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FOREWORD 

The SPS %<tern definition study was irli~iated in December 1976. Part 1 wss co~npleted on May 1 
1977. Part I1 technrcal work was complrtcd October 3 1. 1977. 

The study was managed by the Lyndon B Johnson Space Center (JSCI of the Sational .4er01iautifi 
and Space AJ:nlnistratron (NASA 1. The Contracting Officer's Representative (COR) was Clarke 
Covington o i  JSC. JSC study management team members included: 
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Space Radiation 
Environment 
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System Engineering and 
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Construction Base 
S t r ~ c t u r c  and Thermal 
Analysis 
Phase Control 
Thermal Cycle Systems 
Structural Analysis 

The study was jwrforr~led by the Rocing .qerospaie Company. The Boeins study manager was 
Gordon \VmJio<l;. Boeivg Comntcrcral .4 i~lanc:  Cornpan) assisted in the analysis of launch vehicle 
noise 2nd u:erpitcsu:cs. Bozi~ig technics! Iradrrs were: 

Ottis Bullock 
\'mce Caluon 
Bob Conrad 
Eldon Davis 

Rod Darrow 
Owen Denman 

Hal DiRamlo 

Bill Emsley 
Dr. Joe Gauger 
Jack Gewin 
Dan Gregory 

Structural Design 
Photovolta~c SPS's 
Mass Properties 
Constmction and Orbit- 

to-Orbit Transportation 
Operations 
hl lcrowave Design 

Integration 
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Transportation 
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Cost 
Power Distribution 
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Don Grim 
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Dr. Ted Kramer 
Frank Kilburg 
N'alt Lund 
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Dr. En-in Saios 
Jack Olson 
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John Perry 
Scott Rathjen 

Elr2tncal Propulsion 
Propulsion 
Thermal Analyns and Optics 
Alternate Antenna Concepts 
XI icrowave Antenna 
Human Factors and 

Construction Operations 
Microwave Subsystem 
Configuration Design 
Photovolta~cs 
Structures 
MPTS Computer Program 

Development 

The General Electric Company Space Division was the major subcontractor for the study. Their 
contributions included Rankine cycle power generation, power processing ant! su-itchgear. micro- 
wave transmitter phase control and alternative transmitter confi_nurations. i-;&lote manipulaton, and 
thin-film silicon photovoltaics. 

Othc: subcor.tractors were Hughes Research Center-gallium arsenide photovoltaics: Varian- 
kl>stronz ar,d klystron production. SPIRE- silicon solar cell directed energy annealing. 



Tha report was prepared m 8 volumes as follou-s: 

I - Excr-utlvc Summa9 V - Space 0pera:ions 
I1 - Tcchn~al Summary I - Evaluatrun Data Boak 
111 - SPS Satellite S?;stems V11 - Study Pan 11 Find Bnrfing B m k  
I V  - M crowave Power Tmnsm~mon % 111 - SPS Launch V&ck Arcnt  and Entry 

Systems Sonic Oscfprrnun and Nolv  E ffccts 
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SPS SYSTEMS DEFlNmON STUDY 
Part I1 Find Report 

Volum 6 

Evdustion Data Book 

This volume has been prepared to provide a permanent record of the actual calculations o f  mass 
properties, costs. and uncertainties for the Part I1 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. 



2.0 MASS PROPERTIES 

2.1 SILICON PHOTOVOLTAIC REFERENCE SYSTEM 

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

supplement t o  the tbmal documentation provided in support of the Part 11 finai 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 defh~ition are semidetailed weight summaries. 

weight calculations. drawings and sketches. and results of weight analysis studies. A preliminary 

loads and stress analysis for the critical beams in the basic structural frame is also provided. 

The weight uncertainty part of this notebook provides the base data pertinent to the establishment 

of the satellite weight:size tolerance ellipses. Subjects addressed are 1) the vartatiot- of ~ i e l l i t e  

weight with array planform area, and 1) the effect of tolerances on the weight of the reference 

configuration. 

Analyst: Bob Conrad 

FHL%:WIN(i PAGE BLANK NO'I' FILMED 







ORIGINAL PAGE I8 
OF WOR QUALITB 



ORIGINAL PAGE Ib 
OF POOR QUALITY 









= - 39 A, 
it h , / m c  - P A ,  

WM .em-*, 
w a I r e c  #a- 
e L V m  #-& 
-8, - 







')mGWAL PAGE a 
{ W P o o a Q U m  























f/cndd A-A 











7mcxr7 PAUPYCPO J ~PQ~RI ICJU~  I? Too 

m&/&P m C € P Z P R J '  99 000 
/ d f r ~ ~ d # P d d  A//+RWmE 14 Boo 





~ O L H .  C a  &?9dd&S &, /9/ ,  350 

i-0- CLAff -NJ" J / L / r A  14, *, 940 
C R L ~  - Z / c / c o u  14. 674 BCO 

/ ~ m c o r / & c n  - C#PAhZQ 4 l-d 

-'dd.f-S -NJ'  Z / L / C ~  14 3ZG 290 

.: ' * ~ ~ & A A ? . L F ~  ~ ~ r o w & c b ( ~  7. j 2, Oh, //o 





Photovoltaic Reference Configuration 
Solar Array Fundamental Element 

- 
m d I I Y a  - 

sPSt3m * 14 CELLS IN PARALLEL WILL TOLERATE 
4 CELL FAILURES IN ANY ROW 

12.5 pm COPPER 
10% AREA 

FACTOR 

IA!TERCONNECT 
PAITERN 

(BACKSIDE) 

r 16 

CELLS 
SERIES 

L 

# CELLSPANEL : 252 
WGT/PANEL : 426 GRAMS 
PANE LS/BAY : 306,206 
PANE LS/SATE LLITE : 78,388,736 

ELECTRICAL 8 
INTERCONNECT 

14 CELLS IN PAFiALLEL 
NO SCALE 







Pho tovoltaic Reference Configuration , 

I)bI!Yd ' 

7 r 080 m TY? 

TOTAL SOLAR CELL AREA: 9734 ~ m 2  
TOTAL ARRAY AREA: 102.61 urn2 
TOTAL SATELLITE AREA: 112.78 ~ r n ~  
OUTPUT: 16.43 GW MINIMUM TO SLIPRINGS 









C) J f l c M -  lD - Zzzt~*CUf - 4-44. - {.*I 
I ! 

F 11 

f 
. , 

i 1 C--- c/ 1. 
I I 1- 7.*r---- - "'P i -2q- 





















PWAktAI J . , r c / A K  at- 
JCcuuum J f l H m N 6  197: re 
Ad- r 4 m u 4  2YZ-f (3rro) 

1ym-,sJ C r Y r r r r  -mcr. Z u f f A ; r r ~ V C  2,933 - d m  Jbb, - 
mi7 A, ~ l k ~  J e c m  Cd-04 f % 

.&&Cme C e J m r  Z V # m A Y J  1-7- 

Jwlrm cl~r/&~r-J-l3 /3G, 4- 

.*- oc C P J C ~ ~ W Z - V J  4 2f /, -0 

J M H A H ~  CUUFOC (ACY/YV) 736,,a*o 

c m w  d.Ya#GC zrr,t- 

ZVPPURI 273N-J- f% / s t  701 

~ ,vw~rzw C P ~ J / C . ~ ~ ~ W Z / O A ~ ~  fit- ( n o )  
R U ~ J A  s r / ~ ~ ; r r m r  ertq-o 

n f l K  (272) 83- 
7xPE 2 ((Po) 4ra64-3 
n- 3 (402) 4 3oqooo 
nw 0 (may 4 /zq a00 

7 Y p C  2 (7w 4fS4aaa 
r r p i  6 (a +) 4 04.0- 

nH 7 (14 lH-  
rrpr  8 (n) sx~q- 
jryPE 7 (m3z) 746,LmS 

77pC /& (%Po#) r - 6 ' 4 0 ~  

















/to h e m p -  

" 
I m e # -  - * F k :  6 em i I 9.3zr4w- f f u - u ~ / c . ~  G A ? / ~ O N ~  o a r r  

f 0 I , '  

B l'Ii 4- 4 7,/n ALUA~/A/&M COAI~~UC 

5- U1J /.durn SL/G'FAC&, 

#%vU rJ ,F&ZY J'/oE &urn 
S m d  A-P J ' U R F ~ E  

















Dl- 









Dim- 



F#GuH& do/ 

Stiffness Comj~arisons For 
Structural Concepts For SPS 

L . 
0 

- 

COMPOSITE 

121 CONSTRUCTlON: . 20 METER B E ~ M S  . 12" 00 X ,009" W.T. STRUT 

r---- - _--- ---- 
I r w  CONCEPT yN b I .  h IN IN IN ARE* TRUSS 
I METERS METERS METERS METERS (Kg) 
!--it!-, 
I PO' - - -  * 1 10240 10240 640 406 4.16 1 106 1.05 r -' -30. 2 5120 20400 640 406 4.18r106 . O O / L  - t -4-p- - I - - - -  - -  
C -  - - -  3 6240 16040 620 506 5.01 x lo6 -r 
I 9.0 ( 4 

6000 18240 380 
I - .---  .- ,,-.-- J 

. -- -- . - 















ORIGINAL PAGF B 



























































(3RII;TPJAL PAGE % 
i'rF FtE3R Q U ~  







Dl- 





U= = , 4 ! ! ' / C P  WCVAId A&- mAI - w M mc7'==ev- 
= AWiP L&Pat#& d e e -  

@ w A r u m  m-- 
P = UPkrLP e..w J&m 0d m - rn --ed, rV8 PA€ 
~ e =  m m  U ! ?  e d L U I # m O r U  

-6 W S4.F - m r  
R#&u L a  m - , - I / C  

D< = A W m  &WWJ IeAO WdOCn 

au Ib -&WY mu- 
4''. W&, A!, = r4aw d-, UkW. HrWn7 

H n e  mr# Of mF.7 





2 2  W E U N E  1S(ERhUL ENGINE REFERENCE SYSTEM 

Thit ssctiwr prwiikt a m r d  of mas estimation cslculatisas fcrt the thcnttel engine SPS. Calcu- 
lrtiorrs for the thermal engine SPS. C&ulrt:ons were made by Den Gregory and Jim Jenkins. 
AYUmpiie-+s, methoddolly, am key rewlts were miewcd bk Bob Cannd. 
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3.0 COSf DATA PACKAGE 

llit f d  Rrt II cost estimates utifitcd the k i n g  pammctric cost model and the mature industry 
costing nrethodobgh developed during the study. The proccdurr wed was as fdlows: 

Tht frrst step was to  make cost estimates for DDT&E and fint unit costs using the parametric ccat 
modcl. 

The parametric ca t  rsodef predicts cola for t).pi.-al aerospace prodik-& at typical aerospace pro- 
duetiotl rates og the order of 100 units per gear or kss. Many of the items in these SPS's must be 

pmduced at dative& hid, p toduc tb  rates to meet any rtlsoft?bk SPS deployment scenario. 
Hudwa~~  produced at high rates employs different toding concepts and different production 
m&mds, more simifit to mas pruduction than typical aerospaec tec-hniqucs. Cornlatiom dcvcl- 
oped for a wide variety of p d u c t s  indicate a production rate. cost improvement slope of approxi- 
mately 70%. Wjurtmena to the PCM d t s  for hi& production items were made as fullows: 
First. a standard hours &an of typical rrospacu costs was developed utilizing a typical xro- 

space cost impro\en?ent dope for 1.000 units. 

(Experirllct of jetliner productim indicates that approximately 1,000 units production are required 

to reach the standard hours ''predictable by taskdtimelincfheadcount analyses.) A production rate 
impmvcmtnt fx tor  is then calculated b a d  on the ratio of required annual production rate to a 

typical Y ~ O ~ P I E ~  product value of 100 units per year. A production rate improvement dope of 
70% was used. 

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

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- 
mating procedure were reported in Volume V of the Part I Final Report. Launch vehicle cost per 
flight is dependent on launch fate. 

Total transportation costs included transportation of propelhnts and orhit transfer hardware to low 
Earth orbit. and in addition the cost of orbrt transfer hardware (either .uanical orbit transfer vehi- 
cks or self-power ekctric orbit transfer system installations depending on const~ct ion location). 

Construction costs included the transportation costs f ~ r  crew rotation and resupply, the crew opera- 
tions support costs and the amortization of construction base c. . .s using typical capital facilities 
amortization procedures. Construction base habitats and basic structure were amortized over 3 25 



year period with the consbuctien equipment amortized over an 8 year period. Crew nnnsportrtion 
C-ts presumed for the 1 5PS per year rate. t k  we of a modified l u t t k  vehicle at S 12 miffion per 
flight and for the 4 SPS per year nte, the use of m advanced fully reuseable shuttk at $5 mliion 
per flight. &livery af propeltants to low Earth orbit for the crew rotation and resupply orbit trams- 
fer vehicks n e m e d  to  occur with the Lewy lift launch w h i i  at the appropriate cost per flight 
f i w .  +Costs for orbit transfer installations for the self-power c;rse, were derived using the p a m e t -  
rk cost modei with production rate adjustments fix hi* production items ;is previously discussed. 



Tabk t in the cwt data pack--ts s cspid tost wmnwy for the gbotoudtaic' SPS. It sutnm3nrr.s 

tot& c a t s  in scmrdmcc with t k  wotk bw3kdwn structure gmersliy artd indicates zwm 
data Md ~ f m n c e r  fwthcr birckup tsbks that p m i d c  addittonid detail. i n t e r n  during c a l s t w -  

hon is added to the total costs b& on an estunatd constwtisn priod. Growth is added to  pro- 
vidt a a t  equivalent of h e  mass growth pto)ections developed d tile mdss unccrtstnty snalyies. 

Table ', summarizes the mature mdwtry estimate. Table 2 goes to 3 iwtl of wotk breakdown struc- 
ture &low that of Table 1. {Sotz that the "other" category b t n  the t k t  part of Tahfe ,' is 

inciuded in the multtple~ommun item In Tthie I .) The cost cslzt.latioas tor Tdble 2 \tippart ttir 
SPS (satellite, cost \-Jut% for CEO conctnictioti. The SF5 \dues for s o l ~ r  cctts ~ t t d  t~i t i I t~pl~-  

common usc equipment have k i t  adjusted for tlie LEO constructton c w  to  ;illow tor ttlc tik'reaw 

tn SPS rue from the rufe~nce zontjguratton tttdt a.iz cihteJ. T1te i&:tftttt~ in f.~ble 2 wtlrit tht. 

cdcuhtion steps in applytng the ntature tndustr) approach and some of the coliirr~n? are not 
dlrtitiy related to the find cost rstlrnates .at the left tw~th  the tttles), the m4m of tdi l i  c s t e d  ele- 

m n t  is indicated ~ n d  the nuniber of such elements ~ q u i r r d  carned under the nunikr ~oltinin. For 
example. the r'wted u n ~ t  for pntnary structure wsc -ttmatzll to wet@ ::!U 1b. 1.814 ei thew c'uitrts 

are rqutrd to make up an SPS structure, 'S iop~"  indtcatcs the ieamtng s l o p  used to Je\elop the 

aerospace full! kc-~rntrf unit cost. Cost tiprret.. are in thousdnds t o r  etatiiptr'. tlte first i~ t i r t  ccxt ior 

one '150 Ib clement of pnndr) strircture estanatcd tr? the PCJI method H J ~  2 272  illillton &I- 
lars, The KM proprdm prclltctc-d a first untt < a t  trtclitding the Ic~niing tor 1824 of thew units of 
971 mtlllon dollars. The fully learned untt tdoun the 855 siirve to I .OCW units) would be 
5470.000. Thts firruts <@mpafes with the co l~ i l~ t i  ~ J I ~ J  " K M  Unit c@t" ulttcft IS for the f i s t  \ttch 

unit The nett totd tc nmpl? the p t ~ l u c t  of the iull) Ic.imeti unrt trriics tllr number of trtttt* 
required. in the case of the pntiur) ttrucrurr. rtir rnnrlrrt ~ndusty ~ ~ s t i t n ~ t e s  3re t.1ke11 trorll flit‘ 

detdrled i~ i~nuf~c tunt ig  et..rmi.~tr. cfisc'tissed utldcr ~gti .f~~~tirc I. ttli~ch f i t l l i ) ~ <  rable 4 T1iz inature 

industry s a t  for pnniary strticturc. u.13 k I ~ e \ ~ t f  to I~.I\c- rractit*J 4 r;~atr.n~Is mst pl.ite~u ~itz1i tI1.1t 

incwstng p r d u i t ~ o n  r.tte uoulJ riot J t~ire~sr '  cobt. 1-Lterelorc. tllr a \ t s  for 4 S R ' s  pcr )ear .ire 

no! less t b n  for one per year In wcrdl of the other rlciiietits. t~oue\er, the i<Xt if prc~irctiuti 
rate sen~tl \e .  For et~mple.  In prcxsswn tunder attttude cotttrolr. 12 ot tltrx. itnits dre reqtiirrd. 

Nottce that 3t t h s  lob production nte. the esttrn;~teil nisture aidustr) cost IS greater thdn tltc full? 

learned rerapace ccxt since the latter would dppl) to I .WO units. 

The mature industry esttmstcs were declopzd ftoni parsmctnc c i ~ t  model ntns that used t rd t -  

tionai aerospace cstttnatinp methods. 1 PCM runs are tnc.1udt.d 3s Tablc 3 for the pliotovolt~~c 
system. Table 4 summartres the solar cell and blanket cstliit.~tzs that were iilide. tttclo~tire 1 - 
drwrihes the detailed moniifdcturmp cost estintdtc that Has ntade for grsptt~te main structurt. had-  

ware. T~b le  5 presents 3 reference photc~rnltatc S f 5  *umtndr\ wetght ctatenlent T.~ble pr~wirf~s 
the rzctrnna cost estimate. TdMrs 7 tttrii I I yrotldr' constn*ctro~l hdw cost ~ t i d  nil% data. Table 
12 pmtdes dn estimate for c r w  wjry\)rt costs I those ni ,tdd~tion to ere% transportaticml. The 



apazt. constructton c r w  represents two cwus to aczoiint tor tlmz off duty (90 days in space a~id 90 
days off.). with a 1 U ;  tnargin. s ~ d  provides o crew support staff of ten pople for each crew man 
working in space. Tahlr. 13 sunrmanzes tnnsportation costs estimated. Tabk I4 prwides the 
niatttrc industry cwt estimate for the stIf-pou*cwd orbit transfer system. in this rase the system 

rrtsttul iir'iuriai mas $rowth and the mass growth was deleted 9RJ the talues cam4 in Table 12. 
Table t5 is the parametric cost mtrtiel run that provides the raw data from wlrich Table 14 was pre- 

pared. Tabkc I b swnn~arizcs crew rotation 3rd restrppty rcquin'ments. Tabk 1 7 summarizes the 
calcitlatiom of cost pro# th equivalent to the mass growth determined from the uncertainty asal- 
yses. Table 1% sutnmsnaes LEO versus GEQ cost diffetgnces. Tables 19 thru 17 provide a similar 

c a t  package for the tlirnlial engine system. 
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PCM 
UNIT 

~ T E M  s MASS [ L B ~  ) ~ ~ ~ ~ E R ~ K O P E  COS~ 
HPTS TOTAL (2 Ant) 

fUCLV 
LEARNED 
U L L  

CHECKOUT II PKG'G 

PRIMARY STRUC 240 .85 431 21,760 
(965 Lb. ) 

SEC STRUC (7,137 Lb) 122 -85 2,344 69,857 25,427 

Ill ,516 

56,310 

ATT CONTROL (1,000 Lb) 24 90 13,278 124,529 

- CENTRAL COMPUTE 6 1 9,385 28,157 
(500 Lb) 

COmONIC (2,000 Lb) 6 1 24,576 73,729 

POWER OISTRIBUTIOfl 1 ,188,06& 

PUR PROC (12,000 Lb) 456 90 3,497 410,414 

SUlTCHGUR (660 Lb) 91 2 85 2,120 299,137 

THERMAL CONTROL 456 85 3,476 287,699 
(3,600 Lb. ) 
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I )  4. &u*r't k t u n  t ~ t t ~  Cwrr\rttm 

. 
Avrrr* cf there values is  535.M- @ I SPS Yf i ;  

* 
use J25'M' for 4 PFS,'YR 



blt~stirct- - & - T e  F- ~f -Q Snucn;m Stnt 
Our rcierrhu struzntre f a h a t i o n  c a i t p t  ha* pragmed usc @I IOM tilpcrrd stmt segments i 261rl 
smt asemMics) as the b s k  bpm c o n s ~ c t h  h i k g  W&-k. In this approach. a hyhb wtu 
mat& terrrstrial i;t+1ery ski+% p d u r ~  strut segments m a mass ptcduition basis a d  pacliyz m 
hi& denst) ntag;utna Tor transpart ti3 the LEU cnstm-tion bas. 

b r i n g  this perm! rr expanded our 3RILf?'sis 10 iwklje a trtiti lclot at fk-tmy mnufamring 
prur.isses a 3  non-m' t~ tng  biil+ and tkwitng tree& to wilrtain s "tfmrpet" of onz SPS year. 

Sixctik nbja'w~s m t .  to' a)  pain a k r t r r  unjctsrtnding of rate pm&q requirements snj to  

re- prortuiihiirty of rhr y ~ m d  t a p d  strut Jengn: f ? h  identify pn*tiiitcW raw 'W*#1 fall" 
htph risk ate;li. 3Pkj i ) tCS.1 rWf m~t\iTe i d t S l  Q' rslinl;tt f~ p t i q ,  s%c%d* s i n t C t u r r .  

~ ~ C c * t a C ~  
W r  ~ b t z i l ~ d  rtte strut dtwgn. rrd a Jighti? inodifk-d d~.nt;itr\r to  step step manukiniring 

pro~-es plan ~rwbas. 'd'ith a rrascm.tw dc1rrtcd pioz6sing plan in-tirnd we then euMtsbed the 
"-pri.xess t lam Itntites" tor c;\% opratmn @r pttrr-css sttp I I.c.. f e d  and -4 tCRn~abk for that 

p ~ x y s  wng tiral matemlt whwh gr\z o\ a r z ~ x c n b k  feel far the effezrrac K J ~  of each pm-ca 

step 8> rpplytng thc annrul stntt spr:nt rate to  p r d u . ~  m e  prr year i 1.4 f i  10h strut 
hahcc) mi. wrre then able to sue thc nr.t<i\tnc tcwtr. q v c w i  ttwling. m~trr ia i  emsumption Sacilii> 

ncrda. cti. 

T*o nip- prtduitmn nlarlutacturing z i % ~ ~ p t \  t-abatc(i RIP first. gni.raII? referred to as the 
"Wx'hmz kwea Ccntrr f a w e p t  " .~-wtt~c\ ilr\rp~ of -<ill purpose machine t d s  (process 

ceirtcrs) that r-scntlsIf? f.ttmrate .I cinnpirtcd part tram raa matrnab  I e.. turn trutWcr or wte 

mottw bkwL prwesing type ..cntzh. In Ihl* ~ a u .  zontpletr inrritron  mold^ end f i l ~ n g  d 
tit141 tn;lc.JimcJ czntzr flttrng are li*.id~ri nitrl thz prowrung czntet a d  tcnswn wmiling. iunng. 

SDT inspccrtoe. rti . step* ~ t z  JII 'aitrpli rL=d utfitln thc izntcr wtth zzntsr opeatton srqurnced by 

S.C' program. Thr w c o ~ ~ d  r t t ~ ~ ~ z  ~*tduatcd u.ts r t lp t i r l  "Phxess Q S I J ~ S V ~ ?  Flow-thm Concept" 
~ircn.lr\ edzh S U < < Z \ S ~ C  ph\<t's~ 51Sp 1s aiir#nplidtt.d h) spta.tl put.Fo+c ~n-iinr 4;rssentbh Ittrp) 

lnic.b?t. twis kza~lt mazirtnz tool Istation t IS imnnrited h) appropcute transfer equipment rah. 
huffcr storage t w t ~ c c n  stattons and ~ n u f t ~ ~ ~ l c  stations added at "pnxess flow I~mrtcr" f h t t  ltncck) 
poaittms. Spec~fi ieatutw of each r>i t k w  concepts JW pre~rntrd  m TaMzs F-i and E-2. Figure 

F-1 ~~~~~~~~~s the pnxrss t lom for the assembly IIIK rwixept. 



STRUT END FlTTIWG: (Gr/THEW30PLASTlC) INJECT ION W L M O  MET I H  W L T f  W1I"I 

e CEW7ER 301WT: ( 7 0 7 5  kLW) CLOSE TOL DIE ).ORGIN& M I f H  F l W  Sllltffi I1CCOWIPLIEHED OW SPEC1MIZW K 
TURIJlNG MACHINE STATIO)IIS 

STWT TUBE ASSEMBLY 
e LARGE 8 TURRET TURNING CENTER SEOUENCtS PARTS I N  4 PRUCESS STAGES 

STAGE 1 COOL DOWH, LOAD F lTT Im iS ,  APPLY F I L M M H E S I V E L  P M T l m S F I O C S  
STAGE2 C I R C W l M O I f f i  
STAGE 3 OEBULK & CURE 
STAGE 4 NOT, PART RUlOYAL, TOOC CHAMGLOUf/REPAlR 

2 ~ 1 ~  TAPE (IMWIOE BY COIJTI)ILIOUS) TFNSKOUWLOO RPW 
8 SPOOl ( 4  PAIRS) TAPE LAYING WITH 4,7H/MIN YIELD/UYER STRUT C W ,  3.6 MIN) 
TAPE WILL 85 ' 0 "  STAGGElr G r /E  TO SHORTEN CURE (HlCRaWAVE 
COCURRINGOf EN0 F I T T l l Y I  b STRUT TUBE 

I 
PROCESS CENTER Y I E L h  3 0  PARTS/HR (THRUWT 1 6  HIN/PART) (NEED 10 CENTERS) 

AUTCMATED WM-DESTktclET IVE  lNSPECT fOIl (MOT)--1NGLUOES L I M I T  LOAD STATIC TESTS 

PLWT AREA NEEOS 80- lO6K SQ/f T [NCLUOl WC REFRIG STORIES, HAT 'L STAOlWj M I # €  CEElTERS WIK CEMTlEIl 

TOOL IMG-APPROX 600 TOOLS I M L  MC MASTERS FOR TUFEtllNG WNDREL FMlRlCAT lOn 

W E  750-1000 TON PRESS WITH 6-10 CAVITY CIOLD--COW MklM L SCARF R W A L  StATlOWS tN PROCESS LINE 

S T A I I M  WILL ACCEPT D I E  PRE-FORMS V I A  CUTER FEED TRANSFER SYSTDI--CARBINE M I L T l - S P W R E  CUfTIllG 
STATIONS FOR TURNIW, L GANG H I L L  FINGER CUTS--HACHIHE t1ELO 16-20/HR--19 STATIOWS REf&llREO, 
PROCESS STkTlOH I N  LIME FOR HOT, H U T  TREAT, AWOIZE, cTC. 



T8bGrr E-2 
Prhtary Mructwc ProductIan Co-t 

Opt 2: Prac+w Sbtkn Pkw-Thru 

STRUT END F ITT ING 6 CENTER JOINT : (BOTH Gr/THtRMOPLASTI C)-- INJECTION mKO%D NET I N  W l T I  
CAVITY MOLDS--SAME AS OPT 1 

STRUT TUBE A S S W L Y  
SPECIAL PURPOSE MACH1 NE STATIONS WITH FLOW THRU TRAItSFER SYSTEM--BUFFER ST(NUOE 
BETWEEN STATIONS I PARTS CROSS TRANSFER AT HULTI POSITION STATIONS 
2 M I L  TAPE (1344 WIOE BY CONTINUOUS--TENSION WOULD Q 180 RPM) 
KEY WINDING STATIONS INCLUDE 

4 STATIONS CIRC WINDING POSITIONING FABRfC L INNER KEYUR 
4 STATIOMS LAY lNG 0" Gr/E GORES (PRECUT 1C FOAMED) 
4 STATIONS CIRC WINDING 90' KEVLAR OVER-WRAPS 

PRODUCTION L INC  Y!E:.O 90-92  PARTS/HR (3 LINES REQUIRED) 

AUTWATED NON-DESTRUCTIVE TESTING (NDT)--SAME AS OPT 1 

PLANT AREA NEEDS 60-70K SQ/FT TOTAL 

TOOLING: APPROX 400 TOOLS--WRE MANDRELS THAN OPT 1 BY ELIMINATE TURNINO TOOLING 





The tcsults of our studies c k d y  show that ptoductkm rates of 300 strut segments pet hour (3 
sbift!S day we& borSs b are easily btliezrbk with modest mmwurring im'csbnmt using current 

avaibbk aerospace I)TO~- techltiqw. NO hgh risk or h g  led cmxs development t s b  were 

ideatifwd Tabk E-3 preuidcr a n n m  c a ~ i n g  data on the saut segment dtemate dcngr/proce9- 

b g  agqmdke m i t w a i .  Our detail manufacturing plan mafysis h a  confinned that thc rrtrture 

idwiry cost &ate of S SSikg (now year ddlors) for terrrarirl ftbrie~tiar af p r i m y . f ~ ~  
stmcturc is cmtibk. We da in fact. kkve further designfpmms producibility cffota will yield 
cwahfprharyonucturrcos& 



MACHINE PROCESS CENTER (ORIGINAL STRUT DESIGN) 

NON-RECURRING: ($60  x lo6 FACILITY. 2.6 x lo6  TMILING) $62.6 x lo6 
RECURRING : 

MATL 
LABOR 617*20 (q;) * $640/201  S T W  22.90 

AVERAGE COST--OPT 1 PLAN [R + (NR/8 YRS) J $57.87/kg 

PROCESS STATION FLOW THRU (MODIFIED DESIGN) 

NOW-RECURRING: ( $ 5 5  x lo6 FACILITY.  2 x lo6 TOOLING) $57 x lo6 
RECURRING: 

MATL 506.20 
LABOR 20.10 ('i;) $527/2OM STRUT 

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

PRIMARY STRUT MATURE INDUSTRY EST M A T E  $55/k9 



TABLE 5 

REFERENCE PHOTOVOLTAIC .' 'S 

SUFIMkRY WEIGHT STATBENT 

(bieight i n  Kilograms) 

1.0 SOLAR ENERGY COLLECT ION SYSTEH 

1.1 Primary Structure 

1 . 2  Secondary Structure 

1.3 Mechanical Rotary Jo in t  

1.4 Maintenance Station 

1.5 Control 

1.6 Instrumentation/Comnunications 

1.7 9'-r Cel? Blanket' 

1.8 So.. Concentrators 

1.9 Power Dis t r ibut ion 

2.0 MICROUAVi POWER TRANSMISSION SYSTEM 

(TOTAL - LESS GROklTH) 

3.0 WEIGHT GROWTH ALLOUANCE - 26.6% 

(TOTAL - WITH GROWTH) 

1 Distr ibuted to  other WBS items. 
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TABLE 7 

LEO Base 

CONSTRUCTION BASE WRITE DOUN S W R Y  
PHOTOVOLTAIC SPS 
LEO CONSTRUCTION 

Cost 
(N i l  l i ons )  

F a c i l i t y  3465 
F a c i l i t y O / H  1629 
Constr. Equip. 1310 
C.E. O/H 61 6 

GEO Base 

Faci 1 i t y  380 
Faci 1 i t y  O/H 179 
Constr. Equip. 425 
C.E. O/H 201 

LEO Base 
Transport 625 

GEO Base 
Transport 137.5 

Amortized Over 

25 years 
25 years 
8 years 
8 years 

25 years 
25 years 
8 years 
8 years 

15 years 

15 years 

Cost!SPS 
(Mi 11 ions) 



ITEM - 

LEO 
Staging Base 

cost 
(H i l l i ons )  

GEO Construction 
Base - 

3 180.228764 

TABLE 7(0ont1d) 

Faci 1 i t y  650 
F a c i l i t y  Wrap 304 

Equipment 135 
Equipment ltrap 61 

Faci 1 i t y  361 0 
F a c i l i t y  Wrap 1690 

Equipment 1555 
Equipment Wrap 730 

LEO S/8 
w p o r t a t i L n  37.5 

w o r t  a t  ion  
1125 

Amortized Over 

25 years 
25 years 

8 years 
8 years 

25 years 
25 years 

8 years 
8 years 

15 years 

1 5 years 

Cost/SPS 
( M i l  1 ions) 



TABLE 8 

P / V  CONSi BASE CCST SUMM 
(FIRST SET) $M 

LEO Base 

F a c i l i t y  

Const Equip 

Overhead 

GEO Base 

Faci 1 i t y  

Const. Equip 

Overhead 

D This has 90% learning within the f i r s t  set but .+oes not include 
those an i ts  used f o r  test ing.  



Faci 1 i t y  

FOUR& ti on 

C n w  lbduies 
Cargo Handling 

Base Subsys 
Mint .  Provisions 

Cottst. L Support Equip. 

S t r u c t  As;y. 
Energy Col 1 ect i on Convers f on 
Power Distrib. 
Subarray Instal 1 .  
Cranes/kni p 
Indexers 

Basic HW 

Spares 

Ins ta l l .  Assy, C/O 

SELI 

Proj. Xgt. 

Sys. Test 

GS E 



D 180t28764 

TABLE 9 

P/V CONST BASE M S  S W R Y  

LEO COWST BASE 

Faci 1 i ty 

Const L Supp Equip 

Consunabl es 

GEO CWST BASE 

Facility 

Const L Supp Equip 

Consumabl es 



LEO COWST. BASE 

FACILITY 

Foundation 
Crew r4Odules 
Cargo Handl~ng/Distribution 
Base Subsystem 
Maintenance Provisions 

CONST 8 SUPPLY EQUIWENT 

S t r w t .  Assy. 
Solar Array Inst .  
Power Dist .  Inst .  
Subarray Ins t . 

(Incl  . sec s t r )  
Cranes/Hani pul ators  

Indexers 

TOTAL DRY 

CONSUMABLES (90 Days ) 

Includes 33Z p r a t h  r l l o u .  No other item does. 
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TABLE 9 (Continued) 

GEO FINAL ASSY BASE 

Fsci 1 i ty 

Foundation 

Crew nodule 
O r g o  Hand1 ing/Dist 

Base Subsystems 

Const d Support Equiplnent 

Solar Array fnst. 

Crane/Manipul. 

Irdexers 
Docking Cranes 



LEO Staging Depot 

6EO b s t  Base 

Faci 1 i t y  

Cons t Equip 
Yra pa rwnd 

DldD2tZ1764 

TIIBtE 10  

COST SUe(#ARY 

P/V GEO COST CONCEPT 
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TABLE 10 {Continued) 

LEO STAGING DEPOT 

Foundation 

Crew Hodules 

Base Subsys tents 

\'?!~icle and Payload Hand1 ing 

Propellant Storage and Distribution 

Ra s i c Hardware 

Spares (15:; 

Ins ta l l ,  4ssy, C/O (16) 

scar ( 7 )  
P r o j .  Mgt. ( 2 )  
Sve Test ( 3 )  
GSE (4%) 

115 

125 

55 

15 

25 

30 

Total f 11 50 



0380228764 
TABLE 10 (Continued) 

GEO COWST BASE 

Fact l i t y  

Forndat i on 
C m  Cbdules 

C a r p  Hand1 i ng 

Base Subsyste~n~ 

Haintenance Prov 

Construction Equip 

Struct Assy 

Energy Col 1 ecti  on & Conversion 

Pauer Dist. 

Subarray Inst. 

Cranes/#n i p 

Indexers 

Spares 
Install. Assy, C/O 
SE&I 
Proj. Mgt. 

Sys. Test 
GSE 

(1 555) 
350 

165 

75 

80 
760 

125 

Basic Hardware 51 65 



! EO STAGING DEPOT 

Fac i l i t y  8 Equip. 

Conswbles 

GEG Const Base 

Faci 1 i ty 

Const. Equip. 

Consumables 

TABLE 11 

P ? S  S M R Y  

P/V SAT 
GEO COmT CONCEPT 



GEO Const. Base 

Faci 1 i t y  

Fouw,;z. t ion 

Crew M u l e s  

Cargo Hand1 i ng/Di st  

Base Subsystem 

k i n t .  Provision 

Construction Equip. 

Struct. Assy. 
Solar Array Inst. 

Power Dist. Inst. 

Subarray Inst. 

Cranes/kni pul atars 

Indexes 

D 1 -228764 

TABLE 1 1 (Cmt . ) 

80 
60 

20 

30 

255 

70 - 
Total Day 6265 



LEO Staging Depot 
. 

Foundation 

Crew nodules 

Base Subsystems 

Vehicle and Payload Hand1 ing 

Propellant Storage and Distr ibut ion 

Consumabl es (90 days ) 

Total 
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TABLE 12 

LEO CONSTRUCTION 

. Crew Size = 541 

Total S t a f f  = 2 (541) + loe/, = 1190 

Cost $120K/Man-Year = $1 43H 

Crew Support I O X  Working 
Crew = 5410 (on ground) 
@ $50K/Man-Year $271 M 

Training, etc. (20%) $83H 
497M 

GEO CONSTRUCTION 

Crew Size = 551 

8y Ratio, Cost i s  f506M 

THERMAL ENGINE LEO CONSTI?UCTION 

Crew Size = 811 

By Ratio, Cost i s  5745M 

There i s  an estimated addi t ional  $4M operations support per SPS 

for LE!! construct ion t o  accomnodate the r1i3re complex operations. 
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TABLE 13 

NUMBERS OF FLIGHTS & COSTS SLMMARY 

HLLV Cos t /F l t  = 67.56 X (Annual Rate) - .2715 

Cost - 
1 SPS/Yr 4 SPS/Yr 

LEO GEO LEO GEO 
1. P/V Hardware 

a Mass i s  77,000 Tons 

HLLV Payload i s  391 Tons 

e 10% f o r  Packaging 

F l i g h t s  = 217 (GEO) - 3139 2415 2155 1658 

= 228 (LEO - 5% Oversize) 

2. O r b i t  ~ r a n s f e r ~ s  (LEO) 

Mass i s  12,236 tons 

(To ta l  SPS) 

10% f o r  packaging 

35 f l i g h t s  (LEO) 

3. OTV's 

217 t r i p s  t o  GEO 

wears ou t  4.34 veh ic les  

= 4.34 f l i p h t s  (GEO) 

4. P rope l l an t  f o r  OTS 

OTS = 3620 ton/module 

x 8 modules & 5% b o i l o f f  

= 30408 tons - tanks a re  i n  OTS above 

= 78 f l i g h t s  (LEO) 

5. P rope l lan t  f o r  OTV's 

a Factor  = 2.073 ( inc ludes  b i l o f f  
b u t  not  tanker)  

a Mass i s  77,000 tons + 10% packaging 

a Al low 157.' f o r  tankers, t r a n s f e r  & 
b o i l o f f  

517 f l i g h t s  - - 5754 -- 3950 

(GEO j 



D 1 86228786 
TABLE 13 (Continued) 

6. OTV Cargo 

None (LEO) 

21? Flights 

(GEO) 

7. Crew Rotation 8 Resupply 

Shuttle (S12M/Flt, 1 SP3 per yr) 
Advanced Shuttle ($SK/Fl t , 4 SPS/Yr) 

28 Fl ights per SPS 

HLLY - Supplies 

5 Fl ights LEO 

4 Fl ights GEO 

HLLV Tanker 5 (LEO) 

24 (CEO) 

OTV Fl ights 4 (LEO) 

12 'GO) 

Of'.' d $4H/Flt 1 SPS/Yr 

8 2.%/Flt  4 SPS/Yr 

Total HLLV Flights 

S / i ?  t 

8. OTS Harchva; e 

(From Table 14 with growth deleted) 
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Shuttle GnnRh 
( C m  Lo LEO) 

HLLV-Suppi ict 

HLLY-Tanker 

on 

of-m 
TARE 16 

mu RBTAtIW-Y 

trunches Per Year 



BrowUt i s  Applied to: 

s fk 
Colistructfon/Space Support 
Space Transportation 
Pm Rata Share o f  Interest During Construction 

St's 
Constr/Spuce Sup 
Span Trans 
Pro Rata IDC 

Subtotal 

Wass Growth 
Cost Growth Equiv. 

Cost GFOWth b u n t  

LEO 6EO LEO 6EO 



a) Transportation Requlrscmts 
(Includes Cnw) 

SPS Ocslqn Requirements 

Degradation Potent ial  

TABLE 18 LEO/GEO DIFFERENCES 

-- RAT- 

o MlLV L rwch  Rate, 1400/Yr VS 3064/1r P 4 Y r  
35OfYr V t  766fYr Q \ /Vr 

o See Also Table 1 

Launch Sl te  O l f f e n n t l r l  Effects o 

Startup 

See Tables 1,7,8,9,10,11 fo r  f r c i  l l t y  Del ta Costs 

Stat lonknping Propellant 800 Kg/dry - 292 tons/ l r  

Crew Support 
Overslzing for  k d t a t i o n  Degradation 

Oelta Structural Mass - 854 Tons f o r  GEO (See Table 4, Sheet 2) 
Sate l l i t e  Mods. f o r  015 Included i n  OTS Costs 
lncluded i n  SPS DesIgn Requirenmts 
(Overs iz lng Compensates fo r  Output and Mismatch loss) 

Hipher Launch Rate for GEO (See (a) 

0 
Operations Consiaerrtions o 

0 

o Orbit  Transfer Hardware E:emts Included I n  OTS Cost 

Col l is ion 

Cost Gi f ferent la ls  

Orbit  Transfer Coaplerlty o 

0 

Delta Interest During Construction 

Can't Rruse Packaging Ka tc r l r l s  rnd Pal lets fo r  CEO (Not Qwntlfied) 

No Difference I n  N d e r s  of Vehicles I n  F l ight .  More Complex 
Monitorinq fo r  OTS. 

Docking Equipment lncluded i n  GtO F a c I l i t y  fo r  LEO Construct\m 

Est imted Col l is ion Avoidance Propelldnt 32 Tons/Yr 

Object Monitoring Cost 

Other Factors Itemized I n  This Tab)* 

Delta Growth (Factor on k l t a  Cost) 

Hardware/Software Costs Reflected as OTS Costs 

Software Pre l ia~ inr ry  Design Incorporated I n  Exist ing Jlnulattons 

DELTA COST M MllllOMS 
PER SPS (GEO - LEO) 

RECUWlffi l W l T l ~  #W- 
(1SkW RECURR IIWS 

llrt 2.343 
-1,431 (OTS) 
2,223 ( F l a t  

Invoice) 

24 530 
-9 
9 

-1 39 
-70 

TOTAL C S j i  nlFFERENTIALS 
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3.3 REFERENCE THERMAL EhiGlNE 

cast 11.m Plcm 

Tahlr 1 Q  pro~12es ;i c a t  sumnrac and rrfercn;es the hackup suhtanrrat~on material. Tables 20 
throu* 27 .  





U
 
3
-
 

L
V
)
 

Y
L

D
 

m
a

 
. h

 
E

n
 

-
V
)
 

L
 0

0
 

(
L

w
 







~
W

A
L

 
PAGE S

 
W

)
c

a
p

q
v

~
 

Dl- 





*
*
a
.
 

Y
W

W
Y

 
v

a
e

.3
 

Q
 

0
 

Y
e

 
C? 

.
1
&

!
-
&

 

*r 

5 
U

 
a
 

a
 

8
-C

 

H
 

L
IP

 
n

 
@

 

6
 

d
 



.
I

8
W

l
 

W
W

W
Y

 
0

0
0

0
 

0
 

0
 

W
O

 
U

 
I
&
C
O
 

U
.
U

I
 

W
W

Y
Y

 
U

O
U

O
 

0
 

0
 

W
U

 
0

 
-
a

h
a

 

a
.a

m
 

W
W

W
W

 
u

-
U

P
 

m
 

n
 

W
W

W
W

 
U

P
0

0
 

0
 

0
 

Y
U

 
0
 

*
&

+
a

 
-
0

-
0

 
o

t
 

0
 
3
 

W
Y

W
W

 
u

n
v

o
 

0
 

0
 

w
v

 
U

 
.
.
P

C
P

 

W
W

W
W

 
U

 0
 C' 
&

-
I
 

0
 
a
 

Y
 
U

 
L
S
 

c
o

u
o

 
0

2
 

P
 

3
 



Y
.
(
L

.
 

W
W

W
W

 
O

D
0

0
 

0
 

0
 

W
U

 
U

 
.
I
&

+
&

 
k

O
U

O
 

0
 

z
 

a
 
3
 

W
W

W
W

 
U

O
U

P
 

0
 

0
 

Y
O

 
v

 
.
.
a
t
=
 

w
o

-
0

 
0
 
z
 

C
) 

3
 



a
 

m
at 

0
 

a
.
u
.
 

Y
Y

W
W

 
U

O
U

P
 

0
 

0
 

Y
O

 
U

 
a

a
k

&
 

c
o

-
0

 
P

t
 

0
 

a
 

.
I
.
-
.
 

1
1

 a.
 

W
W

W
W

 
W

W
W

*
 

U
P

0
0

 
U

P
0

0
 

0
 

0
 

0
 

0
 

1
P

U
 

U
 

1
.0

 
U
 



(I, 
Pr, 

m
m

m
c

 
.
1

1
(
1

@
 

a
w

a
r

d
 

w
w

w
w

 
n

o
 cn

o
 

u
o

u
o

 
0
 

0
 

W
U

 
U
 

0
 

0
 

W
U

 
U

 
-
a
t
-
&
 

*
P

C
&

 
C

O
-

0
 

c
O

-
c

 
0
 

x 
P
 

L
 

Q
 

3
 

Q
 

3
 

a
m

.(. 
W

W
W

W
 

U
O

O
Q

 
0

 
0

 
Y

O
 

b
J

 
a

a
b

&
 

C
O

W
0

 
O

t
 

0
 
a
 

.Im
.)n

 
W

W
W

W
 

V
P

V
Q

 
0

 
0
 

Y
V

 
U
 

.(m
u

. 
W

W
W

W
 

0
E

)
V

P
 

0
 

0
 

L
Y

U
 

0
 

..a*& 
+

o
u

o
 

0
 

P
 

0
 
3
 



rn 
Q

I
 

2
0

 
m

i- 
-
r
u
 

I
)
*
 

&
 



Values are Thousands of  Hetric Tons 

SPS 

IlultlCoemn Use Equipment 
Priuty Structure 
a te1  1 i tt Control 
Cam and Data 
k c h  Sys. and Other 
Antenna Yoke 
Energy Collection 
Support Structure 
Facets 
Energy Conversion: 
Support Str 

CPC and Light Obars 
Cavity Absorber 
T henna 1 Eng f nes 

Boilers 
Turbf nes 
Genera tors and Cool err 

punps 

Radiators 
fluids 
Power Distr. 
npts 

00,170 

2,662 
?74 

1,450 
4 

200 
234 

8.091 
6,254 
1,837 

40,084 
0 (included i n  

prfmary structure) 
324 

1.900 
21,933 



TABLE 23 
CO)ISTRUCTIOIY BAS; Y R I T E W  SWARY 

tXEWilAt ENGIWE S f 5  

LEO CONSTRUCT l W  

ITEn COST ~ T I Z F 3  OVER COSTISPS - ~ ~ I L L I W ~  - (HILLIONS) 

LEO BASE 

Faci 1 i ty 4,670 25 Years 1 87 
Faci 1 i ty Wrap 2,185 25 Years 87 
Equipment 2,930 8 Years 366 
Equi parent Urap 1,370 8 Years 171 

GEO BASE 

Faci 1 i ty 6UO 
facility Wrap 280 
Equi prscnt 250 
Equipment Wrap 115 

LEO BASE TRANSPORT 995 

GEO BASE TRANSPORT 

25 Years 
25 Years 
8 Years 
8 Years 

15 Years 

15 Years 



TABLE 24 

T/E COWSTRUCTION BASE COST SWMRY 
FIRST SET 

(Oollrrv i n  ~illions) 

LEO BASE 

FACILITY 
COWSTRUCTION I SUPPORT EQUIPWENT 
#UP-AROUND 

GEO BASE 

FACILITY 
CONSTRUCTION & SUPPORT EQUIPFiENT 

WRAP-ARWND 



STRUCW ASEMSLY 

UIEWGY CoLLECfIOtl 
aoRGY CO#MRSIOtl 
PoEu DISTRIMIf]W 
S U ~ Y  IrnAL'ATIOII 
CRAIIESrnIRIU'TORs 
I#DO(fRS 

W I C  HlummuE 
SPARES (152) 
IWSTMUTIOn, MSMBLY C/O (16%) 
sur (7:) 
~ E C T  rwwm (n) 
SYSTEMS TEST (3%) 

6SE (43) 



TABLE 25 

T t E  CO)lSTRlJCTIOII WE llASS W U M Y  

FACILXfY 7,615 

COnSlMTIOx AWD SUPPORT EQUIRlf#i 31s 

cnnsuug~s  D 400 

GEO FlnCU AfSM8LY WE ( -1 

FACILITY 630 

COllSTratCTIOrY Af@ SUPPORT EQUIWENT 130 

c a a r u g t s  D 30 

TOTM 



Dl- 

Table 25 (conthied) 
T/E WSS SUWY 

C O 1 S W T  !ON AM SUPPORT EaUIRENT 

STBUCTURI; CLSSMBtY 
M R 6 Y  COLLECT IOI( ItsSTALLATION 
PSYER DISTRIWT1;ilY IIISTALUTION 

S U m R A Y  IIISTAl U T  IOW 
CWSFWnIWLArORS 
I?JDEK~",S 



Table 25 (conth-md) 
T/E MSS SW?448Y 

fAC1LiTY 

MUIOllTIOW 

CREU RUURES 

CARGO H1U#I~fSmfeUfATfm 

BllSE S U B S Y S ~  

MICITE1ICUICE PROVISIOm 



D l d e a 8 l 6 4  
TABLE 26 

HLLY tllST/FLT = 67.56 X (MWL RATE) -.2715 

COST 

1. TIE HllWlWRf 
o llrss i s  80,170 Tms 
o HLLV Payload fs  391 Tons 
o 10% for Packaging 

~ b 1 e  Shrouds 802 8[12 401 101 

SIlc as Pfl 35 Flights 
(LEO) 

4. PaOPaUWT FOR OTS 
Same as Pfl 

78 Flights LEO 1,071 

5. PIWELUtlT FOR OTQ ' S 
Same Rationale as P/V 

538 Fl ights (6EO) 

6. O N  rWW ( 0 )  (900) (0) (518) 

(OTV Cost/Fl ighr) 
225 Flights (6EO) 0 900 0 518 

Shuttle (SlZUlFlt, 
1 SPS/Yr 428 528 

Advanced Shuttle (f 5211 
Flight, 4 SPS/Yr) 

44 F l  ights/SPS 



H L t V  - Supplies 
7 Flights LEO 
6 Fl ights  GEO 

Table 26 (mtfnucd) 

HLLV - Tanker 

s ( L a )  
36 (GEO) 

OTY - 18 Flights 6E0 

4 Flights LEO 

OTS Hatdware 
(Refer t o  P/V) 

TOTAL HLLV FLIGHTS 



TABLE 27 
m CALCWAfXO)(S 

Growth i s  Applied to: 

SPS 
ConstruCt ion /~ te  Support 
Space Transportation 
Pro Rata Wtan o f  Interest 

During Construction 

1 SPS/YR 4 SQS/YR 

LEO - (;ED - LEO - 6EO 

SPS 7,907 i ,987 5,284 5,204 
Cons tn rc t i  onlfpace Support 1.716 1,768 1.716 1,768 
Space f ransportat ion 7,425 11,182 4,678 7,275 

b u  Rata IDC 1,642 1,289 905 716 

SUBTOTAL 

&ss Grawth 

Cost Growth Equiv. 

Cost Growth Amount 2,946 3,489 755 903 



3.4 NONRECURRING COST 

An estimate was made of the nonrtcumng costs required to construct the first SPS. In order to  
~ p l ~  this estintate, i t  was nmssuy t o  invoke certain programmatic assumptions. These do  
not represent conclusions or recommendations 3s to  how m SPS program should be conducted. 
Them are of course many pcssabk proqam options: no systematic analysis and comparison has k e n  
conducted. The assumptions for nonmvrnng cmt Were: 

o After a technology verification program. involv~ng ground and flight programs but no new 
space vehicks. development of the 10,000 megawatt SPS. and its associated systems begins. 

o The production cdpscity initially &doped is sized for a prodtiction n t t  of one SPS pcr )car. 

Tabk 3.4-1 presents the principal elements oi  the nonrecurring estimate. and the SC>U~CCS 01' data. 

Tab& 3.4-1 
Total Costs Through *I SPS 

4 Photovoltaic System t 

cost 
4 B - i m s )  

Technical Verification 3.0 Ground + Plight Veriticarion Program 1itrnm3rizzd in 
Volume I 1  Drdft 

Energy Conversion DDT&E 1.9 p. I f I .  this bolume PCM DDTJtt total 

Power Tnnsrnission DDT&E 1.24 p. 12'. this bolume PCM DDT&E tots1 

Power Receiver DDT&E 0.25 ROM rstirnritr for dtvrfe d i p l c  filter ~ w m b l i r s  3nd 
field tests 

SPS Freighter Sr Tanker Devei. 8.0 Pdrt I \-01. 5. pp. 31.1'. 50. Sun1 of L)DT&E tot.11~ 

Crew OT\' 1.0 Part I. \'.:I. 5 H it11 ailo\~ance for crew cab 

SPS Orbit Transfer System 1.43 Vol. h Draft. p. I h l .  K M  DDT&E total 

Construction Base 6.9 Based on JSC e5tim;lte 

SPS Hardware Producrton 10.2 Solar Blankets 5.0 
Facilities Klystrons I .5 

Stnrctun-s 1 .' 
All Other 3 - -.> 

SP!3 Freighter Productton 0.?0 3s  Bwing '47 Plant d t  E\c'rett. Was11 

Launch Facilities at KSC 4 .O Extrapoiatton of Psrt I. Vof. 5 .  p. 14c) to 600 t l t b  ) r  

*I Construction Bast 8.8 C'ol 0 Draft p. 145. pit15 trdnsport cost 



l tan 

Initial k t  

# I  SF5 

Sum 

7.4 10 boaters a d  1 1 upper stages to support 500 fits$ yr 

83.62 ( I r I SPS! yr without growth aad 
interwt 19.542 

f f \ Deduct following amortizations: 
Sobr blanket plant -60 
Stmaurn plant -02 
Klystron plant . I 2  
Reetcnna factory .-- - C  
Constr. bsc .SQ6 
Tnnsp. fleet 1.500 

43) Add growth - 2.8W 

tbi Add 50% for pmtotypc factor: 28.800 



4.0 UNCERTAINTY ANALYSIS DATA PACKAGE 

4.1 A?'?ROAH AND SUMMARY 

An hnporunt objective of  the SPS systems study was t o  make the best possible estimates o f  uncer- 

tainty in size, mass and costs, for the SPS systems characterized. The methortdogy employed was 

new& developed for the study and included the principal steps indicated in Figure 4- 1. The basis 

for the uncertainty analysts was itemized estimates in the uncertainties of component performance. 

masses, and cost. A typical exampk would be the uncertainty in solar cell eificiency and degnda- 
tion. nib is an exampk of  the case where correlation exists between the two factors; i-e.. more 

effxient cells tend t o  experience somewhat greaterdegradation because the -geater efficiency tends 

t o  be associated with greater thickness and experimental data indicate thicker cells dt-wdde more. 
In developir~, :f .i statistics in size, mi i s  md cost. these kinds of comlations were taken into 

account Urnnrgir utx ~f a bivariate nonnal distribution probability model. 

Also providing inpat inra t o  the un~~r ta ; . r ty  andyses was a conventional mass propem analyses for 

the systems with estimated uncertainties in *,uch factors as structural crippling criteria. solar cell 
thickness. and turbornachiner). unit masses. Additional uncertainties were developed in system 
costs. such as uncertainty in solar cell cost per unit area and uncertainties in machincry costs. Thew 

uncertainties were coupted with the cost analyses discussed later ro prepare the cost stdtistics. Site 

sratistics and mass statistics were c ~ m b i ~ ~ e d  to Je\elop a joint m a s s i z e  unzzrtaint? rstitr~dtr and 

m a n  statistics and cost statistics were comb~ned to generate comb~ned cost:mass uncertainties. The 

bivariate normal distribution model was used t o  statistically corrrbine the uncertainties. with recop 

nitiort of comlations between component uncertainties where s~pniticant correlations were deter- 

mined to exist. 

The uncertainty analysis. in addition to  estimating uncertainties. produced the unexpected result of 

predicting mass growth equivalent to that predicted by historical -orrelations. It had k e n  believed 
that mass growth was the result of unpredictable rariahles. e.p.. clianges in progrrm requirements. 

The outcome of this uncertainty analysis stgpests that growtlr is inore predictable than f o n ~ ~ e r l y  

believed and in fact results largely from the natural tendencc to set point design parameters on the 
optimistic side of the actual uncertainty range. 

Figure 4-2 compares the statistically-deri\.ed result for the pf~otovoltaic SPS with th: worsf~n-worst  

and best-on-best results defined by combining all the most optimistic component uncertainties and 

all the most pessimistic component performances. AS increased detail is developed in this kind of 
analysis. the wontan-worst and best-on-best extremes wiil ioll tinttr to become furtllrr apart. while 
the statistic31 uncerrainties wili tend to i h a n p  little and will approach a reprcscntation of trite 

uncertainties. Significantly. tile reference point design was oi~tside tile projected 3 bigma range for 

mass and size. This resulteci primarily because thc efficii'rtzy cllaio assigned to tliz reference design 

was more optimistic than tile ntost probable efficiency chain defined by the statistical analyses. 
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Presented in Figure 4-3 is an uncertainty estimate for the thermal engine comparable to the prcrtt- 

ous one for the photovoltaic system. Because the technology of the thermal engine system is some- 
whtt more mature. it would be expected to estimate somewhat less mass p w t t :  md that t u m d  

wt to be the ease. An additional factor in the reduced mass growth pramtion k that r significant 

part of the sue escdatton is associated with the size of the concentrator which is a tow-mass c m p  

ncnt of the thcnal en* system. 

With ctrits included in the uncertainty analyses. it is necessary to discriminate between the I SPS 
per year ease and the 4 SPS per year case. As discussed under cost analyses, tbr the 4 SPS per year 

case, an estimate was made that about 605 of the pmiicted mass growth could he removed by 

product imymvemcnt. Similarly to the size and niass estimates. the reference dtts~pn twn<cd 

towanis the optimistic side of the median or' the cost linc'ertainties as shown in Fipux 4-4. Cerise- 
quently, one scts fint a cost ewdstion i t  tile i ~ f e ~ n ~ ~  design point tnd l r : ~  .I fui tiler cost gratvth 
asmiate\; with the mass growth projection. Notc the \en. high iomlatiotc ktween c a t  dnd m J s  
uncertamtles. Thrs comsyonds to the it istomi ~ndicattons that cost growth 1s fftlquentl? mse 
ciated with mass g,owth. and cspccisiiy with the compensation for (or removal on mas> w ~ t l ~  in d 

qatem when ptrfbrrnance nqutrenicnts dictate thdt m a s  p w t h  k limited to ptzdetcrmirirJ 

values. 

The bottom line tor an SPS sptzm IS ~ t s  capabtlit) to produce poser at an ~ccep t~b l z  dost. llie 

result shown In F I ~ U X  4-5 represents the find result of the costtng and unczrrainty JIIJI?XS. t'ncer- 

ttlnties for busbar power costs include t4r uncer!aint~es it; unlt costs as well .IS unccrtJIntte~ In tlie 

appropriate capital charge factor to hc applied and tire plant factor ~t uhic.11 the SPS can operate. 

Capital c h a q  factors frim 12-18 peszni were cons~dered JnJ the plant tdctor unccrtdlnt! Bas 

taken as 'Or~QO';  at one SPS per )ear and 8%-0:'; for four SPS's per g a r .  Tllzsc iun<rrt.ilntrz- 

were stat~sticaily cntnh~ned uith the cost uncertstntles dttrt\rd b! the cost uniert~int! .~ndl \ sea .  

4.2 COM30NENT .&WD ELEMENT C'3CERTAiNTIES 

Component J I I ~  elenicnt unccrtarntIc$ that \tent unto ttlc tunzcrtdint? dndI)-l- dw tahu1~ted ~nT.~bli.c 

4-1.4-2 and 4-3. Cost uncrrtiuntlst at thts Itbe1 HZIY 11171 coinpletc\~t JS it HJS tr~und that unzertaln- 

t ~ r s  In solar cell costs. proirnd recerwr ce t \ ,  ~ n d  tran-portdtlon costs enttrc:) dcmtnatcd the overall 

ccxf uncertainties. Of sn'atcst sipnlfic~nct' arc the size mJss unccrtaint) c.ffc.cts on CL~JI:,. tlicse are 

included In the obenll Cost unccrtalnt) datd dtscursed In SPct~cln 4.4. 



FIGURE 4-3 RkNKINE THERMAL ENGINE S I Z E  /MASS ZNCERTAINTY ANALYSIS RESULTS 
wb- 

RANKINE 
THERMAL ENGINE 

X-COST ESCALATION 

M A S  

Tt4OUSANDS OF METRIC TONS 

FIGURE 4-4 MASS/COS T UNCERTAINTY A W L Y S I S  RESULTS 

230 



1 

)ROIIMIILITV 
WON7 BE EXCEED€ D 

----- RANICINE THERMAL 

- 2 .LICON PHOtOVOLTAlC 

0 

BVfOAR POWER COST OF CAPITAL INVESTMENT 
&KWH 

FIGURE 4-5 PREDICTED BUSSBAR POUER COST 8 UNCERTAINTIES 





Table 4-1 Photovol t r l c  Tmccnblll ty/Uf&ert81 nty Worksheet (contl wed) 
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Table 4-2 Thermal Engine f*rcerbll i b / U n c e r k l n t v  Worksheet (continued) 
-I 
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The dte/mrrr uncertainty anatysis was the first step. It began with analysis o f  uncertainties in the 
efficiency chain to deternine size uncertainty. 

Table 1 presents the photovoltaic system efficiency uncertainty worksheet, including the microwave 
power tranrmission system. 'Ihc aggregate values for the MPTS were cwried over to the thermal 
engint sizer',nass uncertainty urrlyzis. 
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Varirtioa uf SItcltite Weight with A m y  Plamfm A m  
The results of a study to determine the variation of satellite weight with anay planform area are 
presented in Figure 4-1. Weight statements. scaling parameters. and scale factors are presented in 

Table 4-1 for the total satellite. with the detail data for the MPTS being presented in Table 4-2. 

As indicated m Table 4-1. the satellite  prima^ 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. 









E f f s t o f T d r m w c z o s ~ c i g a t e C ~ C d i t i o s  
T k  -Its of a rtuly to  determine the errtct of  tdennces on the weight o f  ?he r e f t r e e  emf* 
nth arc prcscn:zd in Figure 1-1. A werght tder01tc-e~ worksheet for tht reference rxua'4pracion is 
presented in TaMe El. Note that the tdtm-a which are the aupt driven are those a;rocirtcd 

w ~ t h  the so&r &.el b k e t s .  the MBTS. and the p r i m m  uructun. 

A ~ e . g k i  tokm'ts worksheet for the Ioir c d l  blankets is pmcn:& in Tabk 5-2. 

.4 wtegttt t & m ~  woI)Ld#r i for the MPM is p-nted in Table 5-3. Details o f  the t - ~  for 
the cornhinitrim o f  DC-RC cmverters and t hemr l  ccmtrd orz given in TI& 2-4. 

A ms~ght rolcnnsa r o r ~ d l e t r  for the priman structure k p-nted i n  T a w  5-5. Supporting data 
r t ~h i de  ,he fnllm~ing: Figure 5-2. whrdl the variation d stnrctur~ w ~ i g h t  with army unit 

wight.  Fgurr 5-3. wh~ch givc3 the tartat~on of ~tmcture weight .itth antenna weqht: Fiprr 54 .  
u h ~ h  prcents the effect of uncertaint~ m crippling c.ocffx#nt on the sizing of a 10 meter bng 

tapered ntk of grrphrtt t.iwx). ~ n d  TJ%C 5 4 .  which pmxnrs 3 laright distribution for the primary 
>ImituR with part imbr emplusis OII the rr:iotl~it of graphite epoxy (tubing) and hudwarr ( t u k  
center ~r r in fa  tubr end firrinp. and ctr~tr I n t c r imnx t  f i t t rnpt comprising team uvight. 
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CRIPPLING COEFFICIENT L!CERTAINTY FOR SPS CRAPHITEI'EPOXY TUBES 

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

tubes. C u m  is an empirical curve for metal tut'es. per KACA TK 3783. Curves and are 

rrcommendrd deugn cunes from a b i n g  design manual for the Minuteman program. The posi- 

tions of cum s and relative t o  c u m  reflect the degradation of allowable stresses asso- 

ciated wi15 high probabilities (at high confidence lc\els) of no s t r3 tunl  failure. As such. the 

degradation a a measure of the impact of sligkt stmctural imperfectior,~ on crippling of thin walled 
tubes. Curve is the empirical curve for the SPS composite tube. and is reflected in the tube 

sizing data of Appendix A This curve was developed using the Boeing design manual equations 
s h o ~ n .  Cume is the result of applying these equations to some typical metals. (7075 aluminum. 
18-8 stainless steel. and inconel were considered. The rat ter  in cripbling coefficient with metal 

type was nertligibk.r The close correfrtion between curve and curve suggests that. when 
iirffictent test data is sailablz. m e  degradation will occur in the crippling coefficient to be used 

for deugn of actual hardware. 

Figure 1-2 ywszntc crippling coefficient curves for the SPS composite tuhr. Curve is the 
nominal curve :designated as cuwc in Figure I-1). Cuwe reflects the possibility (Convair 
position, that the sllear modulus CXy llaj an effective value twice as large as the current predicted 
value of 0.6 X lo6 psi. Cun-r reflects the assumption that 'A' allowables for point design of 
composite t u k s  will hsvr the same position relatile to nominal values as do 'B' allowables for 

general dhign of metal tubes. Cun-e 1s an approsir ration to the nominal curve for R't vaiues 
between I SO and 1500. Curve is the recommended upper uncertainty curve. Jt reflects the use 
of a twii, larger shear modulus and. in addition. allows for a more optimum tube definition. Curve 

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

of the curve corrtsponding to 'A' silo~sbles. 
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4.3.2 Thennd En* Site/Mtss Uncertainty 

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

The thermal engine sizelmass uncertainty analysis employed a parametric method. This method 
B ~ J  Plso applied to the photovoltaic system and agreed with the more detailed m a s  estimator's 
result within 1%. The parametric method worksheet is shown in Table 4.3.2-2. 



ITEM 

CONCENTRATOR 

REFLECT OEGR 

CPC 

C:,VITY OPTICAL 

CAVITY RERADIATldN 
C A V I T Y  THERMAL 

CYCLE 
GENERPTOR 

PARASITIC 

POUER DISTR 

MPTS (from P/V) 

SIZES 

TABLE 4.3.2-1 
1HERMAL ENGINE EFFICIENCY CHAIN 

NOMINAL MINIM\IM MAXIMUM LOG MIN LOG MAX LOG M A N  o Carrel a t  i ons 

.0225 
,059 
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