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FOREWORD 

The SPS sptem definition study was initiated in December 19'6. Part I w~s completed on Ma)· 1. 
I 9i7. Part II technical worli. was completed October 31, 1977. 

The study was managed by the Lyndon 8. Johnson Spa.-::e Center (JSC'I of the ,.;ational Aeronautics 
anJ Space AJministration t1'ASA t The Contracting Officer's Representative (COR) was Clarke 
Co,·ington oi JSC. JSC study mana£ement team members included: 

Dickey Arndt Microwave System Andrei Konradi Space Radiation 
Analysis En,·ironment 

H;srold Benson Cost Analysis Jim Kelley Microwa,·e Antenna 
Bob Bond Man-Machine Interface Don Kessler Collision Probability 
Jim Cioni Photovoltaic Systems Lou Leopold Microwa\"e GC<lerators 
Hu Da,·is Transportation Systems Lou Li\·ingston System Engineering and 
R.H. Dietz Microwave Transmitter Jim Mean)' MPTS Computer Program 

and Rectenna Stu !'iachtwey Microwa,·e Biological Effects 
Bill Dusenbury Energy Con\"ersion Sam Nassiff Construction Base 
Bob GunJc:r~en Man-~tachine Interface Bob Ried Structure and Thermal 
Ah-a Hardy Radiation Shielding Analysis 
Budd) Heineman Ma~s Prot'erties Jack SC)·I Phase Control 
Lyle Jenkins Space Construction Bill Simon Thermal Cyde S)·stems 
Jim Jon~ Design Fred Stebbins Structural Analysis 
Dick Kennedy Power Distributic>n 

The study wa!> performed 1'y the Boeing .-\erospa.:e Company. The Boeing study manager was 
Gordon \\'ooJ.:o.:k. Boeing Comnier.:1al Ai~lane Company assisted in the analysis of launch vehicle 
noise and O\ errre~sures. Boeing te.::hni..:a! leaders were: 

Otris Bullock Structural Design Don Grim Ek.:trical Propulsion 
\'1nce Caluori PhotO\"Olta1c sps·s Henry Hillbrath Propulsion 
Bob Conrad Mass Properties Dr. Ted Kramer Thermal Analysis and Optics 
Eldon Da,·is Construction and Orbit- Frank K ilburg Alternate Antenna Concepts 

to-Orbit Tran5portation \\'alt Lund Microwave Antenna 
Rod Darrow Operations Keith Mill er Human Factors and 
Owen Denman M 1crowave Design Construction Operations 

Integration Dr. El"\·in ~alos Microwave Subsystem 
Hal DiRam10 Earth-to-Orbit Jack Olson Configuration Design 

Transportation Dr. Henry Oman Photovoltaics 
Bill Emsley Flight Control John Perry Structures 
Dr. Joe Gauger Cost Scott Rathjen MPTS Computer Program 
Jack Gewin Power Distribution Development 
Dan Gregory Thermal Engine SPS's 

Tt1e General Electric Company Space Division was the major subcontractor for the study. Their 
contributions included Rankine cycle power generation, power rrocessing and switchgear. micro­
wave' transmitter phase control and alumative transmitter configurations. i·~;.10te manipulators, and 
thin-film silicon photovoltaics. 

Other subcor.tractors were Hughes Research Center-gallium arsenide photovoltaics; Varian­
klystrons ar.d klystron production: SPIRE- silicon solar cell directed energy annC'aling. 
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This report was prepared in 8 '\'Olumes as follo,.·s: 

I - Executive Summar)' 
II - T echnicaJ Summary 
Ill - SPS S.itdlitc Systems 
IV - M trow ave Power T nnsmission 

Systems 

iii 

V - Space O~rations 
VI - Euluation Data Book 
VU - Study Part II Final Briefing Book 
VIII - SPS Laun.:h Vduclc Ascent and Enlry 

Sonic °'·erpressure and Noise E ffects 
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SPS SYSTEMS DEFINmON STUDY 

Part II final Report 

Volume6 

Evaluation Data Book 

1.0 INTRODUCTION 

This volume bas been prepared to rrovide a permanent record of the actual calculations of mass 

properties, costs. and uncertainties for the Part II final reference designs. The data are presented 

·with only the .necessary amount of exploratory text. The analysts' original notes have been used 

whenever adequately legible in order to preserve authenticity. 
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2.0 MASS PROPER.TIES 

2.1 SILICON PHOTOVOLTAIC REFERENCE SYSTEM 

This weight definition and uncertainty notebook for the photovoltaic reference configuration is a 

supplement to the fonnal 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 defi11ition are semi-detailed weight summaries. 

weight calculations. drawings and sketches. and resu:ts 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 I) the variatior of saiellite 

weight with array planfonn area. and ~ l the effect of tolerances on the weight of the reference 

configuration. 

Analyst: Bob ("on rad 

f.b:E.'CEDING PAGE J3LANK NO'l' FILMED 
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Photovoltaic Reference Configuration 
Solar Array FundamP,ntal Element 
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Photovoltaic Reference 
Solar Array Arrangement and Attachment 
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. . Photovoltaic Reference Configuration . . 
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Stiffness Co111parisons For 
Structural Concepts For SPS 

------------------...... ---------------------------------------------------•llllNO-----1,._llO 

GIVEN: 

'1) MATERIAL: 
GRAPHITE 
COMPOSITE 

121 CONSTRUCTION: 
• 20 METER BEAMS 

I 

• 12" OD X .009'' W.T. STA UT 

r----
I Tlf'llJ.I 
IAAJ(;U 
L_{! __ 
I :IC• 

__....r 3;.--
r- - - -

4..r t-----
1 94• 
t..... ·- - -

,.......... 

CONCEPT 
NO. 

1 

2 

3 

4 

• b 
IN IN 
METERS METERS 

10240 10240 

5120 20480 -6240 16840 

6080 18240 

I . h 
MASS AREA TRUSS WITH 

IN IN IN f1 IHd 
SOLA A 

ME TEAS METERS I Kg) 
M2 CILLS 

ONLV 11 (Hd · 
640 406 4.16 )l 106 1.05 )l 108 .0130 .0036 

640 406 4.19 x 106 1.05 JC 108 .0052 .001.t' -520 566 5.81 JC 106 1.04. 10& .0100 .0032 

380 683 10.30 x 10G 1.11x108 .0094 .0037 
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l.O COST DATA PACKAGE 

J.l INTRODUCTION 

ne final Part II cost estimates utilized the Boeing parametric cost model and the mature industry 

costing methodofosies developed durin1 the study. The procedure used was as follows: 

Tbe rust step was to make cost estimates for DDT&E and rust 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 ttlatiYely hi&h production rates to mttl any reasonable SPS deployment scenario. 
Hardware produced at high rates employs different tooling concepts and different production 

awthods. more similar to mass production than typical aerospace tt\.-hniques. Correlations deYea. 

oped for a wide variety of p:oducrs indicate a production rate. cost improvement slope of approxi· 

nzarely 70%. Adjustments fo the PCM results for hish pl'Qduction items were made as follows: 

First. a standard hours estimate of typical aerospl\.--e costs was developed utilizing a typical ilero­

spacc cost impnwement slope for I .000 units. 

(Experience of jetliner production indicates that approximately l ,000 units production arc 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% was used. 

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

available. 

Total SPS system costs include also costs for space transportation. costs for space construction 

operations, and costs for ground receiving stations. Details of the launch vehicle cost per flight esti· 

matins procedure were reported in Volume V of the Part I Final Repon. launch vehide ;,;ost per 

flight is dependent on launch rate. 

Total transponation costs included transportation of propellants and orbit transfer hardware to low 

Earth orbit. and in addition the cost of orbit transfer hardware feither .11emical orbit transfer vehi· 

cles or self-power electric orbit transfer system installations depending on construction location). 

Construction costs im:luded the transportation 'osts for crew rotation and resupply. the crew opera· 

tions support costs and rhe amortization of construction base c. · .s using typkal capital facilities 

amortization procedures. Construction base habitats and basic structure were amortized over a ~5 
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year period with the construction equipment amonittd over an 8 year period. Crew transportation 

C.:'lSts presumed for the I SPS per year rate. the use of a modified shuttle v:hicle at SI~ million rer 

flight and for the 4 SPS per year rate. the use
0

of an advanced fully reuseable shuttle at SS million 

per flight. Delivery ofpropeUants to low Earth orbit for the crew rotation and resupply orbit trans­

fer \'Chicles is assumed to occur with the laeav)' lift launch vehicle at the appropriate cost per flight 

figure. ~C~ts for orbit transfer installations for the self-power case. were derived usin1 the paramet­

~ c<>it model with production rate adjustments for hith production items as previously discussed. 

144 



3.2 COST ESTIMATING DETAllS 

Table I in the cost data pad:aatris a capital cost summary for the photovoltaic SPS. It summarizes 

total costs in itecordance with tk wort bre3kdown structure teMrally used a11d indicates source 

data and references f\lfther backup tables that provide additional detail. Interest during COt\Stru.:­

tion is added to the total costs based on an cstunateJ construction period. Growth is added to pro­

vide a cost equiv;Uent of the mass growth projectfuns developed and the mass uncertainty analyses. 

Tabk 1 summarizes the mature industry tstim6lte. Table : aocs to a le>1el of work b~akdown struc· 

ture t-tlow that of Table l. tl\ote that the .. other .. cate¥Cn from the first part ofTahh:: is 

included in the multiple<ommon item in Table I.\ The c~t .:ak\Jations for Table : support the 

SPS tsatellitet cost \·alut.-s for GE() ..:onstm..:tton. The SPS \:dues for solJr cdls and multiple· 

common use equipment have ix~n adjusted for the LEO ..:onstruction case to allow for th..- illi:-reaS\: 

in SPS siu from the rd'erenc..- configuration that was costeJ. The .:1.>bm.ns in T ahlc ~ n:lkt.:t th .. • 

calculation steps in apph·ing the mature industry arrroa~h ;mJ some of lhe ..-.. lhunns an: not 

dir~tly related to the finaJ .:ost i:stimah.'s. At the left I wi1h the titles,, the ma~''-'' .. ·a.:h .:ost.:J eh:· 

~nt is inJi.;ated and the number of such elements required .:arried under the number .:olumn. For 

example. the ..:~teJ unit for primary stru.:turt wa-. estimated to we1gn 7 .:50 lb. l .8~4 ot the~· tuuls 

are required to make up an SPS strudure ... Slope .. ind1..:aks the le:iming slotlt used to llewl,lp the 

aerospa.:e fully teamed unit .:ost. Cost figure~ .ire an thou'.'ands. h.1r e'\:impk. th..- iiNt unit .:o-.t for 

one 7~50 It- clement of pnm,uy structure :i' l.'$timatcd t-y the PC'~I tnethO\I wa~ _:375 111i111on Joi· 

Ian. The PCM program preJi.:tcd a first unit .:ost in..:luJing the kaming for 18:4 of thcs..- units of 

Q71 million dollars. The fully learned unit 1down the 85'i- ..:urw h.l 1.000 unitsl would ~ 

S470,000. This figure .:ompares with the ..:olumn .:alkd "PC'M unit .:osf' wh1d1 is for th.: tiNt sud1 

unit. The next total is sim1'IY tht• pr°'luct of the full~ kaml.'d unit times che numhcr of uniN 

required. In the .:a~ of the rnm;iry stru..:turc. thl.' marur~· indusr~} .. ·stimates art" tJken from th<' 

dct;iiled m:\nufaduring c'rim.m: Jis1.·us~J unJa t'ti.;f,•,ur<-' I. \\hKh J('llow-. Taflk 4. Thi: mature 

industry .:ost for primary stni.;ture was bt:licwd to l1;iw n::id1t·d a raatcrials .:ol't plateau l'll.:h th;1t 

increasing produ.:t1on r;ltc \H)UIJ not ,It•.: fl' JS•' .:•lSI. Thcrdor .. ·. th..: ..:osts for 4 srs-.. per year ;1r~· 

not less than for one per year. In !W\·er.al of the •Jth..-r ckmcnts. lhJWl.'Wf. the .:ost i~ produ..:thm 

rate sensiri\e. for e:umrk. in pnx:essors 1 under attitude .:ontrol ). I.?. l"lf th..:~ units an: rc'tuircd. 

l"otice that at this lo\\ rroduction rate. the cstimatc?ll mature industry .:ost is greater than th~· fully 

leamc?J aerospace .:ost since the latter woulJ apply to I .UOO units. 

The mature industry estimates were J~·doped from paramc?tri.: .:llSt model ntns that useJ tradi· 

tional aerospa..:t estimating methods. li'e Pf~ :-uns are induJeJ .is Table 3 for the photovoltaic 

system. Table 4 su~manus the solar .:ell :ind hlanko:t estimates that were made. btdosur.· I 

describes the detailed manufa..:tuting 1:ost estimate that was maJc for graphite main stru.:tiir.: harJ· 

ware. T.1ble 5 presents a reforen..:c phohwoltai.: SPS !>Ummarv weight sl.itt•ment. Tahk o prr1vhks 

the re.:tenna cost estimate. Tal>fes 7 thru 11 rro\id..- constm.;tinn b.tw cost anJ mass Juta. Tabh: 

11 prov1J~s an c!slimare for .:uw supp.>rt .,:,lsts I those m ;1JJihon to .:rcw cransrortation l. The 
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sra.:i: i;onstrui:tion crew rcprc~nts two "'rewi. to a.:count for time off duty (90 days in sp.tce and 90 

days ofn. with a IO'; margin, and provides a crew surrorr staff of tl>'n peorle for each crew man 
working in space. Tabk 13 summarilt>S transportation costs estim;Ued. Table 1.i provides the 

mature industry 1.-ost estim:ate for the self-powered orbit transti:r system. In this case the system 

nlStl'd indud~ mass p:owth and the mass 1rowtb was ddeted and the ,·alues earned in Tablt' 13. 

Tal\k IS is the paranwtrk cost model run that provides the raw data from whi.:h Toable 14 was prl'· 

ran:J. T abli: 16 summarizes crew rotation and resupply n-qui~ments. Table I 7 summarizes the 

cakulations of cost growth ~uivalent to the maS') growth detennined fron1 the uncertainty anal­

}·ses. Table 18 sununariz~ LEO versus GEO cost differtnct!'s. Tables 19 thru ~7 pfO\·ide a similar 

1..·ost radtat?C for th~· tht>nnal engine system. 
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TABLE 1 
CAPITAL COST S1.114ARY - PHOTOVOLTAIC SPS (SILICON CR-1) 

WBS I ITEM SOURCES & REFERENCES 1 SPSlYR 4 SPSlYR 
LEO CON· GEO CON- LEO CON- GEO CON-

STRUCTION STRUCTION STRUCTJON STRVCTION . 
1.01 Solar Power Satellite (7442) (7190) (5587) (5378) 

1.01.00 Multiple/Connon . 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, Volu111e II 3731 3588 2793 2686 
l.01.03 Power Distribution • Structural Mfg Estimate. Encl. 1 138 133 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 
" LEO Figures Reflect SS Oversize -- .. ·-- - -··· --- -·-------

~ 1.02 Ground Receiving Station . Rectenna Cost Estimate, Table 6 (4446) (4446) (4000) (4000) I . Bovay Studies (JSC Contract ) 
• Raytheon Studies (Various Contracts) 
. Rectenna Optimal Sizing Analysis 

--------·---·------- ------- ------· 
2.0 Construction/ (1109) (1126) (1109) (1126) 

Space Support 

2.01 Construction B~se Writedown Sunnary, Table 7 596 620 596 620 
(Facility Wrltedown) . Facility Mass & Cost Estimates, 

Tables 8 & 9 
Construction Analyses & Base Definitions 
(See Volume V) 

2.02 Space Support 

2.02.01 Staging Base . Stagi n~r Base Hass & Cost Estimates, 
Tables 10 & 11 N/A NIA 

2.02.02 Crew Support Crew Support ROM Estimate. Table 12 497 506 597 506 
• Crew Reqts from Construction Analysis 

(Parts I & II Doc1M11entation) 

2.02.03 Other OPS Support 16 16 



TAOLE 1 
CAPITAL COST SIJot4ARY - PHOTOVOLTAIC SPS (StLICON CR•l) (CONT) 

WBS II ITEM SOURCES & REFERENCES 1 SPs,~g 4 SPS[YR 
l. £0 CON- . -COH- [EO coN- GEO CON-
STRUCTION S!RUCTI.QN STRUCTION s·.·~ucTION 

3.00 Space Transportation (6445) (9780) (4188) . ~652Z) 

3.01 Earth - LEO Numbers of Flights & Costs Sunwnary. 
Table 13 

3.01.01 freight . Cost Per Flight Analyses (Parts I & II 
Ooci.nenta t ion) 

3139 2415 2155 165R 

3.01. 02 Crew Cost Per Flight Discussion, Volume II 336 336 140 140 

3.02 LEO-GEO HLLV Operations Studies, Contract NAS 
3.02.01 Freight . OTV Performance (Volume V} 2816 6670 1790 4482 

. OTS Performance (Part I) 154 359 103 242 = • OTS Mature Industry Estimate, Table 14 -
• . OTS PCM Run, Table 15 ' CID N 

FSTSA Reports (Contract NAS9-14323) f • Crew Rotation & Resupply Sumnary, Table 16 
• Crew Duty Cycle Studies (Part I) 
• Advanced Earth Orbit Transportatton 

Systems Technology Requirements 
(Contract NASl-13944) 

-·--·---·· 
Interest During Contruction/Transportation Timel i nes (700 days) (450 days)iS66 days) f 3G6 days) 
Construction (1864) (1388) 1154) 851) 

- . -· ··-·-------------- . 

Growth . Table 17 
Uncertainty Analyse; (3450) (4034) (138) (1094) 

• FSTSA M.-~ss/Cost Growth Correlation 

Total 24,756 27,964 _1_~!!!!_ __ 18.971_ -------- ----·-- -- ., - ·- -···-· ·- . - ---·- -- . --·- . --... -- ---~--·--·-·· --~ .. -·-----· 



TA!:.E 2 
MATURE INDUSTRY ESTIMATE, PHOTOVOLTAIC SPS AND MPTS 

PCM FULLY MATURE MATURE 
UNIT LEARNED INDUSTRY INDUSTRY 

ITEM & MASS {LB} NJMBER SLQfL CQ~T PCM TFU Y.f!ll.._ !QI&. •l SPIL!R M 2SlY8 !&LARl!S§ 
P/V SPS !1 7~5 1712 314tS120Q 
OTHER Hl1lll 1661971 . 
HULT/COM l3Z1178 564 126t 
PRIM STRUC 1,824 .85 2,375 971,550 470 857,615 •• H01990 •• 1t0.a!190 50 (fr• 
72501 Mfr, Est) 
!!L~Q~! .. lH:al!! 79 879 ----·-'··-
THRUSTERS 110 Lb. 640 .85 1,328 243, lSO 262 168,260 66,510 33,255 2,082 
PROCESSORS 12.000 Lb. 12 .85 6,248 51,550 1,236 14,843 42,848 21,424 655 
STRUCTURE 10,000 Lb. 4 .85 7,505 25.140 1,485 5,943 H,140 14,860 1,637 a -TANl(S 1.130 Lb. 8 .85 1.040 6, 178 206 1,647 5,823 2,912 1.420 

i - INSTRUM. 1,000 Lb. 4 .85 3,752 12,570 742 2,971 12,570 7,428 8,188 ~ 
tttfI86L.,(1jeUit.~OO.Lb 3 1.0 7,385 28,157 9,385 28 157 ..• H:al!Z 28 157 ......... _____ , ___ 

'Qttj!J~l,.iaOOO.Lb· 3 1.0 24,576 73,729 24,576 73 729 •• .Z~aU! ... n,nt ___ ,, ___ 

&Ht.iO,E.lJaSOO.Lb. 2 .85 12,145 22.501 .M.H:a!el 22 501 ---··'··· 



TABLE 2 (Continued) 

PCM FULLY MATURE MATURE 
UNIT LEARNED INDUSTRY INDUSTRY 

ITD1 & MASS ILB} NUMBER ~ CQST PCM TFU UNIT TQTAb_ '1 iPllY8 t4 IPIL " ...... DObLARLl<P 
POWER GENERATOR 31749 1618 ~ . .J>Jtt, 221. 
SOLAR BLANKETS .8 15,056 9,945,16S 

ARRAY PANELS 1 Lb. 78,387,000 .8 17 3,365 2,633 3,588,000 2 , 563 , OCl'I $3S/M2 
I $25/M2 

JUMPERS 0.01 Lb. 78,387,000 .85 0.123 .024 2,537,800 16,000 16,000 $45/KG 

NETWORK 6,l24 .85 444 87 538,300 68,786 68,786 $25/KG 

CATERNARIES 6, 124 .85 496 98 601,341 76,842 38,421 $30/KG 
~ -- POWER DISTRIBUTION 132.856 78,956 i ~ 

SWITCHGEAR 1,320 Lb. 208 .as 3,787 292,000 750 156,000 108,000 54, 100 868 

BUSSES 15,000 Lbs. 32 .as 626 11,276 124 3,966 7,000 7,000 $32 

ROTARY JOINT 38,000 Lb. 2 .85 9,639 17 ,8S6 17,856 17,856 $560 



TABLE 2 (Contfnued) 

PCM f'ULLY MATURE MATURE 
UNIT LEARNED INOUSTRY INDUSTRY 

ITEM & MASS (LB) ffUMIER .&m. &.m. M UNIT _ I2tAI.. N IHJ8 14 ¥HJ" DOU.Ml !CJi 
) 

MPTS TOTAL (2 Ant) ~.1Zl11JI l1Hl a!H 
CHECKOUT I PKG'G l!1RR9 HaOOO 

tllLT/CCJ4 311.0jj !llalZI in.uz 
PRIMARY STRUC 240 .85 431 21,760 
(965 Lb.) 

85 20,478 u.211 6,609 125 

SEC STRUC (7,137 Lb) 122 .85 2,344 69,857 464 &6,613 51,25' 25,627 129 

ATT CONTROL (1.000 Lb) 24 90 13,278 124,529 4,646 111,515 201,736 111,511 21,000 • 

- CENTRAL CCJ4PUTE 6 l 9,385 28, 157 9,385 56,310 56,310 56,310 41,000 I "' - (500 Lb) 

CC»llJNIC (2,000 Lb) 6 1 24,576 73,129 24,576 147,456 147,45' 147,456 27,000 f 
POWER OISTRl8UIION 1. 188.a.061 •H1!17 - !4§.IQZ 

PWR PROC (12,000 Lb) 456 90 3,497 410,414 i,223 558,000 261,317 261,317 105 

SWITCHGEAR (660 Lb) 912 85 2.120 299, 137 420 382,767 126,746 63,373 464 

THERMAL CONTROL 456 85 3,476 287,699 
(3,600 Lb.) 

688 313,800 '"'·"' 7J,474 197 

:1 
~> 

A:; t""' 

~ ;; t i:: 
~~ 
' El 



ITEM & HASS (LB) 

POWER DISTRIBUTION 
(7,000 Lbs.) 

~BARRAYS 

STRU:TURE AND 
Wf.'!EoUIDES 
(685 Lb.) 

KLYSTRONS 
~ (70 KWRF) 

THERMAL CONTROL 

CONTROL CKTS 
(11 Lb.) 

TABLE 2 (Continued) 

PCM 
UNIT 

FULLY 
LEARNED 

NUMBER SLOPE COST PCM T£Y. UN IT TQJ Al 

456 

13,864 

194, 112 

194, 112 

194, 112 

85 2,306 190,818 

85 

90 

85 

90 

323 

6,707,654 

368,651 

53 687,240 

157 1,762,474 

300 3,889,287 

457 208,175 

64 

18 3,600,136 

31 6,033,318 

105 20,378,131 

MATURE 
INDUSTRY 
'1 SPS/YR 

97,486 

MATURE 
INDUSTRY 
,4 2}/YR 

48,743 

11519,069 !1103,399 

258,439 

524, 102 

274,000 

462,528 

258,439 

339,696 

274,000 

231,264 

60 



NO 

I TOTAL ,.OIU" 
0 

I PIDll INTIG I NGMT 
0 

S PNOTOV "' 0 

4 PL T SYS HD 
0 

VI 
w 

5 :.llSTAINING 
0 

651 ' I 
0 

Table ·3A P1r1111tr1c Cost Model Ou~put for Photovol t11c SPS 

IUI ILIMINT NITHOD IOUI• ILIND IU'T OTI MOD NOD NUNlll LIN 
TO CH PACTOll PION SI I CN"X I 

0 DDTll IUll 0 O.H • • • ••• O"ODI• 0 
UNIT SUH 0 o.oo 0 • • OPCODI• • 

1 DDT II UCTOI I .... • • 0 ••• OPCDDI• I 
UNIT UCTOI I O.H 0 • I 

OPCODI• 2 

' DDTll IUll 0 o.oo 0 • ·• ••• OPCODI• • UNIT f,UDI 0 o.oo 0 0 0 
OPCODI• I 

J DDTll IUH 0 o.oo • • • ••• OPCODI• 0 
UNIT SUH 0 o.oo • • • Of'CODl• • 

J DDTll PAC UN 4 o.os 0 0 0 o.o 
DPCOOI• J 

UNIT Nl'A 0 o.oo 0 • 0 
OPCODI• I 

I DDUI CU• 4 o.oo 0 0 I o.o 
OPCODE• II 12 o.oo 

UNIT Nl'A 0 o.oo 0 0 0 
OPCODE• I 

Hlf 
CHOI 

.., ... , .. ... ., ...... 
.. .... 

u1.1u 

.... ., .. ,. 
u •• ,. ... , 

U61IH 

11.111 .... 

....... 
I 

"''" 
0 

• -
i 

if 
I! 



NO NAMI 

1 FLT SYS DD&T 
0 

• SYSTIK TUT 
0 

' SYS TUT Lii 
D 

- TIST HDNI ~JO SI 
0 

11 FLT TUT HDNI 
0 

u SOFTNARI INH 
0 

Table 3A (continued) 
IUI ILIMINT MITHOD IDUR• ILEND SUPT OTI MOD MOD NUMllR LIN 

TO CU UCTOU l'ltOH " " CH'U " 

0 DDUI FACTOR It LOO 0 0 0 o.o 
O,COOI!• 2 ' 1.00 

' 1.00 
UNIT N'A 0 o.oo 0 0 0 

OPCODI• • 
J DDr&L SUH 0 o.oo 0 0 0 o.o 

0'CODIE• 0 
UNIT IUA 0 o.oo 0 0 0 

OPCODE• • 
• DDTH CU• " o.oo 0 0 0 o.o 

O,CODI• U Jlt o.oo 
UNIT tlJIA D o.oo • 0 0 

O,CODI• I 

• DOTH FAC UN " o.oa 0 0 0 o.o 
orc:on1• J 

UNIT NJIA 0 .... 0 • 0 
0'CODI• • 

• DDTll FAC UN " o.oa D 0 0 o.o 
DPCODI• J 

UNIT NJ'A 0 o.oo • • • OltCODI• • 
• DDTU CU• 7 o.oo 0 D 0 o.o 

OPCODE• II ST o.oo 
UNIT "'" 0 o.oo • 0 0 

OP'COOI• • 

COIT 
fODOJ 

0 

• 

71',tU 

0 

........ 
• 

111107 

• 

111.01 

• 

no.•71 
0 

.. 

~ -
i 



Table 3A (continued) 
NO HAif i SUI ILININT NfYHOD SOUi• ILIND SUll'T OTS "OD "OD HUNlll LIN 

TO en FACTOll FIO" • • Cf"ll'LX .. 

u CSI , DOTH FACTOI 
"' 

o.u • 0 • ••• 0 Oll'CODI• l 
UNIT FACT DI " o. u 0 I 100 

orcooi:• ' 
... TOOLING J DDT&I FACTOI "' o.u 0 • 0 0.1 

0 Ol'CODE• I 
UNIT Nl'A 0 o.oo • 0 0 

Ol'COCIE• a 

IS ASSY & C.fO J DDT&I N.fA 0 o.oo • 0 0 o.o 
0 OPCODI• • UNrT FAC UN " 0.07 0 • • Ol'CODE• J 

u "U&.T.-CON " DOT&I SUH 0 o.oo 0 0 0 o.o - 0 Dll'CODI• 0 
"" UNIT SUH 0 o.oo 0 • • "" Ol'COOE• 0 

17 l'llN STIUCT u DDT&I CU LOO JO 0 D o.o 
7250 LIS Ol'COOE • 

UNIT cu "'' 1.00 0 1114 14 
O,COOE• l 

AOOllGATID VALUll 

11 ATT CONTIOL u DOTH SUH D o.oo • • 0 o.o 
0 Ol'COOE• 0 

UNIT SUH 0 I.DI 0 • 0 
Ol'CODI• 0 

COST 
COOO) 

.. , .... 
llolt,Hl 

uo.uo 

• 

• 
1"'61141 

.... "' .... ., .. ,,. 
6,Hlt 

,, '" ,,, ,.,.. 

ua.-.u 
ua.Ht 

~ -! 
f 

~@ g?) ..... 
z 

~ ~; 
['-f 

€.,, 

&! 



NO 

If THIUSTUS 
110 LBS 

20 PROCUSOPS 
11000 LH 

21 STRUCTURE 
10000 us 

-"" °' u TANKS 
1130 LIS 

n INSTIU" 
1000 LIS 

Iii CEHTUL CO"PUTI 
500 LH 

Table lA (continued) 
SUI &LEKINT HfTHOD sou•- ILIHD IUPT OTI KOO HOD NUHl!I LIN 

TO cu '4CTOllS uo" " " c""·· " 

18 Dl>T&I CU u I .OD JI 0 0 o.o. 
OPCODE• 

UNIT cu " 1.00 45 '"° Ill 
OPCODE• 

AIPllGATID VALUll 

II DDTU CU ,.. a.oo JI 0 I 1.0 
O"CODE• 

UNIT CER u o.to 0 u '" OPCO:>t• 
AGGllOATID VALUIS 

JS DDT&E CU z 1.00 JO 0 0 1.0 
OPCODE• 

llNJT C£11 u 1.00 0 " '" nPCODE• 1 
AOOIHATID VAL UH 

11 DDUI CU I a .OD JO 0 0 1.0 
OPCODE• 

UNIT cu "7 S.00 "' • "' OPCODE• 
AIOllOATID VALUll 

•• DOTH CU ., 1.00 SI Cl 0 o. Cl 
OPCODE• 

UNIT cu '° 1.00 "' " 1111 
OPCODE• 1 

AOGIHATID VALUIS 

u DDT&I CU If l.00 Sl 0 to s.o 
OPCODE• 

UHJT cu "' S.00 0 s 110 
OPCODI• 

AOGllGATID VALUll 

COIJ 
HOO> 

1.u1 

1,u1 

us. no 

u.tu 
•• 11111 

tl1HI 

so,u, 
715DS 

u,1tiio 

", ,, 7 

1.00 

,, 171 

u,,,, 
11751 

u.no 

o.sn 
f,Jlf 

11.111 

c:. -
i 



NO NAMI 

ZS COMltUNIC 
zooo LH 

26 f'WI GIN 
0 

27 SOLAI ILANICITI 
0 

-"' ...... 

21 AIUY f'ANU.I 
10. 75 SQ " 

29 JUltf'US 
0.01 Lii 

JO NETWOllC 
1000 LIS 

Table lA (continued) 
IUI ILl"INT "ITHOD SOUi- ILIND IUf'T OTI "OD "00 HU"lll LIN 

TO Cll ,ACTOll UOM II II C"P&.X II 

u DDTll Cit u 1.00 11 • to ••• Of'CDDI• I 
UNIT CH n 1.00 41 I 110 

Of'CDDI• I 
AlllllATID VALUll 

,. ODT&I IUH 0 .... • • • ••• Df'CDDI• D 
UNIT SUH • .... D • • Of'CDOI• • 

H DOTH IUDI D o.oo 0 0 • ••• orcbDE• • UNIT IUll • o.oo 0 uu " OPCODE• 0 
AIGllGATID VALUll 

17 DDT&I CU u 1.00 JO • • ••• Of'CODI• l 
UNIT cu 7l 0,JO Iii IHOO " OPCODI• I 

AIGlllATID VALUll 

27 DDTll CH u 1.0D JO 0 0 ••• OP(.001• I 
UNll Cll 17 1.00 41 lZHD ... 

OPCODE• I 
AGGllGATID VALUll 

u DDTll CIR I 1.00 H 0 0 o.o 
Of'CODE• 1 

UNIT cu ... 1.00 0 Ullt ... 
OPCODE• I 

AGGllGATID VALUES 

COST 
cooo• 

"'"' ,.,.,, 
71,729 

s.111 

ftlH,llD 

17' 

11•710 

1.ssa.au 

UI 

11 ... ,. .. 
0 

• 
124 

1.on 

41o4 .... ,.,. 

~ -
i 

~c 

~' "'[!: 
~: 
§; 



MO NA~l 

:u CATUNUUS 
5110 LBS 

ll Pr.:t OISTI 
0 

lJ SWITCHGEAR 
JJZO LBS 

VI 
OD 

34 BUSIES 
15000 LBS 

S5 •OTAIY JOIN" 
38000 I IS 

J6 ANTENNA YOU 
13900 LIS 

Table 3A (continued) 
SUI ILl"INT "ETHO, sou•- ILEND SUPT OTS "OD HDD NUHlt• llN 

TO CES 'ACTOIS 'IOH • • CNPLl • 

H DDT&I CU z 1.00 ID 0 0 o.o 
0"001• 

UNIT cu "7 1. OD ., IU4 '" OPCODE• l 
AOGllOATED VALUES 

" DOTH SUH 0 o.oo 0 0 0 o.o 
OPCODE• 0 

UNIT SUBS 0 o.oo 0 0 0 
OPCODE• 0 

u DOTH CH 14 1.00 so 0 so s.o 
OPCODE• 1 

UNIT cu 5f 1.00 "' ZOI "' OPCODE• l 
AIGlllATID VALUES 

n DOTH CU l 0.10 n 0 0 o.o 
OPCODE• 1 

UNIT cu "' 0.10 "' JI •• OPCODE• 1 
AIGlllATID VALUIS 

n DOTH CU l 1.00 If 0 0 o.o 
OPCODE• 

UNIT cu "' LOO "' I ... 
OPCODE• 1 

AIGlllAT!D VAlUEI 

" DOTH CH • o.•o " 0 50 s.o 
OPCODE• l ' 0.10 

UNIT cu 47 o.to "' I ... 
OPCODE• 1 50 O. lO 

AHHGATID YALUEI 

COST 
10001 

1.111 

..,, 
su,tu 

'"•'"° 
Ul.141 

1tolZ4 

J,717 

IU,014 

1,tiH 

UI 

11.111 

t0.751 

,,,,, 
11,157 

14. 711 

u,141 

u.so1 

c -
i 



Table 38 Para11etric Cost Model Output for Translllitter 
NO HAit( sue ILl"IHT MITMOO sr.ua- a LIND sun OTI "°' MOD NVMlll UM COST 

JO r.u 'ACJOH FH" • • CMPl.X • coou 

~ 

1 TOJAl. l'IOGU" • DOTU SUH • o.oo • 0 0 o.o i,u1.1n 
0 OPCODE• 0 

UHiT SUH 0 •••• • 0 0 f,7U,H9 
OPCODE• 0 

l l'tOG IHTIG & ftGftT l DOT&E FACTOa J ···" 0 0 0 ••• ,,, ... 
0 OPCODE• l 

UNIT FACTO• J o.u • • • JU.HO 
OPCOOt• z 

3 "JCPOHAVI PTS , DDT&f SUBS 0 o.oo • • • 0.1 lol71to6SJ 
0 OPCODE• 0 

IJNIJ · SUBS 0 o.oo 0 0 • ,,,,,,,,, 
(IPCOIJE• 0 

DOTIE SUDS 0 0 0 o.o zoo.na " 4 FLT S'IS HD J 0 o.oo -0 OPCODE• 0 ! UtUT suns 0 o.oo 0 • • 1,zu,111 
v. OPCODE• 0 " '9 

~ 
s l'!ULT/COtltlON It DD'flf SUH 0 o.oo 0 0 0 o.o us.an 

a OPCODE• 0 
UNIT SUBS 0 o.co 0 0 0 us.on 

OPCODE• 0 

6 PRJtlARY suuc 5 DDT&I CU I.OD so 0 0 o.o '.ou S?O us LOS OPCODE• 1 
UNIT cu '"' 1.00 45 121 llt 01 -~ 

OPCO::>f• ?25 AGG•EGAJIO VALUES 11.111 -~ -/. ::i::: ;i... 
t"'"' 

.c "'l: L". . t :: ... ..,.. 
.....::i ·~ .. 

~Fr 



Table 38 (continued) 
HO NA"E SUI lLl"ENT METHOD sou•- llltND SUPT on "or "OD NUllHI Ll!N CDST 

TO cu FACTORS FIOM • Cl'IPLX " fOOOI 

7 SECONDAU STRUC 5 DDT&E CU l 1.00 so I) 0 o.o 6t264 
7137 LBS OPCO::>E• l 

UNIT cu 46 J. 00 ,., 6l 114 z. 54'1t 
OPCODE• 

AGGllGATID VALUIS ., .1157 

a ATTtTUDI CONTROL 5 DDTU CEI 25 1.00 J1 0 0 o.o 17.206 
lCOO LOS OPCODE• 

UNIT CER 67 l.00 45 12 8' u.210 
OPCODE• 

AOGIEGATED VALUES 124. 527 

f CENTRAL COKPUTE 5 DDT&E en 1' l. 00 31 D l 5.0 72,7:i6 
500 LBS OPCODE• 

UNIT CEI 61t 1.00 45 3 100 t.ses 
OPCODE• 1 

AGGUUTED VALUES 2a. u1 c -g 

' 10 CO"MUHIC 5 DDT&E CU 16 l.00 st 0 0 s.o 116.556 g 2000 LIS OPCODE• l 
UNIT cu 6l t.OO "' 3 100 24.576 t OPCODE• l 

AGGllEGATID VALUES n.ut 

11 ll'WR DISTii 4 DDT&E SUDS 0 o.oo 0 0 0 o.o 56.480 
D OPCODE• 0 

UNIT SUBS 0 o.oo 0 0 0 1.111.010 
OPCODE• 0 

12 PNR PROC 11 DDT&E CER .... 1.00 30 0 0 o.o n.ns 
12000 LBS OPCOOE• l 

UNIT CER " O. lO 45 :ua " '·''' OPCODE• 
AGGREGATED VALUES "10 ........ 



NO 

13 Sll?TC.MGUI 
UC LIS 

14 THUMAl CONTROL 
)600 lDS 

15 PNIP DlSTI 
7000 LIS 

°' 
1' SUIARRAYS 

0 

17 STRUCTURE 
u;s LIS 

11 KLYSTRONS 
70 ICWltF 

Table 38 (continued) 
SUI lLIMINT METHOD SOUi• ILEND SUPT OTS MOD "OD NUMlll LIN 

TO CE5 FACTORS FROM 'II 'II Cl'IPLX I 

11 DDTU CU 14 I.DO Zf 0 0 o.o 
Of'CODE• 

UNIT CEI 59 1.00 0 4H 14 
OPCODE• 

AGGREGATED VALUES 

11 DOTIE Cfl ' 1.00 JO 0 c o.o 
OPCODE• l 

UHIT cu Sit 1.00 45 zza 14 
OPCODE• 

AGGREGATED VALUES 

11 DDT&E CU 1.00 2f 0 0 o.o 
OPCODE• 

UNIT CEI "' 1.00 "' ZH .,, 
OPCODE• 

AGGIEGATED VALUES 

" DDT&E SUBS 0 o.oo 0 D D o.o 
OPCODE• 0 

UNIT SUBS 0 o.oo D UJZ 14 
OPCODE• 0 

AGGREGATED VALUES 

u DOTIE CER 1 1.00 )I D 0 o.o 
OPCODE• l 

UNJT cu 46 1.00 45 1 100 
OPCODE• 

u DOTIE CEit 21 z.oo so 20 0 o.o 
OPCODE• 

UNIT CEI 117 2.00 45 15 at 
OPCODE• 

AGGIEGATED VALUES 

con 
COOOt 

s.zn 
z. uo 

zn.1n 

u.1u 
J,476 

217,699 

s.1sz 

z. S06 

uo.a11 

10,.r,95 

s.1ts 

6.707.654 

,,. 
SZJ 

•• 160 

5S 

HJ 

~ -
' g 
t 



NO NAKI 

19 THERH CONT 
70 LBS 

20 CONTROL CICTS 
11 LBS 

21 ASSY & CJ'O 
0 

' -0\ 22 TOOLING 
N D 

2J SYSHH TEST 
0 

24 SYS TEST LABOI 
0 

Table 38 (continued) 
SUB ILE~ENT KETHOD sou•- ILfND SUPT OTS "OD "OD NU"ll• LIN 

TO CES FACTORS FRON lS lS CHPLX lS 

16 DDT&E CER 9 1. 00 '1 0 0 o.o 
OPCODE• 

UNIT CER 54 1.00 45 15 84 
OPCODE• 

AGGIEGATED VALUES 

16 DDT&E CER ZS 1.00 n 0 0 o.o 
OPCODE• l 

UNIT CER '8 J, DO 45 15 It 
OPCODE• l 

AGGIEGATED VALUES 

) DDT&E NJ'A 0 o.oo 0 0 D D.D 
OPCODE• 8 

UNIT F AC UN 4 o.os 0 0 0 
OPCODE• ) 

J or&'! FACTOR 4 0.10 0 0 0 o.o 
OPCODE• 2 

UNIT llJ'A 0 o.oo 0 D D 
OPCODE• a 

J DDT&E SUBS D o.oo D 0 D o.o 
OPCODE• 0 

UNIT N/A D o.oo D 0 0 
OPCODE• 8 

') DDT&E CERll 4 o.oo D 0 0 o.o 
OPCODE• 12 34 o.oo 

UNIT IUA D o.oo 0 D 0 
OPCODE• 8 

COIT 
COCO> 

629 

157 

1,549 

2.21e1 

JOO 

),418 

0 

4101687 

49,)6) 

D 

'59,0GS 

0 

U4,lll 

D 

t:I -! 
~ 
t 

co ,!II:=-
~ 

~~ 
~.,, 

~! 



Tahlt 38 (conttnued) 
~10 """t 'UI ILIMINT MITHOO IOUI• P,'-IND IU'T o" "°' "'' NUNlll LIN COIT 

TO en rACTOll PIOM II • CN,U • .... , 
• 

Z'S GI TUT HOWi u DOTU PAC UN ,, 0.01 0 • • o.o 11.an 
0 OPC:OOI• s 

UNIT t4'A • o.oo 0 • • I 
O,COOI• I 

u FLT TUT HONE u DOTU PAC UN ,, 0.01 ' • • ••• 11.au 
0 O,CODE• s 

UNlf tUA 0 o.oo D • • • O,COOE• I 

27 SI I I J DOTH CU• ,, .... • G 0 ••• ... ,. .. 
O· O'CODE• U u o. :"l't 

UNIT "'A 0 o.oo 0 I 0 • OPCODE• • 
:a SUSTAINING J DDlll PAC UN ,, o.ot 0 0 0 o.o ....... ! 

0 OPCODE• J 

i OI UNIT .,, .. 0 o.oo 0 0 0 0 w OPCODI.• .. 

27 FL r .,YI DDIT 0 DDTll PACTOI ,, l.00 0 0 0 o.o • 0 OPC:ODI• ' , .. l.00 
u LOO 

UNIT "'" 0 11.00 0 0 0 • OPCODE• • 
JO SOFT WU I ENGi :s DOTH Cit• u o.oo 0 0 • ••• 110.111 

, 0 OPCODE• U n o.oo 
U.,IT "'" 0 o.oo 0 0 0 • ~g OPCODE• I 

"tl ~~ 
~ >? 
!t' ;i;,.· 

.0 l:'"" 

§ff 



10 

31 HIE 
a 

Table 38 (continued) 
SUI ILE"INT "ETHOD sou•- ILIND SUPT OTS "OD "00 NU"llR LIN 

TO ClS 'ACTORS FIO" II Ill C"l'LX lC 

J DOTH CU• 
Ol'COOE• 1Z 

UIUT f'/,CTOit 
OPCODF• 2 

" sa 

" 
o.oo 
O.l"O 
0 .10 

0 

0 

0 0 o.o 

l lOO 

cou 
co no> 

"•'" 
U4tll0 
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TAaE 4 

a@ CE!.t,11.Mkll COSTS 

l) J. &iuger's Mttvl'9 ln.iustry Correlation 

" 8C to He/Watt• U.60 to 28.to!fr (Cells Only) ., 
• n,.oo to SR/M' (Array Panels) 

Z) Manuf1ctUf"ers Esti .. tes 

lOc to 25clWltt (Ctlls Only) 

• 17.00 to 42.so;,.2 (tells Only) 
~ 

• $:5.00 to $~.,... (Arr.y Paneh) 

3) Production Rlte 
., 

TocM1 Sl0.000/M"' for SO be 

~ 

• S l7. 00/M" , ., 
Energy .:ost .. Sli/M' for Slt/M .. t l SPS:Vlt 

~ 

4) 0.NMn's EsttNt• - S40iM6. (Jltttdi.tn) 

" Aver1ge ~f these values i~ $35/M. f 1 SPS YR~ 

" use S1S.JM"' for 4 SPS/YR 
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ENCLOSURE I 

Mar.ufactura. Aulysis-Tt'll'eSlrilC FHrication off'rilD.~ry Struchltt Smit ADl!1 lltif:s 

Our rden:n;.~ structure fabrication ~Olh;~t h.is rr~d use (lf JOM tapc-~d strut sqments c10M 
suu1. ailtmbliest as the basil.; lw'am constn:ction buildin1 block. In this appf'Oa\.il. a hichly auto­

mated temstrial fik.'tory v.hkh rrod~~ strut segments on :a mass produ.:tion basis .and pacbgc in 

btgb d~slt}· mapzints for tran~t 10 the LEO construction bast. 

During this rc-riod •'t' expanded our 3~·sis to include ;; brid loot :at factory manufacturinC 

prO\:csses anJ non-nxvmng fa.:ili:~, and toolinl! nee.ls 10 ~"tain a .. t~nuput- of one SPS')'<ar. 

Sill:.:ilk obj«mts •·r-tt tu: a i pin a ~nc:r undcrst;aOOint of r-.11c rroc~.,, ttq~ents and to 

TC\k"V> rrodu.:ihilit~' of the rn_~J tapc.-red srrot Jesign: bl kknrify rn.~u.:uoo ratt ·"slWrt f.JD .. 

high r.Jk aK.ls: ;and .: 'h~:-1 our mature induslry estim.:tk for pri~»'s..~ond.Jf) structure. 

Madlitw Procfts Cencer C....,r 
""" S&1hk,1cJ tit<' <>trut d"-..ipt. anc a .Jit?htly tnllJiflt"J J~-rl\;atlw. 10 step M step manut).:turing 

rrOL"CSS pl:ln .. nalysis. ~·ith a rt':.stll'lahl) ddarkd r1t1'.'6si~ rlan in-hand we th~n (StaNi!illed the 

--rro.:ess tl:.'l• limiters·· for c:...il o~ratioo ,,,r pr,"'·.:$ .. step ti.c .. feed and srn-d dk"\"abk for that 

rhx"C'ss usin, rh;tl matcri .. dl whkh ~:i\e "'a t•·J~>nal>k fed for thl' effl'cti'e >~Id of l'ik'h P'°'-'CS-S 

stcr. B> arrl»mg th.: annwl stnat i<,in;:nt tilh.' to rr~u .. "e one SPS prr >·c.v l 1.4 X I at' strut 

h3Nesi ...... \\-er.· then ahle to sue th.: m..1.:hine tool... 'f'·.:wl t01."lin~. m.iteriai .:oosumrtion facility 

n~·eJs. et.:. 

T ~o mas.-. rroJu.:hon manuta.:rurinl! '-'•lf"-'r..'l't" \\'.-rt ""'·;alu;it.:c. TI1.· first. ~n.:-rall)· rd.:rred to as the 

··\(lk"hine Pro..'t'ss (\.·nt\'r C'l•rk:err. ·· .... wmc:" dN~l of ~.:hll purpose ma .. ililk" tools epro.:~ 

.:enten.' that t~nti.Jll) fal\rioh: a .:•1111rkr .. ·J r;arl from raw matC"rial'i. at" .• heam huilder or :rut~ 

m1.1ti~· 1-k'\\.·L rrtX•·~in~ t)'J'l' ,·,·nre~. In th1' .:a .... -. .. :om~•ktC' inje.:hon moldtd end fiftinp ;and 

finish ma..:~nni:,I .:cntt·r f11tm~ .ift' ln.11.k,f iuto th .. · rrocl.'s...~n!! .:enter and tenliion •·inJing . .:urin,:. 

SDT inSJ'l:.:fo.,n . .:oh: .. i.t.·1•" arc all ,.,,,mrk1.·J \\lthm rfu: ~·enter with .:cnh:t operation ~UC'n.:ed ~­

~.C rr~m. The ~,·onJ J'!fll\.'~S \'\aluakJ "JS a t)pi .. ·al ''Pnlo:CSS Sl3fi00 Flo•·-thru C'oncepl .. 

··hl"n.·I\~ t•adt su .. ·..:.:~s•w rw..-t."~S sur ,, a .. · .. ·ornrlislwJ M src .. ·ial ru~ in-line tassemb~ Ii~) 

lll•h:hi1·~ 1ools b1dt ma.:hin .. · lO\ll \st.:1hon t is i.·onne.:1eJ by aprrorrut.: uan$fer equirmcnt with. 

bufi.:-r stora~ bt:'f\\'t."t."n stati\'>l\S and multiple stations aJJcd al .. l'RXt."ss flow limiter~ (~ttlrncd:) 

r<>sllions. Sr~if11: feoatun-s of ea..:h tlf th(st' .:on.:ert~ an- presented in Tables F-i and E-:. Fi~re 

F-1 iJlustr3lt'S the rroCt"S.'i tlo-.· for the as.~mN)' hne ''Ont:tpl. 

166 
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STRUT ENO FITTING: (Gr/THEAM>PLASTIC) INJECTION MOLDED NET IN l«ILTI CAVITY RDS 

tEHlER JOINT: (707f> )\Lt.M) CLOSE TOL Dlt fORGING WITH FJMAL $JZ1NG ACCCJllFUSHf.D '°" SP£CIALIZED NC 
TURNING MACHINE STATIONS 

S T,~T TUBE ASSDIJLY 
• LARGE 8 TURRET TURNING CENTER SEQUENCES PARTS IN 4 PROCESS ST~E~ 

• STAGE 1 COOL DOWN, LOAD FITTINGS, APPlY FILM ADHESIVE I PARTIMG FILMS 
• STAGE 2 CIRC WINDING 
• STAGE 3 OEBULK & CURE 
• STAGE 4 HOT, PART RfHOYAL, TOOl CHANGEOUT/REPAIR 

• 2 Mil TAPE (13MM WIDE BY CONTINUOUS) TF.NSIOH WOULD 8 .. 180 RPM · 
• 8 SPOOL (4 PAIRS) TAP£ LAYING WITH 4.7M/MJN YIELD/LAYER (STRUT C04P. 3.6 MIN) 
• TAPE Will 'i1! "&• STAGGEu Gr/£ TO SHORTEN CURE (MICROWAVE) 
• COCURRING Of ENO f nn~.-; ' STRUT TUIE 

• PROCESS CENTER YJELrJ 30 PARTS/HR (THRUPUT 16 MIN/PART) (NEED 10 CCNTERS) 

• AUTOMATED N\lN-OESTklJCTIVE INSPECTION (NOT)-·IHCLUOES LIMIT LOAD STATIC TESTS 

• PLANT AREA NEEDS 80-10<.ti SQ/FT INCLUDING REfRlG STORIES, MAT'L STAGING MACHINE CENTER~, AWl CENTER 

• TOOLING--APPROX 600 TOOLS INCL NC MASTEl'tS FOR TURNING MANDREL FA8RICAT10H 

• OffE 750-1000 TOH PA£SS WITH 8-10 CAY ITY MOLO--COOI. DOWN & SCARF RDINAL STATJONS IN MOCESS LINE 

• STATJOHS Will ACCEPT OJE PRE-FORMS VIA CENTER FEED TRANSFER SYSTD4·-tAR81H£ l«ILTJ-SPllltOt.E CUTTING 
STATIONS FOR TURNING, & GANG Mill FltGER CUTS·-MACHJNE 'fJELO 16·20/HR··19 STATIONS REIJ,llREO. 
PROCESS STATION IN LINE FOR HOT, HEAT TREAT, ANODIZE, tTC. 

I 
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T1ble E-2 
Primary Structure Produ"tlon Co""Pt 

Opt 2: Proc. lgdon Flow•ThN 

• STRUT END FITTING & CENTER JOINT: (BOTH Gr/THtRMOPLASTIC)··INJECTION MOLDED NET IN MULTI 
CAVITY MOt.DS-·SAME AS OPT 1 

• STRUT TUBE ASSEMBLY 
• SPECIAL PURPOSE MACHINE STATIONS WITH FLOW THRU TRANSFER SYSTEM··BUFFER STORAGE 

BETWEEN STATIONS & PARTS CROSS TRANSFER AT fl.ILTI POSITION STATIONS 
• 2 MIL TAPE (l3MM WIDE BY CONTINUOUS··TENSION WOULD t • 180 RPM) 
• KEY WINDING STATIONS INCLUDE 

• 4 STATIONS CIRC WINDING POSITIONING FABRIC & INNER KEVLAR 
• 4 STATIONS LAYING 0° Gr/E GORES (PRECUT I FORMED) 
• 4 STATIONS CIRC WINDING 90° KEVLAR OVER-WRAPS 

• PRODUCTION LINC Y!E:D 90·92 PARTS/HR (3 LINES REQUIRED) 

• AUTCJ4ATED NON-DESTRUCTIVE TESTING (NDT)··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 

" -
i 



, ... ,. f•l 
S1n11 Tube Proc• Flow-Tin 

F1elllty Concepl 

-------:IPl-~t-=7:------------._ ___________________________________________________ .,.,,,,.. ____ __ 
WORK STATION TRANlflCH'T 

-$ 

TASK DESCRIP. F NllHIDPROOUCT 

1 LOAD FITTINGS 
2 INNER CIRC WIND 
3 CENTER GORE LAV 
4 VACUUM DEBULK 

MAGAZINE LOADING, PACK.AGING• DIUURllMINT 

13 
12 
11 

CENTRAL.._ _ __. 5 OUTER CIRC WIND 
6 VACUUM DEBULK 
1 MICROWAVE CURE 
8 REM DEBULK TOOL 
9 POSTCURE 

----10--a 
REWORK/ 
REPAIR 

10 MANDREL REMOVAL 
11 NOT-ANALYZER 
12 NOT-STATIC LOAD 
13 FINAL ASSY 
14 TOOL COOLDOWN 
15 TOOL CHANGE/REPAIR 
16 GORE TAPE PREP 
17 GORE LASEH TRIM 
18 REAPPLY CARRIER 
19 INDUCTION HEAT 
20 CONTOUR ROLL 

SIZING D~ t A; 
9l PARTS)riRlllNti 

LINE 1 

19 MINU". ES i·o ~"4RUPUT (STA. 1·131 
2.6 MINUTE£ M.\X STATION 

14 9 

• 
7 

6 8 
6 
4 
3 
2 

LINl3 

·-

LINl4 

RIFfHG MATL 'I 
llORU RICVG, 

DlllUM., 
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Tiie ttSUlts of our studies clearly show that production rates of 300 strut seonents per hour (3 

sbift/S day week basis• are easil)· belie\'ablr with modest no.recurring investment using cumnt 

av~ aerospace P"°'--essinc technique. No high risk or lont leaJ process dC\-elopment tasks were 

identified. Table E-3 provides summary costinJ data on the suut seament alternate desipiprocess­

ing ~reviewed. Our detail manufacnaring plan anal}·sis has confirmed that tbt' manare 

industry cost estimate of SSS/kg Cno•· year dollanl for tt'rrestrial fabrication of prim~·/secondall' 

stNChlre is credible. We do. in fact. believe further design/process producibility cffons will yield 

n-en lower primary stnlctUR costs. 

.)70 
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• MACHINE PROCESS CENTER (ORIGINAL STRUT DESIGN) 

NON-RECURRING: ($60 x 106 FACILITY, 2.6 x 106 TOOLING) 

RECURRING: 

• 

MATL 
LABOR 

617.20 
22.90 

AVERAGE COST--OPT 1 PLAN [R + (NR/8 YRS)] 

PROCESS STATION FLOW THRU (MODIFIED DESIGN) 

• $640/20M STRUT 

• $57.87/kl 

NON-RECURRING: ($55 x 106 FACILITY, 2 x 106 TOOLING) 

RECURRING: 

$62.6 x 106 

$57 x 106 

MATL 506.20 (9:i) • $527/20M STRUT LABOR 20.10 

AVERAGE COST--OPT 2 PLAN [R + (NR/8 YRS)] • $47.58/kg 

• PRIMARY STRUT MATURE INDUSTRY ESTIMATE • $55/kg 

., -
i 
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TABLE 5 
REFERENCE PHOTOVOLTAIC ~ 'S 

SUMMARY WEIGHi STATEJ4ENi 
(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 M3intenance Station 
l. 5 Control 178.100 
1.6 Instrumentation/Connunications 4,000 

1.7 Sc 1 • r Ce 1 ~ Blanket~ 43,750,000 

1.8 So .. · Concentrators 
1. 9 Power Distribution 2,398,400 

MICROWAV~ POWER TRANSMISSION SYSTEM 

(TOTAL - LESS GROWTH) 

WEIGHT GROWTH ALLO~ANCE - 26.6i 

(TOTAL - WITH GROWTH) 

Distributed to other WSS items. 

172 

51,782,300 

25,212,200 

(76,994,500) 

20,505,500 

(97,500,000) 



WBS 

-J 
~ 1.02 

1.02 .00 
1.02 .00.01 
1. 02. (lO. 02 
1.02.00.03 
1. 02 .00.04 
1.02.01 
1.02 .01.00 
1. 02. 01. 01 
1. Ol. 02 
1. 02. 02. 01 
1.02. 02 .02 

TABLE 6 
RlC.TENNA NOMINAL COST ESTIMATE @ 1 SPS/YR 

BEAM DIAMETER 13 KM 

RECTENNA INTERCEPT DIAMETER 

RECTENNA GROUND AREA 

9.36 1<M@ 95l EFFICIENCY 

= 1.535 x Tf/4 x 9.752 "' 105 KM2 

RECTENNA PANEL AREA = 68.8 KM2 

TOTAL CONTROLLED AREA (LAND AQUIS) = 204KM2 "' 50,41)0 ACRES 

ITEM ESTIMATING FACTOR NUMB.:R 

Mult/Conmon 
land $5,002/Acre Acquis & Prep 50 ,400 Ac;4 es 
Prim Structure $10/M ~8.8 KM2 
Control Sl.000/Subunit 500 Subunits 
Conmun 
t:.ner9y Coll/Conv 

$3/H2 68.8 KM2 Support Str/Gnd Plane 
Dipole/Diode/Filter Units 0.08 Ea @ 70 CM2/Element 0.983 x 1010 
Power Distr. Sys. 
Buss es Satellite Value 

4,65" x 106 KWe Processors $50/KWe 

COST 1MILLIONS !::I -! 
252 ' 688 
0.5 

50 

206 
787 

7 
233 

2.223 

:: 4 ,446 for 2 
Rectennas 
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TABLE 7 

CONSTRUrTION BASE WRITE DOWN SIJM4ARY 
PHOTOVOLTAIC SPS 
LEO CONSTRUCTION 

Item Cost Amortized Over 
(Mil I ions) 

LEO Base 

Facility 3465 25 years 
Fae il i ty 0/H 1629 25 years 
Constr. Equip. 1310 8 years 
C.E. 0/H 616 8 years 

GEO Base 

Facility 380 25 years 
i::acil i ty 0/H 179 25 years 
Constr. Equip. 425 8 years 
C.E. 0/H 201 8 years 

LEO Base 
Transport 625 15 years 

GEO Base 
Transpart 137. 5 15 years 

174 

Cost/SPS 
(Mil lions) 

139 
65 

164 
77 

15 
7 

53 
25 

42 

9 

596 



:>t 80-22876-6 

TABLE 7(0ont'd) 

11§! Cost Cost/SPS 
(Millions) Amortized Over {Mil lio~s) 

LEO 
Staging Base 

Faci 1 fty 650 25 years 26 
Facility Wrap 304 25 years 12 
Equipment 135 8 years J 

Equipment Wrap 61 8 years 2 

GEO Construction 
Base 

Facility 3610 25 years 144 
Facility Wrap 1690 25 years 68 
Equipment 1555 8 years 194 
Equipment Wrap 730 8 years 91 

LEO S/8 
Transportath •. 1 37.5 15 years 3 

GEO C/B 
Transportation 

1125 15 years 75 

620 
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LEO Base 

Facility 

Const Equip 

Overhead 

GEO Base 

Facility 

Const. Equip 

Overhead 

018~2287~ 

TABLE 8 

PtV CONSi BASE CCST SU..,. 
(FIRST SET} $H 

3465 

131C 

2245 

380 

425 

380 

(7020) 

(1185) 

$8205 

~ 

U>- This has 90% learning within the first set but ·ioes not include 
those ~nits used for testing. 
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Facility 

Foundation 

Crew Modules 
Cargo Handling 
Base Subsys 
Maint. Provisions 

Const. & Support Equip. 

Struct As.ay. 

Dll0-228764 
TABl.E 8 (Cont'd) 

250 
2870 
330 

15 

356 
Enef'9Y Collection Conversion 165 
POMer Distrib. 75 
SubarTay Install. &O 

Cranes/Manip 560 
Ind~xers 80 

Basic HRW 

Spares 

Install. Assy. C/0 

SE&I 

Proj. Hgt. 

Sys. Test 

GSE 

177 

(3465) 

(1310) 

4775 

715 

165 

335 

95 

145 

19\J 

$7020 M 



DIS0.2287U 

TABLE 9 

P/V CONST BASE MASS S\114ARY 

(103kg) 

LEO CC*ST BASE (5870) 

Facility 5200 
Const & Supp Equip 400 

Conswaables 270 

GEO CONST BASE (770) 

Facility 565 
Const & Supp Equip 175 
Consumables 30 

6640 

11S 



LEO CONST. BASE 

FACILITY 

Foundation 
Crew Modules 

0180-22876-6 

TABLE 9 (Cont) 

Cargo Handl;ng/Distribution 
Base Subsystems 
M.tintenance Provisions 

CONST & SUPPLY EQUI.,,.ENT 

Struct. Assy. 
Solar Array Inst. 
Power Dist. Inst. 
Subarray Inst. 

(Incl. sec str) 
Cranes/M.tn1pulators 
Iooexers 

TOTAL ORY 

CONSll'ABLES (90 Days) 

~ Includes 33~ growth a 11 ow. No other i ten does. 

li9 

103 kg 

(5200) 

2500 
2000 ~ 
400 

200 

100 

(4GUj 

80 

60 

20 

30 

180 

30 

5600 

270 



GEO FINAL ASSY BASE 

Fac;lity 

Foundation 
Crew Module 

PIB0-22876-6 

TABL~ 9 (Continued) 

C.lrgo Handling/Dist 
Base Subsystems 

Const & Support Equipment 
Solar Array Inst. 
Crane/Manipu1. 
Ir.<:e.<ers 
Docking Cranes 

180 

103 kg 
(565) 

280 

220 

SS 
10 

(175} 

50 

15 

6 

104 

740 



LEO Staging Depot 

GEO Const Base 

Facility 

Const Equip 
Wraparound 

Dl~n.876-6 

!ABLE 10 

COST Sl.MNY 
P/V GEO COl'tST CONCEPT 

3610 

1555 
2420 

181 

s106t. 

($1130) 

(7585) 

---
$87 ;r- ,. 



TABLE 10 (Cont;nued) 

LEO STAGING DEPOT 

Foundation 
Cr~ Modules 
Base Subsystems 
Vehicle and Payload Handling 
Propellant Storage and o;striuution 

Sas i c Hardware 

Spares (15 ~: 
Install, ~ssy. C/O (16) 
SE&I (7) 

Proj. Hgt. {Z) 

Syc: Test (3) 
GSE (4':r) 

18~ 

Total 

(S106 ) 

1 
645 

4 

120 

15 

$785 

115 
125 
55 
15 
25 
30 

$1150 



01-.22876'6 
TABLE 10 (Continued) 

GEO CONST BASE 

Facility 
Foundation 
Crew 'b:lules 
Cargo Handling 

Base Subsystems 
Maintenance Prov 

Construction Equip 
Struct Assy 
Enert:11 Collection & Conversion 
Power Dht. 
Subarray Inst. 
Cranes/Manip 
Indexers 

Spares 

Install, Assy. C/0 
SE&I 

Proj. Mgt. 

Sys. Test 

GSE 

Basic Hardware 

Total 

183 

(3610) 
250 

3020 

330 
H> 

(1555) 
350 
165 

75 
80 

760 

125 

5165 

775 

825 
360 
100 
155 
205 

2420 

7585 



~EO STAGING DEPOT 
Facility & Equip. 
Consumables 

GEO Const Base 

Facility 
Const. Equip. 
Constlllilbles 

DU•22176-6 

TABLE 11 
~.ASS SlfflARY 

P/V SAT 
GEO CONST CONCEPT 

184 

103 leg 

(750) 
730 
20 

(6535) 

5730 
515 
270 

7285 



0180-22876-6 

TABLE 11 {Cont.) 

GEO Const. Base (103 kg) 

FaciHty {5750) 
Fou ... ~~tion 2500 
Crew fblules 2690 
cargo Handling/O;st 400 

Base Subsystems 60 

Ma;nt. Provision 100 

Construct;on Equip. (515) 

Struct. Assy. 80 

Solar Array Inst. 60 
Power Dist. Inst. 20 
Subarray Inst. 30 
Cranes/Manipulat~rs 255 
Indexes 70 

Total Day 6265 

Consumables (90 Days) 270 
6535 

185 



LEO Staging Depot 

Foundation 
Crew Modules 
Base Subsystems 

Dl80-2287U 
TA~LE 11 (Cont.} 

Vehicle and Payload Handling 
Propellant Storage and Distribution 

Consumables (90 days) 

Total 

186 

103 kg 

15 
590 

30 

40 

55 
730 

.1L 

750 



0180-22176-6 
TABLE 12 

CREW SUPPORT ROM ESTIMATE 

LEO CONSTRUCTION 

.. Crew Size • 541 
Total Staff• 2 (541) + 101/o = 1190 
Cost $120K/Man-Year • $143M 
Crew Support lOX Working 
Crew = 5410 (on ground) 
@ $SOK/Man-Year 
Tr~ining, etc. {20%) 

$271H 
$83M 
497M 

GEO CONSTRUCTION 

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

THERMAL ENGINE LEO CONST~UCTION 

Crew Size • Bll 
By Ratio, Cost is $745M 

There is an estimated additional $4M operations support per SPS 
for LEO construction to acconmodate the 11;~re complex operations. 

187 



Dl~22876-4 

TABLE 13 

NUMB~RS OF FLIGHTS & COSTS Sll4MARY 

HLLV Cost/Flt = 67.56 X (Annual Rate) -.2715 

Cost 
1 SPS/Yr 4 SPS/Yr 

LEO GEO LEO GEO 
1. P/V Hardware 

• Mass is 77,000 Tons 

• HLLV Payload is 391 Tons 

• 10% for Packaging 
Flights = 217 {GEO) 3139 2415 2155 1658 

= 228 {LEO - 5% Oversize) 
2. Orbit Transfer Sys (LEOj 

Mass is 12,236 tons 
{Total SPS) 

10~ for packaging 
35 flights {LEO) 482 330 

3. OTV's 
217 trips to GEO 
wears out 4.34 vehicles 48 33 

= 4.34 fliahts (GEO) 

4. Propellant for OTS 1074 737 

OTS = 3620 ton/module 
x 8 modules & 53 boiloff 
= 30408 tons - tanks are in OTS above 
= 78 flights (LEO) 

5. Propellant for OTV's 

• Factor= 2.075 (includes '.>oiloff 
but not tanker) 

• Mass is 77,000 tons + 10% packaging 

• Allow 15~ for tankers, transfer & 
boil off 

517 flights 5754 3950 

(GEO) 
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0180-22876"' 
TABLE 13 (Continued} 

6. OTV Cargo (O) (868) (0) (499) 

None (LEO} 0 0 

21:' Flights 868 499 
(GEO) 

7. Crew Rotation & Resupply (476) (695) (234) (382} 

Shuttle {S12M/Flt. 1 SP3 per yr) 136 336 
Advanced Shuttle ($SM/Flt, 4 SPS/Yr} 140 140 
28 Flights per SPS 

HLLV - Supplies 
5 Flights LEO 69 44 .,, 

.I 31 

4 Flights GEO 
HLLV Tanker 5 {LEO) 69 267 47 183 

24 (rEO) 
OTV Flights 4 (LEO) 16 9 

12 ''iEO} 48 28 

OT~ ~ S4M/Flt 1 SPS/Yr 
& 2.lY./Flt 4 SPS/Yr 

Total HLLV Flights 35i 766 1404 3064 

$/flt 13. 77 11.13 9.45 7.64 

8. OTS Hardwa;e 1260 723 

(From Table 14 with growth deleted) 
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~BLE 14 
S[LF-POWER ORBIT TRAN'.1HR SYSTEM MATURE INDU~TRY COST ESTIMATE 

IH.M & FULLY MATURE MA1URE 
MASS l'CM PCM LEARNED INOIJSTRY INDUSTRY 
(LB) JNIT TFU UNIT TOTAL @ 1 SPS/YR @ 4 SPS/YR $/l(G 

# SLOPE COST _ {_! _ _ors) ·- -·-~·----

(8 OTSL ______________ ---
QT::. Svc;tem J_.45_§.J~_Q_ ~-36 ,_G_4~: 

~.=-..:'::·~-= 

69,436 39.840 

o.s }_il._88,724 7':J6 ,ffil.3_ 
-- -·- ·- ----- -------

Thru·5ter ?_22_,432 1_40, 171_ 
Panel 

(13,532,000) 

Panel Struc 192 .85 641 127 24, 364 17 ,583 8,792 $131 
(1540 LB) 
Thrusters 26,BCO .85 409 81 2,176,490 132,752 66,376 $ 98 
(110 LBS) 

0 -_ ?rocessors 384 .85 6 '151 1 ,217 467,607 2?8,624 119,312 $ 75 ~ ;g (18,230 LBS) N 

~ 
Switchgear 1920 .85 2, 1 ?u 420 805,826 183,903 91,952 $320 f 
(660 LBS) 

Interrupter 26,880 85 244 48 1,298,444 79, 197 79, 197 $130 
(50 LBS} 

Jnterrupter 26,880 .85 16 3. 17 85, 143 f., 193 2,596 $212 
(2 LE\S) 

Cat,ling 192 .85 3,4% 692 132 ,835 ~5,901 47,95C $734 
(l~fJO LBS) 

Inst rum 192 .85 968 192 36,i94 26,554 13,277 1524 
(2uu Lf.SJ 

PrOJJ Sys 192 .85 331 
(1500 LBS) 

77 14,862 10, 725 10, 725 82 



Cl-5 
TABLE 14 (Continued) 

ITEM & FULLY MATURE MATURE 
MASS PCM PCM LEARNED INDUSTRY JNDUSTRY 
(LB) UNIT TFU UNIT TOTAL f 1 SPS/YR (!I 4 SPS/YR $/KG 

I SLOPE COST .LL!HS.) {8 OTSl 

Thrust. Frame 32 .85 2.069 410 13.104 ?3.170 11 ,585 $260 
(6160 LBS) 

Gimbal Assy 
(6160 LBS) 

32 .85 11 .876 2.351 75,235 !33,000 66,50Q. $1487 

Computer 32 .85 2,448 484 15.508 ?7,415 !h?07 18.000 
(100 LBS) 

Co111T1unic 32 .85 1 • 718 340 10,883 19,240 9,620 13,000 
(100 LBS) 

Standoff Str 32 .85 3, 117 617 19, 746 34,907 17 ,454 240 
(10,000 LBS) 0 - --0 

.85 131; - Argon Tks 32 6,801 1,346 43,085 ?~11!! J8,082 
(40,000 LBS) 

LO Tks 32 .85 3,106 t>15 19,677 34,784 17 ,392 l49 t 
(1~ 1 000 LBS) 

LH Tks 
(1~ 1 000 LBS) 

32 .85 2,078 411 13, 164 23.271 41.636 160 

Tank lnsul. 16 .90 1 ,083 378 6.063 !.Lll.i _Ll8Q. 2 

Prop. Sys. 32 .85 1,443 285 9 '141 ]6.160 ] § .160 111 
(10,000 LBS) 

Chem. Thr. 96 .85 74 14 1,406 J ..• 4~ 1,435 
(1000 LBS) 

TCS/RAD 384 .85 4,027 797 306,138 J~~225 78!113 103 
(8680 LBS) 

Pwr. Oistr. 160 .85 1,492 295 47,260 ~.362 37,362 12 
(41,830 LBS) 



NO NA"E 

1 TOTAL PROGUH 
0 

z PROG JNTEG & HGHT 
0 

J OTS JNSTL - 0 

'° N 

" FLT SYS D&D 
0 

5 SUSTAINING 
0 

6 SE & I 
0 

Table 15 Parametric Cost ltbdel Output for Orbit Transfer System 

SUB ELEMENT MITHO~ SOUR• BLIND SUPT OTS· KOO MOD HUHllR LRN 
TO CES FACTORS FROM I I CHPLX X 

0 DDT&E SUBS 0 o.oo 0 0 0 o.o 
OPCODE• 0 

UNIT SUBS 0 11.00 0 0 0 
OPCODE• 0 

1 DDTt.E FACTOR J 0.06 0 0 0 o.o 
OPCODE• z 

UNIT FACTOR J 0.06 0 0 0 
OPCODE• z 

1 DDT&E SUBS 0 o.oo 0 0 0 o.o 
OPCODE• 0 

UNIT SUBS 0 o.oo o. 0 0 
OPCODE• 0 

J DDT&E SUBS 0 o.oo 0 0 0 o.o 
OPCODE• 0 

UNIT SUBS 0 o.oo 0 0 0 
Oi'CODE• 0 

J DDT&E FAC UN ,. . o. 05 0 0 0 o.o 
OPCODE• J 

UNIT IUA 0 o.oo 0 0 0 
OPCODE• e 

3 DDT&E CER• ,. o.oo 0 0 0 o.o 
OPCODE• lZ J2 o.oo 

UNIT ti/A 0 o.oo 0 0 0 
OPCODE• e 

COST 
(000) 

1.tiso. "'' 

1. ".,.. 01? 

1io.su 
n.uo 

1,uo.zo 
1,,,,,,..,, 

UI ,41z 
1.z11.u1 

42. 401 

0 

n.u1 
0 

c -
' I 

Iii 
l1 
.c 
e:~ 

$; 



Table 15 (continued) 
ND sua ILE"INT "ITHOD IOU•- BLIND SUPT OTI "OD MOD NU"••• L•N 

TO CES PACTOll FIO" X X CMPLX X 

1 FLT S'S DD&T 0 DDT&E FACTOI ,. 1.00 0 0 0 o.o 
0 OPCODE• 2 6 1. 00 

' 1.00 
UNIT Nl'A 0 o.oo 0 a 0 

OPCODE• a 

a SYS TE" TEST s DDT&E SUBS 0 o.oo 0 . 0 0 o.o 
0 OPCODE• 0 

UNIT 14/A 0 o.oo 0 0 0 
OPCODE• a 

- ' SYS TEST LH a DDT&E CU• ,. o.oo 0 0 0 o.o 
'° 0 OPCODE• 12 Jlt o.oo w 

UNIT tUA 0 o.oo 0 0 0 
OPCODE• a 

JO GR TEST HOWE a DDT&E FAC UN " O.JO 0 0 0 o.o 
0 OPCODE• s 

UNtT tin, 0 o.oo 0 0 0 
OPCO:lE• 8 

11 FLT TEST MDWE a DDT&E FAC UN ,. o. so 0 0 0 o.o 
0 OPCODE• s 

UtUT tll'A 0 o.oc 0 0 0 
OPCODE• a 

12 SOFTWARE ENGR s DDT&E CER• 7 o.oo 0 0 0 o.o 
0 OPCODE• 12 H o.oo 

UNIT Ill' A 0 o.oo 0 0 D 
Ur'COOE• a 

COIT 
COOO> 

0 

0 

us.us 
0 

U,,SOJ 

0 

sn,1n 
0 

us,ut 
0 

94,321 

0 

~ -g 
f 

cpl ~ ..-r: ... ., -,.. '"t.. ..... 
,.-. :-; 
1' ,, -
~ ;;..-
~ ,.. .... 

J; ""C 

~~ ... 
; 



HO 

lJ GSE 
0 

14 TOOLIH; 
0 

lS ASSY & Cl'O 
0 

D ,.. 

u TM•USHR PAtl[t. 
0 

17 P#.llH STRUCT 
!~~o LBS 

llS THJ.USTEPS 
110 LBS 

Table 15 (~ontinued) 

SUI tLEMtHT "'™OD \Ou•- IL(~~ SUPT OTI MOD ~00 MU~aEt LIN 
TO CES 'ACTOJ.S Ft~M X X C~PLX X 

J DDTU FACTO I: " 0.10 0 0 0 o.o 
OPCODE• z 

UH lT u.r.TOI! .. 0. l 0 0 l 100 
OP'.:ODt• z 

J DDTU ,_CTOI! " 0.25 0 0 0 o.o 
CJPCOOE• 2 

UNIT 11.f A 0 o.oo 0 0 0 
OPCODE• a 

J DOTH ,, "" 0 o.oo 0 0 0 o.o 
OPCOOE• IS 

U'4JT f AC U'I 4 0.07 c 0 0 
OPtOOE• l 

" DDHE ':.IJI~ 0 o.eo 0 0 0 o.c 
rJl'r. ()(If.. 0 

U ••I T ',IJ 2!> 0 o.oo 0 '" e1t 
OF'COIJ[ • 0 

AGGREGATED VALUES 

u DDTU CER 1. 00 so 0 0 0." 
OPCO:JE• 1 

UHIT r. f.11 "~ 1. 00 "5 l 11)0 
OPt;OOC:• 

u DOTH CEP 21 1. O'> Sl 0 a o.o 
r1?1'..l'JDE • 

u1:J T '= ~p " o.zs "5 140 84 
OPCOOE • 

AGr.Pt~AT(D VALUES 

con 
(000) 

,,,,,. 
u.ou 

91, '"' 
0 

0 

u.u .. 

7J.ll4 

70, 0 Jl 

1.oos,ns 

11572 

'" 1 

e, U1 

40t 

zs.zz~ 

c -
~ ., 
~ ..... 
t 



NO 

u ,_IOCESSORS 
11230 LIS 

20 SNITCH GUI 
uo LIS 

'° "" Zl lNTERllUPTU 
50 us 

zz INTERRUPTER 
2 LBS 

n CABLING 
1500 l8S 

2" J:lSTl!UI': 
2CO LBS 

Table 15 fcontinued) 
IUI ILIKINT MITMOD sou•- ILIND SUPT OTI MOD "OD NU"••• LRN 

TO Cit FACTORS PR~" X X C"PLX X 

1' DDT&I CEI 7 1.00 n 0 a a.o 
OPCODE• l 

UNIT CIR 52 0.50 0 I '" OPCODE• 1 
AOHHATID VALUll 

u IDT&I CU 14 1.00 so 0 IO 1.0 
OPCODE• l 

UNIT cu '' 1.00 45 lO 
.,. 

OPCODE• l 
AlllllATID VALUll 

u DDT&I CER 14 1.00 IO 0 0 o.o 
OPCODE• l 

UNIT CER ., 1. 00 o· 140 14 
OPCODE• 1 

AllllGATID VALUll 

u DDTU CU lit 1.00 JO 0 0 o.o 
OPCODE• l 

UNIT CER '' 1. 00 45 uo ... 
OPCODE• l 

AIGlllATID VALUll 

u DDT&E CEA u 1.00 Z9 0 0 a.a 
OPCODE• 1 

UHl l CER 51 1. 00 "' l 100 
OPCODE• 1 

16 ODH.E CER 1S 1.00 JO 0 0 o.o 
OPCODE• 1 

UNJT CER 60 1.00 45 l 100 
OPCOOE• l 

COIT 
COOO> 

"''"'' ,,.,, 
11, .,, 

,,,41 

z.uo 
u.on 

ltZI 

144 

u, • .,., 

u 

u 
tJ7 

J, H'i 

s.c.u 

J, 211 

"' 

., -
' ' 
;; 
~~ 

A::; 
C! :: > '"-> 

§: 



NO 

u PROP SYS 
1500 LIS 

Z6 THRUSTER FRA"I 
6160 LBS 

27 GI"!AL ASSY 
6160 LIS 

"° °' 

Z8 COftPUTU 
100 us 

29 C0:1:1UNJ'.: 
J 'iO LBS 

lO STl.NOOFF '3 Tl? 
100:30 LDS 

Table 15 (contf nued) 
I 

SUB ltl"ENT "!THOD SOUR- &LrND SUPT OTS "OD "OD NU"8ER LRN 
TO CES FACTORS FROM X X CKPLX X 

11 DDT&! CEit 40 J .• 00 30 0 0 o.o 
OPCODE• 1 

UNIT CER 76 \.00 45 1 100 
OPCODE• 1 

4 DDT&E CU 1 1. 00 u 0 0 o.o 
.OPCODE• l 

UNIT CER 46 1.00 45 " 14 
OPCODE• 1 

AGGll!HATID YA LUU 

4 DDT&E CEii 2 o.n so 0 D o.o 
OPCODE• 1 6 o.n 

UNIT CEii 4 7 0.75 45 " 84 
OPCODE• 1 51 o.zs 

AGGUIATID VA\UES 

4 DDT&E CEii 1' l. 00 JO a 50 s.o 
OPCODE• 1 

UNIT CER "' l. 00 45 ,. 8't 
OPCODE• 1 

AGGREGATED VA~UES 

4 DDT&E CEit 16 1. 00 so 0 50 5.0 
OPCODE• 1 

UNIT CEii 61 1. 00 4 5 4 84 
OPCODE• 1 

AGGREGATED VALUES 

4 DDHE CEii l 1.00 2' 0 50 s.o 
OPCOOE• 1 

UNIT CH 46 1. 00 1,5 4 84 
OPCODE• 1 

AGGREGATED VMUt:5 

COST 
(000> 

,.,,,. 
Sfl 

5,214 

2 .on 
,,,u 

lt6,0Jt 

11.au 

. St. 782 

U,'14 

z.oa 

a.zoo 

7, 528 

lo 718 

5,754 

6 .zu 
3.117 

10,443 

0 -
' '"' ~ 
f 



ND 

J1 UGON TAHICS 
40000 L&S 

32 LOZ TUu:s 
uooo LIS 

~ 
·-I 

H llf2 T.t.Hll'.S 
lCOOO LIS 

14 T.lNIC INSlJL 
22;;0 SQ FT 

35 P~OPELl••H SYS 
! ::: 'J 00 lBS 

H ':rt:.~ HtP:.;ST 
I:~ 'J lBF 

Table 15 (continued) 

SUI fLf"fNT "fTHOD IOU•- ILfND SUPT OTS "OD MOD NUMlll L•N 
TO CES FA~TOIS FIOM X X CM,LX X 

• DDT&E CEI at l. 00 2' 0 0 o.o 
OPCODE• 1 

UNIT cu 82 l. 00 45 ,. 84 
OPCOfJiO• 1 

AGGI HATED VAL UH 

,. DDT&£ CEI ai 1.00 H 0 0 o.o 
OPCODE• 1 

UNIT cu ez l. 00 • 45 4 '" OPCODE• 1 
AHUGATED VA LUIS 

4 DDT&E cu 81 1. 00 H 0 0 o.o 
OPCODE• 1 

UllIT CEit 82 1. 00 45 4 84 
OPCODE• 1 

AGGREGATED VHUH 

,. DDT&E cu g LOO 30 0 0 o.o 
OPCODE• 1 

U~UT CER 53 1. DO 45 u ,, 
OPCOtiE• 1 

AGGIEGATED VALUES 

4 DDT& E cu 40 1. 00 30 0 0 o.o 
OPGJOE• l 

U": T c (I! 7' 1. 00 4S 4 14 
oi>i:or,£• 

lG~HGl.TEO VAlliU 

4 Dort.t: r. El! t. 2 o.so ]l 0 0 o.o 
rJ:>t:;QC.E • 

t; •l .. T ' -~ n 0. !:.'J 45 1 t' e7 

COIT 
COOO> 

u.oss 
,,101 

zz.11s 

t, 114 

s.10' 

10,40, 

&.004 

2.011 

,,,,2 

,,,ss 
104 

1,oas 

12. 521 

1. 44J 

4,IU4 

ll,441o 

74 

Q -
' ..., 
M : 

~ •·· ,,.,.. 
/ 

::: ::: 
,,.. ..__ 
,....., ''" E 3: ...,.. -t:'t!;;; 



NO NA"E 

37 TCS.l'P.ADUTOR~ 
ueo LBS 

JS POWU t>ISTR 
4.l8l0 LBS 

G 
a:, 

Table 15 (continued) 
SUI ILEMENT METHOO SOUR- ILENO SUPT OTS "OD "OD NU,.BER LR~ 

TO CES FACTORS FRO" ~ X C"PLX X 

" DDT&E CER ' 1.00 2' 0 75 s.o 
OPCODE• l 

UNlT CER 54 o.so 4~ 4S 84 
OPCODE• 1 

AGGREGATED VALUES 

4 DDT&E CEii 1 0.10 2' 0 0 o.o 
OPCODE• 1 

UNIT t;EI 46 0.10 45 zo 84 
OPCODE• l 

AGGREGATED VALUES 

COST 
(000) 

JZ,40J 

4,0ZT 

,,,,,.z 

,,.77 

1.1otz 

·u.su 0 -
' .... 
t3' 
t 



Shuttle Growth 
(Crw to LEO) 

HLLY-Suppl hts 

HllY·Tanktr 

OTV 

Dl-.US'IW 
TAILE 16 

CR£V ROTATIOl/JtESUPPLY 

Launches Per Year 

LEO Const. 

?IL !LL 

28 

• 6 

5 s 

• 4 

199 

GEO Const 

!LL !lL 

28 

• 
24 

12 



Dl&o.228766 
TABLE 17 

GROWTH CALCll.ATIONS 

Growth is App lied to: 
r 

SPS 
Construction/Space Support 
Space Transportation 
Pro Rita Share of Interest During Construction 

1 SPS/Yr 

LEO GEO 

SPS 7442 7190 
Constr/Space Sup 1109 1126 
Space Trans 6445 9780 
Pro Rita IDC 1437 1114 

Subtotal 16433 19210 

Mass Growth 26.6S 26.61 
Cost Growth Equiv. 21S 21S 
Cost Growth Amount 3450 4034 

200 

4 SPS/Yr 

LEO 6£0 

5587 5378 
1109 1126 
4188 6522 
842 651 

11726 13677 

lM lM 
81 as 

938 1094 



RFP 
REF ITEM 

a} Trar.sportatton Requtr...,.ts 
(Includes Crew) 

b) Construction Requtrt111ents 

c) SPS Design Requtre11ents 

d) Degract..tton Potential 

~ 
e} Launc~ Stte Differential Effects 

0 

f) Startup 

g) Operations Const~erations 

h) Collision 

i) Cost Glfferentlals 

j) Orbl! Transfer C011plexlty 

TOTAL ~~5i ~fFF£RENTIALS 

TABLE 18 LEO/GEO DIFFERENCES 

~~~~__.RA .... T~J2fM~l~E,__~~~~~ 

o HLLV Launch Rate, 1400/Yr VS 3064/Yr P 4 Yr 
350/Vr VS 766/Yr f \/Vr 

o See Also Table 1 

o See Tables 1,7,8,9,10,11 for Facility Dell~ Costs 
o Statlonkeeptng Propellant 800 Kg/day - 292 Tons/Yr 
o Crew Support 
o Oversizing for Radiation Degradation 
o Delta Structural "'1ss - 854 Tons for GEO (See Table 4, Sheet 2) 
o Satellite Mods. for OTS Included in OTS Costs 
o Included in SPS Design Requlre111ents 

(Oversiz1ng C0111Pensates for Output and Mls1111tch loss) 
o Higher Launch Rate for GEO (See (a) 

o Orbit Transfer Hardware Elements Included tn OTS Cost 
o Delta Interest During Construction 
o Can't Reuse Packaging r.atertals and Pallets for GEO (Not Qlulnt1fied) 
o No Difference In Nutnbers of Vehicles In flight. More C0111Plex 

~nito~ing for OTS. 
o Docking Equipment Included in GEO Factltty for LEO tonstruct\on 
o Esti1111ted Collision Avoidance Propellant 32 Tons/Yr 
o Object Monitoring Cost 
o Other factors lte•lzed in This Table 
o Delta Growth (factor on Delta Cost) 
o Hardware/Software Costs Reflected as OTS Costs 
o Software Prelh1lnary Design lncorpor.ited In Existing Slmutatfonr. 

DElTA COST lR MllllOMS 
PER SPS (GEO - LEO) 

RECURRING JnlTl111. lllC*· 
~l!!U R[CURRlllG 

Net • 2.343 

24 

9 
.139 
·70 

-1,c:n (OTS) 
2 .223 (Fleet 

Jnvotce) 
530 

-JSO 
-115 

" -
1.715 l1t1c:h ' fac:lltty N 

Costs I 
-10 

-1 
-5 

'" 

z.sn 
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3.3 REFERENCE THER~IAL ENGINE 

Cosl Data Pac~ 

Tabk IQ rro\'i\!ts J cost summary and referen.:es tht• backup substantiation material. Tables :?O 

through :7. 

202 



TABLE 19 CAPITAL COST Sut14ARY-THERMAL ENGINE SPS (RAHKINE) 

OOl.LAAS lff Mill JONS 

WBS [TEM ([Q 
1 SPS[YR 

Ito 
.t SPS£Ylt 

t.lD ttd 
~IP;!!_~ ______ .!lJHSER 

~A_UEFJ"!~ES ~OMS TR!g:!JOM COffSTRUCTIOft (CJNST,!Ut!lO! ~IJM.Lltqg'J!l! --,....·-
UH Sol•r fewer S.ite111t! 0 "•ture Industry Est1 ... te. T1ble 20 ( 7,987) ( 7.987) ( S,284) ( 5,284) 
1.01.00 M~ftiple/t~n 0 PCM Aun, T~ble 21 1, 196 1,196 846 846 

oind Pt9'9 
0 General · !Ctrlc Turvine, Generator, A PlllllP 374 374 ?74 374 

fr•"'JY C?l le<:t ion 
(OH (HiNtt:S 

[nerqy Lonversion 0 Struttural Mfr. htim.tt'!', 9th MPR 3,365 ),)65 l ,890 J.8!t0 
POWi!r Oistribut10ft 0 V.irltn Analysis of Kl)'stron Pro.:uttton 376 376 222 zzz 
Micro.4~~ P~r Tr•nSfllsslon 0 HPTS [tror Analysis 2,676 2.676 1,952 1,952 

0 SPS Ma~~ E~tim.ite, Table 22 

LO? ~ro~n~ Recelv1ng StatlOft (S•.ne 1s Photovoltaic) ( 4,446) ( 4 ,446} ( 4 .000) ( 4,000J 

Z~OO Con~tn.1(tlon I Spice Support 1.1l6) 1,768) ( 1 ,716, ( 1,768) 

.. 01 Cons•ru~t1on Base Wri t.edowri SU1111,.ty, hble 23 971 l ,OIO 91l 1.010 " -{f .,.: 1 I lty Wrltedown I Factllty Has~ t Cost Esth11ates T•bles 24 and ZS 

I t .i 
2.C? SpJ '! '..uppor"t 

0 Z .(;?.Cl ~>t<1qin? 8dS~ • (S.ime as P/V) N/A If/A \lo.> 

f 2.Cl.Ol trE-w •;u;;;1>-0rt 0 Crew Support ROM Estt111o1tes, Table ll 

0 1-ew P.equ1ref!l('nts from Construction A11alysn 74S 758 745 7S8 
(Pilrt I Vo J. JfI 4nd Part II Vol. IV} 

2.02.0l Oth~r OPS SuppQrt 16 16 

3.00 Sp"r.e Transportation Cl Humber~ }f r11ghts and Cost~ 7,4~S) (11,182) ( 4,678) ( 1.215) 
SUlhllldry, fable 26 

3.01 £artn - Leo 

J.01.0l Fr~igllt 0 Other References Same as Photo1101t11i: 3,900 l,270 2.s21 Z,095 
3.01.0? (rew c..- Sl8 S~8 22'0 220 

3.Cl tEO - GEO .. >-Y; .>: 181 53) 141 lS7 ....... 
1.r1(. 01 freight c· 2,816 6,8!iJ 1,790 4,603 

3.02.<J: Crew c 
~ .. ..... 

lnter,.«t Ourin9 Constru,tion IC {JOO Oa1s) (450 Days) (566 Days) (366 O•ys) ,...... ( Z,068) ( I ,!i63} ( 1,21«,) ( 916) 

Gr0wth Table 27 E ( 2 ,946) ( 3,4f.19) 75~) ( 903) 
,._, 
to<1 ' 

TOTALS 26,588 30.435 17,648 20, 146 



TABLE 20 

MATURE IPIOUSTRY ESTIMATE. THERMAL ENGINE SPS 

ITEM ~ FULLY MATURE MATURE 
MASS PCM PCM LEARNED INDUSTRY INDUSTP.Y 
(LB) 1JIHT nu UNIT TOTAL 9 1 SPS/yr f 4 SPS/YR S/KG 

I ?_LOPE COST 

T/E SPS S,311 .lf8 l 1HJ ·Hl: 
Other 252.913 159.139 

Hult/Com .ff2.07% ~· 
Prim. Struc 200 
(8537 LBS) 

.85 2 ,727 203,993 540 107 ,974 76,340 4~.al!! 98 

Att. Control 451 ,852 22_9.?1! 

Thrust~rs 5120 .85 1,328 1,198,036 263 1 ,346 ,084 188,121 94,060 $736 
(110 LBS) CJ -i Processors 96 .es 6,248 264,920 1237 
(12,000 LBS) 

118,745 121,194 t'0,597 231 ; 
Structure 32 
(10,000 LB) 

.85 7,505 135,001 1485 47,545 84,048 42,024 579 f 
Tanks .85 1,040 32,174 
(1130 LB) 

20s; 13,177 16,471 8,235 502 

In~trum 32 .85 3,752 67,500 743 23,769 42,018 21,009 2,895 
(1000 LBS) 

ii Central Compute 3 l.O 12 ,430 37 ,291 37 ,291 ~ZJ'! (700 LBS) 

COtrllllnic 3 1.0 24,576 73,729 n,129 73,~29 
(2000 LBS) ~ ;! 
Ant. Yoke 2 .85 163,474 302,857 !2~J~57 ~02,~57 1,294 ~~ 
(258,000 LBS) ~. r,' 



TAILE 20 (Continued) 

ITEM I FtA.LY MATURE MTURE 
MASS PC.M PCM l£AM£0 f NWSlRY 1asm 
{l8) UllllT TfU UftlT TOTAL f 1 SPS/YR • 4 SPS/YI S/IC& 

I SLOP£ teST (1 MPTS} _ (Z flPTS) ----
Ener91 374,45' 374,456 
Coll 

Concent 374,456 374,4~ 

St rue tun 1600 .85 2727 119,349 540 863,792 :no.ooo ll0,000 so 
(8537 LIS) 

Far.els 116,000 .85 44 8.1 1,010,450 64,456 64,456 
(3S 1Ls) 

Energy 3,365,444 1,899,974 
C.Onvers ion ., -·~ 

2981 ~ C.a1ity 16 297,S47 2'97 ,547 297,547 
{13 7. 779 1 bs) 

Boiler 576 .85 25,079 
(12,615 lb) 

496A 2,859,SC. 1, 191,587 595,793 361 f 
CPC/Ooor 16 .85 26,669 277,050 5279 84,415 21 l.188 105,594 106 
(20,250 lbs) ----
Turbines 576 .85 23,199 4592 2,645,428 1,102,262 551,130 80.1 
(52 ,646 lb) 

Generators 576 .85 6,397 1266 729,463 103,942 151 ,971 121 
(%00 lbs) 

Pll"'IJ'S 576 .85 3, 150 624 359,200 14~.667 74,833 152 
OU..t 1b} 

Raijiator _109.251 u.~ 
Manifold 32 .as 2,094 415 13,265 23,450 ,\,725 188 
(8587 lb) 



TA8LE 20 (Conttnued) 

ITEM & FUU.Y MATURE MTUR£ 
MASS PCM PCM LEAMO INDUSTRY INOOSTRY 
(LB) UNIT TFU UNIT lOTAL I 1 SPS/YR f 4 SPS/YA $/KG 

' Sl<>.f!. COST {1 MPTSl 12 llPTS} 

H. P. Panels 192960 .es 59 11. 7 2,253,&42 85,801 85,801 10 
(98 LB) 

Potas!:hn 
(13. 36E6l8) 25,880 25,880 4 

Power Dfstr. 376 ~76 , . 2211812 --
Swi tchoear A4 .85 3181 449,414 749 272,898 143,0:M:f 71 ,5l9 655 
(1320 i.B) 

Busses 364 .85 4392 
(150,000 LB) 

521,153 869 ll~,495 }_65,e89 82,944 v 
cs 

Rotary Jotnt 2 .85 36,353 67 ,349 67,349 67,34~ 1302 -
i (57,000 LB) 

.... 
i 



MO NARI 

l TOlAL PIOIU" 

• 

I PI08 INTH I MINT 

• 
..... 
0 ..... 

J Tl SPI 
0 

It f\. l SVS DH 
I 

5 SUSTAININll 

• 

'" ' I 
0 

Table 21 Para .. tr1c Cost Model OUtput for 1t11r111l £n91111 SPS 

su• ILIRINT MITHOD SOUi• ILIMD auPT OT• MOD ROD """''' LIM 
TD Cll 'ACTOIS 'IDft I I CMPLX I 

• DDTll IUH I O.H 0 • • ••• OPCODI• 0 
UNIT SUH 0 0.10 0 I • OPCODI• ·I 

I DDTH PACTDI • '·" • • •• • •• OPCODI• I 
UNIT FACTOI • '·" • • • OPCOOI• 2 

I DDTH SUll D .... I • • • •• OPCODE• 0 
UNIT SUH 0 .... • • 0 

OPCODE• 0 

J DDTH SUH • .... • 0 • • •• OPCODE• • UNIT SUH I .... • I I 
O"ODE• 0 

I DDTll P4C UN 4 .... I • 0 0.1 
OPCODI• J 

UNIT Nl'A 0 o.oo • • I 
OPCODE• 6 

J ODTU CU• 4 I.OD I • I ••• OPCODE• U JZ o.oa 
UNIT Nl'A 0 o.oa I • • OPCODE• I 

COST , ... , 
1.111.111 .. ........... 
.. , .. ,., 

l1Hlt6U 

4.ttt.14' 

11. 7111116· 

It llttlt7 

u.111.-.•o 

. ........ 
• 

...... 
• 

! 

i 
Iii 
I~ 
Sg 
I: 



HO 

7 'LT SYS DD&T 
0 

I SYSTIN TIST 
0 

' SYS TEST LH 
.... 0 

i 

10 II TllT MDMI 
0 

11 FLT TIST NIHll 
0 

u SOF'TWHI IHGI 
0 

TABLE 21 (continued) 
SUI ILIMINT MITNOD IOUR• ILIMD IUPT OTI ftOO "OD ~U"llR LIM 

TO C'-1 'ACTOll 'ION • X CMPLt X 

0 DDTH PACTDI 4 1.00 0 0 0 o.o 
OPCODI• I • l.O.J 

' 1.00 
UNIT Nl'A 0 o.oo 0 • • OPCODI• • 

I DDTH SUH • o.oo 0 • ' ••• OPCODE• 0 
·UNIT Nl'A •• o.oo 0 0 • OPCODE• • 

• DDTU CU• 4 o.oo 0 • • ••• OPCODE• U J4 o.oo 
UNIT Nl'A 0 o.oo 0 • • OPCODE• • 

... DDTH FAC UM 4. o·.n • I I ••• OPCODE• J 
UNIT Nl'A 0 o.oo 0 • • OPCQDE• • 

• DDTll FAC UN 4 .. 1.01 0 • • •••• OPCODE• J 
UNIT N.IA 0 o.oo 0 0 • OPCODE• I 

., DDT&E CU• 7 o.oo 0 0 • '·' OPCODE• U J7 o. 00 
UNIT N.IA 0 o.oo 0 0 0 

OPCODE• I 

COIT 
CHU 

• 
• 

l1IU1H? 

• 
lt410r1St 

0 

1'11114 

• 
Uf11l4 

• 
IU,471 

0 

Cl -
i 



TAIL! 21 (contt~) ..... ... IU1119'T ... nae SOUit- au.. ..,..., ..... .... .. , ...... LI• 
TO Cll 'ACTOll ''°" S S ~LS S 

IS •SI J HTll JACTOI 4 I.JI • • • • •• • 0'CDIOI• ' U•lT 'ACTOt 4 1.u • I Ill 
0'!!0H• 1 

:14 TOOL IN J HTU Ul!TO• 4 1.u • • • ••• • 0'C0DI• l 
U1UT M/A • .... • • • D"COH• • 

15 ASSY a c'° J DDT&I ~UA • 0.11 • • I ••• I Off.0111 • I 
•:.; UllUf ,,c UM 4 ... , • • • i O'C:ODE • J 

u •t.T/C~ ' ODT&E SIJH • .... • • • • •• I O"OCll • • UMJT 1UH • .... .• • • ~'C0f.lf• • 
l1 '•lfl STIUC u DtT&I tit l I.II H I I ••• 1Sl7 LH 9'CODt• 1 

UIHT ((f ,, 1.11 45 Ht .. 
OPCODE• l 

.a.a.11aATll •ALUll 

u &TT C:<:>'CTl'lL u DIHU '!•Jll I "·" • , • • •• t t:il'~r,tE • • UliltT ~1JIS 0 .... • • • r.,..torn: • 0 

COi., 
UllJ 

, .. ,,., 
1.•11,1n 

,.,, ... 
• 

• 
1,411.,JH 

JU.HJ 

• •• u,, .. , 

,,,., 
2,111 ...... , 

n.117 

l,6f7,fJ1 

" -
i 

~· ..-_, 
'""· x ........ ::;··· 

,.it' ;:.: ,.,. './.' 
;:.,,-

,~,....., 

.c " 
,.. ""=' 

s~ ,, • 



MO MARI 

" TNRUITllS 
110 UI · 

H ,.Oct HOH 
uooo Lii 

N 

0 n ITIUCTUll 
10000 1.11 

ZZ TANIS 
llJO LH 

ZJ INSTIU" 
1000 LIS 

24 CENTIA&. CO"PUTI 
700 LIS 

TABLE 21 (continued) 
IUI ILIMIMT ftlTNOD IOUI• ILIND SUPT OTI "OD "OD NUMlll LIN 

TO crs ,ACTOll ''0" • • C"PLX • 

l& DDT&I CU n l.OD Jl 0 0 ••• O"CODI• l 
UHlT cu H l.00 .. JUO •• OPCODE• l 

AlllllATID YALUll 

11 DDTU CU lit 1.00 ll ' JO s.o 
OPCODE• J 

UNIT cu n· o.z.o 4S " •• O"CODt• J 
All•ltATID YALUll 

11 DDT&E CU z 1.00 so 0 0 o.o 
OPCODE• 1 

UNIT cu 47 1.00 45 H •• OPCODE• 1 
AlllllATID YALUll 

II DDT&I CU I 1.00 ·so 0 0 o.o 
OPCODE• 1 

UNIT cu ., 1.00 ltS ,,. ·u 
OPCODE• l 

AlllllATID YALUll 

11 DDT&E CU u l.00 ll 0 0 ••• OPCODE• l 
UNIT cu '° 1.00 45 SI 14 

OPCODE• l 
ACClllATED VALUll 

u DDT&E en If a .at SI 0 0 o.o 
OPCODE• l 

UNIT r.u , .. 1.00 ,., s 100 
O!"C on" 1 .... .... •... , .•.. 

COIT 

"'" 
l1JU 

ltH8 

· i.u1.ou 

u.u1 

•·z•a 
H41fH 

JO,H7 

7,905 . 
ns,001 

4,971 

1.0•0 

Jl,174 

u,,,, 
J,751 

611 SOD 

tt.701 

U14l0 

Cl' -
i 



NO NAMI 

IS COftMUNJC 
zooo LIS 

H 'Oii HN NOD 
0 

ZT CONCINTIATOI 
0 

~ -
H STRUCTURE 

1537 LIS 

H FACETS 
35 LIS 

30 CAVITY 
117779 LIS 

TABLE 21 (continued) , 
IUI ILIMINT MITHOD SOUi• ILIND IU'T OTI NOD MOD NUNlll LIM 

TO CIS PACTOIS PIOM a • CM,LX • 

u DDTH CH u i.oo ll 0 I o.o 
OPCODE• I 

UNIT CH u i.oo 41 I UO 
OPCODE•. 1 

AlllllATID VALUll 

• QDTH SUH I o.oo 0 0 0 o.o 
OPCODE• 0 

UNIT SUH 0 o.oo 0 u 14 
OPCODE• 0 

. . 
AlllllATID VALUll 

H DOTH SUH 0 o.oo 0 0 0 o.o 
OPCODE• 0 

UNIT SUH 0 o.oo a 0 0 
OPCODE• 0 

27 DDT&E CU .1 1.00 It 0 IO s.o 
OPCODE• I 

UNIT cu ., 1.00 4S 100 •• OPCODE• I 
AlllllATID YALUll 

Z1 DDT&E CER z 1.00 so 0 0 ••• OPCODE• l 
UNIT CER 47 I.DO ,., 7251 14 

OPCODE• l 
AIGREGATID VALUES 

H DDT&E CU l 1.00 so 0 0 o.o 
OPCODE• 1 

UUIT CEit 46 I.OD ..., 1 100 
O?COCe• 1 

COIT 
UOO> 

u.,, .. 
,.,,.,, 
71,711 

4'l14H 

1.1n.tt1 

u,s11,u1t 

1,ou 
UloHl 

.,.u 
1.111 

lU,Jltt 

UI 

44 

Ho501 

u,ou 
ze,64Z 

" -
I 

~Q 

l~ ro/ 
1~ 5.] 

"" 



NO NAiii 
. • 

n 1011.1!1 
uns Lii 

JI CPC,DOOI 
ZOHO Lii 

N -N 

JS TUlllNIS 
12646 Lii 

J4 HNHATOIS 
HOO LIS 

S5 PU ft PS 
37H Lii 

36 IADUTOI 
0 

TllLE 21 (continued) 
IUI ILl"INT "ITHDD IDUI• ILIND IU'T DTI "DD "DD MUMll• LIN 

TO Cll PACTOll ,.o" x • c"'LX • 

H DDT&I CU I J.00 JO • • o.o 
0'CODI• l 

UNIT cu 47 J.00 41 H 14 
0'C0DI• l 

Allll8ATID YALUll 

H DDT&I CU I 1.00 JO • 0 ••• O'CODI• l 
1.00' • 45 UNIT cu 41 1 JOO 

OPCODE• l 

H DDT&I CH 1 1.00 If 0 • o.o 
OPCODE• l 

UNIT CER JI l.DO 41 H 14 
OPCOOI• l 

AlllllATID YALUll 

H DDT&I CU 1 l.00 H 0 0 o.o 
O'CODI!• l 

UNIT CER JI 1.00 45 H 14 
OPCODE• l 

.. 
AlllllATID YALUll 

H DDTU CH ., 1.00 " 0 0 o.o 
OPCODE• 1 

UNIT cu H 1.00 45 JI 14 
OPCODE• l 

AHIHATID VALUll 

H DDT&E SUH 0 o.oo 0 0 • 0 o.o 
OPCODE• 0 

UNIT SUH 0 o.oo 0 JI 14 
OPCODE• 0 

AOORIGAT!D VALUES 

CDIT 
CDOOJ 

t4.771 .,,,.,, 
04,144 

IH,JH 

H1Uf 

no,sz• 
u.1n 

4171744 

.,, ... 
,,,,., 

lH,UI 

14,111 

J, 150 

u,1u 

u,194 

101514 

207 "'''' 

. 
c. -
i 



J7 "ANIFOLOS 
8567 LH 

JI N. '· rANf&.S ,. LIS 

N 

w 

H rown DZSTI 
0 

40 SWITCHGUI 
132" LIS 

41 SUSSES 
150000 LIS 

42 llOUltY JOINT 
S7r:l00 LBS 

TABLE 21 (continued) 
IU8 ILl"INT NITMOD IOVI- 8LIND IV..,- OTI ROD "OD NUN811 LIN 

TO en ,ACTOIS no" • • c""t.·X • 

H DDTll CH 40 l.OI H 0 • ••• 0'C0DE• I 
UNIT cu .,, z.oo ... I ... 

O"ODE• 1 
AIHHATID VALUIS 

H DDTH CU ... 1.11 It • • ••• OPCODE• I 
UNIT cu 76 I .DI ... JH ... 

0'CODE• 1 
AlllllATID VALUEI 

.. DDT&I SUH 0 o.oo 0 0 0 ••• O"ODE• 0 
UNIT S'JIS 0 .... 0 0 • OPCOOt• 0 

St DDT&E en 14 1.00 JI • 0 ••• OPCODE• I 
UlllT cu H 1.00 u SH 14 

OPCODE• 1 
AlllllATID VALUES 

,, DDTIE CU 1 0.10 ,,. 0 0 o.o 
OPCODE• l 

UNIT cu "' 0 .10 41 Hit "" OPCODE• 1 
AGGlfGATID VALUES 

H DOT&E CE'I z 1.00 Zt 0 ·o o.o 
OPCODE• 1 

unrr t; ~. 47 1. 00 45 2 8'9 
! 

COIT 
COOi> 

u.a1T 

,,., .. 
,, ... 
1,117 

It 

''''" 
14S,H4 

1,111,ut 

J,t4T 

J,717 

44t,U4 

u,u1 

4, :SU 

su.us 

U7,7H 

U,JSS 

0 -
i 

1i~ 
~ c-; -z 
~;:.. ..... 
,,,... 
~...., 

,, > ,,.. ,-·- .. ~ 
~~ 

·~~ ::; 



MO 

43 ANT YOltl 
Z58000 LBS 

44 "DTASSJUK 
U3SS500 LIS 

..., -... 

T,.LE 21 (continued) 
IUI ILIKIHT MITHOD sou•- ILIHD IU'T OTS NOD NOD HUftlll LIN 

TO CES FACTORS FIOft • • CKPLX • 

4 DDT&I CU 1 o.,o H 0 0 o.o 
OPCODE• 1 ·S 0.10 

UNIT cu 47 · o.to 0 I 14 
OPCODE• 1 so 0.10 

A81118ATID YALUIS 

• DDTH N,A 0 o.oo 0 0 0 o.o 
O'CDDE• • UNIT cu 46 0.01 0 1 100 
O"ODE• 1 

COIT 
CHO> 

1401141 

UJ,474 

soz,111 

0 .. .... 
~ -
I 



1.0. 

1.01.00 
1.01.00.00 
1.01.00.01 

1.01.00.02 

1.01.00.03 
t.01.00.04 
1.01.01 

1.01.01.00 

1.01.01.0l 
1.01.02 
t .01.02.00 

1.01.02.01 

1.01.02.02 
1.01.02.03 

1.01.02.04 

1.01.02.05 
1.01.03 

1.01.04 

Dl-.m1"6 

TABLE 22 
THERMAL ENGINE MASS STATEMENT 

SPS 

Mult/Colaon Use Equipment 
Pr1•ry Structure 
Satellite Control 
COii and Data 
Mech Sys • and Other 
Antenna Yoke 
Energy Collectton 
Support Structure 
Facets 
Energy Conversion: 
Support Str 

CPC and light Doors 
Cavity Absorber 
Thermal Engines 

Boilers 
Turbines 
Generators and Coolers 
Pumps 

Radiators 
Fluids 
Pa.er D1str. 
MPTS 

21$ 

Values are Thousands of Metric Tons 

80,170 

2.662 
774 

1,450 
4 

200 

234 
8,091 
6,254 
1,837 

40,084 

0 (included in 
primary structure) 

324 
1.000 

21,933 

3,296 

t 3,755 
3,648 

1,234 

10,769 
6,058 
4,978 

24,355 



Dl 80-228'76-6 

TABLE 23 
CONSTRUCTION BAS~ NRITEDOWN Sll'MRY 

THERMAL ENGINE SPS 

LEO CONSTRUCTION 

ITEM COST AMORTJZf!» OVER 
{MILLIONS) 

LEO BASE 

Facility 4,670 25 Years 
Facility Wrap 2,185 25 Years 
Equipment 2,93C 8 Years 
Equipment Wrap 1,3,0 8 Years 

GEO BASE 

Facility 600 25 Years 
Facility Wrap 180 25 Years 
Equipment 250 8 Years 
Equipment Ww-ap 115 8 Years 

LEO BASE TRANSPORT 995 15 Years 

GEO BASE TRANSPORT 207 15 Years 

216 

COST/SPS 
(MILLIONS} 

187 
87 

366 
17l 

24 
11 
31 
14 

66 

14 

971 



TABLE 24 

T/E CONSTRUCTION BASE COST SUMMARY 
FIRST SET 

LEO BASE 

FACILITY 

(Dollars in Millions) 

CONSTRUCTION & SUPPORT EQUIPMENT 
WRAP·AROUNO 

GEO BASE 

FACILITY 

CONSTRUCTION & SUPPORT EQUIPNENT 
WRAP-AROUND 

217 

4,670 
2,930 
3,555 

600 

250 

395 

(ll, 155) 

( 1,245) 

(S12,400M) 
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TABLE 24 (continued) 

TFU COST SlllMY 

T/E LEO CCllSTRUCTIOll BASE 

FACILm 

RlllmTICll 
CRElllOU.ES 
CM".O HMOLIN&/DISTRlllJT"'lll 

BASE SUBSYSTI.NS 

111\llTEMllCE PROVISIOIS 

CCllSTRUCTlOI AID SUPPORT EfJJIPMEIT 

STRUCTUR£ ASS9'IL y 

EllEllGY COLLECTICll 
EllERGY COIVERSIOll 
POWER Df STRlllJTIOI 
SUBMRAY JISTAltATICll 

CRMES/IWCIPULATORS 
lfl)EXEllS 

BASIC HARDWARE 

SPARES (151) 

lllSTALLATION. ASSEMBLY C/O (161) 

SEif (7%) 

PROJECT fWIAG90T (2:) 

SYSTEMS TEST (~) 

GSE (U) 

TOTAL 

218 

400 

3.600 
470 

200 

1,4ZO 
280 
250 
190 
90 

600 

90 

s106 

( 4,670) 

( z.920) 

7.590 
1 ,135 

1.210 

530 

150 

Z25 
305 

$11.145" 
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TABLE 25 

T/E CONSTRUCTION BASE MASS SlllWlY 

LEO CONSTRUCTIOI BASE { 8,960) 

FACILITY 1,615 

CONSTRUCTION ANO SUPPORT E~IPMENT 945 

CONSUMBLES (j:>- 400 

GEO FINAL ASSEMBlY BASE ( 850) 

FAClllTY 690 

CONSTRUCTION ANO SUPPORT E~IPMENT 130 

CONS\INlES fl> 30 

TOTAL 9.810 

90 Days 

219 
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Tab 1 e 25 (continued) 

T/E ~SS SlllWtY 

LEO CC*STRUCTJOI BASE 

FACtllTV 

FoomATIOI 
CR£V fO)ULES 

CARGO HAIO.Ill&/OlOTRCK 
BASE SU8SYSTEMS 
MAIMTEMANCE PROVISION 

COISTRUCTtO. AND SUPPORT Em!IPIOT 

STRUCTURE ASSEMBLY 
ENERGY COLLECTION IMSTALLATIOI 
P\ME1t OISTRIBUTI;;N INSTAllATIOI 
SUBARRAY INSTAlLATIOI 
CRANES/MANIPULATORS 
IND£1~S 

TOTAL DRY 

C~BlES (90 Days) 

220 

4,000 

2.600 
515 

400 

100 

500 
15 

70 
30 

240 

30 

(7.615) 

( 945) 

8,560 

400 

8.960 



GEO FlllAL ASSBaY 8ASE 

FACIL:TY 

FOOllOATIOM 

CltEV tOJUlES 

Dt•2217U 

Tlble 25 (continued) 
T/E MASS SUfl4ARY 

CARGO IWll.tMi/OISTRtlllTATIOM 

8ASE SUBSYSTEMS 

MINTEMIC£ PROVISIONS 

COllSTRUCTJOM & SUPPORT E(JllPMEfCT 

CRMES/MNCIPULATORS 

DOCKING CRANES 

lNDDERS 

HAADWME TOTAL 

103Kg 

( 690} 

390 

220 

60 

20 

( 130) 

35 

60 

35 

820 
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TABLE 26 

llM8ERS Of FLIGHTS All> COSTS SllNRY 
fl.LV COST/FLT• 67.56 X (ANllJAL RATE) ·.2715 

1. T/E HAR11WME 
o Mass is 80.170 Tans 
0 fl.LY Payload fs 391 Tons 
o lOS for Packaging 

225 Fl. 
. tm a 

Expendable Shrouds 

Z. ORBIT TRANSFER SYSmt 
Sae IS P /Y 35 flights 

(LEO) 

3. OTY'S Z25 flfgbts 

Wears Out 4.5 Vehicles 
4.5 Flights (GEO) 

4. PROPELlMT FOR OTS 

Same as P/Y 
78 Flights LEO 

5. PROPELLANT FOR OTV'S 
Salle Rationale as P/V 

538 Flights (GEO) 

6. OTV CARGO 
(OTV Cost/Flighi) 

225 Flights (GEO) 

7. CREW ROTATION AND RESUPPLY 

Shuttle (S12M/Flt, 
1 SPS/Yr 

Advanced Shuttle (SSM/ 
Flight, 4 SPS/Yr) 

44 Fl ights/SPS 

COST 3 SPS/Yr u: 6tO - -

1.694 

802 802 401 401 

330 

49 34 

1.074 737 

s.902 
(0) (900) (0) (518) 

0 900 0 518 

!.28 528 

220 220 

222 
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Table 26 ( contf nued) 

COST i SPSZ!B 
LE GEO 

lYr 
GEO 

1. (Continued) 

ti.LY - Supplies 
1 Flights LEO 96 66 66 45 

6 Flights GEO 

HLLY - Tanker 
S (LEO) 69 47 

36 (GEO) 395 271 

OTY - 18 Flights GEO 72 41 

4 Flights LEO 16 Z8 

OTS Hardwclre (1.260) ( 723) 

(Refer to P/Y) 

TOTAL ti.LY FLIGHTS 350 809 1,400 3.236 

DOLLAR/FLIGHT 13.77 10.97 9.45 7.53 

223 
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TABLE 27 

6ROWllt CALCULATIONS 

Growth is Applied to: 

SPS 

SPS 
Construction/Space Support 
Space Transportation 
Pro Rata Shire of Jnterest 

During Construction 

1 SPSlYR 

~ GEO 

7,987 i,981 
Construction/Space Support 1,716 1,768 

Space Transportation 7,425 11, 182 

Pro Rata IOC 1,642 1,289 

SUBTOTAL 18,770 22,226 

Mass Growth 20I 2M 
Cost Growth Equiv. 1s.n 15.7' 

Cost Growth Amount 2,946 3,489 

224 

4 SPSlYR 
LEO GEO -
5,284 5,284 
1,716 1,768 

4,678 7,275 
905 716 

12,583 15,C43 

7.Si 7.51 
6S 51 

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 Mcesuiy to invoke certain programmatic assumptions. These Jo 

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

There are of course many possible prosram options: no systematic analysis and comparison has been 

conducted. Tite assumptions for nontt\."Urring ~-ost were: 

o After a technology verification program. involving ground and tlight prl)!rams but no new 

space vehicles. development of the 10.000 ~pwatt SPS. and its associated systems begins. 

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

Table 3.4·1 presents the principal elements of the nonrecurring estimate. anJ the sourcl!s of Jata. 

Table 3.4-1 
Total Costs Through #I SPS 

tPhotovoltaic Systemt 

Cost 
Item t Billionst Source/Rationale 

Technical Verification 3.0 Ground+ Flight Verification PrOt?ram .;umm:irizeJ in 
\"olume II Dr.1ft 

Energy Com·ersion DDT&:E I.<> p. I :1. rhis "olume PCM DOT&E total 

Power Transmission DDT&£ 1.:4 p. I : 1 • this rnlume PCM DDT &E total 

Power Receiver DDT&.E 0.:5 ROM estimate fur Jio<ll! dipole filter asx-mhlil!s anJ 
tielJ tests 

SPS Freighter & ~anker Devei. 8.0 P.1rt I \·01. 5. pp. 31 .. r. 50. Sum of DDT&E totJls 

Crew OTV 1.0 Part I. v,-,,. 5 with allowance for crew cat-

SPS Orbit Transfer System 1..l3 Vol. b Draft. p. ltll. PCM DDT&E total 

Construction Base 6.<l Ba~d on JSC estimate 

SPS Hardware Produ~·tion 
Facilities 

SPS 1-reighter Production 

Launch Facilities at KSC 

#I Construction Base 

10.: 

o.~o 

4.0 

8.8 

Solar Blankets 5.0 
Klystrons 1.5 
Strul'.'tures 1.2 
All Other 2.5 

3x Boeing -?,f/ Plant at Ewrett. Wash. 

Extrapolation of Part I. \'ol. 5. p. 14\l to 500 tlts'yr 

Vol. ti Draft p. 145. plus transport cost 

22S 



hem 

Initial Fleet 

#I SPS 

Sum 

Table l.4-1 cConlinuedt 

Cost 
cBiUions) SourttiRationa~ 

7.4 I 0 boosters an<! I I upper stages to support 500 Ots1 yr 

83.b~ 

As follows: 

( 1) I SPS/yr without growth and 
interest 

(1) Deduct following amortizations: 
Solar blanket plant 
Structures plant 
Klystron plant 
Rectenna factory 
Constr. base 
Transp. Oeet 

131 Results 

4 4 , Add ttroWth 

15 I Result 

f6) Add 5<Y£ for prototype factor: 

:?26 

l'>.44~ 

.60 

.o~ 

. I~ 

.~5 

.5'>o 
1.500 

16.306 

19.100 

~8.800 
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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

hinty in size. mass and costs. for the SPS systems characterized. The methodology employt:d 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 perfonnance. 

maws. and cost. A typical example would be the u~ertainty 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 dfo:iem .. -y tends 

to be ;JS10eiated with greater thickness and experimental data indicate thicker cells d:!grJde more. 

In developi!•~ :!.< ~ratistics in size. mass and cost. these kinds of correlations were taken into 

account darough 1..-:e <if a bivariate nonnal distribution probability moJd. 

Also providing inpo.1t aata to the un~-erta;'\ty analyses was a conventional mass property analyses for 

the systems with estimated uncertainties iri ·,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 cell cost per unit area and uncertainties in machinery costs. These 

uncenainties were coupled with the cost analyses discussed later ro prepan.: the cost statistics.. Sile 

statistics and mass statistics were cl)mbined to de,·elop a joint mass, size uncertainty· estimak and 

mass statistics and cost statistics were combined to gener.ate combined cost!mass uncertainties. The 

bivariate nonnal 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 u1H:ertainties. produced the unexpect.:d result of 

predicting mass growth equivalent to that predicted by historical ·~orrelations. It had been believed 

that mass growth was the rt.>sult of unpredictable variables. e.g .. changes in program requirements. 

The outcome of this uncertainty analysis suggests that growth is more predictable than fon11erly 

believed and in fact results largely from the natural tenden1:y to set point design parameters on the 

optimistic side of the actual uncertainty range. 

Figure 4-~ compares the statistically.Jerh·ed result for the photovoltaic SPS with th'! worst"()n-worst 

and best-on-best results defined by combining all the most optimistic component um.:ertainties and 

all the most pessimistk component perfonnan.:es. As in.:reaseJ detail is devdoped in this kind of 

analysis. the worst-on-worst and best-on-best extremes will ..:on tinue to become further apart. while 

the statistical uncertainties wili tend to change little and will approach a representation or true 

uncertainties. Signifkantly. the refrren.:e point design was outside the projected 3 sigma r;inge for 

mass and size. This resulted rrimarily because the efficien..:y chain ~1s~igned to the referencl.:' Jesign 

was more Oj)timistic than the most probabk efficie111:y d1ain defined by the statistical analyses. 
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Presented in Figure 4.3 is an uncertainty estinuue for the thennal ensine comp;irable to the pre,·i­

ous one for the photovoltaic system. Becau~ the technol<>o of the thennaJ engine system is some­

what more mature. it would be expected to estimate somewhat less mass growth and that turned 

out to be the cs. An additional factor in t:1e redu~d mass growth pro;«tion i~ that a si&nificant 

part of the size escalation is ~iatcd with the size of the .:oncentrator which is a low-mass compo­

nent of the thennal engine system. 

With costs included in the uncertainty analyses. it is necessary to discriminate between the I SPS 

per ye;ar case and the 4 SPS per year case. As disi:ussed under .:ost 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 imrro,·ement. Similarly to the size and mass '!stimates. the reference design trcn .. 'ed 

towards the optimistic: side of the median of the cost uncertainties as shown in Figun: 4~. Conse­

qvently. one sees first a .:ost e~aJation at the •~fercncl! design point and the:1 a fu1 ther cost growth 

assodat<..: with the mass growth pro~.:tion. ~otc the -.cry high correlatim1 tx·twC'en i:ost anJ mass 

un.:ertainties. nus ..:otttsronds to the historil.:.ii indications that i:ost growth is frequently asso­

dattd with mass g.owth. and ~cialiy with the compensation for (or removal oO mJss growth in a 

system when perfonnance requi~mcnts dictate that ma.>.<> growth flC! limiteJ to predek•nnineJ 

Val~S. 

The bottom line for an SPS system is its ... ·Jpability to prodti.:e power at an acceptal'ik ..:ost. 11\e 

result shown in Figure 4-S ttptts:nts the iinaJ result of the ..:osting and ~tn..:ertainty analy!ll!s. lJn..:er· 

taintics for busbar power costs include t".e uncertainties in unit costs as well as un.:crtainties in the 

appropriate capital charge factor to be applied and the plant fa..:tor at which the SPS ..:an operate. 

Capital cha~ fa.:tors from I :-1 !S percent were ..:onsidered and the plant fa..:tor urh:l.'rtainty was 

taken as "0"'~90•f. at one SPS per year and 85'":-'~5'1 for four sps·s per year. TiteSl' un..:ert.1inties 

were stahstii:ally ..:oml'iined with the ..:ost uncertainties deri\ed b~· the "'Ost un..:ertamty .mal~ses. 

4.:? COMPONENT AND ELE~IENT t:NCERTAINTIES 

Component and elem..:nt unl.'.ertaintics that went 11\h.1 th.: un..:.:rtainty analysis Jre tarulJti:d in T .1l'ks 

4-1. 4-~ anJ 4-3. Cost uni:ertainties at this l(\el W\"!re not •'lm1rlcted as it was found that 1111..:atain· 

ties in solar cell costs. ttrounJ rei:e1\'Cf i:O')ts. ;:nJ tran~portauon i:~JSts entirely Jmnin;iteJ the \Wcrall 

.:ost uncertainties. Of greatest s1~nifi.:an.:c .ire the siu,'mass uncertainty dfri:ts on l.'.'l'.il~:: thl'SC' an­

induded in the owrall ..:ost un.:ertainty data discussed m Sc:..:t1on 4.4. 
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Table 4·1 Photovolt1tc Trace1btltty/Uncert1tnty Workshttt (continued) 
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Table 4-2 Thenn1l Engine Tr1c11b11t~/Unctrtltnty Work1httt - YM.llC .. , H•ntYJn 
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Table 4-2 The,..al Engine Tr1ce1btlfty/Uncertlfnty Worksheet (contfnutd) 
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Table 4-3 rf'TS Tr1ce1btltt,y/Uncert1tnty Worksheet (continued) 
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4.3 SIZE/MASS UNCERTAINTY ANALYSIS 

The size/m• uncenainty analysis was the first step. It bepn witb analysis of uncertainties in the 

dficitnc:y c:hain to detennine size uncertainty. 

4.l. I Photovoltaic Size/Mass Unc:erbinty 

Table I pttsents the photO¥oltaic system efficiency uncenainty workshttt. including the microwave 

poftr transmission system. The aggregate values for the MPTS were carried over to the thennaJ 

engine size/1nass uncenainty analysis. 
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Table 1 

Photovoltaic 
End-To-End Efficiency Worksheet ______________ ;.... ______ ..._ _____________________________________________________ .,,,,,..,,. ____ __ 

SPS-1389 

ITEM NOMINAL MINIMUM MAXIMUM 

Su~mer Solstice Fa:tor .9675 .9675 .9675 
Co1ine Loss (POP) .919 .919 .919 
Solar Cell Efficiency • 173 .148 • 18 
Ro~iation Oe3rodation • 97 .90 1.0 
T emperct..ire Dearadation .954 .954 .954 

Cover UV Oegradat Ion .956 .956 1.0 
Celi-to-Cell Mismatch ·.9~ .99 :99 
Pal"le 1 Lo;t Area .961 .961 .961 
Strin~ 12R .998 .995 .999 
Bus I R .934 • 91 .961 

Rotary Joint 1.0 1.0 1.0 
Antenna Power Distr .97 .95 .98 
DC-RF Conversion .as .BO .86 
Waveauide 12 .985 .985 .985 
ld;,ol Bea-n .965 .965 .99 

lnter-Subarray Erron .956 .88 . "' lntra-Subarray Errors .981 . .,, .99 
Atmos?here Ablorp. .98 .9S .98 
Intercept Efficiency .95 .90 .98 
Rectenno RF-DC .848 .79 .92 
Grid Interfacing .97 .96 .98 

Produ:: ts/Sums .0679 .0383 .095 
Sizes (Km2) 108.8 193 77.8 

3 a Mox - exp (-2.s22· 3x.042) •. 06:75 size. 109.5 
30 Min •exp (-2.822 - 3x.042) • .0524 size• 141.0 

LOG MIN LOG MAX 

. -.0330 -.0330 
-.0845 -.0845 

-1.9105 -1.7147 
-.1393 0 
-'.0471 -.0471 

-.0450 0 
-·.01005 -.01005 
-.0398 -.0398 
-.00501 -.001 
-.0943 -.0398 

0 0 
-.0513 -.0202 
-.223 -.1508 
-.0151 -.0151 
-.0356 -.0100 

-. 1278 -.0305 
-.0304 -.010 
-.0202 -.0202 
-. 1054 -.0202 
-.2357 -.0834 
-.0408 -.0202 

LOG MEAN a C«relotions 

-.0330 0 
-.0945 0 

-1.8126 .0326 ) "'l.6 - .06963 .0232 (-. 000907 61 D.0471 e 
-.0225 .00750 
·.010l5 0 
-.0398 0 
-.00301 .00067 
-.0670 .0091 

0 0 
-.0357 .OOS2 
-.1870 .0121 
-.0151 0 
-.0228 .0043 -~ 

-.0791 .0162 -0.3 
-.0203 .0034 c-.0~0366) 
-.0202 0 
-.0629 .0142 - ~ J-o.s -.1596 .0254 
-.0305 .0:>34 (-.0000361) 

•2.822 Sums Q • 
.00306 

n •. 0595 size. 12~.o 
Correlation prud sum • -.00131 

NetG•y.00306-.0)131 • .<M2 

;1 
. /; 

l! 



Dl80-2287U 

Variation uf Satellite Weight with Array Planfonn Area 

The results of a study to detennine the \'ariation of satellite weight with array planfonn 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-~. 

As indicated in Table 4-J. the satellite primaf} 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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Eff«t or T~ Oii Weigh1 or Reference Com..,alioa 
The: tts11lts of a slUJ)' to dett>rmine the effect of toleranc~ on the wright of~ referr~ con(agu­

ratioo arc p~ted in figure 5-1. A weight tokr~-es worksheet for the reference ""Oll'""aguntion is 

presented in Table S-1. Note that the tokmt\:es which att tbe major drivers are those 2.osociated 

with the solar "-cl blankets. the MPTS. and the primary suucturc. 

A we ;g11, tolcr.llk,b workshci:I for the solar cell blankets is presenled in Table S-~. 

A weight tokmK-n v•ortsbe.. • for the MPTS is presented in Table 5·3. Details of the toleram"H for 

thl." c:omhin;ariOn of OC·OC cor.\'erte~ :ind thennal C\Mltrol are given in Table S-4. 

A weight tolcr.Hk:es "''or ... sheer for the prima11 '>lmcture is p:'l'Sented in Table 5-5. Supporting data 

i1....:ltade ~he following: Figure 5-:. whid1 ,n·es the \'ariation of structure \\'eight with array unit 

"''ciJIH: Frpre 5-.l. whkh gin."S the ,·ariation of structure we~t .•ith antenna weight: Figure S-4. 

"'hid1 rre-.ents the dfc1.:t of un.:ertaintl in .:rippling coeffidmt on the sizing of a 10 meter long 

ta~ml nrk: of grarhite.1·1'-•X}: and Ta!>!.: :\.fl. "'·hkh prest>nts :1 weit?lll distribution for the primary 

>lru.:turc with particubr empl13!is on the amount of !!raphite:epoX)" ctubing) and hardwarr (tube 

.:t"nter joint<.. tube ~nd fininp. and <.tr.at in1er.:onn.:"·t fittin~• .:omprising beam v.-eight. 
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CRIPPLING COEFFIOENT UNCERTAINTY FOR SPS GRAPHITE/EPOXY TUBES 

fipre 1-1 presents a crippling coefficient comparison between the SPS composite tube and metal 

tubes. C'urw is an empirical curve for metal tut.es. per NACA TN 3783. Curves and are 

recommen<le-d design cunes from a Boeing design manual for the Minuteman program. The posi­

tions of curw s and relatn·e to curve reflect the degradation of allowable stresses asso­
ciated wir'l high probabilities (al high confidence l~elsl of no stru:tur.il failure. As such. the 

degradation is a measure of rhe impact of sJigt:t structur.tl imperfectior.! on crippling of thin wall~d 

tubes. Cun·e is the empirical cun·e for the SPS contposite tube. and is reflected in the tube 

sizing data of Appendix A. This curve was developed using the Boeing design manual equations 

<;hown. Curve is the result of applying these equations to some typkal metals. (7075 aluminum. 

18-8 stainless steel. and inconel were considered. The scatter in cripoling coefficient with metal 

type was neitligible.I The dose correlation between curve and curve suggests that. when 

suffk1ent rest data is anilabk. iOllle degradation will occur in the crippling coefficient to be used 

for Jesign of actual hardware. 

fiJU~ 1-~ pre~nt~ crippling coefficient cul"\·es for the SPS composite tub~. Curve is the 

nominal curve :designated as curve in Figure H ). Curve tttlects the possibility (Convair 

position I that the shear modulus Gxy has an effective \'alue twice as large as the current predicted 

value of 0.6 X I 06 psi. C'urw reflects the assumption that "A· allowables for point desi~ of 

composite tubes will ha\'e the same position relati,·e to nominal values as do ·s· allowables for 

general d~ign of met;il tubes. Curw is an approxir 1ation I<' the nominal curve for R.lt \'aJues 

between 150 and 1500. Curve is rhe recommended upper unn~rtainty curve. It reflects the use 

of a twk..: larger shear modulus and. in addition. allows for a more optimum tuhe definition. Curve 

is the recommended lower uncertainty curve. It allows for some margin of error in the location 

of the curve corresponding to 'A· allow:.1bles. 
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4.3.2 Thermal Enp Size/Mass Uncertainty 

The thennal engine size uncertainty analysis was conducted similarly to the photovoltaic system. 

The efficiency chain worksheet is shown in Table 4.3.2-1. 

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

•.iS also applied to the photovoltaic system and agreed with the more detailed ma.;s estimator's 

result within 1%. The parametric method worksheet is shown in Table 4.3.2-2. 
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TABLE 4.3.2·1 
THERMAi. ENGINE EFFICIENCY CHAIN 

lTEM ffOMINAl MHHMUM MAXIM.JM LOG MIN LOG MAX LOG M£AN 0 Correl at i ems 

CONCENTRATOR .877 .HJ .95 -.1863 -.0513 -.1188 .0225 
REFLECT OEGR l.O .70 t.O -.3567 0 - • 17fJ3 .059 
CPC .865 .8\"' .865 - .2231 -.145 - .1841 .013 

c:.vtn OPTICAL .950 .% .98 -.0513 -.owz -.0357 .0052 ~ Q -w 
C~VITY RERAOIATlUN .9\7 .911 .934 -.OB66 -.0683 - .0775 .0031 ?;c -..... 

-' .... 
CAVITY THERMAL .995 .990 .998 -.010 -.003 -.0065 • 0012 ..... ,_ 

I = 
CYCLE .189 .189 .200 -1 1i66 -1.609 -l .6377 .0094 8 ~ -
GENERATOR .984 .984 .986 -.0161 -.0141 - .0151 .0003 i 
PARASITIC .962 .944 .98 -.0576 - .0202 -.0389 .0062 

!"OWER OISTR .948 .93 .96 -.0753 -.0408 -.0567 .0053 '=' -h) 

' ~ MPTS (from P/V) .563 .412 .683 -.8853 -.3806 -.6331 .0304 

I .0628 • IJ27 .095 -3.6143 -2.3525 -2.9834 .0726 
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