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FOREWORD
The SPS system definition study was initiated in December 1976. Part | was completed on May 1.
1977. Part 1l technical work was completed October 31, 1977.
The study was managed by the Lyndon B. Johnson Space Center (JSC) of the National Aeronautics

and Space Administration (NASA). The Contracting Officer’s Representative (COR) was Clarke
Covington of JSC. JSC study management team members included:

Dickey Amdt Microwave System Andrei Konradi  Space Radiation
Analysis Environment
Harold Benson Cost Analysis Jim Kelley Microwave Antenna
Bob Bond Man-Machine Interface Don Kessler Collision Probability
Jim Cioni Photovoltaic Systems Lou Leopold Microwave Generators
Hu Davis Transportation Systems Lou Livingston  System Engineenng and
R. H. Diet2 Microwave Transmitter Jim Meany MPTS Computer Program
and Rectenna Stu Nachtwey Microwave Biological Effects
Bill Dusenbury Energy Conversion Sam Nassiff Construction Base
Bob Gundersen Man-Machine Interface Bob Ried Structure and Thermal
Alva Hardy Radiation Shielding Analysis
Buddy Heineman Mass Properties Jack Seyl Phase Control
Lyle Jenkins Space Construction Bill Simon Thermal Cycle Systems
Jim Jones Design Fred Stebbins Structural Analysis
Dick Kennedy Power Distribution

The study was performed by the Boeing Aerospace Company. The Boeing study manager was
Gordon Woodcock. Bocing Comnieraial Airplane Company assisted in the analvsis of launch vehicle
noise and overpressures. Boeing technical leaders were:

Ottis Bullock Structural Design Don Grim Electnical Propulsion

Vince Caluorni Photovoltaic SPS’s Henry Hilbrath  Propulsion

Bob Conrad Mass Properties Dr. Ted Kramer Thermal Analysis and Optics

Eldon Davis Construction and Orbit- Frank Kilburg Alternate Antenna Concepts
10-Orbit Transportation  Wait Lund Microwave Antenna

Rod Damrow Operations Keith Miller Human Factors and

Owen Denman Microwave Design Construction Operations
Integration Dr. Ervin Nalos  Microwave Subsystem

Hal DiRamio Earth-to-Orbit Jack Olson Configuration Design
Transportation Dr. Henry Oman Photovoltaics

Bill Emsley Flight Control John Pemry Structures

Dr. Joe Gauger Cost Scott Rathjen MPTS Computer Program

Jack Gewin Power Distribution Development

Dan Gregory Thermal Engine SPS’s

The General Electric Company Space Division was the major subcontractor for the study. Their
contributions included Rankine cycle power generation, power processing and switchgear, micro-
wave transmitter phase control and alternative transmitter configurations. i<:iote manipulators, and
thin-film silicon photovoltaics.

Other subcorntractors were Hughes Research Center-gllium arsenide photovoltaics; Varian—
klyvstrons and klystron production: SPIRE - silicon solar cell directed energy annealing.
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This report was prepared in 8 volumes as follows:

1 — Executive Summary V - Space Operations

11 - Technical Summary V1 - Evaluation Data Book

Hl - SPS Satellite Systems VIl — Study Part 1l Final Briefing Book

IV - Mygrowave Power Transmission VIl - SPS Launch Vehicle Ascent and Entry

Systems Sonic Overpressure and Noise E ffects
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SPS SYSTEMS DEFINITION STUDY
Part Il Final Report
Volume 6
Evaluation Data Book

1.0 INTRODUCTION

This volume has been prepared to rrovide a permanent record of the actual calculations of mass
properties, costs. and uncertainties for the Part 11 final reference designs. The data are presented

- with only the necessary amount of exploratory text. The analysts’ original notes have been used
whenever adeduately legible in order to preserve authenticity.
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20 MASS PROPERTIES
2.1 SILICON PHOTOVOLTAIC REFERENCE SYSTEM

This weight definition and uncertainty notebook for the photovoltaic reference configuration is a
supplement to the formal documentation provided in support of the Part 11 final review.

The weight definition part of this notebook provides weight data to a lower level of detail than was
presented at the final review. Included in the weight definition are semi-detailed weight summaries,
weight calculations. drawings and sketches, and results of weight analysis studies. A preliminary
loads and stress analysis for the critical beams in the basic structural frame is also provided.

The weight uncertainty part of this notebook provides the base data pertinent to the establishment
of the satellite weight/size tolerance ellipses. Subjects addressed are 1) the variation of saiellite

weight with array planform area, and 2) the effect of tolerances on the weight of the reference
configuration.

Analyst: Bob Conrad

ERECEDING PAGE BLANK NOT FILMED
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Photovoltaic Reference‘ Configuration
Solar Array Fundamental Element
“Blanket Panel” -
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Photovoltaic Reference
Panel to Array Assembly
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Photovoltaic Reference

Solar Array Arrangement and Attachment
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Photovoltaic Reference Configuration
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2.2 RANKINE THERMAL ENGINE REFERENCE SYSTEM

This section provides 2 record of mass estimation calculations for the thermal engine SPS. Calcu-
lations for the thermal engine SPS. Calculations were made by Dan Gregory and Jim Jenkins.
Assumpiions, methodology, ana key results were reviewed by Bob Conrad.
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3.0 COST DATA PACKAGE

3.1 INTRODUCTION

The final Part II cost estimates utilized the Boeing parametric cost model and the mature industry
costing methodologies developed during the study. The procedure used was as follows:

The first step was to make cost estimates for DDT&E and first unit costs using the parametric cost
model.

The parametric cost model predicts costs for typical aerospace products at typical aerospace pro-
duction rates on the order of 100 units per year or less. Many of the items in these SPS’s must be
produced at relatively high production rates to meet any reasonable SPS deployment scenario.
Hardware produced at high rates employs different tooling concepts and different production
methods, more similar to mass production than typical aerospace techniques. Correlations devel-
oped for a wide variety of products indicate a production rate, cost improvement slope of approxi-
mately 70%. Adjustments to the PCM results for high production items were made as follows:
First, a standard hours estimate of typical aerospace costs was developed utilizing a typical zero-
space cost improvement siope for 1,000 units.

{Experience of jetliner production indicates that approximately 1,000 units producticn are required
to reach the standard hours “predictable by tasks/timeline/headcount analyses.) A production rate
improvement factor is then calculated based on the ratio of required annual production rate to a
typical aerospace product value of 100 units per year. A production rate improvement slope of
70% wasused.

In certain instances detailed ¢stimates were available for manufacturing costs. These were used as
available.

Total SPS system costs include also costs for space transportation. costs for space consfruction
operations, and costs for ground receiving stations. Details of the launch vehicle cost per flight esti-
mating procedure were reported in Volume V of the Part I Final Report. Launch vehicle cost per
flight is dependent on launch rate, '

Total transportation costs included transportation of propeltants and orbit transfer hardware to low
Earth orbit, and in addition the cost of orbit transfer hardware (either .uemical orbit transfer vehi-
cles or self-power electric orbit transfer system installations depending on construction location).

Construction costs included the transportation costs for crew rotation and resupply. the crew opera-

tions support costs and the amortization of construction base c. - s using typical capital facilities
amortization procedures. Construction base habitats and basic structure were amortized over a 25
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vear period with the construction equipment amortized over an 8 year period. Crew transportation
¢nsts presumed for the 1 SPS per vear rate, the use of a modified shuttle vehicle at $12 million per
flight and for the 4 SPS per year rate. the us= of an advanced fully reuseable shuttle at $35 million
per flight. Delivery of propellants to low Earth orbit for the crew rotation and resupply orbit trans-
fer vehicles is assumed to occur with the Lieavy lift launch vehicle at the appropriate cost per flight
figure. Costs for orbit transfer installations for the self-power case. were derived using the paramet-
ric cost model with production rate adjustments for high production items as previously discussed.
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3.2 COST ESTIMATING DETAILS

Table | in the cost data packagy is a capital cost summary for the photovoltaic SPS. It summarizes
total costs in accordance with the work breakdown structure generally used aud indicates source
data and references further backup tables that provide additional detail. Interest during construc-
tion is added to the total costs based on an estimated construction period. Growth is added to pro-
vide 2 cost equivalent of the mass growth projections developed and the mass uncertainty analyses.

Table 2 summarizes the mature industry estimate. Table 2 goes to a level of work breakdown struc-
ture below that of Table 1. (Note that the “other™ category {rom the first part of Table 2 is
included in the multiple-<common item in Table 1) The cost caleulations tor Table 2 support the
SPS satellite) cost values for GEO construction. The SPS vabues for solar colls and multiple-
common use equipment have been adjusted tor the LEO construction case to allow for the increase
in SPS size from the refercace contiguration that was costed. The colimns in Table 2 reflect the
calculation steps in applying the mature industry approach and some of the columas are not
directly related to the final cost estimates. At the Jeft (with the titles), the mass of cach costed ele-
ment is indicated and the number of such elements required carried under the number column. For
example, the costed unit for primary structurg was estimated to weign 7230 Ib. 1823 of these umits
are required to make up an SPS structure, “Slope™ indicates the leaming slope used to develop the
aerospace fully learned unit cost. Cost figures are in thousands. For example. the first unit cost tor
one 7250 Ib ¢clement of primary structure as estimated by the PCM method was 2.375 mithon dol-
lars. The PCM program predicted a tirst unit cost including the leaming tor 1823 of these units of
971 million dollars. The tully leared unit (down the 837 curve to 1.000 units) would be
$470,000. This figure compares with the column calied “PCM unit cost™ wiuch is for the first such
unit. The next total is simply the product of the tully leamed unit times the number of units
required. In the case of the primary structure, the mature industry estimates are taken from the
detaited manufactunng estmate discussed under enclosure 1. which follows Table 4. The mature
industry cost for primary structure was believed to have reached a matenals cost plateau such that
increasing production rate would not Jecrease cost. Theretore, the costs tor 4 SPS's per vear are
not less than for one per vear. In several of the other elements, however, the cost is production

rate sensitive.  For example, in processors cunder attitude control), 12 of these units are required.
Notice that at this low production rate, the estimated mature industry cost is greater than the fully
fearned aerospace cost since the latter would apply to 1.000 units.

The mature industry estimates were developed from parametric cost model runs that used tradi-
tional aerospace estimating methods. The PCM runs are included as Table 3 for the photovoltai
system. Table 4 summarizes the solar cell and blanket estimates that were made. Enclosure 1
describes the detailed manutacturing cost estimate that was made for graphite main structure hard-
ware. Table 3 presents a reference photovoltaic SPS summary weight statement. Table 6 provides
the rectenna cost estimate. Tables 7 thru 1] provide construction base cost and mass data. Table
12 provides an estimate tor crew support costs 1those in addition to crew transportation). The
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Space CONSTIUCion Crew represents two crews to account for time off duty (90 days in space and 90
days off), with a 107 maurgin, and provides a crew support staff of ten people for each crew man
working in space. Tabie 13 summarizes transportation costs estimated. Table 14 provides the
mature industry cost estimate for the self-powered orbit transfer system. In this case the system
costed included mass growth and the mass growth was deleted and the values carried in Table 13.
Table 13 is the parametric cost model run that provides the raw data from which Table 14 was pre-
pared. Table 16 summarizes crew rotation and resupply requircments. Table 17 summarizes the
calculations of cost growth equivalent to the mass growth determined from the uncertainty anal-
vses, Table 18 sumumarizes LEO versus GEQ cost differences. Tables 19 thru 27 provide a similar
cost package for the thermal cngine svstem.
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TABLE )
CAPITAL COST SUMMARY - PHOTOVOLTAIC SPS (SILICON CR=1)

WBS # ITEM SOURCES & REFERENCES 1 SPS/YR 4 SPS/YR
LEO CON- GEOQ CON- . LEO CON- GEQ CON-
STRUCTION STRUCTION STRUCTION  STRUCTION
1.01 Solar Power Satellite (7442) {7190) (5587) (5378)
1.01.06 Multiple/Common . Mature Industry Estimate, Table 2 897 793 760 661
Mature Industry Discussion
. Parametric Cost Model Run, Table 3
1.01.01 Energy Collection . Solar Cell Costs, Table 4 0 0 0 0
1.01.02 Energy Conversion . Solar Cell Cost Discussion, Volume Il I 3588 2793 2686
1.01.03 Power Distribution . Structural Mfg Estimate, Encl, | 138 133 82 79
. Varian Analysis of Klystron Production
1.01.04 Microwave Power . MPTS Error Analysis 2676 2576 1952 1952
Transmission . SPS Mass Estimate, Table 5 & Backup o
. LEQ Figures Reflect 5% Oversize j;
EE 1.02 Ground Receiving Station . Rectenna Cost Estimate, Table 6 (4446) (4446) (4000) (4000) Eg
. Bovay Studies (JSC Contract
. Raytheon Studies (Various Contracts) p o
. Rectenna Optimal Sizing Analysis
2.0 Construction/ (1109) (1126) (1109) (1126)
Space Support
2.01 Construction Base . Writedown Summary, Table 7 596 620 596 620
(Facility Writedown) . Facility Mass & Cost Estimates,
Tables 8 & 9
. Construction Analyses & Base Definitions
(See Volume V)
2.02 Space Support
2.02.01 Staging Base . Staging Base Mass & Cost Estimates,
Tables 10 & 11 N/A N/A
2.02.02 Crew Support . Crew Support ROM Estimate, Table 12 497 506 597 506
. Crew Reqts from Construction Analysis
(Parts I & Il Documentatfon)
2.02.03 Other OPS Support 16 16



TABLE 1
CAPITAL COST SUMMARY - PHOTOYOLTAIC SPS (SILICON CR=1) (CONT)

W8S # ITEM SOURCES & REFERENCES 1 SPSé 4 SPS[YR

- STRUCTION STRUCTION STRUCTION toQUCTION

8!

3.00 Space Transportation {6445) {9780) (4188) - 6522)
3.01 Earth - LEO . Numbers of Flights & Costs Summary,
Table 13
3.01.00 Freight . Cost Per Flight Analyses (Parts 1 & 11 3139 2415 2155 1658
Documentation)
3.01.02 Crew . Cost Per Flight Discussion, Volume 11 336 236 140 140
3.02 LEO-GEOD . HLLV Operations Studies, Contract NAS
3.02.01 Freight . OTY Performance {Volume V) 2816 6670 1790 4482
. OTS Performance (Part I) 154 359 103 242 -
. OTS Mature Industry Estimate, Table 14 ii
. 0TS PCM Run, Table 15 »
. FSTSA Reports (Contract NAS9-14323) §§
. Crew Rotation & Resupply Summary, Table 16 :

. Crew Duty Cycle Studies (Part I)

. Advanced Earth Orbit Transportation
Systems Technology Requirements
(Contract NAS)-13944)

— R,

Interest During Contruction/Transportation Timelines (700 days) (450 days) {566 days) {366 days)
Construction (1864) {1388) 1154) 851)
Growth . Table 17 S ‘

. Uncertainty Analyses {3450) {4034) (938) (1094)

. FSTSA Mzss/Cost Growth Correlation ‘
Total 24,756 27,964 16,976 18,971




6¥!

ITEM & MASS (LB)

P/V SPS
OTHER

MULT/COM

PRIM STRUC
72504

THRUSTERS 110 Lb.
PROCESSORS 12,000 Lb. 1
STRUCTURE 10,000 Lb.
TANKS 1,130 Lb.

INSTRUM. 1,000 Lb.
CENTRAL _COMBUTE .200.L0
COMIUNIC 2,000 Lb.

ANT_YOKE.13.80Q_Lb.

TASLE 2

MATURE INDUSTRY ESTIMATE, PHOTOVOLTAIC SPS AND MPTS

FULLY
LEARNED
UNIT TOTAL

PCM
UNIT
NUMBER SLOPE COST PCM_TFU
1,824 .85 2,375 971,550
640 .85 1,328 243,150
2 .85 6,248 51,550
4 .85 7,505 25,140
8 .85 1,040 6,178
4 .85 3,752 12,570
3 1.0 7,385 28,157
3 1.0 24,576 73,729
2 .85 12,145 22,501

470 857,615

262 168,260

1,236 14,843
1,485 5,943
206 1,647
742 2,9

9,385 28,157

rosSaon

24,576 13,729

MATURE
INDUSTRY
@1 SPS/YR

4,745,750
425,988
31,278

. 360,000

..152,89)

66,510
42,848
25,140

5,823
12,570
28,187

L 2 )

--.13.1239
--.22,501

MATURE
INDUSTRY

84 _SPS/YR
3,495,900

166,971
564,266

-.360.000

33,255
21,424
14,860
2,92
7,428
28,157

1302
22,501

$0 (From
Mfr, £st)

2,002

655
1,637
1,420
8,188

9-9L827-081C



0st

ITEM & MASS (LB)  NUMBER SLOPE
POWER GENERATOR

SOLAR BLANKETS .8
ARRAY PANELS 1 Lb. 78,387,000 .8
JUMPERS 0.01 Lb. 78,387,000 .85
NETWORK 6,124 .85
CATERNARIES 6,124 .85

POWER DISTRIBUTION

SWITCHGEAR 1,320 Lb. 208 .85
BUSSES 15,000 Lbs. 32 .85
ROTARY JOINT 38,000 Lb. 2 .85

TABLE 2 (Continued)

PCM
UNIT
COST

15,086
17

0.123
444
496

3,787
626
9,639

FULLY
LEARNED
PCM TFU  UNIT TOTAL
9,945,165
3,365 2,633
.024 2,537,800
87 538,300
98 601,341
292,000 750 156,000
1,276 124 3,966
17,856

MATURE
INOUSTRY

@1 _SPS/YR
3,749,628

3,588,000

16,000
68,786
76,842

132,856
108,000
7,000
17,0856

MATURE
INDUSTRY

84 SPS;Y.

| 24688,207

2,563,009

16,000
68,786
38,421

18,956
54,100

7,000
17,856

DOLLAR/KG

$35/M°
& $25/m8

$45/KG
$25/K6
$30/K6

@
&
99(3270810

$32
$560



ist

ITEM & MASS (18)

MPTS TOTAL (2 Ant)
CHECKOUT & PXG'G

MULT/COM

PRIMARY STRUC
(965 Lb.)

SEC STRUC (7,137 Lb)
ATT CONTROL (1,000 Lb)

CENTRAL COMPUTE
(500 Lb)

COMMUNIC (2,000 Lb)

POWER DISTRIGUTION
PWR PROC (12,000 Lb)

SWITCHGEAR (660 Lb)

THERMAL CONTROL
(3,600 Lb.)

MUMBER SLOPE  COST

240

122
24

456
912
456

.85

.as
90

%0
85
85

TABLE 2 (Continued)

PCM
UNIT

318,033
N 21,760

2,344 69,857
13,278 124,529
9,385 28,157

24,576 73,729

1,188,06
3,497 410,404
2,120 299,137
3,476 287,699

FULLY
LEARNED

as

464
4,646
9,385

24,576

1,223
420
688

%IEH%)M.IQIAL

20,478

56,613
11,518
56,310

147,456

§58,000
382,767
313,800

MATURE
INDUSTRY

£.675,542
—24,000

469,976
13,218

51,256
201,736
56,310

147,486

532,497
261,317
126,746

146,948

MATURE
INDUSTRY

1,961,823
54,000

1,817
6,609

25,627
1,818
56,310

147,456

446,907
261,317

63,373
13,474

125

129
21,000
41,000

27,000

105
464
197

ZTTO8T

3

4004 a0
VNIOgQ

AITTVvNd
ST A9vq q
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TABLE 2 (Continued)

PCM FULLY MATURE MATURE

UNIT LEARNED INDUSTRY INDUSTRY
ITEM & MASS (L8) NUMBER SLOPE  COST PCM TFY  UNIT TOTAL @1 _SPS/YR @4 SPS/YR DOLLAR/KG
POMWER DISTRIBUTION 456 8% 2,306 190,818 457 208,175 97,486 48,743 67
(7,000 Lbs.)
SUBARRAYS 6,707,654 1,519,069 1,103,399
STRUZTURE AND 13,864 85 323 368,651 64 886,534 258,439 258,439 60
WAVESUIDES
(685 Lb.)
KLYSTRONS
{70 KHRF) 194,112 90 63 687,240 18 3,600,136 524,102 339,696 Varian -

Estimates =

THERMAL CONTROL 194,112 85 187 1,762,474 N 6,033,318 274,000 274,000 45
CONTROL CKTS 194,112 90 300 3,889,287 105 20,378,113 462,528 231,264 477

(11 tb.)



€51

NANME

TOTAL PROGRAM
[

FROG INTEG & MGMT
]

FHOTOV SPS
0

FLT SYS D&D
]

SUSTAINING
0

ooOTiE SUBS
oPcODE* O

UNIT suBs
oPCoDEs O

DDTAE FACTOR
orcoDE» 2
UNIT  FACTOR
OPCODE> 2

DDYLE SUBS
oPCODEe 0

UNIT sUDS
OPCODE. O

DOTAE suBs
OPCODEe O

UNIT sSubs
QPCODE. O

DDTAR FAC UN
OPCOOE~ 3

UNIT N/A
OPCODE- &

ODT4E CERw
OPCODE= 12

UNIT  N/A
0PCODE~ &

BLEND SUPT OTS HOD M
CES FACTORS FROM % cH

0.04
0.0¢

0.00
0.00

0D NUNBER LRN
PLX ]

Table '3A Parametric Cost Model! Ou‘put for Photoyo'luic SPS
52: BLENENY HETHOD BOUR-

1134
(oom)

1,900,930
13,710,942

83,4654
738,384

1,817,274
12,972,509

336,534
11.20).,09)

393,282
0

7,649
0




NO NAME
7 FLY SYS DO&T
)
8 SYSTEM TESY
°
9 SYS TEST LBA
0
EID SR TEST MDNE
0

11 FLY TEST HDNWE
]

12 SOFTHARE ENGR
0

DDTRE FACTGR
OPCODEs 2

UNIT  N7A
OPCODE~ 8

porsL sues
OPCODEs O

UNIT  H/A
0PCODEs B

DDTLE CEm»
OPCODEs 32

UNIT HsA
orcopeE- 8

DDTEE FAC UN
OPCODEe 3

UNIT N/
OPCODE- &

DDTLE FAC UN

OPCODEs 3
UNIT N/A

OPCODE= B
DOTEE CERw

OPCODEs 12
URIT H/A

oPCODE. 8

Table 3A (continued)

SUS ELEMEXT METHOD SOUR~
10 CES FPACTORS FROM

- X 3 3

BLEND SUPT OTS MOD

1.00
1.00
1.00
0.00

0.00
0.00
0.00

0.02
.00

0.00
0.00
0,00

% %
0 0
0 L
0 0

MOD  NUNBER LRN
CHPLX »

cosT
(000)
0
’
716,921
°
263,648
0
223,437
0
228,437
°
130,478
°

99L8770814 -



Table 3A (continued)

NO NanE SUS ELEMENT METHOO SOUR~ BLEND SUPT OTS MOD MOD MNUMBER LN cost
70 CES FACTORS FROM X X CMPLX ] (o00)

13 GSE 3 DDTSE FaAcCTOR L} 0.10 ] 0 0.0 “2,208
o OPCODEr 2

UNIT FaCTOR L] 0.10 0 1 100 844,56)
oPCopze 2

14 TOQOLING 3 DDTLE FACYOR 4 0.29% 0 0 0.0 130,200
(] OPCODE. 2

UNLIT  H/A [} 0.00 0 ] 0 0
orcopcs 8

15 Assy § C/0 3 ODTRE M/A 0 0.00 0 o 0.0 ]
0 OPCODEs B

UNIT  FAC UM 4 g.07 0 0 ] 846,141
QrcoDEs 3

14 BULT/CON 4 DDYLE SUBS (] 0.00 0 ° 0.0 220,9%0
- [ ] OPCODE~ 0

v UNIT SUBS 0 0.00 0 0 L] 1,612,034
OPCODE« O

17 PRIN STRUCY 16 DODOTAE CERr 1 1.00 30 0 0.0 6356
7250 Les OPCODEs 1

UNLIT CER “6 1.00 oS3 1826 84 2,37
0PCODEe 1

AGGREGATED VALUES 971,558

18 ATT CONTROL 16 DDTSE suBS 0 0.00 0 0 0.0 101,4%)
0 OPCODE= ©

UNIT SUBS 0 0.00 0 [ 0 338,509
OPCODE= O

mnbg

00d 40

NIOIHO

hts
¥

S1 49vq 71

eL8TTO8IQ -



HO

19

21

951

22

23

26

NAME

THRUSTERS

110 LBs
PROCZSS50PS

12000 L8s
STRUCTURE

10000 LBS
TANKS

1130 LBs
INSTRUM

1000 L9S

CENTRAL COMNPUTE
500 LBS

Table 3A (continued)

SUB cLEMENT NETHOD SOUR~

70

18

18

DDTLE CER
QPCODE»
UNIT CER
QPLODE

DDYLE Ccen
GPCODE=
UNIT CER
OPCODE >

DDTLE CEéR
oPCODE ~
JUNIT CER
NPCODE

DDYLE CER
OPCODE*
UNEIT CER
OPCODE

DOTLE CER
OPCODESs
UMIT CER
OPCODE»

DOYLE CER
OPCODE
UNIT CER
OPCODE =

CEs

21
(1

14
s

47

19
(L]

SLEND SUPT QTS MOD

FACTORS FROM %

1.00
1.00

1.00
.20

1.00
1.00

1.00
1.00

1.00
1.00

1.00
3.00

31
L1

3
43

30
.3

30
43

31
L1

n
43

0

NOD NUMAER LN
cHPLY %

0.0
680 B84
AGRREGATED VALUES

3.0
12 8%
AGGREGATED VALUES

. 84

AGOREGATED VALUES

8 8%
AGGREGATED VALUES

o'u
4 8%
AGGREGATED VALUES

3 180
AGGREGATED VALUES

cosY
ooy

8,321
1,38
263,150

43,224
6,248
51,550

30,73
7,508
25,140

4,947
1,040
6,178

15,999
3,732
12,570

43,523
7.388
28,187

99L3TT-081A



MO NARE

25 COMMUNIC
2000 LoS

26 PuR GEN
L]

27 SOLAR BLANKETS
0

20 ARRAY PANELS
10.73% $Q FY

29 JUMPERS
0.01 LBS

30 NETWORX
1000 Las

Table 3A (continued)

SUS ELENENT NETHOD S
70

1é

27

27

DDYSE CEn
OPCODE~
UNIT CER
OPCODE=

DDTLE 3UBS
OPCODE =
UNIT Suss
OPCOOE=

POTLE SUDS
orcdbEs
UNIlT suBs
OPCODE»

DDTLE CER
QPCODE-
UNIT  CER
OPCODE~

DDTYLE CER
OPLODEs
UNIT CER
OPCODE=

DOTLE CER
OPCODE=
UNIT CER
OPCODE =

ouR=-
CES FACTORS FRON %

1é
¢l

26
n

13
57

4¢

BLEND SUPY 0TS NOD

1.00
1.00

0.00
0.00

1.00
.30

1.00
1.00

N
L1

30
a3

30
45

30
(1]

0

MOD NUMBER LRN
cnrLx x

5.0
3 100
AGOREGAYED VALULS

4126 7
AGGREGATED VALURS

12800 7Y
AGGREGATED VALUSS

12800 8¢
AGGREGATED VALUES

4124 84
AGGREGATED VALUES

cosy
(900)

69,629
24,874
73,729

3,953
9,526,210

$7¢
185710
8,351,8482

378
1?
15,486

224

1,089
(1Y}

460,434

99L8TT-081a



Table 3A (continued)

WO RAME SUB ELEMENT NETHOD SOUR- BLEND SUPT OTS HOD MOD NUMBER LRN cosy
T0 CES FACTORS FROM X% % CHPLX % tooo)
31 CATERNARIES 2¢ DDTAE CER 2 1.00 30 0 0 0.0 2,511
560 LBS OPCODEs }
UNLTY CER 47 1.00 43 126 B84 %%
OPCODE> ]
AGOGRECATED VALUES 813,915
32 PuR DISTR 4 DOTLE Sups ] 0.00 [ (] 0 0.0 96,8640
0 OPCODE» O .
UNIT syes 0 0.00 0 0 0 321,148
OPCODEs O
33 SHITCHGEAR 32 DODTRE CERr 14 1.00 30 o 50 5.0 4,626
1320 LS OPCODEs )
UNIT CER 59 1.00 43 208 84 3,787
— OPCODEs 1
a: - AGGREGATED VALUES 292,014
34 BUSSES 32 DDTLE CER 1 0.10 29 0 0 0.0 1,459
15000 LBS OPCODEs 1
UNIT CER 46 0.10 43 32 8 626
OPCODEs )
AGGREGATED VALUES 11,27¢
35 ROTARY JOINY 32 DDTRE CER 2 1.00 29 0 0 0.0 90,756
38000 88 OPCODE~» 1
UNIT CER L1 1.00 48 2 84 9,639
OPCODEs 1
AGGREGATED VALUES 17,857
36 ANTENNA YOKE 4 DOTLE CER . 0.90 29 ¢ 50 5.0 16,7083
13800 Las OPCODEs 1 S 0.10
UNIT CER 47 0.90 45 2 84 12,145
OPCODE=~ 1 50 0.10

AGGREGATED VALUES 22,501

99L8TT-081a



651

Table 38 Parametric Cost Model Output for Transmftter
SUS CELEMENT METHOD SLUR- BLEND SUPT 0TS MOD MOD NUNBER LRM [£:1 3
FACTORS FROM X % CnPLx % £000)

KARE
10 LES
1 TOTAL PROGRANM 0 DDVLE sSUBS 0 0.00 0 [ e 0.0 2,237,733
] OPCODE~> ©
UNIT sSuBsS 0 0.00 0 ¢ 0 9,765,609
CPCODE= O
2 PROG INTEG & mMGnY 1 DODTRE FACTOR 3 0.0¢ 0 0 0 0.0 63,081
0 orCODEs 2
UNIT FACTOR 3 0.06 [ ] L 0 526,290
OPCODEs 2 ‘
3 MICPDUHAVE PTS | DDTLE SUBS 0 0.00 L] [ 0 0.8 1:176,653
0 OPCODE~ o
UNIT - sSuss 0 0.00 L o 9.239,322
CPCODEs O
& FLT SYS DD 3 DDTLE Suas 0 0.00 0 9 [ 0.0 280,79)
0 OPCODE> O
unitT suBs 0 0.00 [ L 0 8,213,787
0PCODE~* O
$ MULT/CONMON 4 DDTAE SUBS 0 0.00 0 [} o 0.0 213,818
23 OPCODE+* 0
UMIT  SUBS 0 0.c0 0 ¢ 0 318,033
OPCODE= © .
6 PRIVARY STRUC S DDTLE CER 1 1.00 30 0 0 0.0 1,032
24S LBs OPCODE* )
UNIT CER 44 1.00 45 120 8% 431
OPCODEs )
AGGREGATED VALUES 21,768

LT 081A

}wak{ A0
¥NIDrgo

)‘}{ 1

£
N

1

%

ALI'Tvay

SI



091

11

12

NARE

SECONDARY STRUC
7137 LBS

ATTITUDE CONTROL
1600 LBsS

CENTRAL CONPUTE

500 LBs
COMMUNIC

2000 LBS
PHR DISTR

0
PHR PROC

12000 LBs

Table 38 (continued)

SUB ELEMENTY METHOD SOUR~

T0

1

DDTLE CER
OPCODE»
UNIT CER
OPCODE=

DODTRE CER
OPCODE=
UMIT CER
OPCODE=

DDTLE CER
0PCODE=
UNIT CER
OPCODE s

DDTLE CER
OPCODE=
UNIT CER
OPCODE~

ODYLE SUDS
aPCODE~
UNIT SuBS
OPCODE =~

DDTE CER
OPCODE=
UNIT CER
QPCODE =

CES

(1]

25
67

19
(1]

1é
61

14

BLEKD SUPT 0TS MOr
FACTORS FROM %

1.00
1.00

1.00
1.00

g.00
0.00

30

L]

31
43

31
.S

11
45

30

45

MOD  NUNDER LEN
CHPLX %

61 84
AGGREGATED VALUES

12 &Y
ACGREGATED VALUVES

3 100
AGGREGATED VALUES

3 100
AGGREGATED VALUES

228 o9
AGGREGATED VALUES

cosT
{ooo)

6,264
24+ 344
6Y,857

17,208
13,278
126,529

72,756
2,385
28,157

116,55¢
26,576
73,729

56,480
1,188,070

35,238
3,497

410,614

99L8TT-081a



191

1] HAVE

13 SNITCHGEAR

65¢C

LBS

16 THERMAL CONTROL

3600

15 Pur pISTR
7000

16 SUBARRAYS
[}

17 STRUCTURE
(133

18 XLYSTRONS
70

(433

LBS

LBS

KHRF

Table 38 (continued)

SUD ELEMENT METHOD SOUR-

10

11

11

16

14

DDTISE CER
OrCODE~
UNIT CER
OPCODE~

DDTSE CER
OPCODE~
UNIT CER
OPCODEs

DDYSE CER
QPCODE~
UNIT CER
OPCODE=

DDTSE SUBS
OPCODE=
UNLT S5uBS
OPCODE =

DOYRE CER
OPCODE=~
UNIT CER
OPCODE=

DDTRE CER
OPCODE=
UNIT CER
OPCODE =

-]

CES

59

54

“6

4“6

21
a7

BLEND SUPT OTS ROD
FACTORS FROM X

2.00
2.00

29
“S

30

43

29
L1 ]

30

“5

30

45

20

%

MOD NUMBER LRN
cHPLX %

656 084
AGGREGATED VALUES

228 84
AGGREGATED VALUES

228 B84
AGGREGATED VALUES

6932 a4

AGGREGATED VALUES

1 100

15 &9
AGGREGATED VALUES

cosvy
(000

3,238
2,120
299,137

12,1%6
3,676
287,699

5,8%2
2,306
1%0,¢818

10,498
5,895

6,707,654

758
323

6,860
53
603

9-9.877-0810



or

NO

19

20

21

22

23

24

NANRE

THERM CONT
70 LBS

CONTROL CXTS
11 LBS

ASSY & C/0
0

TOOLING
0

SYSTEM TEST
[

SYS TEST LABOR
0

Table 38 (continued)

SUB ELEMENT METHOD SOUR-

70

16

16

DDTSE CER
OPCODE= 1}
UNIT CER
OPCODE~ 1
DDT&E CER
OPCODE= 1
UNIT CER
OPCODE= 1
DOTLE NsA
OPCODE= 8
UNIT FAC UN
OPCODE= 3

DD~&" FACTOR

OPCODE> 2
UNIT H/A
OPCODE= 8
DDOTLE SUBS
orPCODE: O
UNIT N/A
orPcopeE= 8
DDTAE CERN
0PCODE= 12
UNIT KN/A
OPCODE= 8

CES

56

23
8

BLEND SUPTY DTS MOD

FACTORS FROM X

0.00
0.03

g.10

0.00

3
45

L3 )
43

x

MOD NUMBER LRN
CHPLX %

15 84
AGGREGATED VALUES

15 8y
AGGREGATED VALUES

0.0

0 0
0.0

0 0
0.0

0 0
0.0

0 0

cosy
(0co)

629
157

1,549

2,247
joo

3,418

[
410,687

49,343
]

359,005
0

196,811
0

40

nd 900d 40

51 3ovd TVNIDI

RIrTV

9-9.827-081d
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HO

2%

26

27

28

29

30

HANL

GR TEST HDNE
e

FLT TEST HDNE
0

SE & 1

SUSTAINING
[

FLI SYS DDAT
]

SOFTHNARE ENGR
0

Tahle 3B (continued)

SUR ELEMENT NETHOO SOUR-~

10

23

23

DOTAE FAC UN

orCcopEs 3
UNIT  NsA
oPCODE &

DOTSE FAC UM

OPrCOOEs )
UNIT  N/A
orcopes 8
DDTRE CERw
oPCODE» 12
UNIT N7A
OPCODE* &

DDYLE FAC UN
OPCODE= 3

UNIT  N/A
OPCODE= B

DOTAE FACTOR
OPCODE> 2

UNHIT  N/A
OPCODE= 8

DOTAE CERw
QPCODE= 12

UNIT  N/A
OPCODE~ &

ces

29
3"

LoEND  SUPY OTS NOD
FACTORS PRON X L]

1.00 0 0 0
1.00

1.00

V.00 0

0.00 O L 0
Q.00
e.00 O

MOC NUMBER L

cHPLX

cosY
1000)
82,137
[ ]
82,137
0
12.420
®
284,313
0
°
[ ]
120,58)
0

40
)

Ofg

2
x

':?67 }pq(kf
L 2%

Eii)yil j



Table 38 (continued)

10 NAME SUB ELEMENT METHOD SOUR~ BLEND SUPT 018 MOD MOD MHUMBER LRM cosy
10 CES FACTORS FROM X %X CMPLX % eno)
31 GSE 3 DDTLE Cemw 4 e.00 0 0 0 0.0 56,097
0 OPCOREs 12 L1 0.00
UNIT  FACTOR 4 0.10 0 1 100 616,830
OPCODE 2

99.8¢7-081Q



1)

3)

q)

D180-2287%6
TABLE 4
SOLAR CELL/BLANKET COSTS

J. Gauger's Mature Industry Correlation

3¢ to 17¢/vatt = 13.60 to zs.saiu"’ (Cells Only)
* 22.00 to $37/N° (Array Panels)

Manufacturers Estimates
10¢ to 25¢/Matt (Cells Only)
= 17.00 to 42.50/ {Cells Only)
» $§25.00 to sgg*n? {Array Panels)
Production Rate
Today $10,000/%° for 50 kw

Then (17067807172 & 0017 x 19.000 (70% Curve)
- 17,008
Energy Cost » S17/N° for S34/M° 9 1 SPS/ VR

Oenman's Estimate - $30/M° (Median)

Average of these values is $35/M~ @ 1 $PS-VR;

use $25/M° for 4 SPS/YR

1os
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ENCLOSURE |

Manufacturing Analysis--Torrestrik Fabrication of Prim~ry Structure Strut Assemblies

Our reference structure fabrication concept has proposed use of 10M tapered strut segments (20M
strut assemblies) as the basic beam constriction building block. In this approach. a highly auto-
mated terrestrial factory which produce strut segments on a mass production basis and package in
high density magazines for transport to the LEQ construction base.

During this period we expanded our znalvsis to include a brief look at factory manufactunng
provesses and non-recering facility and tooling needs to sustain 2 “thruput™ of one SPS ‘year.
Speciiic objectves were o) ald gain a better understanding of rate Processng requirements and to
review producibility of the proposed tapered strut Jdesign: b) identify producton rate “short fall”™
high risk areas: and ot 1ot our mature industry estimate for primary, secondary structure.

Machine Process Center Concept

We subjected the strut design. and a lighthy modified derivative. to step hy step manufactunng
process plan «nalvsis. With a reasonably detatled processing plan in-hand we then established the
“process fTow imuters”™ for each operation or provess step ... feed and speed achievable for that
process using that materialt which gave 05 a reasonable feel for the effectve yield of cach process
step. By applying the annual strut segmient rate 10 produce one SPS per vear (1.4 X 10° strut
halves) we were then able 1o size the machine took. speaial tooling, material copsumption facility
needs. et

Two mass production nunulavturing concepts were evaluated. The first, generally referred to as the
“Machine Process Conter Concept.” assunies design of speaial purpose machine tools (process
contersd that ossentially fabricaie a completed part from raw matenals, 1.¢.. beam builder or auto-
motive block processing type centers. In this case. complete injection molded end fittings and
fuush machined conter fittmgs are loaded mato the processing center and tension winding. curing.
NDT inspection. cie.. steps aie all completed within the center with center operation sequenced by
N.C. program. The second provess evaluated was a typical “Process Station Flow-thru Concept™
whereby cach successive process step s acvomplished by special putpose in-line wassetabhy line)
machir: tools. Lach machinge tool (station) is connected by appropriate transfer equipment with,
bulfer storage between stations and multinle stations added at “process flow limiter™ (bottleneck)
positions. Specific features of each o these concepts are presented in Tables F-1 and E-2. Figure
E-1 illustrates the process tlow for the assembly hne concept.
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Toble L-1

Primary Structare Production Concept
om‘mcuumc-m

STRUT END FITTING: (Gr/THERMOPLASTIC) INJECTION MOLDED NET IN MULTI CAVITY WOLDS

CENTER JOINT: {7075 WLUM) CLOSE TOL DIt FORGING WITH FINAL SIZING ACCOMPLISHED ON QPECINJIED NC
TURNING MACHINE STATIONS

STRUT TUBE ASSEMBLY
® LARGE 8 TURRET TURNING CENTER SEQUENCES PARTS [N 4 PROCESS STAGES
® STAGE 1 COOL DOWN, LOAD FITTINGS, APPLY FILM ADHESIVE & PARTING FILMS
® STAGE 2 CIRC WINDING
® STAGE 3 OEBULK & CURE
® STAGE 4 NOT, PART REMOVAL, TOOL CHANGEOUT/REPAIR
2 MIL TAPE (13mMM WIDE BY CON”NUOUS) TENSION WOULD @ = 180 RPM
B SPOOL (4 PAIRS) TAPE LAYING WITH 4,7M/MIN YIELD/LAYER ‘STRUT CoMP. 3.6 Hlll)
TAPE WILL BE “B" STAGGEL Gr/E TO SHORTEN CURE (MICROWAVE
COCURRING OF END FITTING & STRUT TUBE

PROCESS CENTER YIEL!) 30 PARTS/HR (THRUPUT 16 MIN/PART) (NEED 10 CINTERS)

AUTOMATED NON-DESTRUCTIVE INSPECTION (NOT)--INCLUDES LIMIT LOAD STATIC TESTS

PLANT AREA NEEDS 80-100« SQ/FT [MCLUDING REFRIG STORIES, MAT'L STAGIMG MACHIME CENTERL, RWK CENTER
TOOL ING--APPROX 600 TOOLS INCL NC MASTERS FOR TURNING MANDREL FABRICATION

OHE 750-1000 TOM PRESS WITH 8-10 CAVITY MOLD--COOL DOMM & SCARF REMOVAL STATIONS IN PROCESS LINE
STATIONS WILL ACCEPT DIE PRE-FORMS VIA CENTER FEED TRANSFER SYSTEM--CARBINE MULTI-SPINDLE CUTTING

STATIONS FOR TURNING, & GANG MILL FINGER CUTS--MACHINE (1ELD 16-20/HR--19 STATIONS REQUIRED,
PROCESS STATION IN LIME FOR NDT, HEAT TREAT, ANODIZE, cTC.



891

Table E-2
Primary Structure Production Concept
Opt 2: Process Station Flow-Thru

STRUT END FITTING & CENTER JOINT: (BOTH Gr/THeRMOPLASTIC)--INJECTION MOLOED NET IN MULTI
CAVITY MOLDS--SAME AS OPT 1

STRUT TUBE ASSEMBLY
®  SPECIAL PURPOSE MACHINE STATIONS WITH FLOW THRU TRANSFER SYSTEM--BUFFER STORAGE
BETWEEN STATIONS & PARTS CROSS TRANSFER AT MULTI POSITION STATIONS

® 2 MIL TAPE (13MM WIDE BY CONTINUOUS--TENSION WOULD @ = 180 RPM)

® KEY WINDING STATIONS INCLUDE
e 4 STATIONS CIRC WINDING POSITIONING FABRIC & INNER KEYLAR
® 4 STATIONS LAYING 0° Gr/t GORES (PRECUT & FORMED)
® 4 STATIONS CIRC WINDING 90° KEVLAR OVER-WRAPS

PRODUCTION LINC YTE!.D 90-92 PARTS/HR (3 LINES REQUIRED)

AUTOMATED NON-DESTRUCTIVE TESTING (NOT)--SAME AS OPT 1

PLANT AREA NEEDS 60-70K SQ/FT TOTAL

TOOLING: APPROX 400 TOOLS--MORE MANDRELS THAN OPT 1 BY ELIMINATE TURNING TOOLING

99LSTTORLIA



Figure -]
Strut Tube Procems Flow-Thru
Facllity Concept
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691

$PrS-1367
WORK STATION
TASK DESCRIP,

LOAD FITTINGS
INNERCIRCWIND ¢

MAGAZINE LOADING, PACKAGING & DISBURSEMENT

TRANSPORY
FINISHED PRODUCT

CENTER GORE LAY
VACUUM DEBULK
OUTER CIRC WIND
VACUUM DEBULK
MICROWAVE CURE

REM DEBULK TOOL
POSTCURE

10 MANDREL REMOVAL
11 NODT-ANALYZER

12 NDT-STATIC LOAD
13 FINAL ASSY

14 TOOL COOLOOWN

15 TOOL CHANGE/REPAIR -4
16 GORE TAPE PREP
17 GORE LASER TRIM
18 REAPPLY CARRIER
19 INDUCTION HEAT
20 CONTOUR ROLL e

- o

DRSO NH WA -

16

- N WO ~ @ ©

REJECTS || pePAIR

CENTRAL

Y

REWORK

REPROCESS
REPAIRED
PART!

LINE 1
SIZING D4 A;
92 PARTS/ARAINE
19 MINU" ES YO “4ARUPUT (STA, 113}
2.6 MINUTES *AAX STATION

J

LINE 4

SUBFEEDER
STAGING

PUNCHING
ROOM

REFRIG|MATL'S
STORES| RECVG,

9.8T7-081a
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The results of our studies clearly show that production rates of 300 strut segments per hour (3
shift/$ day week basis) are easily believable with modest non-recurring investment using current
available aerospace processing technique. No high risk or long lead process development tasks were
identified. Table E-3 provides summary costing data on the strut segment alternate design/process-
ing approaches reviewed. Our detail manufacturing plan analysis has confirmed that the mature
industry cost estimate of $35/kg (now vear doflars) for terrestrial fabrication of primary/secondary
structure is credible. We do. in fact. believe further design/process producibility efforts will yield
even lower primary structure costs.
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Cost A ‘I’lblnsE-3
ml# ummary
(ns)

MACHINE PROCESS CENTER (ORIGINAL STRUT DESIGN)

NON-RECURRING: ($60 x 105 FACILITY, 2.6 x 10° TOOLING) $62.6 x 10°
RECURRING:
MATL 617.20 [ 96%
LABOR 22.90 ( ax) =  $640/20M STRUY
AVERAGE COST--0PT 1 PLAN [R + (NR/8 YRS)) = $57.87/kg
PROCESS STATION FLOW THRU (MODIFIED DESIGN)
NON-RECURRING: ($55 x 10° FACILITY, 2 x 10° ToOLING) $57 x 108
RECURRING:
MATL 506.20  [96%
AVERAGE COST--OPT 2 PLAN [R + (NR/8 YRS)] = $47.58/kg

PRIMARY STRUT MATURE INDUSTRY ESTIMATE =  $55/kg

998220814
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TABLE 5
REFERENCE PHOTOVOLTAIC ¢ °S
SUMMARY WEIGHT STATEMENT
(Weight in Kilograms)

SOLAR ENERGY COLLECTION SYSTEM

1.1 Primary Structure 5,385,000
1.2 Secondary Structure 1

1.3 Mechanical Rotary Joint 66,800
1.4 Maintenance Station

1.5 Control 178,100
1.6 Instrumentation/Communications 4,000
1.7 S i-r Cel! Blanket- 43,750,000
1.8 So.. - Concentrators

1.9 Power Distribution 2,398,400

MICROWAVE POWER TRANSMISSION SYSTEM
(TOTAL - LESS GROWTH)

WEIGHT GROWTH ALLOWANCE - 26.6%
(TOTAL - WITH GROWTH)

1 Distributed to other WBS items.

172

51,782,300

25,212,200
(76,994 ,500)
20,505,500
(97,500,000)
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RECTENNA NOMINAL COST ESTIMATE @ 1 SPS/YR

BEAM DIAMETER

RECTENNA INTERCEPT DIAMETER
RECTENNA GROUND AREA
RECTENNA PANEL AREA

TABLE 6

13 KM

= 68.8 kM

9.36 KM @ 95% EFFICIENCY
= 1.535 x /4 x 9.75 = 105 KM

2

TOTAL CONTROLLED AREA (LAND AQUIS) = 204KM2 = 50,400 ACRES

1TEM

Mult/Common

Land

Prim Structure
Control

Commun

tnerqy Coll/Conv
Support Str/Gnd Plane
Dipole/Diode/Filter Units
Power Distr. Sys.
Busses

Processors

ESTIMATING FACTOR

ss.OOQ/Acre Acquis & Prep
$10/M
$1,000/Subunit

$3/M° )
0.08 Ea @ 70 CM"/Element

Satellite Value
$50/Kwe

NUMBLR

5G,400 Acies
£8.8 KMC
500 Subunits

68.8 KM
0.983 x 1010

4,65 x 106 Kwe

COST ,MILL IONS

252
688
0.5

50

206
787

7
233
2,223

= 4,446 for 2
Rectennas

9-9.8TT081a
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TABLE 7

CONSTRUCTION BASE WRITE DOWN SUMMARY
PHOTOVOLTAIC SPS
LEO CONSTRUCTION

Item Cost Amortized Over Cost/SPS
(Millions) (Millions)
LEQ Base
Facility 3465 25 years 139
Facility O/H 1629 25 years 65
Constr. Equip. 1310 8 years 164
C.E. O/H 616 8 years 77
GEQ Base
Facility 380 25 years 15
Facility O/H 179 25 years 7
Constr. Equip. 425 8 years 53
C.E. O/H 201 8 years 25
LEQ Base
Transport 625 15 years 42
GEO Base
Transport 137.5 15 years 9
596

174
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LEO
Staging Base

Facility
Facility Wrap

Equipment
Equipment Wrap

GEQO Construction

Base

Facility
Facility Wrap
Equipment
tquipment Wrap

LEQ S/8
Transportati.a

GEO C/B
ransportation

cost
(Millions)

650
304

135
61

3610
1690

1555
730

37.5

1125

D180-22876-6
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TABLE 7(Oont'd)

Amortized Over

25 years
25 years

8 years
8 years

25 years
25 years

8 years
8 years

15 years

15 years

Cost/SPS

§Mi1lionsz

26
12

144

194
9

75
620
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TABLE 8

P/V CONST BASE COST SUMM
(FIRST SET) $M

LEO Base
Facility 3465
Const Equip 131C
Overhead 2245
GEO Base
Facility 380
Const. Equip 425
Overhead 380

(7020)

(1185)

$8205

This has 90% learning within the first set but <oes not include

those units used for testing.
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TABLE 8 (Cont'd)

Facility

Foundation

Crew Modules
Cargo Handling
Base Subsys
Maint. Provisions

Const. & Support Equip.

Struct Assy.

Energy Collection Conversion
Power Distrib.

Subarray Install.
Cranes/Manip

Indexers

Spares

Install, Assy, C/0
SE&I

Proj. Mgt.

Sys. Test

GSE

177

250
2870
330
15

356
165
75
o
560
80

Basic HRW

(3465)

(1310)

4775
ns
765
335

145

190

$§7020 M
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TABLE 9
P/V CONST BASE MASS SUMMARY

(10kg)
LEQO CONST BASE (5870)
Facility 5200
Const & Supp Equip 400
Consumables 270
GEO CONST BASE (770)
Facility 565
Const & Supp Equip 175
Consumables 30

178
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TABLE 9 (Cont)

LEQ CONST. BASE
FACILITY

Foundation

Crew Modules

Cargo Handling/Distribution
Base Subsystems
Maintenance Provisions

CONST & SUPPLY EQUIPMENT

Struct. Assy.

Solar Array Inst.

Power Dist. Inst.

Subarray Inst.
(Incl. sec str)

Cranes/Manipulators

Indexers

TOTAL DRY

CONSUMABLES (90 Days)

{t:> Includes 33% growth allow. No other item does.

179

03 kg

(5200)

2500
2000
400
200
100

(465,

20
30

180
30

5600

270
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TABLE 9 (Continued)

GEO FINAL ASSY BASE

' 10’ ko
Facility (565)
Foundation 280
Crew Module 220
Cargo Handling/Dist 55
Base Subsystems 10
Const & Support Equipment (175)
Solar Array Inst. 50
Crane/Manipul. 15
Indexers 6
Docking Cranes 104

740

180
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TABLE 10
COST SUMMARY
P/V GEG CONST CONCEPT

$10%
LEQ Staging Depot ($1130)
GEO Const Base (7585)
Facility 3610
Const Equip 1555
Wraparound 2420

——

$872¢ m
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TABLE 10 {Continued)

LEQ STAGING DEPOT

Foundation

Crew Modules

Base Subsystems

Vehicle and Payload Handling
Propellant Storage and Distriubution

Basic Hardware

Spares (15¢"

Install, Assy, C/0 (16)
SE&I (7)

Proj. Mgt. (2)

Sve  Test (3)

GSE  (4%)

182

Total

$785

115
125
55
15
25
30
$1150
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TABLE 10 (Continuec)

GEO CONST BASE
Facility (3610)
Foundation 250
Crew Modules 3020
Cargo Handling 330
Base Subsystems 19
Maintenance Prov -
Construction Equip (1555)
Struct Assy 350
Enerqy Collection & Conversion 165
Power Dist. 75
Subarray Inst. 80
Cranes/Manip 760
Indexers 125
Basic Hardware 5165
Spares 775
Install, Assy, C/0 825
SE&I 360
Proj. Mgt. 100
Sys. Test 155
GSE 205
2420
Total 7585
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TABLE 11
MASS SUMMARY

P/V SAT
GEQO CONST CONCEPT

'EQO STAGING DEPOT
Facility & Equip.
Consumables

GEG Const Base

Facility
Const. Equip.
Consumables

184

730
20

573C
515
270

(750)

(6535)

7285
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TABLE 11 (Cont.)

GEQ Const. Base (103 kg)
Facility (5750)
Fourietion 2500
Crew Modules 2690
Cargo Handling/Dist 400
Base Subsystems 60
Maint. Provision 100
Construction Equip. (515)
Struct. Assy. 80
Solar Array Inst. 60
Power Dist. Inst. 20
Subarray Inst. 30
Cranes/Manipulators 255
Indexes 70
Total Day 6265
Consumables (9C Days) 270
6535

185
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TASLE 11 (Cont.

LEO Staging Depot

Foundation

Crew Modules

Base Subsystems

Vehicle and Payload Handling
Propellant Storage and Distribution

Consumables (90 days)

186

)

Total

730

20

750
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TABLE 12

CREW SUPPORT ROM ESTIMATE

LEO CONSTRUCTION

. Crew Size = 541
Total Staff = 2 (541) + 10%, = 1190
Cost $120K/Man-Year = $143M

Crew Support 10X Working
Crew = 5410 (on ground)

@ $50K/Man-Year $27IM
Training, etc. (20%) $83M
497M

GEQ CONSTRUCTION

Crew Size = 551
By Ratio, Cost is  $506M

THERMAL ENGINE LEQ CONSTRUCTICN

Crew Size = 811
By Ratio, Cost is $745M

There is an estimated additional $4M operations support per SPS
for LEQ construction to accommodate the more complex operations.

187
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TABLE 13

NUMBERS OF FLIGHTS & COSTS SUMMARY
HLLV Cost/F1t = 67.56 X (Annual Rate) -,2715

Cost
1 SPS/Yr 4 SPS/Yr
LEQ GEQ LEO GEQ

P/V Hardware
@ Mass is 77,000 Tons
@ HLLV Payload is 391 Tons
o 10% for Packaging

Flights = 217 (GEQ) 3139 2415 2155 1658
228 (LEO - 5% Oversize)
Orbit Transfe;_gys (LEO)
Mass is 12,236 tons

(Total SPS)
10% for packaging

35 Flights (LEO) 482 -~ 330 --

fl

OTV's

217 trips to GEO

wears out 4.34 vehicles - 48 - 33
= 4.34 fliohts (GEO)

Propellant for QTS 1074 -- 737
0TS = 3620 ton/module

x 8 modules & 5% boiloff

30408 tons - tanks are in 0TS above

78 flights (LEO)

Propellant for OTV's

@ Factor = 2.075 (includes >iloff
but not tanker)

e Mass is 77,000 tons + 10% packaging

o Allow 157 for tankers, transfer &

boiloff
3950

517 flights -- 5754
(GEO}

188
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TABLE 13 (Continued)

6. OTvV Cargo (0) (868) (0}
None (LEO) 0 Q
217 Flights 868
(GEO)
7. Crew Rotation & Resuppiy (476) (695) (238)
Shuttle ($12M/F1t, 1 SP3 per yr) 36 336
Advanced Shuttle ($5M/F1+, 4 SPS/Yr) 140

28 Flights per SPS
HLLY - Supplies

5 Flights LEO 69 a4 47
4 Flights GEO

HLLV Tanker § (LEO) 69 267 47
28 (reo)

0TV Flights 4 (LEO) 16 9
12 ‘5E0) a8

0Ty 3 S4M/F1t 1 SPS/Yr
& 2.3M/F1t 4 SPS/Yr

Total HLLV Flights 35i 766 1404
S/F1t 13.77 1.3 9.45
8. 0TS Hardwa.e 1260 723

(From Table 14 with growth deleted)

189

(499)

499

(382)

140

N

183

28

3064
7.64



"ABLE 14
SCLF~-POWER ORBIT TRANLFER SYSTEM MATURE INDUSTRY COST ESTIMATE

ITEM & FULLY MATURE MATURE
MASS M PCM LEARNED INDUSTRY INDUSTRY
(LB) NI T TFU UNIT  TOTAL @ 1 SPS/YR ® 4 SPS/YR $/X6
o o SLOPE €osT {1 o15) (8 0T9) .
07> Svstem 1,458,160 836,043
69,436 39,840
0.5 1,388,724 796,803
Thruster 790,432 440,177
Panel T —
(13,532,000
Panel Struc 192 .85 641 127 24,364 17,583 8,792 $131
(1540 LB;
Thrusters 26,830 .85 409 81 2,176,490 132,752 66,376 $ 98
(110 LBS)
S
— Processors 384 .85 6,151 1,217 467,607 278,624 119,312 $75%
S (18,230 LBS) §
Switchgear 1920 .85 2,120 420 805,826 183,903 91,952 $320 §
(660 LBS)
Interrupter 26,880 85 244 48 1,298,444 79,197 79,197 $130
(50 LBS)
Interrupter 26,880 .85 16 3.17 85,143 £,193 2,596 $212
{2 LRS)
Cabling 192 .85 3,49 692 132,835 05,901 47,95¢C $734
15090 LBS)
Instrum 192 .85 968 192 36,/94 26,554 13,277 1524
(20U LES)
Prop Sys 192 .85 331 77 14,862 10,725 10,725 82

{1500 LBS)
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161

ITEM &
MASS
(LB)

Thrust. Frame
(6160 L8S)

Gimbal Assy
(6160 LBS)

Computer
(100 LBS)

Communic
(100 LBS)

Standoff Str
(10,000 LBS)

Argon Tks
(40,000 LBS)

LD, Tks
(16,000 LBS)

LH, Tks
(18,000 L8S)

Tank Insul.

Prop. Sys.
(10,000 LBS)

Chem. Thr.
(1000 LBS)

TCS/RAD
(8680 LBS)

Pwr. Distr.
(41,830 LBS)

32

32

32

32

32

32

16
32

96

384

160

SLOPE
.85

.85

.85

.85

.85

.85

.85

.90
.85

.85

.85

.85

PCM
UNIT
cosT
2,069
11,876
2,448
1.718
3,117
6,801
3,106

2,078

1,083
1,443

74

4,027

1,492

TABLE 14 (Continued)

FULLY MATURE MATURE
PCM LEARNED INDUSTRY INDUSTRY
TFU UNIT TOTAL @ ) SPS/YR @ 4 SPS/YR $/K6
(_1_015) (8 0TS)
410 13,104 23,170 11,585 $260
2,351 75,235 133,000 66,500 $1487
484 15,508 27,415 13,707 18,000
340 10,883 19,240 9,620 13,000
617 19,746 34,907 17,454 240
o
1,346 43,085 76,164 38,082 lalgé
615 19,677 34,784 17,392 149 &
a1 13,164 23,20 4],636 160
378 6,063 15,159 71.580 2
285 9,141 16,160 16,160 m
14 1,406 1,435 1,435
797 306,138 156,225 78,113 103
295 47,260 37,362 37,362 12



Table 15 Parametric Cost Model Output for Orbit Transfer Sys tem

NO NAME SUB ELEMENT METHON SOUR= BLEND SUPT OTS MOD MOD NUMBER LRN
70 CES FACTORS FROM X % CMPLX %
1 TOTAL PROGRAM 0 DDTLE SUBS 0 0.00 0 (] 0 0.0
0 OPCODE= 0
UNIT suBs 0 0.00 0 0 0
OPCODE* O ’
2 PROG INTEG & MGMT 1 DDTLE FACTOR 3’ 0.06 ] 0 0 0.0
0 oPCODE= 2
UNIT FACTOR 3 Q.06 0 0 0
OPCODE= 2
0TS INSTL DDTLE SUBS 0 0.00 0.0
- 0 OPCODE» 0O
8 UNIT SuBS 0 0.00
OPCODE» O :
FLT SYS D&D DDTLE suns 0. 0.00 0.0
(] OPCOVDE= ©
UNIT Su3s 0 0.00
0PCODE* O
SUSTAINING DDTLE FAC UM 6. 0.05 0.0
0 QPCODE= 3
UNIT K/A 0 0.00
OPCODE= &
SE & I DDTLE CERm 4 0.00 0.0
o OPCODE* 12 32 0.00
UNIT HN/A 0 0.00
oPCODE= 8

cosT
(000)

1,430,783
1,479,087

60,533
79,610

1,390,249
1,399,476

211,482
1,217,131

42,401
0

17,141

9-9L82Z0814
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NO NAME

7 FLT S$’S DDLY
]

8 SYSTEM TESY
0

- 9 SYS TESY LOR
0

€6

10 GR TEST HDKE
0

11 FLT TEST HDWE
0

12 SOFTHARE ENGR
4

Table 15 (continued)

SUB ELEMENY METHOD SOUR- BLEND SUPT OTS MOD MOD NUMBER LRN

70 CES FACTORS FROM X X CHPLX

0 DDYLE FACTOR % 1.00 0 0 0
OPCODEe 2 é 1.00
9 1.00
UNITY N/A 0 0.00 0
OPCODE= 8
3 DDTLE SUBS 0 0.00 0 - 0 ]
OPCODE= 0
UNIT  H7A 0 0.00 []
QPCODE 8 )
8 DDTLE CERm 4 0.00 0, 0 0
OPCODEs 12 34 0.00
UNIT HN/A 0 0.00 0
OPCODE= 8
8 ODTZE FAC UN 4 0.30 0 0 0
OPCODE= 3 )
UNTT  HsA 0 0.00 0
OPCODE= 8
8 DDTLE FAC UN [ 0.30 0 0 0
QOPCODE~ 3
UHIT MN/a 0 0.0C 0
QPCODE" 8
3 DDTLE CERm 7 0.00 0 0 0
OPCODE= 12 37 0.00
URIT /A /] 0.00 0

OPCONDE= &

cosTY
(000)

905,433
0

154,303
0

365,139
0

365,139
1

94,321

9-9.877-0810
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Table 15 (continued)

NAME SUBR ELEMENT METHOD $0UR~ BLEND SurY ofs MOD MOD  HUMBER LM cOSTY
T0 CES FACTO2S FRZM X X CHPLY % (000)
G3E 3 DDTAE FACTOPR & 0.19 0 [} [} 0.0 2%,726
-] DPCOCDE 2
UNIT FaArTIOR L3 %2.10 0 1 100 21,061
OPLODEs 2
TOZLING 3 DDTLE fFarTOR 4 0.28% 0 ] 0 0.0 21,862
o UPCOLEs 2
UNIT Hza 0 0.00 1] 0 0 ]
OPCNDEe 8
ASSY & C/0Q 3 DOTLE H/a 0 0.00 0 0 - 9.0 . 0
/] CPLODEs B
UNIT fsaC UM 4 0.07 4 0 0 21,284
OPCOCEs 3
THPUSTER PAMEL & DDTLE 5uUBS L] 0.0 /] 0 0 0.0 73,114
] GHLOUE. O
UHlYT  yps 0 0.00 0 26 g4 70,031

OFLOLE=. @
AGGPREGATED VALUES 1,003,973

PANEL STRUCT 16 DDTLE CeR 1 1.00 30 0 0 0.0 1,572
19640 LBs oPLOUE.
UNIT TER &4 1.00 45 1 160 (13}

QpPrLobec= 1

THRUSTERS 14 DODTLE CtP 21 1.00 31 0 0 0.0 8,321
110 LBS3 neLOodeEs 1}
uKltr cie 66 0.25 45 140 84 “09
OPLOLE= ]

AGGPEGATED VALUES 23,22%

99.803081Q



NO NAME

19 PROCESSORS
18230 LES

20 SHITCHGEAR
660 LBS

§61

21 INTERRUPTER
50 LS

22 INTERRUPTER

2 LBS
23 CABLING

1500 LBS
264 1HSTRUM

2c3 L8s

Table 15 (continued)
SUB ELEMENT METHOD SOUR-

To

1

16

is

1¢

1eé

1é

ODTLE CEn
CPCODEs
UNIT CeER
OPCODE»

DOTLE CER
OPCODESs
UNIT CEnr
OPCODEw

DDTSE CER
QPCODE.
UNIT CER
OPCODE=

DDTLE CER
OPCODE~
URIT CER
OPCODE~

DDTLE CER
OPCODE»

- UHIT  CER

OPCODE =

DDTLE CER
OPCODE™
UNIT CER
OQPCODE=

CES FACTORS FROM X

52

14
ss

14
59

14

59

13
58

15

60

‘

BLEND SUPYT OTS MOD NMOD NUMBENR LRN
X cnrLx

1.00
0.5¢0

1.00
1.00

1.00
1.00

1.00
1.00

29
4s

30
43

L] 3

30
L1

29
45

30

“s

z 84
AGGREGATED vALUES

5.0

10 23s

AGGREGATED vaALUES

0.0

140 24
AGGREGATED VALUES

160 84
AGGREGATED VALUES

1 100

1 100

cosY
(G00)

48,492
6,132
11,393

2,648
2,120
15,097

428
246

13,077

32
16
97

3,804
3,494

3,218
b1 2]

9-9.877-081Q

00d 30
TVNIDINO
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961

Table 15 (continued)

. .
NAME SUB ELEMENY METHOD SOUR= BLEND SUPT DTS MOD MOD NUMBER LN cosT
1O CES FACTORS FROM X% % CMPLX % (000}
PROP SYS$S 16 DDTRE CER 40 1.00 30 0 0 0.0 4,35%
1%00 LBS OPCODE~ 1
UNIT CER 74 1.00 &% 1 100 391
OPCODE= 1} .
THRUSTER FRAME 4 DDTLE CER 1 1.00 29 0 0 0.0 5,216
6160 (§:1 .OPCODEs )
UNIT CER Y] 1.00 &8 & 8¢ 2,049
OPCODEs )
' AGGREGATED VALUES 6,932
[ ]
GIMBAL ASSY 4 DDTLE CER 2 0.7% 30 0 0 0.0 ©6,039
6160 Les QPCODE= 1 6 0.28%
UNIT CER 47 0.75 &S 4 864 11,876
OPCODE= } 51 0.25
. AGGREGATED VALUES L 39,782
COMPUTER & DDTLE CER 19 1.00 30 0 30 5.0 12,616
100 LBS OPCODE~
UNIT CER 64 1.00 &5 4 84 2,448
OPCODE= ) , .
. AGGREGATED VALUES 8,200
COMMUNIC 4 DDTLE CER 16 1.00 30 0 50 5.0 7,328
150 LBS OPCODE= 1
UNIT ceg 61 1.00 &S 4 84 1,718
CPCODE= 1}
AGGREGATED VALUES 8,754
STANDOFF STR % DDTLE CER 1 1.00 29 0 SO 5.0 6,279
12200 LBS OPCODEs 1 .
UKIT CER %6 1.00 45 4 8¢ 3,117

OPCODE= 1
AGGREGATED VALUES 10,4643

99.870810



NO NAME

31 APGOMN TANKS
40000 L3S

32 L02 TANXS
14000 Les

iol

33 LH2 TANKS
16000 L3S

36 TANX INSUL
22300 SQ FY

35 PROPELLANT SYS
12380 L83

34 ~HZIM THOUST
1273 LBF

Table 15

70

8 DDTSE CER
OPCODE

UNIT CER
0PCOLC»

6 DDTLE CER
CPCODEs

UMNIT CER
OPCODE=

& DDTLE CeR
OPCODE=

UNIT CER
OPCODE~

4 DDTLE CER
OPCODE~

UMIT CER
OPCOLE=

4 DDTLE CER
OPCIDE=

UNIT CeR
GPLOLEs

4 DDTLE CER
nPenLes
DR o

(continued)

SUB ELEMENT METHCD S0UR-
CES FATTORS FROM X

81
82

81
L2

a1

82

$3

“0
76

62

72

BLEND SUPY 0TS MOD

1.00
1.00

1.00
1.00

29

(3]

2
4«5

29
43

30
63

30
L}

3l

65

%

MOD MNUMBER L2M
CHPLX X

4 84
AGGREGATED VALUES

. 84
AGGREGATED VALUES

4 846

AGGREGATED VALUES

16 84
AGGREGATED VALUES

4 24

AGGREGATED VALUES

lz &7

cosr
(000)

21,0583
¢.801
22,783

9,184
3,106
10,406

6,004
2,078

6,%2

5,453
106
1,083

12,8521
1,643

4,834

11,654

74

ot

10 Moy
VN

Ay,
S Hdhwy

*9L8TI081Q



Table 15 (continued )

NO NAME SUB ELEMENT METHOD SQUR- BLEND SUPT OTS MOD MOD NUMBER LRN cos?t
70 CES FACTORS FROM X % CMPLX x (000>
37 TCS/PADIATORS & DDTLE CER 9 1.00 29 o 75 3.0 12,403
8620 LBS OPCODE~ 1 .
UNIT CER 56 0.50 4= 48 84 %,027
QPCODE» 1
AGGREGATED YALUVES 99,562
38 POKER DISTR &4 DDTLE CER 1 0.10 29 e o0 0.0 3,677
631830 LBS QPCODE= 1
UNIT CER 46 0.10 45 20 84 1,492
OPCODEs 1
_ AGGREGATED VALVES "18,%13
<
o

9-9(8TC-081Q



D180-22876-6
TABLE 16

CREW ROTATION/RESUPPLY

Launches Per Year

LED Const. GEO Const
P/N T/E P/V TZE
Shuttle Growth
(Crew to LEO) 28 “u 28
HLLV-Supplies 4 6 4
HLLV-Tanker g S )

otV 4 4 12

199



D180-228766
TABLE 17

GROWTH CALCULATIONS

Growth is Applied to:

sPS

Construction/Space Support

Space Transportation

Pro Rata Share of Interest During Construction

1 SPS/Yr 4 SPS/Yr

LEO GEO LEO GEO

SPS 7442 7190 5587 5378
Constr/Space Sup 1109 1126 1109 1126
Space Trans 6445 9780 4188 6522
Pro Rata IDC 1437 14 842 651
Subtotal 16433 19210 11726 13677
Mass Growth 26.6% 26.6% 10% 10%
Cost Growth Equiv. 21% 212 8% 8%
Cost Growth Amount 3450 4034 938 1094

200



107

RFP

REF

a)

b)

¢)

d)

e)

f)

9)

h)

i)

3)

T0TAL €

TEM

Trarsportation Requirements
{Includes Crew)

Construction Requirements

SPS Design Requirements

Degradation Potential

Launch Site Differential Effects

Startup

Operations Consiuerations

Coltlision

Cost Gifferentials

Orbit Transfer Complexity

G537 DIFFERENTIALS

TABLE 18 LEO/GEO DIFFERENCES

DELTA COST IN MILLIONS
PER $PS (GEO - LEO)

RECURRING
RATIONAL E {4 sPs/YR)
o HLLY Launch Rate, 1400/Yr VS 3064/Yr P 4 Yr Net = 2,343
35Q/Ve VS 766/Ye @ 1/¥r
o See Also Tadble !
o See Tables 1,7,8,9,10,11 for Facility Delta Costs 24
0 Stationkeeping Propellant 800 Kg/day - 292 Tons/¥r -9
o Crew Support 9
o Oversizing for Radiation Degradation -139
o Delta Structural Mass - 854 Tons for GEO (See Table 4, Sheet 2} «70
0 Satellite Mods. for OTS Included in OTS Costs
o Included in SPS Design Requirements
(Oversizing Compensates for Oulput and Mismatch loss)
o MHigher Launch Rate for GEO (See (a)
o Orbit Transfer Hardware Elements included in OTS Cost
o Delta Interest During Construction -303
o Can't Reuse Packaging Materials and Pallets for GEO (Not Quantified)
o No Difference In Numbers of Vehicles in Flight., More Complex =10
Monitoring for O1S.

o Docking Equipment Included in 6E0 Facility for LEO Construction
o fstimated Collision Avoidance Propellent 32 Tons/Yr -1
o Object Monitoring Cost -5
o Other Factors Itemized in This Table
o Delta Growth (Factor on Delta Cost) 156
0 Hardware/Software Costs Reflected as OTS Costs -
0 Software Preliminary Design Incorporated In Existing Simulations

1,998

INIT LA WON-
RECURRING

~1,431 {01S)
2,223 (Fleet
Invoice)

$30

-17%

1.715 Lonch
Facility
Costs

9L9LTMId

SI 39Vd TVNIOINO

ALI'TVAD ¥00d 4O

2,512



D180-22876-6

3.3 REFERENCE THERMAL ENGINE

Cost Data Package

Table 19 provides a cost summary and references the backup substantiation material. Tables 20
through 27,

202



£00

wes
WIFIER

1,00
1.01.00

“w

L T XY

e Rt

Yt and tal

02

.ol
.02

N
2.0

[TEM
HUMBER SOURCES AND REFERENCES
Solar Fower Satelifte Mature Industry Estimate, Table 20
Kultiple /Conmon PCR flun, Table 21
and Pikg'g .
o General 2ctreic Tursine, Generator, 5 Pump

Ernegy Tnilection

Energy fonveesion
Power Distritution
Microwav: Power Transmission

Ground Receliving Station

Construction § Space Support

Consiruction Base
{Faistity Writedown)

Spaw Lupport
Gtaging Base
Lrew Suppart

Othor OPS Support

Space Transportation

Eartn - Leo
Freignt
Crew

LEG - GED
freight

Crens

Interest During Construction

Growth

Cost [stimates
Structural Mfr, fstimate, 9th MPR

Varian Analysis of Klystron Production

[

[

6 MPIS Error Analysis

0 5PS Mass Estimote, Table 22

{Same as Photovoltaic)

Writedown Summary, Table 23

Facility Masy & Cost Estimates Tables 24 and 25

{Same as P/}
o Crew Support AOM Estimates, Table 12

0 f-ew Pequirements from Construction Analyses

(Part 1 vol. II! and Part 11 Yol. IV}

¢ Mumbers of Flights and Costs
Summary, Table 26

¢ Other References Same as Photoveltaic

Table 27

%QII?TTJ'?Qi 1y

1.y

0T 30

TOTALS

TABLE 19 CAPITAL COST SUMMARY-THERMAL ENGINE SPS (RANKINE)
DOLLARS [N MILLIONS

1. 5ps/ve
Le0

{ 7,987}
1,196
374

3,365
6
2,676

{ 4,446)

{ 1.716)
97y

N/A

745

16
{ 7.405)

3,900
528
181

2,816

{700 Days)
{ 2,068)

{ 2,986}

. 4 SPS/YR
GED 1t0 T
CONSTRUCTION CONSTRUCTION CONSTRUCTION COMSTRUCTION
{ 7,987) { 5.284) { 5.284)
1,196 846 £46
374 174 274
3,365 1,890 1.8%0
376 222 222
2,676 1,952 1,952
{ 4.448) { 4,000) { 4,000}
{ 1,768} { 1,716} { 1,768)
1.010 mn 100 ¥
/A %
758 745 758
16
(11,182) { 4,678) { 7.215)
3,270 2.527 2.095
528 220 220
533 141 3157
6,851 1,790 4,603
{450 Days) {566 Days) {366 Days)
{ 1,563] {1,21%) {  916)
{ 3,889) {7155} { 901}
30,435 7,648 20,146

26,588



ITEM 3
MASS
(L8)

T/E SPS
Other
Mult/Com

Prim. Struc 200
(8537 LBS)

Att. Control

Thrusters 5120
(110 LBS)

'§ Processors 96
(12,000 LB3)
Structure 32
(10,000 LB)

Tanks 64
(1130 L8)

Instrum 32
(1000 LBS)

Central Compute 3
(700 LBS)

Communic 3
(2000 L8BS)
Ant. Yoke 2

{258,000 LBS)

|

.85

.85

IBS

.85

.85

1.0

1.0

.85

TABLE 20

MATURE TMOUSTRY ESTIMATE. THERMAL ENGINE SPS

PCM
UNIT
cosT

2,727

1,328
6,248
7,505
1,040
3,752
12,430
24,576

163,474

FULLY MATURE MATURE
PCM LEARNED INDUSTRY INDUSTRY
(3] UNIT  TOTAL @1 SPS/yr € 4 SPS/YR $/KG
adllulbd R diladll
252.913 159.139
203,993 540 107,974 76,340 46,744 98
451,852 229,925
1,198,036 263 1,346,084 188,121 94,060 $736
-
264,920 1237 118,745 121,194 £0,597 231 g
135,001 1485 47,545 84,048 42,024 5719 §
32,178 205 13,77 16,471 8,235 502
67,500 743 23,769 42,018 21,009 2,895
37,291 -- -- 37,291 37,291 s
73,729 13,729 73,729 o
302,857 302,857 02,857 1,294 5

1 30vd

g
~

"IVNISTRQ



-
L3

s0

ITEM &
MASS
(L8}

-

Enerqy
Coll

Concent

Structure 1600
{8537 LBS)

Farets
{35 Its)

116,000

Energy
Conversion

Cavity 16
{137,779 1bs)

Boiler 576
{12,615 Lb)

CPC/Door 16
(20,250 1bs)

Turbines 576
{52,646 1b)

Generators 576
{3600 1bs)

Purgs 576
{376€ b}

Radiator
Manifold 32
(8567 Lb)

.85

.85

.88

.85

.85

.85

.85

2g

7

&

2727

25,079

26,669

23,199

6,397

3,150

2,094

TABLE 20 (Continued)

FALLY MATURE MATURE
PeH LEARNED INDUSTRY INOUSTRY
TFu oIt TOTAL 01 SPS/YR 0 4 SPS/YR $/x6
(1 wPTS) (2 w1s)
374 456 374,456
374,456 374,456
119,349 540 863,792 310,000 316,000 50
8.7 1,000,450 64,456 64,456 3
3,365,444 1,899,974
3,365,444 1.89.9714 o
297,547 297,547 297,547 298 g
4964 2,859,808 1,191,587 595,793 %1 §
277,00 5279 84,475 211,188 105,594 1436
4592 2,645,428 1,102,262 55,130 80.1
1266 729,463 303,942 151,971 12)
€26 359,200 145,667 74,833 152
109,251 526
M5 13,265 23,450 ?{‘.725 188



ITEM &
MASS
(LB)

H. P. Panels
(98 LB)

Potascium
(13.36E6LB)

Power Distr.

Switchoear
{1320 L8)

Busses
(150,000 LB)

Rotary Joint
{57,000 LB)

L4

jam

192960

364

SLOPE
.85

.85

.85

PCM
UNIT
cos?

59

3787
4392

36,353

TABLE 20 {Continued)

FULLY MATURE MATURE
PCM  LEARKED INDUSTRY INDUSTRY
TFU  UNIT  TOTAL @ 1 SPS/YR 4 SPS/MR $/K6
(1 mp1S) (2 wTs)
11.7 2,253,242 85,80) 85,801 10
25,880 25,880 s
376,276 221,812
149,414 749 272,898 143,03 71,519 655
521,153 869 316,495 165,889 82,944 &
g
67,349 67,349 1302



3,14

NANE

1 TOTAL PROGRAN
o

2 PROG INTEG L MENT

3 TE SPS
[

4 F\T SYS DAD
0

S SUSTAINING

¢ SE & 1

DDTAE SUNS
OPCODEs O

UNIT suns
OPCODE= " 0

DDYSE FACTOR
OPCODE~> 2
UNIT FACTOR
QPCODE= 2

DDTAE sups
OPCODE= O

UNIT &UBS
OPCODE= O

DOTAE SuUBS
OPCODEs O

UNIT 5ups
OPCODE= ©

DDTAE FAC UN
OPCODEs 3

UNIT N/A
OPCODE= &

DDTLE CERm
OPLODEs 12

UNIT N/A
OPCODEs 8

SUB ELENENT METHOD SOUR-
T0 CES FACTORS FRON X

Table 21 Parametric Cost Model Output for Thermal Engine SPS

BLEND SUPT OTS ROD lﬁb wunsaR Llﬂ

0.08
0.04

¢.00
¢.00

0.00
8.00

N CcnrLx

s 0.0

e @
o o0

s 0
0 0.2

8 ¢
¢ o.0

g 0
o 0.0

e 0
e 0.0

L I

cosyY
(eo0)

$:277,1%9
24,004,164

4,913
1,292,617

90,249
22,711,836

1,189,597
19,781,440

488,434
0

84,25
0

40
NIOTHO

J004

RLFTVOD
1 39Vd TV



TABLE 21 (continued)

NO NANE SUD ELENENY NETNGD SOUR- BLEND SUPT OTS WOD MWOD NUMBER LRN COSY
10 CES FACTORS FRON X X CHPLX x t000)
7 FLT SYS DOLY 0 DDTAE FACTOR & 1.00 0 0 0 0.0 °
) oPCODE. 2 ¢ 1.09
’ 1.00
UNIT N/A 0 0.00 0 L °
OPCODE= 8
8 SYSTER TESTY 3 DDYLE SUBS ° 000 0 @ o 0.0 " 2,818,267
) OPCODEs ©
CUNIT N/A ‘0 0.00 o0 °o o .
oPCODEs 8 ‘
9 SYS TEST LBR 8 DDYAE CERw . 0.00 0 0 0 0.0 1,420,239
- 0 OPCODEs 12 34 0.00
S UNIT N/A ° 0.00 O °o o )
OPCODEs 8
10 GR TEST MONE ® DOTAE FACUN 4° 9.01 © © O 6.0 197,514
° OPCODEs 3 .
UNIT  N/A ° 0.00 o0 o o 0
oPCQOEs 8
11 FLT TEST WOWE @ DOTRE FACUN  ¢° 9.01 ©0 O ¢ 0.0 197,514
] OPCODE» 3
UNIT N/A ° 0.00 0 o o 0
OPCODEs 8
12 SOFTHARE ENGR 3 DDTLE CERw 7 0.00 0 o0 ¢ 0.0 566,673
0 OPCODE= 12 37 0.00 .
UNIT N/A o 0.00 0 o o 0

OPCODE= 8



TABLE 21 (contirued)

] NARE SUS ILENENTY NETWOD SOUR- BLEND SUPT OFS NOS ROD ' WUNBER (AN cosY
10 CES FACTONS FRON 3 % CnrLx (008)

13 &3¢ 3 DOBTLE FACTOR 4 .10 (] [ ] 0 .0 168,343
[ ] GPLODEs 2

UNIT FACTON ) 9.1 (] 1 1900 1,678,739
OPLOOLE= 2

1% YOOLING 3 DBILE FaCTOP 3 .25 [ ] [ ] ] 8.0 27,888
s OPLODEs 2

UNITY m/a ] s.00 [ ] ] ] ]
DPCOLE~ &

1S ASSY 3 £/0 3 DDTIE wnsa [ ] .80 ] ) [ ] .. .
] CrLOoLEs B

o UNIT Fal UMW 3 e.07 ] ] [ ] 1,481,398
GreoLes 3

16 mULT/7CONMOMN & DDTLE SuBS ] s.00 [ ] [ ¢ 9.9 . 311,413

] CPLOLEs @ .

UmIT  SUB% 0 9.80 | J ] [ ) 2,812,849
UPCOLEs B

17 resm STRUC 16 DITLE CEt 1 1.0 39 [ [ ] s.8 7,963
2527 Les oPCOLEs 1

Uit cee &4 1.80 &S 200 o4 2,727
OPLOLE 1

AGCGREBATED VALUES 203,993

12 ATY CONTRGL 16 DLTLE %uds ] 5.00 ] ’ [ ] .0 r1.887
] nrLLLEs 0

UMt Su%s ] .00 | ] ] 1,897,632

wELLUEs 0

ER]
i

a0 Ny
¥d VNt

*

8 3b



TABLE 21 (continued)

NOD MARE SUD ELEMENT METHOD SOUR- BLEND SUPY OTS KOD MOD NUNBER LRN cosT
70 CES FACTORS FROM X X CHPLX x (oo
19 THRUSTERS 18 DDTLE CER 21 1.00 3 ] 0 0.0 8,32
110 i8S . OPCODE= 1
UNMIT CER L 1 1.00 43 5120 &4 1,328
OPCODE= 1

AGGREGATED VALUES 3,198,036

20 rrocEssons 18 DDTLE CER 14 1.00 31 % 350 3.0 35,627
12000 Lss OPCODE~ 3 .
UNIT CER L1 0.20 &3 9% o6 6,268
OPCODE~ 1
ASGRESATED VALUES 264,920
et .
oll STRUCTURE 18 DDTLE CEnr 2 1.00 30 ] 0 6.0 30,967
- 10000 Les OPCODEs 1
UNIT CER 47 1.00 45 32 86 7,505
OPCODE= 1 : . *
AGGRESATED VALUES 133,00}
2T TANKS ’ 18 DDTAE CER 2 1.00 30 L 0 0.0 4,71
1130 Les OPCODE» )
UNIT CER 47 1.00 &S % 88 1,040
OPCODE~> 1 '
AGGREGATED VALUES 32,174
23 INSTRUNM 18 DDTLE CEX 13 1.00 31 o 9 ¢.0 13,999
1000 LBS OPCODE~ 12
UNIT CEnm 60 1.00 4S5 32 86 3,752
OPCODE= 1
AGCREGATED VALUES 47,300
24 CENTRAL COMPUTE 16 DDTLE CER 19 1.00 31 0 ) 0.0 5,701
700 Les OPCODEs 1
UNIT CER (17 1.00 458 3 100 12,430

0OrCRSEs 1

99.822081Q



2¢

27

1§14

29

30

NAME

CONMUNIC
2000 L3S

PON GEN NOD
0

CONCENTRATOR

]
STRUCTURE

8537 Les
FACETS

35 LBs
CAVITY
137779 Les

TABLE 21 (continued)
sg: ELEMENT METHOD S

¢

7

27

DDTRE CER
OPCODEw

UNIT CER
OPCODE~ *

ODYRE SUBS
OPCODE=
UN1T SuBss
QPCODE=

DDTLE suss
OPCODE~
UNIT suss
OPCODE=

DDTLE CER
OPCODDE=
UNIT CER
OPCODE»

DOTLE CER
QPCODE~
UNIT CER
OPCODE=

DDTLE CER
OPCODE=
UHIT CER
oPCOLE =

OUR~
CES PACTORS FROM X

1é

6l

44

47

“é

BLEND SUPT OTS MDD

1.00
1.00

0.00
.00
.

1.00
1.00

1.00
1.00

31
45

3
43

30
43

30
45

PLX

ASGREGATED VALUES

0.0

ASGREOGATED VALUES

3.0

AGORESATED VALUES

AGGREGATED VALUES

[

MOD NUMBER LRN
(-]

3100

16 &4

100 8¢

7250 064

1 100

COST
too0)

116,460
24,876
73,729

462,406
1,875,999
16,372,154

5,00
171,891

4,019
2,727
119,349

72
44
52,501

71,029
28,642

-PLSTTORIA



31

w LIT

3

3

3¢

NANE

BOILER

12613 LBS
crcrpoor

20250 Les
TURBINES

52664 LS
GENERATORS

9600 Les
PUKPS

3768 L3S
RADIATOR

(]

TABLE 21 (continued)
SUB ELEMENT METHOD SOURe

70

DDTLE CER
oPCODE.
UNIT CER
OPCODE=

DDTLE CER
OPCODE~
UNIT CER
OPCODE=

DDTIE CER
OPCODEe.
UNIT CER
OPCODE=

DDTLE CER
OPCODE=
UNIT CER
OPCODE>

DDTRE CER
OPCODE~
UNIT CER
OPCODE=

DDTLE 5SUBS
OPCODE-
UNIT SuBS
OPCODE»

CES PACTORS FROM X

47

47

BLEND SUPT OTS MOD MOD MUMBER LIN

2.00
2.00

1.00
.1.00

1.00
1.00

1.00
1.00

30
43

30
43

2y’

43

2

453

29
43

%X CHPLX

36 88
AGOREGATED VALURS

1100

36 08¢
ASGREGATED VALURS

36 8¢
AGGREGATED VALUES

3¢ 0
ABGREGATED VALUES

3¢ 08
AGGREGATED VALUES

cosY
to00)

v4,778
25,079
" 494,866

100,334
26,6469

110,526

23,19 .

487,744

29,480
6,397
126,228

14,272
3,150
62,163

16,094
10,534
207,002

.
‘q.
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TABLE 21 (continued)

NANE SUS ELEMENT NETHOD SOUR- BLEND SUPT OTS MOD NOD WUNSER LRN cosT
10 CES FACTORS FROM X X EMPLX % €000)
MANIFOLDS 36 DDT3E CER «0 2.00 29 0 ¢ 0.0 15,887
8587 L3S orcopee 1
UNIT ceR 7% 2.00 o3 2 8 2,096
oPCODEs 1
AGGREGATED VALUES 3,880
M. P. PANELS 3¢ DDTLE CER .0 1.08 29 ¢ 0 0.0 1,037
8 LBS OPCODE~ 1 ) :
UNIT cER 76 1.00 43 338 &6 sy
OPCODE= ]
: AGGREGATED VALUES 6,654
POMER DISTR ¢ DDTSE suss ] 0.0 © © 0 o.¢0 145,336
-0 oPCODEs 9 :
UNIT sSuBs 0 0.00 o o © 1,037,91¢
OPCODE~ O o
SHITCHGEAR 39 DDTLE ceR 16 1.00 30 0 0 0.0 5,947
1320 LBS OPCODEs 1
UNT CER 59 1.00 &S 366 86 3,787
OPCODE= 1
ABGREGATED VALUES 469,416
BUSSES 39 DDTIE CER 1 0.10 2% 0 ] 0.0 11,651
1530¢0 LBS OPCODEs 1
UNIT cem 73 0.10 &S 366 8¢ 4,392
OPCODE= 1
AGGREGATED VALUES 521,153
ROTARY JOINT 39 DDTLE CER 2 1.06 29 0 ‘0 0.0 127,738
57200 LBS GPCODEe 1}
uniT cce “7 1.00 &5 2 e 36,383

e

Tivad vood 30
S9L8TT-081Q

Q1 A9vd TTVNIDINO
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TABLE 21 (continued)
sul ELEMENT METHOD SOUR-

DDTLE CER
OPCODEe
UNIT cCEeR

OPCODE=

DDTLE N/A
OPCODE-
UNIT CER
OPCODE=

47
50

46

BLEND SUPT OTS NOD NOD NUNBER Llu
CES PFACTORS FROM X% X CHPLX

.90
0.10
"0.90
0.10

0.00
0.01

s "2 ee
AGGREGATED VALUES

o 1100

cosY
(000)

240,243
163,474
302,887

0
25,800

SLSTT001Q



1.0.

1.01.

1.01.00.00

1.0
1.0
1.0

1.01.

1.00
1.00
1.01
1.01
1.0

1.0
1.01
1.01

1.0
1.0
1.0

1.01.

.00.01
.00.02
.00.03
00.04
.0

.01.00
0.0
.02

.02.00

.02.00
.02.02
.02.03

.02.04
.02.05
.03

D130-228766

TABLE 22

THERMAL ENGINE MASS STATEMENT

SPS

Mult/Common Use Equ
Primary Structure
Satellite Control
Com and Data

Mech Sys. and Other
Antenna Yoke

Energy Collection
Support Structure
Facets

Energy Conversion:
Support Str

CPC and Light Doors
Cavity Absorber
Thermal Engines

Boilers
Turbines
Generators and C
Pumps

Radiators

Fluids

Power Distr.

MPTS

ipment

oolers

215

3,120
2,662

174
1,450

324
1,000
21,933

3,296
13,755
3,648
1,234

10,769
6,058
4,978

24,385

Values are Thousands of Metric Tons

(included in
primary structure)



TABLE 23

D180-22876-6

CONSTRUCTION BASC WRITEDOWN SUMMARY
THERMAL ENGINE SPS

LEQO CONSTRUCTION

ITEM

LEQO BASE

Facility
Facility Wrap
Equipment
Equipment Wrap

GEO BASE
Facility
Facility Wrap

Equipment
Equipment Wrap

LEQ BASE TRANSPORT

GEQ BASE TRANSPORT

CoST
(MILLIONS)

4,670
2,185
2,93C
1,370

250
115

995

207

AMORTIZED OVER

25 Years
25 Years
8 Years
8 Years

25 Years
25 Years
8 Years
8 Years

15 Years

15 Years

COST/SPS
(MILLIONS)

187

87
366
m

24
n
N
14

66
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TABLE 24

T/E CONSTRUCTION BASE COST SUMMARY
FIRST SET
(Dollars in Millions)

LEO BASE
FACILITY 4,670
CONSTRUCTION & SUPPORT EQUIPMENT 2,930
WRAP-ARQUND 3,555
GEQ BASE
FACILITY 600
CONSTRUCTION & SUPPORT EQUIPMENT 250
WRAP-ARQUND 395

17

(11,155)

( 1,245)

($12,400M)
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TABLE 24 (continued)

TFU COST SUNMARY
T/E LEO CONSTRUCTION BASE s10°
FACILITY ( 4.670)
FOUNDATION 400
CREW MODULES 3,600
CARGO HANDLING/DISTRIBU™ W a7
BASE SUBSYSTLNS 200

MAINTENANCE PROVISIONS -

CONSTRUCTION AND SUPPORT EQUIPMENT ( 2,920)

STRUCTURE ASSEMBLY 1,420

ENERGY COLLECTION 280

ENERGY CONVERSION 250

POWER DISTRIBUTION 19

SUBARRAY INSTALLATION 90

CRANES/MANIPULATORS 600

INDEXERS 90
BASIC HARDMARE 7,590
SPARES (152) 1,135
INSTALLATION, ASSEMBLY C/0 (16%) 1,210
SERI (72) 530
PROJECT MANAGEMENT (2%) 150
SYSTEMS TEST (3%) 225
GSE (4%) 305
TOTAL $11,145 M

218
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TABLE 25
T/E CONSTRUCTION BASE MASS SUMMARY

(10%kg)
LEO CONSTRUCTION BASE ( 8,960)
FACILITY 7,615
CONSTRUCTION AND SUPPORT EQUIPMENT 945
consumaBLes  [> 400
GEO FINAL ASSEMBLY BASE ( 8s0)
FACILITY 690
CONSTRUCTION AND SUPPORT EQUIPMENT 130
consumaBLes [T~ 30
TOTAL 9,810

> 90 Days
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Table 2§ (continued)
T/E MASS SUMMARY

LEO_CONSTRUCTION BASE

FACILITY

FOUNDAT ION

CREW MODULES

CARGO HANDL ING/DIOTRCK
BASE SUBSYSTEMS
MAINTENANCE PROVISION

CONSTRUCTION AND SUPPORT EQUIPMENT
STRUCTURE ASSEMBLY
ENERGY COLLECTION INSTALLATION
POWER DISTRIBUTIUN INSTALLATION
SUBARRAY INSTALLATION
CRANES/MANIPULATORS
INDEXERS

TOTAL DRY

CONSUMABLES (90 Days)

Y
L33

4,000
2,600
S15

100

75
70

240

107Kkg

(7.615)

( 945)

8,560

400

8,960
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Table 25 (continued)
T/E MASS SUMMARY

GEO FINAL ASSEMBLY BASE 3
107Kg

FACILITY ( 690)
FOUNDAT ION
CREW MODULES
CARGO HANDLING/OISTRIBUTATION
BASE SUBSYSTEMS
MAINTENANCE PROVISIONS

8 2 8 8

CONSTRUCTION & SUPPORT EQUIPMENT ( 130)
CRANES/MANIPULATORS 35
DOCKING CRANES 60
INDEXERS 35

HARDWARE TOTAL 820

AN



NUMBERS OF FLIGHTS AND COSTS SUMMARY

D180-228766

TABLE 26

HLLV COST/FLY = 67.56 X (ANNUAL RATE) -.2715

cost 4
e I

T/E HARDMARE

0 Mass is 80,170 Tons

0 HLLV Payload is 391 Tons
o 10% for Packaging

Expendable Shrouds

ORBIT TRANSFER SYSTEM
Same as P/V 35 Flights
(LEO)
OTV'S 225 Flights
dears Out 4.5 Vehicles
4.5 Flights (GEO)
PROPELLANT FOR QTS
Same as P/V
78 Flights LEO

PROPELLANT FOR OTV'S
Same Rationale as P/V
538 Flights (GEO)

0TV CARGO
(OTV Cost/Flight)
225 Flights (GEO)

CREW ROTATION AND RESUPPLY

Shuttle ($12M/F1t,
1 SPS/¥Yr

Advanced Shuttle ($5M/
Flight, 4 SPS/Yr)

44 Flights/SPS

1,074

{0)

222

49

5,902
(900)

528

2,126

401

330

737

(0)

220

1,694

401

4,05)
(518)

518

220
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Table 26 (continued)

COsT

7. (Continved)
HLLV - Supplies
7 Flights LEO 96 66 66 45
6 Flights GEO
HLLY - Tanker
S (LEO) 69 47
36 (GEO) 395 2N
0TV - 18 Flights GEO 72 41
4 Flights LEO 16 28
0TS Hardware (1,260) ( 723)
(Refer to P/V)
TOTAL HLLV FLIGHTS 350 809 1,400 3,236
DOLLAR/FLIGHT 13.77 10.97 9.45 7.53
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TABLE 27
GROWTH CALCULATIONS

Growth is Applied to:

SPS

Construction/Space Support

Space Transportation

Pro Rata Share of Interest
During Construction

1 SPS/YR
LEO GED
SPS 7,987 7,987
Construction/Space Support Y.716 1,768
Space Transportation 7,425 11,182
Pro Rata IDC 1,642 1,289
SUBTOTAL 18,770 22,226
Mass Growth 20% 202

Cost Growth Equiv.
Cost Growth Amount

15.7% 15.7%
2,946 3,489

*
LY
&

4 SPS/YR

LEQ 6EO
5,284 5,284
Y. 716 1,768
4,678 7.275
905 716
12,583 15,043
7.5% 7.5%
6% 5%
755 903



3.4 NONRECURRING COST

An estimate was made of the nonrecurring costs required to construct the first SPS. In order to

accomplish this estimate, it was necessary 10 invoke certain programmatic assumptions. These do

not represent conclusions or recommendations as to how an SPS program should be conducted.

There are of course many possible program aptions: no systematic analysis and comparison has been

conducted. The assumptions for nonrecurring cost were:

o  After a technology verification program. involving ground and flight programs but no new
space vehicles, development of the 10.000 megawatt SPS. and its associated systems begins.

o The production capacity initially developed is sized for a production rate of one SPS per year.

Table 34-1 presents the principal elements of the nonrecurring estimate. and the sources of data.

Table 34-1
Total Costs Through #1 SPS
{Photovoltaic System)
Cost
ltem {Billions) Source;Rationale

Technical Verification 30 Ground + Flight Verification Program summarized in

Volume 11 Dratt
Energy Conversion DDT&E 1.9 p. 121, this volume PCM DDT&E total
Power Transmission DDT&E 1.24 p. 127, this volume PCM DDT&E total
Power Receiver DDT&E 0.25 ROM estimate for diode dipole ‘filter assemblies and

field tests
SPS Freighter & Tanker Devei. 8.0 Part 1 Vol. 5. pp. 31,47, 50. Sum of DDT&E totals
Crew OTV 10 Part . Vol § with allowance tor crew cab
SPS Orbit Transter System 1.43 Vol. 6 Draft. p. 161, PCM DDT&E total
Construction Base 6.9 Based on JSC estimate
SPS Hardware Production 10.2 Solar Blankets 5.0
Facilities Klystrons 1.5

Structures 1.2

All Other 25
SPS Freighter Production 0.70 3x Boeing 747 Plant at Everett, Wash.
Launch Facilities at KSC 4.0 Extrapolation of Part I, Vol. 5. p. 149 to 500 flts‘yr
#1 CTonstruction Base 8.8 Vol. 6 Draft p. 145, plus transport cost



Table 3.4-1 (Continued)

Cost
ltem (Billions) Source/Rationale
Initial Fleet 74 10 boosters an 11 upper stages to support 500 flts/yr
#1 SPS 28.8 As follows:
Sum 83.62 t1} 1 SPS/yr without growth and

interest 19.442

{2) Deduct following amortizations:

Solar blanket plant .60
Structures plant 02
Klvstron plant A2
Rectenna factory .28
Constr. base 3%
Transp. fleet 1.500
{3) Results 16.306
(4) Add growth 2.894
(3) Result 19.200
{6) Add 50% for prototype factor: 28.800

2
[
[
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4.0 UNCERTAINTY ANALYSIS DATA PACKAGE

4.1 APPROACH AND SUMMARY

An important objective of the SPS systems study was to make the best possible estimates of uncer-
tainty in size, mass and costs, for the SPS systems characterized. The methodology employed was
newly developed for the study and included the principal steps indicated in Figure 4-1. The basis
for the uncertainty analyses was itemized estimates in the uncertainties of component performance.
masses, and cost. A typical example would be the uncertainty in solar cell efficiency and degrada-
tion. This is an example of the case where correlation exists between the two factors; i.e.. more
efficient cells tend to experience somewhat greater degradation because the greater efficiency tends
to be associated with greater thickness and experimental data indicate thicker cells d2grade more.
In developin, 1!.¢ statistics in size, mass and cost. these kinds of correlations were taken into
account through uve ¢f a bivariate nomal distribution probability model.

Also providing input data to the uncerta’nty analyses was a conventional mass property analyses for
the systems with estitnated uncertainties ir. ~uch factors as structural crippling criteria. solar cell
thickness, and turbomachinery unit masses. Additional uncertainties were developed in system
costs. such as uncertainty in solar czll cost per unit area and uncertainties in machinery costs. These
uncertainties were coupled with the cost analyses discussed later 10 prepare the cost statistics. Size
statistics and mass statistics were combined to develop a joint mass; size uncertainty estimate and
mass statistics and cost statistics were combined to generate combined cost/mass uncertainties. The
bivariate nomal distribution model was used to statistically combine the uncertainties. with recog-
nition of correlations between component uncertainties where significant correlations were deter-
mined to exist.

The uncertainty analysis. in addition to estimating uncertainties. produced the unexpected result of
predicting mass growth equivalent to that predicted by historical correlations. It had been believed
that mass growth was the result of unpredictable variables. e.g.. changes in program requirements.
The outcome of this uncertainty analysis suggests that growth is more predictable than formerly
believed and in fact results largely from the natural tendency 1o set point design parameters on the
optimistic side of the actual uncertainty range.

Figure 4-2 compares the statistically-derived result for the photovoltaic SPS with the worst-on-worst
and best-on-best results defined by combining all the most optimistic component uncertainties and
all the most pessimistic component performances. As increased detail is developed in this kind of
analysis. the worst-on-worst and best-on-best extremes will continue to become further apart. while
the statistical uncertainties wili tend to change little and will approach a representation of true
uncertainties. Significantly. the reference point design was outside the projected 3 sigma range for
mass and size. This resulted primarily because the efficiency chain ussigned to the reference design
was more optimistic than the most probable efficiency chain defined by the statistical analyses.
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Presented in Figure 4-3 is an uncertainty estimate for the thermal engine comparable to the previ-
ous one for the photovoltaic system. Because the technology of the thermal engine system is some-
whzt more mature. it would be expected to estimate somewhat less mass growth and that turned
out to be the case. An additional factor in the reduced mass growth projection is that a significant
part of the size escalation is associated with the size of the concentrator which is a low-mass compo-
nent of the thermal engine system.

With costs included in the uncertainty analyses, it is nccessary to discriminate between the 1 SPS
per year case and the 3 SPS per year case. As discussed under cost analyses, for the 4 SPS per year
case, an estimate was made that about 60% of the predicted mass growth could be removed by
product improvement. Similarly to the size and mass =stimates. the reference design trended
towards the optimistic side of the median of the cost uncertainties as shown in Figure 44, Conse-
quently. one sees first a cost escalation at the teference design point and then a fuither cost growth
associated with the mass growth projection. Note the very high correlation between cost and mass
uncertainties. This corresponds to the historikcal indications that cost growth is frequently asso-
ciated with mass g.owth. and especially with the compensation for (or removal of) mass growth in a
system when performance requirements dictate that mass growth be limited to predetermined
values.

The bottom line for an SPS system is its capability to produce power at an acceptable cost. The
result shown in Figure 4-3 represents the final result of the costing and uncertainty analvses, Uncer-
tainties for busbar power costs include the uncertainties i unit vosts as well as uncertainties in the
appropriate capital charge factor to be applied and the plant factor at which the SPS can operate.
Capital charge factors trom 1 2-18 percent were considered and the plant factor uncertainty was
taken as 70790 at one SPS per year and 857-957% for four SPS’s per vear. These uncertainties
were statistically combined with the cost uncertainties derived by the cost uncertainty analyses.

4.2 COMPONENT AND ELEMENT UNCERTAINTIES

Component and element uncertaintics that went nto the uncertainty analysis are tabulated inTables
4-1.4-2 and 4-3. Cost uncertainties at this level were not completed as it was found. that uncertain-
ties in solar cell costs, ground recever vosts, and transportation costs entirely dominated the overall
cost uncertainties. Of greatest significance are the size/mass uncertainty ettects on costs: these are
included in the overall cost uncertainty data discussed in Section 4.4,

229
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Table 4-1 Photovoltaic Traceability/Uncertainty Worksheet
::1;? 9?‘smlgv|w
11EM HU ] . CURRINT RCASON FOR WORST RATIONALE [ 1534 RATIONALL CORELLATED
! dhcon soox | YA CHANGE CASt cAst Wass 1 cosT | YAntAeLEs
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Table 4-1 Photovoltaic Traceadbility/Uncertainty Worksheet (continued)
:ﬂ'&“ ”f mm;mv
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Table 4-1 Photovoltaic Traceability/Uncertainty Worksheet (continued)
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Table 4-2 Therwal Engine Traceability/Uncertainty Worksheet
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Table 4-2 Thermal Engine Tracesbility/Uncertainty Worksheet (continued)
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Table 4-3 MWPTS Traceabtlity/Uncertainty Worksheet

»9L8TT-081a
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Table 4-3 MPTS Traceability/Uncertainty Worksheet (continued)
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Table 4-3 MPTS Traceability/Uncertainty Worksheet (continued)
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4.3 SIZE/MASS UNCERTAINTY ANALYSIS

The size/mass uncertainty analysis was the first step. It began with analysis of uncertainties in the
efficiency chain to determine size uncertainty.

4.3.1 Photovoltaic Size/Mass Uncertainty
Table ] presents the photovoltaic system efficiency uncertainty worksheet. including the microwave

power transmission system. The aggregate values for the MPTS were carried over to the thermal
engine size/.nass uncertainty analysis.
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Table 1
Photovoltaic

End-To-End Efficiency Worksheet

§ 24

VLD ETALT Smmm——

LOG MAXLOG MEA o

ITEM NOMINALIMINIMUM [MAXIMUM|LOG MIN Correlations

Summer Solstice Fastor . 9675 . 9675 9875 | - -.0330 -,0330 -,0330 0
Cosine Loss (POP) 919 919 919 | -.0845 | -.0845 | -,0845 0
Solar Cell Efficiency A73 .148 .18 -1.9105 | =1.7147 | ~1.812% .032% 9.6
Radiation Degradation .97 .90 1.0 -.1393 0 -.0963| L0232 |} “ooeon ,g
Tempercture Degradation]  .954 |  .954 954 | ~.0471 | -.0471 | D041 | e : 6
Cover UV Degradation .956 .956 1.0 -.0450 0 -.0225 .00750

" Celi-to-Cell Mismatch .99, .99 .99 ~.01005 | -.0i005 | =~.01005{ o©
Panel Lot Area .96l 961 .961 -.0398 | -.0398 | -,0398 0
String 128 998 | .995 999 | -.00501| -.001 | -.00301| .00067 2
Bus 1R 934 | .9 961 | -.0943 | -.0398 | -.0670 | .0091 $
Rotary Joint 1.0 1.0 1.0 0 0 0 0 §
Antenna Power Distr 97 | ues .98 | -.0513 | -0202 | -0357 | .o0s2 £
DC-RF Conversion .85 .80 .86 -.223 -.1508 | -.1870 | .0121
Waveguide 12 .985 .985 .985 -.0151 | =-.0151 | -,015) 0
)dzol Bean .965 .965 .99 -.0356 | -.0000 | -.0228 | .0043 -4,
Inter-Subarray Errors .954 .88 .97 -.1278 -.0305 -.0791 .0162 0.3
Intra-Subarray Errors .981 .97 .99 -.0304 -,010 -,0203 .0034 (=.0200365)
Atmosohere Absorp. .98 .98 .98 -.0202 | =-,0202 | -.0202 0 )
Intercept Efficiency .95 .90 .98 -. 1054 -.0202 - 0628 0142
Rectenna RF-DC .848 79 .92 2357 | -.0834 | -.159 | o254 | O3 $
Grid Interfacing .97 .96 .98 -.0408 -.0202 -.0305 .0034 (=.0000361) §
Produczts/Sums L0679 .0383 .095 -2.822 Sums Q = 52
Sizes (Km2) 108.8 193 77.8 .00306 &

30 Max = exp (-2.822* 3x.042) = 0475 size = 109.5
30 Min = exp (=2.822 - 3x.042) = ,0524 size = 141.0

N = .0595 size = 124.0

Correlation prod sum = =,00131

Net J= v. 00306-.02131

= 042
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Variation of Satellite Weight with Array Planform Area

The results of a study to determine the variation of satellite weight with array planform area are
presented in Figure 4-1. Weight statements, scaling parameters. and scale factors are presented in
Table 4-1 for the total satellite. with the detail data for the MPTS being presented in Table 4-2,

As indicated in Table 4-1. the satellite primary structure weight has been scaled directly propor-

tional to structural planform area. The validity of using this scale factor has been verified by analy-
sis. Pertinent data is included in Appendices F. G. and H.
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Effect of Tolerances on Weight of Reference Configuration

The results of a study to determine the effect of tolerances on the weight of the reference configu-
ration are presented in Figure 3-1. A weight tolerances worksheet for the reference con ‘iguration is
presented in Table 5-1. Note that the tolerances which are the major drivers are those 2;sociated
with the solar cell blankets. the MPTS, and the primary structure.

A we.ghi tulerances workshest for the solar cell blankets is presented in Table 5-2.

A weight tokerances workshed: for the MPTS is presented in Table 5-3. Details of the tolerances for
the combination of DC-DC converters 2nd thermal control are given in Table 5-4.

A weight 1olcrances worssheet for the priman structure is presented in Table 5-5. Supporting data
mchude he following: Figure 5-2, which gives the variation of structure weight with array unit
weight: Frgure 5-3. which gives the varistion of structure weight .vith antenna weight: Figure 5-4.
which presents the effect of uncertainty in coppling coefficient on the sizing of a 20 meter long
tapered tube of graphite, cpoxy: and Table 3-6. which presents a weight distribution for the primary
structure with particular emphasis on the amount of graphite epoxy (tubing) and hardware (tube
center joints. tube end fittings. and strat interconnact fittings ) comprising beam weight.
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APPENDIX 1

CRIPPLING COEFFICIENT UNCERTAINTY
FOR SPS GRAPPITE/EPOXY TUBES
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CRIPPLING COEFFICIENT UNCERTAINTY FOR SPS GRAPHITE/EPOXY TUBES

Figure I-1 presents a crippling coefficient comparison between the SPS composite tube and metal
tubes. Curve is an empirical curve for metal tubes. per NACA TN 3783. Curves and are
recommended design curves from a Boeing design manual for the Minuteman program. The posi-
tions of curves and relative to curve reflect the degradation of allowable stresses asso-
ciated wirth high probabilities (at high confidence levels) of no structural failure. As such. the
degradation is a measure of the impact of slight structural imperfections on crippling of thin walled
tubes. Curve is the empirical curve for the SPS composite tube. and is reflected in the tube
sizing data of Appendix A. This curve was developed using the Boeing design manual equations
shown. Curve  isthe result of applying these equations to some typical metals. (7073 aluminum,
18-8 stainless steel. and inconel were considered. The scatter in cripoling coefficient with metal
type was negligible.) The close correlation between curve and curve suggests that. when
sufficient test data is available, some degradation will occur in the crippling coefficient to be used
for design of actual hardware.

Figure I-2 presents crippling coefficient curves for the SPS composite tube. Curve is the
nominal curve {designated as curve in Figure I-1). Curve reflects the possibility (Convair
position) that the shear modulus ny has an effective value twice as large as the current predicted
value of 0.6 X 106 psi. Curve reflects the assumption that *A’ allowables for point design of
composite tubes will have the same position relative to nominal values as do ‘B’ allowables for
general design of metal tubes. Curve is an approxiriation to the nominal curve for R/t values
between 130 and 1500. Curve is the recommended upper uncertainty curve. It reflects the use
of a twice larger shear modulus and. in addition. allows for a more optimum tube definition. Curve

is the recommended lower uncertainty curve. It allows for some margin of error in the location
of the curve corresponding to ‘A’ allowables.
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4.3.2 Thermal Engine Size/Mass Uncertainty

The thermal engine size uncertainty analysis was conducted similarly to the photovoltaic system.
The efficiency chain worksheet is shown in Table 4.3.2-1.

The thermal engine size/mass uncertainty analysis employed a parametric method. This method

w s also applied to the photovoltaic system and agreed with the more detailed mass estimator’s
result within 1%. The parametric method worksheet is shown in Table 4.3.2-2.
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4.4 WASS/COST UNCERTAINTY NOTES:

Caprdl Cost VceERrT410TIES

Pm'.k:uu/ aua./)r.sr's of cost estivades udicoted

€rve Pr;ma.y contrbutors 4o uncertarnties :

Solar cells (or “Huenuaj wg u;e.g), klystwns

the guund veceiver; spece onstachs oremiw’nx ,

and space +rans Poré'af"tau E stovates are as

Colows:
1‘*«\“ NM\;J Qawgc. P.a\ge %;ﬂn‘i
Solex Colls 3 731 205040 420 40267 /m* frown,
&30 varisus selar cel(
cost &;w::"tr
ihy=*rong loag &0 to ¥40 {0 $100/KWe
2,000
Gro-_:mc.sf G quf 2,59 +o FPad T Midtern eam:—’c
f?eoew:hj ’ 6. 500
Sk vm !
Construchon 1,110 700 t 1S00

Tra ns‘)or*a:\' e 6,448 4,534 4o

8,030

A\, 288

Unaofb.w."y M W SIFe
and e‘V""!’M casts

Low value assdiaes
less wadeusuce a?sf'.

H'ug\. valve meludes 17
atrbon avd certacs

wite rest coste,
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These rames wee trated as v correlatal;

Tewm Mom;nA Meawn g
(€rom
mnsé)
Solexr Gells 3,731 &, 460 803
Klystrons 1,048 300 233
nd -

%::;th 4 4o 300 d|
TS ou

Constructioa 1,110 1) oo 133

Truus ?ar"a.‘x'\. M 6,44 G, 22 3356

The RsS is V1203, = %6.2°¢ () 0‘)

The RsSS af +he ex?ed’m@ wazs (with 3"350‘34)

1s 1375, The costesczlatin (E Mem‘il\)amsv;«j)
)s o2y

A S;w:\‘&f Pmceéu\c was Q“auﬁ& .C;r 'f“.-e J\".W‘T‘.&HJ

..
Lrnipe |
U
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Power, Cost Unceerminmes
The power cost eﬁuaﬁ’\o'n n's)

C= Cer , m &/kwh
§766 €

where Cc s caeﬁ‘a.( cost wm */cw

r ois CaFHq,( dw?,g, Fac‘}or (Por :‘tn-.mua

-{? Is ?(a\ﬁ’ ﬁzdw—

The :f;uve 266 is the num(per‘

G(: hours Cu a.)ea.r.

A the | sPs /year rac‘e,) values aMA)
(mcert amties gre s

Cafl*uf 2725 % 4§0

r oyt 03

-‘r-. O'Zt-‘

The eﬁucdfav way be [inearized b)«:

LuC = LuCet Bur - Lu§766 - 2ut
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The calcyladion prceeds as olloaos:

Ttewo \\a‘:::&i |bge Cr(""jc)
Ce 27237 (+) 7.90 .05%7

r aY ()-1.597 . 060§

c .2 () -. 2230 .0392
97¢¢ 1L () 9.909 o

—2.843 0905

Power Cost Valwes aee:

-3¢ -20 -a Nom <g= +2¢ =+34

Les  “304§ 30242 -2.%Y — 2.8 -2/ ~246'8 - 2.3
L ¢

$holy MY vO49 033 088 .04 870 .06

Siuilar calcalatvns uese tised €or the

.ﬁﬂtw-/ﬂj &)ﬂa_ I.Hﬁ (L("t; PO
rafes (¢ SP;/yr)

r ""'l'é'a h tég‘.@{-

Noate Hiat the uncm'f'dw*/ m 1z the

‘{‘v Y‘SG&J\' Coh’f'r-; !:; :4:‘ & ‘r!

a9



D180-22876-6

N smes SV JvcErrant,  Anngsisd
Corgoamd \iensLss

/ - ! -
T nariwet C{;S‘?ﬁ Dg‘f'»n

Ail vaerables will be assuwfd mvdaul
Aveq- huted ucccfdwj 4+ Fle norne! c{;sf:-alx.‘haz&

= -w’&a—z
x) =
P \}A
where I 15 The stawderd devieton of
x and I the vanauce of A fowm

HT (wegwv: . .

’T!m bwar;ed-é wc)r’xua.f dis{'hbar‘l“::;n

This distebution is e:mess:;{ ds Hibuay
! -&/2
e,y ) = e

P 3) a3 Ji- e

s 2

whae G =t = — 2 2wy Vy
-7t d‘; —= *r =

be (f;d} 0;:-

T e b/‘xs = U and V/ go‘ra s:;:v-eu
vélue cT et (S érbw-Pmba.b} fy,.:{(;{xy
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;!

Tha 2ilipse cav e zketcise’ u43 -3

%/5 |
K_\; Vi p ///> /
NN 6%

oo
civelw D<r<j r=|

ﬂ'@‘_ Vd‘h‘g Y i< va;, n.gr{ﬂfﬂ:"ul-l 7 )EY ccxr;\d".

- ~ o) =
It s a weasure o7 He df.?evra’twy 2
Y o K. TE rcO e is 0 dﬂ(x?zsr’-bic//
(Mo carrela:i'-;n) . I‘vﬁ r=i -ﬂu)/ oy c:)mF/efel/

dpl;wluﬁ" and T pnb(em caun he reduced

+> Ine with emfy oht wyicertavn vameble -

Pm go_r‘h'(s J".’: +We é-“\‘ﬁ.ﬁé-

The .ngu.aj'fan for The e(l\‘{;sa. wu,? be writeu -

= -2 exq ry* = (1-p%)e™

where x :Vi/p aud y = v, /g5 - Nete
her +the correlatinv coa iciext s Mdspewﬁm‘f‘

ot Scaﬁuj v X au&’/. If a rnew verabie
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\/"t = K\, i3 m?’mduce.éz; we have
X = \/, '/J; = Vf/‘<
vt

L 29\/,2\/),*2!: ]
G“}.

Ll wie B

-?L) ™

Tt s evidert that 0L * KOy ard that e
aoes nat cl«augg‘

We W&Y also a,sk) what (s ﬂﬂ& Wax.smuw;
Va,ﬁue. O‘F X and wher does T+ occur?
I{¥ +he e.l\\'?,sg, e.%ue:."ﬁ'bm Is  Solved FOY" X,

= @yrV(ct-y>Xi-e%)
The derivetne (s

-4
2@t £ femyX-e] CE o)l

Se.ﬁiu\ej The derivative To Zerd”
7 90-¢2)

o= =
e y)o-e)

Whiclh soives o:
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This cav be substiruted Yo Fud % uax-

* was ::?“C _: Y(C’“- ere)(n -9%)

which sfup\;-ﬁés +o

S X sy =iC\ not C(Q?ewfeu."\' on %

————

T +he novwad 1zed x\

ellipse ecbu.a:h'm (x
and y raher thawn

Ve and ), The ellipse

1S a c;rc,fqg, € P"O.

it (3>O +he axs — T
of the elpes is tilted at ¢s5° TF
the non- normal ized e(!\(:;a 'S cawsfa&nag;
Wt can be S(Aow* thatl the elhf:s@
+il+ anqle s Xz +=day Zf___.ao;

2 2 &

G.x —6;

T+ cau alse be showwn thal +he wc{jbr

awf m?nor- a.xes aﬂc the elh{i:z A
3';/€M ,;y‘.

) . - I - - * *
X 14 a\d) Srath shewt _\”Agc-ry With l;nng-_-.z "

Ap‘p'\zca,‘lﬁus , Wiigy, (98 2.
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c ~
a:23Va-at e e +lat g 2ea irps

Y Py
57y Henal szma g =t 2 qan -e~ S

In the normairzed ellipse  these

Sl.m P\; Fy '\'D

'Draw'wlj Hhe &Hnr'sa; esi“fmaj'»hﬁ e

These relations can be used ¥o sketch
+he e,”.F'sz: ig aM\o]g - Su.?Pose T, =1 ,
Jdy = 2, and e 0.5. Draw +he | & e.ih'gs-e.

The waxiwa eccuy aj’ V’/o‘, GV"’O Vr/g-r = eC-
Q'—'-'or The (O e.l(\‘Ps&,C,ﬂ-

Whev either Var‘ta,\o\f. IS 2ero, the
values of the other are

= J(-pr)C

Wy =
/G; 7/0;

TWhe wa._)'af' $ MINOT  Ares are. 2.¢7 mé?%z—

O Y 83
¢ 29 ORIGINAL PAGE IS
OF POOR QUALITY!



D180-22876-6

ORIGINAL PAGE I§
Ersan QUrapITy

These values allow the ¢117Fs¢ +> he
sketched rsa.somabf)/ accuffu"efy as

[ astrated alosie. "5-1‘,{\{@ if sume
estimatas are available ragard{uj The
\/ar;amceS, The se WAy be used "o estiwale

@ For extwple, suppsse Ut the wmForwation

i the sketch | 3
i 9.9

; b o,y

mPresw-,‘.ﬁ 3 , - ‘
it . Thio L~ |
i [
v
i |

is avadable,

O'; 's ©.333. .y
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A Freud e LorV deibewa’-zm Ve
rs sﬁ:‘cww} as are 25taulled 3o
[wmits onVy when W =O. Suew
Freca gre 3o Jiuiks |, we kvowr €73,
Also, 1€ +he trend lines c'nf'erc-cfﬁ‘
aT +he Vy %k&‘f‘s{ are the "“‘F‘“ (
MZney fuce wis Y/m = Pc =3O
TL-E f::‘i‘r&‘(j on v’}! w%:; \f Jo) cz.tiw'g
Sé'éﬁwﬁ f\/y /G" = 3 m These

may 'w. solved +o find e = o.58 and
G = 0287 (3q, <0.862). The
30 2llpsz can *hew be skefched :

' h -
Note “hat the Hheva o ls mot The
' <] I -

/ A
S.am;ma r oacs of “he @liicsz . e Trens
g?

[ 1< w a]'?.é.a', The SMA s al
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Funehins of correlated var{a_‘b(-‘.’:s

Su;;:‘pay-’— ne have a var:‘a.(p(‘_o_ y +i ot
s & (defnite ) funchim ot « andy . The
Prabfewv way be skd‘dnap as Follaws:

YERN
: . M i
We are inter- \\ S
N N

eated oan

T .An';nj +\e N\ \
crcacticty '\\

" U (GL/\

Ia fhis exam P‘é)

Suppoe That
dV/x =2-3 and QU/by =%2.8. The argle
% Detwean the lires of constant U and
™he w. ags is gn'ven b/ ton o= -

abot ~36° in The emmp\e .

We will deterwiwe T b/ a_ﬁph'@hsy) £
2 ¢co-orchnate vriration 'ﬁﬂmuﬂlﬁ “+he awslf_ .
Cors der ¢o-ordinates tu wrth +he sanz 5:5:1
Spac,‘;w.? as x awj y

“

A e Ve Vi CO5A - Vie Simex

\/7 = Vs S m =\ 25
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Dubstitubma wto The elilpse equalidn
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| l v/ . . . )
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ttet L a > e
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1 ~ T
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Tre TarenTresis T2rwm S’M{‘ <25 Yo

G;‘L ?d}‘-

S R +cos el * .:2?5;0} s:nox Zas K

ana?

[

-—_ 3 (
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L ,..’.(au >
(S pe A
“\ow !

~

The walue w/su is The a"erﬁ th <t 2

urt vector adora+the L axvs 1n Terus
U W
n . § - i
efU. This ‘evws-‘v-, 'S Ve%’\)u@%y}
WQY’G?@‘?E,

z = (Sx'nz“ e .,.Cas*gic;"" -épc;b?, ma,:s»x z’{

Tu = Smio&¥+cos’aT,*-2 0050y SHAUCOSA .

v'u \z‘_(é’ :T

T -
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swix = tan*a /() 4.-“»’4«4’0();
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