.24 sec

- 2170 m/sec (7,120 tps)
= 1.16 kPa (24 pst)

= 0.94

- 3.0¢

= 350.24 sec

Table 1.4.1-3 SPS Winged Vehicle Reentry Characteristics

BOOSTER

APOGEE CONDITIONS
h = 80.82 km

MAXIMUM DECELERATION CONUITION

q*=10.77 kPs
h=3261km
Vit = 1327 m/sec
NORMAL LOAD FACTOR=4.27 ¢'s

MAXIMUR OYNAMIC PRESSURE CONDITION
qQ=13.29kPa
* 2296 km
Vel = 686 m/sec
MNORMAL LOAD FACTOR =143 ¢"s

SUBSONIC TRANSITION CONDITION

h = 17.86 kn.
a=15.

185

ORBITER

MAXIMUM DYNAMIC PRESSURE CONDITION

q=13.17 kpa
h = 1555 km
Ve = 361 m/sec

NORMAL LOAD FACTOR = 1.41

S'JBSONIC TRANSITION ( INDITION

! =13.62km
a=6.4deg
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7
iy

Wing The wing box is constructed of 7075-T73 aluminum and the keading edge. trailing edge. and
elevons are constructed of 6ALV ttamum. A 4y entry condition and a 2.5g subsonic mancuver
condition were considercd in sizing thie wing structure, A ¢ wstant t/¢ = 107 was used. The wing
mass is 129,700 kg.

Verical Tail The vertical tuil was sized for a boost max g condition of 177 kpa. The box struc-
ture 1s 7075-T73 aluminum and the remaining tail structure s 6AL-AV titaniun. The mass of the
vertical tail is 14,900 kg.

Nose Section The nose section consists of a tixed shell structure plus a deployable nose cap. The
shell structure experiences maximum compressive loadings of 35.200 N/em torward and 24,000
N/em aft during the boost 3g condition. The smeared thickness of the 7075 aluminum skin-stringer
panels i1s 0.82 cm forward and 0.68 ¢m aft. The smeared thickness « ¢ the 7073 aluminum nose cap

18 0.38 cm. The nose section mass is 26.800 kg.

Oxidizer (LO>) Tank - The oxidizer tank is an all welded 2219-T87 aluminum pressure vessel with
integral sidewall stitfening in the cyvlindrical section. The smeared thickness of the sidewall panels
varied from 0.79 cri forward to 0.93 ¢ att. The dome membrane thickness varies between 0.28
cm and 0.40 em for the upper dome and between 0.47 ¢m and 0.81 em for the lower dome. The

tank mass including stosh battles is 36,100 kg.

Intertank The intertank is aprroximately 18,3 meters long and is constructed of 7075 aluminum.
The intertank experiences 1 maximum compressive loading of 30,160 N ¢m at the boost 3g onset
condition. The smeared thickness of the skin-stringer panels is 0.76 ¢cm. The mass of the intertonk,

which incorporates the arrbreather engine support structures. is 38.000 ke,

Fuel (LCH4) Tank  T'he fuel tank is an all welded 2219-T87 aluminum pressure vessel with integral
stdewadl stttemne iy the ovhindrical section. The smeared thickness of the sidewall pancels 15 0.89
cm. The dome membrane thickness varies between 0.28 em and 0.40 cm for the upper dome and

between 0.28 and 046 cm tor the lower dome. The tank mass including slosh baftties is 32.600 kg.

Base SKirt- he base skirt is approximately 197 meters long o Fis constructed of 7073 aluminum.
The upper 144 meters expericnces maximum compressive loadings of 40.000 N cm forward and
43,5300 N cmoatt at the boost 3g onset condition. The smeured thiekness of the skin-stringer pancls
is .88 em forward and 0.9 4 cm aft. The lower 5.3 meters oxperiences a maximum combined com-
pressive loading of 31.100N cmoand shear flow o 18900 N cm during the tanked pre-ignition con-
dition. The smeared thickness of the skinsstringer panels v 30 emin the shear-out region and

D.63 cm outside the shear-out region The base skirt mass i~ 47,200 kg,
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Thrust Structure -The thrust structure consists of 1our major beam assemblies plus interbeam stabi-
lizing members. Sixteen thrust posts are incorporated into the beam assemblies. 7075 aluminum is
used throughout. The structural elements are sized for the ignition condition using a dynamic
magnification factor of 1.23. Shear flows in the individual plates vary from 15,300 N/cm t0 61.300
N/em and the web plate thicknesses vary from 0.46 ¢cm to 1.85 cm. The average cross area of a
thrust post is 186 square centimeters. The thrust structure mass is 23,900 kg

Aft Body Flap--The constant chord body flap provides the booster stage with pitch trim control
and thermally shields the main engines during entry. The tlap is constructed of 6AL-V titanium
and has a mass of 2100 ke.

Fairing Structures - Fairing structures consist of the wing-to-body fairings located both forward and
aft of the box carry-thru section, the tail-to-body tairing. and the engine shroud; base region fairings.
The fairings are constructed of 6AL-4V titanium and have an ostimated mass of 8300 ke.

WBS 1.4.1.2.1.2 Induced Environmental Protection - The induced environmental protection sub-
system consists of the heat sink additions required to maintain the airframe outer skin within
acceptable temperature limits. plus the base heat shicld. Reusable Surface Insulation is the thermal
protection svstem on the base heat shield. The heat sink additions weigh 38,300 kg and the base
heat shicld 8100 kg for a total system mass ot 46,400 kg.

WBS 1.4.1.2.1.3 Landing and Auxiliary Systems- In addition to landing gear. this subsystem
includes a landing drag device and auxihiary svstems for upper stage separation and nose cap deplos -
Al

ment latching, The landing gear weight is estimated at 327 of design landing weight. Total sab-

svstem mass is 34300 kg

WBS L4.1.2. 1.4 Ascent Propulsion The ascent propulsion subsystem consists ot the main
engines. accessories, gimbal provisions, and the fuel and oxidizer svstems, Main propulsion s pro-
vided by sixteen (100 high pressure LO~ LOHY gas generator evele engines and the associated tank
prossurization and propellant delivery svatenis The following engine characteristios were used in the

analvsis:

Propellant LO> LCHy

Chamber Pressure 34,5300 kpa

Arca Ratio 06011

Mixture Ratio RN

Thrust ¢S.1. Vaco R.7oNTOON 9688 100N
Specific Impulse 1S.1 Vaed 3TN so0 332 wee
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The mass of the sixteen engines and associated accessories plus gimbal provisions (for eleven
engines) is 162,400 kg

Pressurization gases are heated GO for the LOA tank and heated GCHy tor the LCHy tank. The

total mass of the tank pressurization and propelfant dehivery svstems is 42,200 kg,

WBS 1.4.1.2.1.5  Flyback Propulsion The tlyback propulsion subsystem consists of the airbreath-
ing engines, accessories, fucl system, tankage. and engine installation nacelles. ducts, and doors.
Flyback thrust is provided by twelve (12) turbojet engines. each having a S.L. static thrust of
356.000 N. The flyback fuelis RP-1. The dry mass of the subsystem is 37,400 kg

WBS 1.4.1.2.1.6 Other Subsystems  The remaining subsystem masses have been estimated using
historical or Shuttle predicted weights, These subsvstens include RCS propulsion, prime power,
electrical conversion and distribution. hydraulic conversion and distribution. acrosurtace controls,

avionics. and environmental control.

RCS Propulsion  The reaction control system is required for stage orientation prior to entry and for

control dunng entry. The subsvstom dry mass is 3100 ke,

Prime Power Muajor power sources consist of batterics and airbreather engine driven generatons for
clectrical power. and a hydrazine powered APU tor hydraulic power. The subsystem mass is
4300 ke.

Electrical Conversion and Distribution  The power comversion. conditioning. and cabling clements

are included e this category s The subsystem mass s 4200 Ke

Hydraulic Conversion and Distribution Al stage tunctions requiring hvdraulic power are seniced
by the hydrauhic conversion and distribution subsysten The ivdraulic power for rocket engine
thrust vector controb and valve actwanion s included m this category. The subayvstem mass is
10.900 ke

Surtace Controls  T'he actuation svstem tor the acrodynaniic control surtaces are included in this

category . The subsystem mass s TO30U ke

Avioves  The avionies subsystent includes elements for gindance. navigation and contiad, tracking.

instrumentation. and dato processing and software. The subsysten mass s 1300 ke

Favironmental Control  The environmental control subsystem maintains o condinoncd thermal

coviromaent tor the avionics. Fhe subsystenm mass is 700 ke
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WBS 1.4.1.2.2 Booster Mass Characteristics

The flyback booster mass characteristios are shown in Table 14,14, The structure, induced
environment protection. ascent and auxiliary propulsion, and landing subsystems aceount for 89
of the dry mass. The induced environment protection subsystem mass includes the additional

structural thickness required for the “heat sink capability™ and the base heat shield.
WBS 1.4.1.3 Orbiter Stage
WBS 1.4.1.3.1 Syvstem Description

The Orbiter of the 2-stage winged vehicle consists of the tollowing subsystems:
Structures
Induced Environmental Protection
Landing and Auxiliary Systems
Ascent Propulsion
OMS Propulsion
RCS Propulsion
Prite Power
Flectrical Conversion and Distribution
Hydraulic Conversion and Distribution
Surtace Controls
Avionics
Fovironmental Control
Personnel Provisions
Personnel

Pavioad Accommodations

Fach of these subsvstems will be discussed in the following sections including definition of the

rationale 1or the muss and cost ostiimates.

WRBS 1.4.1.3.1.1 Structures  he Orbiter ~iructures subsy sten consists of the wing. vertical tail,
and body group The body group consists of the nose section, crew maodule. tuel (o H>) tank inter-
tank. P 1 bay doors. oxidizer (EO) tank. att skart, thrust structure, att body flap. and tairie.2
structures. A preliminaiy sizing analysis was conducted o detemune the individual structaral

clement muasses,
Wing  The wing is comstructed from 6TV titamum, A 2 Sg eatey vondition and a 2.5 subsonie

mancus er condition were considered i sizing eowing structure. A constant o= H o was usaed

The wing mass s 31800 Ky,
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Table 1.4.1-4 Booster Mass Statement

P3-1368
OTHER
%
AUXILIARY i
PROPULSION -~
8%

_ STRUCTURE
45%

ASCENT
PROPULSION
26%

LANDING AND ——

AUXILIARY SYSTEMS
4%

INDUCED
ENVIROMIAENTAL
PROTECTION

6%

DRY MASS BREAKDOWN
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MASS (kg)
STRUCTURE 360 800
INDUCED ENVIRONMENTAL PROTECTION 46 400
LANDING AND AUXILIARY SYSTcMS 34 600
ASCENT PRCOULSION 204 600
AUXILIARY PROPULSION 60 €
PRIME POWER 4 300
ELECTRICAL CONVERSION AND DISTRIBUTION 4200
HYDRAULIC CONVERSION AND DISTRIGUTION 10900
SURFACE CONTROLS 10 300
AVIONICS 1500
ExVINONMTNTAL CONTROL 200
GROWTH 68600
DRY MASS = 786 900
RESIDUALS AND RESERVES _49 800
LANDING MASS = 846 700
LOSSES DURING #LYCACK £6 207
START FLYEACK MASS = 832 #¢o
ENTRY IN-FLIGHT LOSSES 2709
STAR™ ENTRY 258 = Q25 61
IN-FLIGHT LOSSES PRI TO ENTRY 27 GQQ
STAGING MASSE = 963 600
THRUST DECAY PROPELLANT 14500
INERT MASS = 878 100
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Vertical Tail - The vertical tail was sized for a boost max gf condition of 177 kpa. It is constructed
of 6AL-4V titanium. The mass of the vertical tail is 12,300 kg.

Nose Section-The nose section s constructed cf 6AL-4V stiffened sandwich construction.
Included in the nose section are the exterior windshields and the nose landing gear support bulk-
head. wheel well and doors. The titanium sandwich is 3 cm thick and has a smeared thickness of
0.13 cm. The total mass of the nose section is 9200 kg.

Crew Module - The crew module is an all welded 2219-T87 aluminum pressure-tight vessel with
integral stiffening. Included in the crew module are the interior (redundant) windshields. hatches
for ingress and egress. and support provisions for other subsystem elements located within the
module. The module accommodates a 4man flight crew plus a 6-man passenger group. The crew
module mass is 2800 kg.

Fuel (LHy)Tank - The fuel tank is an all welded 6AL-4V titanium sandwich pressure vessel. The
core thickness is 3 cm. The smeared thickness of the sidewall sandwich is 0.41 cm. The dome
sandwich smeared thickness varies between 0.21 cm and 0.26 ¢m for the upper dome and between
0.22 ¢m and 0.28 cm for the lower dome. The tank mass is 21.200 kg.

Intertank —The intertank is constructed pnmarily of 6AL-4V titanium sandwich. It provides sup-
port for second siage payloads and the payload bay doors. The smeared thickness of the sidewall
sandwich varies from 0.13 cm to 0.25 cm. The intertank mass is 25.900 kg.

Favload Bay Doors -The pavioad bay door is 24 meters long and has a surface area of 553 square
meters. It consists of two panels that open at the upper centerline. Each panel consists of four
equal length segments. The forward 6-meter segment incorporates deployable radiatois. The door
primary structure is of honeycomb and frame construction employing composite materials. The
door mass is 5100 kg.

Oxidizer (LO>) Tank—The oxidizer tank is an all welded 2219-T87 aluminum pressure vessel con-
sisting of two elliptical domes. The dome membrane thickness varies between 0.53 ¢cm and 0.63 cm
for the upper dome and between 0.62 ¢cm and 1.00 cm for the lower dome. The tank mass includ-
ing slosh baffles is 20.200 kg.

Aft Skirt - The aft skirt is approximately 12.2 meters long and is constructed of 7075 aluminum.
The skirt experiences maximum compressive loadings of 26.200 N/cm forward and 33.800 N/cm
aft during the booster 3g condition. The smeared thickness of the skin-stringer panels is 0.71 ¢m
forward and 0.81 em at't. The aft skirt mass is 19.600 kg.
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Thrust Structure  The thrust struciure comsists of an ntemal cone frustum with a couciform beam
system at it lower end. Ten thrust posts are icorponatad nto the lower section of the cone
frustiom and tour thrst posts are incorporated mto the cructform beam syster A combination
7073 aluminum 6 ALV Gitamum structure »ased. The structural elemonts are sized for the
niton condition using a dvnamic magnitwation factor of 1.23, The wverage compressive foading
in the upper section of the cone tnatum < 12900 N cm and the average smeared thickaess of the
aluminum sk panel i 042 e The averase cross section area of a tantam thoust post §s 23

square cenfunctens. The thrust structure mass s 10100 Az

Aft Body Flap  The constant chord budy (lap provides the Orbater wath pitch trun control and
thermally shickls the mun engines dunng entry. The fap o an aluminum structure with honey-

comb sk pancls. The flap mass s o4 ke,

Fairing Structures | aining structures consist of 4 forward wing-f »body fning located 1 the tran-
sttion region between the arcular teel tank amd the “bovey 7 amtortank, a wany to-bady Tairing
located under the fower halt of the circular oft skt and a tut-to-bady finng. The fainngs are

avsmnutn structures with honeyeomb skin  ancls. The total mass of the Ganangs s 3960 ke,

WEBS 1.4.1.3.1.2 Induced Eavironmental Protection  The induced emvironmental protecaon sub-
system consists of (1) Reasable Surtace Insulation (RSD on the extenor surtaces of the wing. tail,
and bodyv, €29 a hase heat shueld mcompoerating RSE GO intemat msulation tor thernmal control of
pertinent compoenends, and 3 purge, veat, and deam provisions. The masses of the foregomy are
4 300 Kg, 1400 Ko IR Ag and 10O Kg, respectiveln ) vickling a total subsystem mass of
48300 ke

WES 141313 Landing and Auniliary Svstems  Vhos subsystom consists of the binding gear and
\

pavioad handling mampuiator soms Phe Landing gear weght o oshimated at 3.2 of design Landimg

woeht, Folal subsystem mass is 13800 kg

WEBS 141314 Ascent Propulsion The ascent propulsion subsystem consists of the main engines,
aveessaries, ginbal provisions, and the tuel and oxader ssstems. Man propalsion s provded by
fouricen (14 stamdard SSME's and the asovuated tank pressunzation and propetiant delivery

systems. The following cngine characterntios were used i the analysis.

Propellam LOS TH
Chamber Pressure 200700 K pa
Area Ratio T
Miviure Ratio, ol
Speatic Iimpube (tVao) R RN

The mass of the fourteen cengines and assoctated aceessones plus guubal provisions tor ten engines)

1543 540 ke
i S

[o2
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Pressurization gases are heated GO» for the LO> tank and heated GH > for the LH> tank. The dry
mass of the tank pressurization and propellant delivery system is 17,260 kg.

WBS 1.4.1.3.1.5 OMS Propuksion - The orbital maneuver system consists of four (4) ASE engines
and accessories, and associated tank pressurization and propellant defiven and storage clements,
The following engine characteristics were used in the analysis:

Propellant LO> LH>
Chamber Pressure 13800 kpa
Arca Ratio 200:1400:1
Mixture Ratio o1

Thrust (Vao) 89000 N
Specific lmpulse (Vao) 473 sec

The mass of the four engines and accessornies s 770 K,

Tank pressunization s provided by a lgh-pressure low-temperature helium gas svstem. The dn

mass of the taek pressunzation and propellant delivery and storage elements is 4830 kg

WBS 1.4.1.3. 1.6 Other Svyatems  The remmning subsy stem muasses have been estimated using
historwal or Shuttle predicted weights, These subsystems include RCS propulsion, prime power,
clectncal comeenion and dintnbution, v araulic comersion and distabution, acrosurfaces controds,

avionics, cnvironmental control, personne! provisions, personnel. and pavioad accommaodations.

RCS Propubsion  The reaction control syatem provides for shage onentation on-orbit and prior to

entny . and tor control dunmg entry. The subsystem dry mass s 3900 ke

Prime Power Major power sources consist of an O Hs powered tuel cell subsystem o provide
clectncal power, and a hvdrazie powered APU subss stem to provade hvdrauhie power Thedny

mass of the prame power subsystem s 2300 ag.

Electrical Conversion and Distribution  The power conversion, conditioning and cabling Sfements

are included i thas categon . Phe subsystem mass o 3800 kg

Hydraulic Conversion and Distribution Al stage tfunctions reqauung hvdoaahie power are senviced
iy the hivdrauhic comvenion and distribution subsvatent. The hvdrauhe power for rocket engine
thrust vector control and valve actuation s icluded i thas category. The subsystem mass s

3oto kg

Surtace Controls  The actuation systems tor the aerady nanne control surtaces are mctuded i this

category, asaare the cochprt controls Fhe subsystem mass s 0800 ke
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Avionics-- The avionics subsystem includes clements for guidance. navigation and control, communi-
cations and tracking. displays and controls. instrumentation. and data processing and software. The
subsystem mass is 2400 kg.

Environmental Control -The environmental control subsystem maintains a habitable environment
for the crew and passengers, and a conditioned thermal environment for the s ionics. It provides
the basic life support functions tor the crew and passengers, and thermal conty 2} for several sub-
systems. [t also provides for air lock pressurization. The subsystem mass including closed loop
fluids, is 2400 kg.

Personnel Provisions  The fixed life support system and personnel accommadations for the 4-man
flight crew are included in this category. The subsystem mass is 300 kg

Personnel- The 4-man flight crew and their gear and accessories are included in this category. (The
6-muan passenger group and their gear, accessories, and baggage are considered part of the pavloaa. )
The subsystem mass is 1200 kg

Pavload Accommodations Removable pavioad support cquipnient s included in this category.
The mass glowance is 2900 ke,

WBS 1.4.1.3.2 Orbiter Mass Characteristics

The orbiter mass charactenisticos are shown in Table 14,1250 Structure accounts for approximately
SO67 of the stage dry mass.  The ascent propulsion and thermal protection subsystems are an
additional 2977 of the dny mass. The dryv muass s 867 of the inert mass with the remainder including

residuals and reserves, personnel and pavioad accommodations. and imftlight losses.
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WBS 1.4.1.4 Launch Vehicle Costs

WBS 1.4.1.4.1 DDTAE Costs

WS
Table 1.4.1-5 Orbiter Iass Statement
MASS (xg)
STRUCTURE 182 900
INDUCED ENVIRONMENTAL PROTECTION 48 300
LANDING AND AUX SYSTEMS 15 800
ASCENT PROPULSION 00 800
AUXILIARY PROPULSION 9500
PRIME POWER 2500
. ELECTRICAL CONVERSION AND DISTRIBUTION 4800
STRUCTURE HYDRAULIC COMVERSION AND DISTRIBUTION 3600
% SURFACE CONTROLS 8800
AVIONICS 2400
ECLSS AND PERSONNEL PROV 2900
GROWTH 32 900
DRYMASS= 373200
PERSOMNMNEL AND PAYLOAD ACCOMMODATIONS 4 100
RESIDUAL AND RESERVES 14 500
LANDING MASS~ 331800
ENTRY It:-FLIGHT LCSSES 3400
INDUCED START ENTRY MASS= 395200
&% ENVIROMMENTAL IN-FLIGHT LOSSES PRIOR TO ENTRY 39 500
PROTECTION INERTMASS~ 435 100
13%
DRY MASS BREAKDOWN

The DDT&E cost for the thight hardware and its associated ground support equipment is shown in
Figure 1.4.1-2 for both the booster and orbiter stages. The total development cost for both stages
is S11.2B. Systems test. which includes all the ground and flight test hardware in addition to the
test labor. accounts for in excess of 307 of the total development cost. The booster DDT&E cost
includes a new rocket engine and airbreather engine development. The orbiter DDT&E reflects use
of the Space Shuttle’s SSME's and some of the other subsystems which were modified rather than
new developments. All costs quoted are in 1977 dollars.

Since “System Test™ is such a large portion of the DDT&E cost a further detail breakdown is shown
in Table 1.4.1-6 for both the booster and orbiter:

The “Systems Test Labor™ entry includes the labor for both ground and flight test. A five (3)
flight development test program is planned for the vehicle. The labor includes all the effort to
modify equipment. build test fixtures, install instrumentation and to conduct the test program.
Approximately 257 of the systems test labor entry is attributable to the flight test portion and the

remainder is associated with the ground test activity.

The Parametric Cost Model dctailed results tor both DDT&E and the TEFU are tabulated in Tables
1.4.1-7 and 1.4.1-8 for both the booster and orbiter stages.
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DESIGI AND
DEVELCPMENT
0%

DESIGN AND
DEVELOFMENT
2%

ORBITER DDTAE = 24,67
BOOSTER DOT&E = $§5,628M A.674m

©® TOTAL VEHICLE DOT&E = $11.2B {LESS FACILITIES)

Figure 1.4.1-2 SPS Vehicle DDT&E Cost

Table 1.4.1-6 SPS Vehicle Systems Test Cost Breakdown

BOOSTER ORBITER
SYSTEM TEST LABOR $767M $626M
GROUND TEST HARDWARE $1620M $1236M
STRUCTURAL TEST ARTICLE (S170M) ($10am)
PROPULSION TEST ARTICLE {$725M) ($566M)
DYNAMIC TEST ARTICLE (S725M) ($566M)
FLIGHT TEST HARDWARE* $907M $708M
TOTAL $3294Mm $2570M

*INCLUDES REFURBISHMENT OF DYNAMIC TEST ARTICLE INTO A FLIGHT TEST UNIT.
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NO NAME

1 PROGRAM COSY ELENENT

2 PROG INT & NGNY

3 SPS BOOSTER-NINGED

4 FLY VEM DES &t DEV

5 STRUCTURE

6 MNING
314400 LBS

7 TAIL
33990 LBS

8 BODY
LBS

9 NOSE
65120 tBs

D180-24071-1

- Table 1.4.1-7 Booster DDT&E and TFU Cost Estimate

SUB ELEMENT METHOD SOUR-

10

0 DODTEE SUBS

OPCODE= O
UNIT SuBS
oPCODE= O

1 ODTRE FaCtOR

aPCODE= 2
UNIT FACTOR
OPCODE= 2

1 DDTRE SUBS

OPCODE= €
UNIT  SsuBsS
OPCODE= O

3 DDTRE SuBS

OPCODE= O
UNIT SuBS
OPCODE= O

& DDTRE SUBS

OPCODE= O
UNIT SuBS
OPCODE= 0

5 CODTEE CER

OPCODEs 1
UNIT CER
-OPCODE: 1

S DODTRE CER

QPCODE= ]
UNIT CER
opPCODE= 1

5 DDTSE SUBS

OPCODE= O
UNET  SuBS
OPCODE= O

8 ODDTLE CER

OPCODE= 1
UNIT CER
OPCODE= ]

CES FACTORS FROM X

46

46

46

BLEND SUPY OTS MOD MOD NUMBER LRN
X

0.00

0.06

0.04

1.00

197

30

&S

30

45

30

45

X CnPLx

0 ]

0 0.0
0 [

o 0 0.0
Q 0

0 0.0
0 0

L 0. 0.0
] o

g 0.0
1 84

0 0 0.0
1 84

o 0 0.0
0 0

] [ 0.0
1 84

ORIGINAL PAGE IS
OF POOR QUALITY



1}

12

13

14

15

16

17

18

NARE

CREM MODULE

FUEL TANK
189280 LBS

INTERTANK
1850 LS

AsB FUELDTANKAGE
5060 L8S

OXIDIZER TANK

87450 LBS
AFYT SKIRT
114510 LBS

THRUST STRUCTURE
$7%70 LBS

AFT BODY FLAP
4950 L8s

FAIRING STRUCTURE
20570 LBS

Y0

Table 1.4.1-7 (Continued)

SUB ELENENT METHOD SOUR-

DDYRE N/A
OPCODE=
UNIT NsA
OPCODE =

DDTLE CER
OPCOLDE=
UNLIT  CER
CPCODE=

DDYRE CER
OPCODE=
UNIT CER
0PCODE=

DDTRE CER
oPCODE =
UNIT CER
OPCODE =

DDTLE CER
OPCODE=
UNIT CER
aPCODE=

DDYRE CER
OPLODE=
UNIT CER
OPCODE=

DDTRE CER
OPCODE =
UNIT CER
OPCODE=

ODTLE CER
QPCODE=
UNIT CER
OPCODE=

DDTSE CER
OPCODE=
UNIT CER
OPCODE =

D180-24071-1

.3}

a2

46

a6

[ 3}

82

81

82

“s

“7

“é

BLEND SUPT QTS ROD MOD NUMBER LAN
CES FACTORS fRrOn Xx

198

30

45

30

L}

3

45

3o

45

30

&5

30

65

30

&5

30

45

X CHPLX
a 6.0
0 0.0
0 8.0
0 0.0
0 0.0
0 0.0
0 0.0
0 0.0
0 0.0

%

84

1)

86

84

86

a4

Bs

84

cosy
(000)

40,942

12,170

T

13,278

$7.314

16,721

41,581

13.77%

17,158

3,967

16,294

5,736
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Table 1.4.1-7 (Continued)

NARE sup !tCNENi RETHOD SOQUR=-  ALIND SUPT OTS Mue NOD  NURRTR LEN CosY

0

1

23

24

RISC STRUCYURE

THERNAL PROT SYS

MING EXTERNAL YPS
74470 LesS

TAIL EXTERHAL YPS
1810 (§ 11

BODY EXTERNAL TPS
8340 L8S

BASE HEAT SHIELD
s SQF

INTERNAL TCS

PURGE ,VENT, 3 DRAIN

LANDING & AUX SVS

10 CES FACTORS FRrON X X

0 DODYRE N/A 9 0.00 0 0 )
QPLODE- &
UNIT  N7A Q 6.00 0
orCORL- 8
4 DDIRE suss [ 8.00 9 L) o
arCobDE: O
UNIT  subs L) 0.00 0
orCODRE: O
20 DDYRE CER 81 0.10 30 L ]
orCODE- 1
UNIY  Cik a2 0.10 o8
oPCoDE. 1
20 DODYRE (R a1 .10 30 ] ]
arcanes 1
UNIT  CER a2 0.10 4%
arPcope- 1}
20 DDY&E CER 81 0.10 30 Q 0
arcLEs 1}
UNIY  CER a2 0.10 &S
ardobnEs  }
20 DDYSE CER a3 2.00 30 0 ]
erdabe. )
UNIT  CeR 84 2.00 5
ufCODE. 1
0 DODYSE NsA o 0.00 0 [ L]
orco0E=- 8
UNLIT NsA [ 0.00 0

orcone=- 8

0 DOTRE N-A 0 0.00 [ 0 0
oPCODE~ B
UNIT  N/A [} 0.00 0
QPCoDE 3
& DRpTRE sumes 0 g.00 0 0 )
aFrconE- 0
UNIT  suas 0 0.00 ]

orCOni- 0

100

CHpLY

 §

0 L)
0 0
a4

1 Ba
1 &g
1 8s
Q

[ [
0 o

t000)

193,185

109,358
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Table 1.4.1-7 (Continued)

29

30

s

32

33

L

35

316

NANE SUB ELEMENT NETHOD SOUR- BLEND SUPT 0TS MDD NOD  NUMBER LEN casy
10 CES FACTORS FROMN X X CNPLX } 4 (000}
MAIN LANDING GEAR 2T DDTRE CER L 1.00 30 0.0 67,218
14430 Las aPCcoDEs )
. UNIY CER 50 1.00 &5 4 84 21,064
opcobe= 1
AGGREGATED VALUES 10,.5%7
NDSE LANDING GEAR 27 DDYRE CER S 1.g0 30 0.0 $1.811
15200 Las OPCODE=s |
UNIYT  CER 50 1.00 45 1 a& 19,35%2
oPCODE= 1
SEPARATION SYS 27 ODOTEE CER 5 1.00 3¢ 0.0 25,251
4400 LBS OPCODEx 1
UNIT  CER 50 1.60 &5 1 84 7,827
orcooe = 1
DRAG DEVICE 27 DODVYRE CER 5 1.00 130 0.0 38,905
74080 LBS oPCDDE= )
UNIY CER 50 1.00 &S 1 8& 12.12
OPCODE = 1
MAIN PROPULSION 4 DDTLE SURS (4] 0.00 [ g.0 802,504
arcobes 0
UNITT SURS [+] 0.00 0 [} 0 199,234
* QrCcODE = 0
ROCKET ENGINES 32 DDTSE (R G 1.00 30 a.0 782,028
2.178€¢ THR apcope= 1
UNITY CER 80 1.00 &5 16 B89 12,379
oPCQoDt = H
AGGREGATED VALUES 149,092
ENGINE ACCESSORIES 32 DDPIXE CER 5 1.00 30 0.0 10.590
1513 LBS OPCODE= )
UNITY  CER 50 1.00 &S 16 89 3,248
arcope=s 1
AGGREGATED VALUES 39,121
PROPELLANT SYS 32 DDYAE CER 4“0 1.00 30 0.0 9,885
4394 LBS orcopg =y
UNIT CeR 76 1.00 o5 16 84 1.060
orPCODE= )
AGGREGATED VALUES 11,021
AUXTLARY PROP & DDTRE SURBRS 0 0.00 ] 0.0 234,970
OPCDDE= 0
UNTT  sUuBsS 0 0.00 0 2} 0 107,078
arcont= 0
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37

38

39

“0

%1

42

LL)

45
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Table 1.4.1-7 (Continued)

Nant SUB ELEMENT MITHOD SOUR- BLFND SUPT OTS h..
10 CES FACTORS FRON X X
RCS 3¢ DDYRE CER 28 6.56 30 0 0
3108 Las oPCODE« ) &0 0.46
UNIT CER 73 0.5¢ 45
OPCODE= 1 76 0.46
FLYBACK PROPULSION 34 DODYLE Suls 0 0.00 0 0 0
OPCODE= O
. UNIY SUBS 0 0.00 0
oPCODE= O
PRINE POMER & DOTRE CER 28 0.61 30 25 75
s170 LBS OPCODE= 1} 12 0.39
UNIY  CER 73 0.61 &5
oOPCODE= ] 57 0.39
ELECT CONV ¢ DIST 4 DDVSE CER 14 0.21 30 0 Y
10230 LBsS QrPCODEs 1 13 0.79
UNIT CER 59 0.21 &5
OPCODE= 1 58 0.79

HYD CONV & DIST & DDVRE CER 5 0.75 30 10 90
26400 LBS aecope= 1 40 0.25
UNIT CER 50 0.75 &%
OPCODE= ] 74 0.25
SURFACE CONTROLS 4 DDVRE CER 5 0.75 30 10 90
6270 LBS gQPColE= 1 40 0.25
UNIT CER 50 0.75 &5
OPCODE= } 76 0.25
AVIONICS 4 ODDTLE SuUBS 0 0.00 0 0 0
aPCODE= O
UNIT SUBS 0 0.00 0
OPCODE= O
G,N.,& C 43 DDTRE CER 18 1.00 30 25 75
957 LBS arcobeE=s 1
UNIT  CER 63 1.00 &5
* QPCODE= ]
COMM. & TRACKING ©3 DDYRE CER 16 1.00 30 25 75
517 L8s OPCODE= 1
UNIT CER 61 1.00 &5
gePcodes )
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ORICTN AL PAGE B
OF TOOR QUall

MOD  NUMRER LRN
cMeLX X

& 84

AGGREGAYTED VALUES

2 86

AGGREGATED VALUES

0.0

1 84
5.0

1 84
5.0

& 84

AGGREGATED VALUES

0.0

0 0
5.0

1 84
5.0

1 84

cosY
{000)

17.502
5,834

19,543

217,467

87,534

13,741
16,468

30,509

15,882
8,671

29,046

14,724

7.391



NO

«

L}

48

<9

50

51

52

53

56

NANME

DISPLAYS & CONTROLS

INSTRUMENTATION
594 L8S

DATA PROCESSING
1452 LBS

ENVIRON CONTROL

CABIN & PERSONNEL

EQUIPMENT

500 LBS
AIRLOCK
PERSONNEL PROV

LIFE SUPPORT SYS

SUB ELEMENT METHOD SOUR-

T0

43

43

4«9

Table 1.4.1-7 (Continued)

DDT&E N/A
OPCODE=
UNIT N/a
aPCODE=

DDTLE CER
OPCODE=
UNIT CER
OPCODE=

DDTSE CER
OPCODE=
UNIT CeR
OPCODE=

DDTLE SUBS
OPCODE =
UNIT SUuBS
OPCODE =

DDTRE N/A
oPCODE =
UNIT N-A
NPCODE =

DDT&E CER
oPCCDE=
UNIT CER
OPCODE =

DDTLE Nr/A
aPCORE=
UNIT HN~rA
oPCODE =

DDTLE SUBS
OPCODE=
UNIT  SUBS
opcODE=

DDTRE N-A
oPCnpr -
UNIT  Ns/A
OPCODE =

-]

BLEND SUPT OTS Muuy MOD NUMBER LRN

CES FACTORS FROM X

15

60

17

62

54

202

.00

.00

.00

.00

.00

.00

.00

.00

30

45

30

45

30

45

25

25

X CMPLX
0 0.0
7% 5.0
75 5.0
) 0.0
0 0.0
0 0.0
] 0.0
0 0.0
0 c.0

%

8¢

84

84

COST
(000)

7,692

5,842

2,523

736



NO

55

56

57

58

59

60

61

62

63

NAME

PERSONNEL ACCON

A/B ENGINES
82500 THR

A/B ENG ACCESS

880 LBS
NACELLES,DUCTS.ETC
2750 LBS

FUEL SYSTEM
3300 LBS

DUMNMY KBS

DUMMY WDBS

DUMMY WBS

ASSEMBLY & CHECKOUY

SUB ELEMENT METHOD SOuR-

T0

38

3a

8

38

Table 1.4.1-7 (Continued)

DDTSE N/A
OPCODE= 8
UNIT N/aA
OPCODE= 8
DDTRE CER
OPCODE= 1
UNIT CER
oPCODES 3
DDTSE CER
OPCODE= 1
UNIT CER
OPCODE= 1}
DDTSE CER
oPCoDnE= ]
UNIT CER
OPCODEs 1
DDT&E CER
oPCODE: 1
UNIT CER
OPCODE= 1
DDTSE N/A
crPCoDE= 8
UNIT N/A
opCoDE= 8
DDTRE N/A
OPCODE= 8
UNIT  N7A

0PCODE=s 8

DDTRE N/A
grcobt= 8
UNIT  N-A
gPCODE=: 8
DDTAE N~sA
orcong = 8
UNIT TACTOR

grcope= 2

D180-24071-1

CES

4}

87

50

87

43

76

ORIGINAL PAGE IS
OF POOR QUALITY,

BLEND SUPT 0TS Muv

FACTORS FROM X

0.00

30

&5

30

45

L1y

45

30

“5

(3]

%

MOD NUMDER (RN
cHuPLX %

12 89

AGGREGATED VALUES

12 89

AGGREGATED VALUES

12 84

AGGREGATED VALUES

12 84

AGGREGATED VALUES

0.0

0 0
0.0

0 0
8.0

¢ 0
0.0

1 84

cosY
oo

193,203
4,614

“3,278

61,468



(1]

43

(13

&7

(1.}

(34

70

71

72

NANE

TOOLINS

SYSTENS YEST

SYSTERS TEST LABOR

GRD TEST HDME

STRUCT TEST AL

DYN TEST ARTICLE

PROP TEST ARTICLE

FLY YESY HDME

SE&1I

suva
10

(3

[ 33

[ X4

7

67

65

Table 1.4.1-7 (Continued)

ELENENT METHOD SOUR~- BLEND SUP™ OTS MUD NOD NUMBER L
CES FACTYORS FROM X

DDTSE CERw
OPCODE= 17
UNIT N/aA
OPCODE= B8
DDYLE SUBS
OPCODE= O
UNIT SUBS
OPCODE= @
DDYLE CER»
OPCODE= 12
UNIT HN/A
OPCODE= 8
DDYRE SuBS
OPCODE= 0
UNIT N/aA
OPCODE= 8

ODTSE FaAl UN

LPCODE= 3
UNIT nN/a
GPCOLE=: 8

DDTLE FAC UN

OPCODE= 3
UNIT  N/A
oPCODE= 8

DDT8E FAC UN

OQPCODE= 3
UNIT N/a
opCcobDeE= 8

DDTRE Fal UN

orcobg= 3
UNIT  N/2

CPCODE= B
DDTLE CERw

oPCODE= 12
UNIT N/A

CPCODE= 8

D180-24071-1

L] 0.00
85 0.00
o 2.00
0 0.00
0 0.00
% 6.00
33 g.00
0 0.00
0 8.00
0 0.00
5 1.00
0 0.00
L 1.00
0 0.00
L3 1.00
6 -1.00
7 -1.00
[} 0.00
4 1.25
0 0.00
4 0.00
32 0.00
0 0.00
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X CneLx

cosTY
(000)

396,400

3,293,844

766.9%68

1.62C,106

169.270

725,416

725,416

906,771

75,218

0
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Table 1.4.)-7 (Continued)

NO [ P | SUR ELEMENT METNOD SOQUR- BLEND SUPY 0TS » NOD  NUMBER &N casy
10 CES FACTURS FROM % X CniLy (pap)
TV RAY vEu D D R ¥ o DDhIAE FACTOR LY 1.00 0 ] [ a.0 t
ariobEs 2 2 1.00
[ X3 1.00
UNLT  N-A ] L ] [ 8 €

areobt«s A

T4 SOF THARE ENGE 3 DDA CtRe ) 8.0t ] L -] ¢.0 PSS LY
arcunt < 12 As 0.p0
. UNLTE  N-A [} o.o0 e 0 Q ¢

aPcodes 8

7y BSE 3 PRI CiRe L) 8,00 ] o ] e.0 31s,.89)
apTani - 32 13 o.p0
UNIT (i R» L) a.ad [ 4] ] ). 00
arcoOnE - 17 i a.00
e DDYIRE E5F S-S 3} opphixt 10 UN H) N 14 [ [ ] 0.0 Aita . Q0
QRO - A
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Table 1.4.1-8 Orbiter DDT&E and TFU Cost Estimate

(SPS Winged Orbiter)
NANE SUB ELEMENT NETHOD SOUR- BLEND SUPY OTS NMOD NOD NUNMBER LN casy
10 CES FACTORS FROM X X CHPLX X {800)
PROGRAM COST ELEMEN: 8 DDILE SUBS o 0.c0 [+ 3 0 0.0 %.674,072
oPCODE= ©
UNIT  SuBS [ e.00 0 0 0 764.673
oPCODE= O
PROG INT & MGNY 1 DDYRE FACTOR 3 0.0¢ ) 8 0 0.0 132,943
OPCODE= 2
LNIYT  fFaCTOR 3 0.06 0 0 0 33.482
OPCODEs o
SPS ONBITER-MINGED 1 DDTRE SuRS e 0.00 -} L 02 8.0 4.541,132
oPCODE=: O
UNIT  SuBS [ 6.00 Q L] 0 730,990

oPCODE= O

FLT VEH DES & DEV 3 DDYLE sSuBs 0 0.00 ] 0 -} 0.0 1,115,146
orcope: 0
. UNIY  SuBs 0 0.00 0 o 0 546,031

Grcopes 0

STRUCTURE & DDrIsE Suss 0 e.00 g ] L a.9 324.659
OPCODE= O
UNIT  SUBS 0 0.00 L) ] 0 103,645

orPCODE= O

HING S ODIsE CER 1 1.00 30 ] 0 0.0 83.591
125400 Les oPCODE= 1
UNIT CER (3 1.00 &5 1 s 26.450
oPCODE= 1
TAIL & DDYRE CER 1 1.00 >0 0 ] 0.0 22.862
29920 LBS opCcapE= 1
UNIY  CER (1 1.00 45 1 86 7.875
gpronE=: 1
BODY 5 DDILE SuBS 0 0.00 Y 0 0 0.0 218.205
Las oPCODE- D
UNIT suBS o 0.00 0 o 0 69,319

opCobE= 0

NOSE & DOTRE CER 1 1.00 30 0 0 0.0 17.471
22220 L8s aPCcoDt: 1
UNIT  CER “6 1.00 &5 1 84 6,123
opPCcobE= 1
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Table 1. 4.1-8 (Continued)
NARE SUB CLENENT HETHDD SOUR- DBLEND SUPY QTS MOOD NOD  NUNBER LN COsY
10 CES FACIORS fRON X X CNPLX % te00)
CREN NODULE 4 DDIgt CER 2 1.00 3o 9 Q.8 22.1%0
710 188 arPCoDE=
UNIT CcER 47 1.00 &% [ 19 $.227
O+ L0DE -
FUEL TANK 8 PDYLE CER 1 1.00 ¥ ] 0.0 17.348
51480 L8s QPLODE.
UNIY Cin 4“4 1.00 4% a4 12.480
QPCOrLE s
INTERTANK 8 DDYRE CER | 1.00 3@ -] 0.0 &%, TA0
29la LeS OPCODE=
UNIT (R LY Y 1.00 &S 84 14,785
QFCOBE =
PAL BAY DOORS 8 DDYRE CEnr 3 1.00 3o -] e.0 10,25%
12320 (¥ 3 oPCODE -
UNlY CER 44 1.00 4% 84 3.719
ePCODE s
OXIPIZ¢ R TANK 8 DOYLE Cin s 1.00 Mo ] 0.0 J&. 600
49170 188 QPCODE =
UNIT CER a2 1.00 &% 84 S:11%
GPCORE =
AFY SYIRY 8 DDIsE R sl 1.60 30 ] .0 cS.908
47630 LBS NPCHng =
UN1T  CeRm 82 1.00 &% 84 F.897
QrcoDE =
THRUST STRUCTURE 8 DPIRE CER 1 {1.00 3o 0 0.0 19.027
24520 LBS OPCODE =
UNIY iR ad 1.00 45 a4 [ XY 3 M
arcOler
AfY BODY FLAP 8 DDYsE TR 2 1.00 30 [ 4] .0 b.hhd
150 LBS arcope =
UNIT (IR &7 1.00 45 a4 1:37e
RN U
FAIRING STRUCTURE 8 DDYIRE CER 1 1.63 3 0 0.0 A.18)
*"’e 1§13 QrConE -
UnNir JCiR 44 1.00 &5 t1] 3,003
OPLODE
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20

1

22

23

24

25

2%

27

NANE

NISC STRUTTURE

THERNAL PROTY SYS

HING EXTERMAL TPS

33482 SQF

TAIL EXTERNAL TPS

.1282 SQF

BODY EXTERNAL TPS
4260S SQF

BASE MEAT SHIELD
1697 SQF

INTERNAL TCS
2860 SQF

PURGE.VENT, L DRAIN
231C L8s

LANDING & AUX SYS
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Table 1.4.1-8 (Continued)

SUB ELEMENTY METHOD SOUR- BLEND SUPT OTS MOD

Y0 CES FACTYOR.L FROM X X
0 DDVIE N/A ] a.00 ] [ ]
GPCODE= 8
UNIT N/A ] 0.00 0
oPCODE= 8
& DODYLE SUBS s 8.00 ] ] 0
QPCODE= O
UNIT SuBS 0 6.00 (]
OPCODE= O
20 DDYLE CER 83 2.00 30 <] ]
oPCODE= ]
UNIT  CER a4 2.00 &S
GPCODE= 1
20 DDYSE CER a3 2.00 30 0 0
OPCODE= 1}
UNIT CER a4 2.808 &5
grcoDe= 1
20 DDVLE CER 83 2.00 30 0 a
grcoce= 1
UNH1Y TtiR .1 2.00 &S
OPCORE-= 1
20 DODYLE CER 83 2.00 30 o 0
oPCODE= )
UNIT CER 84 2.00 45
OPCODE=> 1
20 DDTLE CER 8 1.00 30 (4] 0
OPCODE=: |
UMIT CER 53 1.00 45
oPCODE: 1
20 DDTRE CER “«0 1.00 30 [} 0
orPCoOpE= 1
UNIT CER 76 1.00 &5
oPCODE= 1
& DDTRE SuBRS ] 0.00 0 ] 0
oPCODE= 0
UNIT SsuBS 0 0.00 0

oPrODE: 0

208

nlo HUNBER LN

CRPLX

i x
o o
e o
1 8e
1 8¢
1 8¢
1 84
1 84
1 8s
0o o

casr
(000)

1446.00%

65,397

58,393

26,736

164.707

7,832

70,93}

29,573

5.065

2,611

7.138

5.773

526

92.376

55,977
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32

33

34

35

3é

NANE

RAIN LANDING GEAR

. 7109% Les

NOSE LANDING GEaR
$400 Les

SEPARATION SVYS

P/7L HANDLING SYS

3300 L8S

MAIN PROPULSION

ROCKEY ENGINES

ENGINE ACCESSORIES
518 LBS

3

PROPELLANTY SYS
2994 Las

AUXILARY PROP

sus
1o

2?7

27

27

52

32

»

Table 1.4.1-8 (Continued)

ELEMENT METHOD SOuR-
CES FACTORS FROWM X

ODVRE CER
OPCODE-
UNIT CER
OPCODE =

DDTRE CER
OPCODE=
UNIT  CER
OPCODE »

DDYRE N-/A
OPCODE=
UNIT  N/7A
OPCODE =~

DDYRE CER
OPCODE=
UNIT CER
OPCTE

0ODTLE SUBS
aQpPLCODEs

UNIT  Suss
oPCODE =

ODTSE L
oPCODE=
UNITY $
QPCODE~

DDYRE CER
OPCODE.
UNIT  CER
orPCODE=

DDTLE CER
OPCODE=
UNTTY  CER
aPCoDE

DDYRE SUBS
ercobt -
UNIT SUBS
OrCODE -

L]

D180-24071-1

50

50

50

50

«0

74
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SLEND SUPY QTS MOD NOD NUNBER LRN

0.00

1.00

1.00

0.00

209

A2

45

30

5

30

45

30

45

3o

(31

X CuPLX X

4 B4

AGGREGATED VALUES

0.0

1 84
0.0

0 0
g.0

1 84
0.0

0 0
0.0

14 8¢

AGGREGATED VALUES

14 89

AGGREGATED VALUES

14 8¢

AGGREGATED VALUES

cost
(000)

37,265
11.403

38.268

35,133

10.932

19.977

6,175

“1.0%0

181,79

30,000
15.060

161,514

4,430
1,343

Iw,60%

280, 3%4

23,608
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40

&1

43

L)

&5

NANE
&S
2345 L8s
onNS
PRINE POMNER
doa0 L8s

ELECTY CONV & DISY
11440 (8§ 33

HYD CONV & DIST
8300 L8s

SURFACE CONTROLS

w152 Las
AVIONICS

6.N.8 C

*"%? L8S
COMN, & TRACKING
1397 Las

SUD ELEMENT NETHOD SOUR-

10

L 1)

34

»

4)

“3

Table 1.4.1-8 (Continued)

DOTLE CER
GPCODE=
UNLIT CER
OPCODE=

DDTRE SuBsS
[Llgalel ] 2
UNIT  Ssuas
arcone -

DOIRE CEm
ariont -
UNIT (iR
oPCOlE =

pDVsE CER
QPCO0E=
UNIT  CER
apPCodE -

DDYSE CER
QPCODE =
UNIT  (ER
QrCODE =

phYee CIR
aPpnt -
UNLTY LR
OPCODE =

eDYRE SuBs
arcoDt -

UNTT  sufs
arcondt =

DDYRE CiR
arcong -
UNIT CER
aPcODE =

oIt TR
areobt -
UNTT CER
aercont -

DI80-24071-1

CES

=0
76

&0
50
7¢

18

[ 3]

61

BLEND SUPY 0TS MOD
FROM %

FAC

ATV

TORS

0.5¢
0.46
0.5
0.46

.81
3
.81
.39

- - - -]

Ll
&

19

3
. %

.79

(- - -]

b

-~

.7

)

oc Do
[V IR NP Y ]

P e P

30

45

L1

L)

o

&5

L1

30

45

30

4%

2s

10

10

LS

7%

'

15

75

NOD NUMBER LN
CNPLX X

4 846

AGGREGATED VALUES

2 8%

AGGREGATED VALUES

6.0

1 84
5.0

1 84
5.0

& 84

AGGREGATED VALUES

Q.0

0 0
5.0

1 84
5.0

1 8%

cosy
(000)

14,249
LYR-T %]

15.292

266,109

3.314

22+ 548

20.6%6

11.44!}

100,04

“9.716

23,840

2.45%7

M.e

s

%

17,869



NO NANE

44 DISPLAYS & CONTROLS
1540 Les

&7 INSTRUMENTATION
5% L8S

48 DATA PROCESSING
1452 LBS

49 ENVIRON CONTROL

50 CABIN & PERSONNEL
5500 LBS

S1 EQUIPMENT

5940 LBS
52 AIRLOCK
110 LBS

53 PERSONNEL PROV

5& LIFE SUPPORY SYS
770 LBS

SUB ELEMENT METHOD SOUR-

10

4)

43

43

[} ]

<9

49

53

Table 1.4.1-8 (Continued)

DDTLE CER
OPCODE
UNIT CER
OPCODE~

DDYXE CER
OPCODE~
UNIT CER
OPCODEN

DDYXE CER
CPCODE~
UNIT CER
OPLODE ~

DDVSE SuUBS
OPCODE=
UNIT SuBS
OPCODE=

DDTLE CER
OPCODE:
UNIT CER
OPCODE=

DDTRE CER
OPCODE =
UNIT CER
OPCODE =

JDTLE CER
OPCODE=
UNIT CER
OPCODE=

DDTLE SUBS
OPCODE=
UNIT SUBS
OPCODE=

DDTRE CER
OPCODE =
UNIT CER
OPCODE=

D180-24071-1

CES

18
63

1S

(1

17

62

54

54

“8

54

BLEND SUPT OTS MOD NMOD NUMBER
FACTORS FROM X

1.00 30
1.00 45
1.00 30
1.00 &S
1.00 30
1.00 &S
0.00 0
0.00 o
1.00 30
1.00 &5
1.00 30
1.00 &5
1.00 30
1.00 <5
0.00 0
0.00 o
1.00 30
1.00 &5

X CHPLX

2% 715 5.0
2% 718 5.0
25 75 5.0
0 0 0.0
0 0 0.0
0 o 6.0
0 0 6.0
0 0 0.0
L 0 0.0
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LN

x

1 84

1 8e

1 84
e o
1 84
1 e
1 84
o o
1 84

cosY
(o000

34,087

14,125

7.692

5,862

36,400

10,508

17.046

4,851

18.125

5,154

5,370

1,565

3,557

1,034



s

56

87

58

59

40

[ 3]

62

43

NANE

PERSONNEL ACCON
330 L8S

ONS ENGINES

ONS ENG ACCESS
4% LBS

ONS PROP TANKS
JO73 LBS

OMS PRESS TANKS
400+ [ § 33

OMS PROP SVYS
$17 L8S

ONS PRESS SYY
t7e L8S

DUNMNY MBS

ASSENBLY & CHECKOUT

SUB ELEMNENY NETHOD S
10

L1 ]

38

b 1.1

1.}

28
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Table 1.4.1.8 (Continued)

DDTRE CER
OPCODE- 1

UNIT Cer
grcopt- 1

pbrae +
opcanes  §

UNtLY t
opCupe- 8

DOYRE CER
aPCORE: 1}
UNIT CER
QrgopeE- |}
DDYRE CER
areones )
UNLIT  CER
OPCODE= )
DDTRE CER
orCcODhE: ]
UNLIY CER
QPCODE=. )
DDIRE CiR
orcone- )
UNIT (R

arcapE= 1

oDYRE CiR
arcone- 1

UNIY  CER
arcope- 1

DDILE N-A
arcont - 8

UNTT  N-A
opcope=- 8

DDTLE N-A
orcobE- 8

UNLIY FaCtTOoR
orcone - 2

CES

54

50

a1

a1

a2

0

Té

20

QUR -

te

BLEND SUPT 0TS NOD
FACTORS

o—
ta

2.00

.00

1.00

FRON X x

3 ] 0
45
¢ L] e
]
30 0 0
45

30 ¢ 0

&5

30 o [

5

3 ] (]

L} ]

L]

NOD  NUNBER LRN

cuPLX

AGGREGATED

AGGREGATED

X
LI 1}
4 8y
VALUES
4 2
VALUES
1 8
1 84
1 84
1 &e
0 0
1 8¢

Cosy
LeeQ)

1.812
L2 1]

250.000
1.030

3,445

2.7%

J.764

50

2,619

187

1.484

89

46,22
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Table 1.4.1.8 (Continued)

NARE SUB ELENENTY NETHOD SOUR- BLEND SUPT QTS HOD MOD NUNBER (RN cosy
10 CES FACTORS FROM X X CMPLX X (000)
TOOLING 3 DDYSE CERe 4 g.00 0 e o 0.0 212,966
oPCCDE= 17 8§ 0.00
UNIY  lisA 0 0.00 O o 0o 0
. OPCODE 8
SVSTENS TEST 3 ODIsE Sums 0 .00 0 8 ¢ 0.0 2.548.7¢0
QPCODE = 1]
UNIT  SUBS 0 0.00 O o 0 ]
aPCODE. O
SYSTENS TEST LABOR 65 DDVSE CERw 4 0.00 © o 0 0.0 25,511
oPCODEs 12 3 0.00
UNIT N: A 0 0.0 o e o 0
gPCODL: 8
GRD TEST HDME &% DDIRE SUBRS Q 0.00 [y Q Q g.o0 1,235,702
OPCODE= O
UNIT NAA 0 a.¢0 ] ] [\] @
arcoPe- 8
STRUCT TEST ARTICLE 67 DDY&E TAC UN 5 1.00 0 5 0 0.0 103,845
0#LaNE - 3
UNTT NAA 0 .00 Q ] 1] o
cPCODL. 8
DYN TEST ARTICLE 47 DOYRE FAC us 4 1.00 o ¢ o 0.0 Se6.0M
Orcode - A
UNIT  N-A 0 0.00 © 6 o 0

OrcObDE:. 8

PROP TEST ARTICLE &7 DDTRE PAC UN 4 1.00 0 0 0 0.0 S46,.0M
apcoDE = 3 [ =1.00
? =1.00
UNIT  NsA [ e.00 0 [V} o 0
apcobde- 8
FLY TEST HONE 6% DODYLE FAC UN LY 1.08 0 1] [\] ¢c.0 707,.5M8
arconts 3
UNIY N-A 0 0.00 Q [+] 0 [\
QoL 8
s £t 3 DDVYRE CERw L) 0.00 0 2} 0 6.0 45, 392
(U AU S 32 0.00
UNIT  N.A 0 0. 00 [} 0 [ [}

orcdeE: 8

NE
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Table 1 4.1 8 {Continued)

DDYRE FACTOR

aQeiobe 2
UNIY  N-A
arcQnE= 8

DRILE Cikw
orcont- 12

UNTY  N-A
aPCODRE: 3

DDYRE (tRw
(UL LILEE S BN

UNLIY  (iRe
orcores 1?7

DRISL FAQC UN
ARTN0e = k)

UN1t! N oA
ISR A S

SUB ELENENT NETHOD SOUR-
CES

- fow
o # o »

b
”

=

D180-24071-1

BLEND SUPT 0TS MDD MDD NUNRBER LN

FACYORS FoiN X

4

1.00
1.00
1 0o
0.0

a.o0
o.00
a.0¢

g.¢0
¢.oe
2.00
g.o0

¢.00

X CHPLX

CosY
(000)
Q
(4
23,610
0
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WBS 1.4.1.4.2 Production Cost <

The initial unit production cost for both the SPS cargo vehicle booster and orbiter is shown in
Figure 1.4.1-3. The theoretical first unit cost (TFU) for the booster of $821.4M and $638.5M for
the orbiter were developed using the Boeing Parametric Cost Model (PCM). The following is a
breakdown of the TFU cost by major subsystem:

Subsystem B¢ oster Orbiter
Structure 1% 16%
TPS N/A 10%
Main Propulsion 24% 287
Landing and Aux. Sys. 13% 95
Flyback Propulsion 116 N/A
Other Subsystems 19 26

The ground support equipment TFU cost is estimated to be $162.8M and $126.0M for the booster
and orbiter respectively.

WBS 1.4.1.4.3  Average Cost 'Flight (1 Satellite, Year)

The cost thght breakdown shown in Figure L4 -4 is the average for the 400 per vear launch rate
and I vears of operation. The cost flight items follow the Shuttle User Charge Policy guidelines
with the tollowing additions.

. Amortization of the tlect production costs

2. Inclusion of the rate tooling cost due to the hardware quantitics required.

The following assumptions and criterig regarding refurbishment and replenishment spares was used
to develop the average cost per tlight for the vehicle:

State Element Design Life Refurbishment Replenishment
Airtrame 300 tlights Fach 100 Night 01877 per tlight
30 of production
vost
Rocket Indetinite Fach 30 flights o Q305 per tlight
Fuagines 00 of production
cost
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\ STRUCTURE —F< ~ =
0 ‘ 2
BOOSTER BOOSTER ORBITER ORBITER
STAGE GSE STAGE GSE
Figure 1.4.1-3 SPS Launch Vehicle Production Cost
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Figure 1.4.1-4 SPS Launch Vehic’e Average Cost/Flight (One Satellite/Year)
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The effect of design life and attrition rate vanations are shown in Figure 1.4.1-3. Based on these
trends the recommended goals tor design lite and attrition rate are SO0 lights and 0. U respectinely,

Flight Hardware production and spares is the fargest single item withi the booster and orbater
accounting for $57% and 45%, respectively. Propellant cost amounts to 125 of the total per tlight

cost.
WBS 1.4.1.4.4 FEffect of Launch Rate on Cost/Flight
Figure 1.4, 1-6 illustrates the effect of Taunch rate on the averupe vost flight and the fransport cost

to low Farth orbit for the SPS cargo vebcle. Fhe required Dunch rate of appronumately 300 thghts

per satellite results in the following:

Annual Lausch Rate Cost Flight Transport Cost
S ke (& by
100 Fhights LRI 2 | RSP {1438
1600 Flights S1O.7T34M AR LA

A 30 Launch per vear rate, comparable to the planned rate for Shuttle from K8 would aesult
an average cost of S23M per tlight for the SPS cargo Launchovehele Also noted on the chart. e

the NASA ISC in-house cost estunates as of Linuan 1978,
WBS 1.4.1.5 Vehicle Operations

The 2-stage winged vehucle operations plan imcludes prelaunch, Livach, and recoverny activties
assoviated with the SPS Lnch vehicle. The launch site operations plan inchudes

1. Bothvehivles landing at the launch site

N

20 St maimntendnee and checkout . dedicated fasilities tor poth the booster and orbrter

3 Manng. vehicle mtegration, and fuenng at the launch pad

A horzontal mating operation s planned on th launcher shiere the two stages widl be woned and
then rotated 1o the vertieal This concept s depicted i Figure L4570 Tae appe. portion ot the
Luncher erector is totated away from the vehale after the velucle s the verte sl posiion (o

provide clearance tor launch

ta
—
~d
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Figure 1.4.1-6 Effect of Launch Rate w1 Cost . «r Flight
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Figure 1.4.1-5 Effect of Design Life and Attrition Rate
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Figure 1.4.1-7 Launcher/Frector Concept
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Boaoster Timelines

The booster tunehne from launch toats move m the mtegration position s shown i baigure 1418
The timehines reflect the average timchnes for the operational launch vehicle system A tatal of
62 hours s estimated Tor ths portion of the turmaround with the scheduled and unscheduled
mamtenance actnhy rquinag 3o hours, On-boand condition nromtonng cquipment will eshance
the operations iy

. Providing performance momtonng of the sfage subsysteins,

2. Auding in Lault nolation and detection

Rocket engins manntenance o anticpated to be the magor portion of the booster operations.

Orbiter Timelines

The orbiter timelme from Launch o ats move te the mtegration position s shown on bigure 1419,
A total tme of 97 hoars for orbiter provesang moudimg 24 hour onorhit sty tane o estimated.
The mamntenance portion of the oty s estumated o require 38 fours due to the thenmal protec-
tron svatem and the addiional svstems cquupment wquuad tor the manned stage. Ntotal ot 12
hours hus been allocatad for pavload antallation moa parallel operation waith the orbiter

mamntcnanc:

Integrated Vehicle Timelines

e vehoole integrated opesations tinchine isshown on Forue V4 IO These activiies are at the
Taunch xite and cotlect all the openations frem velucke mating through launch. Ths porhion of the
launch operations requires 34 hours tor the booster and 30 heurs tor the orbiter The total tume-
around times for the booster and orbater are summuanzed m Fable 14 1-90 Ao shown on the table
for reference o the antiapated maroand tmes tor the 2atage ballistic recoverable concept
studied carher The 2atuee wimnee d vehucle ressttn i turmaround tates which are Tess than those tor

the ballnte vehule

WES 1 4.2 Pervoanel Carnier Vehicle

Lhe posonaet carner velele provedes tor the tnansporation of the crews between carth and fow
carth ottt Tho vehole sva dornvative of the coment Space Maattde ss<iem whach meorponites a
Liquid propetlant boostern mt phace of the Solid Rocket Boosters (SRBSOY A senes-burin ascent made

was selectod and as aresalt e ducad Datemal Tank o Drpropellant load sorequrned

The personnet Linnch vehiele, shown i Drgaree P42 Dincorpoates a propane tucled booster, bxter
nal Lank and Space Shottle Oebater Overadbhvelncle geometny and charactenstios awe shownom the
figure. The overall feneth of o090t due o the timdem artangeisent rather than the side

mounted concept i the cunent Shuttde systens.
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FLY BACK I?l

LANDING OPERATIONS é:l

MOVE TO MAINTENANCE FACILITY 2

TRANSFER TO FACILITY POWER - (]

DUMP AND REDUCE CM DATA ———
INSTALL ACCESS EQUIPMENT c——

PERFORM SCHEDULED AND »
UNSCHEDULED MAINTENANCE

SYSTEM VERIFICATION TEST

U*ﬂ

MOVE TO INTEGRATION POSITION

%- 62 IOURS -

admon

Figure 1.4.1-8 Boaster Processing Timelines

ON-ORBIV STAY TIME S A7 S S A P AP
AND DEORBIT Corarrrs

LANDING OPERAYIONS O,
MOVE TO MAINTENANCE FACILITY (o)
TRANSKER TO FACILITY POVER o
DUAP AND REDUCE CM DATA —
INSTALL ACCESS EQUIPMENT —
’ | o

PERFORM SCHEDULED AND
UNSCHEDULED IAINTENANCE

INSTALL PAYLOAD C—
SYSTEM VERIFICATION TEST Ez
MOVE YO INTEGRATION POSITION 0
|
l

}3 97 HOURS

Figure 1.4.1-9 Orbiter Processing Timelines
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e n
WNSTALL 1ST STAGE c:‘:,
ON LAUNCHE R/ERECTOR
INSTALL 2ND STAGE c:‘::
ON LAUNCHER/ERECTOR
INSTALL ORDNANCE AND l‘_{]
CLOSE OUY
» 4
PERFORM VEMICLE INTEGRATION TEST s .
ROTATE TO VERTICAL o |
RETRACT INTERMEDIATE ]
SUPPORTS
MAKE INTERFACE CONMECTIONS 4
AND CONDUCT PRELAUNCH [ —
VERIFICATION
i 2 35 25
FUTL LCH,, L0y, LH, |
CQUINT™ JWN AND LAUNCH O
je—-——--2110un8 - ~ - —— |
Figure 1.4.1-10 Integrated Vehick Operations Timelines
L 3 %)
Table 1.4.1-9 Vehick Tumaround Analysis Summary
VENICLE CONCEPT STAGE OP$ INTEGRATION TOTAL
ONLY AND LAUNCH OPS TURNAROUND
WINGWING
BOOSTER &3 HOURS 34 NOURS 87 HOURS
ORBITER 97 HOURS 30 HOURS 127 HOURS
BALLISTIC/BALLISTIC
BOOSTER 83 HOURS 34 HOURS 127 HOURS
UPPER STAGE 102 HOURS 36 HOURS 132 HOURS
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Figure 1.4.2-1 Personnel Launch Vehicle
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WBS 1.4.2.1 Vehicle Geometry

The overall vehicle geometry ol the persannel launch vehicle is shown on Figure 1.4.2-1. All major
body section locations are noted in the bady station numbering system.  The booster stage is
229 m in length with a 8407 m diameter at the FT interface and a maximum diameter of
18.796 m. Four (4) booster engines are mouated on a 7.008 m daameter. The booster stage pro-
pellant tank volumes are 1035 m* for LO> and 393 m= for CiHy.

The ET overall length of 37.93 m reflects the shorter length as compared to the current Shuttle ET
due to the reduction in propellant load from 703 075 ke to 347 038 ke

WBS 1.4.2.2 Boaster Stage

WBS 1.4.2.2.1 Booster Stage Svstem Description

The booster stage subsystems include the ascent propuision. structures, auxiliary propulsion svstent.
thermal protection, prime power, power conversion and distribution, avionies and environmental

control.

Ascent Propulsion  The booster stage » powered by four C3iHg LO> engimes which provide 8323 X

TOON of vacuum thrust. The following engine charactenstios were used in the analy sis

Propellants Uiy LO>
Fhrust - Vacuum NS23IN[OON
Chamber Pressure JO08N Kpa
Mixture Rano 268

Specitie himpulse -8 1 Vac) RITE 3 BRE T AT RN
Total Flow Rate bngine A TIIAE U

The prossunzation gises are beated GHGamd GO for the main tanks hudnadual propellant delivery

hnes are provided to cach engme. The total mass of the asceat propulsion svatem in 47 138 kg,

Structure  The prossunized structure (CiHg and 1O tanssd are 2219-T87 gluminum all-welded
components. The unpressunzed structure s pnmandy 0TIV ttanwem with graphite composites
mvorporated on the mternal structural members. The mam propellant tank manmum design pres-

sures, peah proot pressares and resultant nnss are shownan Lable 14.2-1

The unpressurized structure was analy zed for mavmimm compressve load conditions and the resulis

are shown wm lable 1.4 222

\14
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Table 1.4.2-1 C3lig Booster Tank Sizing Results

Structural Maximum Design Maximum Proof Typical

Element Pressure - fepa Pressure - fepw Thickness - cm Mass - kg
L0, Tank 32458 ERIN 0.27-0% 10088
CiHg Tank 2269 RIV] RS 045127 28818

Table 1.4.2-2  C3lig Booster Unpressurized Structure Sizing Results

Structural Maximum Ut Typual

Flement Compressive Loading Thickness - em Mass - Ky
Forward Skart 12630 - [S830 N'm QIR-04N SR I
Aft Skirt K966 - 997N Noem LU UR TN
Base Skt Pressure = 7737 kpa AR RERELY Jould
Thrust Structure P Fogine = 12 "0 X 100N N A NS U

A
228
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Auxiliary Propulsion The auxiliary propulsion sy stem consists of the landing system and reaction
control system.  The landing system was sized to provide the terminal deceleration and 10 pressure-
fed storeable propellunt engines were selected. The baseline landing engine is the Aerojet Engine
Model AJTO-5 T which uses N O UDMH propellants and has a thrust range of between 222400N
and 667 200N, The landing svstem drv mass is estimated to be 5192 kg The reaction control
system (RUS) provides for stage onentation prior to entry and control during the reentry. Four
(4) sets of thrusters (4 thrusters/set) are installed on the vehicle. The estimated mass of the RCS
system is 324 kg,

Other Subsystems - The remaining subsystem masses have been estimated using historical relation-
ships or Shuttle predicted masses.  These subsvsiems include thermal protection, prime power.

power, power conversion and distriibation, avionics and environmental control
WEBS 1.4.2.2.2 Booster Mass Characteristics

The mass charactenstis of the CiHy booster reflect the results of 3 prehmunany structural sizing
and the invorporation of lustorical weight estimating relationships. A mass summarny for the CiHg

3

booster s shown i Fable T4 2230 A 1O mass growth allowance has been incladed.
WBS 1.4.2.2.3 Booxter Cost Estimate

The € 3Hyg booster DDTXE and 1Ist Unit cost estimates have been developed in a manner similar to

that desoribed in Section L4 L4 The DDIEKE and il production cost tor the booster are

shown m Table T4 2-310 A DDI&E cost of 82398 includes the basie stage design and developmient
*

(SLOTRY and toohing, otc The cqunalent of 2 3 vehicles tfor sround test and 2 vehicles for tlight

tost are ancludaed in the system test cateeony.

The theoretical tintumt (TEUY production cost of S22EM s proportioned as tollows:

Struciuie 24
Ascent Propulsion [
Avions o
OGSk [TU
Program Management N
Other HRE

Structure, ascent propulsion and avionies aecoupt tor 09 of the bl production umt cost. An

estunated STOOM hus been icluded m the DRT&T cost tor thght test opanations,

AR}
A 4}
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Table 1.4.2.3 C3Hg Booster Mass Statement

Vehicle Element
Structure

Forward Skirt

Il):TEnk

C3Hs1§nk

Thrust Structure

A Skirt

Base Skirt (Including TPS = 10310 k)

Main Pronulaion

Engines 2t Accessones
Gimbal Contri System
Fuel System
LO> System

Auntliary Propulsion

Landing System
RCS

Prime Power

Power Conversion and Distribution
Avionus

[

Growth (107

Restduals and unusabies
Landing Propellant and Reserves

Mass - ‘.‘.E

(V0V83)

— g -

‘ot W W o e
YIRS
Bu - O e
[ IR Y I )

M
&
1

20034

(E RS R13

{3480)

L
il

{ )
(RIRRY
(2740

(83T

{1497

1
- 3
R

r

Dy Mass = Tod™34
N4
ARSI
Inert Mass = QI8TW
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Table 1.4.24 3iig Boosier DDT&E and Ist Unit Production Costs

WH ELEFEKT YEIMID SOJR= BLEND SUPY 013 nOD 400 NUYSER Ly
10 CES  FALTCRS FaALw o X CrpLx 3

9 OGOTLE Sups 0 0.00 0 4] 0 .0
UNIT  sues [+} 0.30 [+] o 0

1 OCYLE FACTOA 3 0.10 0 [ 0 0.0
V1Y FALTOR 3 0410 /] 0 ¢

I pouTLE suss Q 0.00 /] [+] [ 0.0
UNIT Suss 9 D.00 o ] 0
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4 pLUYLE Sums [} .08 [ 0 0 0.0
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9 AFT SKIRTY
5720 Les

10 THRUST STRUCTURE
464T% Lee

13 FwD SKin?
ES17 Les

12 6ASE SKIRT
63139% ies

13 MAYN PADPUL SIDY

16 MAIN EACINEY
T™HRU ST

1.91tEe

15 EMNGINE ACCES
1635

16 PRDV DELIVERY
LBS

20C22

Les

L

[

DDTCLE CER 3 1.00 28 0 0 0.0 7,968
UNIT  CER 37 1.00 S& 1 e 3,030
SYTLE CER 3 1.00 29 0 0 0.0 33,502
UNIT CER 37 1.00 S& 1 8s 12,662
6 ODVCE CER 3 1.00 28 0 0 0.0 74908
UNIT  CEM 37 1.00 Sa 1 es 2,968
6 ODTCE CER 3 1.00 28 0 0 0.0 85,764
UNIT CER 37 1.00 Sa o o 17,388
s DOTLE SuUBS 0 5.2 0 0 O 0.9 651,760
UNIT  sues 0 0.06 0 0o o 02,517
13 DOTLE CER 26 3.00 28 0 0 0.0 630,153
UNIT CEN 53 1.00 54 . 90 36,666
13 DUTLE CER 6 1.00 z¢ 6 0 0.0 26,679
UNIT CER “«0 1.0 54 B 4 90 64612
13 DOTLE CER . 1.00 28 0 0 0.0 18,063
“6 1.00 Sé 1 s 2,639
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WEBS 1.4.2.3 External Tank
WBS 1.4.2.3.1 System Description

The current STS External Tank (ET) was modified for the series-burn application. In addition to
the propellant 'oad reduction which results in a smaller overall ET. the boost laads are introduced
into the aft portion of the LH> tank rather than in the intertank region. The overall changes to the
ET are noted oa Table 1.4.2-5 and the estimated changes in mass are shown. The mas:. uncertainty
of the changes were accounted for as follows:

0 5% uncertainty on deletions

o 1G5 uncertainty on additions (zrowth)

WBS 1.4.2.3.2 ET Mass Characteristics

The mass charactenistics of the ET refloct the results of incorporating the changes noted in the
previous section (1.4.2.3.1). A mass summary for the External Tank is shown in Table 1.4.2-6.

WBS 1.4.2.3.3 Et Cost Estimate

The DDT&E cost estimate for the ..odifications to the External Tank have been estimated to be
S60M. The initial FT unit cost was determined based on a review of the Shuttle User Change Policy
cost estimates.  The Shuttle User Change Policy identifies an ET initial unit cost of $3.496M
(19758 and subsequent units based on a 9177 improvement cune. These Jata were escalated to
1977 dollars and the cost impacts due to the moditications assessed.  The result is a theoretical first
unit cost of SI.800M. A 91" improvemont cunve was uasci to determine the cost of additional

units required (o sausfy the program requirements.
WBS 1.4.2.4 Vehicle Performance

The personnel carmricr vehick performance was calculated based on the following ground nules:
o Kennedy Space Center (KSCY was the Taunch site (atitude = 28.59)
o AV Reserves = 857 AV,
o Delivery Orbit
Altitude — 477 km circular

Inclination = 319
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Table 1.4.2-S ET Modifications and Mass Changes

L0, TANK {-13%0)
DELFTE BARREL 1069
DECRUASE BAFFLES - 113
DELLTL SRB PADUPS - Jod
INTERTANK 210
CHANGE MACHINED PANELS - SKIX STGR -tedl
SHORTEN INTERTANK BRY 2O - 159
CHANGE THRUSYT FRAME TOSTAB FRAME - 3%
DELETL SRB THRUST B AM - 828
DELETE 3RB THRUST FIITINGS - 406
NODFY SKIN STRINGER SECTION + 314
MODIFY STAR FRAMES - ol
LR, TANK -89
DELETE BARREL 404
DELETY FRAME XT 1} P |
MOMEY STRINGERM & FRAMES +lo9”
DELETE SRBVHETINGS ~ 1K
REDUCE X JOIX ERAME FOR SRR LOAD - 181
ADD Sla LOWEL R SKIRT + %
THERMAL FROTIUION (S A ]
LG URYO KEDUCTION - 88
ABLATION TOURYOQ ONI Y ONINTERIANA - 48
LHL CRYO REDUTTION - 30
PROPULSION & MECH SYNTENMS - e
LOS FLEDTING SRR
LO> ANTEGENN R LINE 12
LO, PREMS LINE DI R4
FLYCTRICAL SYSTEM 3
SKREB WIRING & SHETLIING - 88
CHANGL UNCLRTANIY (*r of)
UNCERTVAINTY ONDELE TRONS 8% L3R o
GROWTH FOR ADDTHONN 302 + 2
TOTAL CHANGE P TINERT WY MM

UNUNARLLES

PRUSSURANT G -
BRUSSURANL GO - M8
SUPPOR TN MRRBGHE - NS
TOTAL CHANGL P MECOW] o043

REDUCED PROPEHTLANL 100347
REDUCEDLO, SRR RN\
REpUCED Y, SO
TOVAL CHANGE VLIV TOEE WY RIYS A
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Table 1.4.2-6 External Tank Mass S.atement

KG

Structures 21.146

LO, Tank 4,446

Intertank 3.276

LH> Tank 13424
Thermal Protection 1.631
Propulsion & Mech. Sys. 1,710
Electrical Sys. 66
ORB Attachments 1492
Change Uncertainty 686

ET Inert Mass 26,731
Unusables 1.530

ET Meco Mass 28.261
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The ascent trajectory characteristics are summarized as follows:

T/W & ignition = 1.24
Maximum Dynamic Pressure
Maximum Acceleration = 3.0 g's
Bum Time = 541.9 seconds

The personnel carrier payload performance is summarized in Table 1.4.2-7. A net payvioad of
73 550 kg is delivered to the 477 Km orbat. The orbiter events mcluding the suborbital jettison of
the ET and the resulting vehicle mass by event are noted on Table 1.4.2-7. The Shuttle orbiter OMS

system performs the majornity of the orbital mancuvers,
WBS 1.4.2.5 Personnel Module

A crew carrving module for transporting personnel in the Shuttle cargo bay has been defined to
establish the mass and cost of this element in the Transportation Svstem The module concept s
shown in Figure 1.4.2-2. A crew size of 30 men per (light was baselined tor purposes of this study,
Four abreast seating on a single level was the selected armungement. The lower fevel would be used

for hite support cquipment and baggage,

Mass Characteristics  The mass characteristios of the personne! module are noted on Table 1.4 2-8.

These are prefinunany estimates based on previous study resalts ad i house IR&D actnaties

Cost Estimate A prelimumary cost estumate has been developed fon the personnel maodule using the
Boctng Parametric Cost ModeltPOMY. The DDI&E estimate of ST 3 M mcludes o single ground
testumt. The st unit production cost s oxstimated to be 3246 7'M These conts were developed m

the same manner as the hiunch vehicle costs
WBS 1.4.2.6 Personnel Vehicle Cost per Flight

The personnel vehicle cost per Fight s based on the cost pe thght work brealdown structure
shown in Table 1.4 290 The averige cont thight s based on a Liunch tate of 250 thights pervear
amortized over 14 vearn of operation. Fotal program costs less the DDE&EF and facihities portion
are inchuded in the average cost per thght The equivalent hardware unids to satisty b, retfurbish-

ment and replenshment spares requirements are as follows:
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wrea Table 1.4-2-7 Personnel Launch Vehicle Performance Mass Statement
DRY MASS SECOND STAGE SEQUENCE
VEHICLE ELEMENT 103 K6 MASS AFTER

EVENY EVENT

BOOSTER {184.68) 103 KG

STRUCTURE 80.62 STAGE AY MECO 182.29

THERMAL PROTECTION SYSTEM 1.4 AV RESERVE 18398

LANDING SYSTEM & RCS 548 DROP ET 185.72

ASCENT PROPULSION 2.4 PERIGEE BURN 154.17

PRIME POWER A2 APOGEE CIRCULARIZATION 148.94

POWER CONV/DIST 173 RCS TRIM 148.08

ECS a6 OMS TRIM M54

AVIONICS 274 DEPLOY PAYLOAD {PAL = 73 550 kg) 73.99

GROWTH 1498 DEORBIT AV nn
EXTERNAL TANK { 2673}
ORBITER { 68.56)
DRY MASS= | (259.97)
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$PS-528

EMPTY MASS 9,958 KG
MASS OF CREW (50) 7,938 KG
TOTAL MASS 17,896 KG

15.24 M

. — 4 2714 ——

Z—— AIR LOCK L—'—' ESCAPE HATCH

LIFE SUPPORT EQUIPMENT AND BAGGAGE

Figure 1.4.2-2 Shuttle Personnel Module
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Table 1.4-2-8 Personnel Module Mass Statement

Maodule Blement Mass - Ag

v
W
g

Al

Cyhnder and dulkheads

Support Stracture

~
")
YRR Y
—

Airtock and Excape Hatches 1318
Furnizhings 1134
Thermal Protection 1905
Lite Suppornt SN
Crew and Fguipment 7038
Growth - 1re 1390

Total Mass 17896

Table 1.4.2-9 Pernonnel Carrier Average Cost/Flight (256 Flights Year For 14 Years)

QOST BY WRS LEVEL - SM (1977 8}
WBS ELEMENT \‘\ Q\‘ (3) @
TOTAL PROGRAM OPERATING COSY 12.619
PROGRAM DIRECY 9.388
PROGRAM SUPPORT 0.908
PRODUCTION & SPARES 3426
ORRBITER PRODUCTION 1.536
ORBITER SPARES Q342
SSME'S 0.32%
BOOSTER AIRF RAML Q779
BOOSTER ENGINES 0.280
CREW RELATED GFE 0.165
EXPENDASLE HARDWARE - E.T, 1.858
TOOLING 0437
GROUND OPSSYS 2.759
GRQUND OPS 1423
GSE SPARES 0326
PROPLLLANT 0.886
QOTHER | 0074
DIRECT MANPOWER 1,568
CIVIL SERVICE 0861
SUPPOAT CONTRACTOR 0707
INDIRECT MANPOWER 1.663
CIVIL SERVICE Q.755
SUPPORT CONTRACTOR l 0.908
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Hardware Element Equivalent Units
C3Hg Booster Airframe 20 units
C3Hg Engines 175 units
Orbiters 10 units
SSME’s 140 units
ET 3584 units

The average cost of the ten orbiters was established at S550M each.

The average cost per flight of S12.619M includes Program Direct (757 Direct Manpower (127)

and Indirect Manpower (137) categories. The Program Direct element breakdown is as follows:

Program Support 107
Production and Spares RIg
Expendable Hardware 20
Tooling 3
Ground Operations Systems 294

The Direct and Indirect Manpower costs retlect both extrapolation and modification of the Shuttle

User charge data tor the Personnel Vehicle Concept.
WBS 1.4.3 Chemical Orbit Transfer Vehicle

The chemical orbit transter vehicle (OTVVis used in the satellite GEO construction coneept. In this
concept, satellite components ars elivered to a LEO staging depot and then transterred to chemical

OTV's tor delivery to GEQ where the construction occurs.

Various types of chenucal OTV s have been investigated in the FSTS study and Part 1ot the SPS
system definition study. The results of these studies have indicated & LO> LH> common stage (two
stage ) svstem to be the most desirable. This system will be summarized in the following sections

and s apphicable to cither the photovoltaic or thermal engine satellites.
WBS 1.4.3.1 Configuration

The space-based common stage OTV is a two-stage svtem with both stages having identical propel-
lant capacity as shown i Figure 14310 The fisst stage provides approximately 2 ot the delta V
requirement for boost out of low Farth orbit at which point it s jettisioned for return to the low

Earth orbit staging depot.
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- MAIN ENGINE (2)
470 KN (105 K LBg)

MAIN ENGINE i4)
DOCKING & SERVICE
SECTICN 470 KN (105 K LBg)

APS THRUSTERS
PAYLOAD INTERFAC;\

LO2/LHz TANK 28M
{4 PLACES)
56 M
fe—————— STAGE 2 STAGE 1

# PAYLOAD CAPABILITY = 400,000 KG
& OTV STARTBURIN MASS = 830,000 KG

® STAGE CHARACTERISTICS (EACH
¢ PROPELLANT = 415,000 KG
o INERTS =22 GO0 KG
(INCLUDING NONIMPULSE PROPELLANT)

® 28D OTV FLIGHTS PER SATELLITE

Figure 1.4.3-1 Space Based Common Stage OTV GEO Construction
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The second stage completes the boost from tow Earth orbit as well as the remainder of the other
delta V requirements to nlace the payload at GEQ and also provides the required delta V to return
the stage to the LEQ staging depot. Subsystems for each stage are identical in design approach.
The prinia.y difference is the use of foui engines in the first stege due to thrust-to-weight requure-
ments  Al.o the second stage requires adaitiona! auxiliary propalsion due 1o its man-uvering
requirameats including docking of the payload to the construction base at GEQ. The vehicle has
been sized to deliver a paylead of 400 C00 kilograms. As a result, ‘hie stage startbum mass without
payload is approximately 890 000 kilograms with the vehicle having an overall tength of 56 weters.

WBS 1.4.3.2 Subsystems

Structure and Mechanisms

Main prerellant containers are welded aluminum with integral stiffening as required to carry liant
loads. Intertank, forward and aft skirts. and thrust structures employ graphite. cpoxy composites.
An Apollo Sovuz type docking system is provided at the front end of each stage tor docking with
pay loads. retucling tankers and orbital bases. The stage-to-stage docking syvstem provides for dock-
ing the stages together with flight foads carried through full-diameter structures. Propellant transter
connections allow either stage to be fucled independently with the stages cither separated or docked

together. Structure of the two stages 1s identicai to the extent practicable.

Main Propulsion

Main engines are based on chuttle engine technology. operating with 2 staged-combustion cyele at
20 Mn/m< (3000 psia? chamber pressure. a LO> LH> mixture ratio of 3.3 to 1.0 and a retractadle
nozzle with extension expansion area ratio of 400 providing a specific impulse of 470 seconds
Advanced low NPSH pumps are used to minimize feed pressures. A 6 degree square gimbal pattern
is emploved. The engines are capable of operating in a tank-head wdle (THD maode (pumps not turn-
ing: mixed-phase propellants) for chull-down and self-ullaging at a specitic impulse of 334 seconds:
60 seconds (hime) in self-ullaging mode s assumed needed pror to bootstrapping to full thrust.
Throttling between tank-head dle and full thrust is not required. Mam propetlant pressurization s

derived fram engine tap off atter an onboard helivm prepressurization.

Auxiliary Propulsion

Auxiliary propulsion s used tor attitude control and low defta V mancuvers Juning coast pertads
and 1 terminal docking mancuvers. Anindependent LO > LH > system s used and nrovides an Isp
of 375 seconds averaged over pulsing and steady state eperating modes, Thrusters are mounted .
quad packages analogous to the Apollo Service Module installation. Fach guad has its own propel-
lant supply to facilitate change out. Auxiliary propulsion for the two stiages ases common tech-

nology but capacitics and thrust Iavels are tailored.
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Electrical Power

Primary eclectric power is provided by fuel cells based on shutue technology. tailored to the OTV
requirement. Reactants are stored in vacuum-jacketed pressure vessels. Product water is assumed
retained onhoard to minimize payload contai.nination potential. Ni-Cad batteries are employed for
peaking ind smoothing. 28 VDC power is rough-regulated and filtered with fine regulation pro-
vided by power using subsystems as needed. A potential inert mass saving (not assumed) would use
low pressure reactants provided from main propellant tanks. tlectric power systems for the two
stages are identical except for reactant capacity and hamesses.

Avionics

Avionics functions include on™oard autonomous guidance and navigation. data management. and
S-band telemetry and command commumcations. Navigation emploves Earth horizon. star and Sun
sensors with an advanced high performance inertial measurement system. Cross-strapped LSI com-
puters provide required computationg capability including data management. controt and configu-
ration control. The command and telemetry system emploves remote-addressable data busing and
its own multiplexing. Although the avionics systems in the two stages are identical. seftware for
each stage is taiored 1o the stage functions.

Thermal/Environmental Control

Main propellant tanks are insulate” by aluminized mylar multilayer insulations contained within a
purge bag. The insulation system is helium purged on the ground and during Earth launch. Envi-
ronmental control of the avionics systems is accomplished using semi-active louvered radiators and
cold plates. Active fluid loops and radiators are required for the fuel cell systems  Superalloy metal

base heat shiclds are emploved to protect the base arcas from recirculating engine plume gas.
WBS 1.4.3.3 Performance

Perfermance characteristics associated with the common stage LOY/LH> OTV are shown in Figure
1.4.3-2. Propellant requirements are shown as a function of the payload return and delivery capa-
bility. Performance ground rules used in these parametrics are as follows (values are main

propellant quantitics):






o THI mode Stg 1 10O kg per stant

Ste 2 30 Kkg per start
o Stop loxs Stgl 20kg

Stg 2 I0kg
o Boiloft rate o Kg hr cach stage

¢ Burmnout mass scaling equations:

Stg | 3430 kg + 003507 WP + O 1725 WP
e 2 INOO Ke + QOSIIT WP + 01725 WP

Where W and WP are man and aunahary propellant capacities respectnely
o Stage Mo Q.03

sl

o Stagang base at 477 ke, 31 degrees
WBS 1434 Max

Summuary level muass estimates are presented i Fable 1.4.3-) for the selected satellite OTV A
weight growth factor of 10 - was used rather than 150 as i FSTS based on the judgment that the
SPS LOSTH > OTV would be a second generition velncle. Mass extimates for the systems reflect

the design approach previoushy desenibed.
WBS 14353 Mission Profile and Flight Openations

Fypacat orbt transter operations from LEO to GEO tor the common stage OV are diuatiated i
Pure T4 330 The magonty of the delta Votor boosting from RO s provided by Stage T Stage |
then separates and returns to the stagimg depot followmg an cthiptical retum phasemye ottt Stage 2
vonpletes the boost and puts the pavioad mto a GEO tanster and phasing orbst. s well as mecting
the panvload mio GEO and performng the termmumal rendesvons manewver wath the GEO construce-
Gion base Followang removal of the pavload, stage 2 ases wo pramany buiasan retuimg to the

1 HO staeme depot. A dctaded mosion profile mdcating eveants, tine and delta Vs presented n
Table 1.4 32

A total nusaon tinehne for cach stage o presented m Frgure 14340 Allowmge approvamateh cight
hours Tor retuching and refurb results i 40 houns clapsed time betore a gnen Stage 1 oan be reaned
Al

A fvpreal Stage X however, has an clapsed e of 83 hours betore rease imcluding e for

dssembly between stages and between O TV amd payload

AR



Table 1.4.3-1

Chemical OTV Mass Summary

Stage | (KG)

Stage 2 (KG)

Struct and Mechanisins 13.300 14.780
Main Propulsion 7090 4,020
Auxiliary Propulsion 820 1.120
Avionics 300 310
Hectrical Fower 830 820
Thermal Control 1.850 2310
Weight Growth (107%) 2420 2.340
Dry 26,630 35,790

Fuel Bias &40 640
Unusable ".0,/LH> 1.810 1.810
Unusable and Reserve APS 299 660
Bumout 29370 %990
Main Impulse Prop 415.000 407.000
APS 2.700 6.100
Starthbum 147.070 142090

_~— STAGE 2 BURN
/" INTO GEQ ORBIT

N
GEO PHASING\ N\

/// BN
A\

ORBIT INJECT \ \

\ QEPAn TE STAGE 1
AMD JTAGE ZIP YLOAD
<STAGE 1 BURNS— BOOST £
\ inToLeo - LEO (STAGE

NG
Q" @s ‘-sncs 2 TRANSFER/
AN BURNINTO T ER

~ ORBIY @ e

e

Figure 1.4.3-3 Chemical OTV Orbit Transfer Operations
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Table 1.4.3-2 Mission Profile

MISSION
EVENT REQUIRED PROPULSION
NO. B TIME DELTAV GaAIN OR
NAME R MISEC AUX-LIARY) REMARK
MISSION
t. STANDOFF o 3 A PROVIOES SAFE SEPARATION DISTANCE BETWEEN
FACILITY & VEHICLE
2, PHASE 2 > A AV IS ATTITUDE CONTROL
3. COASY L3 s " OTV FIAST STAGE SEPARATES AFTER THIS *V
4 COASY 42 3 A ELLIPTIC REV
5 INJECT K 750 ) INCLUDES 50 M/SEC ACCUMULATED FINITE -
BURN LOSS
6. COASY LYY 3 A TRANSFER TO GEO
7. PHASE INJ R 1780 ™ REPRESENTATIVE FOR 15° PHASING
8 PHASE B 3 A
8 TPt K] 9 " INCLUDES 15 WSEC OVER IDEAL TO ALLOW FOR
(TERMINAL PHASE CORRECTIONS
INITIATION)
10. RENDEZVOUS 2 10 A TPt ASSUMED TO OCCUR WITHIN 50 KM OF TASGET
. DOCK ] 10 A
2. WAIT 8 ° - ASSUME L DOCKED
13. STANDOFF R} A
W, DEORBIT A 820 M
15, COAST 54 10 A TRANSFER TO LEO
16, PHASE INJECT R 1% ~
17, PHASE 2 3 A ORBIT PERIGEE AT STAGING BASE ALTITUDE
18 TR B ] 50 -
19. RENDEZVOUS 2 o A
20, DOCK ' w0 A
21, RESERVE - 130 L 2% OF STAGE MAIN PROPULSION V BUDGET
FIRST STAGE RECOVERY
1. COAST 42 30 A AV TO CORRECT DIFFERENTIAL NODAL REGRESSION
BETWEEN COAST ORBIT AND STAGING BASE
2. PHASE INJECT R 1645 ™ ELUPTIC ORBIT - PERIGEL AT STAGING BASE ALT.
4, TPi 12 3 A ALTITUDE CONTROL
3 PHASE K 0 "
§. RENDEZVOUS 2 P A
6 DOCK ) 10 A
7. RESERVE - 85 7] 2% OF STAGE MAIN FROPULSION V BUDGET
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STAGE 1
{LOWER)

0 10 20 30 40 50 60 70 80
f % Tr 1 il ] I | ¥ I B H ¥ 1 k] L] ¥ | §
osv WAITING FOR NODE CROSSING
sni] BOOST & COAST
:5:5:3:33533:;:;.;.5 INJECT INTQ PHASING ORSBIT
_.;: nenoezvous & DOCK WITH STAGING DEPOT
rSEPARATE

STAGE 2/PAYLOAD

R mJECT GEQ PHASING ORBIT
nENDEZVOUS & DOCK AT CONSYT BASE

< BURN ZCOAST

RRRSRREH
RENDEZVOUS & DOCK AT STAGING osmr 11
REFURB, REFUEL, ASSY [t

Figure 1.4.3-4 Chemical OTV Flight Operation Timeline
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With the indicated tumaround times tor cach stage of an QTV. it is possible to estabhish the total
stage fleet size as shown in Figure 1.4.3-5. The fint two ban are assoviated with the fimt OV
flight. At the cnu of approximately 12 hoe s the secomt or upper stage (UD separates from the fint
(lower) stage (LD The Omt stage completes its operations and s avatlable in time tor the thard
OTYV flight. The first upper stage finnhes tts nussion and s available for another theht at the end of
approxumately 85 hours which allows it to be used on the thght scheduled foe the fifth dav. With
operations corducted in this manner and the requireiments for one Q1V theht perday tor five
consecutive day » per week (eorresponds to launch vehaele operations) a totai of two lower and tour
upper stages are required in the fleet i order 1o conduct day to day operetions. Operated wo thas
manacr. a3 many as ux mdependentiy aperating stages can e an Might 3t one time dainng the

comtruction of cach satelitte.
WBS 1.4.3.6 Comt

DDTE cost tor the common stage LO> TH> OTV with o start burn sy of J00000 kg s estimated
at S930 mullion 1977 dollard based on cost perametnes Jdoveioped m toe PSTSA study . The
averaze FFU cost Tor the twe stages iy estimated at S8 mifhon (1977 dollas) agan using FSESA

paramictros

Cost per theht tor the TO - THY TV s based on the following pround nules
o Space Based LO> L Common Stage

O Starthurn Stage Massof 443 K kg

o Stage TFU Fguad SSIM Y77 Dellara

o 2RO OV Ehehis Por Satelute

o 4 Satethtes Consinueted Per Year
O 14 Year Propiam Lie

o M b Pesign Fue

o Stage boarming Factos of Q88

0 PO THS Bulh Cost ot MY IO per Ry

o Spares Fqual 300 of Operattonal Umits

The matorsty of these ground rales are self-explanatony . However several ment nrther explanae
tion The 280 thebrs tor the orby romster veluele s the number required for one saicthite. A T4
year progran bas been asumed for the orbit ansfer sehlcke, smee beyond it pomt m tane o
generathy assmned that g difforent geaciation of ot Tanster sohicle would be developed. A 33
theht desien Bite has boon asstumed for the space basad ottt transter vehivle. This value s based on
the MSEC Fug Study which assumed 30 wses Tor o ground based svstenn, Assuming that the SPS

OFY s g sevomd generatien velicle, 1 was assamed S0 iaes coubd be proveviad for a space based

ssfeim



D180-24071-1

120
-
v _L -
A
CooE
L=~ LOWERSTG A
U= UPPER STG
F = FLIGHT

TR T S
8STAGES i

IN SEFARATE
FLIGHT

Figure 1.4.3-5  Flight Operations-Chemical Orbit Transfer
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Based on the above ground rules a total of 624 stages (urper and lower) are required resulting in an
average stage cost of approximately S$31 million. Cost per flight for a complete two stage OTV was
estimated as $2.26 million with the following breakdown.

0  Operational Units S1.24M
o  Propellant $0.40M
o  Spares $0.62M

WBS 1.4.3.7 Crew Rotation/Resupply Transportation System

The crew rotation; resupply OTV for a photovoltaic or thermal engine satellite constructed in either
LEO or GFO makes use of a common stage LO2/LH> OTV. The system description of this OTV is
essentially the same as for the GEO construction OTV, although the size of the system does vary
with its application.

The complete crew rotation/resupply transportation system required for a photovoltaic satelhite »
presented in Figure 1.4.3-6. In the case of LEO construction. the ¢rew rotation resupply concept
involves rotation all of the personnel (730 at the GEO base every 90 days and providing supplies for
90 davs. As a result, ihe OTV has a startburn mass of 4935 000 kg.

Should the satellite be constructed in GEO. the same OTV as used to deliver the satellite compo-
nents is emploved,  As a result, 4 crew rotation resupply flight is flown once a month involving

160 personnei and supplies for 480 people and 30 days, Accordingly. the OTV has a startburn mass
ot 520000 kg.

WBS 1.4.4 SPS -Instalied Orbit Transfer Systems

WBS Dictionary
SPS —installed orbit transter systems includs ail hardware, software, and consumables mstalled on
SPS modules to equip them for orbit transter frem LEQO to GEO. There are eight sets of this equip-

ment in the current preferred concept as the SPS s trunsferred in eight modulces.
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Figure 1.4.3-6 Crew Rotation/Resupply Transportation
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Description

The configuration arrangement and charactenstivs of the system elements used in the transter of
each satellite module are shown in Firure 14 4-10 The general charactenstios indicate a4 377 over-
sizing of the satellite to compensate tor the radiation degradatien occurring during passage through
the Van Allen belt and the inability to anneal out all of the damage after reaching GEO. (This ove-
sizing is retlected in the satethite descapton). 1t should also be emphasized at thas pomt, only the
arrays nevded to provide the required power tor transter are deploved. The remainder ot arrays are
stowed within radiation proot contamers. Cost optimum trip tianes and l\—p vilues are respectively
180 davs and 7.000 seconds.

Thruster modules are located ot four comens ot the module S provide the most etfectne thiest
vector amd satsfy control requirements. Further discussron ot the thruster module s provided later
in this section. A two anis gimbal svstem correctly positions the panel Installation of the thruster
module appronimately 300 metens from the satelhite in conjunction with gimbal mits provents hagh
veloaity jons from uapingimg on the satelhite and causing croston. Propellant tanks for the thrusterns
have been located at the conter of the satelhite module and at the fower surlace to provide o more
desirable mertia charactenstic (the donmnating factor m the amount of gravity gradient torgque )y

Radiators dissipate the waste heat from the power processitig umts.

Flight control of the module when fhang a PEP attitude during transtor sesalts in Lo graviny

gradicnt torgues at several positions in cach revolution. Rather than provide the entice control

capability with electne thrusters which are quite expensane. the electric svstem s sized only for

the optimum transter tune with the additional required thrust provided by LO>LH > thrusters
.

The performuance penalty tor this approach o actually guite small by the time 2,500 Kdometer

altitude o reached the gravity gadent terque s no longer o domimating toree.

The mass charactenstios of the clectnie propulsion syvstem clements are directy proportional to the
muass of the pay toad bemg transteored tor the case of tinead trip e and '»‘!“ Consequenth . the
modules transportmg the antennas require consaderably more QS hardware and propellant. The
toral nuss ot the satethite soapprovmuatels, TOO snthon Kgo An oversizing of 3 percent has been
mncluded to compensate tor the mabihty (o completelh anneal out all the damage to the colls caused
by radiation occurring durnng transter and tor the mismateh i voltage output between the damaged
and undamuaged colls The stractural design icludes madalanity and oversizmg. Additonal vertieal
members are ised around the penimeter of the satellite module. Literal beams are used at the ead of
the modules and the structure provades tor the tanster of the TS mathon kg antenna ancludes
growthhsupported underneath the module ddtshould be noted that all module structure has been
stzed to that dictated by the modules used (o transtor the antenna) The power distnbution penalty
i reliated 1o the additonal Tength of bus caused by the oversizing of the arvav. The total nuass
penalty tor a LHO constructed satelhite s appronimatehy 42 mullion kg tor the selected selt power
tansportation sssten It shoald be noted that the aray oversizime and power dintribution penaln

dopend on the particular pertormance characterstios selected tor the selt power systemn
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. P TIME =
DEPLOYED . f;’. mooEse::m Davs
. /_ ARRAY
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STOWED CHARACTERISTICS ANTENNA  ANTENNA
ARRAY ® NO.MODULES 6 2
./a ® MODULE MASS (106K G) 8.7 27
-=-~==T=- ® POWER REQ'D (106Kw} 03 0.81
5.4Km & ARRAY % 13 3%
P e ciic o T pu—— ®  OTS$DRY (105KG) 11 29
wm: . Ancounozg(m 20 56
| PROP. ®  LO,/LH; (105KG) 1.0 28
T vanks ®  ELEC THRUST (103N) 45 12.2
® CHEM THRUST {(10°N) 12.0 5.0
1 RS T T THRUSTER
\'J/ YMODULE
M (4 FLACES)
. NO "WITH
ANTENNA  ANTENNA
PANEL SIZE: 24x38m 48x57m
By NO. THRUSTERS: 560 1680

Figure 1.4.4-1  Self Power Configuration Photovoltaic Satellite
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Subsystem descriptions may be fornd in Volume 5 of the Part Il final report.

Mass
Table 1.4.4-1 presents a mass sunumary for the orbit transfer systems.

Cost
Table 1.4.4-2 presents a cost summary for the orbit transfer system. This summary is based on the
costing details presented in Volume 6 of the Part 11 Final Report.

WBS 1.4.5 Launch Facilities

The launch facilities and equipment requirc.aents for the SPS cuargo and personnel vehicle are
identified in tne following paragraphs.

2-Stage Winged Cargo Vehicle Launch Facilities

An estimate of the launch facility requirements to support the one satellite yvear SPS installat.on
rate (400 flights/vear) has been developed. Three (3) launch pads are required to support the
400 flight per year launch rate. Potential locations of these launch pads at Kennedy Space Center
are shown on Figure 1.4.5-1. The areas shown are north of the current Pad 39A and 39B locations.

This area was proposed originally in the Saturn, Apollo program for additional launch pads.

A preliminary estimate of the launch site facility and equipment cost for the SPS launch vehic -
is shown in Table 1.4.5-1. The major facility items are identitied and a2 "ROM™ cost estimate
provided ftor each element. The cost of facilities is estimated to be S3055M and the launch site
unique ground support cquipment (GSEY is an additional $372M for a grand total of S3382M.
The booster and orbiter processing factlitics are approximately 2 3 of the total facility cost. The
faunch site GSE is the additional equipment required at the site and does not include stage unique

GSE.

Personnel Vehicle Launch Facility

The personnel vehicle concept is a Shuttle derivative vehicle. and as a result a large portion of the
Shuttie facilitics-equipment can be used. The moditications additional required are those associ-
ated with the ballistic recoverable liquid booster. Retrieval of the first stage liquid booster is
accomplished by recovering the stage onboard a spectalized ship tor transit to port, attaching pro-
tective devices, and then towing the stage to the Vertical Assembly Building (VAB) for processing.
In the first dock area of the VAB. a 200-ton stiff leg derrick will be installed to lift the stage from
the water and install it on the transporter. The area selected tor performing maintenance and
checkout of the liquid booster stage is ina VAB high bayv. Work:storage stands will be required to

process the boosters and these staads will be tocated so that the existing 230 ton crane can be used.
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144

1441

144511

144.1.2

14413

14414

14415

14.4.1.6

144.17

144.1.8

1.44.1.9

1.4.4.2

1.4.43

1444

1445
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Table 1.4.4-1 Orbit Transfer System Mass Summary

ITEM
& UNIT
MASS

oTs
SYSTEM

THRUSTER
PANEL

PANEL STRUC
(1540 LB)

THRUSTERS
(110LB)

PROCESSORS
{18,230 LB}

SWITCHGEAR
{660 LB)

INTERRUPTER
{50 LB)

INTERRUFTER
(2L8)

CABLING
(1500 LB}

INSTRUM,
(200 LB)

PROP. SYS.
(1500 LB}

THRUST
FRAME
{6,160 LB)*

GIMBAL
ASSY
(6,160 LB)

COMPUTER
(100 LB)

COMMUNIC.
{100 LB)

NUMBER
(NO ANT)

6 )
MODULES

4

2384

34

170

2,384

2,384

17

NUMBER
(W/ANT)

(2 )
MODULES
4

45

6,286

449

6,286

6,286

45

TOTAL
{NO ANT)

2,377,942

(1,078)

26,189

(11.875)

262,268
(119.0

620,928
(281.7)

112,400
51

119,213
{54)

4,769
{2.16)

25,546
(11.6)

3.406
{1.54)

155,146
{11.6)

17,485
(2.9}

17,485
(1.9

400
{18)

TOTAL
(W/ANT?

6,268,784
(2,844)

69,300
{31.43)

091,510
{313.7}

1,637,200
(742.6)

296,361
(134.4)

314,323
(142.6)

12,573
(5.7

67,355
130.6)

8,891
4.¢7)

673,545
{30.6)

46,101
(20.9)

46,101
120.9)

400
(.18)

400
{.18)

ALL-UP
TOTAL

26,805 X 106
{12,159)

295,680
(134)

2,957,000
{1341}

7 X 106
{3175)

1,267,007
(574.8)

1,34 2
{606.0:

53,757
(24.4)

287,983
{130.6)

38,398
(12.4)

287,983
(130.6)

197,109
(89.4)

197,109
(89.4)

3,200
{1.45)

3,200
(1.45)
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Table 1.4.41 Continued

1446 STANDOFF 4 4 28,384 74,838 319,981
STR (12.87) (33.9) {145)
{10,000 LB}

1447 ARGON TANKS 4 4 11353 299,355 1.2799%
40,000 L8)* (51.5) {135.8) (581)

1428 LO; TANKS 4 4 £5414 119741 511,970
(16,060 LB (20.6} 54.3) (232}

1449 LK, TANKS 4 4 28,384 74, 838 319,981
{10,000 LB)* (1287) (33.9) {145)

1447 PROPELLANT 4 4 23,384 74,838 319,981
sSys. {(12.87} {33.9) {145)
(10.009 LB)*

14407 CHEM 12 12 8515 22,452 5,994
THRUSTERS (3.86) {10.18} {43.5)

1.4.4.12 TCS/ 3 90 295,648 779 520 3.332.926
RADIATOR (134) (353.61 (1512}

14413 PWR OISTR 4 4 593,651 1,565,252 7.69241
(41.830)° {269.3) {710) {3.036)

*VALUE IS BASED ON 4 EQUAL MODULES

*VALUE 1S BASED ON ¢ “QUAL MODULES.
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Table 1.4.4-2 Self-Power Orbit Transfer System Mature Industry Cost Estimate (1 SPS/YR)

ITEM &
MASS
L8}

OTS SYSTEM

oTs

THRUSTER
PANEL
{13,532,000)

PANEL STRUC
{1540 LB)

THRUSTERS
(110 LBS)

PROCESSORS
(18,230 LBS!

SWITCHGEAR
(660 LBS)

INTERRUPTER
{52 L8S)

INTERRUPTER
{2LBs)

CABLING
{1500 1.BS)

INSTRUM
(200 LBS)

PROP SYS
{1500 LBS)

NUMBERS
OF UNITS
PER SPS

192

26,880

1920

26,880

192

192

192

261

MATURE
INDUSTRY
@ 1 SPS/YR

{8 OTS)

1,458,160

63,436

1,388,724

790,432

17,583

132,782

238,624

163,903

79,197

5,193

26,554

10,725

$/KG

$13t

$ 9%

$75

$130

$212

$734

1524



ITEM &
MASS
{Ls)

THRUST FRAME
{6160 LBS)

GIMBAL ASSY
{6160 LBS)

COMPUTER
{100 LBS)

COMMUNIC
(100 L&S)

STANDOFF STR
{10,000 LBS)

ARGON TKS
{40,000 LBS)

LO, TKS
{16,000 L8S)

LH, TKS
{10,0¢0 LBS)

TANK INSUL

PROP SYS
{10,000 LBS)

CHEM THR
{1000 LES)

TCS/RAD
{8630 LBS)

PWR DI TR
(41,830 .83)

D180-24071-1

Table 1.4.4-2 (Continued)

NUMBERS
OF UNITS
PER SPS

32

16

160

ra

MATURE
INDUSTRY
@ 1 SPS/YR

3 07S)

23170

27415

19,240

23.2n

15,159

16.160

1,435

156,225

37,362

$/KG

$1487

18,000

13.000

240

131

149

160

103

12
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Figure 1.4.5-1 Potential Launch Pad Locations at KSC for SPS Launch Vehicle
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Table 1.4.5-1 Launch Site Facility/Equipment Requirements and Cast

ITEM

LAUNCHER/ERECTOR

LAUNCH SITE INSTALLATIONS
LAUNCH CONTROL CENTER
ORBITER PROCESSING FACILITY
BOOSTER PROCESSING FACWITY

QUANTITY

MAINTENANCE/ADMINISTRATION BUILDING

PROPELLANT STORAGE UNITS

RAILROADS, ROADS, PARKING LOTS, ETC.

FACILITY SUBTOTAL

TEST STATIONS-COMM. & INTERFACE EQUIPMENT

LAUNCH SITE GSE

GSE SUBTOTAL

TOTAL (FACILITY & GSE) =

264

- s wh e M W

12

192

UNIT
COsT

n2

156

nas
176

12

TOTAL
CosY

195
159

1%

279

327
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The facilities and equipment required to support the personnel vehicle launch operations are wen-
titicd in Table 1.4.5.2 along with the assoviated “"ROM™ cost estimate. The total cost is $97.6M for
both the faahities and equipment.

WBS 1.4.6 Propellant Production and Delivery Systems
WBS Dictionary

This element includes all propellant production and delivery system clements except those elements
descnbed under WBS 1.4.3, Launch Facilities

Description

No eftort has been expended on this element under this contract.

WES 1.4.7 Operations and Support

WBS Dictionary

This clement s included i the WES to allow tor any transportation operations and support naot

provided under individual vehackes or under WBS 1.0.2, Space Tratlic Control. This clement hus not
been defined.

Table 1.4.5-2 Launch Facilities and Equipment For The Personnel Launch Vehicle

COST ESTIMATE-$SM

AREAS OR ITEMS REQUIRED FACILITIES EQUIPMENT
PORT FACILITIES AND SOUIPMENT 04 12
RECOVERY SHIP 300 -
MOBILE LAUNCHER PLATFORM 200 60
VERTICAL ASSEMBLY BLDG. 10.6 137
LAUNCH PAD 132 04
OTHER SUPPORT FACILITIES & EQUIPMENT 0.4 1.2
TOTALS 751 225
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¥RECEDING PAGE BLANK NOT FILMED

APPENDIX A
SIZE SENSITIVITY ANALYSIS

A size sensitivity design model was constructed using the ISAIAH methodolcgy. The first run of
the model optimized power transmitter and rectenna sizes at the nominal power level of approx-
imately 5,000 megawatts per link. Results are shown in Figure Al-1. Thc new results, aithough
executed in somewhat more detail than carlier reselts, confinned the eardier estimates that the opti-
mum recetnna size is 3/4 of the transmitted beam diameter and that the optimum rransmitter size
is in the vicinity of 1.4 kilomete_s. However. transmitter sizes larzer than on kilometer violate the
peak beam intensity limit of 23 millowatts per centimeter squared. Therefore the vest system uses
a 1 kilometer transmitter and a rectenna diameter 3/4 of the beam diameter.

Figure Al-2 shows a joint optimization of transmitter diameier and power levei holding the rec-
tenna size constant at the optimum value. As the system power level is reducad it is possible to
employ somewhat larger transniitting antennas without vioiating the 23 mw/cm? limir. Transmitter
diameters larger than 1.4 kilometers do not pay off; the minimum system cost in dollars per kilo-
watt follows along the 23 mw/cm? limit to about 2500 megawatts an< then follows up the 1.4 kilo
meter diameter transmitter curve. Note that comparatively little cost penalty is incurred going
down as low as 3000 megawatts of grid power. Below 3,000 megawatts the system cost in dollars
per kilowatt begins to tum up rapidly.

The model was also used to investigate sensitivity of SPS costs to solar cell efficiency and bianket
costs. Results are shown in Figure A1-3. The cost of power includes capital cost amortization with
a 15% annual capital charge. and 2 9277 plant factor. Mass and cost values inciud> 267 growth
allowances respectively.

The size sensitivity model consisted of 37 designer selected variables and 95 computed variables.
A complete design point was generated for eachsensitivity point anatyzed.

Table Af-1 (72 pp. total) is a listing of design point parameters for each point investigated in the
size sensitivity runs.
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® THO Vam TRANSMITYERS RADIUS = 0.75
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1,000~ 1,000} N MW/cm2
9 i ¥l 1 1 1 1 i |
o3 0.6 &7 os ch 10 1.0 .2 1.4 18 1.8
RECTENNA BORMALIZED RADIUS TRANSMITTER DIAMETER
Figure Al-1  Size Sensitivity Results Power Transmission Optimization
we-itm
€,000
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Figure Al-2 Size Sensitivity Analysis Powsr Level and Transmitter Diameter
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CONSTANT BLANKLT MASS/AREA = 427g/m2

EFFECT OF SOLAR CELL EFFICIENCY AND SOLAR CELL
BLANKET COST ON COST OF DELIVEREN POWER EFFICIENCY

700 %
I / s
16.8%

- - -
KWHR ===

|
20l * REF. PT. DESIGN

10}

%% = % w % & 1m0

BLANKET COST, $/m2

Figure Al-3 Busbar Cost of Power Relatively Insensitive to Solar Blan'et Cost and Efficiency
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Table Al-1
Rotary Joint Power = 2136 Megawatts
ZHNTENNA DIANETER VALUE - 1.000E+00
’ SOLUTION RESULYS - T ‘
©} LIGHY INPUT EFFICIENCY 8.5796~61
2 MEY CELL EFFICIENCY 1.481E~02
== ¥ BASIC CONVERSION EFFY 1.340E-01
& ALANKET FACTORS 9.399E-01
L% BES Y-se-R o 9.856E-01
© 6 RET EMERGY CONV EFFY 1.268E-01
. 7 AREAMISE EFFICIENCY 9$.349E-01
B ANTENMA POHER DISTR EFFY $.944E-0)
¥ NCT DC-RF EFFICIENCY 8.342E-01
©© 10 IDEAL BEAW EFFICIENCY 3.650€-01
<0 XY MEY BEAM EFFICIENCY 8.955£-01
© 32 INTERCEPY EFFICIENCY *.5126-01
13 RECTENNS RF-DC EFFICIENG 8.7556-01
.- M4 METV RF LINE EFFY 8.343E-01
3% BC-TQ-DT EFFICIENCY 6. B%1E-01
14 DC-TU-GRID EFCICIENCY S.%14E-01
T OVERALL PHYSICAL EFFY 7.6449E-02
I8 AREA EEFECTYIVE EFFY §.944E-02
19 BLANKET AREA : 2.507E+07 W2 4 6-194E+03 ACRES
20 ANTENNA DIA 1.040E+00 XN {  6.214E-61 nI

21 REQUICED SIDELOBE SuPPR
32 TAFER REQUIRED FOR SL SU
23 TRANSMITYTER PLWJER YAPER

1.754E+81 DB
-1.101<-01 OB
1.000E+01 DB

. 2% RECEIVER AVG/PEAX RaATID 2.061E-0)
25 XNTR AVG/PEAK RATIQ 3.%99%9E-01
26 BEAD SPREAD FaCTOR 1.450E+00
27 RADIATED RF POMEWR S 1.782E+03 REGAMAYY
28 BEAM DIARMETER 1.312E+01 KN L ¢ 8.18%€+00 NI
29 BIAB AREA 1.366E+08 M2 t 3.370E+04 ACRES

30 AVERAGE BEANM PONE ENS
31 PEAK BEAM INTENS1]

32 FOMER IN MAIN BEAM

33 SATELLITE LENGTH

34 NUMBER OF BAYS

1.170E+00 wWsCH2
S.677E+00 NU/CN2
1.596E+03 MEGAHAYT
7.650E+0C BAYS
$.1208«01 BAYS

35 XMIR PWR DISTR LOSS 3.644E-0)

36 ADJ BAY USEFUL AREA 4.096E+05 M2 € 1.012E+02 ACRES
37 BAY 512t ¢.600E+0 METERS

38 SPS AREA 2.6B1E+01 KM2

3% MEAN SOLAR INSOLATION
40 SOLAR CELL QUTPUT

41 ROTARY JOLKT CURRENT "A®
42 ROTARY JOINT CURREWT "B"
43 TOTAL PROCESSED POMER
L4 TOTAL XLYSTRON INPUTY

45 TOTAL KLYSTRON QuUTPUY

©§ NUMBER OF KLYSTRONS .
LY MAX KLYSTRON PACKING DEN
&8 MAX RF¥ POWER DENSITY

49 NUMRER OF SUBARRAYS

50 RECTENNA AREA

3.€28E+01 GH
&.335E+00 6H
3.377€+04 AMPS
1.983E+06 ANPS
6.408E+02 MEGAMATY
4.256E+03 MEGAHATY
3.618E+03 MEGAHATT
5.025&+04
8.719E+00 PER SUB
5.804E+00 KW/M2
7.261E+03 PER ANT
7.872E+07 M2 { 1.8%6E+04 ACRES

R EEEE R E R R R N I A N A I A R I S
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PEAR ANT THERMAL PR
0C QUTPUT PONER

GRID POMER -
LAND AREA PER RECT
"¥* HMOM JF INERTIA
THRUST PER CORNER
NUMBER OF THRUSTERS
CONTROL POMER

ANNUAL PROPELLANT
SYRUCTURE MASS
CONTROL SYS MASS
SOLAR BLANKET MASS
POMER DISTR MASS

MECH & ELEC R/J MASS
AMT STRUC MaSS

ANI WAVEGUIDE NASS
ANT KLYSTRON MASS

ANT CONTROL CKTS HMASS
ANT PHR DISTR MASS
ANT PHR PROCRTC NASS
ANT MASS

STRUCTURE COST
CONTROL S¥YS COSY
SOLAR BLANKETY COST
POLER DISTR CCST
HECHRELEC RsJ COST
ANY STRUC COST

ANT MAVEGUIDE COST
ANY KLYSTRON COST

ARY CONTROL CXTIS COST
ANT PKR DISTR COST
ANT PUR PROCLIC COST
ANT COST

NO OF FREIGHT FLIGHTS
CREW SERVICE NO OF FLYS
0TS COSY

TOTAL TRANSP COST
RECTENNA COST
CONSTRUCTION €OSTY
INTEREST DURING CONSTR
LATITUDE AREA FACTOR
TOTAL MASS

TO0TiL cost

COSTZKHE

COST/KUH

D180-24071 1

TableAl-1 {Continued)

(I I SN IO R BNE BNE N BN B B TN BN B BN BN RN BN BN BN R N RN BN RN RN NN BN BN BN N N BN NN BN BN BN DN BN BN AN BN OB NN

1.045E+00
1.302€+00
2.527€+00
1.935€+08
2.86284,3
2 181E+01
2.181E+0]1
2.738E+01
8.934E+00
1.408E+03
4.871E+81
1.070E+04
1.505€e+02
7.567€E+01
5.000E+02
4.316E+03
3.492E+03
2.713E+02
3.795E+02
1.25%9€E+03
1.022E+04
7.63%-02
2.192E-02
8.77<E-01
3.913E-03
1.58%-02
3.485E-0)
2.588E-01
1.58%¢E-01
S.990E-02
4.09%E-02
8.683E-02
$.540C~-01
9.9458E+01
5.696E+00
2.674E-01
2.604E+00
4.451E+00
3.618E-01
6.876E-01
1.419E+00
2.845E+0%
1.101€+01
%.356E+03
8.097€+01

271

KN/N2
GH/LINK
&M TOTAL
N2
KG-N2
NEMTONS
PER INSY
NREGANATY
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLIGN
BILLION
BILLION
BILLICON
BILLION
BILLION

BILLION
BILLION
BILLION
BILLION
BILLION

TONS
BILLION

-

MILLS

P ol e el e e B R N N W ]

t

ORIGINAL PAGE B
OF POOR QUALITY

4.781E+04 ACRES H

4.903E+00 LD ?

1.970E+G4
3.104E+0¢6
1.074E+05
2.340E+07
3.318€+05
1.662E+05
1.102€+06
9.511E+06
T7.695E+06
5.982E+05
8.367€+05
2.776E+06
2.252E+0Q7

Lan
LEN
Lan
LBM
LBN
8-
LBH
LB
LBM
LBM
LBM
LBM
Lan

N N W S W W N N W W N

6.279E+07 LPN )
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ANTENMA DIANETER

SOLUTION RESULTS

LIGHT INPUT EFFICIENCY
NET CELL EFFICIENCY
BASIC CONVERSION EFFY
BLANKET FACTORS

BUS I-SO-R

NET ENERGY CONV EFFY
AREAMISE EFFICIENCY
ANTENNA POMER DISTR EFFY
NET DC-RF EFFICIENCY
IDEAL BEAN EFFICIENCY
NET BEAM EFFICIENCY
INTERCEPT EFFICIENCY
RECTENNA RF-DC EFFICIENC
NET RF LINK EFFY
LC-10-DC EFFICIENCY
DC-T0-GRID EFFICIENCY
QVERALL PHYSICAL EFFY
AREA EFFECTIVE EFFY
BLANKET AREA

ANTENNA DIA

REQUIPED SIDELOBE SUPPR
TAPER REQUIRED FOR SL SU
TRANSEITTER PONER TAPER
RECEIVER AVG/PEAK RATIO
XMTR AVG/PEAK RATIO

BEAN SPREAD FACTOR
RADIAYED RF POMER

BEAN DIAMETER

BEAM AREA

AVERAGE BEAM POWER DENS
PEAK BEAM INTENSITY
POMER IN MAIN BEAN
SATELLITE LENGTH

NUMBER OF BAYS

XMTR PWHR DISTR LUSS

ADJ BAY USEFUL AREA

BAY SIZE

SPS AREA

MEAN SOLAR INSOLATION
SOLAR CELL OUTPUT

ROTARY JOINT CURRENT "A®
ROTARY JOINY CURRENT "B~
TOTAL PROCESSED POWER
TOTAL KLySTRON INPUT
TOTAL KLYSTRON OUTPUT
NUMBER OF KLYSTRONS

MAX KLYSTRON PACKING DEN
MAX RF POWER DENSITY
NUMBER OF SUBARRAYS
RECTENNA AREA
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Table Al-1 (Continued)
Rotary Joint Power = 2136 Megawatts

P S T I I N T T B I N B R T R N I N BN BEE BN DN A B BN B RN BN B DN BN RN N D B O BN NN BN I BN BN RN

VALUE = 1.200E+00

8.57%€-01
1.401E-01
1.340E-0)
$.39%-01
9.854E-01
1.260E-01
9.34%E~01
9.962E-01
8.340E-01
9.650E-01
8.955€e-01
9.512E-01
8.850E-01
B.348E-01
6.169E-01
5.984E-01
7.537€E-82
T.046E-02
2.507€+07
1.200E+00
1.912€E+21
2.512E+00
1.000E+01
2.061E-0)
3.90%E-01
1.450E+00
1.782E+03
1.03%8E+01
$.472E+07
1.684E+00
§.173E+00
1.595¢8+03
7.650€E+00
6.1J0E+0]
3.858E-03
©.094E+05
6.600E~02
2.681€E+0])
3.628E+01
4.335E+00
3.377€+04
1.983£+404
6.408E+02
4.256E+03
3.617E+03
5.024E404
6.053E+00
&.030E%00
1.046E+04
5.328£+07

n2 L4 6. 194E+03 ACRES
KN ¢ 7.4576~-01 NI

MEGANATT

KN 4 6.824E+00 M1

n2 2.340E+06 ACRES
Mi/CN2

MU/CN2

MEGANATT

BAYS

BAYS

”~

M2 < 1.012E+02 ACRES
METERS

KM2

GHW

GH

ANMPS

AMPS

MEGANATT

HEGANATT

MEGAWATT

PER SUB

KW/M2

PER ANT

N2 ( 1.317€+04 ACRES



PEAK ANT THERWAL PHR
DC OUTPUT PONER

GRID POWER

LAND AREA PER RECY
*Y" MOM OF INERTIA
THRUST PER CORNER
NUNBER OF THRUSTERS
CONTROL POMER

ANNUAL PROPELLANT
STRUCTLRE MASS
CONTROL SYS MASS
SOLAR BLANKET MASS
POMER DISTR MASS

MECH & ELEC R/J MASS
ANT STRUC MASS

ANT WAVEGUIDE NASS
ANT KLYSTRON MASS

ANT CONTROL CKTS MASS
ANT PUR DISTR MASS
ANT PHR PROCLTC MASS
ANT NASS

STRUCTURE COST
CONTROL SYS COST
SOLAR BLANKETY COST
POHER DISTR COST
MECHIELEC R/J COST
ANT STRUC COST

ANT WAVEGUIDE COST
ANT KLYSTRON COST

ANT CONTROL CKTS COST
ANT PuHR DISTR COST
ANT PHR PROCITC COST
ANT cOST

NO OF FREIGHT FLIGHTS
CREW SERVICE NO OF FLTS
015 COST

TOTAL TRANSP COST
RECTENNA COST
CONSTRUCTION COST
INTEREST DURING CONSTR
LATITUDE AREA FACTOR
TOTAL MASS

TOTAL COST

COST7Kikk

COST/KHH
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TableAl-1 (Continued)

7.408€-01
1.318E+00
. 554E+00
1.344C+02
2.862E+2}
2.131€+01
2.181E+01
2.738E+01
8.%36E+00
1.408E+03
4.871E+0)
1.070E+04
1.505€+02
8.%07E+01
7.200E+02
$.212E+03
3.492E+0)
2.713E+02
&.582E+02
1.25%9E+03
1.241E+04
7.03%E~02
2.1928-02
8.774E-01
3.913-013
1.870E-02
3.628E-01
3.727E-01
1.589€6-01
5.989%E-02
&.949E-02
8.683E~-02
1.091E+00
1.094E+02
é.253E+00
2.936L-01
2.798E+00
3.160E+00
3.752E-01
6.30%E-01
1.419E+00
3.126E+04 TONS
1.010E-0) BILLION
3.950E+03) ¢
7.342E+01 MILLS

EM/sN2
GH/LINK
6N TOTAL
N2
KG-n2
NENTONS
PER INST
HEGANATTY
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION

BILLION
BILLION
BILLION
BILLION
BILLION

[ I TN DA TR BN BN BNN BN BEN B DN BN BN B B BN BN N B R B BN BN BN BN RN BN BE BN N BN BN BN BN BN BN BN BN RN BN BN B BN R )

[ ]
~ond
L

P Y . . . L Y. Y.

{

ORIGINAL PAGE IS
OF POOR QUALITY

3.320E+04 ACRES }

4.903§+00 LB )

1.970E+04
3.104E+0¢
1.074E+05
2.360E+07
3.318E+05
1.9¢4E+058
1.5878+04
1.370k+07
T.498E+04
5.981€+05
1.010€+04
2.776E+04
2. 736E+07

LM
LBN
LBN
LBN
LBN
LBN
LBN
' BM
Lan
LBN
LBN
LEM
LBNM

A W N W T W N

6.892E+07 LBN )
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ANTENMA DIAMETER

SOLUTION RESULTS

LIGHT INPUT EFFICIENCY
MEY CELL EFFICIENCY
BASIC CONVERSION EFFY
BLANKET FACTORS

BUS 1-SQ-R

NET ENERGY CONV EFFY
AREAHISE EFFICITNCY
ANTENRA POMER DISTR EFFY
MET DC-RF EFFICIENCY
IDEAL BEAM EFFICIENCY
NET BEAM EFFICIENCY
INTERCEPT EFFICIENTY
RECTENNA RF-DC EFFICIENC
NET RF LINK EFFY
DC-TO-DC EFFICIENCY
DC~TO-GRID EFFICIENCY
OVERALL PHYSICAL EFFY
AREA EFFECTIVE EFFY
BLANKETY AREA

ANTENNA DIA

REQUIRED SIDELOBE SUPPR
TAPER RUQUIRED FOR SL SU
TRANSMITTER POWER TAPER
RECEIVER AVG/PEAN RATIO
XMTR AVG/PEAK RATIO

BEAM SPREAD FACTOR
RADIATED RF POMER

BEAM DIAMETER

BEAM AREA

AVERAGE BEAM POMER DENS
PEAK BEAM INTENSITY
PORER IN MAIN BEAM
SATELLITE LENGTH
NUMBER OF BAYS

XMTR PHR DISTR LOSS

ADJ BAY USEFUL AREA

BAY SIZE

SPS AREA

MEAN SOLAR INSOLATION
SOLAR CELL OUTPUTY

ROTARY JOINT CURRENT =A™
ROTARY JOINT CURRENT "B"
TOTAL PROCESSED "OMWER
TOTAL KLYSTRON .NPUT
TOTAL KLYSTRON OQUTPUT
NUMBER OF KLYSTRONS

MAX KLYSTRON PAUKING UEN
MAX RF POWER DENSITY
NUMBER OF SUBARRAYS
RECTENNA ARCA

D180-24071-1

TableAl-1 (Continued)
Rotary joint Power = 2136 Megawatts

% o W NP RN RN R

VALUE = 1.400€+00

8.57%E-01
1.601¢8-01
1.360F-01
9.399€-01
9.854E~-01)
1.260€-01
9.349%E-01)
9.972€E-0)
8.349E~D1
9.650E-01
8.955¢8-01
$.5126-01
8.871€-01
8.34LE-01
6.183E-01
$.998E-01
7.554£~02
7.062€6-02
2.507E+07
.1.408E+00
2.047E201
&.665E+D0
1.0850E+01
2.061E-01
3.309%9E~-01
1.450E+00
1.783E+03
9.413€+00
6.959E+07
2.295€+00
1.114E+01
1.5976+03
7.650E+00
6.120E+01
2.761E-03
4.096E+05
§,600E+02
2.681E+01
3.628E+01
4.335E+00
3.374E+04
.981€E+04
.G08E+02
.260E+03
L621E+0)
L029E+0¢
L452E+00
.964E+00
1.423E8+04
3.914E+07

NN DO

"2 L4 6.194E+03 ACRES )
KM { 8.700E-91 NI )
o8
DB

MEGANATY

[ 4] 4 5.849E+00 NI )
M2 ( 1.720E+04 ACPES 3
L T, Fd

*H/CM2

MEGAW T

BAY',

B’ /S

n2 ( 1.012E+02 ACRES )
METERS

KM

GH

GH

AMPS

AMPS

HEGANATT

MEGARATT

MEGANRATY

PER SUB

KH/M2

PER ANT

M2 ( 9.672E+03 ACRES )



PEAK ANT TRHEERNAL PMuR
BC OUTPUT POMER

GRID POMER

LAND AREA PER RECY
“¥" ROM OF INERTIA
THRUST PER CORNER
NUNBER OF ITHRUSTERS
CONTRUGL POUHER

ANNUAL PROPELLANY
STRUCTURE MASS
COnTROL SYS MASS
SOLAR BLARNKETY MASS
POUER DISIR NMASS

MECH & ELEC R/JD RASS
ANT SIRuLC mAsSS

AMY MAVEGUIDE MASS
AT KLYSTRON MASS

AHT CONTROL CKIS MASS
AN Pus DISTE MASS
ANI PUS PROCLIC NASS
ANT MASS

STRUCTURE COSY
CONTIROL S5VS COSY
SOLAR BLANKET CO5Y
FouE® DISTR (OST
MECHSELEC R/7D COSTY
ANI STRUL COST

ANT HAVEGUIDE COST
ANT KLYSTRON JOST

AHNT CONIROL CKIS COSY
ANT Puk DIsi® COSTY
ANT PHR PROCETC CLOSY
ANI COsT

S0 OF FRIIGHY FLIGHTS
CREWH SEEVICE NO OF FLTS
gi1s ¢asst

TOTAL TRANS®™ COSY
RECTENNA LOSY
CONSTRUCTION COST
INTEREST DURING CONSTR
LATITUDE AREA FACIOR
FOTAL MASS

10121 (057

COST/KKE

COST 'K

D180-24071-1

TableAl-1 (Continued)

5.4086-0)
1.321€+08 GU/LINK
2.562E+08 G TOTAL
9.872E+07 N2
2.B62E+13 XK&-M2
2.181E+01 NEMTONS
2.181E+81 PER INST
2.733E¢0]1 MIGAMATY
8.934E+80 TONS
1.40%E+03 TOuS
&.8715+01 TONS
1.0780E+864 TONS
1.504£+02 TONS
1.62%E+02 TONS
9.800C32 TONE
8.455E+03 TONS
3.&95E+03 TONS
2.714E+02 TONKS
¢.130L+82 IONS
1.259%€+03 TONS
1.503E+04 TONS
7-03%E-02 BILLION
2.192E-02 BILLION
8.77+t-01 BILLION
3.90%E-03 BILLION
2.152€6-02 BILLION
3.797¢-01 BILLION
5.073E-01 BILL.ON
1.2%0€-01 BIiLLION
5.99%E-02 BILLION
6.674E-02 BILLION
8.6383E-02 BILLION
1.268E+00 BILLION
1.212E+02
$.9>231 0
3.253e-01
Y.Q25E00
& >Altece
&.157€-01
6.143E-01
1.41%8L00
J.ee4E 046 TORS
9.833E+00 BILLION
3.8358+033 8
7.1338+01 NILLS

rng

BItLION
BItLiION
BlLtloN
alitloN
BILLICN

LI B T O SN N DR DN I I D I IEE N O B IR BN DN RN NN DN BEE RN A BN R

B SR I B I B W

<

2.483%9C+0¢
4.903E+00

1.970E+04%
3.104E¢«06
1.074E+05
2.360E207
3.315€+08
2.25%E+05
2.161E+0¢
Y.864E+07
Y. 706K +00
5.987E+0%
1.362€+06
2. 776E+04
3.324E+07

7.637€+07

ACRES

L8

ian

Len
LBN
Len
Lsn
ian
Lan
(8.1 ]
[§ 1)
L8N
ian
Lan

isn

)

A e N W W WS W W W W W



D180-24071-1

Table Al-1 (Continued)
Rotary Joint Power = 2136 M-zawatts

C X X N N NN

ANTENMA DIANETER VALUE » 1.600£+:00
SOLUTION RESULTS
LIGHY INPUT EFFICIENCY - 8.57%€-81
NET CE L EFFICIENCY - 1.4012E-~01
BSASIC JONVERSION EFFY - 1.360€~-01}
BLAMKEY FALTORS . $.39% -0}
BUS 1-5Q-% - 9.8%E-01
RET EMERGY CONV EFFY - 1.260E-01
AREARISE EFFICLIENCY = 9. 349E-31
ANTENNA POWER DISIR Erfv¢ = 9.%44€-01
NET DC-®F EFFICIENCY - 8. 3a4%E~-2)
IDEAL BEAM EFFICIENCY = 9.450E-01
NEY BEAM EFFICIENCY = 8.955E-01
INTERCEPY EFFICIENCY - 9.512€-01
RECTENNA RF-BC FFFICIENC = 8.%913€-01
NEY RF LINK fFFVY - 8. 348E-01
DC~10-DC EFFICIENCY - &.J07E-0}
PC-TO-GRID EFFICIENCY = s.0218-81
OVERALL PHVYSICAL EFFfFY = 7 Sa%E-02
AREA EFFECTIVE EFfFY = 7.0%0€-02
BLANKET AREA = 2.507E+07 M2 { &.194E203 ACRES
ANTENNA DI2 - .1.400£+80 €N { 9.%942E~-0) Mmi
REQUIRED SIDELORE SufPR = *.16JEeD) DB
TAFER RIQUIRED FOR SL SB = 6.%23E+00 DA
TRANSHITIER POHIR TaPER - 1.808€+01 DB
RECEIVER AVG/PLAK RATIO - 2.081E-01
XMIR AVG/PLAK RATIO = 3.9091-01
BEAM SPREAD FACTOR . 1.450E 00
RADIAIED RF POMER = 1.7326+03 MEGANATY
BEAN DIAMEYER = 8.23cf+8C XN t 5.118E+00 N}
BEAM ARLA » 5,325 +07 W2 4 1.317E+04 ACRES
AVERAGE BEAM PDUER DENS . 2.936E 400 MUICND
FEAX BEAH INVERSITY = 1 asat «3] MHACN2
POKER IN MAIN BEAN = 1.594E+03 MEGAMATY
SATELLITE LENGIM - 7.650{ 00 BAYS
NUMAER OF Bavs a 6.1200+01 BAYS
XMIR PHR DISIR LOSS . 3.&17€E-03
ADJS KLY USEFUL AREA . 4. 098 +BS M2 [ 4 1.0126+402 ACNRES
RaY STJE e 6.60CEL I MLIERS
SP% ARFA = 2.8+ KNS
MEAN S0LAR INSOLATION = 3.6238 401 W
SOLAR CELL QuYrPuly = &, 335130 OGN
ROTARY JOINT CURRENT "A™ = 3.3748+04 AMPS
ROTARY JIIINT CURRENY *B* = 1.923F+04% AMPS
YTOVAL FEOCFSSED POMER s 6. %031 +00 MEGAMATY
TOTAL KIVSIRDN INPUY = B.2%TESDS MIEGAMATY
TOTAL KLYSTIRON OUYPUTY » 3.6150 003 MEGAMALY
NUMBER OF FLYSTRONS = S.0et <85
MAX KLYSTRON PAZKING PEN = 3.406E£+00 PLR SUB
MAX RF FOHIR PEIHSTITY 2 S.243E000 XWND
NUMRER (F SUBARRAYVS = 1.35%9E«8% PER ANTY
RECTENNX AREA » Q.99 007 M2 t 7.4055403 ACRES



D180-24071-1

TableAl-1 (Continued)

Ty

ORIGINAL PA
GE IS
OF POOR QUALITY
L PEAX AMT THERRAL PMR - &.154E-0)1 KN/M2
BC DUTPUT POMER - 1.324E+08 GU/LINK
SR1D POMER = 2.572€+00 6N TCTAL
LAND AREA PER RECY - 7 SS8E.07 W2 4 1.848E+04 ACRES }
Y™ RON OF INERTIA - 2.862E+1) KG-N2
THRUST PER CORNER = 2.181E+081 NEMIONS 4.903E+00 LD ?
NUMBER OF THRUSTERS - 2.181E+0) PER INSY
CONTROL POMWER = 2.738E+8]1 MEGANATT
ANNUAL PROPELLANT - 8.934£+08 YONS { 1.97CE+04 BN }
STRUCTURE MASS - $.408E+83 TONS € 3.104E+84 LBN 3
CONTROL SYS RaASS - ©.B71E+0Y YONS [§ 1.07GE+05 LM ]
SOLAR BLARKET NASS - 1.070E+04% TONS [ 2.30E+07 LBN )
POMNER DISTR NHASS = 1.505E+02 TONS [ 4 3.317E+05 LBN ) ]
MECH & ELEC R-72 MASS - 1.15%£+02 TONS [4 2.5%LE+05 Lan 3}
ANY STRUC MASS = 1.220E+83 TONS [ 2.522E+046 LB )
ANT HAVEGUIDE MASS - 1.184E+04 TONS [ § 2.435E+07 LBN 3
ANT KLVYSTRON MASS = 3.&93E+03 TONS [{ 7.701€E+06 LBN 3}
ANTY CONIROL CKTS NMASS - 2.714F+02 TONS [ 4 S.983E+.5 LBN )
ANT Pl DISTIR RASS - 7.204E+02 TONS [ 4 1.588E+04 LEM ]
ANY PHE FROCLITC HASS = 1.25%E+«03% TONS < 2.7T6¢E 86 LBNW )
ANT MASS = 1.8C7€+0% TONS { 3.983E+07 (BN )
STRUCTURE CO%Y ] 7.039€-02 BILLION
CONTRTL SY$ COST = 2.1920-02 BILLION
SOLAR BLANKET COSY = 8.7758-01 BILLION
POHER DISTR COSY - 3.912E-03 BILLION
MECHRELEL &rJ COSTY = 2.433t-02 BILLIDON
ANT STRUC COSTY = 3.992¢-01 BILLION
ANT WAVEGUIDE COS! - .6 ¢E-01 BILLION
ANYT KLYSTRON COSY = 1.539%€-01 BILLION
ANT JONTROL CKTS COST = 5.931€-02 BILLION
ANY P&R DISTR COSY - 7.780E-02 BILLION
ANT PuR R0CRYIC COSTY = 8.638E-02 BILLION
ANT CQsT . 1.445%E+00 BILLION
NQ OF FRUIGHTY FLIGNTS = 1.345%€+02
CREU SERVICE NO OF FLTS = 7.8455E+00
01s Cusy = 3.603£-01 BILLION
YOTAL TRANSP COSY = 3.2806+00 BILLICON
RECTENNA COSTY . 1.87¢E+00 BILLION
CONSYRUCTION COST 2 &.611E-01 BILLION
INTERESY DURING CONSTR - 6.195L-01 BILLION
LATITUDE AREA FACTOR = 1.412€+30
10YaL Mass =z 3.842f 0« TONS ( S.671E+07 1LBN 3
T0VaL €OSY = $.916L+00 BILLION
COST Kue = }.855F+03 $
COST REH = 7.1658+01 NILLS
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ANTENNA DIAMETER

SOLOTION RESULYS

LIGHT INPUT EFFICIENCY
NEY CEAL EFFICIENCY
BAS1C CONVERSION EFFY
BLANKEY FacYORS

8US 1-59-0

HEY ENcERGY CONV EFFY
AREAMISE EFFICIENCY
ANTENNA POMER DISTR EFFY
MLY BC-RF E(FFICIENCY
1DEAL BEAM LFFICIENCY
HEY BEAM EFFICIENCY
INVERCEPY EFFICIENCY
RECTENKA £5-0C EFFICIENC
MEY RF LINK EFFY
PC-Y0-DC EFFICIENCY

D=~ _-GRID EFFICIENCY
OVERALL PHYSICAL EFFY
AREA CFFECYIVE LFFV
BLANKETY AREA

ANTENNR DIX

REQUIRED SIDELOBE suPrPre
TAFER REQUIRED FODR St SU
TRANSHMITIER TOMER TAPER
RECEIVER AVE-PLAX RAT1O0
AMIR AVLAPLAK RATIQ
BEAM SPREAD FACTOR
BADIATED RF FOMER
REAM DIAMEIER

BiAM ARfA

AVERAGE BEAM POHER
FEAK REAM INTENSIYY
PORER IN MALIN BEAN
SATELLIYE LENGIM
NUMEER OF BAVS

INTR PRE DISTR LOSS
ADJ BAY USEFUL AREA
RAY S12§

LPS ARER

MiAN SOLAR INSOLATION
SOLAR CFLL QuiruY

ROTARY JOINT CURKRENT "A"
RDYARY JOINY CURRENT “p™
T1aYAL FROCESSED POMNEIR
TOTAL KLVSTRON INPUY
TOYAL KIVSIRON QUTPUY
NUNBER OF KIVSTRONS

MAX KLVSIRUN PACKING DEN
MAX RY TOUER ODINSIVY
NURBER OF SUBARRAYS
RECTENNA ANt A

DENS

D180-24071-1

Table Al-1 (Continued)
Rotary Joint Power = 2138 Megawatts

[N S N R T B NN N N R N BT IR DN DR DN DR BN T BN BN DR RN NN DN DN BN RN BN Y B BN DN DN I R BN N R BN BN BN B B BN BE N BN B

VALUE =

8.57%-01
1.400E-0)
1.3680E-01
$.39%-01
$.8%4E-01}
1.260E~41
9. 349%E-81
9.95%4E-81
8.335E-81
9.850E-01
8.95%-08)
9.5128-01
8.%21t-01
8.348E-01
#.J87E-01
&.021E~-01
7T.55M-02
7.89%0€E-02
S.807Ee07
1.8028¢+00
2.c65%€ 8]
8.170€E+28
1.8e8€+81
.eelE-8Y
.92%E -2
ALREL00
. 7488 +0}
.321E+08
.o1DEeD7
.7a7e~00
LAL17E )
. 235E40)
8531 «00
L1801
Le1TE-R3
GELE DS
.&CRE+D2
Le51F 1
NP IRT R
.3dsE 03
MR35 R 3 P
LIRS 205
LSGREQ2D
LosJEs0Y
L6iab e}
LBICE A0S
a3AL00
L TINF Q0
35 S Y2
CYeBE 07

B P owe By G B w e B e P BB B e e G sy e e g P

1.8808+00

6.1964E+0)
1.119E+00

ACRES
nl

NEGAMAYY
N g
L M 1
NW/CN2
nsLn?

ML GANATY
BAYS

BAYS

&.549E 00
1.040E+04

L
ACRES

n2 4
RETERS

[ $. 0

G

[

ANFPS

ANPS
NIGAMATY
MEGAMATY
MEGAMATY

1.012E+02 ACRES

PIR SUB
i M2

FtR ANT

ne <

S.851E+03 ACRES



PFEAX ANT THERNAL PR
B OUTPUY PDNER

GRID PONER

LAND AREA PER RECY
=¥Y" nOn OF INERTIZ
THRUST PER CORNER
NUHBER OF THRUSTERS
CONTROL PONER

ANNUAL PROPELLANT
STRUCIURE RNASS
COMTROL SVS MASS
SOLAR BLANKET RASS
PONER DISTR MASS

NECH & ELiEC R/7J NASS
ANT STRUC MASS

AN HAVEGUIDE MASS
ANT KLYSTRON MASS

AHT CONTROL CXTS MASS
ANY PLR DISTR NASS
ANT PHR FROCETC MASS
ANY RMASS

STRUCTURE COSY
CONTROL SYS COST
SOLAR BLANXEY COST
POMER DISTR COSY
MECHSELESC R/7J COST
ANT STRUC €OST

ANY WAVEGUIDE COSY
ANT KLYSTRON COST

ANT CONTROL CKTS COST
ANT PUR DISTR COSY
ANT PUR PxUCLTC COSTY
ANT COST

HO OF FREIGHT FLIGHTS
CREK SERVICE NO OF FLTS
o185 2057

TOTAL TRANSP COSY
RECTEHNHA COST
CONSTRUCTION COSY
INTERCST DURING CONSTR
LATITEDE AREA FACTOR
TOTAL MASS

FOTAL COSTY

COST/KHE

COSTsxuUH

D180-24071-1

Table \l-1 (Continved)

3.395F-01
1.324E+88 SH/LINK
2.572€+08 €4 YOTAL
$5.9T72E«07 M2
2.842E+13 KG-N2
2.181E+0) NEMNTYONS
2.181E+8) PER INSY
2.738E+01 NEGANATY
B.93LE+00 TONU
1.408E+03 TONS
4.871E+01 TONS
1.670E+0&4 TONS
1.506€+02 10NS
1.293E+02 TONS
1.420E+33 TONS
1.393E+04 TONS
3.489%E+03 TONS
2.711E+02 TONS
7.370€+02 TONS
1.259E+03 TONS
2.1356+04 TONS
7.839€-02 BILLION
2.192€-02 BILLION
8.774E-81 BILLION
3.916E-03 BILLION
2.715E-02 BILLION
6.213E-C3X . [ON
8.386E-u. .iLION
1.557C0~01 BILLION
5.954E-02 BILLION
7.959%E-02 BILLION
8.688E-02 BILLION
1.645E+00 BILLION
1.4%0E+02
8.516E+00
3.993€-01
3.550€+00
1.529€+00
S.110€-01
6.382E-901
1.619¢€+00
€. 258E+04 TGNS
T.022E+81 BILLION
3.972E+03 ¢
7.382E+01 mILLS

rn2

BILLION
BILLION
BILLION
BILLION
BILLION

279

L I I I I B I N B I N B

¢

1.476E+84
4.903E+00

1.970E+04
3.104E«0¢
1.874E+05
2.34CE+07
3.321E+08
2.859E+05%
3.571€+0¢
3.081E+07
7.6%2€+04
5.974E+85
1.625E+06
2.776E+06
&©.708E+937

$.387€+07

ACRES

Lan
ien
Lan
Len
LeN
Len
LBN
isn
LBN
iBN
LBN
LBl
Lan

Lan

A N N W W W e W N W W
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 ANTEWNA DIARETEN

SOLUTION RESULTS
LIGNT INPUT EFFICIENCY

WET CELL EFFICRENCY

BASIC CONVERSION EFFY
BLANKET FACTORS

Wi I-59-0

NET LNERGY CON7 EFFY
AREAMISE EFFICIENCY
ANTENNA PCHER DISTR E€FFY
HEY DC-RF EFFICIENCY
1DEAL BEAM EFFICIENCY
NET BEAM EFFICIENCY
INTERCEPT EFFICIENCY
RECTENNA RF-DC EFFICIENC
REY RF LINX EFFY
DC-Y0-BC EFFICIENCY
BC-TO-GRIB EFFICIENCY
OVERALL PNYSICAL EFFY
AREA EFFECVIVE EFFY
BLANKET ARLA

ANTENNA BIA

REQUIRED SIDELOBE SUPPR
TAPER REQUIRED FOR SL SU
TRANSMITVER PONER TAPER
RECEIVER AVG/PEAK FATIO
IMTIR AVG/PEAK kATIOD
BEAM SPRUAD FACYOR
RADIATED RF PORER

BEAH DIAMETER

BEAN AREA

AVERAGE BEAM FOMER DENS
PEAK BEAM INTENSITY
POHER 15 MAIN BEAN
SATELLITE LENGTH

NUHBE® 0 BAYS

YMTR PUR DISIR LOSS

Ads BAY UL TUL AIEA

BAY SIJE

SPS AREA

MEAN SOLAR INSULATION

Su AR Tl ouTPuY

ROTARY JOINYT CURRENY "aA®™
ROTAZY JOINT CURRENY "B»
TOTAtl PROCESSTEU POHER
FOTAL KLYSTRON INPUY
TOTAL XLYSTRON OUTPUT
NUMBER [: KLYSTRONS

BAX XKLYSTRON PACKING DER
MAX RF POMER DENSITY
NUMBER OF SUBARRAYS
RECTENNA AREAL

D180-24071-1

TableAl-1 (Continued)
Rotary Joint Power = 2136 Megawatts

LN I IO I N T R TR BN NN U N B B RN T Y B B N BN T 2N RN B B R BN N NN BN BN BN N BN YRR NN N RN BE RN N AR BN B AN

VALUE =

8.57%-81
1.601E-41
1.340£6-0)
9.39%€~-01
9.854E-8)
1.240E-0)
9.34%-81
$.908E-0)
8.32%-01
3.658E-01
&.955E-81
%.5126-01
8.926E-01
8.348E~01
$.207E~01
6.82B8E~B1
7.583E-92
7.08%E-02
2.507E+07
.2:000£+08
2.355E+01
9.44131E+00
1.008E+01
2.0861E-01
3.96%£-01
1.450E+00
1.77%E+8)
&.5%95+00
3.«)XBE+D7
&.672€+860
<.267E+01
1.593E+0)
7.650E+08
6.1205s01)
s 211¢-03
4,0986E+05
6.600E+D2
2.681E+01
3 &SEE+D)
&.33%€+00C
3.358.:+04%
1.9850L 08¢
6.408E+02
4. 250E+D3
3.612c+03
5.017E+04
2.178€+00
1.644%E+008
2.905E+0%
1.81BE+GY

280

n2
L { ]

2.000E+00

€ 6.194E+@3 ACRES
€ 1.243€d€ NI

MEGANATY

| 4,1
n2
MK/sCN2
nusCn2

{ §.0%4E+00 NI
8.4264€+03 ACRES

-

HESANAYY

BAYS
BAYS

“2
RETERS
M2

(]

6H
ARPS
ANPS

¢ 1.012E+02 ACRES

MEGAMATY
NEGAMATT
NEGARATY

PER SUB
KH N2
PER ANT
M2

( 4.739E+03 ACRES

)



. ANT

Fe. K » {7 THERNRAL PMR
DC QUYPUY PONER

GR1D POuER

LAND AREA PER RECY
*¥Y* NOM OF INERYIA
THRUSY PER CORNER
NUMBER OF THRUSTERS
CONTROL POMER

AHNUAL PROPELLANY
STRUCTURE MASS
CONTROL SYS MASS
SOLAR BLANKET MASS
POUER DISTR MNASS

MECH 3 ELEC R/) RASS
ANT STRUC MASS
ANY WAVEGUIDE MASS
ANT KLYSTRON MASS

ANT CONTROL CXTS MASS
ANT PHR DISTR NMASS
ANT PWR PROCLYC MASS
ANY MAiSS

STRUCTURE COST
CONYROL SYS COSY
SOLAR BULANKETY COSY
PORER DISTR COSY
HECHSILEC R/7J COSTY
ANT STRuC COsTY

HT RAVEGUIDE COSY
AN KLYSTIRON COST

ANT CONTHOL CKIS COSY
Puft 0ISTR COSY
ANT FHK PROCARTC {OSY
ANT CusTY
0 OF fREIGHT FLIGHTS
CRER SERVICE ND OF FLTS

4 OYS CO%7

TOTRL TRANSP COSY
RECTLRNNA COST
CONSTRUCTION COSY
INTEREST DURING CONSTR
LATTTUDRE ARLA FACTGR
1074 HASS

TATAL C€OS!

COSY/KLE

Cast -kl

D180-24071-1

TableAl-l (Continued)

2.684E~Q)
1.324E+08
2.5728+00
4.8Y7E07
2.842E+1)
2.181E+081
2.181E+01
2.738E01
8.934E+00
1.408E+0}
4&.871E+01
1.070E+0%
1.507€+02
1.427E+02
2.000E+0)
1.726£+0%
3.487E+0)
2.70%E+D2
8.477E+02
1.259%&+03
2.512E+04
7.03%¢E~02
2.192€-02
8.774E-01
3.91%E-0)
2.9%6€~02
4.450E-01
1.8358 32
1.586E-04
$.980¢-02
9.155k~-82
&.888E~-02
1.878E+00
1.457¢£+82
*.88%E£+uld
&.Gaek-0Y
}.&853E+00
1.031Ee70
§5.631£-01
é6.6930~01%
1.41%E+20
G.73%e+04 TORS
Y.071E+01 BrLLION
&, 1660458 ¢
F.7015201 MILLS

xWs/n2
CH/7LINK
Gd TOTAL
n2
XG-n2
NEWTONS
PER INST
MEGANATYY
TCNS
TONS
TONS
TONS
TONS
TONS
TONS
TOHS
TONS
TONS
TONS
TONS
Taus
BILLION
BILLION
BlLLION
BILLION
BEILLION
BILLICN
BILLIGK
BILLION
BILLIGN
BILLION
BILLION
BILLION

B:{LION
glLLlIok
BILLIGH
BILIION
BILLION

U N T G B SN R R IR N BN NN Y DR D BN TNN L TN N N N NN BN RN BN T B R NN N NN B NN NN NN NN NN NN NN BN RN NN

R e e e el e R e o R N ]

{

E B
(JIC!GJ!‘I\!’ ‘hﬁ‘i

@?OGRQ“

1.195€+04 ACRES

4£.903E+00 B

1.970E+04
3. 104E+D6
1.074E+0S
2.360E07
3.323E+05
3.1458+05
4.409%E08
3.804E+07
7.687E+06
5.973E+DS
1.869%E+06
2.774E+R4
5.538¢k+07

LEN
Lan
LaR
Lsn
Len
LBN
LER
L8N
Lan
LBN
LBN
LBM
L8N

1.C44E208 180

3}

[ S S R R TR R



GNP EDIUNMW

ANTENMA DIANETER

SOLUTION RESULYIS

LIGHY INPUT EFFICIENCY
NEY CELL EFFICIENCY
BASIC CONVERSIDON EFFY
BLANKETY FACTORS

LUs I-S0-R

NET ENERGY CONV EFFY
AREARISE EFCICIENCY-
ANTENNA PUNER DISTR EFFY
NEY DC-RF £ FICIENCY
IDEAL JEAM ESFICIENCY
NETY BEAN EFF ICIENCY
INTERCEPY EF-ICIENLY
RECTERNA GF-BC EFFICIENC
HET RF LINK FFFY
DC-TG-DC EFFITIENCY
BC-YO-G51D EFFICIENCY
BYERALL PHYSICAL CFFY
AREA LFFECTIVE EFEY
RLAKKEY ARCA

ANTENNA DIA

REQUIRED SIDELOBE SUMFR
YAPER REQUIRED Dk S. SV
TRANSHITTER POMER TAPER
RECELIVER AVG/PUAK BATIO
XNTR AVG/PEAK RATIO
BEAM SPREAD FACTOR
RADIATED RF POMIR

BEAM DIARMETER

BEAN ARER

AYERAGE BEAM POMER BENS
PEAK BEA™ INTVENSITY
PORER IN MAIN PEAN
SATELLITE LENGTH

HUGIER ©OF BAYS

XHTR Pu® DI(STR (0SS

ADJ BAY uSFriUl AREA

BAY SI2¢€

SPS AKEA

MEAN SOLAR INSOLATION
SOLAR CELL QUTPUY

ROYARY :OINT CURRENT "aA"
ROYARY JQIT CHURREXY “B™
TOTAL PROCESSED POMHER
fRTAL K{VSIRON INPUT
TOTAL KLYSTRGM DUT LY

W MBER OF XLYSTRONS

MAX ALYSTRGN PACKINC DEN
K.X RF POUHER DENSITY
KUMBER OF SUBAFRAYS
RECTEHMA AREA

Di80-24071-1

Tohle Al-l (Continued)
‘Rotury Joint Power = 3418 Megawatts

R I I T IR TR R N I R R N BN BNE IEY B B TR N N B B N NN SN BN RN DR I RN N NN BN N B AN BN BN BN NN RN

VALUE »

8.5S79%~81
1.601E~0)
1.3605~8)
.39 ~-01
2.767€-01
1.242€~01
$.35%E-a1
9.%12¢-01
8.299%€-01
3.450£-01
8.955E-01
9.512€-01
8.867E-81
8.168E-01
&.143£-01
5.93%E-01
7.63bLE-02
6.%961E-D2
4.0%7E+07
.3 .QA9CE+00
1.955€+81
3.2087E+00
X.000ke0]
2 BelE-B]
3.%0%E-01
3.%458E+08
2.878E+G3
1.318¢+01
1.35CE:08
1.6645400
$.024E+00
2.3%5E+23
1.235E+01
9.851C8
3.621E~-03
4.C98E+05
&.¢08E~02
%..chE+Q)
$.8515+01
&§.%988+0C
S.LL1E+406
3.1392+42%
1.925%+03
6.TTEE+CY
£.7595+0})
7.$93BE+D4
1.3538+01
?.233¢€ .00
7.261€+0%
7.672E+07

282

n2
1< ]
2]
-1
DA

REZANATY
KN

n2
nison2
nesCn2
NEGARAYY
BAYS
BAYS

N2
HETERS
Kn2

6H

64

AMPS
ANPS
MEGAMATTY
HEGAMATT
REGAMATT

PER SUR
XA/R2
PER kY
N2

~ o

4

1.0800€+80

1.000E+04 ACRES
$.216E-61 N1

8.18%E+00 ]

3.370E+046 ACRES

3.812F+U2 ACRES

1.896c+4 ACRES

-

-

?



PEAK ANT THERNAL PNR
BC OUTPUT POMER

GRID POMER

LAND AREA PER RECT
*Y" MOM OF INERTIA
THRUST PER CORNER
NUMBER OF THRUSTERS
CONTROL POMER

ANNUAL PROPELLANY
STRUCTURE WASS
CONTROL S¥S HASS
SOLAR BLANKEY MASS
PONER DISTR MASS

MECH & ELEC R/J MASS
ANY STRUC MASS

ANT HAVEGUIDE NASS
ANT KLYSTRON MASS

ANT CONTROL CKTS MASS
ANT PHR DISTR MASS
ANT PHR PROCETC MASS
ANT mass

STRUCTURE COST
CONTROL SYS COST
SOLAR BLANKET COST
POWER DISTR COST
MECHLELEC RsJ COST
ANT STRUC COST

ANT WAVEGUIDE COST
ANT KLYSTRON COST

ANT CONTROL CKTS COST
ANT PWR DISTR COST
ANT PHR PROCRTC COST
ANT cOSTY

NO OF FREIGHT FLIGHTS
CREM SERVICE NO OF FLTS
0TS €as¥

TOTAL TRANSP CoOsT
RECTENNA COST
CONSTRUCTION COST
INTEREST DURING CONSTR
LATITUDE AREA FACYOR
10TAL HMAST

TOTAL €OST

COST/KUE

COST/KiN

D180-24071-1

TableAl-l (Continued)

LI DO O I I B BN RN Y B BN B B BN B DN BN DNE DN B BN R DR BNE TR BN BN BN BN R B BN BN L B B BN BN NNE B BN N BN N

1.753E+00
2.099E+00 GM/LINK
R.073E+00 oW TOTAL
1.935€+p2 M2
A.620E+13 KE-M2
3.521E+01 MEUTONS
3.521€+01 PER INST
4.619E+01 MEGANATY
1.443E+01 TONS
2.270E+03 TONS
7.863E+01 TONS
1.728E+04 TONS
3.908E+02 TONS
8.100€+01 TONS
5.000E+02 TONS
4.314E+03 TONS
5.559E+03 TYONS
4.319E+02 TONS
4.646E+02 TONS
2.015E+03 TONS
1.328E+04 TONS
1.135E-01 BILLION
3.538E-02 BILLION
1.417E+00 BILLION
1.016€E-02 BILLION
1.701E-02 BILLION
3.%8SE-21 BILLION
2.538E-01 BILLION
2.529€E-01 BILLION
$.534E-02 BILLION
5.018E-02 BILLIOH
1.390E-0} BILLION
1.145E+00 BILLION
1.472E+02
8.413E+00
3.950€-0)
3.517E+00
4.525E+00
$.0648E-01
8.420E-01
1.6419€+00
&.207E+04 TONS
1.3428E+01 BILLION
3.309E+03 ¢
6.151E+01 MILLS

KM/N2

BILLION
BILLION
BILLION
BILLION
BILLION

P e R el e e e e e e o]

(

4.781E+04
7.915€+00 LB

3.186E+04
5.005E+04
1.736E+05 ¢
3-810E+07
8.615c+05
1.786E+05

1.102E+66
$.511E+06
1.225E+07
$.522E+05
1.024E+06
4.442E+06
2.92%E407

9.274€+07 LBN

AN N N W N W W W

)
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Rotary Joint Power = 3418 Megawatts

ANTENNA DIANETER

SOLUTION RESULTYS

LIGHT INPUTY EFFICIENCY
HEY CELL EFFICIENCY
BASIC CONVERSION EFFY
BLANKETY FACYORS

BUS 2-SQ-0

MEY FNERGY CONV EFFY
AREAMISE EFFICIENCY
ANTENNA PORER DISTR EFFY
NEY DC-RF EFFICIENCY
IDEAL REAM EFFICIENCY
HEY BEAM EFFICIENCY
INTERCEPY €EFFICIENCY
RECTENNA RF-DC EFFICIENC
NET RF LINK EFFY
DC-T0-UC EFFICIENCY
BC-1D-SRID EFFICIEN"Y
OVERALL PHYSICAL EFFY
AREAM EFFECYIVE EFFY
BLANKLY AREA

ANTENNA DIA

REQUIRED SIDELDBE SUPPR
TAPER REQUIRED FOR SL SV
TRANSMITYER POHER TAPER
RECEIVER AVG/PEAX RATIO
XMIR AVG/PEAK RATIQ
BEAM SOREAD FACTOR
RADIATED RF PLJIER

BEAM DIAMETER

BEAM AREA

AVERAEE BEAN PONER DENS
PEAK BEAM INTENS!TY
POUER IN MAIN BEANM
SATELLITE LENGTH

HUNBER oF BAYS

XMTR PHR DISTR LOSS

ADJ BAY USEFUL AREA

BAY SI2E

SPS AREA

HEAN SOLAR INSOLAYION
SOVAR Cell autPur

ROTARY JOINY CURRENT "A"
ROTARY JOINT CURRENT ®B“
TOTAL PROCESSED POUER
TOTAL KLYSTRON INPUT
TOTAL KLYSTRON QUTPUT
NUMBER OF KLYSTRONS

MAX KLYSTRON PACKING DEN
MAX RF POMER DENSITY
NUMBER OF SUBARRAYS
RECTENNA AREA

D180-2407i-1

TableA'-1 (Continued)

AR E NP R NN R NN RRRNNE NN NS EN AR NNRR N EES AR RSN NN

VALUE =

8.5S79€-01
1.6D1E-01
1.360£E-01
%.399E-01
$.267E-01)
1.248&-081
2.35%E-01
9.911£-01
8.298&-01
$.650E-01
8.355E-01
9.512E-0)
8.%04%~ul
8.348E~-01
$.168E-01
5.983E-01
7.468€E-02
§.98%E-02
. .0&T7E+D?
.1.200E200
2.114E+02)
S.724E+00
1.000E+01
2.061E-01
3.909€-01
1.450E+00
2.836E+03
1.098E+01
9.6472E+07
2.681€+00
1.3C1E+0)
2.540E+03
1.235E£+01
$.881E+01
B.9%50E-013
4.09%6E+D5
6.600€+02
%.326E+01
5.85€E+01
&.S98E+00
S5.431E+0%
3.130E+0¢
1.025E+03
$.774E+0)
5.758E+053
T.997E+0G
$.638E+CO
$.416E+00
1.046E+04
5.328E+07

284

n2
KM
41 ]
o8
0B

1.200E+00D

MEGANATT

n
LE
HusC
MRsC

"2
n2

LX)

MEGANATY

BAYS
BAYS

M2
NETE
Kng
Gu
GHl
AMPS
AMPS

RS

MEGANATY
MEGAWATY
NEGAWATT

PER SUR

Khr
PER
Mo

2
ANY

<

1.000E+04 ACRES
2.457E-0) M1

6.824E+00 NI

2,340E+06 ACRES

1.012E+02 ACRES

1.317€E+04 ACRES

)

)

A



PEAK ANT THERNMAL PNR
BC OUTPUT PONER

GRID POUER

LAND AREA PER RECY
"Y¥Y" NOM OF INERTIA
THRUST PER CORNER
NUMNBER OF THRUSTERS
CONTROL POMER

ANNUAL PROPELLANTY
STRUCTURE MASS
CONTROL SYS RASS
SOLAR BLAMKEY MASS
PORER DISTR MASS

HECH & ELEC RSJ MASS
ANT SYRUC NASS

ANT HAVEGUIDE MASS
ANT KLYSTRON NMASS

ANT CONTROL CKTS HASS
ANT PUR DISTR MASS
ANT PHR PROCZTC MASS
ANT MASS

STRUCTURE COST
CONTROL SYS COSY
SOLAR BLANKEY COST
PORER DISTR COSTY
MECHAELEC R/J COST
ANT STRUC COST

ANT WAVEGUIDE COST
ANT KLYSTRCN COSY

ANT CONTROL CKTS COST
ANY PHR DISTR COST
ANT PUR PROCRTC COSY
AHT COST

NO OF FREIGHT FLIGHTS
CREW SERVICE NO OF FLTS
0TS COST

TOTAL TRANSP COST
RECTENNA COST
CONSTRUCTION COSY
INTERESY DURING CONSTR
LATITUDE AREA FACTOR
TOTAL MASS

TOTAL COSY

COST/KRE

COST/KUWH

D180-24071-1

TableAl-1 (Continued)

(I I B T N B BN R B BN R I DR R B B BTN BN B BN RN B B B B BN B I RN RN RO BN RN BN BN RN RN BN BN R BN BN ]

1.218E+00
2.108E+00
&.08%E+00
1.344E+0D8
4.420E+13
3.521€+0)
3.521E+01
%.419E+0)
1.443E+01
2.270E+03
7.863E+01
1.728E+04
3.908E+02
9.440E+01
T.20DE+02
6.212E+03
5.558E+03
&.318€+02
§.729E+02
2.015E+03
1.551E+04
1.135£-01
3.51BE-@2
L. &17EQD
1.0167-02
1.982€E-02
3.428E-01
3.727€E-0!
2.52%9E-01
9.533¢-02
6.188E-02
1.390E-01
1.285€+00
1.571g+02
8.978E+00
&.215E~-01
3.698E+00
3.234€+00
5.387E-01
7.845E-01
1.61%€+0¢C
&.489E+04
1.25%&E+01
J.071E+0)
5.708:t+01

28S

/N2
GH/LINK
G TOTAL
n2
KG-M2
NEMTONS
PER INST
MEGANATY
TONS
TONS
TONS
TONS
TONS
TONS
TUNS
TONS
TONS
TONS
TONS
TONS
TONS
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLIONR
BILLION
BILLION
BILLION
BILLION
BILLION

BILLION
BILLION
BiLLION
BILLION
BILLION

TONS
BILLION
$

MILLS

-

¢

e o N e e e e e e N e R N

(

ORIGINAL PAGE IS
OF POOR QUALITY,

3.320E+04
7.915F+00

3.180E+04
5.005E+06
1.734E05
3.810E+07
B.616E+05
2.081E+05
1.587E+0¢
1.370E¢07
1.225E+07
9.520E+05
1.263E+0¢6
Q.442E+06
3.41%E+07

9.8%6E+07

ACRES
Ls

LBN
LBM
LBM
LBN
LBN
LBM
LBN
LB
i BN
LBM
Lan
iBN
LBM

LBN

)

N A N N N P W
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ANTENNA DIANETER

SOLUTION RESULTYS

LIGHT INPUT EFFLCIENCY
NET CELL EFFICIENCY
BASIC CONVERSION EFFY
BLANKETY FACTORS

BuUsS 1-5G-%

NET ENERGY (ONV EFFY
AREAMISE EFFICIENCY
ANTENN. POWER DISTR EFFY
NEY DC-RF EFFICIENCY
IDEAL BEAM EFFICIENCY
NET BEAM EFFICIENCY
INTERCEPY EFFICIENCY
RECTENNA RF-DC EFFICIENC
NET RF LINK EFFY
DC-10-DC EFFICIENCY
PC-Y0-GRID EFFICIENCY
BVERALL PHYSICAL EFFY
AREA EFFECTIVE EFFY
BLANKET AREA

ANTERNA DIA

REQUIRED SIDELOBE SUPPR
TAPER REQUIRED FOR SL SU
TRANSMITYER POMER TAPER
RECEIVER AVG/PEAK RAT!O
XMTR AVG/PEAX RATIO

BEAM SPREAD FACTOR
PADIATED RF POWER

BEAM DIAMETER

BEAM AREA

LVERAGE DEAM POWER DENS
PEAK BEAM INTENSITY
POMER IN MAIN BEAN
SATELLITE LFENGTH

NUMBER OF DAVS

XMTR FWR DISTR LOSS

ADJ BAY USEFUL AREA

BAY S1Z¢

SPS AREA

MEAN SOLAR INSOLATICN
SOLAR CELL QUTPUTY

ROTARY JOINT CURRENT ®A®
ROTARY JOINT CURRENY "B*
TOTAL PROCESSED POWER
TOTAL KLYSTRON INPUY
10TAL KLYSTRON ODUTPUT
HUMBER OF KLYSTRONS

MAX KLYSTRON PACKING DEN
MAX RF POWIR DENSITY
NUMBER OF SUBARRAYS
RECTENNA AREA

D180-24071-1

Table Al-1 (Continued)
Rotary Joint Power = 3418 Megawatts

LI O B S N R RN RN BN R N RN DN NN DR RN B RN R B RN B DY RN B NN BN BN DN DN BN BN DN DN BN BN NN BN BN BN B BN BN BN B BN BN ]

VALUE =

8.57%-~01
1.6401E-01
1.360£-01
9.39%E~-01
9.767€-01
1.248E-01
9.359E-01
9.92%9c-01
8.313E-01
9.650E-01
8.955F-01
9.512€6-01
&§.%20E-01
8.3648E-0g
6.191E-01
6.0C5%E-01
7.496E~-02
7.015£-02
4.047E+07
.1.6400E+00
2.259E+01
7.9324E+00
1.GC0E+ D)
2.061€-01
3.909E-01
1.45%0€+00
2.8%1E+03
$.413E+00
6.959%9E+07
3.854E+00
1.7274€+01
2.544E+03
1.235E+01
9.8831£+01
7.086£-03
4.03%¢E+05
6.600E+02
&.324E+01
5.8%51E+01
6.998E+0D
5.423E+0¢
J.1386E+04
1.025€+03
6.787E+03
5.763E+03
§.012€+24
7.093£+00
4.721t+00
1.623E+04
Y.914E+07

286

1.400E+00

N2 (
KN (
DB
1]
]

1.000E+04
8.700€-01

ACRES
n:

MEGANATT
KM (
M2 [ ¢
MuW/7Cn2
MW7CM2
MEGANATY
BAYS

BAYS

5.849E+00
1.720€+04

[}
ACRES

M2 {
METERS

KM2

GH

G

AMPS

AMPS
MEGANATTY
NEGAKRATY
MEGAKATY

1.012E+02 ACRES

PER Sup
Ki/M2
PER ANT

N2 ( 9.672E+03 ACRES



PEAK ANT THERNAL PR
BC OUYPUY PONER

GRID POMER

LAND AREA PER RECT
m¥" MOM OF INERTIA
THRUST PER CORNER
NUMBER OF THRUSTERS
CONTROL POUER

ANNUAL PROPELLANY
STRUCTURE MASS
CONTROL SYS MASS
SOLAR BLANKET MASS
POWER DISTR MASS

MECH & ELEC RsJ NASS
ANT STRUC MASS

ANY HAVEGUIDE MASS
ANT KLYSTRON MASS

ANY CONTROL CKTS MASS
ART PUR DISTR MASS
ANT PKR PROCRTC MASS
ANT MASS

STRUCTURE COST
CONTROL SYS COST
SOLAR BULANKET COST
POWER DISTR COSYT
MECHSELEC R/J COST
ANT STRUC COST

ANT WAVEGUIDE COST
AHT KLYSTRON COST

ANT CULniROL CKTS COST
ANT PUR DISTR COST
ANT PUR PROCETC COST
ANT COST

N0 OF FREIGHT FLIGHTS
CREW SERVICE NO QF FLTS
0TS COosT

TOTAL TRANS® COST
RECTENNA COSTY
CONSTRUCTION CNST
INTEREST DURING CONSTR
LATITUDE AREA FACTOR
TOTAL MASS

TOTAL COST

COST/KUE

COST/KKH

D180-24071-1

TableAl-1 (Continued)

[ T TR T RN BN T NN NN BN BN DR NN RNE SNE DA BN RN BN RN NN BN BNE RRY INY DN DN NN NN AN BN B B N NS BN N BN AN BN BN BN

8.861E~-01
2.116E£+00
4,105€+00
9.872E+07
4. 620E+13
3.521E+CG1
3.521¢E+01
4.419E+01
1.443E+01
2.270E+03
7.863E+01
1.728E+04
3.901E+02
1.078E+02
9.800E+02
8.455£+0)
5.568E+03
&.327E+D2
7.837E+02
2.015€E+03
1.8B22E+04
1.135E-01
3.533E~02
1.617€E+00
1.014E-02
2.264E-02
3.797€~-01
5.073E-01
2.533E-01
9.550€-02
B8.464E-02
1.330€-01
1.660E+00
1.692E+02
9.6658E+00
4.539E-01
3.9146L+00
2.455E+00
5.861£-01
7.676E-01
1.419E+00
4.834E4006
1.229€+01
2.993E+¢03
5.5%64E+01

287

KH/sN2
EH/7LINK
GH TOTAL
M2
KG-M2
NEWTONS
PER INSY
MEGAKRATY
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS

T INS
+ONS
10NS
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION

BILLION
BILLION
BILLION
BILLION
BILLION

TONS
BILLION
1]

MILLS

P e e N e e R e e R N e e N e R N

(

2.439E+04 ACRES
7.915E+00 LB

3.180E+04 LEN
$.005E+06 LBN
1.734E+05 LN
3.810E+07 LBM
8.600E+05 LBN
2.376E+05 LBM
2.161E+406 LBNM
1.864E+07 LBM
1.228E+07 LBNM
9.5388+u5 LBM
1.72RE+06 LBM
4.G4G2E+06 LBM
%.025E+07 LBM

1.06¢E+08 LBNM

}

D I S T

)



VORI N

Rotary Joint Power = 3418 Megawatts

ANTENNA DIAMEYER

SOLUTION RESULTS

LIGHT INPUT EFFICIENCY
NET CELL EFFICIENCY
BASIC CONVERSION EFFY
BLANKEY FACTORS

BUS I-5Q-R

NET ENERGY CUNV EFFY
AREAMISE EFFICIENCY
ANTENNA POMER DISTR EFFY
NET DC-RF EFFIFTENCY
IDEAL BEAM EFF  _ENCY
NET BEAM EFFIL. _NCY
INTERCEPT EFFICIENCY
RECTENNA RF-DC EFFICIENC
NET RF LINK EFFY
DC-TO-DC EFFICIENCY
DC-TO-GRID EFFICIENCY
OVERA' L PHYSICAL EFFY
AREA EFFECTIVE EFFY
BLANKET AREA

ANTENNA DIA

REQUIRED SIDELOBE SUPPR
TAPER REQUIRED FOR SU Sy
TRANSMITTER POMER TAPER
RECEIVER AVG/PEAK RATIO
XMTR AVG/PEAK RATIO

BEAM SPREAD FACYOR
RADIATED RF PONWER

BEAM DIAMETER

BEAM AREA

AVERAGE DBEAM POMER DENS
PEAK BEAM INTENSITY
POWER IN MAIN BEAM
SATELLITE LENGTH

NUMDER OF BDBAYS

‘MTR PWR DISTR LOSS

ADJ BAY USEFUL AR’A

BAY SIZE

SPS AREA

MEAN SOLAR I4SOLATION

S AR CELL QUTPUT

KOTVARY JOINT CURRENT "A"
KGTARY JOINT CURRENT =B"
TOTAL PROCESSED POWER
TOTAL KLYSTRON INPUT
TOTAL KLYSTRON QUT-UT
NUMBER OF KLYSTRONS

MAX KLYSTRON PACKING DEN
MAX RF POWER DENSITY
NUMBER OF SUBARRAYS
RECTENNA AREA

D180-24071-1

Table Al-1 (Continued)

[N T N R SR R R BN R RN RN R RN RN N NN R B BN NN BN BN DN TN RN DN DN DN DAY NN RN BN B DN RN DNN DY I B B BN BN RNELEE BN BN R BN BN

VALUE =

8.57%€E-01
1.601€-01
1.360€-01
9.39%E-D1
$.767€-0,
1.248E-01
$.359E-01
$.9356-01
8.318£-01
$.650€E-01
8.955e-21
9.512¢E-01
8.926E-01
8.348E-01
6.199E-01
6.013E-01
7.505€E-02
7.024E-02
&.047E+07
.1.600E+00
2.365E+C1
9.584E+00
1.000€+01
2.061E-01
3.309E-01
1.450E+00
2.863E+403
8.234E+00
5.328€E+07
4.779E+00
2.319E+01
2.546E+03
1.235€+31
9.8318+01
6.464E-03
4.09¢E+0S
6.000E+02
4.324E+01
5.851E+01
6.998F200
5.418E+06
3.182E+04
1.025E+03
6.791E+03
5.7727+03
8.017E+04
5.6364E+00
3J.617E+00
1.859€+04
2.9978+07

288

MEGAMNATTY
KM

M2
MK/7CM2
MUH/CM2
MEGAWATT
BAYS
BAYS

M2
METERS
KM2

GHW

ol

AMPS
AMPS
MEGAKWATT
MEGAJATTY
REGAWATTY

P.R SUB
Ki/M2
PER ANT
M2

(

1.600E+00

1.000E+04 ACRES
9.942E~01 NI

5.118€+00 MI

1.317€+06 ACRES

1.012€E+02 ACRES

7.4056+03 ACRES



PEAK ANT THERRAL PER
2 OUTMNT PONER

SRID POUER

LAND AREA PER BRECY
YY" NON OF INERTIA
THRUST PER CORNER
NUNBER OF TNRUSTERS
CONTROL POUER

ANRUAL PROPELLANT
STRUCTURE NASS
CONRTROL SYS RMASS
SOLAR BLANKET HaASS
PONER DISTR RaSS

RECH & ELEC R/J) RASS
ANT STRUC MASS

AuT UHAVEGUIDE RASS
ANT KLYSTRON NASS

ANT CONTROL CKTS MASS
ANT PMR DISTR RMASS
ANT Puft PROCITC MASS
ART MiSS

STRUCTURE COST
CONTROL SYS COST
SOLAR BLANKET COST
POMER DISTR COST
NECHLELEC R/J COSY
ANT STRUC COST

ANT MAVEGUIDE COST
ANT KLYSTRON COSY

ANT CONTROL CKTS COST
ANT PHR DISTR COST
ANT PUR PROCEIC COST
ANT COST

N0 OF FREIGHT FLIGHTS
CREW SERVICE NO OF FLTS
07S COST

TOTAL TRANSP COST
RECTENNA COST
CONSTRUCTION COST
INTERESY DURING CONSTR
LATITUDE AREA FACTOR
TGTal MASS

TOTAL CIST

COST/7KHE

COST/KuH

D180-24071-1

Table Al-1 (Contimued)

LI T IR B DN R B R B T R B BN RN R BN BN RN BN B B BN I BN RN BN NN BN NN NN BN NN RN BN BN NE BN RE BN OBE AN BN AN

$.T742E-8]1 EH/N2
2.118€+88 SW/LINK
4.118E+48 G TOTAL
7.558E+07 M2
&.628E+13 KG-M2
3.521E+01 REWNTONS
3.521E+0]1 PER INSY
6£.819E+01 REGAUAYY
1.643E+01 TONS
2.278E+83 TONS
7.863€+01 TONS
1.72BE+04 TONS
3.8%8E+82 TONS
1.212€+02 TONS
1.2E8GE+03 TONS
1.104E+84 TONS
5.572E+0) TONS
©.329E+02 TONS
1.822€+03 TONS
2.815E+03 TONS
2.137E+04 TONS
1.135E-01 BILLION
3.538€E-02 BILLION
1.417E+00 BILLION
1.014E-82 BILLIOM
2.5645€-02 BILLIDN
3.992€-01 BILLION
6.624E-01 BILLION
2.535€6-01 BILLION
9.556E-02 BILLION
1.103£-01 BILLION
1.39%0€-01 BILLION
1.660E+00 BILLIOA
1.830E+02
1.045E+01
&.911E-01
&.162E+00
1.250E+00
6.276E-01
T7.736E-01
1.619E+00
5.230E+04
1.238E+01
3.013E+C3
5.601E+01

BILLION
BILLION
BILLION
BILLION
BILLION

TONS
BILLION

L J

RILLS

G

289

L I I N N I I N I N ]

ORIGINAL
OF POOR QUALITY

1.868E+04%
7.915E+88

3.188C+04%
5.005E+86
1.734L0+¢LS
3.810£+07
8.5%4E+05
2.-672E+05S
2.822E+84%
Z2.435E+87
1.228E+07
9.564E+05
2.253E+08
S.442E+0¢
&.710E+87

1.153E+08

ACRES
e

LN
LN
Len
Lan
Lan

LB
ian
Len
LbR
Lan
LBN

Len

PAGE I3
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L R R N NN

ANTEMMA DIAMETER

SOLUTION RESULTS

LIGHT INPUT EFFICIENCY
MEY CELL EFFICIENCY
BASIC CONVERSION EFFY
BLANKEY FACTORS

s 1-5Q-0

NET ENERGY CONV EFFY
AREAUISE EFFICIENCY
ANTENNA POMER DISTR EFFY
NEY DC-RF EFFICIENCY
IDEAL BEAN EFFICIENCY
NEY BSEAM EFFICIENCY
INYERCEPY EFFICIENCY
RECYENMN2 RF-DC EFFICIEMC
NEY RF LINK EFFY -
BC-T0-0C EFFICIECY
BC-Y0-GRID EFFICIENCY
OVERALL PHYSICAL EFFY
AREA EFFECTIVE EFFY
SLAKKET 2REA

ANTINHA DBIA

PEQUIRFD SIDELOBE SurPe
TAPER REGQUIRED FOR SL SU
ITRANSMITTER PORER YAPER
RECEIVER AVG/PEAX RAIID
XNTR AVG/PEAK RAYIO
BEAM SPREAD FACTOR
RADIATED &F PORER

BEAM DIAMETER

BEAM ARLA

AVERAGE BEAM POHER DENS
PEAK BEZM INTENSITY
POHER IN MAIN BEAN
SATELLITE LENGTIH

NUMBER OF BAYS

XMTR PR DISTR LOSS

ADJ BAY USEFUL AREA

BAY S]2E

SPS AREA

MEAN SOLAR INSOLATION
SOLAR CELL QUTPUT

ROTARY JOINY CURRENY "A®
ROTARY JOINT CURRENT "g"
TOTAL PROCESSED POMER
YOTAL KLYSTRON INPUT
TOTAL KLYSTRON QUYPUTY
KUNBER DF KLYSTRONS

MAX KLYSTRON PACKING DENWN
MAX RF PDUER DENS!TY
NUMBER OF SUBARTAYS
RECTENNA AREA

D180-24071-1

Table Al-1 {(Coatinved)
Rotary Joint Power = 3418 Metawatts

[ IR DA I BN B TN INR R B BN BN DNY DN BN BN B DN BEY NN JNY JNE BN B RN BN B B BN BN N B BN BN BN BN BN AN ]

L2 IR BN JNE BN BN BN BN BN BN )

VALBE < 1.880E+00

2.579%-01
1.401€-01
1.360E-01
9.39%-01
9.747E-01
1.248E~-01
$.359%E-01
9.%2%-01
§.313e-81
9.68%-81
8.991£-01
9.541€-41
8.%1Te-01
8.407€-01
6.232E-01
6.045€E-081
7.5646E-02
T.343E-02
&.047E+87
1.808¢£+00
2.%61:+01
1.858¢€+081
1.66%E+01
2.023€-01
3.703E-01
1.474€+00
2.851E+03
7.445E+00
4.353E+07
5.855E+00
2.533E+01
2.555E+03
1.235E+81
$.581€+01
7.052¢E~0)
“©.096E+09
6.600E+02
G.324E01
5.851E+01
6.9938E+00
$.421E+046
3.13&4E+04%
1.025€E+03
6.787E+03
5.769E+03
8.012E+0¢
&.529%E+00
3.015E+09
2.353E+0¢6
2.449E+07

290

"2 < 1.888c+04 ACRES
h ( 1.119€+00 nY

Db

-1

DB

REGAMATY

m { 6.426E+00 M)

n2 L ¢ 1.076E+04 ACRES
Nu/CN2

Mmuscn2

MEGAMATTY

BAYS

BAYS

n2 ¢ 1.012€6+02 ACRES
METERS

xn2

GH

GH

ANPS

AMPS

MEGANATY

MEGAHATY

NEGAHATY

PER SUB

KR/n2

PER ANT

M2 4 6.050E+03 ACRES



PEAK ANY THERBAL PR
DC QUIPYTY POMER
GRID POMER

LAND AREA PER RECY
“Y*" KON OF INERTIA
TRRUST PER CORNER
NUNBER OF THRUSTERS
CONTRGL POMER

ANRUAL PROPELLANT
STRUCTURE NASS
CONTROL SYS N2SS
SOLAR BLANKEY M2SS
PORER DISTR MiSS
NECH & ELEC R7J MASS
ANT STRUC MASS

ANT WAVEGUID: MASS
ANT KLYSTRO4 MASS
ANT CONTRO. CXTS NASS
ANY PuUR TISTR MASS
ANT PUR FPROCETC MASS
ANT NLSS

STRUCTURE COSY
CONYROL SYS COST
SOLAR BLANKETY COSTY
POUER DISTR COSY
HECHSELEDZ R/7J COST
ANT STRUC COSY

ANY WAVEGUIDE COSTY
ANTY KLYSIRON COST
ANT CONTROL CKTS COST
ANT PHR DISTERE COSY
ANT PUR PROCSTC COST
ANT COST

NO OF FREIGHT FLIGHTS

CREH SERVICE NO OF FLTS

GIS COST

TOTAL TRANSP COSY
RECTENNA COST
CONSTRUCTION COST
INTEREST DURING CONSTR
LATITUDE AREA FACTOR
TOTAL MasSs

TOVAL COST

COST/KRE

COST/KHH

D180-24071-1

TableAl-1 (Contimeed)

$S.4576~-91
2.130E+00
4.132€+88
6.17S5E+«07
4.620E+13
3.521€+01
3.521€E+0!
%©.41%E+01
1.443E4+81
2.270E+03
7.863E+01]
1.728E+04
3.901€E+02
1.346E+02
1.620E+03
1.398E+04
5.54%¢+03
&.327E+02
1.15%E+013
2.015kE+03
2.GT7E+04&
1.135¢8-01
3.538E-02
1.617€+*00
1.01&€-902
2.8J7€E-02
©.213k-01
8.3346E-01}
2-%34£-01
$.551E-02
1.25%2€-01
1.393¢-0!
1.8737+30
1.58)1E+02
1.1327401
5.316t-01
. 425E+00
1.449%E+00
6€.793¥-01
7.940E-01)
1.41%E+00
5.861lc+046 TONS
1.276E+01 BILLION
3.084E+03 ¢
5.731E+01 MILLS

Ku/N2
SH/7LINK
6N TOvAL
n2
G-N2
NEMTONS
PER INSY
MEGANATY
TONS
TONS
TONS
TONS
TONS
TONS
YONS
TONS
TONS
TONS
TONS
TONS
TONS
sliLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION

BILLION
BILLION
BILLION
BILLION
BILLION

291

L I I B T I B I ]

(

1.3526E+84 ACRES

7.915€+88 LB

3.180E+04
$5.085E+04
1.734E+0S
3.8108+07
8.400E+05
2. 94T7EDS
3.571E+084
3.C81€+07
1.228€+07
9.53%+05
2.555€+04
& . 452606
S.461E+07

1.248E+08 LN

ORIGINAL PAGE Iz
OF POOR QUALITY
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ANTENNA DIARETER

SOLOTION RESULTS

LIGNTY INPUTY EFFICIENCY
MET CELL EFFICIENCY
BASIC CONVERSION EFFY
BLANKET FACTORS

BUS 1-50-®

NEY ENERGY CONV EFFY
AREAMISE EFFICIENCY
ANTENNA POUER DISTR EFFY
MEY DC-RF EFFICIENCY
IDEAL BEAR EFFICIENCY
RCY BEAM EFFICLENCY
INTERCEPY EFFILIENCY
RECTILNNA BRF-DBC EFFICIENC
NEY RF LINK EFFY
DC-T0-DC EFFICIENCY
DC-TO-GRID EFFICIENCY
OVERALL PHYSICAL EFFY
AREA EFFECTIVE EFFY
BLANKET AREA

ANTENNA DIA

REQUIRED SIDELOBE SUPPR
TAPER REGQUIRED FOR SL SU
TRAHNSHITTER POHER TAPER
RECEIVER AVG/PEAK RATIO
XMIR AVG/PEAK ERATIO
BEAM SPREAD FACTOR
RADIATED RF POMER

BEAM DIAMETER

BEAN AREA

AVERAGE BEAM POMER DENS
PEAK BEAM INTENSITY
POUER IN MAIN BEAM
SATELLITE LENGTH

NUNMBER OF BAYS

XMIR PUR DISTR LOSS

ADJ BAY USEFUL AREA

BAY SI2E

SPS ARER

MEAN SOLAR INSOLATION
SOLAR CELL ourtPuY

ROTARY JOINT CURRENT "A"
ROTARY JOINT CURRENT "B"
TOTAL PROCESSED POMER
TOTAL KLYSTRON INPUT
TOTAL KLYSTRON QUTPUT
NUNBER OF KLYSTRONS

MAX KLYSTRON PACKING DEN
MAX RF POWER DENSITY
NUBBER OF SUBARRAYS
RECTENNA AREA

U S T T T 20 T I TN BN T IR IR I TN BN I R IA DN R B B BN BN B BNY BN R N B B NN BN B B BN BN RN B RN BN R N BN BN BN RN

D180-24071-1

VALHE =

8.57%-01
1.601E-61
1.348€E-81
9.399E-01
$.767E-01
I.248E-01
9.359¢&-01
9.924£-01
8.30%t-01)
9.734£-01
$.035E-01
9.5%0€-0
8.959F-01
8.492€-01
6.321E-01
6.1326-01
7.65%E-02
7.163E-062
4.647E+07
.2.000E«00
2.54%E+01
1.158£+01
1.158E+0)
1.933€-01
J.64469E-01
1.503E+08
2.840E+03
6.551€+00
3.687E+07
6.955¢E+00
3.693E+01
2.5665¢03
1.235E+01
9.831k+01
7.58%€E-03
4.096E+05
6.60CE*02
©.324E+01
5.851E+01
6€.995E+00
5.624E+04
3. 155E+04
1.025E+03
6.783€+03
S.760E+03
8.003E+06
3.914E+00
C.635E 00
2.905E+04
2.074E+07

WY

Table Al-1 (Continmed)
Rotary Joint Power = 3418 Megawatts

REGAMNATYTY
Kn

n2
nuscn2
NH/CH2
NEGAMATY
BAYS
BAYS

n2
HETERS
Kn2

GH

GH

ANPS
ANPS
MEGAMATTY
MEGAMATY
MEGAHATT

PER SuB
KW/H2
PER ANT
L

(

2.0006+08

1.000E+04 ACRES
1.243E+00 N1

4.257E+00 N1

9.10%E+03 ACRES

1.012E+02 ACRES

S.1264E+03 ACRES



PEAK ANT THERRAL PuR
D¢ OUTPUY POMER

GRID PONER

LAND AREA PER RECY
"Y" RON OF INERTIA
THRULST PER CORNER
NRUNBER OF THRUSTERS
CORIROL POMER

ANNUAL PROPELLANT
STRUCTURE MASS
CONTROL SYS MASS
SOLAR BLANKET MASS
POUER DISTR MASS

MECH & ELEC R/J MASS
ANT STRUC MASS

ANT MAVEGUIDE NMASS
ANT KLYSTRON MASS

ANY COHTROL CKTS RMASS
ANT PUR DISTR MASS
ANT PMR PRUCETC MASS
ANT MASS

STRUCTURE ~OST
CONTROL 5YS COSY
SOLAR Bi ANKETY COST
PONER DIsTR COST
RECHIELEC R/J COST
ANT STRUC 0OST

ANT HAVEGUIDE COST
ANT KLYSTRON COSY

ANT CONTROL CKTS COSTY
ANT PuR D'5TR COST
ANT PHR PPOCITC COST
ANT COST

NO OF FREIGHY FLIGHTS
CREM SERVICE NO GF FLTS
01S COST

TCTAL TRANSP COST
RECTENNA COSY
CONSTRUCTION COS)
INTEREST DURING CONSTR
LATITUDE AREA FACTOR
TOTAL MASS

TCTAL COSY

COST/XHE

COST/KNH

D180-24071-1

TableAl-1 (Contimmed)

4.905E-01
2.140E+00
4.191E+00
5.230E+07
&.€620E+13
3.521e+01
3.521E+01
4.61%9E+01
1.643E+01
2.270E+03
7.863E+0)
1.728E+04
3.903E+02
1.480£+02
2.000E+0)
1.726€+04
5.566E+03
€.324E402
1.365E+03
2.015E+03
2.863E+04
1.135e-01
3.538E-02
1.417E+00
1.015€-02
3.108E-02
4.4460E-01
1.035€E+00
2.532E-01
9.546E-02
1.4764€-01
1.390€-01
2.116€E+00
2.152€+02
1.230€+01
§.774€-01
“.718€+00
1.445E+00
7.372€-01
8.302E-01
1.419€E+00
€.169E+04
1.329€+01
3.171E+03
5.896E+01

293

/N2
SH/LINK
G TOTAL
n2
KG-n2
NEHTONS
PER INSY
REGANATT
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION

BILLION
BILLION
BILLION
BILLION
BILLICGN

TONS
BILLION
1

MILLS

-~

L IR L T B R I I B I

L

ORIGINAL PAGE IS
OF POOR QUALITY

1.292E+04
7.915E+00

3.180E+04
5.005E+06
1.734E+8S
3.810€+07
8.40&4E+0S
3.263E+05
4. 40%E+06
3.804E+07
1.227€+07
$.533E+05
3.009E+0¢6
4.662E+06
6.313E+07

ACRES
b

LBN

LBN
LBN
LBH
Lén
LN
LBM

Lan
LeN
LBM
LBM

1.356E+08 LBN

A N N W N W W W W W
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ANTENNA DIANETER

SOLUTION RESULTS

LIGHT INPUT EFFLICLENCY
BNEY CELL EFFICIEWY
BASIC CONVERSION EFFY
BLANKET FACTORS

BUS 1-5GQ-k

NET ENERGY CONV EFFY
AREAMISE EFFICIENCY
ANTENNA PONER DISTR EFFY
NEY DC-RF EFFICIENCY
IDEAL BEAN EFFICIERCY
NET BEAM EFFICIENCY
INTERCEPY EFFICIENCY
RECTENNA RF-DC EFFICLIENC
METY RF LINK E£FFY
BC-10-DC EFFICIENCY
BC-TO-GRID EFFICIENCY
OVERALL PHYSICAL EFFYVY
AREL EFFECTIVE EFFY
BLANKEY AREA

ANTENNA DIA

REQUIRED SIQELQBE SuUrPR
TAPER REQUIRED FOR SL S¥
TRANSMITIER POMER TAPER
RECEIVER AVG/PEAK RATIO
XMIR AVL/PEAK RATIO
BEAN SPREAD FACTOR
RADIATED RF PORER

BEAM DIAMETER

BEAM AREA

AVERAGE BEAN POWER DENS
PEAK BEAH INTENSITY
POUER IN RAIN BEANM
SATELLITE LENGTH

HUMDBER OF BaYS

XMTR PUR DISTR (0SS

ADJ BAY USEFUL AREA

8AY S1ZE

SPS AREA

MEAN SOULAR INSOLATION
SOLAR CELL QUYPUY

ROTARY JOINTY CURRENT "A™
ROTARY JOINT CURRENT "B“
TOTAL PROCESSED POMER
TOTAL KLYSTIRON INPUTY
TOTAL XLYSIRON OQUYPUT
NUMBER OF XLYSTRONS

MAX KLYSTRON PACKING DEN
MAX RF POWER DENSITY
NUMBER OF SUBARRAYS
RECYENNA AREA

D180-24071-1

Table Al 1 (Continued)
Rotary Joint Power = 4700 Megawstts

" EEEEEEE R R EEEE TN i oy B R B R I I R N O B B R R R N BN R B B N

VALBE = 1.8008+00

8.57%-01
1.681€-61
1.3408-01
9.39%-01
9.477E-0)
1.237E-81
9.34644E-01)
*.857E-01
8.2%3E-0)
9.4650€-01
8.955¢€-01
9.512€6-81
8.866£-01)
8.348€6-41
€.108E-01
S.925F-01
7.327€6-02
6.861E-02
S5.417E+07
.1.000C+00
2.092€+01
S.371E+00
1.000E+0})
2.061E-01
3.9%09¢c-01
1.45%0E+00
3.878E+03
1.318E+0})
1.364E+08
2.546E+00
1.23%E+«0)
3.473E+0)
1.714E+01
1.371E+02
1.428€£-02
&.0%96E+05
6.600E+02
S$.993€E+01
8.116E+01
9.712€+00
7.503€+04
4.410E+0%
1.410E+03
9.26%E+03
7.875€E+03
1.0%4E+05
1.8%3€+01
1.263£+01
7.261E+03}
7.872E+07
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n ¢ 1.388E+G4 ACRES
n ¢ €. Z14E~-01 NI

MEGANATY

[ 4. { 8.189E+680 NI

n2 3.370E+04 ACRES
RusCng

RU/CH2

REGANATY

BAYS

BAYS

-

n2 (¢ 1.012€+02 ACRES
METERS

M2

GR

GN

ANPS

AMPS

NEGANATY

MEGANATY

REGANATY

PER SUB

KR/N2

PER ANT

n2 < 1.896E+04 ACRES



SEAK ANT THERNAL PNR
D OUTMUT PONER

GR1D POMER

LARD AREA BER RECY
“Y™ NOM OF INtRYIA
THRUSY PER CORNER
NUNBER OF THRUSTERS
CONTROL POMER

ANRUAL PROPELLANY
STRUCTURE NASS
CONTROL SYS MASS
SQLAR BLARKEY NASS
POWER DISTR MASS

HECH 3 ELEC RsJ MASS
ANT STRUC MASS

ANT MAVEGULIDE HWASS
ANT KLYSTRON nasS

ANT CONTROL CKTS MASS
ANY PUR DISTR NASS
ANY PUR PROTLITIC MASS
ANT NMASS

STRUCTURE COSY
CONTROL SVS COST
SOLAR BLANKETY COSY
PONER DISTR COSY
NECHIELEC R7J COST
ART STRUJ TOST

ANT MAVEGUIDE COSY
ANT KLYSTRON COSY

ANT CONTROL CKTS COST
ANT PUR DISTR COSY
ANT PHR PROCATC COSY
ANY COSt

NO OF FREIGHT FLIGNTS
CREM SERVICE NO OF FULTS

b QTS COsY

TATAL YRANSP COST

REC TENNA CTOSTY
CONSTRUCYION COSY
INTEREST DURING CONSTR
LATITUDE AREA FACTYOR
TATAL MASS

YOvaL COSY

COSTAKME

(418 £ 5]

D180-24071-1

TableAl-l (Continued)

L I B I I R I I I I I I IR I R R R R R R B R R R R B B BN N BN R N BN A N B AN

2.4025+00
2.8708+00
$. 5498200
1.93%%+00
$.A11E+1)
4. 888k40)
4. 834K 01
€.133E01)
2.802L+01
3.149E+0)
1.091ke22
. 1%8E4 00
T. &%k 02
8.632E+2)
§.020€8+02
4.314E+0)
7.401E+0)
$.93068+02
$.2%4k+02
T.TT0EAR)
1.8308+08
1.873¢-2)
&.%11€E-02
1.%36f 220
1.95%0€~-02
1.818¢-02
3. &a%-01
2.%38§-01
3.45%38-01
1.33&E-01
5.&77€-02
1.911§-G1}
1.3318 00
1.957E+02
1.1138¢E010
&.2%1E=-01
4, 3238000
4. 5978+00
. TI0E-Q1L
. 937E-0)
1.419E+00
5.592¢+:04
1.5%1§+0)
2. 8% E«D)
$. 39001}

N
SM/LINK
& TOTAL
ne
KG-n2
NEMYONS
PER INST
NEGAMNAYY
TaNs
TONS
TONS
TONS
TONS
TONS
1GNS
TONS
TONS
TONS
TONS
TONS
TONS
BILLION
sIiLioN
BILLION
BliLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLTION
BILLION
BILi{EN

BlLLION
BILLION
alLLion
BILLION
slLLION

TUNS
BILLION
¢

niALsS

ORIGINAL PAGE IS
OF POOR QUALITY

¢ 4. 781804 ACRER

t 1.0986+01 D

&.4135+04
$. 9438408
2.404E08
“eSQEQ"
1.8%)E+06
1. R0SE+DS
1.102E+04
$.511E+04
1.6TaE0 T
1.302¢€+0¢
1.15%9%E 04
$.107E+04
3.89%4E07

Lan

LN
% 1]
(8
LaN
LN
tan
Lan
LN
LBN
LBN
Lan

P N R N L N R

¢ 1.233E+08 LN

]
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ANTENHA DIARETER

SOLUTION RESULYS

LIGHT INPUT EFFICIENCY
NET CELL EFFICIENCY
BASIC CONVERSION EFFY
BLANKEY FACTORS

BUS [-SQ-0

NET ENERGY CONV EFFY
AREAMISE EFFICIENCY
ARTENMA PORER DISYR EFFY
NEY DC~RF EFFICIENCY
IDEAL BEAM EFFICIENCY
NEY BEAM EFFICIENCY
IMVYERCEPY EFFICIENCY
RECTENNA RF-DC EFFICLIENC
NET BRF LINK EFFY
DC~-TO-0C EFFICTIENCY
DC~-TO-GRID EFFICIENCY
OVERALL PHYSICAL EFFY
AREA EFFECYIVE EFFY
BLANKEY AREA

ANTENNA DIa

REQUIRED SIDELOBE SuPen
TAPER REQUIRED FOR SL SU
TRANSMITTER PONER TAPER
RECEIVER AVG/PEAX RATIO
XNHIR AVG/PEAK RATIO

BEAW SPREAD FACYOR
RADIATED RF PONER

BEAN DIAMETER

BEAN AREA

AVERAGE BEAW POMER DENS
PEAK BEAN INTENSI1TY
PORER IN MALIN BEANM
SATELLITE LENGTYN

NUNBER OF BAVS

XNTR PHR DISTR LOSS

ADJ BAY USEFUL AREA

gAY SIZE

SPS 2REA

MEAN SULAR INSOULATION
SOLAR CELL DuTPUY

ROTARY JOINV CURRENY ™At
ROTARY JOINT CURRENT "p*
TOTAL PROCESSED POWER
TOTAL KLYSIRON INPUTY
TOTAL KLYSTRON QUTYPUTY
NUMBER OF XULVSTRONS

MAX KLYSTRON PACKING DEN
HAX RF POMHER DENSITY
NUMBER OF SUBARRAYS
RECTENNA AREA

D180-24071-1

Table Al-l (Continued)
Rotary Joint Power = 4700 Megawatts

LI I I B B T R I I B B I Y BN B B B I B B B B B D RN B N B B N BN RN BN N BN NN NN BN NN BN BN B BN BN BN AN BN G

VALUE = 1.200E+00

8.579%-01
1.4016-01
1.340E-0)
3.39%E-01
*.6772e-02
1.237¢~-01
9.3858-0)
9.858E-21
8,.254E-01
9.4650¢E~01
B.955E-01
$.5128-01
8.9%920E-01
8. 34588-01
§.147E-081
5.962E-81
7.373-02
¢.%04E-02
§.417E207
.1, 200E+00
a.250E+D1
T.944E¢00
1.000E+01
2.0¢1E-01
3.%0VE~-01
1.450E+00
3,.879E+03
1.093E+01
9.47JEQ7
3. 6676200
1.77%E+0)
J.AT7IE+DD
1.714E+01
1.371E02
1.%17€~02
&.0965+05%
$.600F+02
5.998E+01
8.116E201
9.712E200
7.508E+«04
&, 4090404
1.610E+0)
9.265E+03
7.875E+08
1.094E+0S
1.3138E+01
8.77300
1.046E+04
5.328t+07
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n: t 1.388E+04 ACRES
K4 t T7.457€~01 NI

MEGANAYTY

Kn ( $.824E+00 NI

n2 ( 2.3640E+04 ACRES
nH/7CN2

RU/CH2

MEGAMATTY

BAYS

BAYS

M2 { 1.012€+02 ACRES
METERS

Km2

GH

(3]

ANPS

AMPS

HEGANATT

MEGANATT

MEGAMATT

PER SuB

KW M2

PER ANT

M2 ( 1.317E+04 ACRES

-

)

)



PEAR ANT THERRAL PNR
o OUTPUT PONER

GRID POMER

LAND AREA PER RECY
sY* NOW OF INERTIA
THRUSY PER CORNER
NUMBER OF THRUSTERS
CONTROL POMER

ANNUAL PROPELLANT
STRUCTURE HASS
CONTROL SVS HASS
SOLAR BLANKEY MASS
PONER DISTR NASS

RECH 2 ELEC R/J NASS
ANT STRUC MASS

ANT WAVEGUIDE KASS
ANT KLYSTRON MASS

ANT CONTROL CKYS MASS
ANT PUR DISTR MASS
ANT PuUR PROCLIC RASS
ANT MASS

STRUCTURE £OSY
CONTROL SYS COST
SGLAR BLANKET COST
POUER DISTR COSY
MECHEELEC R/J COST
ANT STRUC COST

ANT WAVEGUIDE COST
ANT KLYSTRON COSTY

ANT CONTROL CKTS COST
ANT PHR DISTR COST
ANT PHR PROCEYC COST
ANT COST

NO OF FREIGHT FLIGHTS
CREW SERVICE NO OF FLTS
ors cost

TOTAL TRANSP COST
RECTENNA COST
CONSTRUCTION COST
INTEREST DURING CONSTR
LATITUDE AREA FACTOR
TOTAL NASS

TOTAL COST

COST/KHE

COST/RNN

TableAl-1 (Continued)

1.722E+00
2.88BE+00
$.403E+00
1.344E+08
6.411E+]13
4.8384E+0)
&.886E+01
6.133E+0)
2.002E+Q)
3.149E4+0)
1.0%1€+02
2.398E+04
7.6497E+02
9.9%94826+01
7.200E+02
€. 212€6+03
7.602E03
5.907€+02
$.395€+02
2.770E+03
1.BS3E04
1.575€-01
4.%11€-02
1.964E+00
1.949%E-02
2.094E-02
3.4628E-01
3.727€-01
3.459€-01
1.304E-01
6.904€-02
1.911€-01
1.472€«00
2.056E+02
1.175E+01
5.517€-01
4 .554E+00
3.30¢6E+00
7.050E-01
9.355€E-01
1.6419E+00
5.875€+04
1.497¢+01
2.672E+0)
4.967E+01
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Kisn2
SHsLINK
6N TOTAL
"2
kG-N2
NEMTONS
PER INSY
NEGANATY
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS -
TONS
TONS
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION

BILLION
BILLION
BILLION
BILLION
BILLION

TONS
BILLION
L

RIS

PN N N N N N N

{

ORIGINAL PAGE I§
POOR QUALITY

3.3208+04
1.098E+01

& .A13E04
6. 943E+04
2.404E+05
$.288E¢07
1.653E+06
2.201E+05
1.587E+04
1.370€+07
1.678E+4(7
1.302E+04
1.%10E+06
6.107E+04
4. 084E+07

1.295E+08

ACRES
L

Lan
Len
LBM
Len
Len
LBR
LBN
Lsn
Len
Lan
LBN
Lan
LN

LBN

3}
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> ROTARY JUINT TURRENT =p"

D180-24071-1

Table Al-1 (Continued)
Rotary Joiat Power = 4700 Megawatts

ANTENNA DIANETER VALUE = 1.400E+00
SOLUTION RESULTS

LIGHY INPUY EFFICIENCY 8.%79%-01
NEY CELL EFFICIENCY 1.6018-01
BASIC CONVERSION EFFY 1,360E-01
BLAKKE™ FACTYORS *.3%38-01
BUS 1-5Q-R $.6726-00
NET ENERGY CONV EFFY 1.237€~01
AREANISE EFFICIENCY %, 3esE-01
ANTENNA POMER DISTR EFFY 9.a75E-01
NEY DC-RE EFEICIENCY .268E-01
IDEAL BEAN EFFICIENCY 9. 4%2E-01
NET BEAM EFFICIENCY a.%55E-0)
INTERCEPY EFFICLENCY $.5126-01
RECYENNA BF-DC EFFICIENC &.9288-01
NET RF LINK EFFY 8. 3a8E-31
pC~TO-BC EFFICIENCY &.181E-01
DC-TD-GRID EFFICIENCY 5. 9THE-D)
* DVERALL PHYSICAL EFFY ¥.390E-02
AREA EFFECTIVE EFFY §.920€-02
BLANKEY AREA S. 6176407 N2 t 1.338E+04 ACRES )
ANTENNA DIA 1.400E+00 KN t 8.700E-0) MI }

REQUIRED SIDELOBE SureR
TAFER REQUIRED FOR SL SU
TRANSMITTER POMER TAPER

2.135E+01 DO
®.322€8+00 DO
1.0008+01 DB

RECEIVER avG/PLAK RAYIO 2.081E-21

ERTIR AVG-PEAK RATIO y.%0%t-01

BEAR SPRUADR FACTOR 1.4%0e+00

RADIATED RE PORER 3,885E203 MEGANATYY

BEAN DIAMETER $.4135.00 KN 4 S.84%E+:00 NI }
BEAM AREA 6. 953F+07 N2 { 1.720E+04 ACRES }

AVERAGE BEAM POWHER DENS
PEAK BEAM INIENSIYY
POULR IN MAIN BREAN
SATELLITRE LENGTIH

NUMBER OF BAYS

XMTR PR DISTR LOSS

AR BAY USEFUL AREA

BAY S12¢

SPS AREA

MEAN SQULAR INSOLATION
SOLAR CELL suThUT
ROVARY JOINY CURRENTY *aAn

S.CO0E00 MusCN
.alelbedl NMAOIND
3,873 03 MEGANATYY
1.71=1+01 BAYS
1.3711+02 BAYS
1.2%2e-02
4.0%889053 M2 { 1.012€+02 ACRES }
6. 600802 MLTERS
S.935t 001 &KM2
8.1168+01 GH
9.712E+00 GH
TS5 « 24 ANPY
&.5%2JE+04 ANFPS
1.210¢+03 MEGAMATY
92318203 MEGARAYT
7.3839E+403 MEGANATY

TOTAL PROCESSED PONER
TOYAL KLYSTRON INPUY
TOTAL KLYSIRON QUIPUY
NUNBER OF KLYSTRONS

HAX KLVSTRON PACKING DEN
MAX RF POWER DENSITY
NUNBER OF SUBARRAYS
RECTYENNA AREA

9,433 +00 PER SUB

8.5%3E 000 KHAND

1.8238+04& PER ANY

o914k NQ ( P.472E+0) ACRES 3

P I TR I 2 T B I R R O I S TN IR Y NI BT R I N R B R IR R B R BN N R Y B R B B AN ]
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PEAK ANT THERMAL FuR
DC OUTPUT POMER

GRID POMER

LAND ARCA PER RECT
=y® MOM OF INERTIA
THRUST PER CORNER
NUMBER OF THRUSTERS
CONTROL POHER

ANNUAL PROPELLANT
STRUCTURE MASS
CONTROL SYS MA3S
SOLAR BLANKET MASS
POWER DISTR MASS
MECH & ELEC R/J MASS
ANT STRUC MASS

ANT WAVEGUIDE MASS
ANT KLYSTRON MASS
ANT CONTROL CKTS MASS
ANT PUR DISTR MASS
ANT PHR PROCETC MASS
ANT MASS

STRUCTURE COST
CONTROL SYS COST
SOLAR BLANKET COST
POUER DISTR COST
MECHAELEC RrsJ COST
ANT STRUC COST

ANT WAVEGUIDE COST
ANT KLVSTRON COST
ANT CONTROL CKTS COST
ANT PUR DISTR COST
ANT PUR PROCATC COST
ANT COST

NO OF FREIGHT FLIGHTS

CREMW SERVICE NO OF FLTS

0TS €OSY

TOTAL TRANSP COST
RECTENNA COST
CONSTRUCTION COSTY
INTEREST DURING CONSTR
LATITUDE AREA FACIOR
TOTAL MASS

YOTAL COST

COST/KHE

COST/hKWH

TableAl-1 (Continued)

1.233E+00
2.895E+00
5.616E+00
9.872F+07
6.611E+13
4.886E+]1
4. 888E+DL
6.133E+01
2.002€+01
3.149E+03
1.091E+02
2.398E+06
7.485E+02
1.132€+02
9.800£+02
8.455E+03
T7.815E+03
S.914E+02
9.185E+02
2.770E+03
2.133E+04
1.575E-01
6.911E-92
1.966E+00
1.94¢E-02
2.378E-02
3.797€-01
5.073€-01
3.464E-01)
1.306E-01

"9.920€-02

1.911€-01
1.654E+00
2.180E+02
1.248E+01
5.849%E-01
©.766E+00
2.528E+00
7.475€E-01
9.187e-01
1.415%E+00
6.229E+04
1.6471€+01
2.618€+03
4.867€+01
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Ki/n2
GH/LINK
6W TOTAL
M2
KG~-M2
NEWTONS
PER INST
MEGAMWATT
TONS
TONS
TOHS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
TONS
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION
BILLION

BILLION
BILLION
BILLION
BILLION
BILLION

TONS
BILLION
L

MILLS

L N N e e e e el

¢

ORIGINAL PAGE IS
OF POOR QUALITY]

2.439E+06 ACRES )

1.0%8E+0] B )

4.613E+04
6.943E+04
2.406E+05
§.288E+07
1.650E+0¢
2.696E+05
2.161E+04
1.864E+07
1.679€E+07
1.304E+06
2.025E+04
6.107E+06
4©.703E+07

L8N
LBN
Len
LBM
LBN
LB
LBM
LBM
LeM
LBM
LBM
LBM
LBH

Yt N S P W s W N N P

1.373E+08 LBM )

