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1.0 INTRODUCTION AND OVERVIEW 

This volume includes both construction and transportation data since these two topics have many 

interrelated factors when comparisons are made concerning the selection of power generation sys­

tems and construction locations. 

This document will primarily co\·er the material developed during Part ~ of the SPS System Defini­

tion Study. Accordingly. construction and tr.msportatior. systems and operations are described for 

the followi'lg combinations: I ) silicon photornltaic CR= I satellite constructed primarily in LEO. 

:!) silicon photovoltaic CR= I satellite constructed in GEO, 3) Rankine thennal engine satellite con­

structed primarily in LEO and 4) Rankine thermal engine satellite constructed in GEO. Alternate 

photovoltaic satellites incorporating a CR=~ design and a Brayton thennal engine satellite were dis­

cussed in Part I documentation (DI 80-~0689-3) and are not repeated. 

Section ~of this document consists of a summary presented in a manner to emphasize the ke)· dif­

ferences between the two power generation system options follo"ed by differences bct"cen the 

two construction location options as measured by various construction and transportation factors. 

Data resulting from these 1.·omparisons indicate a photo\'oltak satellite construck•d in LEO offers 

the most desirable features in tcm1s of construction and transportation fa1.:tors. Re1.·ommcndations 

for consf"llction and transportation tl.'chnology demon~trations arc presented at tlw 1.·nd of the 

summary. 

Sedion 3 of rhis documcnr pr1.·sents detailed constmdion analysi' in tenns of the 1.·onstruction 

operations and 1.·onstru ... uon ha~..: J..:finition asslKiated with both power genaation systems con­

cepts and hoth 1.·onstmct1on location options. l\o construction 1.·omparison of the options is 

incfud1.·d in this section sincl.' it has hct.'n im:orporatcd in tht.' overall 'iummary of Sl.-1.'11011 ~-

Sedion 4 1.·ontains th1.· system des1.:riptions of tht.' l:arth-to-LEO and Ll-.0-to-GEO transportation 

systems usl'd to -;upport thl.' \arious 1.·mnhmations of PO\H'r genl'ratinn syskms .111J l·onstruction 

fol· at ion options. Tlw material primarily consists of the rl'fcrencc S} '.'Item J1.·scriptions si1Kt' altcrna· 

thl.'s for the \'arious transportation systems Wl're discussed in the Part I do1.·unh·ntation 

ff) I 80-~0689-51. 



TABLE OF CONTENTS 

Secdon Title Page 

2.0 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

2.1 Power Generation System Comparison.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

1. I. I (' onstruction Concept . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

1.1.1 LEO Construction Bases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

2.1.3 

2.1.4 

1.1.5 

2.1.6 

2.1.7 

2.1.8 

2.1.9 

2.1.10 

2.1. JI 
2.1.12 

2.1.13 

., ., 

1.1.1 ., ., ., 
1.1.3 

1.1.4 

1.1.5 

1.1.b 

1.1.1 

2.:: 8 
2.1.9 

1.1.10 

2.2.11 

1.1.11 

2.2.13 

2.3 

Satellite and A nknna Construction Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

Final Assembly Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

Constmdion Equipment .............................................. 18 

Crew Requirements .................................................. 21 

Constniction System Mas!. and C~t ...................................... 21 

Transportation System D1ft~rences ...................................... .,., 

Launch Systen1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . "" 

Satellite Orbit TrJnst'c-r System ......................................... 18 

Cn:w Rotation.1R1.'SUpply Transportation .................................. 28 

Transportation C o<il .................................................. 31 

Construction 'TrJnsportation Summary ................................... 31 

Constmction Location Summary ........................................ 31 

Constmction Cor11:l.'pts ................................................ 31 

Orbital Bases ....................................................... 34 

Satdlite and Anknna Con~trul·tion OperJtions . . . . . . . . . . . . ................. n 
Crew Rl·quirement'i .................................................. .io 

E 1wironllll'lltal Factors ................................................ 40 

Constmction Mass and Cost ............................................ 41 

Satdlite Des1gn lmpa1.:t ................................................ 41 

TrJn,pnrtat1on Rl'quireml'nb ........................................... 45 

Satdhk• Orbit Tr.rnsti..•r Compkxi~y ...................................... 45 

('rew Rotation,!Rl'Sllpply Trnnsportatbn .................................. 50 

Laund1 OplTJtions ................................................... 50 

TrJnsportation Cosh . . . . . . . . . . . . . . . . . . .............................. 53 

\onstnu:tion Location Summary ........................................ 53 

Con~trm:tion l r.mspo 1ation Condu,ions ................................. 53 



D 180-22876-S 
P'~WING PAGE BLANK NoT F~MD 

2.0 SUMMARY 

In this summary section. the construction and transportation systems are discussed together from 

the standpoint of how they relate to the two main issues of the study whkh are the comparison of 

I I the power gc111.:·ration ~ystems and 2 I the location for their construction. Both LEO and GEO 

construction options ha\c hccn studied for both powcr gcneration systems. In ordcr to focus 

more dearly on the difti:rcnccs in the construction and transportation characteristics for thc two 

po\\ r generation options. this first portion of the summary will be confined to the LEO construc­

tion approach. It should he noted however. the outcome of the power generation comparison is 

not intluc-nced by the the- con~truction location. 

Re~ulting from the power generation comparison will be a judgment as to which is the prekrred 

~}stem from the l·onstrul·tion and transportation standpoint. This concc-pt will then be used in the 

comparison of the l·onstruction lol·ation options found in the second section of the summary. 

Again. both Pl•\Wr _!!l'ncration systems have been investigated for both construction locations. 

Assumprions and Philosophy 

The key assumptions and philosophy used in the cunstruction and transportation analysis are indi-

' Jted in Table 2-1. \fost of thl·se itc-ms an.• self explanatory but a kw require a brief explanation. 

lkm I was spel·tfkd in the- Statement of Work. Item 2 deals with the actual amount of useful time 

a\ailahle for con~truction taking into account that per~onnel do not work literally an entire shift 

11.:offel' break~. etc I. and allowa111 .. ·l'S also included for machine down time. Item 3 is spedfied to 

indkak no construction options "ere investigated which used the satellite itself to support con­

struction l'quipment. Item 5 relates to the case where a given type of machine operation such a~ a 

~olJr ;irray deploynwnt. was analyzed to detennine its required construction rate in LEO construc­

tion and then thi~ same rate w;is used for the GEO constrw.:tion approach. Item 6 deals with the 

thou)!ht that when:h·r practical. PJrallel construction operations were performed in order to reduce 

thl' 1:onstn!ct1on r;ites of thl' l'quipment and at all times an attempt was made to eliminate the cases 

\\here '>C\ era I operation' had to occur sinrnlt Jlleously to finish a gi\en task. Item 9 primarily deals 

with thl· ta,J... of mdexing the s.itdlih.' or the tem1inal pha~c of bringing together large items such Js 

satdlik moduk:. or antennas using propulsive devi1.:es. Item IO identifies the two stage ballistic 

h.1fli,tic .,y.,ll'lll a~ tht• rcfrrt'llt't' cargo laund1 vchi1.:k although l\H) stagc w111gt•d:wm_!!t'd systt:nh 

wl'rc al .. o 111w<;1igated. 

2.1 POWER GENERATION SYSTBI COMPARISON 

Tht• OH'rall configuration d1arackmtks that 111nucncc the construction and trano;portation of 

the rdl-renn: photmoltaic and them1al t•ngim• satellites arc shown respectively in Figurl.' ~-I and 

~-~. The reti..'rcnct•d I 0 (;W photovoltaic satellite shown in Figurl' ~-I consists of 8 satt'llite mod­

ules. whitl1 \\ ht•n asscmhkd han· an overall length of 21.6 kilomck·rs. Approximatdy 1300 kilo· 

metl'rs nf ~O ml.'ter hl·am is a'>semhh:d. 11 ~ o;quarl' kilometers of solar array is instalkd along with 

115 kdoni.:tn' of powl'rhu.,. ( onstruction of two antennas involves fabrication of -;trudure and the 

pl:tt'\.'lllent of I .f1 o;quaro_· kilomdt•ro; of radi.1ting surface. 

3 
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Table 2-1. As.wmptions and Philosophy Construction and Transportation 

1. ONE VEAR CONST TIME (INCL 30 DAYS TEST ANO C/01 

2. PRODUCTIVITY FACTOR OF 0.75 

3. FACILITIZED CONSTRUCTION WITH ASSEMBL V LINE TYPE OPERATIONS 

4. COMPONENTS MANUFACTURED ON EARTH, ASSEMBLED IN SPACE 

5. SIMILAR CONST EQUIP USE SAME RATES FOR ALL CONST OPTIONS 

6. PARALLEL AND DECOUPLED CONSTRUCTION WHEREVER PRACTICAL 

1. CONST. ACCOMPLISHED USING CREW OPERATED OR MONITORED EQUIP/MACHINES· NO 
ffhANDS ON" OPERATIONS 

8. CREW WORK SCHEDULE 
10 HOURS PER DAY 
6 DAYS PER V'IEEK 

90 DAY STAYTIMES 

9. NO FREE FL YING INDEXING OR DOCKING OF LARGE SYSTEMS OR MOVEMENT 
OF CARGO AROUND FACILITY 

10. REFERENCE CARGO LAUNCH VEHICLE-TWO STAGE BALLISTIC/BALLISTIC 

11. SHUTTLE GROWTH (LIQUID BOOSTER! USED FOR LEO CREW DELIVERY 

12. ORBIT TRANSFER SYSTEMS USED ION ELECTRIC OR L02'LH2 PROPULSION 

4 



0180-22876-S 

© @ @ © 

MODULE 

e EIGHT MODULES 

e 97 MILLION kg 

e 1300 km OF 20 M BUM 

e 102 iun2 OF SOLAR AR!\AV 

• 66 km OF POWER BUSES 

e 1.6 iun2 OF ANTENNA SURFACE AREA 

J. 
0.88km .... 

-I I- 0.88 lcm 

IZSZSI 

Figure 2-1. Photovoltaic Satellite Configuration 

MODULE 
FOCAL 
POINT 
ASSEMBLY 

I 10.9 KM 

• 16 MOOl'LES 
• 9ti ~.:ILLION KG 
• 26;)0 K"1 OF STRUT BEAM 

/ • 12KM2flADIATOR ._ ....... _ ...... _-I-~-_,__..____, _ _,. • 116 000 FACETS 
• 544 THERMAL ENGINES 

~~-/(} 
l-2.7KM-l 

Figure 2-2. Thennal Engine Satellite Configuration 
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The thermal engine sall·llite shown in Figtm.' ~-~ •. :01h1sts of 16 moJuk.; whid1 when assl·mbkd h;m! 

a plan form dimension of I 0.9 kilonwkr. on a .;ilk rl·sultin!! in approximatdy thl· sallll' arl·a as thl' 

photovoltai~ ~atdlite. A l-.1.•y ·.listin!!ui-.hin!! l\'aturl' of thb 1.·nnfi)!uration rdJtiH' to the photO\oltak 

satdlitl' is that tlw dl•pth of tlw satdlitt• i-. .. ·on~idaahf}· )!rl·ah.'r. h:q ~0111porwnt d1ara\knstil"s are 

also indil·atl'd. tllL' only l'tlmporwnt dm·dl~ .. ·omparahk to till' pi10hl\l1ltak sah•llih' b .. ·ing that of 

thl' stn11:ture "l11~h h .. appw'l.ttnatd~ ~ .:' tinll'' !!r .. ·;1t..•r m kngth. although in tins ~asl' tik' majority 

of ti11s hL·am is 10 llll'ter ~Ill' rathl·r tlw1 ~n meta 

Thi.> prindpal arl·as whid1 \\ 111 h .. • llSl'd to .. ·omparl' th .. · t\\ o ptH\l'r genl·ration systl·m~ arl· indi1.·ated 

in Tahk ~-~. llwse areas ha\'l' ht>l'll '.'>l'11.·dcd Ill .. ·mrhasitl' tlw Jiffrrl'IKl'S lwt\H'l'll thl' two satl'l­

lit1.•s. The approad1ll,l·d111 Ilk· ~11111111.tr! \\Jll h .. • ttl l·n111p:m· both pm\l'r !!l'!ll'ration s}sfl•m options 

for a g1wn tori.: 111 l\\o 1.·011'1.'1.·utr\l' d1:1rh rath .. ·r th.m µ0111!! all thl· '"'~ thfl.lll!!h thl· pholoHlltak 

satdlttl' and then the tlwnn:1l l'll!!1th' .... 1tdltk folh,\\1.'d h~ a ..:ompJnson .11 1h1.· 1.'thl. 

2.1. I Construl'lion Co1u·epr 

The first nnnparison lo hl· madL· 1~ th.ti ,,f tlt1.· <" cr.ill 1.·1111 ... 1rul°l11'n lr.111,rort.1t1nn 1.·t1111.·t•p1 for 1.·ad1 

satdlite. A~ 111d1 .. ·:!fl•J l'arlra. 1h1.· 11·0 1.·011~1n1..-1111n ap1'rl1.1d1 \\ 111 h1.· 11~1.·d 111 111ak111g thl' pO\\ er 
generattllll s~ ,1 .. ·m ..:ompanson. 

In thl' (a~1.· of till' phohl\ olt.111.· ,,tldlill' ~IHl\\ n 111 hgun· 2-3. l'i!!h t nwdulL'" .md I\\ o anknn.1s Jfl' 

(Ollstn11:t1.•d .tt 1h1.· l.l:O ba,1.'. .\II mnduf.:, ar1.• tr.111-;porh'd In< ;1 0 u'ing sl'lf-pm\ a 1.•k1.·1ri .. · propul­

sion. Two of thl' moduk, \\ill tran,port .111 .1111.'1111.1 \\ h1k lhl· r .. ·11w111111!! 'i' moduk-; \\ 111 l'1.' trans­

pnrtl·d .Jlont.'. I h1.· la·o l1p1.•rJt1011 rcqu111.·, h·rth111g 1do1.·kingl tlw 111odul1.'' 111 fonn till' satdlitl· Jilli 

dt•ploym1.·nt of tlw -..ol.1r .1rr.1~' nnt u"·d t"H thl· tran..,frr. fllllm\ l'd b) thl· rot.1111111 11f thL· antL·nna 

mto ih 1ksir1.·d op1.·ra1111)! po-..1tH111. 

n1 .. · 1lwn11al l'll!!llll' 11()1.'(lll,lflldlllll ,·,111.-1.·pt j.., ,J111w11 111 hgur,· 2--t .111d I' ~1milar lo till· photo­

\'ll)lai..° sakll1fl• \\Jlh till' ,.,,·,·r11!111 th.11!(•11111duk' an· .. ·1111 ... 1n11.·1,·d 111110\\1th 14 nfthL''l' h1.·mg 

tr;11hp1.1rkd .tlo1h.' and .1).!.11112mnduk ... 1.-.1, h t.1king up .111 .1111l'11n.1. lk;t!1111g 1s .1~.1i11 r1.·q111n·d al 

(;f-o. hnWl'\1.·r. 1111 rdkdnr f.1,·1.·h rl'q1111-.· d1.•pl11~ 1111.·111 ,m .. ·1.· 1h1.·~ .11\' 11;1! .1ffrl.'l .. ·d by rad1.1t1(11J 

\\h1.·11 pass111)! through th1.• \".111 :\lkn hl'lt "' 1.'lHl\1'q111.·ntly .ti\' dvph1>1.·d \\Ink 111LFO111,,r,kr11.1 

simplif~ thl',, >11't1 ud11111 11p .. ·r.1111111, .11 < ;1 0 

rhl· 1.'0lhlflll'lin11 llPl'f,Jll\llh Ill bl· J'•'l'fonn1•d .rt till' 11·0 1.lllhlru.-t1011 h.r-<' .11'1.' .IS f1.11i1m~ In thl' 

l.':l~l' of tht• pholn\oltarl' ,.11l'll1tc the n1wr.111rnh rlft1,tr.1kd 111 I 1,r.:ur.· ~-~ i111.·ludl' I 1.1'"'111hk lhl· 

stru .. ·tur1.· ro form .1 1110duk I ~ !he ... 111.· of tile 1t11.il 'akl11ll'. 2 I in ... 1.111 snl.1r .1rr.1~ ~. 3) 111 ... 1.111 pnw,·r 

'1u~ "YStl'lll. 4 I 1n~t;11l orh1t tr.111,kr '>'kill.~ I mst.111 ... uh~> ... 1,·111' and ti 1.·1111.;tnr.-i '''" ;11lll'lllla~ 

\\llh tlwir ~ tikl· and rn1.1r~ ininh. 
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Table 2-2. Power Generation System Comparison 

AREAS OF COMPARISON 

• CONSTRUCTION BASE CONFIGURATION 

•SATELLITE AND ANTENNA CONSTRUCTION OPERATIONS 

• FINAL ASSEMBL v or ERATIONS 

• CONSTRUCTION EQUIPMENT 

• CREW REQUIREMENTS 

• CONSTRUCTION SYSTEM MASS AND COST 

• LAUNCH SYSTEM 

• ORBIT TRANSFER SYSTEM 

• TRANSPORTATION COST 
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Tbr ooinstnaction 1asb 8SOl.i.drd -'ta dtt:ftllal ~ satdtik modt.alcs ~ indkakd ~., Fiautt 1-6. 

11lc k.:y di~ ...... ~ to IM phol~ ~ rat pnmarily rebars to tM differ­

ftlf.Y in the power C"IK'hhon ~-es (I.e .• ttftn'fors ar.d dlcrmal ~Adiafon instt'ad of solar 

~'$\ 

2.1.l l.EOC111 k•tieeea.s. 

~ ~IKtioa bat for tM phullft'Ol1.tic sateJlik is ilhlmaled in Ftgutt :?-7 and ..,'OftSisrs of ttO 

"~ facili1ics •itll oae used to build tk modules and die OllK-r to build the antcnN. Thi." 
module ~tion fa-.ility is a open ended strucrutt •iUdl alto.~ the four bay wt« module to 

w roastnk.~ wi~ only ton.:rudinal indt:xinJ. n._.re att two hmc wort a~. The att ~f'\".1 is 

used for "'11\.~ USftllhll using ~am m.to.-hinn and joint ascP\bty machi~ aua.:hc!'d to htlth 

* UPftt and ~surf•~ of rhc f <Killty. Sobr array .and ro--er dis1nbution arc 1nst.1IW fn~ 

cquirnu-nt .:atta..1wd to t~ u.rrcr 1*7tlt~)· ~;urf~-c ~ tlw l"brward atta. 11\C S3IC'llile mi'4.luk is sur­

portcd by moubf.=o tmr.'C'n k.~at,-d oo dle lower surf•Y of Ilk- (3'..ility. ThcSr: la.en are also used 

10 a.des tbt mc.tJuk .is Ir as ~ifllt fabrit.·atcd. 

The anttnna radtity is ;."Onf1gUf('d to end<* four N) ~of aotcP.na in width and f\._.r ro•;s \lf .,3)·s in 

length. Tht' minimum pbmic'• shape of the fadlity is ohtaineJ rl-.. c.lUJI• ~of a 60 d~ rar..1!~J.. 

Of1310. This shape is th~ tt$Ul1 of tbt hash: unit of the- rrim.uy stroctutt being tri;inJllbr in share 
.1ftd rhc rcsulrin1 ~·br indcxin.. The '°"~r 5Urtk'C of the t'ac:ility is U$Cd lo surrort N'am 

machines.. joinl ~til)· m•ili~. SUJ'Pl~rt indc,ing madtines and bu.' depk•~ ment \·quipmcnt. 

The urrcr sur14':~ is US('d to support ~am ma...·hiftt'S.,it1in1 assembly m3'-hincs and a dcrk,~mt"nt 
pbtfonn th3t is ~d "' Jcrlo~ the Sl'\.·,1nJ.af)· srnh.·furcs and mt<nna suf't4tfa)·s. 

Th\· themul e111.ine sarcllit<.' (c.lflstru.·tton base has httn Jt"MgneJ h.l surround the rhcnn;al lnginc 

satellite moduk and as .a fC:q(lf .;onsists of S(lfllC' rathl."r l.tf!?i' Jimensions .as shown in Figure .:-s. The 

"'(_lft-.IOl.:llt.lO Opt'r;ttions .lft" rcrfonnt>J m thret" scr.1rat1.· kn·ls or 31\".lS of the NSC. At the WWC'f 

l~·cl is k,.;;11cJ the antenna ,·,msrru.:t1on f.1,·lli1acs and tfwst" prtw1~ons n1.•1.·c.·ss.iry to ,.,,nsfru,·r the 

;antc:"nna )'''kt". lmm,·J1.ild) all..l\c rhis areJ 1s rhc rd!\',·t1.tt ,·onstructkm fa,·f\lf)" v.·hkh induJes 

c.•quirmcnt nc1.'C'S'Sal)' hl ..-onstnid relk.:1t1r stru,·11m.· JnJ inst.all rctlcding f.lc.'\'ts. Support of the.• 

coo~lrlk't('J rdlc,·tors is ~-",~m1rhshcd usn'tt indexing Jc,·kl's mt1'·ing Jo• n two siJc rails. rhtS(' 

r.Jds are alS41 usc.·J to si1r1,1rt t>cam m.h.·hinc.·s 11St"d to 1.'\lnstn1.:t tht" tour suprorhnat kgs ltct\\'ttn the 

re1kctor surfa,-c and the focal rt'"''· Al th(' urrer kwl of the 1.·onstnKCitll' (\a~· is l\~atc.·d the fo,·;1t 
rtlint 13\."tOI)' \\ llkh h;is the ras!.. of 1."0ftSfnl\."fing lh\· Cf(·.,.,., ii). inslalli~ the thennal cni:incs. ,·on• 

stru..-hnJ radiat1.1rs anJ tht" spine whid1 SC'n·cs as the l"'wcr ,listrillutillll s)·st,·m A fourth J'\'.l. 

although \lr1l~« use,•J ltl lht \."llllS(nl.:'rllln tlf lWtl llll'dllf('S is fht" ;lS.'l('nlhl)' Jllat(oml U~·J Ill fi.'ftTI fhc." 

antenna stm.:fllrt' surrort "''111f for tht• .m1,•1ma. 
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The OVt'ral constn..;•ion sequen~-e of ;i photovoltaic satellite module is shown in Figure ~-9. The 

construction sequence 3SS(X.,-iated with the structure. solar array and power buses consists of initially 

building the first end frame of the structure. This end frame is indexed forward one strucrural '>ay 

length at •ilid1 time rnad1ines can then form the remainder of the structure in each of the bays. 

The first ro•· of four b:1ys is then ind\.'xed forward lo allow construction of the sa-ond row of stmc· 

tural bays in parallel with installation of solar arrays in bay I through 4. Solar array installation and 

construc:tion of structure oa;urs simultaneously across the width of the module. although neither 

operation depends on the ~rher At the comrletion of Io bays or four rows of bays in length. the 

po.-er buses and propellant tanks are installed. Construction of the structure and installation of 

solar arra)s of the remainini? four bay kngths of the moduk are done in a similar manner to that 

prewiously ~Tibed.. Thruster modules for the St'lf-po•·er system a..--e att3'.,'hed to each of the four 

corners of the module. 

The construction sequenc'-' for t~ pow.:-r gener.ition portion of tht> thennal enginr satellite module 

is rresented in figures ~-10 and ~-11. The first of theS< "·onstrth.'tion operations deals •·ith the 

formataon of the refkctor surta"-c :mJ is shown i.n Figure :-10. Th'-' principal elements irvolved in 

this ~ration are the fa.:lN'\' itself :1nd the stm"·tural ma .. ·hines. n·t~ector derloym\.'nt machines and 

indcxini de\iCt'S. ThL' tomrl\.'xity of this opcration and tl•l" m.ichin"~ thl"m~!ves is ~tter apprl"­

ciated by the t';n.·t that !h.: ,h;1pc \'f the rdk-.·tor surfa.:l." is a Jltlrt1on of a s1,hcr1..· .ind in addition. lhe 

strut·ture fom1in~ the 'hapc co1hblS tll interconnectin~ t.:traht•drons. To acct'mrli"h this task. the 

srmcture and rctle.:ror m<1d1ines are attached to the underside oi the r<tlector factory and run O'l 

tr.1..:ks. The spht>rical reflector shape is 1•l'tained by ha\·ing the r\:'tl1..·\.·10r fa..:tory mow up and down 

in d;,•\alion anJ rotate ahoul ih lon~it11lk a:..is. \t<'\.:m1:nt of the f;u·tory occurs after the machines 

make ea\."h transit ;1~Tos' the factory length. Fi\·1.. ~lrudural and r'-'tlc:.:tor mad1ines are requitl·J in 

orJer to satisfy the timeline n·c1uir1..·m"·nh. The other major operation in "·onstructing the thennal 

engine satdlire on-urs at tht' top of the 1..·on.;tm .. ·ri<lll has-.· whe~ tht> Cll\.·al point l'lJUipment is con­

stru ... teJ and install .. ·J. The major inJn·illual operations 'o OlXLlr are shown in Figure ~-11 against a 

badqmxmd of lh"· focai pt•inl assemhly factory. The point to ~ kl·pl in mind is that all of these 

orcrations are going on :o.imultant•<1usl}. At ~"Vt>ral points in time. major sutiassernlllies are hrought 

together :1nd finally all ckmcnls ar.:- thrn ~·onnech.·ll to fonn the "·omplete unit. At that point. the 

factory ii- moved awa}· and tlw hKal point "·;111 be attad1e<l to thl' support legs 1..·oming up from the 

rdkctor surface. 

Construction of antenna and } oke for each s;1rellite is l'sscntially the same. and for that reason spe­

cific operations ;1ssocialed "ith this task are not 1.:overl'd at thi~ rime. In l:loth cases . .:-ach antenna 

reql•ires .;ix months of l:onstruction timt'. A paint of diffen:nct' howewr. is where anlf when these 

elements are constmded anJ how the a~!!l\.·mhled antenna'yok.:- is Jttadted lo thl' satellite for 

transportation. 

12 
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The antenna and yote operations associated with the photovoltaic satellite are shown in Figure 2-12. 

The yoke for the antenna is constructed in the module construction facility because of its large 

dimensions. When using this approach however. it requires the yoke to be made in between the 

third and fourth module and ~tween the seventh and eiabth modules. Following yoke construc­

tion it is moved to the sick of the module facility. At that time either the fourth or the eighth 

module will be constructed. During the construction of these modules, the antenna is completed so 

that it can then be attached to the yoke. After five rows of bays have t.een completed in the fourth 

and eighth modules. the antenna/yoke combination can then be attached to the module in its 

required location. Construction of two more rows of bays puts the antenna outside the facility 

where it then can be hinged under the module for its traMfer to GEO. 

Construction of the antenna elements of the thermal engine satellite occur at the lower level of the 

construction base as indicated in F;~ure :!-13. The support strudure for the yoke and the hinge 

linkage used to position the antenna are different from the photovoltaic satellite. Another diff~r­

ence although not having a major impact is that the antenna is constructed with the radiating sur­

face down. In the case of the support stnK'ture. there is an offset which allows the proper pointing 

of the antenna wl>ile the satellite flies PEP rather than POP as in the case of the photovoltaic sat­

ellite. The hillge linkage used to position the satellite is made following the yoke. Assembly of the 

antenna. yoke and hinge linkage into one unit is followed by the attachment of this unil to the 

underside of the retlector surface for the transfer to GEO. 

2.1.4 Final Assembly Operations 

Several key and distinguishing constnaction tasks are :-equired by each satellite once GEO is reached. 

(The transportation of the satellite modules from LEO to GEO are discussed in Sec. ~-1.10.) In the 

cas"' of the photovoltaic satellite. an additional task is required in that those solar arrays not 

deployed for transfer now require deployment. This operation requires a final assembly platform 

that can support four solar array deployment machines as shown in Figure :!-14. The other tasks to 

be performed at GEO are shown on subsequent charts. 

The first operation to occur once the photovoltaic satdlite modules reach GEO is that of the berth· 

ing (or docking) of the modules. In the case of the photovoltaic satellite, the modules are berthed 

along a single edge as indicated in Figure :!-15. The major equipment used to perform these berth· 

ing operations are shown. The concept employs the use of four docking systems with each involv­

ing a crane and three control cables. Variations in the applied tension to the i:ables allows th!.' 

modules to be pulled in. provide stopping control ano pwvides attitude control capability. Also 

required in this concept is an attitude control system involving thrusters which are not shown. 

IS 
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Berthing operations associated with th\.' thermal engine satdlit\.' modules require both single edge 

and two edge (comer) berthing as indicated in Figure '.!-lb. To accomplish the berthing operation, 

two facilities are employed. Each is pnwided with a crane system similar to those descriixd for the 

photQvoltaic concept. One of the facmt:es is located at th» upper portion of the mo. 'ule while the 

second ic; near the plane of thi: reflector so that fore~ can be apr•icd around foe cg of the module. 

Movement of one uf these facili:ies from module to module occurs by releasing one attachment 

point and pivoting around the oth~r until the dt>sired location is reached. 

Comparison of the antenna final installation operations associated with the satellite also illustraks 

some differences in terms of complexity of the required mechanisms. In the case of the photovol­

taic satellite, the antenna is attached below the module and uses a single hinge line. Once GEO is 

reached. tht• antenna is rotakd into position followed by the final structural and electrical connec­

tions. These operations are illustrated in Figure '.!-17. 

Placement of the thermal engine satellite antenna requires similar operations except that 3 hmgc 

lines arc required rather tha:t one as shown in Figun: :-18. This condition is a rt.>sult of the long dis­

tance between the transfer position of tht• antenna anJ the final p~ition for the oper.itional phase. 

2.1.S Construction Equipment 

The major construction equipment ass<Xiatcd with the photovoltaic satdlitt> are illustrated in Figure 

2-19 along with some of the key chara.:teristit.:s such as quantity. mass and dimensions. Again. 

becauS\: the antenna itsdf is common to both satdlik systems. its special equipment is not shown 

although this material is presenh.'d in tht' detail construl."tion Sl'ction llf this donunent. The beam 

macflinl.' shown is 111dic;1tin- of tht' strw:tural 1.·oncept which uses two ~am machint•s !o form all the 

main stnicture. Accordingly, it has both translation as wdl a.; rotational ..:apahility. Tht• Jimt•n­

sions and mass indicakd an: indicatiw of th1.· sl'gmentt·d ht·am approa\.·h although machines fabri­

cating thl•rmally fonnt•d continuous \.·or.I 'tructur1.· \.'ould .1lso h1.· att.1dwd to I hl' sam1.' frame. 

Crane/manipulator systl'rns arc primarily used to form the stru..:tural h1.•am joints. Although tl11· 

size indicakd is most nmunon. st·wral :so m\.'11.•r units ;m· also r1.·qum·d in th1.• ,;onstrul'tion of the 

antenna yoke as wdl as scwral :o mctl'r cranes. Two man control cabins with manipulators arc 

located at the end of thL' narw which is itsdf attaclwd to a moving platform. 

The principal difh.·rencl' hetWl'l'O the indicakd solar array machi111.• and thosl' illustrate\! in previous 

briefings is that the g.intry itself is located approximately 50 mch.·rs below the facility beams since 

that j.., the location of tltt: upper surface of ttw satellite. Further discussion on these machines 

occurs in Section 3.~. 

18 
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The themul 1.'11~ine satellite requires several machinl's similar h' the photoh)ltai.- equi1'ment r.1t in 

addition requires sever.ll different units. Some of this equipment h. dericteJ in ht?ur1.: ~-~O. Beam 

maehines are also w1uireJ with the key dilkrence beinl! tl1 ·11tity anJ Jlso thl.' nei:J i..)f a tn 
mete'." l'l'am mad1ine, ('raneimanipu1ator units are approx .. natdy the sa1111.'. formation 1.lf th1.' 

~Oe\.'tOl (fl\1."('ts surfacd re,1uires a s~cial stru..:ture mad1in1.· and a fa1.'et de1'k')'tn1.·nt machine. ln 

addition to inJh·illual mad1i1ws. the thennal engint' i-.11t•llitt' ... ·onl>trth.·tion opt•ratk)n fi'qum.•s Sl.'\'eral 

mini-factories 111\'ol\'ing nume!'Ous pie..:es of equip1nent as s'1uwn in Ftgure ~-~I. f,ampks l)f th1.•s1.· 

small factories are as tollows. tht' fonnation of the.' CPC anJ 1.·a,·ity where .::J!ll.'!>. manipulators, 

w.:IJers. Ct)nwyors and c\lntrnl cabms are rc-quirl.'d: a radiator factory •kt \\dJs the :o nwh'r 

length sci.:tions of pipe int1.'I 350 mt'ter kngths and then attai.:hes th\,· r.1J1.1to~ (hl»lt rird pan..-!·; "' 

tht> main pip1.-s: in addition, e•lt?ine mstallation is l'l'qum:,1 induJmg a comw'-·:11..'n of power busscs 

betWt't'll the cn~mes and finally, the spine assl·mbly that ... ·onsi:Hs of ma1..·hinl'S to build strul.."tllrl· 

running hNWt'l.'ll mo ... h•le flx-al points and machines to assemble anJ att.ii.:h th"· majllr pll\\\.'r tiusst's 

to that structure. 

2.1.6 Crew Requirements 

The difti.·l'l'ni.:'-' in i.:rcw sill' and distri~'tttion of ere\\ is l.."omp;;m•J f"'r th1.· tw '-' s.1tdlitc l.°l'n..:i:pts Ill 

Figure ~-~~- Th1.· i.:t\:w s11i: for .111 t,rbital pcrsonnd 11ll.lkat.·s th,· }'htlhw,1lt,1k s:1tdht.- r,·qum·s 

appro\imatdy .~00 fl.'wl.'r pl.'opk with all this Jifkrcn'-·e o ·i.:urrin~ m th1.• kl\\ FJrth t1rbit l.."l'llstru'-·­

tion base. The principal rl.'aS\111 for the larger 1:rew rl.'qmr1.·mcnts for t!i1.· tlwr:nal ,·ngin1.• 'atdhh· is 

Jue to more ... ·onstrudion op"·r;ltll'llS H'11uir1.•J ""J of coursl.' this thl.'n l.."lltHn'1uh·" h' thi: ..:l'tlstru..:· 

tinn I inJif\.'('t) l'l.'f"l'llllld and thl.' surport pers\.'lllh'l ll\Jlll\lJ1.tings. 

1.1. 7 Constrtll'tion Systt'1n ~ass and Cost 

RO\! ,.. '.imafl•s arl' prl'S1.'1Hnl for tlh.' .. :onstn11:itl)!l 1';1s~·s ;1"' \\di .is ,·n•\\' Tl'IJttt'tl rc:suppl~ m 

Fi~llrl.' in th1.· \.'.b1.' l'f th1.· U·U 1.'l)thtrnt't1l'll b.ts•''· th,· ph1.1h\\ ,1lt.11\ s.1h·1lth· t' hghtn b~ 

appr\1'\1matdr J millitlll kihlgrams. Till' m.1.ior 1.·ontrihuto~ • till' th1.·n11al l'ngirw m.1ss is tll<' largl' 

t\1un1.h1tll'tl \!.tru ... ·turd a\,1nj! with thin· 1.''\trJ ..:rl.'\\ m1..'Juks .. h11.· h' th1.· .~00 .1d1.htwn.1l p,·1.'1'k .1 hi 

Jddltillllal i:1.mstrn .. :tion 1.•quipnwnt l;Fo final J'"''mbl~ ba'l'S ;!It' appro'\lmatd~ cqu.11. l>rlfrr1.·n,·1.·s 

m the annual i.:rt'W WIJtion rt·suppt~ fl'l}lllr\'llk'nts rl'lk1.·ts th1.· 1.hff,·r1.·n..:1.· 111 th1.' 3\10 man •h:w s11.-. 

Comparison l'f the umt 1.·nst ,,f th'-' first ~ct of ,·,mstru .. ·tion b.1s1.·~ i1hlk.1t1.·s l'h'\' .1 4 l'tllh'll . ,l\,ir 

savm~ fl'r till.' ph,,h,,l,lt.1i.: .;.itdhk as ~how n 111 l'ig,1r1.• >~4. 1'11,·s1.· '.1h11.'' rdl.-,·t ;1 •>o k.1rnin!! 

fodor applil•1.I t\l 1.'.ld\ nuj,,r end 1tl.'m \I 1.·. b1.•;1m 11\:h:hin1.'. ,·r1.'\\ nwduk\ r. ·i'''1·t.1ttl1 n ,·,,sts .m: 

1wt in..:hllb.t in tlus particular ..:hart. In th1.· ..:a!'-\' ,,f th1.• th1.·rmal 1.·ngm: ,,1ti..·lh. •tw !'iill\ll'.11 d1fkr· 

l'lh'l' in th..: f,h'Jh!\ "''"t IS thl.' thrl.'t' \'\\'.l 1.·r1.'W tlhldllkS. nw I.If!!\' difkr1.'ll1,'1,• 1:: •1.m~tfll.:ll\\ll 

1.•qu1pnwnt qu.1nht) and m;iss i.:ontnbutcs h~ tl11.· d1fli:r1.'l\l.°1.' 1n 1.·1.,nstrnd11.'ll 1.·quq'nwnt ,.,,st I Ii-· 

"rap·.1w11nd f.Ktnr is ,1ppli1.»I h' tlw ~um ,,f thi: f.h·1h1~ .11\ll ,,~nstru1.·t1l'll "1Jllip11h·11t 1.'t1sts. 

11 
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2.1. I 0 Satellite Orbit Transfer System 

The tr.msfer of the satellite modules from LEO to GEO invol\"l'S the use of dt•l.'lric propulsion using 

power providt>d hy the module c thus the name sdf-pO\wr). The d1aracteristks asso1:1;itcd with sl'lf· 

power of a photovoltaic modult.· are shown in Figure ~-~8 for both thost' moJules transferring 

antennas and those that do not. The g"·ner;il d1aradl·ri ... tii:~ indicak a 5'; llh'rsizing of the satellite 

to compensate for the radiation 0 ·gradatill:l oc .. ·urring during passage through the Van Allen ~It 

and the inability to annl.'al out all of tlll.' damag"· afta rl.'aching (;Fo. It should also ht• emph;isill'd 

at this point. only the arrays needl.'d to pro\·idl' the rl·quired po\\ er for transfl.'r an: deployl.'d. Thi.' 

remainder of arrays are ~tow\.'J within radiation proof contain"·rs. ('ost optimum trip timl.'s and lsp 

values are respectively t RO days and 7 .000 ~conds. Flight control of the module when tlying a PEP 

attitude during transfor rl-sults in large gra\"ity gradient torques at st>veral po~itions in each revolu­

tion. R:.tther than pro\·ilk the entire control .:apabilit~ with de.:trk thrush.•rs whid1 are quite 

ex.pensive. the cle.:tri'-· sy,km is siud only for thl· optimum transkr time with th"· additional thrust 

provided hy LO .. LH .. thru-;k'rs. Thi~ penalty .Ktually is quite small since hy the time an altitude 

of ~.500 kilometl'r is rt·adlt'd thl' gra\·ity gradil'nt torque is no !(1nger a dominating factor. 

Self-power of tltt' thermal l'ngine satdlik modules an: for thl' most part sin1ilar to the pholl1,·oltak 

modul~s from a pl'rforman..-1.· standpoint although tl11.·r"' an· some •.1i:-tingui:-hing diffrrl'n1..'t'S in tem1s 

of satdlite d1..·sign impact as identified in Figurt• ~-~<>. Orw "''amrk of this is that no O\'ersifing of 

thl.' thermal l.'ngine moduks is r1.·quir1.·1.I ~in.:1..· thl' retkdor fai:l'ts ;1nd e1·l!i1,es are not s\.'nsiti\e to 

radiation as .m· till' sol.tr arra~'· :\ 'l.'1."\lll·.l J'l'llll is that th1.· H'ltagt' !!'-'lh't.ttcd hy th1.· satdlill' .:an he 

the sam"' as th1..• operating 'atdlik \ ollag1.· Cw·.·~· no plasma loss1.·s oi:'-·ur as in tht' i:;•:-e of solar arrays) 

and thus .1 minimum J'll\\t'r di:-tnhuti1.ln J't'tl.111) oi:i:urs. Fr,1m .1 pr.lpulsron standpoint. thr1.'t' 

thrusll'r moduks ;m· u:-t•d ratlK·r than r,,ur ;ind .1lthough all LKl.'l:- ar1.' lkplO)t'd in l.~O. onl~ .1 

portion ol tht•:-1..· ar1.· r'-·qu1rt•d for th•: tran:-fer. <;ra\it) g1.1di1.·nt torqul' a~sn1..·ia11.·d \\ith thi' 1..·onfi!!­

uration ar1.· .:onsidaahl~ lll\h'r dut• hl th1.· in1.·rtia d~ara1.:h-ristk' llf the modul" and 1.·01hl'IJU1..·ntly thl' 

ch"·m1.:al thrust r1.·quin.:d and th1.· anwunt of LO~ ll l 2 propdbnt ;m· t·onsidt•r;1hl) kss than in tht' 

1.:as1..· of th1.· photmoltaii: 'atdiih.' nwduk. 

2.1.11 Crl'W Rotation:Resuppl~ Transportation 

The major transportation ... ysll"m dt•nwnh .md thl' numlwr nf llights a'so1.·iakd with l..°ft'\\' rntation. 

resupply i" pr1..•s1.·nted in Figurt• 2-30. :\ :-huttk growth \l'hidt· using a liquid hl1oskr dl'liwrs up to 

75 i:rt·wm•·n p1.·r llight to LHl. Carg1l 111 t1.·r111s of 1.·rt'W and bas1.· 'lil'!'hl'~ ;i, \h'll a~ propdlant and 

OTV hanlw:n1.· j, d1.·li\t·r1.·d hy th1.· satelhtt· laund1 whii:k'. Th1.· OTV us1.•d for 1.."r1..·w rotation, 

resupply ts a fW(l-stag1..· IJ .. )2, Ul 2 s~~tt·m with l'at:h ~tage ha\'ing tlkntii:al pwpdlant l..'apa"·ity. 

C'rew Ll:O dehH·ry !lights and suppl~ !lights arl' d1ffrr1.·nt a:- a 1--·sult of thl' difkfl'll\.'t' of 300 P'-'opk 

required to 1.·on~tn11.:t till' two satdhll''· rhl' ( ;t·() ha,t'' haw 1warl~ till' '.'>allh' i:fl'\\ 'ill's and --·ons1.•­

lllll'lltly no d1ffrr1.·1icl' lK"l.'llfs in tl11.· 0 I\' op,·ration. 
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2.1.12 Transportation Cost 

Thl" toal trans1,ortation l'OSt of tht• photo\'oltail: and tht•nnal .. ·nginl" satdlitl" dfort is prl"sl"ntl"d in 

Figurl" ~-.l I. Thi." "·osts :lrl" hrokl"n down to illustratl" tlw diffl"n.·nl.'.l"S for thl" threl" ma.ior transporta­

tion oPt·ratil"lllS ;1lthough th.: magnitude of tht• cost of thl" thrl"t' arl" quill" diffrrt>nt. In tht• 1..·asl." of 

thl· satdlik tran:.pmtJtion "·osts. thl" primary rl"ason for thl" thl"rmal l"ngint• hl"ing grl."all.'r is its nl"l"d 

1 .. 1 us,· Jn e\p1:ndJhk 'hwu.t in ordt•r to ;1d1i1:w a mass limitl'd bund1 1..·ondition. Crt'W rotation 

r1..•:.upp1y ditfrrt'lh'l"S art' rdll'1..·ting thl· difkrt•nct• in numl'll"rs of !lights ll' get an 1.·xtr:.1 .lOO p1..•opk to 

LFO in th1.· 1..·as1.· 1.1f th1..•rn1JI 1.·ng1111..· satdhh.·s. C1.1nstru1..·tion hasl" transportat11.llt diffrr1.•rh:l'S art' pri­

m.ml~ drn: Ill thl' larga mass 1.lf the tht·nnal l'llginl" construction hase as wdl as tht• n"llllllll' hmih.•d 

1..·on,ti tion of thl· construdi1.'n 1.·qu1p1111.•nt itsdf and thl.' fa1..·t thJt tlh.' lht•rnul "·nginl' COlll'l'pt llSl"S 

1.:onsid1.·rabl~ mor1.· 1.·qmpm1.•n1 It .;lwuld hi.' reml.'mh1.·r .. ·d ho\H'\·a. that this initial rtic1.'llll.'nt will 

nh1~t likd~ I.1st f1.1r ~O ~ .... ) 'h'nns of thl" fa"·ility and 10 ~l"ars for thl" constru1..·tion 1.·quipml'nt so 

that fa1..·ilit'.> transrort.1t•~'n .... 1 •s .-.·1. h1.· .. ·,1nsidl.'r1.·d a~ ;tllll'rtll1.'1.I. 

!.1.1.l Construl·tion Transpona1ion Summary 

:\ 'llllllllJf~ 1..'ll1J1p.tr1 ... llll ... r :ht• pl11.1[1.l\l)lt.IK and llll'llll;ll t•ng111~· s.111..'lhh· i~ Pft'S1.'lllt'tl 111 rahk' ~-3 

:tlllllf! with .111 indil-.1lh'll 11f \\ !11d1 ,,111.-,·pt '' prl'f1.·m.:d rd.1tih' rt1 tlw \;moll' 1.·lmstru•ti1m .111d tran ... -

p1irtat11m parJ!lll'kr' d1 ..... ·11,~ .. ·d 1t1 pr .. ·,1.·d111!! p;iragrarh~. l\)111par1.·d ,., this 111.111111.•r. it app .. ·;irs that 

th1.· pho!l1H1lt.111.· 'Jtl'lht..· h.b .1 .-k.1r .1d\J11t.1g1.· in h·nns l'f ks' compln. f.1etllt11.·s ... ·,1rbtni..·r11'll 

1.1p,·r.1t111n~ .111d 1.·ln1'tr111..·t11111 1.·q111pnh·nt. .111 kJdmg ftl a lll\\l.'r 1..·011 ... rruction 1.·lhl .111d in addition l1;1s 

l1n\\.·r t1.1n,pllrt.1lh1n 'l1,h. 

" " CO~STRllCflO:'\ LOC.\TION CO\f PARISON 

l°1'lll1'.tf1'11n ,,f th1.· m.1wr .-11n,trnd111n .•nd tr.1nsport.1t11.111 p.1r.m11.·h'rs .1s~111..·i.11,·.I \\ 1lh LI 0 .ind c.;1:0 

,·011,trn.-tion \\tll h: d\1111.· u'lll!! tlw plh1;,1\11l1.11..- ... .itcll1k du .. · ll' 1! h 0 lllf!.illd)!1.'d ll' ,1ffrr 1h1.· t1 .. ·,1 

d1.11.11..·11.·n,11.-, 111lt'rlll!'>1.1f 1:1111'trud1l'll .111d 1r.111sp1.Ht.1ti1Hl 1'11t· 1'r11i.·1pk :tft'.b to bt• 11.;1.·d Ill 1..·0111-

p.trtll!! llw f\\,, '''11'tm..-111111 h1..-.1tll111, ''1'111111, .1r,· 111d1 .. -.1kd 111 L1l1k 2-t. :\, 111lh1.·1..·.1,1..· ,1f ..-,1111p.1r­

in!! th1.· l''"'·n f!t'llt'r.1t111n ,\ ,tt·m ''l'lll'lb. 1111.· l\\ll 1..·l11i..tru..-t11111 1,1..-.1t11m .. ·,m,·t•pts \\ill b.- ,·,1111p.1rt·d 

.11 th,· .... 1111t• 11111.- ,1r ,111 ,·p11, .. ·..-ut1,,· d1.1rh f11r .1 !!lh'll 1h'111 ,,f '''ll1J'.1n ... 1111. 

2. 2.1 CONSTRllCTION CONCEPTS 

'"' .. ·,t.tl,bh .1 fr.1nh:\H1r(... ln1111\\1111..'11 II' ,·,lfldud 1h1.· t'1'lllJ'.tn'1'11 ,,f L l·O ''(;I() t'1'1btru,·1111n. an 

,n ,·rall 'llllllll.lf~ 11( ,·.1..-!1 ,.,,11,ll'llt'llllll 1.'Pllt'l'J't j, pr1.'Sl'llll'd. rllt' 11·0 .-1m,lnrdi1'1l t'1llh'l'Pl 11f ti:,· 

phnl11\nl1.11..- ... 1h'lhh' '' ,111'\\ll 111 hi:urc ~-.'.'.ind 1..·n1b1'" ,1f 1.·1ght nwduk!'> .111d (\\1.1 .111lt'1111a' .111 

l·111•,1rn.-i,·d 111 11 0 (.1 ... 11t11.-, \II 1111-.luk' .tr• tr.111 .. p11rft'd (l1 (;!·(_) ll'lll!! ,df·p11\h'r h\1111f th,· 

11l\1d11k' \\ill 11.111~pllrl .111 .111h·1111.1 \\lllk th,· r,·m.1111111i: '" nwduk.; !!''up ah11w. l;f·O 11p1.·ratiP11' 

1-.·q111r,· bl'!'lh111!! 111 11!1: llh'd<11c' ''' f,11111 th,· (11111pkh· ... 11\'llih· .111d till' d,·pl1•~ 111t·111 pf tl11: "1l.1r 

.1rra~' 1wt u .... ·d fill' tlw 11.111,(l·r 

JI 
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Photovoltaic vs Thennal En;ine 

Table 2-.l. l\mstruction/Transportation Summary 

Power Generation Comparison 
V' FOR it.OST PROMiSil\:G CvNCEPT 

Pr.OTO· THER~\Al 

CONSTRUCTION BASES 

• INITIAL PLACEMENT 

0.4 

0.2 

0 
--f-

"""' TIE 

COMPh.RISON PARA~liffi ~ ~ RATIONALE 

1. BASE CONFIGURATION " • SMALLER 

• LESS COMPLEX 

2. SA TELllTE CONSTRUCTION .., • LESS COMPLE '< 
• FEV,ER OP£R.l.TIONS 

3. ANTENNA CONSTRUCTION NO OIFFl!RENCE 

'· FINAL ASSEMBLY OPS v' • DOCKING & ANTENNA 
INSTALL LESS COMPLEX 

5. CONSTRUCTION EQUIP " • HIH R H PES AND LESS 
COM~lEX 

6. CONSTRUCTIO:ll SYSTEM v • LIGHHR (3 2M Kg. 33%) 
MASS AND COST (UNIT) • CHEAPER IS4.0S. l3'!,,) 

7. CREW REQUIREMENTS v • JOO FEWER PEOPLE 

• $110M USS/YR (JJ'\,I 

a. LAUNCH SYSTEM v • Hll;H Dfr-s1n Cl':.~POl\:E:llTS 
ALLOW R(U!;f,SLE SHROUD 

II. SATELLITE ORBIT TRANSFER • LESS IMr;.("T ON 
SATELLITt: DESIGN 

10. SATELLITE TRANSPORTATION COST .; • CHEAPER ($.JOOM, 6~) 

32 



0180-22876-S 

-- Table 2-4. Construction Location Comparison 

a-hotovoltaic Satellite 

Sl"S-ll83 

LEO 

• ORBITAL BASES 

• SATELLITE IMOOULEI ANO ANTENNA CONST. OPERATIONS 
' 

• CONSTRUCTION IEOUIPMENT 

• CREW REOVIREMENTS 

e ENVIRONMENTAL FACTORS 

e CONSTRUCTION MASS ANO COST 

• SATELLITE OEStGN IMPACT 

e ORBIT TRANSFER COMPLEXITY 

• LAUNCH OPERATIONS 

• TRANSPORTATION COST 

-~ 

~>~'//. ,.>-~ 
.___,.,.......- _, .... ~.//·- .- . ..-_. .. ~---..._ © DEPLOY SOLAR ARRAY 

/ / . ·· · ... ··· _ .... ---~ /CEOFINALASSEMBLY 

~/ /- ....... - ". -.. -.~~:.~ --------... ·::. .. .-~ ......... / ... ~ ~ /'./ -~ /.-... .. ----.;___ ------.. / :;...._ - / 

~~ ~~~,....--- ; 

~=e ' 0 DOCK MODULES - :.._ ~ 
LEO~ "'- _.. ©noTATE CONSTRUCTION >--_ ,,,- ANTENNA 

BASE .:,i_ _ / ··-"' ---------- INTO 
~~~_... _.-- . -..,,1;~-:- POSITION 
I ---... (MODULES 

/ .- --.;:.. ~--.... .• _/ - 4AN08) 
/:::..:'...__._ ~ • . - .____ I :_-:_,....-

·-~ _.,/> .. - ~~ --- - - - -·\~ --......; 0 SELF POWERED 
! · ~".O~::._ :;:. , ", -~ TRANSPORT 

r-;_- --- _.., .. ,,.. _, TO GE0(180 DAYS) 

· -~---- --..: _f· '_... .. ANTENNA 
-.:.-, -------- • CAf':RIEO 

I BELOW 0 CONSTRUCT 8 MODULES Lr (MODULES 
AND 2 ANTENNAS DEPLOY 4 AND 8) 

PORTION OF 
SOLAR 
ARRAY 

Figure 2-.n. LEO Constrm:tion Concept 

Photovollak Satellite 
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Thi: GEO (onstru1.:tion l.")n,·qit is illusrrall'd in Figur,· >JJ and begins with a ~!aging d1.•pl1t. whid1 

has the rapahilit~ to transfrr p.1~ IP.ids frlim a laund1 \l'ht.:k w orbit transfrr \t:hkk-; ~IIHI to house 

and maintain tlw orbit transf,•r ,·dud,· tlel't. l'ran~frr nf all pa~ l11ad' hl'IWl'1.'n LHl and CEO is 

a(\'.Olllplisht•d u~ing LO~ Lil~ or\",, (\rn,tni.·ti1.lll 1.ll th,· l'!ltlT1.' -.ati.:llill' 1ndud111g ankn11a I~ dOlll' 

at GEO Th .. • rekrcn.:l' satdlih' for th .. · <.;i:o 1.·1111'tr111.·110n l1ption j, .1 nw1H1lithil· d1.·-.1gn ratlia than 

modular as in t11,· l·a-.l· llf LFO 1.·on.;tru,·t11111. The l'lll·.-t lll this ,;1ffrrl'n1.·,· .1-; \\1..'ll a~ oth1.·rs is dis­

(Uss1..·d llll suh-.1.·qtk'nl d1arh. 

2.2.2 Orhital Bases 

Two prirKip.il b.is1.·s JTl' r..·q11ir1:d f,1r tli.· ''1'~'tni1.·tw1111f •a.:h satl'lltt1.· in th1.· Ll-0 ,·,m-.tru1.·tillll 

option as illustrak·d in Figure ~-34. l'h1.· ba-;c, for th1.· plwto\11ltak 11ptio11 haw b1.·1.·n 1k,1.·rib,·d 

earlier in the 1.:omparisllll o!' tli.· t'''' po\h'r gl.'1h'rati,1n s:- 'tl.'111 .:l1111.·q1ts. In surnmar:-. hmh'h'r. th1.' 

LFO ,,m-;tn1 .. ·tio11b,•.;,'1.·nn'i'h of tw1.1 ,·,111111.'ding fa,·iliti1.''· \\ 1:h ,11i.· u":d t\1r 1.·011strudillll of s.it­

dlik llllldllkS. Wfltk• th,• 1.1t(11.•r 1.; ll,1.•d !1.l 1.'ll!IStrn.:t th1.· .lllfl'Illl,l~. rill' CF() ba:-l' pro\id,•s basing for 

~r:Jlll'' us1.·d in th1.· b,·rthtn)! l'f the !ll\)duk' .md .;111'!'•'rh ,,ii.tr .11 r.1~ d1.'f'lt>~ n11.·n1 ma.:hin1.''· 

Two 11rb1t.1l b,1,1.·s :ir1.· :tl-.l1 r1.·q1111,·d for thl· l .1 o ,·1'n't1 ti-·t11>ll ,1pt:.•11 ,h -.lh'\\ 11 111 1-'t~ui.· ~-3'.'i. 1'111.· 

GEO 1..'tlllstntet1llll h:1'l' h.h b,·,·:1 'l/l'd t,1 ,·,111,tru..-i .1 ,,1tl.'ll1ll' 111 tllll' ~ ,·,ir .ind 1.·111h,·qu1.·111I~. r1.•-.ulh 

in the sallh' l)\l'rJll ,11c· ;1, th1.' l'.1'•' for I HJ ,·un,tru.:t1,111. n11, .IJ'l't'll.1..-!1 dn1.·, rl·,ult Ill lllll\ ing th1.· 

satl'llth' <'nn.;trn,·tinn f.1l'1ht~ Ill l\\ll d1r1.·.:t1011' r:1tl11.·r 1'1.111 <ml·. 1'111, h,1.; b1.'l'l1 _1udgl'd lti bl· nwrl' 

.:ost l.'ll1.·c1ih' tl1.111 h.l\111g .1 11111 ''tdth f.1.:!11t~ .md .i.ld1t1nn:tl .:,m,trudtl)ll l'quipn11.·11t and hah' thts 

1.·quipm1.'llt ,111dk lt.1lf ,if lh1.· tmi.'. \dd1t1P11.1l di..'u"i1111 Pll till'· .. ut 111.·,·1''11! <)L'.tlr 111 'ub,,·quent 

d1.1n'. \las' ,ltfkr .. ·1 .. ·1.· tor 1(11, (1lf1'lrudlllll h,1,,· 1.'tll111'.lrL'd Ill tlt1.· h,t,1.' ft1 r LI 0 (tlll ... tnt1.'ltllll pri­

manl:- t 1.'1ll·1.·h t Ii; .1dd1t1, 111.il nu" r-.·qu. r1.'.I hir ,111,·ld111t'. J'I'• 1( ,·.:t 1\111 .1g.1111,t "ll.1 r 11.11 ,.,_ Otha 

sip11fil:ant dtffrt\'lh'l'' 111 th,· (;l·O ,·,11ht1ud1<.111 h,1,,· .1r.- till· •'t1trr)!)!'r' nn till.' 'akllt!t' L11:111t~ tn 

allo\\ bkr.1l d1r1.'dh1:1111dc\ll1~111 .1dd1t1Pll to th1.· 111<1\L'llh'lll 1.1f th,· .ll'.11.'lln.1 f.11.·d1t~ fn111111f1l' l'llll of 

tl11.· ,att'llit1.' to th1.· 1lllh'L \g.1111. l'1>th ''' !11,.,,. d1lk1:11.:.-, .m.: th,· 'ubi1.·1.·t ,1f .. ul1 ,,·q111.·nt d1arh 

Thl' <;1,1g111)! depot in.:.1kd tll I.I 0 fp1 111,· (;f 0 ... ,,11,1111;t1t111 ,11111,111 '' -.11L·d IP 'lll'l'<lrl th1.· ,·,111,trn.:­

tion ot ntw ,all'lltt,· 111.·r ',·:11 .• 111d a,·..-t1rd111)!i~ t\',lt1111.'' <'111.· SI'S .:11111p1,111.·11t l l I'\ tl1ght 111.·1 da~. 

ba-..l'd \lll ,I ft\L' d,I~ ,I \\I,"'" l.lllllc'il .111d llt~hl ,,fh'lfllk \, 'lll'll. lltl' dql\l( llllh( l'l'tl\ ltk ,l\.'(LllllllJ\l­

d;ttlOll" for thr\'1.' l,1und1 ,,·h:d• p.1~ h.1d,_ ,111: ii-'111,,: tit,· SI'S 1.·n1111'11111.·nh .11~d till.' 11th1.·r t\\ll hcin!! 

propl'll.11111.111!-.lT" lhc"d I<' fl'l111:i th,· Prb11 tt.11',!'1.-r ,,·111.:k,. S1111.·l· th.· ,11h1t tr.111'!1.'r \;111.:k l'fl'­

pdlant ll,ad111g r1.·qu1r1.'' ,i,gntl~ t1hll1.' pn-.p1.·l!.111t tll.111 1.·:111 b,· pnn 11kd b~ t\1 n t.111!-.tT-... a sl\1r:1g1.' 

tank I' .1bo pn1\1d1.·d al th1.· -..tat:111g d1.·p1'l .111.t 1, 1:111kd ,·,"r~ l<'lltth OT\ 111ght Otl11.·1 d111.l-.111g 

a.:1.·011111111d.tlhlll ... :11\' jll"ll\llkd !Pr .I dl·d11.'.lll'd (Ir\ ll'"d "''! (,j () (11.'\\ l"l\;1[1llll l't''lll'l'h •'·l .I <lll(l' 

p,·r tll\lt1lh ha't'. I ht' 1ipl·r.1t1011 .ii"' 11.'l)llllL'' dP.:l-.111)! '"'r 'lll'!'I~ !.1<1,:uk' .tnd <"!\'\\ tr.111,f.-r 

n·hidl'' !'Ii. Pp1.·1.1t1n11.il l't\'\\ 'tic i't>r 111,· 'l.l)!lllg dq'<>I 1, -:=; \\l11,l1,·111 l,,· .1.:.:1'lllllll'd.1tul •11 ,1111.· 

moduk similar tc th1.· .:11.'\\ 111\lduk-.. u,,·d 111 tl11· < ;101't'l1'lrul't1l111 h .. ,, .\ t1a11't1.•11t 1.TI'\\ ,111ar!l.'r..; 

111\lduk 1-. al-..n l'l'll\llkd to .1.:1.·11111111od.1l1.' th1.· j(,1) p, .. •'lltll'l r11t.1ll'd \\1th 1.·:1.:!11.T1.'\\ ll1gltt 1l1 th,· 

(;J·O ba-..l'. :\ 111.1111h'nath'1.' llll1duk 1, al-..P 111du1kd :11 tlt1, ha,,· for r1·11,11r "\lrk p11111ar:I, "ll th,· tran'­

portatH1n ,y-;fl.'111..;. 
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GEO 

NOTE: YOKE NOT SHOWN 

/ 

@CONSTRUCT 
MONOLITHIC 
SATELLITE 

STAGING DEPOT 
N @TRANSFER PAYLOADS c~ TO GEO USING LO;. LHz 

/ y' OTV 1<1 OAYl 

0 • PREPARE SI'S PAYLOADS 
FOR DELIVERY TO GEO 

• REFUEL/RE FURB OTV1 

Figu·e 2-33. GEO Construction Concept 

•GEO FINAL ASSEMBLY BASE 

• MASS. S55 JOO kg 

•CREW SIZE: 65 

Figure 2·34. Orbital Bases 

LEO Construction Concept 
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SATELLITE 
MOOULE 

• Lrn COlloSTnUCi'ION BASE 

• MASS. 6 900 000 kg 

•CREW SIZE: 480 



CREW MODULES 
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• GEO CON~ TRUCTION BASE 
MASS: 6 500 000 kt 
CREW: 480 

ANTENNA 
CONSTRUCTION 
FACILITY 

0.7Km 

LTELLITE CONSTRUCT- FACILRY 

~---VEHICLES AND CARGO 

O.lS ~ • LEO STAGING DEPOT 

9 
• MASS: 750 000 kg 
•CREW: 75 

Fi~ure 2-H. Orbital Ba~-s 

C~EO Construction 
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Satcllil\' l~n•tslfU('linn 

"''' l 1-'0 ,·,,n,trn,·ttl'll ''l°''f;ttil'l\S ·1'"\\'i;tll'lt \\ ith thl' l'hllhl\llllJh.' s:.1t\'llitl' h:th' l'fl'\ it.'Usly l'Cl'I\ 

sh'"'" Jilli ,f,·s\nh,·J. In h1:un.· ~,.;:,. tlw ''l"-'rJlh.\l\S .m.· 1llustrJt,·,1 in J 'ht:htl~ ,hfkr,•nt n1.1nn,•r m 

of\kr "' ''"''' ;1 "'''n' ,hr,·d ,·,,m&'·lfl"•'" with th,· t.a:o ,·on,tru,·ll·J '-'h·lht.:. h1,·h satdhti..· "''"luk 
is four (l,\~ S \\ l\k Jlhf l'l~hl f'J~ S l\\l\i: rt1,• ll\\>\tnk f.Kthl~ IS t'-•ur l•J~ S \\Ilk ,U\\f ,.,,1\,l''llh.'lltly ,·,11\ 

,.,,n,tnt\l J ,·,,mpkh· \\ 1.lth ''' tlw ""''luk .m.t ,, .. suits Ill 11hk'm~ th,· nh•,luk ,•nly m tlw 1.,n~1tu· 

,1111.11 ,hn·di,•n. 

In,· t.;ro ,·,,n,tn1,·k,f satdhh· 1s l\\''"''hth1,· Ill d,·si~n t.1lllh'llt-:h 11 ,·,•ul,t ·'''''Ix• m,•,tul.1r. 1f ,,, 

,k'"'"I\ ""'' "'' J r,·,"lt hJ" .1 '''"'" u.:ti,•n "hlth ,,f •·1i:h1 ''·'~ '· ln ''"kr 1" ,•ht;11n tlu" "1,lth '"th 

th,· ~111\l' Sl/1.' 1.1\tht~ tkJ'il 11\;l''i ·""' ''''"t\ ;I'·' l l 0 ,·,•n'itl\i..-1:;\I\ '"'"" "'''''""~,,.-th,· s,1tdhh· ,, 

rt'•lutrt·,t in'"•' •lm .. ·dh•th ·'' 11hlr.-.1h:•I m h~ur.· .>.• 0 

in ~.-rwr;ti. f,•m h,1~" ,,f tli,· .... ,:.-!!::,· .:~· 

mhkr ••'thtru.-t1,,n .1t ''"' ·11 .. · With 1h,·ir ,·,•mrkh''"· '"'''"''·""'.Ir\' Ill•'"''' bkrJll~ .m,t th,· 

tl·numm~ '''"t "·"' ,,, th.11 "''' .u,· ,·,,11'tnKh',l. Wlwn .1 ~t\\'1\ h'" '' '°''ml'kh·,I. 11 ' ' tlh'I\ 11hk''"' 

m .1 1,•n~1tthhn.1l ,1111.·dh'll .m,l th,· ,,,n,tll1\t1<•n •'1'1.'r.1t1''" '' H'l"-"'"'•I In ,•r.kt h• ·''''''llll'h'h llK 

l.1t«r.1l 111.l1.·'1n~;. Ill ,,nh h\\• 'l•.'I''· ''lltni:._i:.,•f' :1.1\\' '''''" .i.1.kd h• th.- '''k ,,f till' '-ltdht.· l.1.ihl~ h' 

1.'ll.ll'k llllk\111)! ,,, h•\ll l'.I\' •'llhhl...' th,• (•'ll'ttU,'lh'll 1.'11\\'\.lj'( 

·\nt,•nma l 'on,tru\·tion and ht,tJlbtion 

·\nt..·1111.1 '"n'll th"ll• •n .in.I 111,1.111.111 .. 11 .11''' I''''""" "'nt.· '1p11 f1•.1nt ,ti ff.-r.-n,,•, m I ft,· I",, '''ll'lt II\ 

lh'll h•,·.1IH•n •'l'lh'll' \!:.1111. th.- l'h""''''ll.11• 11 'l ,,,.11 ... 1111,'lh'll .ll'l''''·l•'h h.1, 1,,.,11ri.·,,·nt•,l111 

tit-• l'"\h'I f•"lh'i.lll•'il '''h'lll '"llll'.lll'•'ll.1'111 I' ,Jh•\\ll lll l 1~":.lllt': •S Ill .I lll.\lllh't 1'' 111.1\..1.• .I !\h>t\' 

1.h1<·\l '"1111'.lll'•'ll \\1th th; \,l \l .-,,n,t111di.•11 .11'1'••'·1•h !11 '11111111.11\. Iii.·~,,._,. '"l'l'•'•I 't1u.-i11n· 

,,, .Ill .lllh"llll.I l' lll,hk Ill th.- m ... luk 1.1.·1hl\ .llhl Ill ,,,.,\\,,1\ th; th1i.l .11hl h•111th llh'•h1l1.·, •'l 

1'1.'I\'''" tlh· ''''nth ,,1 ,·1rhth m.•.tul,' ,l,1'1.·n,\1111'. "" "lh'th.-1 11 '' lh• 111,t .1111..·1111.1 "' ,,., .. ,11,1 

.111t.·n:1.1 l•.-111i:. h11lt 1 h• .rnt,·1111.11,111.llk Ill 11 ... 1...-il1t\ "h1\h i.·•11.11n' l'"11n.1:1.·n11\ .111.i. h;,I h• tlh· 

""'.lllk l.1,·il1I\ ',,n,ltudh'll ,•1 .-11h.-1 th• 1,,111th ,,, ,·whth m",\11k 1, llh·n 1•.1111.111\ '''llll'kh·,l .11hl 

th,· .lllh'l111.I .11i.I \ ,•\..,· .1ll.1'h.-,l .11 II' l'l•'l''' '"··.1th•l1 I ·'ll"\\111!' """hi\.- •"'ll'lllldh'll '''111l'klh'l1. 

,h,· .1111.-1111.11, 1 .. 1.11.-,! 1.1i.k1 1h,· ni."l11k "'' 11.111 .. 1.-1 '"';I ,l \l11,,· l;I (l 1, ""i.h,·,I. :h,· .mt•nn.11, 

l•'l.11.',I ''·1•1.. Iii'"' lh "l'•t.11111~'.1'"'111"11 

I h,· \ ;i \ l "''11'1111\'11"11 ""ll''l'I ·'"'' ullh:,·, '\'\'·" ·11;.· .... 11.-lht;.· .m,\ .1111.-1111.1 t.1.-ih11.-, ti,•\\ n .-1. 111 t lw 

''"'"'""'' .-.1,,· 111,h,.11;,I. th; .1i\1,·n11.1 1.1.-ihl\ \\1th .mt.'1111.11 .. h'l\U1i.·d h• 11.-; th "'th.- "l'I'•'''". ,·n.I 

"' th,· .... 11.-lht,· .11i.I l'.i.·k .1 .. 1ll11,11.1t.-.I 111 I 11·11i.· .' _••> h ,h,•11hl ,,,. 1h•h-.I .11 th1' i'""'t. th.11 th.­

.rnt."1111.1 _.,,n,1111.-111•11 111 ... 1.11l.1th•11 .ll'l'"'·"·h 11i.h.-.1t.-.t h.1' l,,·.-11111.11'."•l I" h· •'It.' •'I th.-''"''· 11 ""' 

th.- ,,,,I. "l'li.•n ,,,, 1111, J'.1tl1.-11l.11 1.1 ... 1.. i ·:·ht "th;1•'l'lh'l1'.111'""111': \.111.1lh'll' "' 1h.- .llll,1rn.1 

l.h 1hl\ 1;111.11111111'. .111.t.h.-.I. ,qh_.1' \\llh 11 llhkl'"ll'klll .• Ill.I .. 11''' '"'' '"l'.11.1t.· .1111.'tlll.1 t.1.-1hl1<" \\\1; 

111,.-,,1,~.11.-.t .111.I .1i.· "'I'''' "'I Ill th; lrn.11,1,,,11nh·nt.1lh•n 
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yEO QPERAJ!Ot§ 

A • GEO TRANSFER POSITION 

L _J 

• CONST YOlt\E 

•ROTATE 11'.&TO 
POSITION 

: 

• COl'tST ANTEfJNA 
e AlTACH YOl(E.'ANTENNA 
• ATTACH AtJTENNA SYS.';.tOOUlE 

-·-

fl~ure ~-38. Antenna l'onsl~tiun :anJ lnst:albtion 

LlO fonstruclion 

S.\THllTE FACILITY 

© e f>;H HV ..\',Hl\~l.\ F4':1LITV 
11.i...:" TO SATELLITE FACILITY 

•Cu:llST A~Tlll.11.A NO 1. 
•CONST FINAL 11.I SATELLITl BAYS 

eC,'\'rll Ti t:s S.\lElL•H tlAYS 
e .;,•\lrLt h .\!\ill ':11-' NV. 1 
•fRfl tlY .\l\Tl,:'\i.\f~llfl\" ~TflliNA 

TO l't"r'0SI![ ti\!' 
e RAISE AlllTElli!llA 11\TO Pl.)SITION 

:::J._ -

© • .-..-... sr 'oJ!\l 
e t,•0\[ S·\THlllE FACILITY TOSIDl 
• ATT.\CliA!\HlliNAf~ILITl 

TOS.\THllTf 
• RA.in Al\. l Ui!liA lllO. : lllt TO Pl.AC( 

H~un• ~-J... _-\11tl·m1:1 ('onslnh.·fion and lns1alla1ion 

(;1'"{1 ('u lstrU\'lion ('onn•pt 
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In summary. tht' reft'rl'n.:t' approa.:h .:on.;ists of th\.' first antt'nna h\.'ing maJI.' whill' the first half of 

the satdlik is constru.:• :J iaduding tht' yoke and support "lru.:tur\.'. :\t that pi.lint. th\.· ant\.'nna 

fadlity with ant\.'tllla is tlown to th\.' .:mi of the s;1tdlitc and d<'\:kt'd and tlw ant.:nna tht'n attad11.·d 

to the yokl.'. Tht' antc111:.a fa.:11ity is thl.'n tlown had• hl tht' satdlitl' fadlity Uhl:' short tcnn Sl'para­

tion of thi: two fa1.·i1iti1.-s simplifo•s th .. • logi.;ti.:' rrohkm in t1.·nus of su~lJllying antt'nna .:omponents 

as well as living quarti:rs for tht' .. :-rt·wt Th,· rt>maining half of tht' satdlitt' is thl.'n .:onstru.:tl:'J. 

indudin!! a s..-.:on<l y okl.'. whik thi: anh·1ma fa.:11it~ .:onstru.:ts th..- s..·.:ond ant..-nna. ln<l..-xing of the 

satdlih' fa.:ility to th1.· ..-xtr..-me l.'dg..- of th1.• satdli!t' alklws th..- antl'nna fa.:ility hl b..· positiont'd J 

t'nahk rla.:l.'lll\.'llt of the ant..-nna inh1 tht' yokt•. 

2.2.4 Crew Requirements 

Tht>re is c:s......-ntially 111._' Jiff1.•rc:11ce in orhital .:r1.·\\ si1..- tx·tWl'l.'ll thl.' two constru.:tion lo.:~tion .. ·on­

c..-pts. althou~h tih.' Ji,trihut11._ln .. ,f p..-rsonnd is .:onsi<l1.·raMy Jiffrr1.·nt as shown in Figurt• :-io. 
Crt'w sill.' for th1.· main ... ·onstna.:tion t>a"'-· in .. li.:at..-s 4SO p..-opk 111 LEO .:0111..·1.·pt whik this sam..- num­

b.:r is r1.·l1uir1.•1.l in <;to fo• tll<.' (;[·O .:1.ltll.:1.·pl. St.t!!Ill!! lkpot .tnd fin;il asSl.'mbly 111.mning rl.'llUin.·­

lll\.'llts ar..- al''' found tc h,· n,·arl~ th ... · .Yllh .. 

1.1.5 En~irunment:ll f;actors 

~·n·ral lo..t·~ ,.n, ;1t1nm ... ·nt.1l f.i..:hlrs ,f1, •uld b ... · "°'''"id.:r ... ·1.I "h1.·11 ,·,,mp;1nn~ th1.· t\\ o t'l'lht ru ... ·tion kx-a­

tion \lJ't''-"'"· A 'umm.1~ l'f tfi.·,1.· f.1.:toi-. I' prl.'s ... ·nh·d in fabk 2·'.' plus .in adJ1tio:ul .:hart J..-J1-

c.1'.-... t h1 th,· hll'k ,,:- ,-,,111,tt•n \\ttl: m:m-m;.id,· ohj,;,·h. 

fill' prm, ;pJI ,hti--r.·n,·,· l'1.:l\h',·n th1.· '"'' ,·,,11'trudh•n h'•.!lh'Il 1•ptit'l1'. in tl.'rm.; ,,f 1utur.1l r.1di­

twn. j, th.- I.If!!•' .1111nunh "f "''.1r tlarc· ... h1dd111!! '' !>1.:h mu.;t t>,· !'fl'' 1d.-d f,,r .ill •r'-'" mn,1111,·, 

lo1.·.1kd .11 < ;1-0 Sh·.1,I~ .,t.11.· r.1,lt. t11m '"'llld :11.1lo..,· I \ -\ .1t Cl·<' ,·,•1i...1,kr.1l'I~ \\l'r,,· th.111 .it Ll·O 

;iltlh'Ugh ,,nl~ .1 l-.1r ... · mm11m11111't' ... u11 I·\ \ j, .111t....-.1•.11.-d 111 ,·1th1.·r ,-.1,,·. 

o,xulall\lll' ,,, th,· .:.m ... 1ru.:t1\lll h.1' ..... It l I() 1•.-.:dr 15 11111 ... · .... I d.1~. \\lllk .1 ''·h•" .ti <;1-0 is \\Ill~ 

lll..'.:lllh·d SS tlllh'' J'l'r ~\'.Ir. n1 .. • J'fllh"lj'.tl 1.•ff1:.:t.; ,·:· ,,,·,·ult311\lll .1r ... · llll llw ....i ..... ·tn ... ·;il pll\\l'r suppl~ 

and th.:rmal .1,p1.·,·h ,,f th ... · ... 1ru.:t11r,·. In th,· .:.1,,· ''' l''"'"r r:qmr ... ·1111:111. th1.· <;l·O 1lptim1 r1.·,111ir,·, 

kss l''''"'r Ju,· fl' not h.I\ mg h1 r .. ·.-harg,· 111,·kd h~ drog ... ·n b;11t...-r1,·o; usni for tilt' 1Kl..'Ultat1011. Th..­

p,·nalt~ for thl· IJr!!,·r l'll'h'r ,~,h·m i:- rd.111\;.·I~ ""~all. IH'\h'\1.·r. \\h,·n ,,r,,• j.; 111 thl· ... ·ra ,,f ll'W mass. 

""" .... ,,.,t ,ol.1r .irr;i~ · . .-\ltlH'll~l1 .1 (;l·O ba,l· '' ~·a1.11nly mon.· .:lllllllHh'll'l~ 1lh1mina1,·,1. tlw .:on­

stru...-t1011 ha,,· 1hdf pnl,li11.·l·s 'i1.1'"'"'· C:onsl·qu,·ntl~. both .:on.;tru...-11,,11 lo.:;llit''" r1.·quir ... · ;i l.•r!!I.' 

amount ,lf "''"'·r f,,r li~!ht1n!! purpt"''· l;,,. 11f !='·'l'htll' "l''l'~ .;tructur ... · in h,11h th1.· .;;itdlih· a.; wdl 

as th1.• .:on,tru,·th1n hJ .. 1.' 'trudur ... • 'lwuld mi11111111t• thl· imp;td of thl.'rm:il l.'llt•.:ts. 
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LEO GEO 

- OPS. SUPPORT 
6MGT 

- CONSTRUCTION 
(INDIRECT) 

- CONSTRUCTION 
CDIRECTJ 

PRIMARY CONSTRUCTION LOCATION 

figure .240. Crew Size and Distribution 

Table .2-5. Environmental Factors Summary 

FACTOR 

• RADIATION 

• SOLAR FLARE 

•EVA 

• OCCULT A TICN 

• BASE POWER REO'TS: 

• LIGHTING: 

• THERMAL EFFECTS: 

•GRAVITY GRADIENT & 

DRAG: 

• COLLISION WITH MAN· 

MADE OBJECTS 

LEO BASE ~EOBASE 

2·3 GM/CM2 20-25 GM/cr.12 (115 000 KG/100 PEOPLE) 

SO. A TL ANTIC STEADY ST A TE IS WORSE 
ANOMALY RESTRICTION 

3600 KW 2500 KW 

• REQ'D AT BOTH LOCATIONS!.'. OF 100-150 KW! 

• NO SIGNIFICANT DIFFERENCE IF GRAPHITE EPOXY IS USED 

• GRAVITY GRADIENT CONST MODE USED FOR BOTH LOCATIONS 

• LEO PROP REQ'T GREATER BY 800 KG/DAY 

• POTENTIAL GREATER FOR LEO BUT AVOIDANCE MANEUVERS 

• REDUCE PROBABILITY TO NEAR ZERO 
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Most constru..-tion con .. ·i:pts will orknt the construction hast.> so it is pas.,in:ly 'itahk for attitudt• 

Cl>ntrol and minimize gr;l\ it~ gradi .. ·nt torqut.'. All hough thl' U:O ... llthlruct1on l·asl· rl·qu1red con­

siderably morl· orhit kt· .. • ping attituJt• .. :ontrol propdlant Pt'r llay. it still fl"\ults in k's than one 

HLL \" laun .. ·h per yl.'ar for this propclbr•t mai.;t·up. 

lar~ amounts of dcbns from man-madt' spal·1..· systems ha\e result...·d in somt' con1:em regarding 

LEO CllllStruction. Tht' analysis t'Onthh:t-.·d h:1s 1t1th .. .11ed tlw potential is greakr with constmclion 

in LfO howc,·er. simple a\·oidance ma111.·u,·ers can n·Ju .. ·t• the prohaoility of being hit to near zero. 

Further d1St'l1'Mon on this topi-.· is pr .. ·st'nted in th1..· following paragraph. 

Collision :\03ly·sis 

The collision anal~ ,j, has h..-en don-.· for an ..:m ironmt.'nt pr-.·did\.'d for tlw y..-ar 2000. induding an 

addition tlf 500 obj .. ·t·h per ye:ir si111.: .. · I 'l~ 5. Rt>sults nf this anal~ 'IS .1r1.• shown in Figur\.' 2--t I. 

This data indk:th'-. that 1h .. • LH> ._,111 ... 1ru ... ·t1tlll :1ppro.1d1 ._·(iulJ h.ih' fort~ add1tion:1I .:olfo.ions 

if no pn:,·emt\l' .1.:t1m1 is t.1k...·1L llo\H'H'r rt'"··lwdukd (1rb1I :1lti1t.,k ._·orr~· .. ·tions .::111 .. ·ss .. ·ntially 

ehminJt\.' !h'"• proM .. ·m 11f ._·,ll(i,j,ll1 wilh httk or 110 .1ddilin11.1I l't'llJlt~. rflm,t mll1ati••n ''f 
k'rminati,m tlunn)! l•ril'1l iransfrr •:.tn ab1l h .. · lb\.'tl to pr ... ·h·nt .. ·olli-.11ln'. In 'llll'lll.1~. th..-r1..· .;houlll 

he no tlifkr .. ·111: .. • h\.'f\h'l'll th ... · l\\o ._·,m.:cpts r.:!!ardin!! th .. · nu111b1..'r ,,f .._·,1lli-.ion ... alllhllll!h tllL· LtO 

constru.:t1on .1pproa ... + J1ll..'' r ... ·qurr ... • 'li!!hli) d1ffrr ... ·n1 •lJ'l.'r.1ti,l11'. 111duding th,· ti...: ,,f lih· tr.1d..i11g 

and warn111;: '' 'h'llh. 

:!.:!.6 Conslrul·tion \fas:i. anJ Co'il 

Tlw c1•mpan,on 1lf 11l ... · 111.1" .111d ... ,,.,,t .1"01..·1.1tcd "1th th,· 1•rl'1l.il h.h1..'' .ind th1..·ir ,·quirnwnt ''pr .. ·­

,,nfl·d 111 hgur,· :-~: I h1..· LI 0 cn11'trnd11•n .1ppn>.1d1 h.h orh11.1l h.1, .. ·, '' h1d1 .ir .. • .1 11 pro,11n.1td~ 

05 1111llion I..;! hL"hll'r .111d .. ·tw.1r1..·r h~ 0 -; hdlrnn 

:! . .:!.7 Sardlilt' l>csign lmpa<.'I 

Th ... • d ... ·-.ign impa...-1 on th\.' ,;rtdlifl.' ft11 lhc· c.1,,· 1\( 11 0 dlll-.lrlldlllll .111d ,df~('P\\t.'f h.h ''''1.'ll dc-.-

.. ·rib1..·d t•arlkr in th1..· 1k,cript10111lf111 .. · photo\ olt.11c .... 1tdlik. ,.\ 'u111111ary of th .. • kc·~ rm pad ;1rt·as is 

pr ... · .... ·ntcd 111 I .1bk :-t1. In th1..· ar1..'.111f ,,1l:ir .1rr.1) .. 111 ""T'l.'1111! ,,f ~ pcr..-... ·111 h,1, b,·,·n indmkd !o 

.:omp .. ·n,all' 1or th1..· 111ahiht~ lo compktd~ .1111wal out .111 th ... · d.1111ag ... · Ill th ... · ,·,•If.; 1..·aust•d h~ ra,tia­

tion <Kcurrin!! during tr;11i..kr and l•H th ... · 1111.;111atd1 in \1llla!,.'l' output hl'l\h'l'll th .. • d.1111.1g ... ·d and 

undamagl.'d 1..·dl' 

Th1..· 'ilrlll'lllr.11 imp:1d i11dud1..'' both th.1l 1lf mmlularit' .111d O\cr,11111µ. \lodul.inty 111d11dc:- addi­

tional vatKal n1L·111h ... ·r.; 11.;,·d around till' p ... ·rr1111..·i...-r of th1..· ,,1tdlik moduk and lall'ral h,·ams at lhl.' 

... ·ml of th1..· nwduk' a''' 1.'11 .I!> lhl· 1wnall11..·.., for th,· tr.111,f.:1 nf the I) 111ill11111 l..g a1111..·1111a 'lll'Pl'ftt•d 

underneath th•· moduk. 1 It 'hlluld ht• nnll'd i'ial .tll 11wd11k 'lrncttm· ha' lwcn ~11 .. ·d to thal 

d1dat1..·d by th,· 111rnh1k:-. 11,cd to i r.111,k1 the· :11111.'1111.1 l 
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NO PREVENTATIVE ACTION 

• YEAR 2000 ENVIRONMENT 

- 30\'RS 
OPS 

-ORBIT 
TRANSFER 

- CONSTRUCTION 

GEO LEO 

CONSTRUCTION LOCATION 

PREVENTIVE ACTION 

• CLEAN UP GEO ENVIRONMENT 

• RESCHEDULE ORBIT ALTITUDE 
ADJUSTt.~ENT FOR AVOIDANCE 
DURING CONST. 

/ OBJECT PA TH 
I f'IESCHED ORCIT TRIM ------ ~ 

NEW "5 ~ ~--ICI----~ 
,~fJOMINAL 
~ PO:>ITION 

(

NORMAL 
ORBIT 
TRIM ---..,,_ ____ _ 

cm•sT. OASE RELATIVE 
r.:OTION 

• TERMINATE OR INITIATE THRUST 
FOR AVOIDANCE DURING TRANSFER 

• EXPECTED <:OLLISl0:\!S: 

~ 
Figure 2-41. ('ollisions with Man '.\lade Objects 
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SI'S 16l0 

• 

• 
5 LEO 
~ ,, -' -
~ 
:E 

2 

LEO 

• SOLAR ARRAY 

e STRUCTURE 

e POWf:R DISTRIBUTION 

RECURRING COSI. 

• FIRSTSET 

2 

GEO LEO 

PRIMARY CONSTRUCTION LOCATION 

1-igure ::!-4:!. Cons1ruc1ion ~.las.." anll Cost 

Photm·ollaic Satellite 

Table ::!-6. Satellite Design lmtlact Summar) 

LEO Construl·tion 

SELF POWER TRANSFER 

e OVERSIZll\:G FOR 
RAOIA TION OEGRADA TION 

• MODULARITY 

e OVERSIZl~JG 

e EXTRA LENGTH DUE 
TO OVERSIZING 

GEO 

-WRAP· 
AROUND 

- CONST 
EQUIP 

- FACILITY 

PHJALIY 

• 2.75!\1 Kg [i> 

e 1.C7M Kg 

e 0.34M !<Q [!> 

e 0.07M Kg O> 

r:---...._ FUNCTION OF SELF POWER PERFORMANCE 
~ CHARACTERISTICS 
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The power distrihution penalty is related to the additional length of bus caused by the oversizing 

of the array. The total mass penalty for a LEO consructed satellite is approximately 4.~ million 

kg for the selected self power transportation system. It should be noted however that the array 

oversizing and power distribution penalty depend on the particular perfonnance characteristics 

selected for the self power system . 

.. 
2.2.8 Transportation Requirements 

Transportation requirements associated with the payloads of each construction lo~ation concept are 

shown in Figure 2-43: there is no OTV propellant mass included. 

The difference in satellik mas.;; only retkcts the structural mass penalty of the additional vl.!rtkal 

and lateral members and loads caused by transfer of the antenna. Oversizing and power distribu­

tion penalties are all a function of orbit transfer characteristics and conseque•· ly are chargeable to 

the orbit transfer sysh:m itself. 

D1 fti:re111:es in crew ;;nd supply requirements deliwrt:'d to LEO primarily retkct additional orbit 

kei.>ping altituJe control propdlant ri.>quiremenis. The key diffrrencl'. howewr. is in the mass 

which mu,;t bl· ddi\ aed tl' < ;ro. 

L1dlity transport;1tion requircmi.>nts rellect thc !nit1al pl.1l·cment task as w..:11 as in thi.> cas..: or the 

GEO bast's (both options l. that mass that nHL>t he mon::.I to thl' longitude location whi.>rl.' the next 

:-.atellite is to he con~tructcd. The principal diffrrenci.> in thl' two main con~tructton bases is that the 

si' crew moduh:s in tlw (;Eo concept l.'ach have approximately 115 000 kg of additional mass for 

~otar tlan.•s '.\hCltl.'rs. 

:? . .:?.9 Satellite Orbit Transfer Complexity 

Concepts 

Prior to comparing lhl· m.:rall configuration charactl.'rbtics or thl' orbit tran,fl.'r options. a rl'\il'w of 

thL' hast.: propuhion ..;y.;kms Sl.'1.'111~ appropriate. A '.'>implified sd1l.'mat1e and l,.l·~ opnation charac­

teri,tks arl.' pn.:~l·nti.>d in hgur1.· 2-l-l. Chl.'mical ~~st.:ms u-.mg L02 Lll2 ha\1.' dl.'monstratl.'d an lsp 

(lf 410 '.\l'C. An 1mport.111t fa,·tor Ill thl.' considl·r.111011 llf a LO:· l.H: 'Y"ll'lll for SPS appli1.:at10n is 

th.11 1t must bi.> ri.>u..;ahk bl'C;lll'.'>1.' ,,f ,.,.l,110111ic 1.:onsidl.'rat10ns. 

Thi.' 1.•kctric propulsion ') ~tem 111volws more sy'.\tem ekml.'nts hut has sc\'l·ral sigmficant hl.'twfits 111 

tams 1lf of11.'r.i1g an lsp of~ 500 'l'L' and thl' S'.\ st··m lhws not haH' hl be r1.·cm era bk for 1.'Conomil· 

\:ability. Although 120 cm argon thrn~t..·rs and hasl.'lin1.· p1,\ver proci.>ss111g "~'ll'ill ha~ not bl'1.'n 

dl.'monstrakd. ion propul,ion ,~:-.tcm.; U'\ing mercur~ .md 15 cm d1a thrush'P> hav1.· bn·n !light tl.'skd 

and thru,ll•r.; up Ill 150 cm haH' bl·1.·n gr1lll!1d ll'stl.'d. 
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SATFLLITE 
100 ... 

CREl'I ROTATION/ 
RESU?PLY 

FACILITIES 

fi>~ ,..... • ONCE PER 20 VEAR 

20 ..... 

•_,.-', __ 

BASE LOCATION -
CONST----. LEO GEO 
CONCEPT 

3 

2 

e A!l:NUAl 
e CARCO. CREW 

VEHICLES. MODULES 

~ INCLUDES GEO 
SUPPLIES 

LEO GEO 
LEO 

LEO GEO 
GEO 

g 

2 

lr..CLUOES STRUCT ~~ODULARITY ANO 
ANHNNA TRANSFER PE~.;ALTY, OVERSIZING 

LEO 

ANO POWER DIS TR la. CHARCEABLF TO ORBIT TRANSFER 

Figure :!-43. Transportation Ret1uirements LEO vs (;Eo 

CHE\'ICAl ELECTRIC 

II;. .. 
/ 

GEO 
GEO 

RADIATOR 

ROCKET ENGINE ELECTRIC THRUSTER-ION 

• POWt::R SOURCE: • CHE.MICAL REACTION 

• PROl'ELLA!l:T • THERMODYNAMIC 
ACCEUR•\TIO!ll 

•HEAT REJECTION. • JET 

•JETVELOCITY(ISl'I • 47KM'SfC 1470SECl 

•IMPLEMENTATION • REUSEA!11LITY REO'O 
• PROP TRANSH R 

• TECHNOLOGY ST ATVS • Sl'llLAH svsn;.,~ OPERATIONAL 
• sv:;TEM PEnF. OEMONSTRATl:.0 

• SOLAR 

• ELECTROSTATIC··ION 

• SPACE RADIATOR 

• 75 KM/SEC (750(1 SEC! 

• CAN BE EXPENDABLE 

• 10111 :o.:rncuRV SYSTl:M fl T TESTED 
• ION·ARGON THRUSTERS OEMC:l!STHATE:) 

Fi~urt• 2-44. Orhital Transfrr Propulsion Options 
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Configurations 

The self power orbit transfer system used in the LEO construction approach has previously been 

shown in the power generation system comparison and is shown again in figure 2-45. In summary, 

electrical power generated by the solar arrays is used to power ion electric thrusters which use argon 

propellant. LO:/LH 2 thrusters are also included to provide attitude wntrol during all occultations 

and during short periods of time early in the transfer (up to 2 500 km altitude) when thr:.ist 

rc(1uired to counter gravity grading torque is greater than that provided by dedric thrusters. 

The cost optimum trip time and I Sp arc respectively 180 days and 7 ,000 seconds. Variation in 

number of thrusters. propellant tanks. etc. do occur in the design to compensate for thl.' casl.' of 

whethl'r a module is being transported alone or with an antenna. 

The GEO construction OTV is a spaCl' based common stagl' ( 2-stagc) systl'm with both stages 

ha,·ing identical propellant capacity. The con figuration and mass characteristics for this vehicle an.: 

shown in Figure 2-46. The fir--.t stag.l' providt.'s appro\.imatcly 2, 3 of the delta V n~quiremcnt for 

boost out of low l'arth orhit at which point it is jettisoned for rl'turn to the low l'arth orbit staging 

tkpot. The sel·ond s~agc completes till' boost from low earth orbit a-. well as rroviding the rcmam­

da of the other ddta V n.'<!llffl'lllenh to place the payload at GEO and the required Jdta \' to 

r.:tum the st,1gc t<> t!;..: LEO :-.tagmg depot. Subsystems for each ~tagl' arc idcntkal 111 terms of 

d..-sign approad1. Thl· b;:.;ic diffcrl'n.:c 111dudl'S thl' use of four ..:ng111c' in the fir~t stage Jul' to 

thru:-.HO·\\\.'ight requirements of approx11natdy 0.15. The ..;.:cond stage requires additional auxil­

iary propul-;1011 due to its lllJlll'U\lTln!! rcqum·mcnt~ 111 the docking of the payload to the con~truc· 

11011 base at (jf-:0. The OT\' shown has been sized to deli\ er ;1 pa} load taken din:dl} from thl' 

laund1 ,,·hick (-WO 000 kg>. As ,1 rl·~ult. thl' OTV starthurn mass I'.'> appro\11nall'I} 890 000 kg with 

the· \chick having an O\cr,ill kngth 't' meters. 

Flight Operations 

I light op..:ratio11 diffcrcnc,· ... hctween the two nrbit tramfcr vehick option~ is 111tlw:111:ed by their 

orbit tran ... kr time. 111 th.- .:;hl' ol the ,eff power S}~tcm illustrakd in Fl.!-'lll"l' 2-·P. a:-. many as 1200 

re\olutions around the I a rth <Kcur prior to reaching GLO when using a I 80 da} tran~h.·r. The 

tli!,!ht ... d1eduk 111duding a -W d.1~ con~trucrion phase indicate' as many as five moduks can be in 

tran~1t at an} Olll' time fo1 till' l·a,l' of 8 111od11ks pcr ,;itl'llitc. 

The nmsion profik tor thl· cnmmon 'lagl' LO~ LH2 OTV forc;ro c·mi...truction j, shown in hgur,· 

~--ix and indil'atl·~ a -io hour m1"1on n:qu1rl'lllent for thi: fir'.'>t ~tag.l' and 85 !lour~ for a '\t'cond ~tagc 

which dl'livcr' till' pa} lo.id. Thl'\l' t1m~·, induJ,· about 12 hour' for refueling and rcfurb1~1l:nent 

of each ~ta!,!e. With tllL' l"l'qllil"l'lllClll'\ of one orv f11g.ht pa day with the GEO construction option . 

• 1 total of two lowi:r 'tagL'S .111d four upper ~t;.igcs arc rt'l)Ulfl'tl. Operatt•d 111 this manner. as many as 

~1x indcpcndl'ntly opcrat;'l;,: ,1:1t'1..'' can he in ll1ght at one time. 
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2.2.10 Crew Ro talion ,,Resupply Transportation 

Crew rotation: n: .. urply 'Yskms .. ·on-:i,t of a shuttle growth n:hid.: for deli\'l'f)' of personnd to LEO 

and the standard tW(l-:-.ta~ halh.;ti..: halli .. ti•: laun..:h vd1idc for ddi\'Cf) of supplks and propellant 

to ll:O. The utiliLation of thl'!>C \ehidcs is shown in Figure 2-t~. Crew and supply d\.•livt>ry 

between LEO anti < ;t-o u~· a two-.;ta!--1\.' L02 Lit 2 OT\'. The OTV for tll\.· LfO ,·on..:ept is about 1 ~ 

as largr as thar for the {;l:O t:onc..:pt :md rel1uin.-s one-third a'\ many tlights lx'caus..· of thl' signifi­

"<1ntly fowcr Jll.orlc at GtO. Sin..:c rhc total orhital .:rew sitl' for th\.· two ..:on\.·eph is about the 

sam"·· the numha of dt'lih.'f) tlit?hts to LEO arc also 1lw saml'. Cirgo !lights to LEO. ho\W\'Cr. are 

three time .. grc:akr for the (;l:o approach prim:•. :~- dul' lo the: lar~c: OTV pro1x·llant rl.'l)Uiremt>nts. 

2.2.11 Launch Operations 

Toral ..:ar!--'O mass which llll1'1 I.le: handled h~ th .. • laun .. :h \'l'hidl' an: .. hown in Figun: 2-50 and rdk..:t 

hoth thl' pa~ !o;id r,·quir .. ·m .. ·ni... ind1 .. ·.1tl'd .. ·arlicr .md th .. • OT\. propdlant and lurJwarl' rcquir .. ·­

llll'llts. For thl' thrl';: '~ 'tl'lll .:km .. ·nt-. th~H r .. ·quir..: tr.tthportation. p;iyload rl'quir..:m .. ·nts arl' not 

too diffal'nt. how._., .:r. th~ in..:h;,ion of th .. · l1rhi1 transkr :-.~ ,t ... ·m r .. ·t1uin:ml'nts ;iJJ signifi..:antly 

to the tot;il m;i.,, wh1d1 11111't h1..· Jdih·r .. ·..I b\ tl11..· llLL \-_ _.\~111. it .. hould b1..· l'mphasi11..·d that 

tlw satellite tr:1nsport;1tion r.:quir..:111;.·nls ;ir.: h~ far the 1110 .. t domi1uting. 

,\., pre\ iou .. I~ stah:J. th .. · rd.:r ... ·n..: .. · .:Jrgo lauth:h \ l'hid1.· i' ;i t\\ o-,t:.!g .. · ha Iii, ti':' halli .. t i..: d .. ·\ i..:c: 

u .. rng l O~ RP in .;t:i~,. 0111..· and l O~ Lil~ 111 ... t;ig1..· t\\O. fhl' dllltlg11rat1on and p..-rf.~rman1.·1..· 

a .. .,o..:i;it .. ·d with thi:-. H'hKk i, ... hm' n ;,1 Fi~'lm· 2-51. <;LOW fr..,r th"'~ ,t ... ·m i' appnn;imatd~ Hl.5 

m1lhon l.g for th,· .. ·.1,,: of 1.ldl\.:r111g 3•>1 000 l..g hl thl' ... ·01htrn.:tion b;i~· or th1..· .. 1.1ging depot 

loc;1tl'd in Ll·O '' ith orh1t .:l1ara ... ·11:fi,t1..-, 11f .i-- "Ill Jl!itutl,· .m.t 31 ,kgr1..·c, indin.1tion. \'d1i..:k 

opl..'ratim1' mdutl .. · tlr't 'tJg1..· ,_·par.111011 .it :1 rd:11t\ ,. \ do .. ·it~ of 2•»70 11wt1..·r:-. per , ... · .. :ond ;md down­

r;.11~,... \\Jt..:r l.mding arpnn.11n;1td~ S 15 km. I h,· , .. · ... ·11ntl 'tag .. · dcli,1.·r- th1.· p;1~ ln.t<! to tlw LI 0 

ba .. c: do.:k .. Jnd ri.:tunh onl' lb~ lat .. ·r .inti a(,o u, ... , J \\:tll'r l.111ding. 

•\ m1i...t sig111fi..:.mt imr.1l'I in th1..· :1r .. ·:1 of l.nm..:h op1..·rat1011' i' ti:..: difti.·re111..· .. · in thl' numlx·r of 

l;1un..:h .. ·, r .. ·quin:tl to 'upport ca.:11 .:01htru.:t1011 lil..:at1on op1ion. rill' 11111nh1..·r of tlighh inJi .. ·;1t..:d 

in Fi!,.'llfl' 2-52 arc onl} tho, ... · r1.·lat111g to till· tldi\ .. ·r~ of ,;1tdht .. · 1..·ompon1..·nh .1ml nrhit transfrr 

prmi .. 101h for th ... · ... 1tdht..· J1t..l .ir1..· IPr till' ..:.1._..· of ..:01htrud111g four 'atdlit .. ·s pa ~ear. :\.;would 

h1.· c,pl..'1.'t1..·•I from th .. · tr;m..,portation rc(::.in:nwnh ..:hart prc,,·nt..·J 1..'.1rlin. th .. · U·O 1..·01i..tm..:t1011 

option rl'qu1r..:' only Pill' half a' man~ I anh l.111ndi..·, a:- th~· c;t-O ..:01htrurtion option. 
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2.2.12 Transportation Costs 

Total transport.lion cost for the th~ major system elements is prest!nted in figure :!-53. Cost ti 

related to that assodated with one satdlite. but retlect rates assc.:iated with four satellites per year. 

The Earth-LEO bar incr.:ments retlect the cost of ~tting payloads to LEO. Ac.:orJingl)-. the LEO­

GEO int.:rement relat~ to .- .>St of rdudinl? orbit tr.mskr n~hides and their unit cost. In the case of 

sateUite delivery. the int.:n.>st increment relates to the self power trip time of 180 days and tt.e addi­

tional interest accrued. (Note: Re\enue is not lost. onl) <klayed 180 days -the same rewnue 

period still exists.) 

The dominatin~ factor in this .:omparison i·· that satellite tr.msportation with LEO .:onstruction 

using self;lO\n·r pro\id~s a S:! billion t.U';. sa\·in!;?St <1.er the CEO .:onstructton approach. Crew 

rotation n.'Sllpply tr.msrortation cost are alsc.) S 150 million c 36';) lower for the u:o constmction 

concept along with a s~oo million S3\'ings for the ~nitial placement of the ..:-onstruction b~"S. 

2.2.13 Construction Location Summary 

A su:nmary .:omparisc.n of the LEO and Gt:O .:on.am..:-tion lo..:atillns is pr"~nted i11 Table ~-7 with 

an indi..:-ation of which approa.:11 is llh.~t Jesir-Jbk C ompan.·J in this mann"·r. a numlx-r of param­

eters result in no signifi\."ant difkren\."~'S between th"• two \."Onstm\."tion hxation options. How~'\-er. a 

numher of parameters gi\ e a d..·ar inJi'-·ation that ll:O \."onstmct1on 1s most J"-s1r-Jbk _ \lost notable 

;UllOllg these: heing trall'l'llrtJtitlll 1.·osts. sintplifi<.•<l 1Jund1 opcralil'll'\. 31\lf r.._•JtK1.·d .;1..'nstnt\."tion ba..<ie 

ma:-s and \."Osts. One rarar.1eta has b.:en judged to Ix- in 1·;J\ or of the <.;Eo \."onstru.:tion approach 

t tlh: impa'-·t \ltl 'ah.·lht.· ,k,ign t although tlus Jat;1 is th .. ·n l~d into the tra1bp1..,rtati•\ll .:omparison 

which still fanlrs the U-0 '-·011Strn.:tion approad1. 

:?.3 CONSTRUCTION TRANSPORTATION CONl'LUSIONS 

The \."011..:-h1s1on ... n:~irJing th .. • '''ll•'' of J'(l\\\.'r gen~·r;ili,,n ') ,t .. ·m •. .._,mpan'''n and '-.,,,.,.tn11..·ti(lft kxa· 

tion .:ompari'llO as inllm:n..:-eJ t-y l'Olbtm.·t"m and tran ... ronali'm t.1.:tor .. ar .. · 'h''"n in Tahk· ~-8. 

This data inJi,:at.· a Jistin,:t ;iJ\ an tag .. · h'r a rhoto\ olt.1il' s;ildlih· l( ·R= 11 .. :01t...tnKt1:,1 in It'" .. ·arth 

orbit and transporh.'d to <.;t 0 u'ing sdf P•lwi.·r. 

53 



DUl0-22876-S 

... _ 
e4 SA'IELLITHIYEM 

SATELLITE CREW ROTATION/ ~BASES 

• RESUPPLY 

eMNUAL 
•INITIAL PL.ACEMElfT 

u 
• r-.. .. o.a z z 

0 0 
3 .. ~41 

:::; 

i • .... 
ii z ii 
! 2 ! 0.4 .... ... .... r- ... 
§ Ill 8 

~ n c.t 
2 ... 02 

§ D.2 

EARTH-
LEO 

0 0 0 
LEO GEO LEO GEO LEO GEO 

CONSTRUCTIOlll LOCATION 

Fi.guR 2-SJ. TrMSpOrtation Cost LEO w GEO 

S4 



Table 2-7. Coasuuction Location Summary --
• CCNS'r. MSES 

• SATEWTE .... GEN) CCNSf 

• ENV1RONMElllTAl. FACTORS 

• SATEWTE DESIGN ... ACT 

• ORBIT TRANSFER COMPL£X 

• LAUNCH OPERATIONS 
• TllMSPORTATIOlll COST 

M> SIGllllF. DIFFERENCIE 

M> SICillllF. DlFF. 

NOSIGNIF.OIFF. 

<ii 

v 
v 

• SAME~BASE 
• ST AGING DEPOT .. 

FINAL ASSY FACILITY 

• 1 ws 2 DIRECTION INDEXING 
OFFSET BY MODULE DOCKING 

• ANTENf.IA FAClllTY 
OOESN"T MOVE 

• SAME SIZE BUT MAJORITY 
AT LEO 

• ALLFACTORSCAN8£ 
HA.'\IOLED WITH ACCEPT ABLE 
SOLUTIOlllS 

• LIGHTER (Q.6M Kt; 7'.l 
• CHcAPER 1$0.55. 6'.I 

• 1110 .l. OVERSIZING, MODU-
LARITY OR POWER DIST. l'tflliAL TY 

• BOTH USE ELEC. l'ROPUL. ACS 
• Al'l'AOX SAME NO. vEHICLES IN FLT 
• TECHNCLOGY MORE ADVANCED 
• ONE-HALF AS MANY LAUN0tU 
• CH£AP£R IS2B; ~ 

Table 2-8. ConstructionfTransportation Conclusions 

• THE PHOTOVOLTAIC SATELLITE CCR• l)OFFERSSIGNIFICANT ADVANTAGES 

• LESS COMPLEXITY IN FACIL:TIES AND CONSTRUCTION EQUIP 

• SMALLER CONSTRUCTION CREW 

• LOWER CONSTRUCTION COST 

• LOWER TRANSPORTATIOtJ COST 

• LEO CC ..;TRUCTION OFFERS A SluNIFICANTL V LOWER TRANSPORTATION COST. 

OTHER FACTORS ARE COMPARABLE: 

• CONSTRUCTION OPERATIONS 

• SATELLITES IN EITHER CASE REQUIRE ELECTRICAL 

PROPULSION AND 3 AXIS ATTITUDE CONTROL 

• ENVIRONMENTAL FACTORS CAN BE HANDLED 

WITHOUT EXCESSIVE PENAL TIES 
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3.0 CONSTRUCTION "GE Bl.AHi( Nor FD t• 

3.1 INTRODUCTION 

This section contains the construction analysis for the two types of satellites and construction 

location alternatives; 

• Photovoltaic satellite LEO construction (Sec_ 3.:!. l) 

• Photovoltaic satellite GEO construction (Sec. 3.2.:!) 

• Thermal Engine satellite LEO C('nstruction (Sec. 3.3. l) 

• Thermal Engine satellite GEO construction (Sec. 3-3.::!) 

3.1.1 Objectives 

The objectives of the construction analysis were the following: 

• Assist the satellite system designers evolve configuration designs that incorporate in-orbit 

con st ruction considerations.. 

• Analyze the configurations to determine a rational construction task h1eako,1 wn. 

• Design facilitized construction approaches. 

• Define the overall integrated construction sequence. 

• Develop detailed construction approaches for each major construction task to a suffident levc1 

of detail that feasibility is obvious. 

• Determine the em-elope and functional requirements for the major construction equipment 

items. 

• Design the base '-'argo handling and distribution syst~m. 

• Define a crew organizational concept and c-;ti1 .• .ite the crew size. 

• Compare the construction diffl.'renccs between the two orbital construction locations. 

• Estimate construction base and l.'quipment mass and cost. 

• Provide inputs to the component packaging analysis that detennines how many Earth launches 

are required. 

• Refine the collision with manmade objects analysis of Part I. 
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3.1.2 Construction Philosophy 

During the ..:ourse of the construdion analysis a distinct "style" or ··construction philosophy" 

began to Cllll'r~e that characterizes our approach to orbital construction (T abk 3. 1-1 ). This 

philosophy will be evident in"both the photovoltaic and the thennal engine satellite construdion 

analy~s. 
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Table 3.1-1 Construction Philosophy [j> 

CONCEPT RATIONALE 

• USE CONSTRUCTION FACILITIES • NON-FACILITIZED APPROACH WOULD REQUIRE 

CONSTRUCTION EQUIPMENT TO BE MOUNTED ON 

SATELLITE STRUCTURE. THIS WOULD REQUIRE 

EACH SATE LUTE STRUCTURE TO INCORt>OttATE 

EXTRA STRENGTH (EXTRA MASS) AND BRING 

ABOUT COMPETITION FOR THE SAM!: SPACE AT 

THE SAME TIME BY THE CONSTRUCTION 

EQUIPMENT. 

• DECOUPLE CONSTRUCTION • CONSTRUCTION OPERATIONS MADE AS INDE-

OPERATIONS PENDENT OF EACH OTHER AS PRACTICAL SO 

THAT SLOW DOWNS IN ONE OPERATION DO NOT 

IMPEDE PROGRESS OF OTHERS. 

• FABRICATE MAJOR SUB-ASSEMBLIES • MAJOR SUBASSEMBLIES SUCH AS THF .A.NTENNA 

IN PARALLEL AND THE MODULES ARE ASSEMBLED IN SEt>AR· 

ATE BASE AREAS SO THAT THE MAXIMUM CON-

STRUCTION TIME IS AVAILABLE FOR EACH 

ASSEMBLY. 

• MAJOR SUB·ASSEMBL Y BASE AREAS • ALL OF THE MAJOR SUBASSEMBLY AREAS ARE 

ARE CONTIGUOUS (THIS WAS NOT INCORPORATED INTO A CONTIGUOUS BA5E. 

POSSIBLE FOR ALL CASES! • ALLOWS MATERIAL AND PERSONNEL 

LOGISTICS TO EMANATE FROM A COMMON 

CARGO HANDLING OR WAREHOUSE AREA. 

• ELIMINATES NEED FOR FREE-Fl YING 

DOCKING OF SUBASSEMBLIES. 

• USE INDEXING/SUPPORT MACHINES • THE SUBASSEMBLIES ARE SUPPORTED AND 

INDEXEO BY INDEXING·SUPPORT MACHINES 

THl\T MOVE ON FACILITY TRACKS. THE SUB-

ASSEMBLIES ARE NOT SUPPORTED OR INDEXED 

BY THE CONSTRUCTION MACHINERY 

U> SEQUENCE OF LISTING DOES NOT 

IMPLY RELATIVE IMPORTANCE OF 

THE CONCEPTS 
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CONCEPT 

e USE FACILITY TRACK SYSTEM 

e USE HIGHLY AUTOMATED 

CONSTRUCTION MACHINEPY 

D 180-22876-S 

Table J.1-1 (Continuedl 

Construction Philosophy (!:::> 

RATIONALE 

• All MOVING MACHINERY TRAVELS ON A COM· 

MON GAGE FACILITY TRACK SYSTEM. THIS 

ALSO PROVIDES ACCESS T8 All MACHINES BY 

RESUPPLY AND PERSONNEL TRANSPORTERS. 

THIS AVOIDS USING FREE FLYERS OR COMPLI· 

CATED CABLE TRANSPORT SYSTEMS. USING A 

COMMON GAGE TRACK SYSTEM WOULD ALLOW 

A COMMON SELF PROPELLED TRANSPORTER 

MODULE TO BE DESIGNED THAT WOULD BE CON· 

FIGURED TO ADAPT TO SPECIFIC PAYLOADS. 

• THE LARGE QUANTITY.HIGHLY REPETITIVE 

ASSEMBLY OPERATIONS WILL REQUIRE A HIGH 

DEGREE OF AUTOMATION IN ORDER TO ATTAIN 

A SATISFACTORY PRODUCTION RATE USING A 

MINIMUM OF IN ORBIT CONSTRUCTION 

PERSONNEL. 

e USE CASSETTES FOR THE LARGE e TO ADAPT TO THE HIGHLY AUTOMATED PAO· 

QUANTITY PARTS CESSES AND TO REDUCE COMPONENT HAND­

LING. IT Will BE NECESSARY TO HAVE THE 

PARTS FABRICATED ON EARTH PACKAGED FOR 

SHIPMENT TO ORBIT IN CASSETTES THAT CAN 

BE LOADED DIRECTLY INTO THE ASSEMBLY 

MACHINES WITHOUT REPACKAGING. 

e OPERATORS USED FOR SUPERVISORY e THE OPERATORS WI LL EXERCISE SUPERVISORY 

CONTROL 

e COMPONENTS FABRICATED ON 

EARTH AND THEN ASSEMBLED 

IN ORBIT 

O> SEQUENCE OF LISTING DOES NOT 

IMPLY RELATIVE IMPORTANCE OF 

THE CONCEPTS 

CONTROL OF THE CONSTRUCTION MACHINERY 

WHEREVER PRACTICAL IN ORDER TO GET MAN 

OUT OF THE LOOP SO THAT THE HIGH PRODUC· 

TION RATES CAN BE ATTAINED. NO "HANDS ON" 

ASSEM9l y OPERATIONS TO BE uc;ED. 

e FOR THE FIRST FEW SPS'S, 1.-llS APPROACH IS 

MORE FEASIBLE THAN B?INGING RAW OR PAR· 

TIALL Y PROCES~ED MATERIALS INTO ORBIT 

AND THEN CONVERTING THEM TO COMPONENTS. 

60 



Section 

3.2 

3.1.I 

3.2.l.l 

3.2.l.1.I 
3.2.1.1.1.1 

3.2.l.1.l.2 

3.2.1.1.1.3 
3.2.1.1.1.4 

3.2.1.1.1.5 

3.2.1.1.1.6 

3.2.1.1.1.7 

3.2.1.l.l.8 

3.2.1.1...: 

3.2.1.1.2.1 

3.2.1.1.2.2 

3.2.1.1.2.3 

3.2.1.1.2.4 

3.2.1.1.2.~ 

3.2.1.1.2.Cl 

3.2.1.1.3 

3.2.1.IA 

3.2. l.1.5 

3.2.l.l.6 

3.2.1.2 

3.2.1.2.1 

3.2.1.2.1.1 

3.2.1.2.1.2 

3.2.1.2.1.3 

3.2.1.2.1.3 

3.2.1.2.2 

3.2.1.2.2.I 

3.2.1.2.2.2 

3.2 1.2.2.3 

3.2.1.2.2.3 

3.2.1.2.2.5 

3.2.1.2.3 

3.2.1.2.4 

3.2.1.2.5 

3.2.1.2.6 

TABLE OF CONTENTS 

Title Page 

Photovolta1c Satellite Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 

LEO Constrnction Concept . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 

LEO Base.: (' onstmction Analy!-is . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

LEO Construction Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

Top-Ll'\cl LEO Constmctio'l Tasks .................................. 64 

LEO Construction BaSI! Owrvicw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o4 

Top-Ll-vd (onstrnction Sequence and Timeline. . . . . . . . . . . . . . . . . . . . . . . . . 6h 

Module Dctaikd Construction Task Analysis ........................... 66 

Anknna Detailed Construction Ta-.k Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . 92 

Yokl' lktaikd Constru.:tion Ta:-.k Analysis ............................. 92 

Sub;i'\'\emhlil's . . . . . . . . . . . . ...................................... I 00 

(' onstruct1on l· •j<1ipmcnt Summary .................................. 100 

I EO Bas1..· lkscription ............................................ I 00 

1nfi)!ur • .1tion . . . . . . . . . . . . . . . . . . . . . . . ........................... 100 

Foundation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................. 105 

Cargo Handling Distribution System ................................. 106 

Crew Moduk-. ................................................... 106 

Suhs) stems Ddinition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 13 

Ba:.e Suhs~ skill'- ..... . . ....................................... 118 

EnV1ronn11.:11tal Factol' ............................................ 121 

Cre"' Opcratio11~ and Organ11atior. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 

Mass Summ;iry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 132 

C <>l>t Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... 13 2 

c;r:o Final A-;-;cmhly Bas•· Construction Analysis . . . . . . . . . . ............ 132 

G! 0 l ·on~tru•·tion Operations ...................................... 132 

Top-Ll'Vel Gl·O Construction T<ll>ks .................................. 132 

GFO Final Asst>mhly Base 0\1.·rvicw. . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 132 

lktaikd Const 111ction T ;L'>k Analysis ................................. 13 2 

Equipment Summary ............................................. 140 

GFO Bas1..· lkscription . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140 

Configuration ................................................... 140 

Foundation . . . . . . . . . . . . . . . .................................... 140 

Cargo Handling and D1-;tr1hution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 140 

Crew MoJ uks . . . . . . . . . . . . . . . . . . . . . ............................. 140 

Ba'>c Sub-,ysk111' . . . . . . . ....................................... 143 

Er:vironmcntal Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 143 

Crew Sum111ary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144 

Ma.,., Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 144 

Co~t Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144 



0180-22876-S 

3.2 ::HOTOVOLTAIC SATELLITE CONSTRUCTION 

This section contains the construction analysis of the photovoltaic satellite. There are two con­

struction approaches that were analyzed: l ) LEO construction -wherein the satellite is assembled 

in modules at LEO and then the modules are self-powered to GEO and joined together to fonn the 

total satellite (Section 3.2. l ). and 2) GEO construction-wherein the satellite is constructed as a 

1.-ontiguous unit at GEO (sec Sec. 3.2.2). 

ln the following sections. for both of the ~atellite types. the LEO construction approach is 

addressed in dP.tail and then the GEO construction approacn is analyzed to illustrate its differences. 

In the detailed construction analysis secti<'lls. the construction t~1sk~. construction facilities. con­

struction sequences. •:onstrm:tion machinery. logisfo:s systems. manning and mass and cost 

estimates are described in ddail. 

3.2.1 LEO Construction Concept 

The reference photovoltaic satdlik configuration for constn11:t1on in LEO 1-.. shov.n in Figure 3.2-l. 

Thi.' LEO construction concept i'> illu ... tr.1h:d in Figurl.' 3.2-2 and l.'ntail" constructing 8 modules and 

2 antennas at a LEO construction hase. dqiloying a portion of the solar array on l.'ach of the 

modules to providl.' powl.'r for thl.' ~df-powcr transfer to a GEO ba ... ~' where the modules arc joined 

torethl.'r and thl.' antt'nna'> t'rectcd. 

The construction opcration-. at th.: U:.O haw are Jc-.crihcd 111 Section 3.2.1.1. l :rnd tlh)se at the 

GEO_ 1'>e arc described in Section 3.2.1.1.2. 

The top-level construction timdine is .,hown in Figur\.· 3.2-3. This t1111dinl.' shO\\~ that the LEO 

construction 01'nat1011s .ire cornph 'L'U afh:r 3-W day-; lla\I.' elapsed and that the completed satcllitl.' 

is rl.'ady to gcnt'rak powl."r afkr 580 da~ s. 

Other Options 

Other LFO l.'Onstrui:t1011 ~·on•-'l.'pl~ \H'Tl.' consida1:J but \\\'re di~1.:ardt?d: 

• ll1 :\lodules ri1is concept wa-. lhl.' ha~t'lirw at Part l of this ~tudy. It was discarded after 

considering the difficulties of docking modulc~ and controlling l\\o .:dgcs a'> well as reducing 

the rnodularit) ma.,~ pl'ti.ilty. 
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• Construct anti:nl'a at GEO-this was considered as an option to avoid having the dUTkulties in 

aua.ilin~ the assembled antenna to a module at LEO and to avoid installation problems at 

GEO. This approach was abandoned when satisfactory sol•Jtions to these problems were 

found. It w:as also determinnt that it would be significantly less expensive to construct the 

antenna ;il l.EO due to the crew transportation and resupply cost associated with pbdng large 

numt>ers of people at GEO. This option is diS\.~ in greater detail in 5'!ction 4.3. 

l.2. I .I LEO hie ConslnK'tion Analysis 
In this se..:tion. the Lt:O o~rations aw J.:s.:ri~-J in detail. This is followed by discussions of the 

LEO base. em·imnmental factors . .:uw operations. and the \.-Ost and mass summaries. 

3.2.1.1.1 LEO Cons1uaction OperatioM 

l.l.1.1.1. l Top-1...evd LEO Construction Tasks 

The cons1ru..-1ion tasks to be acc."ODlplished at the L[O base are summarized in Figure 3.~-4. Each 

of these \.'Otl5lru.:tion tasks are Jcs.:ri~·J in detail in the following sa:tions. 

J.2.1.1.1..2 U:.O Construction Basr 

The constru~·tion h;i"'-· lo"-.· u..:~·J ;ll LEO to a.:.:omrlis..lt the tasks deM."ribed in the pre\·ious ~ction 

i:- shown in Fi¥ure -~. ~-5. Thne are two primary ..:onstructicn areas: I) a module construction area 

calso ux-J ro .:onstnKI tlh.' yuk.:• anll :, an antl·nna construction are:t. These two areas are con­

r.ecteJ into a .. .-ontiguous slrn.:ture. Se.:tion J.:.1.1..: JeS\.'li~s the base in greater detail. 

Other Optioti 

Other b~ -.·on .. .-epts were .. ·onsidered out wen: di~·ank"ti: 

• ~ X : bay facility This .. ·oncert would entail the USt' of a fadlity that looks very much the 

same a<: slw-.\ n only it would he : bays wide insteat! of 4. This woukt require the moduk to 

"'-· 111,k,,·J lat:·r;iliy through the fa"·ility as"' :o-11 as longitudinal!}. This "''""'Cpl would ~ a 

~ eanJiJate if it \\ere not for the nel"<i to use 4 solar afTay deployment ma..:hinl"S. If the 

solar array Jl.'pl'') nh.'lll rate .:ould hl· Joul:lkd. then only : mad1ines would be l"l'QUireJ :md. 

henn. tht•: x : ilay fadlity would he a good .. .-hoke. 

• S X : hay fadlity This eonl·t'l•l \\';,)t=ld entail the use of a facility that looks very much like the 

one sho\\n .:x..-ept that it wouM ~ l\•;ie.: ~ts Ion~. It would. tlterdore. make the satellite 

moJuk ;ilong th,· S-ha~ "iJth insh'a,I ,,f t 1
1e .t-hay wiJth. A facility this large would "'-' 

h.''luir,"\I if it '"·r,· nl·-.·"·~'31) to dolh'k the rrodudion rate or if it was found that solar array 

lleplo~ llh.'111 .:'Otild JlfO~'l..'l'l.I 0111) half ;IS fJ~t as Pfl'\li..:fl..'U. 



FABRICATION 

•FMMCAft 
t AN1VllNA ANO 

VOKl.-.VS 
• &TTACll 10 ttGOU&.I 
......... 'ISIDU 

I .... 
t 

0180-22876-S 

lflSTAt.L 7 llMuSTH 
MODUtU 

~ l 
JISTRUcTURAt_ j 
~'WS _,,..+--- Dr7-------~---::i!lll""1LI ,.,. I 

~/ I / ,.:o-.,.."-..,.~...,...-.~.,.:::.--1~ ..... 

Figul'C' J.?·S LEO ConstnK'tion 8ase' 

6S 



l.l.1.1.1.J 
The tor-le\d ~"'"'rru.:tion ~q~n"c for the moduk is shown in figure J.:?-6. The moduk 1.-onstruc­

tion timl'line is shown in f i!!un: -~-~-7. Th-.·:"r arc .io days allounl to '°'Ollstrm:r each module. 

The top-1 .... \Tl .. ·onstnu:tion sequen-.-e for tht- anh.-nna.'yoke assembly is shown in Figure J.!-8- Tiit 

top-lnel .;onstruchon scquem.,""e for the antenna is sho••n in Fqrure J.~-Q. E~h of thest> major 

consrmcru.m ~·qui."n .. \.·:- i ... des.:rilx'\I in ddaiJ in the follo•·inJ? s..:;:tions. 

.J.1.1.1.1.4 Module Debiled Conslruc:tion Anal)'Sis 

J.2.1.1.1 . .f.I StnKtural ~bly 

The stru..-tural J'-~mM~ .. :on .. -"·rt to tle d\.'~·ri~·J Ix-kl\\ i-. onl} one of ~\'c-ral .. .-u.:;;,~rin!! :.tru.:tural 

oon1.-ep1s. The r.uic.1nak for rhe !'('lection of the strucrural com;ept is addl'('SSl~ in Volume J. 

Sectilln 5. I. J 5. l>.n.i ~rtaining 10 th"· .. um~. mas.-.. and ... ·ost l'Slimatc of the ~lectnl structural 

roncepl is acJr1..-X'<;;:"d in \'olum.: J. s.:-.. ·tion o. I_ 1 _ l .~-~. 

As th\' detJils .. ,f rhe ..:on ... tru.;tit>n of tht.> !'tl'k•.'k'ti stm ... ·turJI ;.·onc1..·rt an.· .. li ..... ·u .. St'J t-d .. 1w. St.ml<.' oi 

the alt1."mat1v .. -.·ori..-cph w1ll I, .. · ;iJJh.·~...-J. 

The.- .... m..:rural nm.,· .. ·rt ltl 1......- .. 11, ... :us...,•J m rhis !>\." .. ·1ion i:- d .. ·s..·ntx·J f\} the folltlWtng nonh.•nd.itun.•: 

8-.·.un T) r·· l' .. ·nl.Jh\.·Jr;d llT P} r.muJ Bt:.un 

Strut T) p..· l;1p1..·n.·d !'; .. ·sh.'\I Strn!s 

Str11Ht>-Slml 

J1•1c1 J) p.-

Framc I)!'<.' ~gin,·nt.:J Fr;m1 .. • 

lkam-h>-lkam l .1J' J,1int 

j,,;n[ l)pl· 

B .. -.un \la.:hm-.· \l.1\;i. '.. ·\rli.:ulah',I ~O m .. ·t.:r H .. ·am \l.td11nc 

I yp .. · 

The heJm ,·,1nfiguration IS 'i}h\\\n in rif.!llfl' 3.~-to. Th« ~·am sh\l\\O i ... rdar .. ·,I to as a ~Om l'<.'arn. 

,II fr;ur·-. •'<111ipnh·nr. .;uhl f.1~·1hl) .l1m.·11,,; .. •1h .JrllJ all rundin<.' anal)"''" .;m.· '1.a"'-•J on this ~Om f\t•;nn. 

Strur As!lit"!Uhl) 

Th~· t:ipt•r, J h.111--.truh '' 111 h· m.111111'.1.:lur .. ·d 1lll Luth lhn,· '' 111 r .. · 3 lliff .. ·r.:nt ... tmt h.111 kn~ths 

I !Om. I : . ~Ill. and I ..J. l 'm I. nw~· h.1lr' :-tmt .... in.· rwst .. ·d h' f,•rm I 00 pi.· ... · .. • umr.... \\1th S4.'\t.'T~tl of 

1h1.·x· Ulllf .. 1h .. ·n p111 lllh 1 .I d1,r1.·11,111~ IJJ;l!!Mllh' ·'' ,ht>\\11 111 F1~:1r .. • 3.~-11_ • nw lllllllPl'f ,lf units lo 

~1 ma}!:11in1.· \\••ulil b1.· ..... ·1 ,,, th.it tlw m.1!!.11i1ll' ha' f\l b .. • dt~lll!!<.'d 1lUl 1lf tlh· l'1.'am mad1i1w 1lfll~ Olk<.' 

~11by .11 llltl,1_ 1 I h,- ..... m.1~.1111w' \H't:!.I h· ,khh·n·d hl th .. • Ll·O ... lltlstni.:ti,,n fl.1""'· "-fwr .. • tlwy 

\\"llllltl 1 h1.·n h.: .11.·ll\ anl "' th,· h,-.1111 m.1..-l111h: .md 111,,·rt..·d m hl 'Im I a ...... ,·m N~ m.1d1i1h'" th;1t .1r1.· 

1xirt 11f I h1.· t>-. .. un m.1.-h me 
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F"1g111e 3.2-6 Modale Conslnldioa Sequeace-ftaolOYOltaic Satellite 
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ASSEMBLE THRUSTER SUPPORTCJ 
STRUClURE/INSTALL THRUSTERS/ 
PARK ASY AT SIDE OF ID ASSear.tl.E ENO FRAME 
FACILITY C!1 A...~Mal.E FRAMES 8A YS 1-4 

gj DEPLOY SOLAR ARRAY 
BAYSl4 

ATTACH THRUSTER CimJ ASSEMBl c FRA.VES 8A YS 5-8 
A$SY TO BAYS . ' -
1 AND 4 . S ASSEMBLE FRAMES BA VS 9-12 

El INSTALL SOLAR ARP.AV EOXES BAYS5-8 

ClASSEMBLE FRAMUBAVS 13-16 
la9"STALL SOLAR ARRAY BOXESBAVS9-12 

c::::JINSTALL F~R BUS SYSTEM 
CllNSTALL SOLAR A.qRAV 60XESBAYS 1~1e 

CJL'llSTAll PROPELLANT TA\:KS 
li:!ll ASSEMBLE FRM1ES BA VS lJ.20 

ClD ASSEr.1BlE f R-1.MES BA VS 21-24 
EllNSTAll SOlAR ARRAY BOXES BAYS 17·20 

l!:D ASSEl'.!BlE FRAMES BA VS 25-28 
Eil INST All SOLAR ARRAY BOXES BA VS 21·24 

[::JASSEMBLE FRAMESBAYS29-32 

INSTALL SOLAR ARR.\ Y BOXES SAYS 25-23 fa 
DEPLOY SOLAR ARRAY BAYS29-32~ 

ASSEMBLE THRUSTER SUl'PORTCJ 
SfltUCTURE/fNST,.\LL THRUSTEHS/ 
lo TTACH M&Y TO SAYS 29 Al\:O 32 c:J TIME AVAILABLE TO ABSORB 

DELI.VS 
I I FINAL INTEGRATION/ 

TEST/CHECK-OUT 
40DAYS V 

LAUNCH 
MODULE 
TO GEO 

F~ 3.2· 7 Module Construction Timeline 
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figure 3.2-9 Antenna Construction Sequence 
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The strut assembly ma"iline perfonns the operations depicted in Figure 3. :?-I ::?. Figure 3. ::?-13 

shows a "\lncept of a strut a_~mbly m<M.iline used to fom1 :?Om long struts. The other kn~th struts 

would be assembled by similar madtines.. 

Strut-to-Strut Joints 
There are three variations of the strut-to-strut joint fitting previously shown in Figure 3.::?-10. Ea..:h 

type would be manufactured on Earth and tll('n packaged into a dispensing carrousd sudl as is 

shown in Figure 3.::?-14. The number of jo!nt fittings to be installed in a carrousel would be sum­
cient to pr~ide a one-day supply. Th .. ~ joint fitting carrousels are deliwred to LEO ready to be 

inserted into the beam machine. 

Beam Asembly 

To assemble the ::om ~l\·~'1i-dr.U beam. it will be nec.:ssat)· to use 9 stmt a~mbly madiines (5 of 

the ::om size • .+ of the ::~ . .+m size. and l of the ::8.Jm size) .. ·on figured as shown in Figure J.::-t S. 

Three joint installation mechan!sms such as is shown in Figure 3. ::-1 fl will be n."Quired. These 

me.:hanisms will extract fittin~ from the carrousd and attach tht•m to indexing carriages. 

The beam as..~mbty oper.itions are shown in Figures 3.::-17 and 3.::-ts. Figure 3.::?-19 shows a time­

line for this assembly operJtion. The S.Jmiminute r.lte is .:onsidered to be conservative. Other 

timeline estimates haw ranged as lu~h as 15m,'minute. Figun: 3.~-~0 shows that a sing.le b\'am 

ma.:hine would easily be capabk of mal..int: all of the nel."cssat) heams within the one yt•ar .:onstru.:­

tion time at the 5.3m,minute rate. Howewr. for rca."Ons dis.:ussi.-d below. two beam ma.:him:s will 

be required for OJ'C'rational US\.'. 

Beam Machine 

Thi.' bl.'am as.'it'mhly equipment dt•s.:rihed ahme .:an be "·on figured into a support framt> as shown in 

Figures 3.~-:: I Jnd 3.~-~~. It has been Jetermim.·J that it is nel."e~"1ty to haw'.! h\'am machines. 

On\' of these will ilpl·ratl" on the lll\\l'r surfac~ of th1.· fa1.·ility \\ hik the otlwr will orerate from thl.' 

roof oi the faeility. Thes..· two h1.·am mad1ines will ht• capable of making all of the necl'ssary beams 

by !?i\iing the m·i.·l!:i•:· trans1ation ~mJ rotation capabilities. Figure J_ ~-~3 shows the be~tm ma.:hine 

with the ne1.-essat)· fun.:ti\,,.al .:apabilities. Two operators/shift arc assigned to t>adt beam machine. 

Frame A~mbly 

The lrJmc configuration choSl'n as the reference stmdure is rderre\I to as a lap joint/Sl'gmentcd 

configuration (as opposed to centroid ioint!St>gmented or lap joint.' continuous configuration). This 

frame configuration rt>quires that all of the beams be made in one-bay Ion!! pie,·es. Figure J.::?-::?4 

shows this frame assembly .:oncept. Fig.Ur\' 3.~-::5 shows details of how beams are joined. 
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STEP2 

STRUT SEGMENTS SEPARATED 
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FORM STRUT /. . _, 

~~ r· 

·~ 
Figure 3.2-12 Strut Assembly Sequence 
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Figure 3.2-21 Beam Assembly~ Sick View --

Fi~ure 3.2-22 Beam ~bly Machine End View 
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Cra.,1Manipu?ator 
The assembly of the fmne requires the use of er.me/manipulators with 1.ilara.:teristA""S as shov.-"1\ in 
F~ 3.~-~6. The item shown is tiereafter refem-d \o as a I IOm crane/manipulator. h has been 

detennined that there are also requirements for a ~ and a ~50m version of this machine. Two 

orcr.1tor.i,shift are as.~d to the I I Om and ~50m machines ;mJ l orerator to the Wm crane/ 

manipubtor. 

Otlltt Optioas 
As w;is mentioned •n rh~ in1rodu.:-tion of lhis sc..~·tion. other stm.:tur.d .:onfigur.itions h.1ve bttn 

.. 'O!lsiJen-J. One optio 1 is a .:on.:ert th;ll would .. ·mrlo~· a :om .:ontinuous ..:horJ. tht·nnall} fonncJ 

beam. ~ applk."3tion tbr this stru.:turc woulJ b..- in .i ~1-\:'alld continuous ~am fra.-ne 1;1.·hi.;h is 

~fined as one whk"h lit .. ·r.111!-· has lht: t-..·.m1s mnning the' -.·nhr .. • kngth anJ wiJth of the.• s.atdlite or 

module. 

F~ure .~.~-~7 sho\\s a .. xlmrari~'" of th .. · .:ontinuolb t-..·;un irJmt• • .-on .. · .. ·rt w the.· sc.·gn1t:nt..-J tx·a1!1 

•'<'110:'-'r' rr .. .,,-i .. msl~ J .. ·'.'><.·rit-..-J. 

h~tort: .~.>~S sh\1\\s a .. ·omr:iri.,._,n of th .. • hc.·am t!o 1'Cs anJ h .. ·a:n klitHs that S"-·rtain to thC'SC" l\hl 

fr.1111 .. • ~'rt ions. 

Fi!!ur,· .~. ,:'.-,2'.•l "h''" ... a .. ·om ran"'" •'f Ii.'\' man:!> t-.. :.im m.i,:hm.: .... mo.t manipulators arc fi>qmn•J 1.~ 

in•rknh.•nt th .. ·'"'' fr.im.· .._·,1nfi~ur.1tit.•n..,_ 

fi~ur.· 3_~--~0 sh•'""' .1 ,,-.m1•.1ri"'n ·•f lh1.· si,..,· •'f fa.·:lil!o r .. ·,1uih·J h• .... \',nslm.:t lht• tWtl fr;nne 

.: .. mfi~ur.tl1ons. 

fr,ltn tt..:s..· ._.,,r.,p.iris..m ... 111s 'h''"" th.11 ;1 .. ·,111111111,,u,1,·;1111 franw a·•1t11n·s m••r .. • l'-t·;nn m.1.:hmt•s 

n .. ·,:;;ill rh.it a ... in~k t-.. ·.1m 111.1,·hm~· ,-,,ul,l n1.1l..1.· .111,•t tlw 11,·u.·,-..1~ l• .. ·.1111 \' nlun ""'' ~ .. ·.ir\ tmwl. 

m•.ln' 111.in1pufal(•f'. h\ 1.-l· .I'\ n1.1n\ '"'I.tr .tfT:J\ .k!'I••\ ,·r. .m.i .1 .-_ .. _-iii!~ 1~ !~·:: !h;: ~;;,-,._ !?.;:· .. ·..!;:!ii ;:;,· 

,·,•mr.1n"4"1. lh1.• ""·~m,:nt,.·.I i'..·;.im fr.ini. .-.m,·q•I 1~ r.1:k1n.·,I. 

·\ ,·,•11111111,,u, dH•r.1 t-..·.un 1s .. 1111 .1 hl..l'I~ .-.11;.•:,l.11,· l<'\\'n llH•lll!h 11 'h'tl!h' nwn: th.111 1h .. • 1"-'nt.1· 

11 .. ·dr.11l•,-.unl111 .Ill .1pph.-.111~•n "h.-n: 11 1, the.I 111 ,,11,:-l'.1\ kll;!!h" i•' 111.11...· th.- "-'J!llh.'llktl l,·.1111 

fr.1nw. 

If \h't~hl ... 1\ill!!" \\.ts ,,f par.m;,mnt irnp"ri.111 ... -.-. .1 fr:1m,· ,·mpl,,~ in~ .1 ,;,·ntn•1.t 1•'1111 "'·r.ni.·na..·,I t-..·.un 

• .., .1 ,tr.m~ •••nt.·1hkt. lhi' !r.m1,· ,,,al.I h· 111.i.k lhllll ,·11l11:r ""'i1111Hh'll' dwrd t•r 1"-'llt.ilwdr.11 

lx-.1111' II"''"''' r,••tlllr•· llut .. ,,,1111 pl111:" ,111>.1:"l'111M1,·, "' 1•1.· m.1.k t'ut \\,1111,! m;1t...-h rtw -.·nll:- ,,f 

i. .. -.un ... "' 111.11..1.· .1 .. · .. ·n1n.•1tl .10111r. 1111, r.·qu1r.·- llh'ff ,·r··" nwmba-.. .111.I •'•IUll'llh'llt ;1thl .1ls..' pr.· ... ,·nt.. 

.t lll•lfl' d1.1lkn;!1t1~ rr.mll· ·'"'·ml>!\ •'l'aat1<•11. I h1: .-,·ntr•'!•' 1,11111 fr.mi.·'' u,c,i h1 m.1kc th,· .1111.·1111.1 

pnm.1~ .. tru.-wr,·. 

81 



• 20PERATORS 

•ALL BEAMS MADE IN 1-BA Y LENGTHS 

Figure 3.2-27 Structural Frame Cuncepes 

82 



CMI 81 AISDIBL£D USlllG ...... 

CM 81 ASSFtml EDUSING-_ 

Flgllft' 3.2-28 Beam and Beam Joinl C-ODCePIS 

CONTINUOUS BEAM FRAME 

DEDICATED. lllON« 
Bt'AM MACHINES 

•REOU.RES 
• 48 BEAM MACHINES 
-. "6 MAl'Jtl"ULATOHS 
• 8 roLAR ARRAY DEPl.OVERS 

•PEAP1SCANNOT 11\lTE:.sECT AT I 
COMMON JUNCTION 

• THl: t <:'+MGITUOIN~.~ BEAM 11\WST 
BE Sl'lllCROHIZl:D 

ff,GMENTE~ BEAM FRAME 

•REQUIRES 
• 28EAM MACHINES 
•I MANIPULATORS 
•t SOLJlR ARRAY DEPLOYERS 

MOVING BEAM MM:HJNES 

•REQUIRES 
• ~ t\£ AM •ACH!NES fit) flX[D, lSUOVINGJ 
• 36 MANIPULATORS 
• 8SOLAR ARRAY DEPLOYERS 

@3 



SEGMENTED BEAM FRAME 

Ftgme 3.2-30 frame Facility Concepts 

REQUIRES 
ol-BAYWIDE 
FACILITY 



D 180-22876-5 

3.2.1.1.1.4.2 Solar Amy Deployment 

{Note: the baseline structure has 20m hardpoint sradngs but with another iteration will be 

changed to match the I Sm solar array width whkh is the largest rossible with the payload shroud 

assuming the arrays must be launc:hed wit;1 the Ion" axis of the Nd.age perpendicular to the launch 

axis. The solar array is delivered to the LEO base <'S I Sm wide by 650m long blanket strips. The 

strips are 3Ci'Ordion-folded in the 6SOm direction to fomt blanket packages. f ort)'-thn.'e of these 

blanket strips are to be installed within each structural bay as shown in Figure 3.~·31. For the LEO 

construction approach. only a portion of the army will be deployed at LEO. The exact amourt 

depends •>n whether the moduk is s.:lf-r\Jwered to GEO ;i!,,nc.• or with an anknna .. In the remaining 

bays. the solar array blanke• packages will be:- attachl-d to th1.• structure at one end of each bay 

nearest the power bus. These blankets will be deployed later at GEO. 

The machine shown in F"'ures 3.~-3~ and 3.~·.B will~ used to: I) install the solar arra~ packages. 

2) deploy the blankets a"·ross the bay. 3l attach the aJ.ia-.""Cnt edges of bf.u.l:r,s and. 4 \to attach the 

blankets via .:atenary sprin11 as.."iemb:ies to tht· structure. 

Four of these Ptaehines will ~ required one in each of thi· four solar array Jerloyment hays of the 

facility. Thl'Sl' maehinc:s t•"'h haw 8 days to deploy the 4~ Mankets within thdr bay. A timdine 

analysis h.as shown that the Jeploymi.-nt as.-.cmhly has to mow at a rati· of 7.S nwll.'rs sx·r minute.'. 

Two OJ"ler.ttors per shift arc all<Xafl.•,t 1'1(.·r solar array d"·rloymt'nt madtin,-. One.' of ttwm .. :ontrols 

the blankt'I pa..-kag1.· installation anJ gantry indt':\ing op,•rallons. Th"· utht•r llf'\'rah.lr .. ·ontrols th.: 

Jerloyt'r. 

Otl:~r Options 

Othc:r s..•lar array lkJlltlytnc.·r•t .:on .. xpl~ Wt'f\.' .. ·1.'lrtsilkn·,t but wi:rl' disi.·;1nkd: 

• Fl.II 1';1~ \\id th .. :aten;u~ In this •1•n•1.·pt. th1.· M.1nk1.•ts "'m!,l l'I.· att.1dh·d h• ;1 sm~k •1•rn1:r·lo· 

..-orncr ..-;1C...·11;1ry. The.· .. :1.mstm.:lillll problems as_,,,,:i.1kd '' ith this w,•r,• lllll 11\timi,tating t1• 

seriously ..-ons11.kr. 

• C.1hk Win.Ji Deplo~ llh:llt In ihb ._.,,n,·,'pi. tlh: M.111i..~·b \\\•ul,1 b,· _·,i1.1dnl sinuii.1m-..1u"ly 

from their p;1..-ka!!es fl~ a ''inch .md 1.·ahk s~ sh'm. fhis w;1"' tti..,t.·~mh.•tl .i~ th1.· tkployn:1.·nt (lf tll\• 

caMes and \\ in1.·hes woulJ bt• at k;ist ;1s 1.:omph.:ate1.1 J' 1.kpl1l~ ing the M.inl..1.•ts. 

• Fo:d1.·ll arHI Rollell Blanl.;;1.•ts ht thi~ 1.·1.•rt..·1.·pt. th1.· fu11 o50m "id th of solar ;1rra~ ",lull! ht• 

a1.·1.·orJion f,•likJ 111 (•tt1.· dim1.·n~i,l!l .md tht.·n the .1.:1.·,1rl-1<'ll '"·ld,·,t p;h:l..;1g1.· would ti,• rolkd into 

a singk• pat.·l..ag,·. rlti~ "1..ult1 -1\,~i.I till' ·,1ankt.'t·ll.,..M ... 1!..1.•t .·dg1.· att;1dmwnt prnhkm. 

H,1wc.'\1.'r. it w;1" found 111.it tha1.· \\as no fr.1sibk \\,ty to .. ,11 tlw ;i.....-,1nlion fi.lld1.·1.I p; •• k;1g1.• 

w:th•llll r1.·sultmg : ,·,1nsi,kr.1bk 'tr1.·,:- phi.:1.•1.I ''" tlw 1111.li,·idu.11 .I.tr •l.'11' .111tl nw"t lil-1-' · 

resul, in popping 1c1ff tl1, .. ·dis. 
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Figure 3.2-l I Solar Array Arrangement and Attachment 

Figure 3.2-32 Solar Array Deployment Concept 
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3.2.1.1.1.4.3 Annealing System Installation 

A solar array annealing system will be installed at LEO if such a system is required. This system 

would be used at GEO to anneal the solar array that was deployed for self-powered LEO-to-GEO 
transport. This system would also be used on the operational satellite to periodically anneal the 

solar array. This system has yet to be defined: therefore no installation concept has been 

developed. 

3_2.l.1. l.4.4 Power Bus System Installation 

The power bus system will be installed along the top face of the fourth row of structural bays. 

Figure 3 . .:?-34 shows the conftgurntion of the bus system and the machine used to deploy the busses. 

The swih:h gear subassemblies and the bus support subassemhlies will be made in the subassembly 

area at the central warrhouse (see Scct!on 3.~.1.1.1. 7) and will be ddivered to the installation site 

ready to install. 

The 1'us support cable assembly will be installed by the use of two 250m boom manipulator/cranes. 

The s\\-itch gl.'ar as~mbly will be installed by one of th,· I !Om manipulator/cranes. The busses will 

be installed by tlw bus asst'mbl; machine shown in tht' figure. 

Similar \'er~i0ns of this bus deployment machine ~1re used to deploy the busses on the } oke and 

antenna. 

As the structural assembly 01,erations are intt'rrtlpted while the bus system is installed. it is rt'asona­

nk to as~ume th.11 l\\ o of the frame assembly cranl· /manipulator operators would be a\ ailable to 

operate the bu.., d,·ployt'r. The manipulaiJr!cranes tm·d to install the bus'~ stem would be operated 

b; the other cranl· opaators trom the frame construction crew . 

.... 2. J. t. I .4.5 Thruster System lnt.Jllation 

The thru~ter _,y..,km is compost'<l ot tnur '.luuster modules rnounted on support structures at the 

four corners of the moduk. propdlant tanks located hencath the center of the module. and the 

pl11mhing .ind l·ontrel ... ub ... y~tems inten:onnecting the systl'm. 

Thl' thru-.h'r moduk:-. arl' a~"4.'mhkd in :he ... ubassl·mbly fa,·tory area (~e Section 3.2.1.1.1. 7). Four 

,1f thl'Sl' 'uh.1 ... ..,1."mhlil'S arl' 1.:011,lnKll'd l'l'f lllOlluk. Thl·..,e units an: ddin·rl·d to thl' strudural 

assemM)' b;..>· r1.'alh to be instalkd on thl' support strul°tufl'. 

1 hl' o;upport ... 1rud11n•.., arl' .1sx·mhkd from 20m bl·am:-.. Thl· strudurt•s to hl' attad1cd to the lt.'ading 

e,:g,· of th._· mndull' arl' fahrK;11t'd prior to building thl' fir,t l'lld framl':-. of thl· module hy the frame 

eon~tn.l't101i 111;1d1inl'l"j and 01wr;1tor .... l'lll' thrusta nwJuk-; art• attadwd to tlw 'illpport ~;tructurc 

and tlw plumbing and l·ontrol l.'m.:uit1~ Jre instaikd. l'he :-.upport !'ltntcturt' assemhlil'S :m• tlh.'n 
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mowJ off to the side of thl' facility and pJrkcd out of the way. Whl'n ~he first row of four bays 

has been advanced into the solar arrJy dt:ploymt·nt section of the facility, the thmster supporr 

structures art' n10v1;.•d into pusition and attached to the module frame. 

flw plui.1bing and cont:ol circuitry are installed along the module frame simultaneously with the 

solar array di.'pk>} ment operations. 

Aftl'r the fifth row of module •. Jmt'S arl.' assl•mbkd. the thrust.·r propellant tanks are installed 

under tht> l.'t'nter point of tht' modult'. 

Afta the aft end of th<:' moduk has been advan.:ed 111!0 the ::.olar array deployment ba~. the 

thrusll.'r support structures are assembled and attacht."d to the module frame and the thrusurs 

installed. 

Eight 1.·n·wnwmhas <during two shiftsl have been allocated for thruskr system installation and 

assembly. fight crewmemhers art' allo1.·ated to the thruster suba-.sembly fahricari,111 in tl11.· suh­

assl.'nibl~ !'ado!). 

1.:?. I. J. I .4.6 Sub<iystem lnst:illation 

T:11.'rl.' arc a\ .;rid~ of satl'llik -;uhs~ -.tt·m~ that Jfl' to lti.: instJ!ll..'J 1 .. witd1 )!t'Jf. \\.'lhOrs. t'Ontrol lint'S. 

data m.i 1agt'fllt'lll ;rnJ .:ommunication equip1111.·1H. t'tL'. ). The configurations of thl'~l' 1km~ haH' not 

l'l.'L'll t''t,1bli,h1.·~ .s yet 'o ddaikd in ·.11!.1t1nn d.11.1\\J:-1101 dt'\l'lor,· I. •low1.·\t'r. .-1gh' 1..Tl'\\fll1.'m· 

'it'f"' ( durmg l\~n ~hi th I luv1.• h1.'1.'l1 allnc.itt·d for this activity. 

·°'· l. I. !.1.4. 7 '.'.fodult> Indexing 

:\s the 111nduk I'> l.'Plhll'l1..'1.'1.I. 1t \\Ill b1.· 'upptirfl.'J .ind 11Hkwd b~ th« 111Jc,ing 'upport rnad1inc 

~hO\\ll in rigur1.· 3.~-35. :\~()Om tall \'t'r'!''ll ofthi-.111ad11111.• \\ill t,, u~.:d to .. upport fill' )Oh' 

durin!! ih 1.·011'trud1011 . 

.:cnkr. 

Thi' 1ndc\1f1J! '"'lh'l'PI h.1, ht•t•11 .1ppli,·d 11; lh,· antenna .-onstructinn and in th1.• thermal t•ngin1.· 

-.:1klli k con,r nKl 11111. 
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l.2.l.l.l.S Anlemla Detailed Conslnk".-.ls Analysis 

l.2.1.1.1.S.I Anteam Consbuclion Tasks 

The tasks involved in '-"Onstruding the antenna are summ..riz'"d in fil!'Jl'e 3.:!-36. Figure 3.2-~ -

shows the antenna facility concept. 

l.2.1.1.1.S.2 Primary Structure Assembly 

The primary structure is c..'Omposed of I 30m long Sm beams that are fabricated b) Sm beam 

machines that are similar in operation to the ~ beam machines previously described. T~ 

beams are assembled to fonn the structure as shown in Figure 3.2-38. Two beam machines and four 

I IOm cra~/manipulators arc requm:d. ·1 hu ~•ructure requires the installation of juint plugs that 

will be preassembk-d in the ccntrai subassembly area fsee Se..:uon 3.2.1.1. I. 7). 

l.2.1.1.1.S.l Seconcb11 S.naclUR /Subarny Installation 

The Sc!Condary str..cture is delivered to LEO as teleSA.:oped/comp~ self-expanding packages. 

The!K' s1ru.:tures are deployed as sho\\n in Figun· 3 . .::-39. The deployment platfonn to install the 

~condary structure and subarra~' is sho\\n in greater detail in Figures 3.2-40 and 3.241. Before 

atta..:hing the~ stnictures to the primary stni.:ture. it is necessary to install wiring harnesses on the 

bottom surface. Two operators an.· as~i~ned to the ~condary structure assc..'111bly and deployment 

tasks. 

The anknna ~uhjrrays are <lelih·reJ to LFO rreas~mhled. At LEO. these a~mblies are tested and 

then stacked onto a 1:-an~porlcr as illustratl.'d in Figurl.' 3 . .::-i::. The subarray stack is then trans­

ferred to the dl·plo~ llll'nt machine as ~hown in Figure 3.2-43. The subarrays are then in'italled onto 

the ~·c..-onJary structu~ and thl' wiring atlad1ed to the wiring hamcssl.'s on thl• secondary structure 

as sho\\n in Fi1mrl' 3 . .::-44. Tv.o opl.'rators an· as..;igneJ lo the suharr.iy deployment tasks. 

3.2.1.1.1.5.4 Power O~tribution System lnslaUation 

The installation of thl.' power distribution system on thl' :mtenna i:, shov.n in Figure 3.:!-45. The 

bus supPQrt structures and tlw switch gear Jsscmblil's are preasM:mblcJ in tlw subas..-.cmMy factory 

(sec Section .l .::. J. I. I. 7) anJ arc Jeliwred to the antenna factory lower level ready for installation. 

The rower hus system installation operations requires three 1 IOm manipulator/cranes and a bus 

deployment machine. 

l.2.1.1.1.6 Yoke Detailed Construction Analysis 

The antenna yoke asst!mhly is constructed within the module construction facility prior to con­

structing moduk!' 4 anJ 8 as was shown in Figure 3.2-8 in Section 3.:!.1.1. l .3. The yoke construc­

tion tasks and machinl'ry u-;eJ is ,110wn in Figurl· 3.:?-4b. The equipment is operated by beam 

machine and cra1H.·/manipulator operators from the frame construction crew. 
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• BM NO. 1 COl'«ST. 
IEAMD,E.ANDC 

• a.-. NO. 2 MOVES TO NEW 
LOCATION AND CONST. 
BEAU H, I AND F 

• prs W'OVE TO !'«EXT 
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f!IOTt: ALL JOl!'«T ASSY lllACHIN£S MOT SHCMN 
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NEWiii IZ 
LOCATIQlll 

Figutt 3.2-38 Antenna Primary Structure Construction Operatiom 
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Figure 3.2-39 Antenna Secondary Structure Construction Operations 
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Figure 3.2-41 Deployment Platf onn Detail 
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12:1.1.1. 7 Subaaemblies 
'The various subassemblies described in the preceding sections will be assembled in a factory area 

that is adjacent to the central warehouse Csee Figure 3.2-47). Crewmembers and assembly equip­

·, mcnt ~ave ~en allocated for the subassembly operations. 

l.l.1.1.J.8 Constmction Equipment Summary 

The construdion .:quipment described in the previous sections have been summarized in 
-I-
Table 3. !- I. Spares have not been included in this summary. 

3:2.1.1. 2 Construction Base DefDlition 

This section describes the LEO base in detail. The overall configuration. foundation, cargo hand­

ling/distribution sy~tem. l·rew modules and sullsystems are discussed. 

l.2.1.1.2.1 Configuration 

The gcnl.'r.tl arrangement of the rnnstruction base has been described in Section 3.:?.1.1.1.:?. In 

summary. the ba.;1.· i~ divided into lwo major facilities with one used to construct the satellite and 

tile othc-r to 1.·onstrm:t thl· anknnas. 

The oh·r;all 1.·on~t rudion hasl' i~ sho" n in grt"ater detail in Figure 3. :-48. The prindpal elements of 

the.' baSI: indudc the founJ.ttion {strudural fr;1mework). cargo handling and distribution system, 

crew modull.'s and base subsystem~. 

The foundation for both the moduli.· and :mil nn;1 f:idlities include upper and lower surfaces to 

which construl.'tion cquipment is attadwd. lhe ~a IL lhte i.; ~upported and other base elcm.:nts are 

attached. 

Ten primary crew modules an: located in an area wlit rl.' the grealt'st concentration of personnd are 

involved whik pl·rforming tht.•ir daily duties. Six of tilt· module~ scrve as crew quarters a111I four as 

work centers. Othl.'r pressurized shirt sk·eve environment modules or cabins are also preS1.'nt but 

~rve only as small work quarters sometimes referred tu as remote work stations or control cab~. 

Docking prmisions for all transportation \·ehicles are locakd along the back edge of the module 

facility. The orbit transfer vehick operations center i!> located at the opposite end of the base from 

the crew moduk~ due to the requin.·d propellant transfer operations. 

Each of the base clt.•menb is dl.'S1.'riht.•d 111 additional dl'tail in subsequent paragraphs. 
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Table 3.2· 1 LEO Base Constn1ction Equipment -Photovoltaic Satellite 

NUMBER REO'D EOUIFMENT ITEM MAJOR NO. REo·D 
fQUIPMEN; ITEM MOD ANT VOKE SUBASSV ELEMENT ITEM 

• 2()\1 BEAM MACHINE 2 • CARRIAGE 1 
[i> Al SO USED TO MAKE ll> • YOKE ASSY t 

MOOULE·TO VOICE • STRUT ASSY MACHINE 9 
INTERFACE STRUCTURE • JOINT FITTING FEED MECH 3 

(MASS 20K K11I 
• INDEXING CARRIAGES 6 
• STRUT MAGAZINES 18 

ICO$T SlOOl',I 0'> • JOINT FITTING CARROUSEL 3 
• CONTROL CAB 12 MANI 1 

e 5M Bf.\ \1 MACHINE 2 2 
1~1A!:S 71< K1I 
ICOSl ~35~11 

e ~r.:: .7'7':i.\~LE BCAM MACHIN!: , 
{u.l .,:'. JK I~~) 
1co~r s.•c.r.1 

• 20::. ~',\l•IPULATOR/CRANES 2 11 • CAr.RIAGE 1 
~ TH~USTERS 2 lP e ELEVATOR BOOM t 

f,I; GEAn 4 e TRANSVERSE BC'IOM 1 
SlR'JCTllRES 4 • CONTROL CAB (1 MANI 1 
c:,;;:..c ASSY 1 • MANIPULATOR ARM 2 

(r•!",.;·~ J~ K1;J 
~t.CG~~ f:.. ·•. 

• 1i:.·. ' .·~:.JLATOR/CtlANE 8 8 
(~:-'S>S•' i<q) 

i---t~O<;l_ 'F1) 
• 2~C ,t 1.1;, \Wu LA I u1111;11ANES 2 
l~~s 12K Kv :T ~,r,11 

B> ALL COST REFLECT AVG UNIT COST AFTER APPLYING LEARNING FACTOR OF 0.9. 

Table 3.2-1 (Continued) 

NI 1~,llEA REO'O 1n.1n-·c 
ECl.Jl?~'ENT ITEM MOO ANT YOKE SUBASSY EOUIPMCNT ITEM MAJOR ELEMENT ITE"t. 

• 45r.1 ir.:;E>::ric1suPPORTMACHINE 8 8 2 •CARRIAGE 1 
l~l.\SS : Jll. 1<9) • BOOM 1 
!COST SJ.I"'~) 

• 200\1 :~.J'.>::l\IG/SUPPORT MACHINE 2 • CARRIAGE 1 
( 111.~'.S 5.-: 1: ·J • GOOM 1 
1co:.r si.·~, 

' 
• BU~ r,cPLO\ r.lENT MACHINE •CARRIAGE , 

• ~,::·.11 CC't ... d\.1 1 •BOOM 1 
• s.,·.: fJOOM 1 • BUS DEPLOYMENT MACHINES 
• 1 lC"., ARTICULATING BOOM 1 • • ABUS , 

• B Bt;S 1 
• C SUS 

, 
~ r.or REO'D O!\I YOKE • COLLECTOR BUS !!:>-,,:,D ANTElllNA MACHINES 

{',•~55 ~I< KG) 
• CONTROL CAB (2 MA~I 1 

{ AVG FO~ 
(CO:iT ~2£;.' ~l THE 3 SIZES 

• CAHHIAGE/u,.NlHV 1 
• SOLAR ARRAY DEPLOYMENT 4 • BLANKET MAGAZINE 1 

Ml\CHL.E • BLAN I<. ET FECO MECH 1 

(:~,..~~:.<Kg) • BLANKET p,.CKAGE INST MACH 1 
• BLANKET OEPLOYER 

ICO!:T~:;.~11 •CARRIAGE 
• SLANl'ET END HANDLER 1 

MECH 1 
• EDGE CLAMPER 1 

• rONTROL CAB 12 MANI 1 
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Table 3.2-1 (Continued) 

SPS 1478 

NUMBER REO'D NO. REQ'D EQUIPMENT ITEM EQUIPMENT ITEM MAJOR ELEMENT 
MOO ANT IVOKE SUBASSV ITEM 

• DEPLOYMENT PLATFORM • CARRIAGE/FRAME ASSY 1 

[j> INCLUDI- 0 IN 20M 
• SECONDARY STRUCTURE 

INST TELF.SCOPES 3 
MANIP/CRANE COUNT • SECONDARY STRUCTURE 

DEPLOYMENT GArJTRY 
• GAmRY,'CAARlt..GE 1 
• DETELESCOPING MACH 1 

~ • 20M r.1,\r~JPULATOR/CRANE 1 

I 
• SUBARRAY DEPLOY~~ENT GANTRY 

• GANTRY,'CARRIAGE 1 
• ELEVATOR 1 

(MASS 2SK Kg) • SU3ARRAY OEPLOYE~ 

(COSTSSOMI • CARRIAGE 1 
•MAGAZINE 1 

l • DEPLOYMENT MfCH 1 

~ I • 20M MANIP!CRANE 1 

I • CONTROL CAB (..:MANI , 
i ,_____ 

BUS BAR ROD BENDER I 1 ..,_____ _____ ----- --

BUS BAR WELDER I ! i 2 
I i -

RADIATOR PIPE WELDl:R i I , 
CABLE FITTING MACH I i 1 I ,___ 
STRUT ASSY MACH [~SIZES) l 11 

SUSARRAY TESTING MACH I 1 
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l.l.1.1.2.l F....sadoa 

Fwtioa 
The foundatk'lft m stnk:'turi.tl ft:ul\C'\\'\.lril. i.>f th\" \.'\lnslna1..·tion h~ mmt J\f'U\•,:~ a at\ounlut~ 

1tta...'hnacnt surfa"~ fot all -.:"tl:lstru~tion equipment .:as Wl:'ll .:t~ momttin~ J'rtl\ ~on for othC'r haSC" 

ek'tu\.'"b ~uch itS cttv.· mc.'khlks. ~·..u'f.\' hilndlitlal anJ da$trihuuon S)'.sltms anJ Nli<' Mah$)slC'm:>. 

~ ..... and Analy• 
The rrindp;al loadinJ \.'4.ltlditions ~•u,·h :o.houlJ l'I\" ;;01b1lk•rt-J in :o.uintt th,· ~tnh:tun- mdudc ti\(' 

foUov.in,: 

L Altitude or an11uJ"· ,·om·,·ti·'"' .at to-' ~·s 
b. Mo\·C'lltC'nt of ,·onslnadi\~ll "'P'l'llh"nt .at tht1r r,•qum·d .;,.nsta ud1tlll t lh':o. 

~. lnJc'.\inJ \)f lh\' ""'tdhtC' mo,tuk .:nt,·nna 

J. (;r.aut: inaJkn! 

e. Do1.:kiu~ ('f tr.tn"~'rt.llk'" wlud,·~ .. 

A rrt•bnun;ar~ an.ii~ SI'""' ,lorw .:''11"'1•11.·1111~ 1h·ui:. .I. b, .anJ.: .m.I r,·,ull.·.t "' lh'll\ .. _, •. h.t\ m~ lh\' 

b1~.:s: 1,,,1,lm~ "''"'"'''"' ·'' .1pph1.-.I thn'U!:!h .1 :11111 '''"1111 \\ lu.-h \\ ·'' .1,-.Lm11:,t h•1 11,,. 'tru.-hlh' l lus 

kl.aJm~ how""""' 1s ks.' tl1.1n .~:. . ,,, lh•· ''"'",·.an~ mi: .-.11,.at-1hh ,,f ~llm b,·.111" l!i-1'1•"·'' ''' llws.;· usc.·,1 

in th,· s.itdltt,• \\h,·n· ~imt \\.all 1h1d..1ws."'' ,,f O.ll:' .. :111 ,o.o:o m.) .. n· u,.-,1 

l'lll' fnt.11.:nknJ us.;·J II\ ,·~t.lblhlllll~ lh,• h,1,,· 'l111,·ll1tl' \\.I\ th.It''' h.1\111)! llh" l'flll'\'f B.ltlll.tl lr\'­

\!lll't\\'\ 1d.a11,,n,lup rd.Ill\\'''' lh,• "'l\'lru.-lnl d,·nwnt h'1llw1 .1 nh\\luk ,,, .mt..·1111.1) In ~l·twr.al. 

this nw.ani< hJ\11\!1 d1lkn·nt IH'•lll\'lh'I''' In 1h,· '·''"'" 1•1th,·11\••,luk. th,· 11.1tu1.1l lf\'l)ll•'lh'~ '' '''"'''' 

"'"'" II I' t'm1,l\,·,1 .11\.t .1 .. ,•nl111~l~ II h.1, .I 11111.!1 l11)o!h,·1 1r..·q11,·1h'\ \\lh'n '''"'lflldll'll "·~' lU't 

hl.·~un. 

1-'h'\lll\'ll.:~ ... ·,•11-.id,·r.1t"'"' h11 ti!\· 1111-..luk _.,,11,lmdh•ll 1.1,·1h1~ "''uld 111;11.111~ Uhh,·.1h· .- lu!!h,·r 

fh'\lll•'I\,·~ \!!1,•;1t...·1 ,11fl1ll·") "''ut.I b,· ,i.-s1r.1M,· ll'l.111,,· h' 1h,· ,·,,11,1n1.:1,•,l 1111-.l11k. """''h'r ·'' 
l'l'\'\h'll'ly in,h,.ih·J '1w ""'"""' lh'<llh'lh'\ ~,,.., lh•m l11~h h• h•\\ ·'' 11 I' "'1"lru.:k,I. '"'"""'l"•'lltl~. 

in ''nkr h• l'l'1·h·nl .1 f11·q11,·1"·~ ,."''-'·'\1•r d111m~ .... ,,11,1n1dl\•ll .ind"' 11111\111111,· tlw ,,,.,,th ,,I tlw 

strudur\' lhl· 1.1,·1hly h.1~ lx•,·n ,k,1i:_n,·.t h• h.1H' .1 '''"''r fr,·,tth·n,·~ th.111 tlw llh\\h1k .1t .rn~ 111\\l' 

Junn~ 1 lw ,·011,1111,·111•11 ph.1w 

Fr\'(tu,·nq· ,.,1k11l.1ll''"' h•r .1 11w,111k '''"''·•·t~hlh nl .i s.1tdh1d .rn,t """'""' "''"'lr1h·11,)n f.1.:1h1~ 

"''I\' 1ll.'1W .1s,111111n~ ·:.1d1 hi .1.:1 ,1, if 11 1' .-.1111111·\\·1,·,1 .111\I pllh'thk,I rd.111w to th,· ,,,h,·r I urllwr­

m,,r,-. llw 1\.llur.11 11,•q11,·n,·) ,,, llw .:1•11,1111.-11"11 1.1.:1111~ "·" 1kll·rnu1w,1 by .1"111n111~ llw "li" 

,h;ap,·11 f.•1·1hl) \\,I\ 'l'f\',I" ''"',I, .I 1,•ni: tl.11 1111" .\11,1h 11·..t Ill 1tm. 111.dll\\'1 ·""' .1, ... 11111111~ fl\\' ~OOm 

1k•'l' lru-..ws ~·Jd1,.,,"~"''"~11f h•111 :1h11 l•,·.111" "''\llk1I 111 .1 n.11u1.1I fh 11.:~ ''' .1pph•\1111.1td) 

40 ,:pin \\lud1 "·'' '""''f 1h.1n tlw "1h·ll1k """l11k fll·q111·1i.·) ,,, .ll'l'"''m1.lld) _.., ,·plu .at 11' 

,,1mpl,·1111n. 
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The antenna facility was not analy 1ed in this manner since the natural f requcn4..")' of the antenna 

itself was not detennined. 

Sr!ectecl System llesaiptioft 

The foundation or structure of the modttle facility 1.:onsists of five :?OOm trusses formed in the shape 

of a .. U .. and tied t••her with three .:?OOm lateral tl'US.."l(s in both the upper and lower surfaces of 

"•he fad!;ly a .. was sho~n in Figure 3 . .:?-48. Each trus~ consists of f'lUr .:?Om beams running its entire 

~ngth. The tna).-. also includes perpendicul~•T and diagonal members which att ako .:?Om beams. 

111'-" ~Om beams are th"· san~ type as usc.'d in the satdlile with all indi,·idual struts having a wall 

thidaw:.s oi- 0.05 cm cO.O~ in.) l\!Sulting in a mass af 5 kg per meter. This sizing aprears to be 

r:ith.:1 conscl"\·ati\'I.' h.at Sc;:t."111s justifi'"-d at this roint in the analy!.o!S. The module construction 

fa.:ilit) was founo to haw aprroximatel} 435.000m of :?Om beam. 

The ant~·nna construcli<tn fadlity was assumed to have truss depths of 50m in its upper and lower 

wrf.1.:"·s. As a re"ult. a total knglh of 53.000m of .:?Om beam was estimated.. Again, the :?Om beam 

was as.-.umcJ to ha\'l' a mass of 5 ki?!mdcrs . 

. L2 1.1.2.3 Cargo Handlintt,Uistribution System 

One of thl.' ~~)., to hi~h ;'!'.."'J~!..:t!v!!~ .. ;,. ;m .,.ffi.·i •. •nt ~=~<: .. l~ti.~ \;yi.tem designed to move the large 

quJnt1tics of materials from the rece1vmg area to the use! machines. The base logistk"S system is 

sl~o\\11 111 1-igtm.: .~.~-19. The 1.·entral receiving an.t "'ar1.housing area is shown in Figure 3 . .:?-50. A 

nm1.·.,,.rt for tram.porting p.:r~onnd around tit.- base;:;·,~ between the bus and a control cah is shown 

in f-l!!ure 3.~·5 I_ 

A "umnury li,tin)! of the c4uipment used in c;irgo handling and distrihution is presented in 

T:1hlc J . .:?-~. 

3.2.1.1.2 . .i {"rew Modules 

Module Definition 

A total of kn prim;111· 1.Tl"W moduks ha\·c tx·en included in the LEO construction hase. The 

module~ ha\c an r arth atmo-.phcre i:nvironment and have been sized to accommodate crew sizes 

bctwccn 50 and I 00 or to scrw as lar)!e work an.·as. Accordingly, the modules have dimensions of 

I 7m diallll'kr and up to ~-~m kngth. Excluded from this cale~ory of modules then are the crew 

liu~·-. u-.ed to tran~frr pcrsoniwl around the baSt' and the small two-man control cabins used in 

1.·on,1t11ll.'lit'n '' 1111 the 1.·onstru.:tion 1.·quipml·nt and ca11m handling and distribution equipment. 

A ~umn1ary h.,tin).! of tilt.."'"' moduk'i and their functions arc presented in Table 3.~--~. AU-modules 

:m.: ,l'lf·'\uffkil'nt in 1l'm1-; of l'nvironn•ental control provisions and enwrgency rower. Primary 

J"('\\W 1s (lhtai1ll·d throu)!h a common power '!-tlpply provided by the base. Functions peculiar to 

1.·ach moduk hav1.· b\.·1.·n ilkntifo:d in Tahk .l.2-3. Five crew quarkr modules have been provided 
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Table3.:-2 

. 
EQUIPMENT ITEM NOREO'D MASS (EA> 1o3 Kg COST(EAJ $1o6 

• HLLV CARGO DOCKING PORT 4 4 18 
• HLLVCARGOEXTRACTIONSYI 4 • • HLLV TANKER DOCKING PORT 3 4 10 
• HLLV TANKER CARGO 

EXTRACTION SYS 3 •• • OTV TANKER DClCltlNG PORT 2 
• OTVTANl.:ER LOADING SYS 2 
• SHUnLE DOCKING POftT 3 
• GROWTH SHUTTLE DOCKING PORT 2 
• PERSC'NNEL TRANSFER 

AIRLOCK SYS . 
6 

• GANTRY CRANE 2 
• CARGO ~ORTING 
MA~IPUlA TOR/TRANSPORTER 2 6 

•TRANSPORTER ELEVATOR 2 8 7 
• TRANSPORTER INVERTER 2 . 7 
• ANTENNA ELEVATOR 2 
• 24 MAN CREW BUS ~ 12 7 
• 10 MAN CREW BUS 2 6 4 

Table 3.2·2 (Continued) 

EQUIPMENT ITEM NOREO'D MASS (EA) 1o3Kg COST (EA) s1o6 

• -TURNTABLrS 98 0.2 0.1 
• cor.&TROL C,\;,s FOR 

LOGISTICS EQUIP 7 
• HLLVCARGO 1 
• HLLV/OTV TANKER , 
•SHUTTLE/SHUT GRO't\'1H 1 
• GANTRY CR4'NtS 2 
• CARGO SORTER 2 

110 



0180-22876-S 

Table 3.2·3 Constnaction BllR Crew Modulll 

MODULE QUANTITY FUNCTION tt''tOVISIONS) 

• • CREW QUARTERS 5 • PERSONAL QUARTERS/HYGIENE 

• PHYSICAL FITNESS/RECREATION 

• DINING 

• TRANSIENT CREW • USED DURING CREW ROTATION PERIODS 

QUARTERS • HOUSE VIP'S 

• EMERGENCY QUARTERS 

• OPERATIONS CENTER 1 • BASE OPE RATIONS 

• CONSTRUCTION OPERATIONS 

• MAINTENANCE, TEST ANO • CONSTRUCTION EQUIPMENT 

CHECKOUT • SATELLITE COMPONENTS 

• TRAINING & SIMULATION • NEW PERSONNEL 

• NEW CONSTRUCTION OPERATIONS 

• UNDEFINED • CLINIC (COULD BE IN SPS CHffERI 

NOTE: ALL MODULES SELF-SUFFICIENT EXCEPT PRIMARY POWER ANO FLIGHT CONTROL. 
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with each sized for a crew of 100. ntesc modules provide all of the off·work functions a~iated 

with living. Further infom1ation concerning the sizing of each module is presented in subsequent 

paragraphs. 

As indicated. a tr.insient crew qcarters has been provided. The logic associakd with this module 

relates to crew rotation periods where the overlapping of the crew" could occur without causing 

inconvenience in terms of quartering etc., and also al!uws t"t•r time to clean up the rooms or modules 

of the departing crew. An additional fe;.ture of this module concerns itse:f with an emergency situ­

ation where one of the primary crew quarters has a failure or in the ewnt a crew scheduled to move 

from the LEO base up to GEO or back to Earth are unable to do so due to weather, vehicle trouble, 

etc. 

The operations module ~rves as the control center for all base operations and construction opera­

tions. Typical base oper.itions to be controlled from this module include that associated with the 

primary power supply and tlight control system (attitude and station keeping). communication 

system within the base as well as that with Earth. other bases and transportation vehicles in transit. 

Over..all crew scheduling and consumables management functions are also included under base opera­

tions. Construction op1.•ration!> controlled from the module include those functions associated with 

scheduling. bridings. trouhl~~hooting or identifying workarounds. monitoring of the actual 

construction operJtions bl·ing condul'leli and the operations associated with cargo handling and 

distribution. Another tunl"tion provided by the operations module is that of housing the cemral 

data management and pron•ssing center. 

Thf. maintenance. ll"~t and checkout module provides th~ capability to work on large piece!> of 

construction or h;1sc equipment or satellite compon~nts while in an Earth atmosrhere environment. 

A training and simulation module has been included with its primary purpose being to train new 

personnel and to establish and/or demonstrate certain C('lnstrm:tion ta~k~ "hile in a 1.·ontrolled 

environment. 

A tenth module has been induckd prinrnrily to cover the volume requiremenh of fundiono;; not 

included in oth~r modules ;it this time. I- \am pies of Slh.:h functions include chni. .. · t) Pl' rn)\'lsions 

111 terms of n11:di1.."al. dental and ~id.hay provisions as well as for the tempor.1ry 1.ontainment of per­

sonnel who haw dkd whik· on duty. Isolation of the sickbay from the other base crew quarters 

seems to he particularly 11nportant Jue to rclatiwly 1."0ntined volume that i~ Jvailable. 

Crew Quarters Siling and Design 

Sclel."tion of a cr1.·w quarters module to accommodate 100 people came about as a result of the 

followin11 fal.."tor:-. First. th1.·n· was the capability to have a very large module Ju1.• to the large pay­

load emdopl' \\hen usini: thl' n.·ference two stage 1.·argo laund1 vehide. Secondly. when the floor 

area requirenwnt-; for I 00 people were mall:hed with the available module envelope there was 
~·f.IJ~ ·~: 
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adequate space (actuallY, space is available for close to 130 people). The mw of a 100 person 

module was found to be well within the capability of the launch vehicle. In summary. a larger crew 

could be accommodated within the volume nd mass constraints of the launch vehicle. how1•vcr. 
100 people in one ~asic living ,·olume appears to be quite suftident. 

f.klor area requirements assodalcd with a 100 pe™>n module am! the dtvisi~n of functions llmong 

the decks of the module are sho\\n in Figure 3.1-5:!. The indicate;! arcJ allocations are ba~d to a 

larJe degre~ un the Rockwdl lntcgr.il Space Station Study <NASQ.Q953). h should also be pointed 

out that the indicated areas retlect having all 100 people present whkh is a case which occur.- one 

day per week when both shifts are off-duty. 

The size of ttie module to contain the required ,foor space is 17m in dia111d\.'r and approximaldy 

~Om in lenttth including the spherkal end dome-s. The module is dl\id.:d into scve-n dl.'cks with the 

indicated functions perfonned '-'•l '-'ach Jeck. G"•neral arranl?t'meut within each deck was not 

performed at this time. 

3.2.1.1.2.S Subsyst~1 Dl'finilion 

The design approa~h used for e:1d1 subsy:.tem was gener-Jll)' the samt' as Jl.'lin'-'J by Rm:kwdl in 

their solar powered integral Earth orbit spacl' station study (NASQ-'NS.~) for JS\ in 1970. A 

summary of these subsystems is providt'd in Table J.~-4 and Jescriht'J bd,)\\'. 

Structuft' 

Crew module structure primarily consists of aluminum alloy. Tht• pn.·ssure 1.·ompurtllll'llt is Jcsigne'l ., 
for an op,·rating rres'\llrl' of 101000 n.1m- ( 14.7 ps1<1). l'hl· ouh·r "hell of l':ldl moJuk consists of a 

Jouhle bumpl'f micrometemrill protection systl.'m th:1t was ,ksi~nl·J to ).!iw a 0.9 prohahility of no 

penetration in I 0 years Qllih:' possibl}'. thi.; partkular l!l•si~n l·rttl·ria "111 m,·rit furtlh.'r l'Xamination 

in th1.· future. Also indudt·,! in the outer bum1x·r sysh·m is th"· themlal r:1diator for intenrnl hl·at 

reje1.·tion. Ar, aerothemlal shniml f,,r the crew mmluks b not fl'quin.·d sHh.'l' thl'Y will h"· laundwd 

within the payloall shroud of th,· !aund1 whidl'. 

Elet·trkal Power 

lhe prima1y dcdrh:al po\wr s~skm 1s t11 ·~1ssd 11!:,1l•r th,• B.tsl' Subsyskm Sl·,:tion .~.~. l. \.~.S. 

h1ch 1.'tl'W moduk how,·wr 11\l'Orptlf\ll\'s .m 1'1\ll'l'~l'lll.'~ "'''h'f ~yskm 1.·onsisting 1lf fud ~·dis. 
Distribution. wi1i11g and sp.:cial poWl'r l'tmd1t1oning 1•quipm.:nt is als1l indudl·d in l'ad1 moduk. 

Environmental Control 

All nwduks haw .in i111kpl·111knt FCS. l'hl• sysh·m pro,·i1k~ an F.1rth atmosplwn· 1•m1ronm"·nt. 

Chy~l'n ""'"'"'UP for kakagl' and usa~"· 1s pro\hkd throulo!h d1·1.·trolysis of wall'r whkh is obtaim·d 
' ' by n.·lhh:tion 1lf co- usmp. Sabatkr rl·ador with co~ itsl'lf IS l'l'lll0\'1'J using mol1•1.·ut.1r Sil'WS. 
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o SIZED FOR 100 

o F~OOR AREAS SCALED FRQlt 12 MN UNITARY SPACE STATIOM (BASro ON ROCKWEU 1970 STUDY • 

NAj 9-9953) 

o AREAS BASEO ON ENTIRE CREW BEING PRESENT 

Al.LOCATIONS PER 1«>m 

r REC/PHYS FIT./MAINT FUNCTION FLOOR AREA 
M2 cn2> 

PERS. QUARTERS 
o PERSONAL QTRS 512 (5500) 

CONTROL/SUBSYSTEMS 
15.511 o PHYSICAL HYGIENE 89 ( 960) 

GALLEY/DINING o RECREATION 107 (1150) 

PERS. QUARTERS o PHYSICAL FITNESS 53 ( 570 

j_ PERS. QUARTERS o GALLEY 53 ( 570 

2.2111 EXPEND STORAGE o DINING 116 (1250) 

::::::J 
o CONTROL CENTER 37 ( 400) 

o SUBSYSTEMS 149 (1600) 
17.Ch 

o MAI~TENANCE SHOP 9 ( 100) 
o GECi l«>OOLE MODIF 

o ADO 1 DECK FOR RADIATION SHELTER o EXPEllOABLE STORAGE 
(90 DAYS) 

193 (2080) 

o T\JNNELS/AISLES 163 1lli.Ql 
TOTAL 1480 15930 
MARGIN 71 760 

Figure l.2-52 Crew Quarters Sizing 
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Table 3.2-4 Subsystem Summary 

CREW MODULES 

• STRUCTURE • ALUMINUM ALLOY 

• METEOROID PROTECTION 

• P(Q) = 0 FOR 10 YRS . 

• DOUBLE BUMPER 

• PRESSURE COMPARTMENT 

• 101COO n/m2 (14.7 psia) 

• ELECTRICAL POWER • EMEPGENCY ·FUEL CELLS 

• ENVIRONMENTAL CONTROL • EACH INDEPENDENT 

• LEAKAGE 

• OXYGEN· WATER ELECTROLYSIS 

• NITROGEN ·CRYOGENIC 

• REPRESSURIZATION 

• OXYGEN ·HIGH PRESS 

• NITROGEN ·CRYOGENIC 

• WATER· SABATIER REACTOR 

a • C02 REMOVAL· MOLECULAR SIEVES 

• THERMAL· WATER AND FREON LOOPS 

• LIFE SUPPORT • URINE ANO WASH WATER RECOVERY 

• DRIED AND FROZEN FOOD 

• WASTE MANAGEMENT 

• PERSONAL HYGIENE 

• CREW ACCOMMODATIONS • PERSONAL EQUIPMENT 

• FURNISHINGS 

• RECREATION 

• PHYSICAL FITNESS 

• INrORMATION SYSTEM • COMMUNICATIONS· S BAND 

• DATA PROCESSING 

• DISPLAYS AND CONTROLS 
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Nitrogen to sup1'I) leakage and repressurization is stored as a cryogenic. Oxygt.n for repre~uri­

zation is stored as a eryogenh: while the emergency :>xygen system u~s high pressure storage. 

Themtal control of the modules makes u~ of water and freon loop~. 

Ufe Support 

Both urine and wash w.itl'r art• recovered. The urine is reprocessed using v:ipor compression while 

wash water rccowry utili1es n·wrsc osmosis. Dried and f1ozen food was used. Als.o included uoder 

Ufe support are thl.' wasll' management and personal hygien~ sys•ems. 

Crew Accommodations 

lnduded under this cate!?ory are the personal equipment, fl!mishings, recreation and physical fitnc!:>S 

equipml!'nt. Agam these syskms J.rc located only in the crew quarters. 

lnfonnation System 

The prirdpal systems included an~ communications. data processing and displays and controls. 

Each m·xluL: will have its own internal communic;1tion system as wdl as i:ontact with the main 

communkation ct•nkr loc~1t.:J in tht• operations moduk The principal link between the base and 

Earth or t1anspurtat!o1~ vehicle-; is S·band. Each module h'IS data processing capability suitablt• for 

its nt'elh. llO\h'Wr. a~.1a1 the principal data 1no\.·essin}! l'cnter is located in the Operations module. 

Each mod uh.· a~~o has the appropriate .. et of displays and controls although the Operations module 

contaim. all displays and "·ontrols assoch1tell with owrall base operation. 

Guidance and Control 

Displays and 1..·onirols for these systems are 101.:ated in the OperJtions module although the equip­

ment itself is 11.l\:Jted throughout the hasl.' and consequently are discussed under Base Subsystems. 

Reaction Control 

Again. this i' a bas1· le\ el sub-;ysh.·m ,111d is discussed under Section 3.2.1.1.2.5. 

Special Equipment 

·fhis i' l'l.llliPmt·nt that is Pl'l.'Uhar to the maintenan\.·citcst/chel.'.ku11 and training/simulation 

moJuk,. 

Ma~ Estimate 

A ma':. e'timat.· for c~1d1 of thl· moduks down to the major subsystem is shown in Table 3.'.!-6. 

Thesc 111;1,~s rl'lled thl.' ~uh,ystem design approaches di'icussed in the previous paragraph. 

Differl'lll.'C' 1n thl.' subsystem mass for the various modules is retlel.'ting the variation in number of 

pers,)nnd pres"·nt and consl·quently power lewis as well as thl.' function of the moduk itself. 

lnclu1.kd in the mas" of \.'ach moduli.' is a growth/contingcnl.'y allowanl.'e of 33'; on t;,e estimated 

As ind1"·akd. all moduks arc well within thl' nHl\s l·apability of the launch vehicle although in the 

.:a~l· of a 1..·1-.·" quarkrs moduk. 1;1e addition of a radiation shelter for GEO application would add 

anothn 11 soon Kg and (OllSl'l)lll:lltly hl· qu1k dO,l' to tlh' mass limit. 
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Table .l2-6 Crew Module Mass Su·nmary 
0 Mass In I o3kg 

CREW 
QUARTERS OPERATIONS MAINTENANCE TnAINING 

_§VSTEM_ IE.A) CENTER TEST & c:o 8i SIMUL. MISC. -------.. --~--~------- - -~ .... ~ - --- --- - - ----~--·--

STRUCTURE 80 80 80 80 

El.EC. POWtR 0 7 3 7 

ENVIRON. CONT./ 60 42 '" '' LIFE SUPPORT 

CREW t1 4 3 3 
ACCOMMODATIONS 

INFORMATION 6 :;o 5 0 

GU10& CONT 0 0 0 

~EACTION CONT 0 0 0 0 

SPECIAL EQUIPMENT 0 0 5 0 

SUBTOlAL t62 164 11\l 108 110 

GROWTH/ 53 54 40 35 36 
CONTINGENCY 

TOTAL DRY 215 118 164 143 1~6 

CONSUMABLES 4!> 0 0 0 L) 

(OOOAYSI 
~-- --- .. .. 

TOTAL 260 218 164 I~~ 14l; 
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3.2.1.1.2.6 88W Subsystans 

As indicated previously. sever.al subsystems do not relate ~cif acally to anyone ot' the crew 

modules. but instead are ~iated with o~ratinl' the baas a total entity. S~h subsystems 

inc~e pri1nary pvwer and lll~t control. 

·Electrical Powr 

Requilanents-Basi.: Ofll"l'alini power requin'menb ha\·c be~n groui.x'd into the categories associ­

ated with t:rc\\' modules. construction ~\fuirment and external lightin1 as shown in Table 3.2· 7. The 

ave~ otler•lling pow .. - k"wl n.·quin-d is ""Slimated al over 1600 KW. This load does not include 

rechargin# of the S«onJary power supply or IOla"S. 

Under the \.4llc~ol)' of crew module. "·onsidc!'r.able use was made of the estimates identifoed for a 

t:! man !i.l•a\:c station as JdineJ by RO\:kw,·ll. Th"-se estimate~ were then scaled ur hoth to account 

for the- diff~re1h:~· in ere\\' size and l~l<' number of modules involved. 

· Constmction.ct1uip1!ll'lll f'O\Wr cst11nate!I. w,·n: made usmtt both Boeing generated data and data 

from r·~cl·nt 'PJ,:C '.'>l.Jt1on '.'>tu,111::-. T~ pKal l"\ampl,•s rcr mad1inl· indudt• the ~Om beam machine at 

5 I\ W. '.'...,In .irra~ dl·1.to~ ;.·r at 5 I\\\'. "·ra1h.·· m;1nipulator at .l I\ W. All of thl·~ ,·stimat,·s in dude fhe 

flO\\l"r lor .. l\\O man (onlrol l·ahm 

., 
E 'knul la!!lllm~ l"sl 1matl's Jf\: h.1'4..'ll on pnwiJint? ~I h lunwns!m- as spc,·ifo.-J '1y McDonnell 

J>ou!!l<b 111 llw Sp:.Kl" S1alt4..\1t S~ '.'>ll"lll:- An.JI~ '.'>t:- S111,h 'NAS9- l-'95~0. Typi,·al conslrud1on an: as in .. 
this srn,ty ,·ml"rl·-1 .))(IO m ·and l'l"lluir,-J 10 ""'to pro,·iJ,• th1.· "llt."Ciii,•J illumination. A total of 

3~ area' of thi'.'> 'Ill" hoth' tx•,•n l'\limat,•d f,lr tlw SPS \."nthlru"·tiun haSt.·. 

fhl· lot al po\\l'r rl·qum·nwnt to h,· 11'4.."'' m '.'>itm~ lhl' prunal)· pllw,•r M•pply is .n 15 KW as shown in 

Tahk· .l.~-X. nw '4..'\.'0tHla~ l"O\\l'r fl'dl.lf!!lll!? "'"" I• lllf •• md.d hydrOt?l'll syslem that pnlJuce'.'> 

thl· OPl'f:.11111).! lo:.•"' dunnJ? .n' of thl· orbit. nw .1ll1l\\.llll'l' for O\l0 r..i1int? l!I. that a!l..'i(ldat,•J with 

50 µ111 l"l'lh and 7 5 µ111 l
0 0\l'f '"•"· \:, 1 'lh· 1111.11 .llllll'.lhll)! i'.'> .lS'\llllll'll. 

S)'Slt"m l>t"~·ri1Hion - nw p11111.lf) ll\l\\l'f !?l"tWr.111011 '~ '.'>ll'lll I'.'> :-tllar array'.'> similar lo tho~· USl"J in 

1tw .... 1tdhk. \\1th .1111d,d h~dn•t.!•'11 h.llll'I) '~'.'>k11111"'·'I foro"·,:ult;itio11 pl·11•1<ls. An arr.1y \oltag,· 

ol 1500 \Olh ha' h"·,·n 'l'k.:ll'" 111.t ·•1'1"-""-.. to h,· th,· i11J?hl''.'>l pradil-al wh,•n "·0•1siJ,·n11)! pl;1'ima 

l1w"."'· 

Tlw "'·k,·h'll 111,t.1ll;it1011 .1pproad1 for llw :.1rr.1) '' .1 li\l'li ho1ly mounkd (lllll'l'!)t. with an :11Ta)' 

lo"·ah'd 1111 thrl'•' '"In of th"· l'llll'lrudion ha\\.'·., th.11 lhl· n'-""''-•ss;1ry pow"·r can hl• !lClll.'rak•l h~ ;my 

on"· .arr.I\ "11 h th,· '"''l' at .Ill~ hll'al 11111 in ,,rb1' hJ?llrl' J. :-4x 'ihown Pfl"\ isouly. illustratl.''.'> 111\.'. 

l11",1lh111 ot l\lo ot 11w,,· .11 r.1y'. L1(:. ,, :·a~ .11 ·'·'' h"·,·n ,,,,.d lo ;1,·l·o11111 lor sun ind,kncl.' ;milk-
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Tallie 3.2-7 Ille Opera ... Power Requiaewnas 

Pllotoroltaic Satellite 

OPERATING POWER 

CREW MODULES 

ENVIRONMENT CONT/LIFE SUPPORT 750 

INTERNAL LIGHTING 350 

INFORMATION SYSTEM 70 

GUID. la CONT. 5 

CONSTRUCTION EQUIPMENT 

SA TELLI~ EQUIPMENT 50 

ANTENNA EQUIPMENT 50 

SUBASSEMBLY 50 

EXTERNAL LIGHTING 

SATELLITE CONST. ~20 

ANTENNA CONST. 120 

SUBASSYiWAREHOUSE 80 

TOTAL 

Table 3.2-8 Sobr Array Sizing 

• REQUIREMENTS IKW) 

• OPERATING LOAD 

• SECONDARY POWER 

SUPPLY RECHARGING 

• POWER CONDITIONING 

• POWER DISTRIBUTION 

• RADIATION DEGRADATION (5%) 

e SIZING 

e CONTINUOUSLY SUN ORIENTED ARRAY: 

(SATELLITE TYPE CELLS. 140 w/m2) 

• FIXED BODY MOUNTED ARRAY WIT~ 

EARTH ORIENTED CONST. BASE 

e ARRAYS ON 3 SIDES OF BASE 

e MAX SUN INCIDENCE ANGLE OF 54.5 DEG 

e TOTAL ARRAY SIZE: 

119 

26000m2 

~30Q00m2 
205m x 205m PER SIDE 

KW 

11175) 

(15QI 

(32tU 

-
1645 

(3645) 

1645 

960 

330 

540 

170 
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Sk"nalties so the t.-ombined n~ t affect is a total array rhat is aprroximately five times as ~e as an 

array th4il was always PEP. By past sr~h.'l' systean standards. this ext.-ess would be prohibitive. 

However. in lhe er.a of power saldlit~· wilh low mass and low ""OSI cdls.. the renalty is quite small. 

An alternate solar arr.iy instalJation a1,rroach was also ,'Onside1ed in the fonn of providinte the amy 

with two axis control so it "·ould alwa~ ~ lx' Jirec11.·d loward the sun. With tht• physical dimensions 

of the base howewr. the l"t-.>om to whkh th"· solar arr.iy \\oulJ t!I.'.' auad1ed had to extend approxi­

mate!) 600111 from the haSl'. The OJX'rallonal disad\·antages of this appro&k:"h in 1em1s of the impact 

on vehide tr.ink as wdl as tht.• rdafo·el) small SJ\"lngs <_1nd addilional comrli,·ation c.f a larJe two 

axis S)'Sk-111 resulted in nol sdt•1.:tin1? thi!. approadt for the rekn:ncc system. 

The mass for the sdcclcJ fXl\\l'f -.pk·m is l"st1m.tll'J al approximatdy 1 ~0000 Kg as inlli\."aled in 

Tabk .t.>>. 

Tabk J . .?-9. Prima~· Power System Ma~ 

Fi'"'d Array 

'I ft:_ Ballat"'' 
D1,1nbulitlll d\rn"·r Blhl 

s" 1kh!?t'~lr 
DC-DC C1>nh·Non 

R;ad1.11lir i ft,r ',II. S~ 'h'm I 

Strnl.°lur•· 

fli~hl Control 

<,5000 Ki: 

:oooo l\j! 
:nooo K!? 

:ooo K!! 

:ooo K!! 

IOO' K!! 

_"000 "!! 
I 1 ''000 Ki: 

lndudl·,111n,kr lhl· ,·,1lq!11r~ 11f llt)!ht ''mtrnl .Ul' ti!, ;:111d.1111.·l· 11,1\ 1)!.111011 .11tilu1k I~ 1x· ~l'll~''"" sud' 

a~ IRl'. ,1.ir 1r.1d.1.·1~ .ind h11ritt\11 , .. ,,,,,r, .m.t t!h· rr111"1l,1on ,~ ,1 .. ·111 r,, 1w1 f,,rm .11111mk and 11rbit 

mainll'n.111 .. :1.· 11:.11wm 1.'r' ·----~--A L< ),: Lii,: p1orub1t111 ,~ ,h·111 h.1, bl·,·n ,,.k .. t>"d tn rr1n 1dl' Jt11tu .. k; ~-,;iri.;.,_~1-~_r -~lh.' l'JSl' ratha than 

C~I<; \ dul' 10 llw f.lr)!t' d1,1url'.lll(l'' 111\ nh ,·d .111..t the rd.1l1h'I~ ,-.1~~ ptlllll Ill!! r,·quirl•m,·;;is 

Ciil'l"1.'l'll • f 1k:: and~-' dq:l. :\n I .irth P111.'llll'd .11t1t11d,· has b,·"·n ,,.k,·ll'd \\hid1 ha~ llw s,;lldlitt• 

hl"irl!! i:on,1ru,·t1.·d t11w.ird th .. · .. · .. ·nh'r of lh1.· t .irtl; 

Orbit n1.1111tl·n.11h1.' in l-'1111' 01111.11111111.1111)! .1 IJ1rl~ ..-011,1.1111 :allltthk 47.' 1\111 ±. I Km ob\i1lusly 

fl'qt11r1.·, till· IM' of ;1 prorul,1011 '~ ,i..·111 

Tlw ,,.k .. :kd prnp11l,1nn '~'''"Ill l!,,., I () 2 l 11, .md tnr .111 .hxda.lllllll kh·l 1lf ur4 !!'s ls.lil'lhh.· 

d1.•,1j!11 ,·ond1l1P11'l .• 1 1111.il lhrn't of :-000\ 1, r.·.iu11l·d lnr 1110\ 1111~ till' 1..·omhm,·d 111;1).' of lh,· li.t~'. 
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one module and oaee antenna. Distribution or the thrusters around the base will °'-'"-'llr to minimize 

the hnpact on the~- The average orbit decay rate is estimated at l Km/day. Orbit makeup 

~ pmonntd daily with the averqe propetlant requirement being 800 Kg/J4). 

The propulsion system mass including 90 days of propell:int is esthnated at 80000 Kg. 

3.2.1.1.3 Eatiros ••181 Facton 
The principal environmental factors th3t influence the design of the construction base or its 

operations include radiation, ~deoroids, occultations. gravity gradient and drag and "'-ollision with 

manmade objects. All of these factors have been discussed in prior parap-aphs. except collision 

Consequendy. the previously discussed items will be summarized while collision will be discussed in 

more detail. 

Radiadon 

Radiation effects on personnel at the LfO construction base are primarily in the area of EV A ., 
activity since the 3 gm/cm- •·all density in the manned compartments is more than adequate to 

allow the 90 day stay times. Although a bare minimum of EV A a.:tivity is antkipatcJ. should it 

occur. it most likely would be restrictcJ during pas.~l·s through the South Atla,.tk anomaly. 

Meleoroids 

Protection against meteoroids is pro,·idc:J by th.: Joubk wall bumpc:r used arou1u.I all mannc:d 

habitats. 

Ocrullalions 

The prindpal impact of the oc~:ultations of thl' base wh1d1 ocl.'ur 15 times Jll•r day an.· in the: arl'·'' 

of l'lc:ctri\.· rower supply and thennal as1~ds of the stn11.:turl'. In the l.'aSI.' of the impal·t on th1.• 

electric power supply. it means sizing th1.• primary sysfl•m so that 1111.• system used during 01.'1..'taltation 

l.'an be n.~1..·hal't'ed. The penalty for th1..· largc:r power sy~tem is relatiwly small howe\er. in th1.• era of 

low mass. !ow 1.'0St solar arrays. Use of graphite/epoxy strul'lure in "oth the satellite and l.'on~tml.'­

tior. base strul.'tun.· should minimize the: impact of them1al effects. 

Gr.1Vity Gradient and Drag 

Most constmction concepts will orient the l.'onstrm.·tion base so it is passively stable for attitude 

control and minimize gravity ~adic:nt ton1ue. Although the LEO l.'onstn•ction base requirc:d con­

siderably more orbit kreping, attitud1.• l.'Ontrol propdlant pc:r Jay. it still results in less than one 

HLL V launch per year for this propellant makeup. 

CoDi.Uon 

Laqle amounts of debris from manmade spa1..·l· systems have resulted in some 1.'0nl.'l'm r1.·~arding LEO 

l.'Oll!>truction. The approadt used in c~·tahlishin~ the numhl'r of potc-ntial 1.'0llismns and an initial 

estimate was prescnkd in thl· Part I Final Do.:umc-ntation Volumrs Ill and\' (lll80-~0MN-.~ and 
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-S '· mrcctively ). Th<' number of potential collisions has been since updated as well as the identifa­

cation uf metl\oJs which can be used to avoid collision. Prior to this di5'..-ussion however. it should. 

be noted that the proble~ of collision involves both the constru.;tion phase and the tr.msfer phase 

from LEO to GEO. Rather than split this discussion between construction and transportation. it 

•ill aU:be di5'.-ussed as one subj«t at this tun~. 

TIM; number of collisions expected on a total satellite during LEO construction. transfer to GEO 
and thirty )ears of opecrating life at GEO are shown in Figure 3.'.?-53. ll1e most dominating portion 

of ~ flight is that associated with construdion phase and the transfer through the first 30ll0 

:.iloltteters. where 17 and '.?'.?collisions are cstimllled. respectively. The assumptions used in this 

estimate are shown. with key importance given to the use of ti1e object model a~ of the year :!000 

includinJ SOO objects aJded per year since I 97S. The other key point to be considered with this 

data is that no attempt was mad~ .at cleaning up the debris or takiag avoidance action to pn:vent 

collision. The method ui.:d to prevent ; .>llisions is presented in the following paragraphs. 

~method used to eliminate or consiJerably reduce the number of collisions during "''Onstruction 

simply involves a r1.~hl-duling of the orbit trim idrJg makeup) maneuver of the \."Onstruction base. 

A simplified diagram of this OJ>l:ration is illustrated in Fit?urc 3.'.?-54. For general planning purposes.. 

the construction base has a 1wminal position. The actual position of the base relative to the 

nominal position is shown at th' compldion of c.i.:-h of the l S n:\'olutions i I day) around the 

f.arth. At the completion of the l Sth revolution. an orhit trim manem·e1 is perfonned anJ the 

gradual decay h\.•ginl> again. C'Clllision aw:Jan..:e operations take place in thl:' following manner. At 

a given revolution huch as number 4) It is deknnin"-J that on revolution 5. tilt' constmction base/ 

satellite will be hit hy an object faprroa.:hing perpendicular to orbit track) if no rnrrediw a..:tion is 

taken. At that lime. hmw,·er. an lmsd1duled orbit tnm maneuwr will be initiated which will 

incrca5'.' thl' altituJe of the ha~.: anJ a" ,.ud1 re"ults in lower orbital \docity. and on a relati\'e posi­

tion basis. puts the constructilm bas"' JI a 11\.'W pcsition for re\'olution 5. which is approximately 7 

kilometers downtrack from lhe oripnal position of re•wlution 5. and consequently should eliminate 

the possibk collision. lhe key fJctor in this a\·oidance operation is a nt•ed for al1proximatcly I rev­

olution of waming time. that .:0t1ld bl' obtained from both on-orbit and grOlmJ fracking systems. 

Objects coming into th'-· construction base. along a nwn.· tan}!cnl1al path can also be avoided using a 

similar tc..:hniquc. but .-cquir!ng a greater 1:hanl!e in altitude..· and consequently more propellant. This 

operation is ~hown in Figure .L:?-55. For example. a chanazc of 6 kilometers in altituJ{' requires 

approximately I 6.000 kilograms of propellant. Since the large change in altitude alSt, r\.·sults in 

exccssiwly large dtanges m alon!? track position. a dcorbit maneuver is also required I 16.000 kilo­

grams of propdlant ). thus bringing th..- .:onstruction b.1se ha~·k to its nominal position. 

Avoidan.:e durin~ transfer ~an also be ac1.·omplishcd in a similar m:mn'-·r with approximately I r~vo­

lution of warning time. In this .:asc. howewr. should ;1 1.·ollision be prcJicted for the satellite 
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module, at a point in its next revolution, the transfer thnast can merely be tenninakd for a time 

period. thus placing the satellitr behind its previously anticipated position on the> nex.t revl'lution 

and consequently eliminate> or avoid the '-'Ollision. 

In summary, the dcscribC'd operational pnx.."t'dures appeou to offer an approach to reduce the 

numbC'r of collisions to zero with a minimum of penalty. 

3.2.1.1.4 Cttw Operadom 
This section addre~s the following crew-related topjcs: scheduling. productivity, and organiza­

tion: The crew schedule and productivity factors will IW' :applied in all other crew sizing estimatt"S. 

3:2. t. I .4. I Cttw Schedule 

The crew schedulintz concert that was used in all of the constructiu,1 task tin1elincs. crew sizint1. and 

~w transportation analyses was the followini: 

90 Day Staytime 

6 Days _On/ I Day Off Per Wee\ 

10 ::rs Per Day \\',nk Shift Usi~ a 5/1/5/D Work Rest Cyck 

1 Shifts Pt'I l>ay (1 Crews) 

Thl' selection of this M-'heJuling concept' was Jt'~ri~J in Section ~.4.1 of tht• P:ut I Final Rl'Jl'lrl. 

J. 2.1.1.4. 2 Operator Productivity 

When "·onsidering the amount of work time 1x·r day. it is nt'l't's.."3ry to take into account :•· ,. faft 

that operJtors Jo not \\ork at 100:~ of lht•ir l':tpacity throughout J work shift. It is ne1.·1.-s..~ry to 

takt• int,) ac~ount operator fatigu,-. ddays anJ ~rsonal factors. 

Tht• ,tat a shown in hp.un•s .~.~-Sh and J. ~-5 7 is liaseJ on lklt•inp. manuf.u:turing 1.•\rerient.'l' ,ta ta. 

F,,r lh1.• purJ'l<l~s of establishing madmw opt•ratinp. rak·s. a pmJ1.1cti,·i1y factor of 75'; over a 10 

hour work shift was applied .. \ IYl'•l·al applkation of this pr0Ju.:11vity fador is ~•11•wn ~low: 

{ 
J ~ ll:w~ .\vailahk) ( ~O llours )[!:;.> -tSO Hours A\·ail;1hk . c.75)= 
p,.r MoJuk P1.·r [);1~ r,·r Moduk 

[l> ( ~ Shifts/) (I 0 Hours/) -:- 10 llours/ 
l>ay Shift l>ay 

.l. 2.1.1.4.J LEO Base- Cttw Orpnil.ation 

Th1.• ,,P'-'r;1tors :uHI assrn:ia11·d P'-'l"Sl.lllfl1.•I h;I\·,· b,>t•n l'omhin,·,t in lo tht• or~;m11;1litm.1I strud1m· shown 

in Fip.ur1.•s J.~-5~ throup.h ·'·~·h7. :\total of 47S p,•,,pk will hl' ;1t th,• LHl hJSI.'. 
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J.2.1.1.S Mass.n..ry 

A mass summary for a corhplete construction base ca!Jable of constnacting one satellite per year is 

present~ in Table 3.~-10. The dry mass of the base is S.6 million Kg and with 90 days of con­

at'Dabl~ included the total mass becomes S.87 mili<'n Kg. The largest contribution 10 the mass is 

the foundation (!;tructure) and lhe ten cttw modules. 

l.2.1.1.6 Cost 5-mary 
The cost swnmary for the \."Ollstruction base is presented in Table 3.2-11. Basic hardware costs are 

estimated at approximately S4.8 billion. An additional $2.2 billion lllso exists in the fonn of 

~rious wraparound cost items. The indicated \.-osts wett developed using mass statements and unit 

quantities developed by Boeing and \."OSI CE R's of JSC and Boeing. A learning factor of0.9 was 

applied to all systems having more than four basic units. 

3.2.1.2 GEO Final Assembly Basr Construction Amlysis 

The following 1.:011~tmc1ion Jata pertains to the GEO final assembly base u5f'd in the LEO construc­

tion c:.-.nc"·rt. 

J.2.1.2.1 GEO Construction Openriom 

3.2.1.2.1.1 Top-Level GEO ConstnKtion Tasks 

The '-·onslmction tasks In b.: a"·rnmplished at the GEO base are sun1marized in figure 3.~-68. Each 

of the tasks are Jiscus."4..·d in the followinl? sections. 

3.2.1.2.1.2 GlO Final AN"mbly Base 

The GEO ha~· st·"wn in Fi~ure 3.~-<J8 consists of one rlatforrn 1600m x 1400m that supports all 

of the final as~Jml~!, ·nJ dl.'plo~ ml.'nt equipment. A more complete discussion cf the base is 

rrescntcJ in ~dion J.2.1.~.:. 

3.2.1.2.1.3 ~tailed Construction Task Analysis 

J.2.1.2.1.3. I Module Bt'rthing !Docking) 

Thl· fir~t t;isl.. robe performed after modules reach GF.O is that of their berthing (docking) to fom1 

the compkk ~.1tellite. Thl' concept emrloye<l to perform this operJtion is illustrJted in 

I 1~ure 3.2·'19. 

Four Jockin!! sy~tems af\.' 11S1.·d with each involving a cr.ine and three control cables. Tension 

applied to tlw "·;1hko; allo\\o; tlw moJules lo be pulled in. pmvides stopping control anJ attituJe 

capa'1ility. Aho rl·quired in this com:ept is an atlitude control system induJing thrusters which arc 

not shown. Additional d1arad"·rislic~ of the Jocking cra111: arc ,flown in Figure 3.1-70. 

The 111a.1or llod,111)! operations a·.,ociah.'d with thl· modules at GFO are illustrated in Figures J.:-71 

and 3.:-7 :. Thl· 111i1ial 't'-'P a1 r == 0 hour~ has the N+I moduk h;1•iing · rrived in till' near vkinity 

ofmoduk :\ whid1 '' alrl·ady at <;i:o. Moduk N+I is at a position hl'low module N amt 
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Tiil.* l.2·10 LEO Comtnldioa Base ROM Mm 

FACILITY 

FOUNDATION 

CREW MOOOLES 

CARGO HANDLING/DISTRIBUTION 

BASE SU8SYST£MS 

MAINTENANCE PROVISIONS 

CONSTRUCTION AND SUPPORT EQIJIPMEN..­

STRUCTURAl ASSEllBL Y 

ENERGY COLLECTION/CONVERSION INSTALL. 

POWER DISTRIBUTION INSTALL. 

ANTENNA SUBARRAY !SEC.. STRUCT INSTALL. 

CRANES/MANIPULATORS 

INDEXERS 

CONSUMABLES (90 DAYSI 

INCLUDES 3~ GROWTH ALLOWANCE. 

OTHER ITEMS 00 NOT INCL. GROWTH. 
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TOTAL 

,t>1q 

C5200t 

2500 

2000 1 

400 

200 

100 

(400: 

80 

tiO 

2'I 

30 

180 

30 

(56001 

(270) 
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Tallle 3.?·11 lB) c-a..ctioa Bale ROii CG1t 

- FACILITY 

FOUNDATION 

CREW MODULES 

CARGO HANDLING/DISTRIBUTION 

BASE SUBSYSTEM 

MAINTENANCE PROV:S"*S 

3&D 

2810 

330 

15 

CONSTRUCTION ANO SUPPORT EQUIPMENT (1310> . 
S • RtJCTllRAl ~qEMBL V l50 

ENERGY COLLECTION CONVERSION INSTALL 165 

POWER DISTRIBUTION 75 

SU8ARARVINSTALL 80 

CRANESJMANIPULATORS 560 

INDEXERS 80 

BASIC HARDWARE (4775) 

SPARES 115%1 U> 715 

INSTALL. ASSY, C/O C1fil'I 765 

SE a I (7%> 335 

PROJ MGT (2%1 95 

SYS TEST (3%1 145 

GSE (4%1 190 

TOTAL (70201 

(}:>%OF BASIC HARDWARE 
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ft,.utt J.!-68 GEO Basr Cc,.tnH.·rion T.sk.' 

LfO ('.,.tnk'lion Cutk"t"pl 

SATHLITl 
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.,LACES 

$.\TllLITi 
-.>DUI.( IN•tl 

Fi!tUrt" .4.1~~ lkrthiRJ Con,'t•pt 

Pholovollak Sa1c-1lilt' 
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' DOCKING CRANE 

#,,/'GEO I -{;.CONTROL 
-»L:,. :/ FACILITY ---~~ CABLE 
___..J~ ,1_~ ~/ 

=-:;.--k-------- - _· --:j i~ -~- --:- -
Ii 'I :: 
II ~- ---~ __ 

,.,--~--- _, 
~ 

Figure 3.2-70 Docking Crane 
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Fiptt l.2-71 GEO Docking Opmttions 

--
@• T•31 HAS 

e ATT~CH Al.l CA6Lf.S 
e CONTINUE TENSl()ll; IN 

FA<l~n CA8US 
e ATCRANE TIP.FRONT 

CABLES BRAKE.REAR 
CABU.S PULL 

@• T•31HRS 
• 0£CR£AS£ CLOSING 

VU TO 0.00$ MJS 
• CAat.E CONTROL 

@)• T• .. HAS 
• CLOSlll:G VEL TO ZERO 
•CABLE CONT 
• ilEAOV FOR STAUCT 

ATTACH 

~LEN 

MOOUUN 

t"igure 3.2-72 GEO Docking O~ntions 
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consequently has a greater orbital velocity and for the specified altitude difference, a Sl"parating 

velocity of approximately 0.04 meter per second ( 144 meters per hour). Ster ~ illustr.ates module 

N+ 1 having moved ahead of module N approximately 500 meters due to the St'p~rating \·elodties. 

At this point. free flying docking modules carry cables to module N+ I for the initial attachment. 

Also, realignment of the attitude of the two modules occurs to simplify the dockini.: operation. In 

Step ~ and 19 hours af:er the operation has begun. alignment has been completed anJ a tension of 

100 Newtons has been applied to each of the four lines so that the separating velocity has been 

changed to a closing ··elocity of 0.05 meter per second. Tension applied over this time period 

results :n loads of 3 x lo-6 g's. At T = 31 hours. the remaining cables are attached again using 

docking modules. however, these cable:; remain slack. Tension of 100 Newtons is applit>d until :1 

separation distanct> of approximatdy 600 meters is reached. 

The 4th major step. T = 31 hours. is again illustrated but with additional detail. The k1.•y point fn 

be made is that the four cables remain under tension and pull the modules togetht>r until tht> lt•adin~ 

edge of the module N+I pa~s the end of the crane extending from module N. At this point. rhc 

front cables switch to serve as a braking device and the ba~k •:ablt'S come under tension and 1'egin to 

pull the module totlcther. At T = .~h hours. the modules haw dosed to 100 mt"lers of .~·rarat1on 

and the dosin~ velociry is decreaSc!d ro 0.005 meter rcr s~ond. Finally. at T = ..f(, hour... lht.• 

clo'iing \'l'lodty has been redu.:l.'d lo 0 and the modules :.1re ready for stn11.:tural att:.1d1111l·nt. 

3.2.1.2.1.J.2 Module Attachment 

After the modules an: doded. the adja1.·ent 1.•,fges of the moduks are interlo1.·keJ usinJ? strut insl'rh 

that are put into posilion hy the 1.·rane/m:.111ipulators that ar\:" carrieo hy thl.' dod..in!! .:rant''· 

The hus bar conne..:tions betwec-n modules are a1.·..:omphshl.'d hy a I !Om \·ran .. <manipul:Jtor that ;, 

maneuvcn·J on the fa1.·ility iral'k s}·stem. 

3.2.1.2.1.3.J Solar Array Deployment 

The solar array blanket pa1.·ka).!eS that are attad1ed to thl· 1.•dgl'S of hays are deployed hy four ..;olar 

array dcploynll•nt machinl's that operate in parallel. The :.olar array deployment 111Jd1ines used at 

GEO do not haw the blank1.•t maga1ine or tilankl.'l inslallatron llll'l·hanisms rl·qum·J I') th...- Ll 0 

solar array ma1.'hines 'iO 1.·on'\l'<llll'lltly only ont' O(ll'rator per m.1d110l' rs :illo..:atell. 

The solar array that was dl·ployed !o provide St'lf·transport power will li1.· anrw;1led 1'y tlw an1wahn!' 

system pre,·iously installed at ll'.O. 

3.2.1.2.1..l.4 Antenna Installation 

On modules ..f and 8. till' an1enna.1yoke asst•mhly is transporkd tt1 (~t:O h) b1.•in.1? hinged undl.'r fill' 

moduk as shown in Figure 3.:!·73. At GF.0. th1.• antenn;; is rota11.•d up to its prop1.•r IPeation ll"ll!! 

electric motor a1.·tuators th;1t were used to initially hinge till• ass1.·111hly 1111d1.•m1.•Jth the moduk for 
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G) •CONSTRUCT IN LEO 
•TRANSPORT 10 

GEO 

HINGEUNE 

rsJZ&l/t~•J}9aIB@ l 
~-!~~ 

@ •ROTATE_E_ " kl • 
SYSTEM INTO POSITION I /" _, 

I ' •MAKE STRUT AND I I 
ELEC CONNECTIONS II , ,, , 

I y! 
I I 

I I 

I I • , . .... , 

Figure 3.2-73 Antenna Final Installation 

Photovoltaic Satellite 
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transport. On'--"C the antenna/yoke assembly is in position, !'tructural ti(s are made between the 

yoke/module interface and the power busses are spliced. rhe structural and power bus interfaces 

are accomplished by I I Om crane/manipulator operating from the facility. 

3.l.1.2. l.4 f.quipment Summary 
The GEO base \.'Onstruction equipment is summarized in Table 3.2-12. Spares are not included in 

this summa..Y. 

3.2.1.2.2 GEO Final As.wmbly Base Description 

~.2.1.2.2. l Configuration 
The over.ill configunstion of the GEO final assembly base is shown in Figure 3.:!-74. The base has 

overall dimensions of 1400m x I 600m x I OOm with two Jecks of operation. The upper deck sup­

r ..>rts the crew and maintcnan·ce modules and docking facilities for transportation systems and 

paylo~ds. The f.lwer surface of the facility supports the four solar array deployment machines. 

Dockin~ cr.im:s used in berthin!l the modules are also attached to the base when not in use or when 

the GEO base is transkrreJ to another longitudinal location. 

3.2.1.2.2.2 Foundation 

T!le foumlation tstmcturel of the baSl' has been sized to provide a natural frequency of 50 cphr 

which is greah:r than that of a single satl'llite module. The primary stru•:ture consists of .:!Om beams 

fonning a grid path.'m for bllth the upper and lower surfaces of the bas~. A total beam kngth of 

55.000m has been estimated. 

3.2.1.2.2.3 Cargo Handling and Distribution 

Movement of satellite components from c1:ntral receiving to the module •viii not bl' requin•d exl·ept 

in the c;1se of rl•pl;11:ing ikms that may have been damaged during tht' transfer from LEO or during 

the berthing of the modules. A logistic network and personnel btl' is necessary. however. to mow 

the 1.·rl·w~ from the living quartt•rs l<' such remote work stations as the Sl'lar array Jeployt·rs. A 

listing of all tlw ,·argo handling and distribution l.'quipment is presented in Tahk 3.2-13. 

3.2.1.2.2.4 Crew Modules 

The GEO h;1~· has a aew site of 65 and only a minimum of construrtion operations so conse­

quently. all functions l.'an be incorporated into a singk caew module. The module is similar in 

design to the 1.-r1.·w quarh.·r~ moduk~ llSl'd at the LEO constnaction base. Tht• major modifications 

to the LFO moduk~ an: a~ follows: I) in1.·(1rp•Jration of an operations deck in place of ulll' of tht.' 

thrt'l' pt•r..onncl Jccko; si1K1.' only 65 ratht'r than IOO people an: housed in the molh1le. 2) add an 

eighth dcl"k whkh serves ;is ;1 'iOlar llare rndiation shdter. Assuming a shk·lding requirement of 
"\ 

20 to 25gm,1.·m-. th1.· shl'lter will add an additional 115.000 Kg to the bask module mass. Within 

th1.· shl'lter will be pro\isions for up to fiw days and l"Ontrols to operat1.· the compleh: base on a 

standby ~t;1tus 
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Table 3.2· t 2 GEO Base Construction F.quipment 

Photovoltaic Satelite 
SPS1411 

~OUINENT ITEM NUMBER REQ'O EQUIPMENT ITEM MAJOR ELEMENTS 

• DOCKING CRANES 4 •CARRIAGE I 

(r:'IASS ~K Kg) 
•BOOM 
• WINCH SYSTEM 

(COST $52MI 0> • DOCKING PROBES 
• CONTROL CAB (2 MANI 

• 251'., INDEXIN<"'1SUPPORT 6 •CARRIAGE 
MACHINES •BOOM 
(f.:ASS 1 !( Kg) 

(COSTS~! 

•&OM MANIPULATOR/CRANES 4 •CARRIAGE 

(i.~ASS 7K KQ) 
• ELEVATOR EOC'IM 
• TRANSVERSE BOOM 

(COST $18MI . • CONTROL CAB 11 MANI 
•MANIPULATOR ARMS 

• SOLAR ARRAY DEPLOYMENT 4 • GANTRY !CARRIAGE 
Pl.ACHll\aE • DEPLOYMENT CARPIAGE 
(MASS 121C Kg) • BLANKET ENO HANDLER MECH 

(COSTS45MI • EDGE ATTACHMENT MECH 
• CONTROL CAB 12 MANI 

• SOLAR ARRAY ANNEALING (TBO) (TBOJ 
MACHINE 

B>- ALL COST R!:FLECT AVG UNIT COST AFTER APPL YING LEARNING FACTOR OF 0.9. 
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Figure 3.2-74 GEO Final A.embly Base 
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Table 3.2-13 Caqo Handfins and Distribution Equipment 
GEO Final Assembly Base 

I 
EQUIPMENT ITEM NO.REO'D MASS(EA) 1o3Kg COST(EAJ $108 

• OTV CARGO DOCKING PORT 1 , 4 
• OTV CARGO EXTRACTION SYS 1 
• OTV TAf>.IKER PORT 1 1 4 
• OTV TANKER CARGO EXT SYS 1 
• OTV PERSONNEL DOCKING PORT 1 
• PERSONNEL AIRLOCK SYS 2 
• CARGO SORTING MANIP/CRANE 1 3 6 
• CARGO TRANSPORTER 2 D.I 2 
• 10 MAN CREW BUS . 2 6 4 
• TURNTABLES 16 
• CONTROL CABS FOR LOGISTICS 

EQUIP 2 
• OTV DOCKING , 
• CARGO SORTER 1 

Subsystems used within the module an~ the same as for the LEO ,.-onstmction crew quarters 

modui 

3.2.1.2.2.S Base Subsyst"'ms 

Thl' two key base suhsystems are the dedri.:al power and flight control systems. An operating 

electrical load of 26C Kw has been estimated. Use 0f satdlite type solar arrays results in an .may 

size of 1700 square mett:rs. Flight control 111 11.'rms of attitude control. station keeping and transfer 

of the base to the longitude location cf the next satdlite will make use 0f J LO~/l.H 2 propulsion 

system. 

3.2.1.2.3 Environment'll Factors 
The principal enviromm:ntal factors that influence the design of the final assembly base or its 

operations include radiation. nwteoroids. m:cult 1tions. gravity gradient and drag and collision with 

manmade objects. 

Radiation 
The major impact of the radiation environment .tt GEO is the provision of a solar flare radiation 

shelter as described in Section 3.2.1.2.4 and revisions to EVA operations should thl'Y he necessary. 

Siun· tile natural(,[() radiation environment '"more seh:re than in LFO when FV A is required 

consideration must bl' gh·en to either EVA suits with morl' shielding or shorkr EV A periods must 

be used in order to not 1.'XCecd the allowable n1diation levels for crewmen. 
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Meteoroids 

At this llllll'. no diffrrc.:•111.:l' h;is bl.'l'n ddlned for th1.• meteoroid environment at GEO versus LEO. In 

both c:1s,•s. hum1wrs will be usl'd around all manned modules. 

Occµltations 

Tho,;- impad of occultati1.}llS 011 th1.• (;J:O ba!>e solar :may design is less than for the LEO base since 

only 88 01..·1.:ultation., 01.·1.·ur Pl'r y1.•ar and with the ··.1aximum durations being approximately 70 

mimrlt'!> at th.: timl' nf th1.• two equinoxes. S!1adowing from the base will nl"cessitate external 

lighting. 

Gra\·ity <•radient and Drag 

Gravity !!radi,·nt at GFO has bt'l'll l'Stimatl·d to be only 0.4';. as~ ··l'at as at LEO and t!rag is 

l''iSl'ntiall) nq,.!ligihk. 

Collision 
Th1.• cumpkh' l·ollision :malysis has h,•,•n pr1.'Sl'llt1.•d 111 Section 3.2.1.1.3. Thi.' one y~1ar fin:1I 

a!>sl'mbl~ tif th1.• total ,,1kllill' add .. appro,im;itl'ly 0.5 of:• collision to thl' total numhl'r of 1.:ollisions. 

3. 2. I. :?A Cre" Summar~ 

rh .. · (;L() h;!'l f'l'Nllllll'I ;m· '\llllllll:trl/t'd 111 thl.' Or!!allitational l·hart shown in Figllrl' J.2-75 .. \ 

tl1tal of <13 1.1'1.'\\ 11w111h.-rs arl· rl•qu1r1.•d .it thl· (~EO hasl'. Tabk J.2-14 sun11narizl.'s thl' l'rl'W sill' at 

hoth tlw 11 U .111d the (,H) f.11.1ht11."' 

3. 2.1.1.5 \t;i,, S1•mmary 

,\ RO\I Ill.I,, l\ll' lhl' ca-o f111.1I a .... 1.·mbly ba:-.1.• indudrng 90 day~ of .:onsum.tbks is l'Stimall·d at 

880.000 "-;!. \ 111.1" hrc.1J..dnwn of h.l!'>l' is pr<'Sl'nll·ll in Tabk J.~-15. 

3.1.1.1.o Co.;t Surnm:iry 

nil· tot.ii unit uht l RO\l 111f thl' l;t-.o ba~l' for thl· Ll'O 1.'tlllstrudion \lption '' l.''it11natt·d at$, 172 

million tlf \\llldl ,lf'f'l'\l\1111,lll'I~ S~00 111rllro11 1' th1.• l'aSll' 1,ard"an• with th1.• fl'lllaindn JSSllCiakd 

\\ith tlw "rap.1rPu11d it1.·11i... llnliJ..l· the LFO ha'l' 1..'l''t. till' l·onstru1.·tinn l'quipml'nt 1.·ost rs gr,·atcr 

than that nf thl' ··a .. ility prn11.1ril~ ti,·,·au,,· thn1.· i' onl~ 011'' 1.'rl'\\ moduk. A 1.·ost 1.irl•akdnw11 is 

pr1.'\\:nkd 111 Ltl'k .•. 2-1 ''· 
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BASE 
DIRECTOR 

111 

(:!01 (421 

111 

(91 ' f31 I 

SOLAR ARRAY 
TEST/QC 

DEPLOYMEFJT 
MGR SUPV 

I 11 

SlAFF 

(4! 

J 

BASE OPS/ 
BASE SUPPORT 

MGR 
(1 

I 
I 

(1) 

ORIGINAL PAGE I& 
OF POOR QUALITY 

• 1]> • MAINT (6) •DEPLOY MACH OP • (21 

151 (31 

TRAN SP DATA 
SUPV PROCESSING 

111 
SUPV 

(1) 

•VEHICLE • 1:1 
SUPPORT4' 

SPS 1466 

(81 

17• 191 

co1.1r.• BASE 
HOTEL 

SUPV UTl!..ITll:S 

(1 I 
SLPV 

11) 
WPV 

• VOICE cor.11.• (2) •HABITAT •HOTEL 
• BASE COM OP 121 UTILITIES :Z,.1x2•4 
•DATA COIA OP (21 0Pb1 •2 • FCOt' 

•BASE PWR SERVICE 
OP2x2•4 2'11>12•4 

Fi,gure 3.2-75 GEO Base Personnel 

r.m;:; DENTAi 
SUPV 

FLT 
c~~JT 

SUPV (1) 

• P:iYSICIA~</OcNTIST •FLT 
121 CONT 

•PARAMEDICS 121 2x2 • 4 

Table 3.7.-14 LEO Construc•''>n Manpower Estimate 

LEt" BAS:E GEC BASE 

BASEMnMT (10) (Si 

CCNSTRUCTIJN (352) (20) 

MGl.IT 22 4 
MOO~Jl E co•.sr 66 8 
ANTE ·mA cor:n 82 
SU:lt.SSEM9LV •9 
MAllH 49 6 
LOGISTICS 42 
TEST/QC 40 2 

BASE OPS (391 (16) 
MGMT 1 4 
TRANSPORTATION 18 4 
COMM 8 8 
OAT A PROCESSING 6 2 

BASE SUPPORT (77) (26) 
MG~T 8 4 
BASE UTILITIES 14 6 
HOTEL 311 8 
MEDICAL 13 4 

FL.TCONT 4 4 -
BASE TOTAL 478 67 

TOTAL 646 
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Table 3.2·15 CEO Final AsselRbly Base ROM Mass 

1o3K9 

FACILIT'V 

FOUNDATION 280 

CREW MODULE 335 I!> 
CARGO HANDLING/DISTRIBUTION 55 

BASE SUBSYSTEMS 10 

CONSTRU~TION & SUPPORT EQUIPMENT 

SOLAR ARRA1 1NST 50 

CRANE/MANIPULATOR 15 

INDEXERS 6 

DOCKING CRANES 104 

DRY TOTAL 

CONSUMABLES (90 DA VS, 

(!:>1NCLUDES RADIATION SHELTER 
TOTAL 

Table 3.2-16 GEO Final AsRmbly Base ROM Cost 

(680, 

(175, 

(855) 

( 351 

i8801 

s1o6 

FACILITY (3821 

FOU~DATION 30 

CREW ~40DULES 300 

CARGO HANDLING1DISTRIBUTION 50 

BASE SUBSYSTEMS 2 

CONSTRUCTION EQUIPMENT (4251 

SOLAR ARRAY INSTALLATION 165 

CRANE/MANIPllLATOR 35 

INDEXERS 15 

BEflinlNG CRANES 210 

BASIC HARDWARE (8071 

SPARES 120 

INSTALL. ASSEMBLE. c:o 123 

SE&I 55 

PROJECT MANAGEMENT 

SYSTEM TEST 

C.SE 

TOTAL 

146 

15 

17 

30 

(1172) 
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3.2.2 GEO Comtnaction Concew»t 

The GEO construction concept is illustrated in Figure 3.~-76 anJ begins with a LEO staging depot. 

which has the capability to transfer payloads from a launch vehicle to orbit transfer vehicles and to 

house and maintain the orbit transfer vehicle fleet. Transfer of all payloads between LEO and GEO 

is accomplished using LOz/LH2 oTV·s. Construction of the entire satellite including antenna is 

done at GEO. The reference satellite for the GEO construction option is a monolithic design rather 

than modular as in the case of LEO construction. 

The following sections describe the coastruction tasks. facilities.. construction sequences and the 

differences between the GEO construction concept and the LEO construction \:Oncert described 

in Section 3.~. I. 

3.2.2.1 LEO Staging Depot Analy:-fi 

3.2.2.1.1 Operations 

The LEO staging depot is sized to support the construction of one satellite per year. The principal 

functions of the depot and the number of Jocking ports required are presented in Table 3.:-17. 
One SPS component OTV tlight per day is based on a five day a week launch and flight schedule. 

As such, the depot must provide accommodations for three launch vehicle payloads: one being the 

SPS components and the other two being propellant tankers used to refuel the orbit transfer 

vehicles. Since the orbit transfer ~·chicle propellant loading requires slightly more propellant than 

can be provided by two tankers. a storage tank is also provided at tht• staging depot and is refueled 
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Table 3.2-17 Staging Depot Requftlneab 

-·"' 

e 1 CREW Mn'ATIOlllRE8UffLY 
FLTIJIDAYS 

a.u.TMEOUSwmtCARGO F\.TI 

1 0TYSTG1 
t OTVSTGZ 
t CARGO llOOUU csPS~ 
t TANltER 1 
t TANltERZ 
- TANltlR 3 

1 OTVSTG 1 
t OTVSTGZ 
1 $UPPl Y MOOUU 
1 cAEW MODUU lfl T CIOlllT 6 PERS. UOOI 
1 TANKER 1 
t TANKIR Z 
- TANKER l IARIUVIS AFTIR T-1 OEPAR'na 
- LEO CREW lllOOUL.£ IOOCKS 10 ~ 

CREW OUAR1tRSa 

1 OTVSTG 1 
1 OTVSTG 2 
1 CREW MOOULl 

1 OOMBl11141lON L07'-"a TMllt 
C< 111 KG CAPAClnl 

JOTAL!$ 
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every fourth OTV llight. Other docking accommodation~ are provided for a dedicated OTV used 

for C.EO crew rotation/re~pply on a once per month basis. This operation also requires docking 

for supply modules anJ crew transfer vehicles. 

The rn:w rolation operations associaled with the GEO construction concept are illustrated in 

figure J . .:.77. T\\-o shuttle growth vehicles are us00 to deliver 160 people to the LEO staging 

depot once per month. A crew rotation/resupply OTV Jd1vers the new \.TeY' to the GEO \."O~ 

struction baS<. The OTV then returns to the LEO staging depot with 160 people who have 

completed their duty. The two orbiters which delh·ered the new crew to the staging depot then 

return the old "·re~ to Earth. 

3.2.2.1. '.! System Description 

3.2.2.1.21 Configunition 

The Ll:O staging depot consists of three crew modules and 15 dockin~ ports for the \'arious system 

elemeflts. The functional arrJngement including identification of those elements having fun.:tional 

intertal·es is sho\\n in Figure 3 . .:·78. The configur.nion of the staging depot is presenh~d in Figures 

3. ,:. 79 and 3 . .:-80. c ~OTI:: The arrangement of the d~king ports is slightly different from the 

functional arrang"·ment which is the most updated. I 

3.2.2.1.2.2 Foundation 

The foundation of thl· stag:ing dl..'pot "·onsists of .:om tieams fom1ing an overlap grid pattern 

\."Onsisting of .:JOOm of tieam. 

3.2.2.1.2.3 Crew Modules 

Thrl..'~· L"rl'\\ moduk~ hah· ~·"·n pro\·idl·d al the stagin!! Jepot. One module serws as a comliination 

1.:re\\ quark rs for llw 7 5 IX'opk· and the operations ccntl'r for tht• dl'pot. A -.econd moduk i-; USl'd 

as a lransil..'nt 1..'fl'" quarkrs to accommoJatl' 160 personnel whid1 is the quantit) that is rotated at 

tlh.' Cl-:0 ha~ 1..·ad1 monlh. A maintl'nan1..·e moduk i~ also induded at lhe Jepof for repair work 

primaril~ on tlw tran,portation sy~tl..'m~ and payload handling sylltems. Thi.' crew moduks have the 

..a1111..· d1..·~1gn Jpproa1.:h as Jes1..·ri~·d in ~ction 3.~.1.1.2.4. 

3.2.2.1.2.4 Vehicle and Payload Handling 

The owrall 1..·onu.·pt of whide and pa) load handling "·onsist of having incoming vehicles dock 

direi.:lly lo the depot :mJ then utili11..' a aane/manipulator to stack the various dcments to fonn the 

Je~irl..'d \"d1id"· a' ,IJown in Fi!!url..' 3.~·130. for payloads that are removed from the payload shroud 

of llll· launch \ d1ick. lh1..· Jocking syskm is 101..·at\.'d on a pedestal to allow thl..' remo\·al as shllwn in 

Fi~un~ 3.~-XO. Payload ... :m• 1110\cd around thl' lkpot through the USl' of "·argo transportl'rs or thl' 

1..·rnn1..· 'man rpula 1or. 
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3.2.2.1.2.S PropeOant Storage and Distribution 

ORIGCNAJ, PAGF. lb 
OP POOR ~UALITY 

Under nonnal conditions, one cargo OTV flight per day requires 830,000 Kg of propellant. Two 

propellant tankers can deliver and transfer directly to the OTV 720,000 Kg of propellant thus 

resulting in a 110,000 Kg deficit. The remaining propellant is then provioed by a third tanker 

which can again transfer directly to the OTV or to a i.torage tank which c<.n in turn transfer the 

propellant to the OTV's. This results in the storage tanks being sized to hold all of the propellant 

from one tanker (360,000 Kg). A larger storage capacity ha:. not been provided since if the tankers 

are unable to reach the staging depot due to weather, etc., launch vehicles delivering satellite com­

ponents would also be cancelled. At this point, the only justification for more storage is for the 

~ of the ground propellant production capability being restricted or shut down for a short time 

period while the payloads could still be launched. This case, however, is "peculation. A more 

complete analysis of the logistics associated with material and propellant will be conducted in 

Part Ill of the SPS study. 

The method used to transfer propellant from one vehicle to another is that of capillary acquisition 

using suspended screen channels as defined by General Dynamics in study NAS9-15305. A total of 

15 hours is assumed for the transfer of 830.000 Kg of propellant when using this transfer approach. 

A liquifaction unit is also included to minimize the effect of boil-off. 

3.2.2.1.2.6 Base Subsystems 

Primary Power is provided by a body mounted solar array with blanket characteristics the same as 

for the satellite. The array is sized for a load of IOOO Kw as shown in Table 3.:!-18. 

Table 3.2-18. Staging Depot Power Requirements 

ECLS 300 

Internal Lighting 9\) 

External Lighting 60 

lnfom1ation System 15 

Propellant Management 35 

8aSt' Load 500Kw 

Sec. Power Recharging 300 

Conditioning 1\)0 

Distribution 100 

Total IOOO Kw 

, 
The basil: solar :irray for the load would require 7000 m- hoWl'Ver with fixed l\ody mounted cells a , 
total of 35.000 m- is required. 

Nick1: l hydrogen batteries are used for the secondary power system used during occultationo;. 

JSJ 
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A total powl.:'r ~} skm nlJs~ of 30.000 Kg has lit•t•n estimated. 

The tlight 1.·ontrolistation 1..1.·cping l.'arability is provided by a L01/LH:? system. 

3.2.2.1.3 Eiwironment:d Factors 

The emironml.'ntal fodors for the LfO stagin:. de1)()t are tl1e same as discussed for the LEO 

construl.'tion baSl' in Sl.'1.:tion J. 2. I .1.3. 

3.2.2. l.4 Crew Summary 

A crew size of 72 has b\.'t.'111.•s1im.it1.•d to operate llw LEO staging depot. Again thi~ value is based on 

work schcdult•.; 0f t\\o !>hifts ca1.:h I 0 hours per day and h days per week. A breakdown of the crew 

rs prcSl.'nkd in fahle 3.2-lll 

3.2.2.1.5 M:tss Summar:. 

A ROM mass (lf -;'50.000 l\g ha~ f-A·1.·n 1.·stmwkd. A lm:akdown of thl' mass is pn.•scntvl in Talile 

3.~-20. Ma~' 1.·st1111.:H1.'' for tht' pro1wll.rnl stor;1gc arlll distribution Wl'rt' llascd to soml.' lkgrt•1.· on tht.• 

(~l·ncr:1l D~ na11111.·, 'tud;. r.·sulb. 

J.:?.1.1.6 Cost Summar~· 

.\total R0\1u111t1.'(l't for tit,· U:O ~ta)!lll!! lkpot h;1.; l'ct'n 1.'Stimatcd at S 1130 million '.\'ith tilt• 

h;1sk h.tnl\\.m' •Plllnhut111!! """'S:' 1111111011 and wr.1paro11nd cost the r~ma11Hkr ol th,· total. A 

hrt'~IKd0\\11 Ill° t!1._· ._.,_l,t L',(1111.tk I' JH1.''l'llt•·d in J"ahk J.2-21. 

J.:? . .:! . .:! Gl::O 8a'4.' Con:-.trul·tion An:Jlysis 

3.2.~ . .:!.1 (;[Q Oper:llions 

3.:?.1.:!.1.1 Tor~-U-H•I GFO Constnh:tion Tasks 

rh1.· tnp-ln .. ·l ._·orhtrnll11•11 t.1,J.., Ill he p,·rforn1 .. ·d thlll)! th1.· (;} 0 ,·nn~lrndion approad1 .ir,· Ilic· 

fnllowin!!. 

• <"on't ru,· t t ra1111.· .1,:-,·m hi~ 

• ln,tall '1llat .trr.1;. 

• Install po"''r hu"'-'' 

• Con,lni..:t 111,tall 2} oh· .1~-...·111hht'' 

• Cn11,tru1.·t irht.111 2 ani,•1111,1:-. 

• ln\lall at11t11dl.' c\lntrnl '~ ,1,·111 

• ln~tall ,ub') '"''m 
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Table 3.2-19 LEO Stagina Depot Crew Summary 

GEO Construction 

FUNCTION 

MANAGEMENT 

DEPOT OPERATIONS 

FLIGHT CONTROL (21 

COMMUNICATIONS (21 

DATA MANAGEMENT (21 

UTILITIES (41 

SUPERVISOR 121 

HOTEL MANAGEMENT 

MANAGERS (6) 

COOKS (61 

VEHICLE AND DEPOT MAINTENANCE 

STRUCTURE (2) 

MECHANICAL (61 

AVIONICS 16) 

SUPERVISOR (6) 

VEHICLE AND PAYLOAD HANDLING 

STATUS (4) 

DOCKING (41 

ASSEMBLY 141 

SUPERVISOR 12) 

PROPELLANT MANAGEMENT 

TANKER OR HOLDING TANK 

SYSTEM STATUS 12) 

TRANSFER OPERATION (2) 

MISCELLANEOUS (2) 

ORBIT TRANSFER VEHICLE 

SYSTEM STATUS 12) 

TRANSFER OPERATION (2) 

MISCELLANEOUS 121 

SUPERVISOR m 

TOTAL 

ISS 

QUANTITY 

6 

12 

12 

16 

14 

14 

72 



FOUNDATION 

CREW MODULES 

BASE SUBSYSTEMS 

VEHICLE AND PAYLOAD 

HANDLING 

PROPELLANT STORAGE 

ANO DISTRIBUTION 

CONSUMABLES 

(90DAYS) 

FOUNDATI0:-.1 

D t 80-22876-S 

lable J.2-20 LEO Staging Depot ROM Mass 

DRY TOTAL 

TOTAL 

Table .l.:!-21 LEO Staging Depot ROM Cost 

F'.RST Sfl 

1o3KG 

15 

690 

30 

40 

55 

73J 

20 

750 

CREW MODULES 645 

BASE SUBS'tSTEMS 4 

VEHICLE AND PAYLOAD HANDLING 120 

PROPELLANT S10RAGE AND DISTRIBUTION 15 

BASIC HARDWARE $785 

SPARFSl15'lul U> 115 

INSTALL, ASSEMBL V, C/O (16'\,) 125 

SE&I \70fo) 55 

PROGRAM MANAGEMENT 12'\.\ 15 

SYSTEM TEST (3°n\ 25 

GSE (4%) 30 

[!> 0 1> OF BA~IC HARDWARE 
TOTAL $1130 

156 



D 180-22876-S 

3.2.2.2.1.2 GEO Construction Base 

GEO construction of the photovoltaic satellite will require two separate facilities at GEO as shown 

in Figure 3.2-81. One facility is used to construct the satellite while the other is used to construct 

the antenna. These facilities are similar in size and in function to the LEO construction facility 

described in Section 3.2.1. Therefore, these facilities will only be discussed in terms of their dif· 

ferences relative to LEO construction base facilities. 

It should be noted that, wl1ile in the figure these twc facilities are shown to be separated. in opera· 

tional use, the antenn" facility will be attached beneath the satellite fa.:ility most of the time. It 
will be detached only when the antennas are makd to the yoke. This is de~ribed in the followint 

sections. 

3.2.2.2.1.3 Top-Level Construction Sequence 

The top-level construction sequence is shown in Figure 3.:!-8:!. Note that the satellite facility must 

index both laterally and longit;,idinally. Tht• oper:itional sequence involved in mating the antenna to 

the yoke is shown in Figure 3.:!-83. The over.ill tnneline for the GEO construction cont·t•pt is 

presented in Figure 3.:!-84. 

3.2.2.2.1.3.1 Alternate Antenna Construction Options 

Several alternate antenna t·onstruct1011. i11:.1.11lJ11on option~ wen.· inn-stig .. ceJ for the Gl:O construe· 

tion option. These options are illustrafl•J in Figurt·~ 3.2-85 Jnd J.:!-8h. Two main cati.'gones of 

options wen· identified. Tht• fir~t t'onsider; the '-'aSl' whert• tht•re is only one antenna fa.:ilit~· hut has 

two suboptions in the fonn of: I) IA. tht' anknna IJ.:ihty 1s ah\ays l.·ontiglll)llS with the satellit-: 

facility as in Figurt' 3.:!-85 and 2 I IB. lltl' antenna facility is indepl'tllknt of the sJtellite facility as 

in Figure 3.2-86. Tht• st•rnnd main option. II. make' llSl' of two anknna facilitit'S as shown in 

Figure 3. 2-86. 

One of the Jll~)Sl significant crilt'rt.1 u,ed in .1s,ess111; the option' l'.'1 that of tht· logislil.·s probkm in 

getting satelliit• and antenna components to their rl·quirt·d locat1nn. 1'11i'.'I factor bt't'Ollll'S a major 

is.-;uc sinct• laund1 t•.:0110n,ic~ tpayload compolll'nt dt'll'.'lilit's) for.:es both t) pt'S of t·omponents to 

be in l.'ach delivcry from l·arth. Otht•r f.1l:tors cons1derl'd in tht' a'.'1St''.>'111t'lll indudl.' anll.'nna in'ital­

lation compkxity. rt•dundanc) 111 11r11ital -;ysll'nh and facility design. Tlw partit·uh1r probkm(s) 

with each of the investigall.'d alkrnatih's is ind1t·all'd in the figures. 

3.2.2.2.1.4 Detailed Construction Task Analysis 

The construction of the satdlitt'. anll'nna. and yokl.' will Iw Jccmnplisht•d idt•ntkally to that 

described in ddail in St•dion J,_, I .1.1.~. 

3.2.2.2.1.S Construction Equipment Summary 

Sint·e ih1• construdi<•n operations arl' nrtual') ilkntkal to that lk'.'lcribt•d for lht' LFO l.'Oll'.'ltruction 

l.'Oncept tht• cothlruction cquipnll'nt pre' iousl) giwn in L1hk J. 2-1 also applit's. 
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• SCHE DUL 11\IG 
• FACILITY STANDOFF 

• BUILD 1l2 SATELLITE 
~EFC!U INSTALLING 
ANTENNA 

PROBLEMS-
. •NON COi.TIGUOUSSAT 

• fHEl'. FL YING FACILITY 

• BUILD 1/2 SATEU.ITE 
BEFORE INSTALLIUG 
ANTENNA 

PROBLEMS-
• ANT FACILITY ORIENTATION 

NOT COMPATIBLE WITI1 
BOTH ENDS 

fi~ure .l.2-85 IA Antenna facility Contiguous with Satellite Facility 
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or POOR QUAUTY 

~ANT FACILITY 

\.::>LJ 111 ASSEllBU MT 1 

. FACILITY \~ d- I • FREE-FL YING ANT 

ANT 
FACILITY--------t 

SAT I 

l611NSTALL 
ANT f:2 

• WALKING ANT FACILITY 

PROBLEMS-
• LOGISTICS 
• REOUtlDANT FACILITY SYSTEMS 
• TURlliiNG CORNERS 

• DOUBLE ENDED ANT FACILITY 

PROBLEMS-
~ .. --'----r-, 

L --- ---1 
• ANT FACILITY EXTREMELY LONG 
•LOGISTICS 

{
SAT 
FACILITY 

.£ SAT :!] 
=-~CARGO~ -:: =.-:.. -.! - -' 

ANT FAC ~ VEHICLE 

• MH FACILITY SEPARATABLE 
FROM SAT FACILITY 

PROBLEMS­
•LOGISTICS 
• REDUNDANT FACILITY SYSTEMS 

• REDUNDANT FACILITY SYSTEMS 

2 ANTENNA FACILITIES 

r .. SLIP THROUGH" 

:==I--~--SA-T_E_L_L_1r_e_:J:'un 
ANT FACILITY ANT FACILITY 

PROBLEMS­
•LOGISTICS 
• REDUNDANT FAClllTIESfCREWS 
• NEED FULL \'VICTttiSl.IP THRU 

SAT FACILITY 

Figure 3.2-86 18 Antenna Facility lndependenl from Salellile F:acility 
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.J . .? • .? . .? . .? GEO Conslrw:rion Bur Dncriptioa 

l . .? . .? . .? . .?. I Confaprarion 
Th\.· !-!l.'11\.'r:.ll configuration of the!' constm\.·tion NSl' for lhe Gf.O 1..'llnstruc1ion option is e~nriall)' 

the same .as for rh"· LfO 1.·onstrucrion b.tSl' de:;crilled in ~dion 3. :!. I. I.:! but ha~ a few small 

\ari<ltions. On< of th\.'S\.' ,·ari:uions °'-·curs in the!' fonn of oulri#c!'rs on tn'-' side!' of rhe sarellire 

consr ni..:tion fa,:ility. fach of thl!'sc: four oulri#l!'rs is approxim.:ndy 700m in ll!'n~th which allo"·s a 

comrkr'-'J port1"m of thl!' sarellill!' toll'-' indl!'wd latl!'rally Olk' 1-ay kn~rh so it is ourside 1..-onsrruc­

tion ar\.'a so aJJirional ~1.:tion'i of thl.' satdlire ,;an ~· constnh:t\.'J. This particular Opc!'rJtion was 

sho\\n pr\.•\itlthl)· m Fi~tm• 3.~-S~ . 

..\1101ha di.'\ ialion of lh\.· GfO 1.xmstru. ~ion lla~ is that th'-' anh:nna constru"·rion fa.:-ilil} is d..-si!!nc.'d 

"t.l thJI ii "·an""' ~r.ar.ah.·J from anJ r1.·a1t.:1dh.·J to lhl!' s.a11.·llit\.' "·onstru1..·tion fa"·ilit}. This ~ration 

as n\.·'-·1.·s...ir~ in lh\.' 111stallat1on of tlw ant\.·nna as pn•, iousl~ JiS\.·us...,_·J in 5"-"·11011 3. ~- ~- ~.1.3. 

l . .? . .? . .? . .? • .? Foundation 

Tlk· h1unJa1ion llf 'lrudurl.' of lh1.· .:-on,tru.:-lion ha...: hJs ti,·"·n J'suml.'J ;ll ~· th1.· SJllll.' .JS for th\.· 

Ll-0 .:111blru1.:t1t1n ha"'-' J,·,, · ;l""-'J m Sl.'d1011 -~-~.I. I.~-~-

3 . .? . .? • .?.:?.J C:u~o H:indliil!t Distribution 

Tiu' '~ sll·m llhlh'' ,:Jr~n Jrhl pa'"mnd Jn1un1.I th1.· ba"'· .ind ., •''"-'nliall~ llll· ..:uni: a' 1.ks .. :rir1.·J for 

rh1.· Ll·O ~·on,rru.-11,111 ~·'"' 111 Sl·d1,m .~.:.1.1.: .. ~ . 

. l ~.1 . .?. :!..I he" '.\lodules 

T1.·11 .-r,·\\ m11d11k~ rndudlll!! "' .. :rl"" 1.111.arll'r; moJuk' .lfl' Jls,1 11"-·J .:r the ( .t 0 ~·m1slna"·t1on '1.tS('. 

rlll.' lkfimlilHl of tilt..'"-' moJuks is 1.'S"-'lli1Jl1~ rh,• ~1111.· .rs for thOS\.' J,•sa1l>:.·d for !Ill' ll-'0 .:-on­

'lrud1o111hax·111 S..·dion .~ . .: I 1.2.~ "ith Ill\.· ,.,'-.\.'pflon thJI l';Kh ,,f till' .-r:\\ quJrk~ nwduks ha' 

.111 1.'l!!hlh lkd. th.ti 'l'fh'~ ,I, .I ,oJ:.ar flar1.• raJ1.tllOl1 'hdfl'f. lJw Ill.I.;, JX'llalt~ for l'Jdl Of tlll'S\.' 

'hdk~ 1, ,·,t11n.11l·d "' h.· 11~.00011!!. 

3.1 . .? . .? . .?. 5 Ba'i(' Subs~ .. ren1'> 

rt11.· ,·kdrr.:Jl I'•''' 1.·r '~ ,11.·111 forth.· h.1,· 1.:on~1sts of ~ll·llill' I~ pl· 'olar JflJ~' for primary pO\H'r anJ 

111d.d l1~ drngl'll h;1tll·n1.·, dunn~ o ... ·,:ultalion. S111,·1.· o"·,:111t:.111ons .:11 (;t:o .:1rl· of ,.t•ry short durJtion 

Jnd o ... · ... ·ur h'r;. 111 fr1.·qu,·111 I~ O'll'I tame' Pl'I' } 1.·ar I 11 hJs h.·1.·n assun11:d 1111: .:on:-.tmdion work "ill -;hut 

d1l\\ n during th ... ·"· p1..·nolh .1ml hJH' no appr~ciahk d"f1.·1:I on lh1.· llllh.'lllk'. 8~'-·auS\.' till' nicl..l•I 

h~ drrn.!1.·n ,~ ,1,·111 do•'' 1h1t n.·,·d rl·d1ar!!lll!! 1.'h'f) da~ lhl· tot.ti p11\\l·r r1.•qum:rn1.·nt 1s ~h00 lo.:\\ rat ha 

th.111 .'200 I\,\\ •• , tor lhc I.I 0 1.·on,lrud1011 h;tsl'. 

,.\ Lo2 I.ti~ tl1~ht ... ·nnlrol '~ ,11.·111 '' 11'1.·d to ~!list\ th1.· fw1•t10 1' 11f Jtlllll(k control. station 

kcl'ptn!! and 111m1.·mcnt of th·: h;tSl' to thl· lll'\I ,;1tdl1k lo1..·at1nn. 
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3.2.2.2.J Enwironmn!al Factors 

';JU<;r~..;r., PAGE I& 
I ;i·' Pt 1'JR 1,JVAL.ffy; 

Enwironmental factors induding rat:iation. meteoroids. occultations. gravity gr.tdient and dr.tg and 

coUision with manmade objects are the same as discussed for the GEO final assembly base in 

Section 3 . .:?.: . .:?.3. 

3.2.2.2 . .f Crew Smnnaary 
The crew size for the GEO "-onstroction base is judged to be the same as for the LEO "-onstruction 

base or 480 since e~nti.tlk the same ta:.ks are being rerfonned during the same time period. A 

breakdown oft~ 1.·rew would be similar to that defined in Section 3 . .:?. 1.1.4.3. 

3.2.2.2.S Mas Summary 

A ROM mass of approximately b.5 million kg has been estimated for the GEO ("Onstruction base. A 

summary of the estimate is preSc:nted in Table 3 . .:?-.:?.:?. This ma» is approximately 0. i million kg 

hea,·ier than the ("Omparable LEO construction tiase rrimarily as a result of the additional mass of 

the solar flare r.1diatior. shelters. 

3.2.2.2.6 Cost Summary 

A ROM unit cost ofaprroximatd~ S7.5 billion has been estimated for the GFO construction base 

A summary breakdo"'n is presented in Table 3 . .:?-23. This base is approximately S0.5 billion grc~ilcr 

than the LEO construction base again primaril~ duc to the ("OSI as.~iated with the radiation 

shelters. 
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Table 3.2-22 GEO Construction Base ROM Mass 

1to3KGI 

FACILITY (57501 

FOUNDATION 2500 

CREW MODULES 2690 

CARGO HANDLING/DISTRIBUTION 400 

BASE SUBSYSTEMS 60 

MAINTENANCE PROVISION 100 

CONSTRUCTION & SUPPORT EQUIPMENT 15151 

STRUCTURAL ASSEMBLY 80 

SOLAR ARRAY INSTALLATION 60 

POWER DISTRIBUTION INSTALLATION 20 

SUBARRAY INSTALLATION 30 

CRANES MANIPULATORS 255 

INDEXERS 70 

DRY TOT AL 6265 

CONSUMABLES 190 DAYS) 270 

TOTAL 6535 
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Table 3.2-23 GEO Construction Base ROM Cost 

FIRST SET 

s1o6 

FACILITY (36101 

FOUNDATION 250 

CREW MODULES 3020 

CAP.GO HANDLING/DISTRIBUTION 330 

BASE SUBSYSTEMS 10 

MAINTENANCE PROVISIONS 

CONSTRUCTION ANO Sl:PPORT EQUIPMENT (15551 

STRUCTURAL ASSEMBLY 350 

ENERGY COLLECTION AND CONVERSION 165 

POWER DISTRIBUTION INSTALLATION 75 

SUBARRAY INSTALLATION 80 

CRANES/MANIPUL ".TORS 760 

INDEXERS 125 

BASIC H"'RD\.•.'Afl[ (51651 

SPARES 775 

INSTALLATION. ASSEMBLY. C/O 825 

SE&I 360 

PROJ MANAGEMENT 100 

SYSTEM TEST 155 

GSE 205 

TOTAL (75851 
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3.3 nu:::RMAL ENGINE SATELLITE CONSTRUCTION 

This section contains the construction an1lysis of the thermal engine satellite configuration shown 

in Figure 3.3-1. There are two construdioo approaches that were analyzed: l) LEO construction­

the satellite is a~mbled in modules at LEO and transported to GEO u!>mg sdf-powere.1 electrk 

thrusters, and then the modules are attac'1ed at GEO. and 2 l GEO Construction-the s1tellite is 

cvnstructerl in modular fashion at GEO. 

The LEO construdion approach is developed in detail while the GEO approach is examined for its 

differences relative to the LEO construction approach. In the following sections. the construction 

tasks. fadlities. assembly sequences. maci1inery. logistics and personnel are discussed. 

3.3. I LEO Construction Concept 

For the thennal engine satellite. the LEO constmction concepts' m Figure 3.3-2 entails con­

structing 16 Modules and 2 anknnas at LEO. individualiy transporting ead1 module to GEO usin~ 

self-powered el.:-ctric propulsion. and at the GEO the modules are attached to form the cemplete 

satellik and the antennas en·ckd. 

MCDUlE 
FOCAL 
POINT 
ASSEMBLY 

10.9 KM 

• 16 MOOULE3 
• 96 ;~ILLION KG 
• 26')0 K!Y. OF STP.UT BEAM 
• 1.2 KM2 RADIATOR 

t---''--f--+--+--'---t--_._--ll • 116 O!'>O FACETS 

I 

I / 
I 
~-

(~ 
/'<._./' 

Figure 3.3-1. Thermal Engine Satellite Configuration 
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0 • SELF-POWER TRANSPORT TO GEO 
~I • ANTENNA/YOKE CARRIED 

BENEATH MODULES8 AND 16 

Figure 3.3-2. LEO Comtruction Concept 

Thermal Engine Satellite 
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The '-·onstruction operation~ at the LEO ha~ an.· dl'Sl'riht•<l in S:ction .~.3. I. I. Thi: c;i:o l•aSl' 

opi:ratiom are Ji:scriheJ in Sl•ction 3 .. ~. I.~. 

3.3. l. l LEO Base Construl'tion Analysis 

3.3. l. l. l LEO Construl·tiun Operations 

3.3. l. l. l.l Top Level LEO Construction Tasks 

Thl' l·onstruc11on tasks to he al·l·omplis'tl'd at the Ll-0 h;tSl' are summar11ed 111 F1~url· _,_3-.l. L1d1 

of thesi: tasks ar1• discussed in detail in following ~ct ions. 

3 . .l.1.1.1.! LEO Construction Base 

l'hi: l·on,trudilll\ b.1s1.· to h1.· u~·d ;1t U·O '' 'h\l\\11111 t'1!!llr1.• .l_3--+. l'lll' ha,1.• 1.·onsi~h of tlun· 

1.·01;strud1lln ar1.-.1s· 11 th1.· ynkl' and .mh•n11.1 Cllll,tru\.'11011 ar1.·:1 . .:1 th1.· r1.·tkdllf "'lhtn11:11on 

f.11.'hH) .• md 31 thl" fol·.11 polllt f.tctm~. nw b.1 ... 1.· I' lks1.·nb1.·d Ill nwr1.· 1.kta1l 111 S1.•1.'tllll\ 3 .. ~. I. I . .:. 

3.3. l. l. l .3 To1>-le,el Constnal·tion Sequenl·e and Timdine 

1 h1.· rl.'111.'l'tor. th1.· fo,-.11 point anll th·: .1nknn.1 ~ <'l-..1.· .1,s1.•111blK'' .1r1.· 1.·011,tru1.·h'J m p.tr.tlkl. 

Fi!!llrl' 3.3-:' 'hO\\' ho\\ th1.• rdkcl\ll i:- a'x'111hkd. rill' a:'Sl'lllbl~ 01'1.'r.ltion is J1,1.'l1S,l'd lll lkt.1il ill 

S1.•cllllll 3.3.1.1 1.--l. I. 

hi:ur1.· -~--'-<' 'h1.1\\' lw" tlw f1l1.:.1I pl1111t .1 ...... 1.·mbl~ 1, c1ll''itfll1.'t1.·d. l'lw .kt.111, 1lf th1, .i...,1.·mhl~ 

op1.·1-.1t11m '' d1,._:u,x·d 111 S1.•1.'lh'l1 3 3.1.1.1 -t . .:. 

hp1r1.• 3 3- - 'h1.l\\.; hl>\\ tli1.• ~ llk1.· .111h';111.1 .1',l'lllbl~ I' (1.lll,trt1c1l•d. l'IW ,kt ad' llf til\''l' .l~'l'lllbl~ 

l'l'1.'t,1t11'11' .1r1.· d1'1.·u,"'·d 111 S1.·ct1P11' 3 3 I. I I:' .111d 3 .. •. t l. l.<i 

l'lwsi.• rl'lkdllf a111.I foc.1l 1'1lll1t 'lll'.t"1.'llll'h1.·, .1r1.· Clllllll'Ckd Ill form a compkh' 1111.xluk .111d tll\'11 

th1.· moduk· I' ind1.·,1.·d 1111t of tl11.· 1.'ll11,tru..-t1lln fa1.·iht~ ·'' ~lh'"ll 111 h):!llfl' 3.3-X. 

I h•: ~ 111'.1.• and .mh•nna c<ln.,trud1011 p.1,1.·1.·1.·d c<l111.·urn·ntl~ "1ih th1.· con~tru.:t1011nf1.·1i:ht 11wduks. 

ll11.· .11111.'1111.1 and ~<lk1.• .1~"'·111hh1.·, .tr' tlwn att.1dwd to th1.· Xth and IMh 111ndul1.·, \la .1 hlll)!l' 

a"1.·111hl: . 

. Ll.1.1.1.4 \lmtull'- l>l'taill'd C'onstru1.·tion Task Analysis 

I'll\' mndull· 1~ .:1'1111\\1~1.·d of tlw r1.·tkdor .111d till' fo.:.11 pll1nt ·'"l'lllhh1.·, rtw r1.·lkch'r 1.·011,tructl\111 

dda11' .1r1.· !!IH'n m S1.•,·t1011 :' -~A 1.1.-t. I .111d tlw foral 1'''1111 .:011~tru1.·t11111 1.kta1l' .111.· )!l\l'll in 

S1.·.t11111 3 3.1.1 A.~. 
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e CONSTRUCT 16 MODULES 

CONSTRUCT 
FOCAL POINT~ 
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L ... ,, ELECTRl:--L---~ .... ·'·~~~~~---
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STRUCTURE 

Figure 3.3-3. LEO Base Con~truction Tasks 

Thennal Engine Satellite 
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figure 3.34. LEO Construction Base 
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figure 3.3-7. Antenna(Yoke/Module Assembly 
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J.J. l. l .1.4. l Reftrc1or As.wmbly 

The n:tl\.'clor structure is a spherical disk i:-onstrul"led from tetrahedral structural units. The basic 

structural unit i~ shown in Fi(!ure 3.J-10 alon(! with th\.' structure assembly machine. This machinc 

in"·orporaks q strut as.~mMy machines and 7 joint fitting installation mechanisms similar to th~ 

Jcscri~·J in JC'lail in the photovoltaic saMlitc structure constru ... ·tion section. A ryramiJ and a 

trian(!I.: arl' a~mll11..•J in t"ll scparak an.·as of 1he machine. The- trianl?k is a~mbkJ Ji~ctly to 

prl'\'i<l""''' i;-stalled stnKtun-. After its :1~mbly. thl.' pyramid section is transportl'd and connc'-·t1..-J 

to lhl.' ,r; .ngk anJ to pre\iously installed !>truclure as illuslrall'd in fi(!tm• 3.3-11. 

Usin~ lhl· liming ...-onstraints imposed on lhl' bea11 ma...-hine described prl'viously. it was found lhal 

liw of lhcS1.' slru"·turl· 3!>S1.·mbly ma"·hinl'S must oix·ratl' in paralll'I in order lo finish the rdledor 

willun 14 Ja~ "· rwo oix·rators arl' as'>ignl'J to l.'ach ma...-hinl' ea"·h shifl 

Fal"et Deployment 

Thl· hl"\agonal rl'fkl"tllr fal"l'ls are a1tad1l'J Jirl'1.."tly to th"· n•tle...-lor slru..:ture \ ia spring-11.'nsioneJ 

rod•l·r ann!>. F 1gur'-' .l.J-: ~ ,.IHlWS lh"· fa'-·"·1 Jqiloym"·nt mad1inl' thal "·oulJ l"'-' used to pafom1 I his 

la!>i... F 1gur'-' .i.3-13 'ho\\,. lklails ,,f this lllJ• hint'. Figurl· .l.J-1-t !>ho\\s lhl' fa'-"l'I Jl·ploynwnt 

Fi\l' l'f lhl'"'-' fJ,l'l dl·plo~ llh."111 ma.:hilll'" ;trl' fl'llllirl"ll. r"o 01"-'rJtor,. Jfl" as,.ig1wJ lo l";1d1 madUlll' 

'-·ad1 ,h,ft. 

lnl~raled Saructutt A!'>..o;embly :111d Fan·t Deploy~• Sequem.-e 

l"ltl' fih· 'I ru,·turl· a'""'mhl~ mJl"hinl·,. Jnd lhl· fih' f;Kl't lkplo~ llll'lll fll.1d11nn 01x·;ak· along till' 

...-unl·d ... urf.tl°l' ,,f tlw rdkl·tor fJ.-hll) ·''''a" .,ho"n m h)!ttfl' -~-3-5 and 111 a .,ta:!J!l'fl'd Jlignml·nt J' 

slHl\\ 11 111 h)!llfl' 3.J-15. 

In nr,kr h• l"on,tnil°l lhc ...-un,-.1d1~h.11 '' nl'l°l'"'"-'f) "' 1110\l' till' f.tl°IOI) up and d•l\\11 thn'lll!h a 

rat:)!,' of I 40m .l!ltf hl rut.Ill' 1! through -o a' slhl\\ 11 Ill Fi)!llrl" J.J- f h rill' fJdllr~ r,·,m,·nt.111011 

-~--'- 1. I.I A . .:! fo,:al Point .-\'Sl'tllbl~ 

rf1,· fo,·.il 1'0111 I ·'"':lllf-1~ '' l°l •lllpO"'''I of llll' f,11lo\\ ill)! ,.uha"l':H hhl'" 

• Slru, 1111,· t 111...-lud1n)! 1•'!!'1 

e ( .I\ ti\ 

• < ·,1111po11nd l'.1r.1h,1l1, < ·,,l1l°•'nlr.1tPr I( "l'<"l 

e I 11g11h' \,,,·111 b' 

e I 11,•111,· l{,1d1.1h1r 

... ·1.1h•r l{.1.t1.11nr 

• \1'11h· 1111,·•11.t,· ... l'•"h'r hu'"'''I 

174 



--------
--------

·­--
-: __ 

-\-:-----
\ : I 

l
: -----.;__I \ 

I I\ 
..... _ .. . ,' -.... . : . ~. 

«IMSTRUTS Y7 ::.~ECTOR 
STRUCTU 

,--...,. UNIT RAl 

1------

--

' 

··- - .J 

_,i 
l : -
. I 

I 

--:!- -

7("m 

ViJl.UR' .L\- It. Scrul.'t,.- \ '" . ~...,.., l 1 . 11 , ' \t~d1im· Int • 1 '' .. ,.,. 

''· 
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Tflesc subassemblics are "·onstn11.:t..'d .:onl·um.-ntly in dedkaled assembly areas on the foca: point 

factory as shown in FigU .. t' 3.3-17 

In the following se.:tion~. the .:onstru\.'lion of ea.:h of these subassemblies is described separ.ttely 

and then an integrated constnaction sequence is shown. 

Major Suba~blies Construction CollC't'pts 

Structure-The structure is fabri.:JteJ and assembled by a .:olle" tion of beam machines and manipu­

lators operating fron1 the various surfai:es of the fo.:al point factory as shown in figure 3.3-18. 

The ~Om beam kgs and the anlenna support stm\.'lure arl' assembkd b~ beam ma"·hines and crane/ 

manipulators that operate fro:11 the sille rails of Ilk' fa"·ility a .. shown in Figure 33-19. 

Cavity and CPC-Tilt• 1.:a,ity and CPC arl' .:onstnh:h:J on turntahks in their respective assembly 

ar"·as. Tht•se a~'.'ll·mblks are 1.:onstnKtl·d in a two-sh'p. l\\O-slation sl'qUl'n"·c usil_lg thl' constmdion 

l't]Uipment ~ho"n in Figur"· 3.3-20. 

Al Station I. lh~· "''osk,·ldon is fabrii:Jll'J by (\\O 5m b1.:am mad1inl's and a 20m .:r:mc: 

manipulator. 0111.' of till· h"·am ma.:hinl's ltlJkt.'s 1h,· lon;!ituJirul ht•arns and th.: otha beam m:1d1rnl.' 

rnakl.'s rlw IJll.'r;11-i. Tht''.'ll' hl.'alll" art· inrer.:011111.'t'h.·d h~ !ht· 111;1111p11l;1tor. lhl.' frame is pt·m~d1.:allv 

altaclwd tn tlw rurntJbk \\hi.:11 j, ll,t·J to 111de:-- the as,t•mhly rhrough llw as'\t'ntbly stal1or.s. 

Al Starion 2. rhe pands :irt' tr:insporkd to th1..·rr J'"''mhl~ location b~ a t'Onw~or sy~km that can b1..· 

insl•rkd into and fl'lr:tcled OU( of thl' illlll'f reu·,,,,, or thi: 1,.';J\ ir~ or CPC. Thl' rand'\ an: fl'lllO\l'J 

from th1..· t'Oll\t.'~or and attadwd to thl.' fr.11111.' h~ :i l'-llll'I installation machirw. On th,· "·a\lt~ panl'I 

insrallarion m.1d1inl.' tl11.·rt' b 1111:orpor:th'd J1101lw1 m.1111pulator th;1t i~ •1st.'d 10 wdJ th: lllJ"ifcld 

pipl'S. 

Engine Rib Assembly- Th"· lhl'rm:il cn)!illt' ;1s~t·mhly i' .-ompoSt·d of !Om hl·arn to \\hid1 rs .11tad11.'d 

tht• lharnal 1.:nµirll' palkr-.. lht.> pi pinµ :i'socialt·d \\ ith tl11..· r:tdi:itors .. 11Hl thl' 1..·olk.:tor pmh·r busSl''\. 

This inkµrakd a-;o;t.'mhl~ 1..·an ht· pn,Juc1..'d in J J-bay ~uh.1~·1..'1111>1~ faclory as shown in Figurt' 3.3-.= I. 

rtw compkll"d a"•·mbl~ "ill ht· .. l.'\lrlllkd .. from thi' factory .11 a r.1k that match"·" th1..· 

.. l.',tru,1011" rail' of th.- ,·11µ11w radiator factory d1'"'lh,t'd in lhl' lll'\t paraµraph. flw; .1110\\' lhl.' 

rad1.1tor manifold pip''' to h,· -.,d .. kd tP lhl· "·nµilll' manifold, within till· ra,·iJ11~. 
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Radiators-The thermal engine and the genemtor mdiators can be produceu using a 3-station 

assembly lh1e as illustrated in Figure 3.3-22. 

At the first station. the pipe sections are deliver · J by a comcyor system to assembly p(\sitions 

where pipe welders attach the pipes enJ-to-end. The completed pipe is index :d ahead a o;hort 

distance. The secoud pipe is then similarly assembkd. These two pipes are then attached together 

by pipe brackets installed by pipe br.icket installation machines. The completed 2-pipe set is then 

indexed to Station 2. 

At Station 2, che 111eteoroid bumpers art• attached to the pipes in a 2-step assembly operation. 

After the bumpers are installed. the pipe set is advanced to Station 3. 

At Station 3, the radiator p:mcls are conveyed to their installation positions. A panel installation 

mad1ine extra1:ts panels from th1: conveyor and mow.> the panel to the final assl·mbly position 

where the ends of the panels arc welded to the manifoiu pip,·s. The complet-:d assembl) is then 

indexed out of the radiator fadory. 

IWllAT'lll OSSEM8l Y LIUf 

Figure 3.3-22. Radiator A . .sembly 
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SPINE-Thl' spine is i.:omposeu of a ~O m heam. Some of thl'St' 'pine beams will ha\ 1.· po" 1.•r busses 

altad11.•J. This spine assembly 1.·an he prodLK't•d 1-y a mad1ine i.:on"·ept as shown in Figure 3.3-..:3. 

Integrated focal Point Constn1ction Sequen:e-The \·arious subas!M.·mbly opt•rations just d1.•si:ribl·d 

all pro1.·1•ed in parallel ;n ;•n ir~ll·grnh.'d sequeni.:t• as slllm n in Figures 3.3-~4 and 3.3-25. 

J .. l.1.1.1.S Antenna-Detailed Construction Ta~k Analysis 

The antennas are l:onstru"·ted in the antenna fai.:tory i0t·ated below the retki.:tor fodory Thl' 

antenna i.:onstnrction lktails are identii.:al to that lk~i.:riht•d in tht• photO\·oltak sat.-!!ifl• ant1.•nna 

con~tru1.·tion I Se1.'. 3.2. I. I. l .. 'I with 1; . .: 1.'\\.'l'ption thJt for the thennal engin1.· -;atl'llih·. the antt.'nna 

is constrn.:ted ur,1d1.• down. This Jiffrr1.·1Ke is du1.• to t11c tlwnnal 1.·ng11w ~atdlrk's 11n1w11.• antenna 

h IO&I.' system. 

3.3.1. I. I .6 Yoke-~tailed Construction Task Analysis 

Th1.· ~ ok1.· 1:onf1~uration 1' ~1milar to th.rt used on the ph1Ho\oltaK o;atcllit·· 1111.· 'i!!r11f1,;111t difkr-

1.'IKI.' 1' that th1.· th1.·nnal 1.'ll,!!1111.' o;atdlit1.· ~ ok1.· ha~ an .. oft\d .. in rt\\ 1th .111 1.'\lra turn ta bk .. \ hing1.· 

ass1.•111hly 1~ al~<' r1.•quirl'd. 

Cnn.;trud10n 01· th1.· yokt· .• ,,cmhl~ for th1.· th1.·rlllal ,·nj.!'lh' .. atl'lllre r1.·qu1r1.·, a 'Pl'1:ial platfurlll .111d 

rota Ill~!! hoo•n ;;~ 'hO\\ n in Fr~url· 3 3-21l ~llll°l' no ,1h•rh1.·.1d l't1n,trul't1011 prm 1 .. 1011, ,Jfl' .l\a1labh.· 111 

th,• f• 'l\t'r area ot th1.· 1.:orhtn1l't1 1m h.t,l'. 

Th,• ,,·qu,·1111al 111.11111~ ol th,· Jlllt":na-to-~ 11!..1.·. h111,l!1.'-IP-~ t•J..,., :11h! .1111<'1111.r 'uJ..l· 11111'.,!l'·lo-rdkl·tpi 

wa .. ptl'\l\Jll'>I~ 'hll\\11111 h¥tlfl. 3.3-- . 

.l.3.1.1.1.7 Suba,-.emblic.>~ 

\tan~ of !ht• 'uba,,l·lllhh•·' dt,l'll~,1.·d in S"l°lfllll J.2.1 l .1.- ar1.' r.·qu1r1.·l' 

J.J-27 ,IJo''' th1.· ,utia"c111hl11.'' rt•qu1r" .J. 

.l.J.1.1. I .S Con,tn11 •ion fquip!!H.'!1! Smr:mary 

rh1.• 111.i;nr l'l)lll;1l111.'lll u,,•lf lo l'Oll'>trtld th1.· tlll'rlllal 1.'llj.!llh' ,;itl'fllt1.' .111d lhl'lf d1.1r.1,·kl'l,[I'°' I' J'l1.'· 

,,·nt<'•' 111 I .rhk 3 3· I. Shl".'h ' thruu).!h (1. 
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Tahir JJ-1. LEO ~ConstlUdion Equipmrnl Shttt I 
NUM8ER REQ"D 

EOUt~:n,;T ITEll 
EQUrf>Mg,T ITEll MAJOR 

ElEUENTS 
NO.REQ"D 

ITEM 1 REFl FOC PT ANT YOKE SU8ASSY 
1-~~~~~~~~~~~~+-.;,..;;;.+...;;..;,.....;.+~-+...;;.~t-~~--1-.--::CA:-:-:R~R~l~A~G~E:--~~~~~~.1-~-1---a 

I • :; ; Rt:i: ':URE ASSEM8l. Y e STRUT ASSY MACH 9 

Ii t.!,,_Cti:!' .. E 5 e JOINT FITTI~ MAOt 1 
!"ASS J1K Kgl •- • INDEXING CARRIAGES & 

I ,.:c:;T S1~~, -~---- • JOrr.:T ftTTl!\:G CARROUSElS 1 
• CONTP.Ol CABIN (2 ~) 1 

: • STRUT MAGAZINES 9 
i e UUtHIAGE "f 
I • r ~CE r CE?!.OYr.!ENT MACHINE 5 • FACET STORAGE t.IAGAZINE 1 
! !~'.\SS 13k K9i e FACET FEED :JECH. 1 I 
j !CCS:'~~! e FACETDP'LO\'!\!ENTMEOt. .. 

e RCCJCER r.R:.? GEP!.OY MECH.. 1 
I - CO!ltT~OI c•.;:tN 12 r.ctoNt • 
1 e ~-' M.:.'\:IPULATOR;'CRANE 7 2 10 • CARF.!AGE 1 

lj [i> CPC t [!> I}:> • ELEV.\ TOR BOOM 1 
CAV!TY 1 • TRA.~S\'ERSE i?OOM 1 

I E» ,:;~;ES 3 • 11.t;.J'.;IPULA TOR ARMS 2 
l, Si':'•~ 2 • CONTROL CABIN 11 MAN) 1 

}-... P• .. ;.•~TE ;;s 2 
I v s:. C!:.!R4 

I' sr.;::c1uRES• 
.... ·cs-,!< !C-' 

L.:r~~1 ~ ·~;._,_·-------l.--4---4--+---+----+-------------+----~ 
e ~ 10-~·-: .• .:.:;11·t•<.ATOR.'CRA.'llE 3 8 10 
~ S::J!: :.P:'.~S 2 

i ~-> r .::::1crtv 1 
I ,·.·~-~ =' v 'i 

LP- I (SAME AS ABOVE EXCEPT 
2 •.!A.~ CASSI 

·U .•: ~- .. ·---------4---~--+..--t--+---~------------t------i !-;c,. _ · : : ·. ·-uu:. fOR.'CRANE 
I I 

i l I lS.u.tE AS f.SOVE EXCEPT 
~ :··;";~ ... ~~!i·t~; 

L::..:..~·.; ~ ---~~.-----.l..-...J..__.a__...1.----1. __ ..L,_ _______ _.__ _ __. 
2~1A.. ... CASSJ 

·,.. . .-.!. :.. n. :. l ;·~ T ~iJLE REFLECT AVG COST PER UNIT AFTER 
:.•f: ":·.,; U ,,R~lt;G fACTI)~ OF 0.9. 

SPSl~ Table 3.3-1. LEO Base Construction Equi'>tlle'nt Shttt:? 
~-----~-----..-----

I [Qt;'F','ENT ITE= 

I 
I e 20M Bf:.~ .. \U,Ci"NE 

I 
I 
I 

14~ s;·;•:E 1 
..,Y LtGS2 

i~1ASS :>oK !<'Jl 

iCOST $:»1•11 

· • ~o:: CL\r.! :.~:'..CHINE 
~ SUPERSTRUCTURE 6 
i,?'" E~~GINE RIB 1 

C,'WITY RING 1 

NUMBER RE<rD 

REFl FOC P4 .\NT YOKE SUBASSY 

.. 
EQUIPMENT ITEM MAJOR 

ElP.,ElliTS 

•CARRIAGE 
• YOXE ASSY 
• STRUT t'.SSY MACH 
•JOINT FITTING MECH 
• INDEXING CARRIAGES 
• STRUT ~.;.\GAZtrJES 
• JO!rH FITTl:\:G CARROUSELS 
• CONlROL C.\B 12 MANI 

, 
1 
9 
3 
6 
8 
3 
1 

C I 
I c:1ASS 11 '\ '<!;I 

! ICO~TS~~1~:·_~l~~------+.-~l----l--,........l~-~-~-~-----~------1t----·­
~.: c~.,:.1 :: :.cm!\:E .. 2 1 
1 1ti "> CAVITY 2 
I V Cl'C2 B> !SAME AS ABOVE EXCEPT 

1 MAN CAB! 
I J 

1
1 

(f~A!:.S 7"- K,;i 

~~STS•'·)~-~-------+---1----1--~-=--~---4-------------+-~-~~ 
• ~.:: Tw::: r ;,fiLE U(AM MACHINE 1 (SAME AS ABOVE EXCEPT 

l 1:·;.':>:) ll.1°~ K•;' 
IC<'':>T '\?'."ll 

r.-J:.:.~lliEIHA_C_T_A_B_l_E_B_R_l~DG~E--+---+--:--.+--t---+---+---~---~---~ 
1 MAN CAB) 

t 
•CARRIAGE (M;.:·s I 

ccosr J •STRUCTURE 

~-HE TRACTABLE BRIDGE 

I (1.: ·."' 
_ \i.1-..Sl 

t 
• Cl\RRl1\GE 
•STRUCTURE 
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ORIGINAL PAQB 8 
t >F Pooa QUAUl'I 

SPS1~ Tahir l . .J-1. LEO Base Construction Equipment Shttl l 
NtMllBER REO'D EQUIPMENT ITEM MAJOR NO.REQ'D 

EQUIPMENT ITBI REFL FOCPT ANl YOKE ir.-. .. ELEMENTS ITEM 

• YOKE A$$Y BOOM 1 •HINGE A$$Y 1 
fUASS ' e ~STRUCTURE 1 
fCOST J 
~US OEPl.OYl.tENT MACHINE 3 1 2 • CARRIAS:E i!> 1 I REQ1> ON YOKE MACH ONL y • 800'\I fr; 1 

• 800:.t NOT RE01> ON SPINE • A BUS D PLOY MACH 1 
' MACH OR El\:G ASSY LINE • 8 B•JS DEPLOY MACH 1 

• ARl ICJLA TING BOOM REO'D • C BUS D[PLOY MACH 1 
0."11 O.":E OF THE YOKE • CONTROL CAB (1 MANt 1 

CMASSaK Kg) 
MACHINES 

CCOST$?1Ml 

~INE ASSY ~INE 2 •CARRIAGE 1 
[i> INCLUOEO IN 2C* BEAii • 20.-.. CEA.\t l:ACH 1 

UACHCOUNT • STRUT ASSY MACH 1 

~ ~ INCUJOED IN 2C* • 20M MANIPULATOR/CRANE 1 
llANIPiCRANE COUNT • BUS DEPLOYMENT MACH 3 ~ INCLUDE!> IN BUS • CONTROL CAB (2 llAN) 1 

• OEPLOYtlENT MACH COUNT 

IMASS 5K Kgl 
fCOST Sis:AI 

~VITY ASSEMBLY AREA EQUIP • SM BEAM MACH 2 

~ INCLUOED IN SM BEAM • ~1 MANIPlCRANE 1 
MACH COUNT • PANEL 11\iST MACH 1 

!):>PANEL COl'JVEYOR ANO • PAr.1EL CONVEYOR 1 

6> PMEL mSTALLER • CONTROL CAB 12 MAN) 1 
OPERATORS USE THIS •TURNTABLE 1 
CAB I (MASS 10K K~ 

ICOSTS:OMJ -

SPS 1470 T3• 3.J-1. LEO Base Construction Equipment Sheet 4 

NUMBER REQ1> EQUIPMENT ITEM MAJOR NO.REQ1> 
EQUIPMENT ITEM 

FOE FL FOCPT ANT YOKE SUBASSY ELEMENTS ITEM 

• CPC ASSEMBLY AREA EQUIP (SAME AS CAVITY~ AREA) ( , 
(~1ASS 10K Kg} 
(COST SC0-1) 

• THERMAL ENGINE ASSEMBLY • ENGINE PALLET CONVEYOR 1 
LINE • ElllGINE PALLET ELEVATOR 1 

E ~ 
• 10M BEAM MACH 1 

INCLUDED IN 10M • 20M MAllllP/CRANE 3 
BE.Ut MACH COUNT • BUMPER INST ALLER 1 

~ INCLUDED I~ 20M • BUS OEPLOYER 5:> 1 
MANIP/CRANE COUNT • PIPE WELDER 2 

~ 
• BUSWELDER ~ 1 

INCLUDED IN BUS • CONTROL CAB 2 MANI 1 
Of PLOVER COUNT 

~ ATTACHMENT ON 
MANIP/CRANE 

(MASS 14K Kgl 

(COST S45nJ 

• ENGINE RADIATOR ASSEMBLY • CONTROL CAB (15 MANI 1 

LINE e PIPE WELDERS 17 

(MASS 27K Kgl e BRACKET INSTALLERS 17 
•BUMPER OEPLOVER 2 

1COST $130MI •PANEL INST MACH :? 
e INDEXING GANTRY 1 
• WE LO TESTER 3 

191 
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SPS 1471 T :abk 3 ..3-1. LEO Basr f' onstrttction Ecr "llllftll Shttl S 

NUMBER REO'O EQUIPMENT ITEM MAJOR NO. REQ"'D 
EQUIP':'.tENT ITEM 

RE fl FOCPT ANT YOKE SUBAS'SY ELEMENTS ITEll 

• GEll:CRATOR RADIATOR • CON a RCL CAB CS llANJ 1 
ASSEMSL Y LINE EQUIP • PIPE WELDER 1 
IUASS 11K KgJ • BRACKETINSTALL~R 1 

\COST S~-0"'-'! • BUMPER OEPLOYER z 
• PAN£L 11'.:ST MACH 1 
• INi>EXl:'<iG GANTRY 1 
• WELD TESTER 1 

• ~AR'U'.Y TEST MACHINE 1 

• lll'l l~DEXING.SUPPORT MACH 4 

• 40'.'.• NOEXl:l;G.~UPPORT MACH 8 6 2 • 1.3111. Kq 
• S35f1 

1 • 20G\t 11\:0EXl!\:G."SUPPORT MACH 2 
• 51c;zg---
• s1-• 

• BUS SAR RO~ BENDER 1 

• BUS B.\R WEL0£R 2 

• RAOIA-:'OR PIPE WELOfR 1 
I 

• STRUT r\SSY MACHI!\:[ 
!4SIZES! 11 

• CONIROL CA6S {2 MANI 4 

SI'S 1472 T:ablfo 3..l-1. LEO B:ise Con<oilruction l:quipment Sheet 6 
lliUll.~BER REQUIRED EOUIPME:'H ITE\f MAJOR :JO. REQ"O 

COUIPr.;ENT ITE:\I REFL FOCP4 A:a YOKE SUBASSY ELEYH:TS ITEr.t 

• OEPLOYr.tErH PL.\ TFORM • CONTROL CAB i2 MAN) 1 

~ INCLUDED 11\i LOM • CARRIAG;::;FRAME ASSY 1 
r.!~~.JIPULATOR en l\NE COUNT 

• SECONDARY STRUCTURE 3 r·::,~s :>sK Kg! 
.. JST SSC!\1l lll:ST. TCLESCOPES 

• SECO~DARY STRUCTURE 
GANTRY 

• G,J.:\:TRY 1 

~ • 20~.~ MANIPULATOR 1 
• OETELESCOPING MACH 1 

• SUBAr:f\A Y DEPLOYER 
• GANTRY t 
• ELEV.P.TOR t 
• DEPLOYER 

•MAGAZINE 1 
•CARRIAGE 1 

I 
• Of PLOY ME NT MECH t 
• CONTROL CAB (2 MAN) 1 

~ • l'.".\:\:IPULATOR 1 
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ORIGINAL PAGE lb 
OF POOR QVALf"!Y 

The: ,wc:rall n1nfQ..'Ur.1lillR of the.• h.tSC' h;1s prc."\lllUSly ttc.-c:n rri.."S('nfl"J Ill Figun.· -~..l-1. '.\\l ..aJJilion31 

tktail was J""c.'l(lflc.'d. ('n:w 111\lJuks an· ''"'·atL"J nt•ar the.· Jnt1.-n11J ,,msrm.:tion fa.:ilil~ _ 

3.J. I .1.1 . .2 Foundation 

The foundation ,,r ~tru.:ture ,,f the: h.asc- ~nc.·ullr ll'Sl'S :o m t-c.·ams l(,nning l"ilha IOO m ,,r :oo m 

tnlSS('S. :\ tor:al n."quin:ml"nt of 800.000 m c.~f .:om h.·;am \\JS c.-stimJlc.·,f. 

The.' 1x·.:uliar ....... ,nii,:ur.ati''" c.ll lhc: thc:nn.al c:ngin .. • ~ldlih.· iJ.:ilili .. ·s h.ts .. ·rl.".Jf .. ·J a llt"c."J 1._,r a signifi­

.:antl~ 1t1'ln· .. -,,mrk'\ l.•~1st1.:s s~·srl":n lltJn "as J\."~:rih.·.I f,,r rh,· rlwt.,n•ll;ti..: s.:11dlill-. 

Ilic.· lhc.·nn.al 1:."ll!!in._· s.lldhtc.· fa .. ·1h1~ l•'!!ISl1 .. -.. 111."t\h•r!. for the.· lo\H"r .. ·,•nslnh.:llc.•n an·.1s .md fr":al 

1'•'1 .. 1 .m.· "h''"" n.·s1"-"'°'l''-·ly m Fii:urc.·s -~--~-.:s an.I .~3-:<> -\ l••!!is11..- nc."t\H'rL. .1lsc.• j, r .. • .. uuc.·J ''" 

rh,· n.·rl,·,·r,•r fa,:rc.•f) .m..I up .mJ c.h•\\ 11 ,m,· ol rh .. · ,·,msrnr .. -11.m h.rx· kgs. 

·'·-~.I. I . .:A {"n•" \loJuks 

riw (\ p;.•, •'I _.r_.\\ 111\l.lll:_., u ... -.f f,,r lhl· thl•nn.11 ,"ll!!llll. '.'.lldlih• 'l'll'-(rU.:li••ll .lrl' lh,• "-lllll' ;IS f,1r Ilk• 

pl1<•h"•'l1.11,· ".11dl:1.- .l,·,,·nh-.1 111 S,·.-11.•n _;.~.I. I.~ _4_ :ltrl·l· .1d,htton.1l ... -1 ... ·\\ qu.1rrc.·n. 11'•1'.luks 

1 hlf.11 ,,f <l) .m.· Il"l)t1111.·d '"''H.,l"r. ~111.-.- 1h ... · rlwnn.al ... ·ni:m•: ... 11dhtl" rl·quin.·s 3(10 ... t,hll. 1n.1l p,·•'l'k 

f,11 ... ,,n,.tru..-t1c.•n. 

1"11.- l°1l•1.·fn,·.1I J'll\\ l•r S~ :o.h"lll .1)!.1111 n;hl•S 1.'ll Slll.lf .lff;I~ S f,lf prilll;lf'.- I'll\\ L"r .111,f 111.-J..d h~ drt•!!••t1 b.t(· 
~ 

h:nn • .lunn!! th.: ,1,·.:ullJlh'll p.-r11.•.ls s,,J.ir .. ·dls h.1\ill!! 14·. c.'lfi1.·11.·n.·y ( 10 111- "''')\\;."re.· ll'l"ll f1.•r 

1lw rlwnn:1l 1.·n!!llll' ,.11..-llih: •1.•ns1na.-lll'll h.1~· r.rlh1.·r 1h.111 I"'- - ;t'i f,,r llw ph''"''''lt.1i ... · s;tldhh• .;111 .. ·1.· 

fo1 .1 1h,·nn;d c."ll!!llll' satdhtc.· pr••!!r;un. 11 w.1s _j11;.l~"·,1 th.11 lll•I ·'" mu.-h l"lllpl1;1.;is Wl•t1l1.l ,,,. pb,·~·d on 

lllll'H'\ 111!! the.• J'l"rfl'llll;llh."1." llf :-nl.1r ,·dh_ 

I h1.· l'•''"'r hid l~•r 111,· I f·O 1h1.·r111.1l 1.·11!!1111.· ,·,111sl111.-lh•ll h.1sc.· 1~ <•.000 I\\\ r.11ha lh.m _;, ~oo l\.w .1s 

f,1r 1h1.• plH'h'"'''·"' ,.11dlir.· ,-.111'l111d11.1n b.1sc.• du1.· c" 1h1.· _;on .1.tlhl1<•11.1l p .. ·•'l'I: .111.t nh•n· .-,111:.cru.-· 

th•n ,·quirm.-111 
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T~ 3.3-~ LEO hie ... tics Equipment 
NUMBERftEO"D --.- . ~lf!MENT ITEM REfL l'V< Pl--·, .. 

e HLLVCARGoo6CJtBro~T-· - - Z -2 
·1,j:.f:Q..lVCAJiGO~·S.B -J ~- --2 - _ 3 

• Mt.tV"tANkEROOCltlN\;POHT - - .,. - > I .
1
• HLL V T..loNKtR CARGO EXTRACTION SYSTEM _ - 2 - - · - l 

I: t~i=~:Er=T -·- - - ~.~2· __ -_:= __ -1· ·-_~,--_--~=-_-!_= -_- 1 _ 
• SHUTTLE GROW~ OOCKING POAT _::: I "' -
•PERSONNEL TRANSFEflAlfilCJCftSYs___ ---
• GANTRY CRANES - - - • Z 2 .. _ 3 

I: ~~~::: ~::~" :C. > -·-2 -- :-~ ---·.-1----0--~~-- : 1-: . -e CARt'-0 SORTING MANl~1_CPlf - - - - - <:_ -- · 

! =-=~:~~~~~·"'~ -·,1-:0~,:-- --:-rl ~-; --- __ 0.5 
e &ARGO TRANSPORTERS _ . '-- 1_~- _ _ 1 • zifAA.."11 CREW BUS I · • 1 · -12 

:,I:=~=~~~~ sus - - _Jj 20 1-~r -1-~&, j 131'-c-u. < • -_-
• CONTilOL CA8$ (2 MANl . _ • 3 _ . . 

t :-::~~ ~~~~ EQUl~NT) -- - - -·f _-- --r':~-- l. _- ·1 - --- -. i!l..LViOTVTANKER 1 _ . --.:: -: ~ - --- -
• ·sififf!U:IS>iUTTlE GROWTH 1 I - -- - - -
• ~TRY t-:tl.~ES 4 · 1 · 

1
, _ ·-1---·-__ : -

1
.c - "' . -e CARGOSORte6 t - - _ 

-

& 

-

COSTIEAJ 
_- $1o&M 

--
-

-

i1 

' 11 -
I 

--7 

• 

2~-
7 
3 
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_.r-:1J.J~1..J.-- ~tal Factors -r-----
/j_--
~--1hc cmironment:al fadors associated with LEO construction of the thermal engine satellite are the 

~ _ ~ as <k~ribed for tht LEO constructed photovolt3ic satellite described in Section 3.~.1.1.3. 

_ J_.l. t.1.4 Crew Summary -

A total tEO ~rew size of 760 has ~n cstimat~d to \.-Onstruct the thennal engine satellite. A break­

ttowli <'f the-en:w in cenns of organizacion and functrons is prest"nted i'l Figures 3.3-30 through 3.3-
''33~9. -

~~~ 

'l.l:f 1.s M:.ss Summary ,-
A R<?M mass of near!~· 9 million kg has been ~timated for the thcnnal engi11e LEO .:-onstm.:tion 

base. A breakdown of tui~ estimate is presented in T abk 33-3. TI1is value is nl:"arly 3 million kg 

heavi~r than the LEO phocovoltak \'.'ouscruction ba5e \Vtlh the main \'.'Ontribution-: to the Jift~ren\'.'c­

bcmg in the mass of the foundation ;.llld \'.'reW moduks. 

,13.1.1.6 Cosr Summarv 
-~- . 

- A ROM cost for the.- first them1al engine 11.'('tlStm\'.'tion ~a~ is ~stimated .it o\·cr S l l billl\.lll. :\pprox­

im3tdy $7 .6 billion is fo1 rh~ b3sic hardware with the- remaind~r for th'-· \Har-an.'unJ "·ost. A 

breat.do\\'n of the cost is t'rcsentcd in Tabk 3.3-4. l11c totJl \'.Ost 1s aprrm.intaldy S4 hillio!t 

great\'r than a LF.O photo\·C.'lt:iic conslm\'.'tion hase. 
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MODULE 
CO~'ST 
r.tGR (2) 

I ~--

1--:~.1 

0180-22876-S 

c:::i 
~ 

DEPUTY 
SASE DIRECTORS 

(2j 

I 
T 
-~ 

OPS 
:.~GR 

(1) 

ll> NUMBERS IN ( t INDICATE THE NUMBER OF 
CREW MEMBERS REQUIRED TO STAFF THE 
INOICA TEO JOB OVER 2 SHIFTS 

STAFF 
-

Fwgur~ 3.3-30. LEO Bae Penonne1 
Thermal Engine SateDite 

I I 

1:::-t 
L::_J 

ASS'T 
CONST 

MGR 
(2) 

I 

STAFF 
• PLAN:,ER (4) 
•LOGISTICS 

COORl> (4t 

l 

-

(4J U> 

I 

BASE_ -

SUFX>RT 
MGR 

(1} 

I 

ArnENNA SUtlASS'Y MAINT LOGISTICS 
cor~sT ll.1GR MGR 
MGR (21 (21 

IN All THIS AND All OTHER ORGANIZATION 
CHARTS, A \1ANAGER WHO WAS COUNTED IN 
A HIGHER LEVEL ORGANIZATION CHART IS 
NOT INCLUDED IN THE TOTAL SHOWN HERE 

(2) 

figure 3.3-31. LEO Base Personnel 

Thermal Engine Satellite 
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MGR 
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TOTAL•22 

I 

TEST/QC 
MGR 
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$TRUC t.t.\CH THRUSTER ltCST 4a2 • 8 - k'8SYSTt» REFUC:TOR Oo"b~-20 FOCAi. POINT 

••ISC4>t.2"'1 -
COtlST •FACET OEPl.O't MACH COl'IST lhS1" 

UGR ~~-20 UGR 12 
MGR 

Ql Q' ~FAClORYOP 
1.z. z 

'"'l&ANIPU\ATOROP 1 fj> 
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3.l.1.2 GEO Fu Mlf · W,- lasr Cwlnlcliaa A1111ysis 

· J.l.1.21.1 T~ CEO ComtalK'INll Tas 

Tbc conslnlctioll tasks to be accomplislk..,. at the C-£0 b3Se are smnmarizcd in FJgWC 3.J....m. Each 
of these lasts are discussed di lh:- fol...,.,ing S«tion<t. 

l3.l..l.l.l GEOBaR 

11tc GEO fin11 mbly Nie consists of tv.-o facili1ies as .,_,. in Figure 3.341. 

Upper Facility 

The urrcr f3'.ilily at~~ ilsdf to 11K ends of lhc spin\.."S. This fac.ilit}' incorpor.atcs .a Jocking 

\.'"Dfh'.' ~ f3'.iti1~· JtXici~ li'ttures • .and 3 d<h:'kin!? ron for .a inlf3·f3cilil} free flyer \'('hide. 

A 1yJ'iat fadlity dcddng t'h.tun- is iUustr.alcJ in Fi~re 3.3-J~. This fr\lUrc pro,i .. •c: rtK me.an.." b} 

•1li4..-h lhe u~r facility is all::k.°h-.-d ro lite spine. A "''7311C' 1mamrubtor attai..-hed tor~ fix1urc.>S is 

used to ~~c the strucrur.al and dttlfk."'3) ,-onllC'ctions ktWttn moduks. 

~ upp.:-r fa...-ilil}· is inde~ b}· bin~ Olk" l': lite fAilil) docki.1!! !ixtun.."S ikl3':h from the spine. 

This iixture ;.s tlKn retrxted so that it v.iU he d~.n of obstrui..'tions Jurin~ 1~ indc:'\in~ m:meuwr. 

Th(' facility dt."leking fixture flut is still aaa.:lk=J lo .;i sri~ is thrn ll'Sc!d 10 ~-wing t~ ur~r fa .. ility 

throu~ an an: !tth.-h lhat 1'1e orrosilc fa.:ilil} dtXking fixrure l'i> IO\..-aleJ abow a ik:"' spine end. 

Once in rosition. lht" rc.•lrxk-u f3Cilil}' dodtin~ fhturc is ex1endeJ and :tU3chcJ ff' t!,.: "pine. 

The Jocking c:r.1ne ;;and the facili1~· d<l.:king iixlUn."S .. -an ~ rclot.-ated :m)·whcrl." :dong tl1c.- len{!th of 

I.he upper lih:ilil!>. \la fadlily tr.Kks. 

lo•-er Facilit}· 

The.- lo""·cr fa.:iliry :ma"h'-'S itsdf 10 1h ... • i..·omc.-r- ..Jf the rdkc:ror. Titis fadlitr inc:orporah.-s rwo doc.:L­

in}! .:r.tllC."i. f\\'O focilil)· do ... ·kin:: fi'>lur .. -s. ,-"·hidl." Jo..-L:inl? ports and a crew moduk. 

The fa.:di•Y d°'-"lint? ii:\llm.-s incorpora1c.- c:r.anc:m:mipuJ.11ors thal an· u~d to make the• "tructur.il 

3(1a..,·hm'-"Oh khWc.'O moJuk rc.'lk.;tors. Th'-" lh.IUf\.'5 !lrtl\iJ.: inJIL"Xing carabilil). 3S dt.-S..:ribed 

ahow. 
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J.3.1.2.l.3 Delaikcl Construction Tasks Anatym 

.?.3.1.1.iJ. I Moclulr Bathing (Docking) 

The berthing (docking\ cranes on the up~r and lower facilities are identical in concept to the dock­

ing crane descn"bed in thepho:ovoltaic system (the booms will be longer). The docking scheme is 

the same except that only three docking cranes are used to dock the tltennal engine satellite 

modules. 

Fagure 3.3-43 sho•""S how these dodci.-g cranes .Ould be employed to achieve module docking. This -- - .. 
figure also shows how the facilities have to be onenl~:fu on:k!-t(l !!Cl the cranejmanipulators that 

will be t&:d to attach modules in the right position. 

When docking an incoming mo<hle in ;.i corner. it -..;n be necxssary for the lower facility to make an 

extra indexing maneuver in order to ~t the inner comer of the reflector attached to adj<a..-ent 

modules. 

3.3.1.2.IJ.2 Antenna Installation 

As \\'a!> Jcscribal in p~cJing ~tions. the antennas are transponed to GEO with modules 8 and 

16. The anti:=nna is '"-onn~teJ ;·ia its yoke ~~ the underside of the reflector using a hinged linkage 

~mbly. Figure 3.3-44 shows this :irran~ment and how rhe antenna is raised into Vo"ition using 

the linkage on'""e GEO is rea.:hed. 

Note that the upp.:r fadlity has been inde~.:J such that it is attachc:d on one end to the antenn2 

suprort structure. This gets a cr.me.'manipul3tor our to the yoke attachmi:=nt po!>ition where struc­

tural and bus bar connections n'"'~d to be made: aftt:r Utt: antenna assl:!mbly has been mo\·ed into 

position. 

3.3.1.2.1.3.l Construction F.quipment Summary 

A listing of the GEO bas~ constrnction equipmt>nt and their d1aracteristics is presenti:=d in 

Tabk 3.3·5 . 

..l.3.1.2.2 GEO Base l>escription 

3.3.1.2 . .2 I Conftguratior. 

The configuration of tht'.' bbc: has prc:\·iously been shown in figure 3 .3-41 . Placement of the crew 

module at the lower facility was somewhat arbitrary since the acti\·ity is about equal bdween the 

upper :md lower fadlitil'S. Rcgardkss of its location ho\\c:ver. a small mannc:d free-llying is neces· 

sary to transport c.l.'wmen to their work stations at the opposite: facility. 
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J..J.1.2.2.2 f"oundation 

The fo~dation consists of 20m beams forminJ trusses. 

_ l.J.1.2.2.J Caigo Handling1>Btrihution 

-
The equipmennJscd t~ t.andlc and distribute cargo and transport penonnel are presented in 

Table 3.3-6. 

3.3.1.2.2.4 Crew Module 

The one ..:rew module ~rv\."S as both crew quarters and operations omter. The module itself is simi­

lar in dc!sip to the module used ai the GEO tin3i assembly base for the photovoltaic satdlite indud­

. ing a radiation shelter. 

3.l.1.:?.2.S Base Subs)·srems 

Jl1e systems are the same as d~ribai for the photovoltak GEO fin.ii a~mbly b~ in ~c­

tion 3.2. l .:!.:!.5. 

3.3.1.2.J Emironmental Factors 

The en\i!:(>n~ntal factors \.-On~ming the thennal engine GEO base are the same 3S for the photo­

voltaic GEO base Jes.:ribeJ in ~dion 3.2.1.:!.3. 

3.J.1.2.4 Crew Summary 

A crew size of 53 has bttn \."Stimated. The organization of this crew is shown in Figure 3.345. 

Table 3.3-7 presents a crew functional breakdown for Doth the LEO anJ GEO bases assodated with 

the LEO '"-onstruction conc..-pt of the thennal engine satellite. 

3.3.1.:?.5 Mas.s Summary 

A ROM,mass of approximatdy 960 000 Kg has bttn t.'Stimated. A breakdown of this estimated is 

p~nt.:J in rabk 3 . .3-8. 

J.3.1.'.!.6 Cost Summary 

A ROM cost of app1oximart~Py SI.:! billion has ~en estimated for tht" GEO base. A breakdown of 

this estimate is prl!SenteJ in Table 3.3-9. 
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SPS1415 Taf.le 3.3-6. GEO Base Logistics Equipment -Thermal Engine Satdlite 

NWIBERRRrD , MASSIEA) COSTIEA) 
EQUHlllENT ITEll UPPER LOWER 1o3K1 s1o& 

• OTVCARGO oOcKING PORT 1 1 7 
• CARGO EXTRACTION SYS 1 3 6 
• OTV TANKER DOCKING PORT 1 1 7 
• TANKER CAROO EXTRACT SYS 1 3 6 
• OTV PERSONNEL DOCKING PORT 1 
• PERSONNEL AIRLOCK SYS 1 
• CARGO SORTING MANIP/CRANE 1 
• CARGO TRANSPORTER 1 1 
• 10MANCRF.VBUS 1 1 5 3 
•TURNTABLES 4 
• CONTROL CAB (FOR LOGISTICS EQUIPJ 2 

• CARGO!TANKER HANDLING 
• CA.'lGO SORTER 

• PERSONNEL FREE-fl YER 1 7 6 

SP'S "•SI 

3ASE TOTAL•S3 
DIRECTCR 

[!> THIS CREW PERFORMS THESE FUNCTIONS m 
• DOCKING CRANE OPERATIONS 
• MANIPULATOR CRANE OPERATIONS STAFF 
• CARGO HANOt.ING 

(4\ • OTV REFtms1SHP1.ENT 
• ".H\!NTEXA~C!: (13) (3SI 

I I 
FINAL ~SE OPS/ 
ASS"Y BASE SUi?ORT MGR 

(1) MGR O! 
• MUL TIPliRPOSE CREW {12J U> 

f 
(7)1 1711 (SJI 

COMM BASE 
HOTEL 

SUFV UTILITIE.i 

(1) SlWV (1) 
SUPV 111 

• VOICE COM (2) • HA31TAT •HvTEl 
• BASE COM OP (21 UTILITIES 2x1x2• 4 
•DATA CO.'d OP 12) 13> OP2x1•2 (JI •FOOD (5) 

• BASEPWR SERVICE 
DATA OP 2io.2 • 4 2xb2•4 FLT 

PROCESSING MED/DENTAL 
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SUPV (1) SUPV (1) SUPV (1) 

• (2) •PARAMEDICS 
12) 

•FLT CONT 2112•4 

Figure 3.3-4:5. GEO Ba,,e Personnel 

Thennal Engine Satellite 
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Table 3.3-7. LEO Construction Manpower 
Thenml Engine S.teDite 

BASE MANAGEMENT 

CONSTf.UCTION 
MANAGEfAENT 
MODULE CONST 
ArneNrJA corJsr 
SU2.t~':S£r.!BL Y 
11.11\:~HEUAl'JCE 

LOGISTICS 
TESTiOC 

BASE OPE!1ATIONS 
r:~A!'!AGEr.1ENT 

TRAf\:SFORTA TION 
co:,tM 
O,\ TA PRCCESSU-.IG 

BASE Sl.'P?ORT 
r.tA~AGEMe:llT 

BASE UTILITIES 
HOTEL 
t.lfDICAl 
FLIGHT CONT 

BASE TOTAL 

LEO BASE 

(10) 

(592) 

22 
240 

87 
46 
85 
56 
56 

(39) 

7 
18 
8 
6 

(117) 

8 
22 
62 
21 
4 

758 

TOTAL 811 

GEO BASE 

(7) 

(12) 

12 

(10) 

6 
2 

1241 
4 
6 
8 
2 
4 -

53 

Table .1.3-8 GEO Final Assembly Base ROM Mass 

Thennal Engine Satellite 

FACILITY 

FOUNDATIUN 

GREW MODULES 

CARGO HAl\!DLING/DISTRIBUTION 

BASE SUBSYSTEMS 

MAINTENANCE PROVISIONS 

CONSTRUCTION AND SUPPORT EQUIPMENT 

CRANEStMANIPULATORS 

DOCKING CRANES 

INDEXERS 

CONSUMABLES (90 DA YSl 

DRY TOTAL 

TOTAL 

212 

390 

335 

60 

20 

35 

60 

35 

(805) 

(130) 

(935) 

(28) 

(963) 
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T3ble 3.3-9 Gf.O Final Assembly Ba.~ ROl\t Cost 

Thenn3l Engine S... ;te 

rACILlfY 

FOU~i'"'\ TION 

CREW MODULE 

CARGO HANOUNG_'OIST 

BASE SUBSYSTEM 

CONST~UCTIOi'.I AND SUPi'ORT EQUIPMENT 

DOCKING CRANES 

1'40EXERS 

CRANES. MANI PU LA TORS 

SPARES 

INST. ASSY, C 0 

SE&I 

PAOJMGT 

SYS "iEST 

GSE 

s1o6 

40 

400 

ll'f. 

160 

20 

:-o 

BASIC HARDWARE 

TOT.'.\L 

i60Cl 

1250) 

•S850l 

115 

135 

60 

25 

35 

151245. 
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For lhL' th.·mul :n~nL' s;atdlik. th\." Cl·O \."tlltstnKtion .:tln.:..-rt ..-nt:ul' ._·on,tnh.·tin~ lh nultluk~ anJ 

.: ;.ir.t..-nn.a:- ,,(th..- '"~'nli~m-ti••n J._-.....-:tl,-J in Section 5.: . ..J.1. 111\.' '-"°''nstna .. ·tion facilitks. 01,·r..t­

t"'n.al ~"lu..-n.: .. -s. t.;isk .,n:-.d .. ,fown .. _ .:''"'1m .. ·1ion mad1in..-r~ .. ..-1.:: "ill 11': i~..-nli.:al to thal d .. ~ri~-J 

unJ..-r lit..- th,·nn;il ..-n~in,· ,.;stdlilc ll-0 ("Olhotru.:tion ....-._-1 ... n. A LlO ,13~in~ ,kl'"' \\oulJ alw fl..­

fl"•iuirc .... t "ith d1.:u:1,·1,·rn.11,-.. 'imifar t•' th .. • 'i.lat!in~ J,·l'•'t J .. -:-.:rifl..-J in Si..·.:t itlll 3.: _ _: _ L 

11-..:- onl' J1..·1,·.:t;il>k ,liil~n.-n.: .. · \\ill l'C a ,111;111 ,:lun~._. in a'"·w siu Ju..- 10 the diminatinn of the 

r.·dt;nJ;ant lt.J"-. managcn...-nt. h:l"\t' su1•rort :md .,as..· ol"-·r.iti•'ll" r s...;and a,.:-t1o..·iat..-J with \\hal ''as 

th..- Gl·O l·~ fc.lr tht: U-0 .:on .. tna.:tion .:on.:L'rt. How._•,t:r .. this •.l1.:h.1 "·ill .1h1"""' httall~ fl..- ,,flS.:t 

~~ th .. • """'-J for .a :o.imilar r..-JunJanq· rt.-quir'-"J to staff a u:o sta~m~ J..-l'ol. 

~b<i.s .Jn,l .:,,.., .. ~tmut._·, \\"\.'f(' "''' pn.·r.1n·,1. i'-"•ifi.:.tll~ i<lf !hi, parti ... ·ubr \\f'lit•ll. _.\ rrdimin:!~ ... "ti-

1:~..lh.· .:;in Ix· m.:iJ ... • l'~ ·1,in~ J;itJ from lh-.· o:h..-r ._-,llbln...:l1tlli h.a'.lo<.-s ,1 ... ·,.:rii'CJ in thh .. ltt.:um .. ·nt. 

l ·,111g th1 .. .t1'1'r."1;.1,:h .. th..- th...-mul .:n~in-.· ..;1t.-1lit1..· l ;1-0 .:•'ltslm.:tit•n \>~~~- 1:- _.,t•nut'"·,l "' hah· .a m;i:-, 

,,f I 0 milhdn ~g .mJ a unit ..-.. ---.1 l,f '' ~ hilllllll. 
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3.4 KEY CONSTRUCTION ffCHNOi...OGY DEVELOPMENT REQUIREMENTS 

This ~tion rn."Xnts lt-iei J~-rirtions t'f key consr ."tAtion orerarions. t«hniqucs.. and suprort 

s~·st~1s that "ii; ....... -t11ire dewlorment .md Jemons!ution early in rhe SPS p~'"Ul"Sl'r programs in 

order to writ\ that ii v•ill i:id'"'"CJ he possihle to construct SPS"s as d~-n~- These are items for 

•-hkh no kM••"ll study rfO!!r.UU has ~n initiated or for •·hk-h prnious Sl13'.""C flight data is no1 

auibbk or- pertinent. 

J.4.1 Bram . .\ssmably 

0..-monstrall" Ilic ca1'3ltili1y to make.· 15 m to ~Om ticam'i from an autonutoo beam ma..-hine at 5 to 

10 mc~l"r per minute r.ir~ 

0..-monstratc th(" c:11'3bili1~· of crane rn.:mipubtOl'S .;ind ;: ... Y~ll)" '"-quipmcnt to mow lonf: t(l50 m I 

b.:3Jlls into positi\Jl1 and to :uta .. -h rhc:se b.:ams mto a rigiJ fr.unC\\·od. 

O...·monstr.ilc: the .. ·arat-:lit~ l'"' &14.·rfoy .;i .. -..-orJ1,1n ti.lfJeJ )Ol;n- arr.1y ltbnkc:ts.. alt.k.-h hlanlers ro 

structure anJ ;di.Ah hbnl.:ts cJ~--td"'"-J~ usin!! J ... ·plo:!> m'-"nl t."quipmt."nl of rh..- l~ f"-" J'"""'"·rf.c:d in 

i'.his Jc. ...... ·umc:!1l. 

lkm,,ns1r.1h· the: ,·a~hilily ''' dc:rlo:!> 5 h' JO m w1J ... · hy I millim.:lt"r thicl sl1'"-i:1 rn.•tal llus~ lrom 

roll s1c. ...... -l . 

.l.4.5 \lodule Support lnde\.ing 

(k11tt1nslr.th.• 1•1c <'.".l1'.tl•ili1~· hl suri'orl la~,_- stni..-tur,..·s using ~·h.•r.11 inJ.:\.iR!! surpc.lrt ma.:hiri:-~ 

Ol"-T.1ling ~imullan ... ·c.,lhl~ from .t fa .. ·i1i1~· surfa~ .. ·-

.\.4.6 Altitude C'ontml During C'onstru.:lion 

(kllhllb(ral;." lhl• ("ar.ihilil~ Ill ._·,mtrt•l lh.: ~llillltk oi l31)!l" fa.:ilily rnlJU<"I ._·tlnll'in~lliOll :I' llW 

proJu~I is grown. 

:! IS 
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J.4.7 ~ )loclulr Docking 

IXmonstr.itc: th~ carabilit~· tu dock b~ stru4.lurc:s using I~ fnimique ~"tl"'Mi in this document. 

Demonstr.m~ lhc! .. -arability to .:i"Sembk ill-OJ'bit b~ ... "Onstrth:tion mxhi~ that are dc:liwred as 

l;irg...· subass<mbl~. 

J.4.9 Anrenm Sub3rr.a~· lnsralb1ion lbinrnantt 

J.4.10 Emironmenbl Coolrul 

Dt.-n~ .. mst~lc: ~n\ironm"°;Hal .:-onlroi and liic: ~Prort systems suil3tik (o; Jong Jur.nions .:111J r3r~i: 

en:"· sizo 3, st~ .. ilh:d in this. docunh:nl. 

J .. u I EVA Suir 

l"kvdop a l•i~hly mobile: 1-t.., p..C E\"A suit comr.itit>I.: wirh the.- 3fm•·~·ilc:rc: oftht> rrim:s~ ac:1' 

moJuks ;ind would ..:ons.•q!J\."nll~ dimin::le Ion!,! rrc:-brc3lhi~!; 311J r<--....r-t-rc:.:it!lin~ r-·rinJ,._ 

J.4.1 :! h1erml LiglUift! 

f--.uhii'!J1 c:,t .. ·rn.d lighung l..-\d!!o required for rhc .:-onlir.umh ,:onstru..:rion op.:r.ttions inn•h·in~ IJJl!i: 

:.irc:.:i~ :ind m('!lih.>1c:d or .. -'-1nrrl•lkJ 11y . .11 and (>r X""nson.. 

D .. ·\dop .:.1rJl'lhl~ [O ...... ·ur.ild~ pr.-d1.:t the ~iJ'C and rr.i_jc: .. ·;ori'-'S nf sr.:i~\.· Jchris lh;1( lll:J~ rtl'S'-' 3 

prdhkm for tlw .:on-.tm.:tion .m.I (lJ~r.11i,ui ,,f ;m ~i'S. 

::! lb 
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4.0 TRANSPORTATION SYSTEM ANALYSIS 

A major portion of Part l of the SPS System DefmitW.. Study was devoted to the definition of SPS 

tr.msporbtion systems. This data is d<k.-umented in Volume IV (0180-~Q-$) and Volume V 

(0180-10689-5). These d<k.-uments identify requirements. S)-Stem tr.Ides and system d~&iptions. 

The lQl1Sl'Ort3tioo effort of Part ~ was limited to ma~in!? rdinements to the Part I data to reflect 

"-hanges in satdlite design. imp~e the S}'stem definition and updalt; the cost estimate. A s)'lem 

~"ription of the bund1 ,·ehicks :md orbit transfer whkks is pn.~nteJ in the follo·wing 

panpaphs. 

4.1 TRANSPORTATION REQUIREMENTS 

Delail St'S transportation system requirements \\·ere r"'..:.>enk-d in Volume IV of the Pan I d<k."U­

mentation. A summ31)· of th.! tr.msportatitm requirements assodated \\ith the payioads of 

the reference photo,·oltaic satdlite constructed in either LEO or GEO is shown in Figure 4.1-1. 

There is no OTV rro~llant mass indudt.-d. 

The difference in satellite mass only rdkcts the structur.tl ma_-.s ~nalty of the aJd:tional ,·erti .. -al 

and lateral mem~rs and 103\ls cau~d h~ 1ransier oi the antenn;i. Owrsizin~ and rower Jistrihution 

~alt~ are all :i fun.:t1rn of orhit tr.m~li:r durJ.:-teristi .. -s and con~ql'~ntly are .:ha~a"k to the 

orbit transli:r system it~li. 

Dilkren.:-t.-s in aeu and "urrl~ rt.-quir.:ments Jdiwr·:d to LEO primarily rellect additional orbit 

kt.~pinl! ;!tlituJc .:ontrol rro~ll;mt r.:quir.:menh. The ke~ difkrcm.~. howe\·cr. i'.> in the ffi3SS 

whi.:-h rmst ~ ddiwred to f;t:o. 

F xilit~ transJ'\'rtation rc.Juiremcnb n:ll ... .:t the init:al rlacement task as wdl as in the cJSc: of the 

Gl:.O h;i.'il."S 1both ortions'. that mass that must~ mo'-""'' to the lon!_!itudc lo.:ation \\here the next 

satdlih: is to he .:-onstm.:teJ. The J'rin.:ipal Jiffercn.:e in the tw,1 main .:onstru.:tion haxs ;s th:lt the 

'ix .:rew modu!cs in the Gf.O .:oncert ead1 ha,·e approximatd~ l 15 000 k~ of additional mas" for 

solar llar .. -s 'hdters. 

Total c.1r~ mass whid1 mu~t be hanJk,f "~ the laun.:-h \"1.°hi.:le arc ~hown in Fit?ure 4.1-~ and relkct 

both the rayloal! re<1um:m.:nts inJkatcd carli,·r and the OTV rropdlant :mJ hardware rel1uire­

m.:nh. For thc three system ekments that h:ttuire tr.1nsportali<lll. payload n:quirements are not too 

Jiff.:rcnt hctw\.•.:n LEO and GEO .:-on-.tmction options. htlW\."\·er. th.: indusion of the orhit tr.1ns1;:r 

'~ ~1em reqmrem'-·nts add 'ignific.mlly to th.: total mass \\hid1 must he ddiwr...-d by th.: HU.\". The 

Ll:O .:on-;tm.:-lhm lo.:;11ion a~sunk·s dc.:tri.: propulsion for the satellite LEO h' GFO tr.msporlation 

''hik LO-. Lil-. is U!l'-'d for tlw <;1-0 .. ,,nstmclion option. 

:? 17 
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4.~ LAUNCH SYSTEMS 

4.2.1 System Descriptions 

Detail system J~riptions for the launch systems are p~nteJ in Volume V (Di80-~0689-5l of the 

Part I Report. T~ follO\\;ng par.i~.iphs pn.-scnt a summary J~ription. 

4.2. l. l Cargo Deliwery System 

Bot~ two stage ballistkfhallistk and two sta~ winged \·chicks have been im:estigated. In both 

c~-s. the reference payload capability was .JOO 000 kg. Other common char.icteristi\.""S indmkJ the 

bunch site at KSC' and a ddiwry orbit of .J 77.5 KM and 31 degre~. 

4.2.1.1.1 T\\·o-Stage Ballistic'\' ehicle 

Configuration 

The baselint. engine is a s.:aled up wr;ion of the Alternate Mode I engine defined hy Aerojet liquid 

Rocket Company under ::on tract to ~ASA Lewis Researdt Center- The following engine ch;iracter­

istics wae u~"d in the anai~·sis. 

T~ hasclinl.' engine is~ scaled up wrsion oi the :\ltcmatc '.\h'llk l engine detincJ by :\1.'rojet Li•JUiJ 

Rocket(' ompany unJer contr.ict to '\:\SA Lewis Roearch Center t Sl:c :lltached appl.'nd1x I. The 

following engme dtara..:teristi .. -s wer.: u:.ed in the analysis. 

Pmpellants 

Thrust ,. :icuum 

Chamha Pressure 

\I ixturc Ratio 

Sr,:cific lmrt:lsl· t SL \. ac. I 

r otal Flow R:ite; E nginc 

RP-I LO-. LH-. 

lJ.05Q \. 10°'.'\ 

~9300 kpa 

~.·u 

1 ~.o:n \. 1 o'' lhil 

c-1250 psia1 

• 580"\ Ihm sec 1 

Engine .m:rall kngth is 5.44m anJ the power head and exit diameters an: 3.51 m and ~.97m. resp'-·.:­

ti\·cly. The total mass oi the engin~·s induding a.:cessories is estimated hl b~· 138322 kg.. 

Flight Characteristic; 

The ascent trajectory ch;ir:ictaisti.:.; for the \·cl1ick :ire :-.hown in Figure -L~-~. The major ch;1ra.:tl.'r­

istics :ire summariit•d a.;, fr,llows: 

hn.t Stage 

T. W (,; Ignition = 1.30 

\la,imum D~ n.imi.: Prc:-.sure = J~.1 ~5 kpa 

\l;i,imum :\c.:ekr;1tion = 4.'>0 g·-. 

S1ai-~ Bum Time= 176.lN -.cc 

D~nami~· Pre,.;,ur'-· at Staging= 405 pa 
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GLOW l0.472 Jl 1ol "' 123.0ll Jl 10-- !bmt 
BLOW 8.243 • 1'6 "' 118.173 • 1o&...., 

w,, 7.456x 1o6q 116.437 a 1o& ... , 
UlOW Ulil x 1d6 kt ((.1151 a 1ofi lbml 

Wpz 1.479 Jl 1o&"' 13.261 • 1d6 1111'.l) 

PAYLOAD 0..39lx 1o6q l0.863. 1o6 .... 

T/W AT LIFTOFF l.30 

MAIN PROPULSION 

··l-•nN ,..,._,:: l-...::rw 
l~V€1.00'n' ........ ·~.,, .. ~•· ... -,~-- ~-.II-- ""'$ •.-S ... Q~, --~.._. 9.11&1 l'U1 .... .... -· - ,,,. •uo- z- .... - - -ai 

VEHICLt: CHARA\; 1 ERISTICS 

Figure 4.2-1. SPS Launch Vehicle-Cargo V~rsion 
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figure 4.2-2. 2-Stage Ballistic Vehicle Ascent Performance Characteristics 

220 



DI 80-22876-S 

Second Stagie 

T/W ('! lgr.ition = 0.76 

Mnimum Acceleration = .:! . .'.!8 g·s 

Stage Bum Time = 394.84 sec. 

At main engine cutoff tMECO) the tr.ijcctory charactc>ristiL"S arc as follows: 

Cost 

Altitude = I I 0948 m 

Relative Vdocity = 7540 mfS« 

Burnout M~ = 749583 kg 

A DDT&E cosl of slightly more than S 7. l B and a I st unit cust of SS<l5.8M an' ::stimated for bot~ 

the whkk The DDT&E .. -stimatc indud .. -s the equi\·aknt of 2.5 ground test and ~-0 flight h.-st 

units. The cost ~r 11i!!ht for LEO constmcfr~n is ~stim;itcd at S83 million based on 1875 tlights 

owr a 14 year period. A breakdown of this cosr is prcscnicd in Tabk -L~-1. 

4 . .2.LL? Two-Sta~'{" Winged Vehicle 

Configuration 

Thc reference Ct"'OCC~'t for rhc wingcd rccLwcr.ihk whidc is shown in Figure -l.2-3. \bin propulsion 

is pW\iJeJ by sixteen I I 61 RP- J. l 02 LH 2 ga.:; gcncr.itt1r .:y .. ·11.' L'ngin..-s similar to those on the two­

stage ballistk \·chide. TI1.: following engine u1ar.11..·reristks wal.' us'-"d i11 th~· anal~·sis: 

Pt()pdt.mts RP-I LO .. LH-. 

Thmst-\' ;t..:•mm 

ChamhL'r Pn.·sstm: 

~lixtlirc Ratio 

Specific lmpulsl.' 1S.L. \"a.:I 

Flight Characteristi<:" 

S.27:' X ll)h~ 

2ll.•OO kp.1 
-.q.• 
-· . I 

ihc :tsccnt lrajl.'ctory characll'rislic~ for lhc \'dtidl· ;irl· shnwn in Figur: 4.2-4. rhl· m;i_ior ch:tr­

J•:tcristi .. ·s arl· sun11nari11.'d as fohtl\\Y 

Firs I S tagl' 

TW v1 Ignition= I .JO 

Maximum Dynamic Pn:sstm· = 3-l.44h kp:1 

~bximum Accdcration = .~Aq g\ 

Stage Bum 'finw = l.J7.<lh ~cc. 

Dynam1i: l'n:ssurc at SIJ~I\!! = l~lll p;1 

Scl·o11J StJ!-'-= 

TW •·' lgmf1on : 0.95 

~1aximum :\cdaatior~ = 3.(l7 )!\ 

St:t)!l' Hum rulll' = J5 I IX Sl'C. 
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Table 4.2-1. 2-Stage Balmtic Vehicle Average Operating Cost/Flight-LEO Auembly 

COST BY VIBS LEVEL - SM 
\YBSELEMENT G) @ 0 © © 

OPERA TIO:llS COST 8.332 

PROGRAM DIRECT 6..155 
PROG?.AA! SUPPORT D.317 
PRODUCTION ANO SPARES 3.342 

STAGE 1 2.032 
AIRFRAME 1.(161 
ENGINES 0.971 

STAGE2 1.097 
AIRFRAME 0.581 
ENGINES o.516 

PAYLCAO SHROUD G.213 
Tocu:~c 0.466 

STAGE 1 0.318 
STAGE2 0.132 
PAYLOAD SHROUD 0.016 

GROUND O!'S/SYS 2.630 
GRCU='JOOPS 0.426 
GRou:.msvs O.OS6 
GSE SUSTAINING ENGR 0.053 
G$E £.'>ARr, 0.112 
PRCl'ELLANT 1.96-1 
OTHEP. 0.019 

DIRECT MA.l\iPOWER 0.768 

CIVIL SERVICE 0.402 
SUi'f'ORT corJTRACTOR 0.365 

INDIRECT MA~POWER 0.809 

CIVIL SERVIC~ 0.451 
SUPPORT CONTRACTOR 0.358 

srst-0' 
VCHICLE CHAR'lCTH1ISTICS --------- --·~ --

- ... ..,.. /(J/71 r 
/, ,7 L./=!_ ~-48m 

---,-----.-~ ... --~-:-1~-r-- ... , -. ~=-~ l 
, .... , ........... ,.,._. · ~-:..:.~~L~~--- · .1:-··.-~-J:'; _ 
I ------··----- __ ,,,__~~---------
I--- --- 7&.:?Gm ·-·------1 l 
~ ---- -- -.. -- - - - --- 140.73m -- - -- -- -- - ---

figure 4.2-3. 2-Stage Winged SPS Launch Vehicle 
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Cost 

A DDT&E co~t of $9.1 Bis estim:ited for the vehicle with the hoo~ter contr;buting SS.28 and the 

upper stage the remai'ldcr. TFU for the vehicle is slightly owr SI billion with the cost about 

equaily split between the booster and upper st:1ge. The cost per tlight for the two stage winged 

vehicle for GEO construc~:on was estimated at S7 .9 million. A breakdown of these costs are pre­

sentcJ in Table 4.~-~- A cost per tlight was not derived for LEO constm..:tion although a r~;isonabk 

estimak would be SS.S to S8.8 million. 

4.~. t .:? rersonnel Carrier Vehicle 

The per.oonnel carrier whkk provides for th~ tr.msportation of the cre\'.:s between earth and low 

earth orhit. The whicle is a derivative of the cur..·nt Space Shuttle system whil"'h incorporates a 

liquid propellant boosrcr in placl.' of the Solid Rocket Boosters tSRffs). A series-bum ascent mode 

was sdech:d Jnd as a result a reLuccd External Tank ffTl propellant load is required. 

<"unfigurJtio,1 

Th.: p.:rsonnd !aun..:h wh1dc. shown in Figure ·L>5. i11.:orporat.:s a propane fuded booster. Ext.:r­

nal T :l!lk and Sp:.ice Shuttk Orbiter. 0\ .:rail vchid:: geometr:, _,nd charJcterisucs ar.: shown cm the 

tigur..:. Tht: O\ erJll k1~gth of (l0.9 2 111 i, ,tu•_· co thl! ta .. Jl!Pl arrangl!m.:nc rJthcr than rhc siJc­

mounted ..:on~·..-pt m !lw .:urr,·nt Shutt .: -,yst..•m. 

The hn1.lSll'r '!Jg.: j-; r(>\h'r1.·d h) four r3Hs LO 2 l'll;,!ine-. '.\"fli1:h pr1>\ i1k 8523 \. I 0°, I) f \·a..:uum 

thm ... r. Thi.: following ..:ngine ..:har.1..-tcristi.:s were usi.:J in th.: anJlysis: 

Propdlants 

T:uu-;t- \" a..:trnm 

Chamber Pr,·-,-.ur1.· 

\1 i'.lur~· R.111,1 

Sre..:ifh." lmpub,· (').L. \"a..:.1 

T 1 •I.ti 1"11l\\. Rat.: F ng•111.· 

c3118 L02 

1'.5 23 \. I')(\\ 

20ll85 kpa 

2.hX: I 

30 .. i. 1 _qo.o ... e.: 

i he pr.:s,uri1a .. ll!l gJses are h1.·::•i.:d Cll,. an.J c;o2 ti.ir the main !:mk-;. lndi\·idual propelbnt delivery 

lin,·s :ire pr11\ 11kd to .:ad1 i.:·1gin1.·. Th1. tPt.tl •nass of the a.;;..:.:nt propuJ.;i11n S\ .;tem is 4 7 138 kg. 

Flight Ch:nacteristks 

l"it<: l'''r..,onnd ,:;1rn··r \ :!n ·I: 1wrf\ln11 m.:.: \\ ;i- •akubt..:d ba..,_·d 011 the following groi.1nd ruks: 

• l\.1.·11111: I~ Spa.:l' l .11.cr (!\.SCI\\';,., th,· laund1 ,j1e ((atiluJ,· = ~:-!.5°1 

• ...l\' R,·,,·n.._·, = .85. \'
1 

• lkliH·r~ Orbit 

:\l111uJ'-· = -l ' ' 1-m ..-1rcular 

I ndin.111011 == 31° 
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Tale 4.2-2. AftDF Operating Cost/F&Pt-GEO Assembly 

W8S ELEMENT 0 
CJPEAA T!O~ C!'ST 

PROGRAU CIRECT 1..93t 

PROGfVW SUi'PORT 
PROOUCTIO." ANO SPARES 

STAGE 1 
AlnFRAME 
~~INES 

STAGE2 
AIRFRAME 
EHG!HES 

TOOLIXG 
$TAG£ 1 
STAGE2 

~!C U-'S.'Sn I GRO-J.'::J C:'S 
Gnotr.:!> SYS 
GSf SUST Al::lf:G ENGR 
GSE SPAr.ES · 
~Lu.NT 
<'Tit:;!l 

OIRfCT r..:A:".:: .;.:.c.R 

QVIL SERVICE 
SUFi"C:.T co~•TAACTOR 

INDIRECT t.Y:....a.-:ER 

QVIL SERVJCE 
SUPi'ORTCONTR.r.cTOR 

----- 37.SJM -

COST BY 1'~3S LEVEL - $l'.t 

G 
&.511 

I 
•..-Z I 
a.73§ 

1:Z.1h 

_ _J 

© 

.... 
3.D9 

e.01 

2.5JS 

8.351 
0.325 

.... 
~ 

GLOW 
8J..OW 

""" ULOl'I 

I 

•1t2 

PAYLOAD 

© © 

1.515 .,,, 
e.!.JS , ... ...., 
9.151 

•..2511 
UQ 

9.3515 .... 
•.M7 ..... 
2.I01 
uu 

~ . 

Z51:lll106 KG 

1.719X10' ltG 
1.561Jx1o' K<..-

TM' AT LIFTOFF 

-'59X1o' ltG 

.sux1cli1tG 

.074X1ofi KG 
1.na 

Figure 4.2-S. P~rsonllf'I Launch Vf 1icle 
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The ~"l."llt tr.ijc'"""to~ '-itar.h:teristics are sumntaiill'J :as folknl-s: 

T1'' ~~:~lion= L.:-1 

>bximum D:rnamh: Pressun: = .:9.733 tpa 

\b.~imun1 A.:'"~kr:ibon = 3.0 ~-s 

Bum T nne = 54: ~q serouds 

Th< rersonl1'.""i '-"3!"rirr pa~·lmd perfomunce ~ SIJl1UIWilld in Table ~-~-3. A Pd payload of 73550 . 

kg is dd."·t-red to the .J 71 !u-n oroit. The orlliter C''mts Ok.iudq the suborbibl jettison of .lbe ET 

3nd w resullin! ,·dtidC' mas-s by ~wnt arc 3lso lkllol. Tbc Shuttle orbit.er OMS "Y51CID pnfonns 

rile nujori1~· of &he orNt'-"r IU..Ult'ln"ttS.. 

Cost 

DOT&I: '""(bl 14.•r lire ~l'50nlk.i ,·dti..:k =ire esrinulc!d :al s.:5ttB _.itb rite- l'OC5h!r mal:in~ up S.2..SB. 
~ Tf'C vi"lhc MlS3bk boosrerisGIJmatol ;d s.:.:o million •itik the ET n>:llriburcs S-l.9 million. 

C-OSl per lli~l ~aseJ .~ 'fl~ts rcr }'C.Jr .and .1 tor.11of14 yc!ars •<ti ~li11131M .;al SI ~6 mi!lioa. 

A bRatdot11 .. ,f the ... ~ J':'r Ril?it1 is rn:S1:n1,-J in T;;sbk .J . .:-i . 

. .\ s•~ilic.mt fa._·" •r in the latm\.'.'n a.~.:-1 of l'''h~·r ~id!it<.-s i' tho.· .:''mr..~nl J'3.:"b~ng drnsit') =ind 

ils imp,;ict on th< number of laun.::k-s ratui~d and or t~ t~ r-: of ra~ loaJ sfm~kl rlut tt. uSc:J. 

T~-rkal ... il.JDcterisrl ... ~ for 1he rc:-i~n:-n-.""-' rho1tn· .. ..iui.: ~1c.·m1~ "'°'11f'tlfl'"nrs ;are sho•n in F~n: .J.:-6. 

Thi.· .:"1..llllptlO;.'il( rn.~niiU!? lhc ~"3h."5( .:,lf1.:-('m is lh.!l oi lb<." 30(<."QQ.? s<:t•;Jrr.J~ s •iti .. ·h bah" 3 

m .. -Ji. .. n p.J.:b~n~ daisit~ "i ,,:1'~· .:s kg m3 Simibr r3.:-hgin~ .:-rur.Kl('risli-.."" ""·r..- JdinL"d ii.'lr rhc 

1~nnal ~np11<" sa1eUit.:. Tl~ ... i;!lliil.:;sn.:-.. • c..1i th.._ J.:1bli~ "·.m i-..: fol!~ :irrr .. ·.:i3h."d ~~ r.:..1lizin~ 1ru1 

(h;.' r.1~ li.\.hf Shf"UJ h.JJ rn."\ tc.."f.l.J~· ~L., '11'."J frtr .J r.J~ f1't:JJ Jt."U--il~ ,\i -;; li; m·;. 

Ttk· uup.i.:-r &.lf lh4· .. ·01:11"-'"'-·nr fl:t.:l.t;!m!! d4'.'ns11!>· '' iiim.u·.i:.·J in Fip!;-._· -L:> -_ Th .. - rh'-'"" llh.n.· 

-.Jt..-llih: r.:,ulh in .tn .J\('r.J~<.· ~kn,il~ ._,f•l:' I.;~ 1•1·;. :\ IU.i:-' ln•1it..·J bua.·!1.:t.lilJiti._\ll fet}Uin . ..,_ .i r.i.:k· 

;1!!-int Ji:n~ir~ '-"i :srrroJ,im.1rd~ <J3 L.-:! m3 "·h...-n ~wrl~ mi; .1 0. - ~ .wum .. · uuli.r..11:.,n fa,-r.,r M rh.· l ~ 5 

n~ JiJ. X .:_; m h .. ·ithr I'··: ,,,_.,f ,fmmJ 1h.t1 h;i., .J u .. -r h•lunw J-.·n"!l!- ..,., -5 L.~ m·;. 

l h.- ih .. ·n;1..?l ,·n~:n<.• '.'.ik ·•.;,· h:!' .! \k!!'.'I!~ df 3j'rr._ .. ,11U.1l.-f~ (1(• L.dt.":.!r.ut?o- p.:r .. ·•11'i .... t:l<."(.."f rnmanl!>· 

,fu..· "'th .. ·'·''-' ,f.·r1'il~ ,,f lh.· r.t ,r.1r .... r .. ·1k.:r1t1~ l.1.· .. ·r... ... 111,i .111k·1111.1 .. 111•.nr-.1!>'· Shou!J lh'-" .1r.ll·nn..1 

suh;irr.1~' I-.. • Ji\fJ,,; mi.• .s \\,J\."J!:u.I .. · ..tm.-rm.- " ..... , .. ,n .tthl l.I~'''"••:• ru1'· x .. ·1itw. rh .. • Jc.·nsity 

\\tHilJ ;=t• ur h• -,, kil.•;=r.1m ... p.-r • ul•i..: m.-r.-r. I ht" .!J'J'fl'.t" h ih•\\._., ..-r. r..-.:imr.::- 3!!>."'-'.'nlM~ ._,j tht" sur­

;irr.1~' m \lf°h11 \\ h1i.:h '' nnt .t .. ·.:m.-.1 ,k·,1r:1"l.· .1t lhi .. lim..-. C.•n"-·•1i11..·n1:~. th.· lht.•nn:sl ('Ilg.mo.· .: .. ln· 

.:c.·pl rr~· .... :nh -1 ,hf1i ... ·ul1 .......... ,-,,r .1 .. ·l11.·\ 111;! lll.J" l111111.·.1 faun,;h .:.mJ1l1t•n'.'. r: ... num1'·r ,, .. r11~hls 

1i..n ti:.· phoh•'••l1J1• .... r.·1111 .. · r.-1ll·.-1 m.N• lmur.-,11.tun .. ·h .:011J1ri.•1h l h .. • rh,·rm.d .. ·npnt." .. ~ .. r .. ·m b 

.. hown l.•r l•,•lh .m .. ·,;-.·nd.1hk ,hn•t«I l.ir;=·· ;.·11<•11)!h It• r.-.i .. ·11 .1 m.1" h11111,·,1 ... ,,n.lil1t•n .sn.I .1 rt>u~.­

~k .. 1u,111d ••J'll••r Llil::. h .-'"'l f,1r th.--...· 1•pt1u11' .ir,· .:.•mr.m:.l m tlw third .. d ,,f 1-..!r,_ r,,, ~:1 ... • 
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VEfflCU EUMEllT 111KG 
EVDIT 

IOOSUR ...... 
smucTdlE asz SlMi£ATM£CO 

1llERllAl. PROTtCllOlll $YS1'DI ..... ~"./RU£RVE 

._...,.. SYSTEll• RCS &..• DROPU 
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POll£R CDNVDSr 1.13 RCSTa• 
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MASSAFltR 
EVEllT 
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1&1.99 
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154.17 
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• MEOIM ~a GlW 
• 1MX "n ICGllill 
• tUMwcns 

1.5'! 

• UJOr. 25<f01tG.-1 
• 112~1S 

llOTE: ~'1111G .. llaPAYLOAD 

• 11»KGIM3 
...... UllllTS 

• 771CG."'1 
• 122 tlllllTS 

SlHROUO 1 t;;..-:; TO REOUCE COWOll£llT DEllSllY 

F"~ 4.24. Compwa1 ~ Oaactaislics 

~TY 

,.-R(Ql) Falt 

lllO. R.IGHtS .. I llo\S.Sll"•Jlfl"D 
t REUSAaE SHROUD ------

JOO ... 

SATELLITE-~PlV TJE 

(!:::;> ANT£NNASU8ARR.\"tSREADY 

(!::::> ANTENNA SUBARRA"t'-. ~ raiCES 

-

(!:::>. REUSABLE SHROUD 

0::> EXPENDABLE SHROUD 
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tbennal ~ S)-StC'm. th.! expendable shroud shov.-s :lPl'f'OXimatdy a JOO million Jolbr sninp per 

satclite as compattd •"ith a reusaNe shroud due to the low unit cost t2 million dollars) for the 

cspembbk shroud wlk!n ~ q~titin are prO\.-ured. It should be llh!Oticned however. that the 

thermal mgine satellite will also utilitt reusable shrouds for the ddi\-ecy of "-rew and supplies and 

d~ry of construction re.iuiremcots. 

One possible mix of the v31ious com~ts for ddi•ery to LEO is illustrated in F~~ 4.~-3. 

~ IBllllbtt of ~ts indiatN is dl:lt ~iatcd •ith the mix of \.'"\.llllponcnts and is not meant to 

be indicatR'c of the *-"tml bund1 SL"quak.~. It should mo be noted. the number of Oi!bts is auo­

ciakd with a pbot°'-olbic satdlik •ith a mass ,,f I IO million q r.1t.'1cr than 100 million q for the 

final P.nt II satellite. As indk:akd. the Jomimti~ \.'"Olllponatt \f.-as 1hc antemu subana)'S . .-hkb 

•-as incluckd in ~46 out of :!47 1otal rlipus tof -.t.-nlitiabk f-~rch\·ard. F..irtumrdy. the hiPa 
datsity soloor arra)-s C3l? be used to offset lb.! lo'A'"t'r demit~• sulurr.iys durin~ most ,:lf their bund1es. 

In !1111lDWY. unlike the Part I .J.tW)'Sis ~ilere only about ~5 to -~ of the p3~-lo:id shroud w;as used 

(mtcnm undcfinedt a mor<! oomrtete umkrsunding of the antrnsu and d('Sltt to d~li\ersuixuQ)-s 

fully assnnbkd has resulted in usin~ the full kn~h of tht' l'.l)·fo.IJ mroud in orJer to a.:hk.,.,.·e a mZl:S 

limilcd bWh.11 .:oodition. 

• Z fl.TS 

ANTENNA 

• 15 Fl.TS • 6 fl.TS • 1 fl.T 

• DELIVERY FLIGHTS : 241 
(IDENTIFIABLE HOWEJ 

• TOTAl FLIGHTS : 305 
UNCl.UOING GROWTH Al.LOWl 

Fig~ 4.2-8. Componml \lix Per Demny Flighl 
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The exhaust proJucts of the bunc!l '~ies can be an enviromnen121 \:Olk.""em due lo the relrasc or 
chemial pollutmts into lhe a~.h.-rc. Th~ rs:sults or the effort reported in this section supn­

mles lhe data rqM>rted in the Pat I final report CS«lion 8 0orD180-~9-5 l. The proposed 

~ vdticlc concepts are l'&'O stage dericcs. in which the firsl or booster ~ bt:ms a hydro­

Qrbon fud and oxy,,m and the seoond ~ uses h)·d~ and oxnicn as the propdbnl ~ombina­

tioa. Two types or bunch \"dlicles have been identified. either thc ~ballistic m:overable or 

lhe l'MHble winp!d n!COVtt.ablc ~-cpts. In addition. the following lwo V"..riations of lhe booster 

engine b:n-e bttn proposed: 

I. A ~JOO kPa C-l "'50 psi) ~her pressure !35 ~r.ttor cy~ enpn'I! usinl! RP-I !LO 1JLH '.! 

prordbnts •itb a ~-tJ: I oxidizer to auel mixture r.ilio. 

A 34 47S kPa (5000 psi) '"'-lmn~r pressure ps ~tor "-yde ~gine usinr LCH4;LO~ propel­

bn1s •·ilh 3 3.0: a oxiJiur lO f~I mixture r.itio. 

Ei11h:r booster en~ne '-"'-""'.:ert is ;irrlK-aMe l~'r rhe SPS ;iPflli'"""3tion. Ho•·~·wr. for pu~-s of this 

report. the b3llistic rn--m·erabk booster •'3S sized for rhc RP-I LO~ 'LH~ tyre engine and the 

•i~ boostcr uses the LCH4 LO~ rrorcll:mt '""'Qmbination. 

Therefore. the cxhaust produ'-'"ts of Nth hooster cn!ine lH~'S 1."0uld i"c: as~~ On a rcr lli~t Nsis. 

Thc ~.:onJ ~tag"-s of f-t,lh whi.:k .:on'---c!'lS are (l(l\Wr'--d b~ Sr:iu~ Shunle lbin E:tpn'-'S cSS)IFst 

'lliti.:h l~ a LH ~ LO~ rrorcllanl 1L"Ombination at a (1: I oxiJi.zcr to fud mixture ratio. 

The bun.:h ,·chide e\.haust produ.:b 3re distribuk'\l through the ,·arious rl."gions of thl." atmosphere. 

Usin~ the Jelinition oi the \3riou~ layers oi lh< atmll"phere ~'-"'"·n in figure .i.::-q anJ the l'rorcl­

bnt tlow r.ah.-s as a iun"t1on of ahitaJe time. thl." rrof"=llant u"'3g .. • in ea.:h layer .. -an he .. "Stablishcd. 

Tat-le -L::-5 iJentiii .. -s the prc."Jil."teJ amount .. ~i rrordlant .:on'.illm .. -..1 in e;i .. -b layer.."'lithe atmosphere. 

Table..J.!-S 

Propellant (."onsumplion Per Fli!hl in Ille V:arious Layers of Ille :\tmo~hne 

T mr'llsrh..-r .. • 

Str.n~rhert." 

\le'rihJ'hc."r;..· I}:.> 

B:allistic Recon•r:able 

J.Ol~\.IOh lq: 

_-;_n~~1ohkg 

1.::..,_-;x10<1 kg 

0.055\. IOh kg 

1.4::5, I 0'1 kg 

RP-I LO· Lil .. 

RP-I LO .. 'Lii .. 

RP-I LO, Lil .. 

Lii .. LO.., 

LU ... LO ... 

230 

Winged Rtto\"eDble 

.l. I c.Jtn.; 106 kg 

_-; _ _lhSx Io<- kg 

o.::'::xto" kg 

o.~~Nx 1 o'' kg 

:: .OOt'x 1 oh kg 

LCH.i·LO:: 

LCH4, LO:: 

LCH4 LO ... 

Lit .. LO.., 

Lit... LO .. 



... . . . 
•. 
;, : 

; ~ .... 
-:...- : 
•• -=. 

t~R£ 

. ·-. . :.;; .._. = : ... 

Figure 4.?-9 Locations of the Troposphere. Stratosph.ese. \lesosph.ere. :and Ion~ 

Atmosphereic Layns 
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llk c.xlt:aust rroduds al the nozzle exit for both types of booster engines are listed in Table 4.:?-6 

i~ludin~ th< m.:piitude of C3\.i1 "'°"llnbustion product. These v:ilues -c1o not"" include the effects 

l'f atmospheric reactions and re\."Olllbinations due to ·afterbuming .. phenomena. Future studies 

on the: efl«ts of ewu"' products sh0tald include th~ phenomena. The SSME exhaust products 

are water (96.S~) and free h)·d~eu (3.5'J.' The booster engine exhaust products are mainly CO:!. 

H .. O. CO. and H., whid13\.~-ount for99.93't ofthe toral. - -
The distribution of the exhaust products. in the atmosphere on a per ffiPt b3Sis is shown in T abk 

4.~-7. for both vehicle concepts. It is rn-ognized th3t due to the af1erbuming effect the exhaust 

products ,.;11 react with air to fonn oxides of nitrogen and poss1"bly very small amounts of otpnic 

nil~ oompounds. For example. the amount of cNOlx produced b)· the F-1 engines on the 

Saturn ,. has bttn estimated to ~ 0.4~ ofrhe exluust ps mass in the troposphc.-re and about 

o.oo.:--; in the Slr.tlosrhere. The lo\\·er production of tNO)x in the stratosphere is partly due to the 

lo•-er dem;it~- and partly due to the lo\\·er lt'mpCralure of the more expanded plume. 

The boosrcr enginc:-s pro~J for ~ on lh.: SPS launch V dth:le \\·1h llc.' "'more :ati\·anu'tl dc:-sigr. 

than the F-1. h·~ if no en\·ironm~'Dtal constraints are pla""t.'1! on the engine. lh:rfom1:an.:e u•tbid­

eration.' will tenJ ro n'ducc thl." pollutant k,~e1s_ Two of the d1:an~'S whi1..it will~ signific;;nt :are 

higher cham~r pressure anJ :a Jif:".:rent oper.1ting q·de_ 

Si8"-e the 1..·ombustion temperature is ""'sentially inlkr-.nJent of the chamh<r pressure and ~ince the 

higher dtamb.:r pn'SSUre n."SUlts in :a higher optimum cxp3nsion r:atio. the plume bounJ:ary tem~r.t­

ture will b.: lou·cr. '-'Spe .. i;dl~- Jt :altitude. For J ..JU: I expan~ion ratio 1he exit st:atic lemper.lture is 

:about _:oootll\._ T!t.: nmJuction of l~Olx will. 1!1,·rdore. he n'tlu1..-ed. The f~O'x kwl for the 1.."311· 

JiJale hoostcr cngin&."s shoulJ he 11\.•ar or hdou- the nlm .. " fi."'r th~ Sra.:~· Shuttle ~bin E ngin~ which 

h:aw bc.'Cn \"Slim:atcJ al 0.01'~ in the troposphere :and 0.001'; in the slrJt<-lSphl!'re. 



Table 4.2-6 Rocket Enalne E"hau11t Product11-Percent of Propellant fl()W Mau 

Species of Exhnust Product11 at the Nozzle Exit-Percent of Propellant Flow 

H20 CHO CH4 H co OH Cff 20 C02 ff 2 

Booster En1~~ 

RP· l /Uh/Uf., 34.S31i 3.127x1o·S 2.88Ix10·6 I .649xl04 24.590 4.0R9x 10-4 1.66Kx lo-<, 39.618 J .193 - ... 

LCH4/LO:? 39.8X l 3.<>23x 10"6 2.229x Hr6 3.222x I o·6 IH.OS3 I .803xl0"6 l.537x 10-<> 40.197 1.802 



I 
Tnble 4.2·7 l>lstrihution of Exhaust Produc:ts in ch~ Vnrious Reaions of the Atmosphere 

' M:ignil ude of l::xh11ust Spcc:ies/Fll1ht - I O.ika 

r ,, 

b:haust Product . 
Rctcion 1120 CHO CH 4 H co OH CH20 C02 H2 

-
" 

2-Stup,c llalli~tk ((cc:o\'l'rnhlc 

T roro,phl.'rl· 1040 ·~ "' 0.005 740 o.o 12 • 1193 36 

B1xJsh•r St rat o!\phnl.' I 09t1 0.005 780 0.0 1.1 1257 38 

M1.~o.,plwn: 440 0.002 313 0.005 504 15 

lippl.'r ~I l'!lmphcrl· :; .1 "' "' • • 2 
St<1)!l' I 011rn.plwrl· 1.17:; • "' * ~· "' • • 50 

',... -
2·St .. gc Winttcd 

T roposplwrl' 1~75 • ot "' 577 "' ~· 1285 58 

Boo~tcr SI r:a lo.,pl\l! fl' 1.14.1 608 1354 61 

Ml.',O!oPhl•rc 108 49 109 s 
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4.3 ORBIT TRANSFER SYSTEMS 

4.3. l Satemte Delivery System 

Analysis of the two construction location options have resulted in the detail analysis of two satellite 

delivery systems. The LEO construction concept for the reference photovoltaic satellite is illus­

trated in Fi!!Ure 4.3-1. Eight modules and two antennas are l.'Onstructed in LEO. All modules are 

transport~ to GEO using self power clectric propulsion. Two of the modules will transport ar, 

anknna while the remaining six modules are transported alone. 

The GEO construction concept is illustrated in Fi!!Ure 4.3-~. This concept involves a staging depot 

in LEO which has the capability to transfer payloaJs from the launch vehicles to orbit transfer vehi­

cles tOTV) and maintain the OTV Oeet. Transfer of all pa} ioads fro'll LEO to GEO is accomplished 

using L0z/LH1 OTV's. Constructior. of the entir..: ~tellite including antennas is done in GEO. 

Sub~quent scctioris \\;n discuss each of these delivery systems in t...ms of their characteristics 

which ha,·e been updated during Part II. Numerous trade~ and characteristics haw not bei:n 

updated during Pa rt II but may be found in Part I Volume V. 

4.3.1. I Photo,·oltaic Satellite Self Power System 

The refert!nce photuvolt:iic satl!llik u~s annealabk silicon cells with a concentration r.itio of one. 

The ~ll power elcme!lts requirt.'d to transfer each module are discus~d in tht.' following sections. 

4.3. LI.I Configuration 

The configur.ition arrangcml.'nt and char __ ,.:ristics of the system ekments used in the transfer of 

each satellite module is shown in Figure .J.3-3. The general char.icteristks indicate a Si:-< owrsizing 

of the satdlite to compensate for <he radiation degradation occurrin .. during passagl.' through the 

Van Allen belt and the inability to anneal out all of the da:nage afta reaching GEO. It should also 

be cmph<.sized al this point. only thl.' arr.iys needed to prm·idc the required power for transfer are 

deplo:;~J. The rem:iinda of arrays are stowed within radi;ition proof containers. Cost optimum 

trip times and lsp valt11.•s are respectively 180 Jays and 7 .000 seconds. 

Thruster modules arc located at four comers of the ml°h.luk to provide the most effect!ve thmst , .. :.:­

tor :ind satisfy control n:ttuircments. Furthl.'r discus~ion cf thl.' thmskr moduk is providl·d later in 

this st.'ction. A two axis gimhal system correctly positions the panel. Installation of the thruster 

module approximate!~· 500 ml.'lers from the satdlite in conjun.:tion with gimbal limits prevents high 

vdocity ions from impinging on thl.' satellite and causin~ l rosion. Propellant tanks for thi: thrusters 

ha,·e bl.'cn locatl.'tl at the ccr.te• .,f thc satdlite module ano at the lower surf.tl·e lo providi: a more 

di:sirabk inl.'rtia 1.:"haracti:ri..;tic c !;1c dominating factor in thl.' ;11nount of gravity gradil.'nt torque). 

Radiators d1~sipate thl.' waste heat from the power processing units. 
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Ai,ht '--ontrol of the module •ilcn ftyin~ a PEP allitude duriRJ transfer lbults in brge P'4l'ity P3-

d~nl torques at several posithins in each rnolulion. Rather than rrovi« the entire conrml capabil­

it:.: •ilh declrk tl-ruste~ """kil are quite expensive. rhc da."trk S)"stem is sized onl}· for the opti­

mum tr.mskr time wirh the additiooal required thrust pl"O\ided by LO~!Lff'.! thrusters. The 

t";formaah.""C renal•)· for rhis 1pproadt is actually quite small sin'--e by lhe time ~.500 kilomeler 

a:titude is reached the p-;a'it)· gradient torque is no lot:~r a dominating. for«. 

The mass ('har.a.:reristk'I; o' rhe de'-"lric rropulsion S)"Stem elem'--nts are directl)· proportional to the 

n13SS of the pa)'lood b..•in~ tr.ansterred for the '-~ of lix~ trip time and •sp· C onscquend}·. the 

moouk'S tr.tnsrortin~ lhl." ant..·nnas n.-quire cc tsidea"3bly IUOre OTS hard•-are and propdlant_ The 

tolal mass of the: sardiite in this Gl~ is ap~ximatd}· I UO million lg •·hkh indudes the foll6'iin~ 

penaltk:s for sdf ro\\·er lr-Jnsl'--r. •n the area of solar array. an o'·'""tSirint? of 5 ~R"c'.'nl has httn 

indudoo to C;.llllrensatl." for 1hc: inabilil)' 10 '--omrktd)' anneal out all the dam• to the cea:S o."aust'd 

fl)· Ddution •-.-:curring Jurin!! lr.msfor and tor the mismatch in rnlta~ output bet•· .. -.:n rhe dama~-d 

and ucdam~-J '"....-lls. The stru'7tur.:I imr.ict indudl."S both that of m0Jula11.)· and owrsizin!!. 

\lodularit)· indud'"-s additional wrticar mem~rs used amund r~ p.:rimr:tc:r "'f the S3tellite moduk 

and bter.11 hc:.Jms al the c::id of the moduK."5 :!"' well as the: renaltk·~ for the: tr.tnsfc:r oi thc: I 5 million 

k~ anr .. -nna c indud'--.. ~"·th t support'"-d unJc:m .. -alh th·· moduli:. f It ... houl~ he noh.-J th;.l ~.11 mt"d­

ul ... • stmLturc: h:1s ll\.-i:n siud to thal dktateJ lly ti>. moduli..°'j n~J 10 tr.tnsfor :he antc:nna.t The 

f'O\\·c:r J!strilluii('R renalty is rc:bt'--J to the: aJJitional kni?th of hus .. '3t15'.-d t>y rhc: owrsi7iR1! of the 

aru)·. ..-~ hltal mass renany for 3 LEO LOll.~truLl.:J sarellitc: is arrro~1m.a1.-ly .i.: millitm kg for 

th.: ~lc:ct..-J ~If lot'wc:r rr.mspJrtalitm s)-sk-m. It should ~ noreJ ho\\·c:,·;.-r rh;!l rh.: :1rr.iy lWc:rsi~ing 

anJ ('OWC:r Ji~trihulion f~nalt)· Jc:renJ tlR the ('artkubr p;:rfomtancc: char.i.:h:risri .. ~ ~!i:.:lc:J for 

t!a.· sdi p.•w.:r sysh."lll. 

:\ typiLJI rhmslc:r module: configm~tion consists of a } . '"'"' .1nd .s thruster ••:md as shown in Figur.· 

-13-1. P-iis rartiLubr configur:itior. is r'-"rn~nta::w oi rh ... • .:quirmt"nl im,11\,·J anJ th· ir rdatn·c: 

ph)'Sk."3! intl."rfa.: .. -s. howl."wr. thr: numh.:r of suflran..-1 jro.· Jifi.-r.:nl fr<•111 th ... • ~kt.:1r:J ... ·onfiguration 

(lR'\iously shd\\·n in Figure: ..t..3-~. for the: ~k.:tc:ll .:onfiguf:ltion. nH,Juk.- wirh(•UI :1111 ... ·nna haw 

four suhp;mc:ls. whi!\." moJuks u ith ant\."nn.a haw I: sl.1'pands ix·r .:orna. lnduJ .. ·J within th\.' 

yoke: .;m· !!-i1nha1' hoth ;it tht• triptld intc:rfa.:c: and at the: thm,t.:r p:md inti.•rfa,·1..· A.:r~s the: tripod 

gimhal arl." fut:nJ 1wo 15 cm Jia. lin1..-s for PPU .:oolanl. one: dglH .xntinh.'h:r Jiam'-'tl."r line for pro­

p...-llant aoJ .1I111 x 0.4 ... ·m l."k.:tri.: rowc:r .:onJu .. -1.,r. c;imli:d .:;apahilit~ of !•lO J1..·~r\."(':> is pro,·iJ\.'d 

31 t•.a.:h gimhal to ('rO\ iJt• tit;: ne.: .. ·s~f) thmst \"\.'.,·tor Jjr.,·.:tion. Thr: thru.'t :r rand i' Jj\·jJed into 

''"' ... ;;i•pands for .:omp3tihi:ity with 1;1 .. • rayloaJ shroud .. limensi1m .:onstr;iint. L1d1 ~uhp:md .:011-

,j,ts nf a h;isk 'ilm.:tur.il fram<work with thmstas 111ount .. ·d "'" on~· surfa .. -... and PPl1's. fluid lin;.-s 

a•1J '-"kdri"·:d lin""'.\ on rhc: f•Pl'tN. <iurfa.:.:. ikinfon:1.· l t:·J~cs tlP the: suhpands rw' id1.· th.: r'--quirc:J 

,tiffn._•,, ro auad1 suhpand:; • :ad1 otlwr to fl'"" th\." rotal rhr:•\11.'r ran"·L Ea ... ·h suhp:md h.is 

f I .JOI 1.:0 1..·m tliam1..·t...·r thmst1. rs ;irr.ingc:J in a palll."m oi Hi f,J\\ s \\ith l-t thmslt"N (X"r row. :\ 0.15 

m,·t.:r 'p;:.:in~ h.:t\H","11 lhm:-.t.:r.; h.h h.: ... ·n p1, '\ ilil'll 1<1r insl:1llalitll1. r"'' rPl ·-._ "·011,i'iling of L>C 

ix·-...·onwrt\."r ;ind a~'-' .. i.111..·1l ,\\ildt g .. ·ar pnwid,., ptl\\a pr.x-c..·...,i:1g. L1d1 Prt: ,~,:1..·m pro.: .. -s~s 

pt1\\,.-r for -o rnm .. ta,_ R.;,ia.1h•rs fo1 Ji:-.-.ipaling PPl- \\;t'ili.' h1.·:i1 ar1..· l .. i.:ah.·d ,,n rh.: 'llPJ'tlrt rripoJ. 
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Sa·01 majm-s~-...~ ~IS att used in tbt' ekt.."111': rrorulsion ~'Sinn~ staa.-n in Fipl~ 4_l-5_ 

T~ are I~ !-"fttt:.tjon or f"°"·tt b) 1bt' saldlitt'. the dislnbulil'tn t.ll- tbt' ro--cr let the cb~ 

lhruslt..'T ~°St~. t.."lllldllion~ the f'O'l't'f ~~- f'O"'t"f ~~ ('qUipmnlt. lhlUSlttS mJ rrordbnt 
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Power PNussiag 
The basic power processing con .. ""Cpt is to pnnidc QCb propulsion subarn)· •ith its a.'ll power 

proccS'5iftl .:enter. It utilizes a motor tmttator S)-stcm to pro\'ide the OC /OC com-emon and is 

schematically illustAted in Figure 4.3-8. This approach aw1mcs that multiple thrusters can be 

opnatcd from common ~r supplies and that a~ can be oontrolled by quid• :acting sv.itd1cs. 

Sin.x the cu~t ion tbrustcr t~"hnology mtttires ~"trial independeru .. ""e amon!! dusters of 

thnaslers to PfC'•Ut destabilizing dcctrodynamic interactions among thrusters Cprin'-'lf'ally during 

grid~). quiet acting intenupttt switches (it have been pb«d in the SC'ttcn anti a'-"'-""elerator grid 

cin:uits of each of the thrusters in a subanay. Disdwgie current controllers for e3'.'il thruster may 

also be required. Tlh!Se can be -911311- motor gcacrators dediated to ea..-h thruster. An isolation 

switdl will be ttqUiml to effectiw'!y mllO\'e a failed thruster from tbe system. 

Tilttaal ConbDI 

The DC OC converter used in po.-er Pftl\,."cssing n..-qui~ an 3'."li\~ thermal control system in order 

to '"-ontrol its opcratin~ temfl'!rature to a 1113.'imum oi ~- A heat exd1an~r tr:mskrs hc!al from 

t~ ps -.in.-ubtin~ in the OCJOC oon,·erter to the lberminal hO '"-oobnl loor. A ~ral b:rout of 

the rhcmul '"-unrrol loo(' indudin~ radiator as ~"It in Fi~re 43-'1. \\"~te lk:;Jt fr.ml 311 six sub­

pancls are '"-olL..x-ted inro ~ ~4 '"-m diamcrer line that passes out 10 the! raJiator ,·hich is mounted 

on the suppon tripod. The! radiator reje~ts .BO 9'\\" of 1lastc hat and ~-quires a pr~d'"-J area of .. 
11 IOr:r. Poa·'",. r~uired for pumrin~ the o.'.'oobnr is \."Stimal-0 ai ;()()KW. S\\itd1~3r ;ind in1cr-

rupter cqui~nt arc r.adi:ati,·..- t.""OOkd ~"CaU'§.e of lou~r waste ~al k\·ds. 

Eiedric Po•?r and Dislribution 

Pnmary ek'""1ri.:- rou·cr for the prof'lllsi~lll "}'tern is oht;iin'"-J lrum ·~ ~rdlite. Tlk· rrino.'.'iral Hilt-

3~ requircmenr Jurin~ rhe orbi1 1r.11Kl°cr is 1m1 :is"o..-i;sleJ "ith 1hc 1hrus1ers. Tl"k: .. xlit ortimum 

l'llf' of -000-"'7S{)() S\.-.:~lllJs n.-quir\."'S a D00-1500 Hlll inpul ,,, lhe thrust.:~. Tl~ Gl:O urerati .. ln;il 
"II 

n~uge of the ,.;itdhh.· ho\\·eh~r is .J0.000 n,mts. Hi!!ft ,·olta~ ~neration r'-">ults in low 1-R '°"~"> 

hul hi~ pl3S1113 l~"S 31 ;tl1i1uJ'"-s hdo" IOOO L:m. Taling lh'"~ fa.:1ors into .:olbitkr.1tion the: ,-olt-

3!;!!: r'"·i.tdtin~ ir. the k.ist m..-rsi1ing anJ rower Ji .. trihution m.:i..s ren.Jll} is hc:t\\·een J500 ;anJ .JOO() 

\oils. .\ ons· lime S\\ it.:h~;sr syslem is induJc:d in the rower Jistrihu1ion S} slem to en3hk the: 

:srr.1y'.I> utiliz::J Jurin!! 1h.. ..ansfrr h> swilo.'.'h 10 pnnidin~ tlk orer.11ion3I ,-ollagc: of .J0.000 'oils. 

Propt>lbn1 Stor.atr :and llelin•ry S~·stf'IUS 

:\~ rn'('ICl13nt for the ek~lri.: 1hrus1ers IS "ilOr..-J in 8 m Jiamder lanls. Six lanls 31\" r•:quir'-'d 

for moduk' without an antenna anJ I (1 ranks ii.n mtlo.luk·s I hat lr.msl"cr anlennas. Tank., are mani­

IOIJ'-'J and mJi,iJu;il 'urrly 1;n'"-s .. "' 10 .. ·a.:h lhmst..-r moJuk. The maximum llow r.1t..· is O.~ 

~ g Sc..,. anJ 0.h ~g·s..-..: for the .:~-s of tr.msferrin~ a moJuk without anJ wilh .1n anr..-nna. Pmr..-1-

!anl Jdi,·ery from the tanks 10 ca•:h moJuk i'.I> a.:.:omrlisheJ h} healing the liquid ;111:on anJ lhin~ 

th~· hoil-off J'l'<.....,'.l>Ur..- to Jf'i,·e th'-' !!3.":ous al}!On. :\n CX3rnrk of 3 t} rical rro1~llanl ddiWJ) S}">l'-'Rl 

31 111 .. • thru ... rer rand i ... ilhhlrah:d in Fi1!llr'-' 43-10 t~l't..-: This is for a (1 suhpand moJuk r.1thc.·r 
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than -I or I ~ st:b,anel moJuk u~d for the prcfom."d system. however. the overall cont.."epl is the 

same in all ClSC."S_I_ The propdbnl deliv ... 'I!- line al the thrust module splits into two primary n-.ani­

fold~ whkh in tum di\·idl"" into IO feed lines for each suhpanel- Each f ... -...""d lin'-= supplies propellant 

for 14 thrusters and is sized to rnwiJe a neg!i!!ihle pressun: drop and a un:fonn pn.-sst•re to ea~h 

thruster. The indi\ k!ual thrush:r tlow r:ih: is fix.:d hy using a critie1I llow \·enturi at the inlet of 

each fttd line. With this arran~ment. the tlow rate is only a function of :he manifold (plenum) 

prL-ssure. The only line conna:tions made in orbit will ~ aUachment of the subpand fn."d line \\ith 

th.! main manifold and the attachment of propellant tank lines to the thruster moduk deli\-ery lines. 

Th: thrust le\ d produced from a module ... -.m be \"aried by turning on arid off rows of i 4 thrusters. 

~~dividt:al thruster control is ne ... "ll'Ss:lrJ excert for a one-\\"3Y shutoff \·alve in the case of thruster 

1~.;re. Th're is no indi,·idual thruster throttling ... -..flability. As the num~r of thrusters operating 

v:aries. the flo,· r.ite into the ntoduk primary manifold is regulated to maintain the rerrect pressure 

and corresponding thrust~r llo\; rate. The boil-off rat;: i•; the argon tanks is set accordingl)' by 

chan~ng the rate of he3t input. 

Auxiliary Propulsion 

An auxiliary propulsion syst\.'m is requir.."d for the follo\\ing funcrior.s during th.: transfer: I t atti­

tudlt' .:ontrol J;uing the orhit rr.msf.:r o.:.:ullatio:1 r-.·riods . .: I to pro,-iJ.: ot-j::.:r .:olli~on a\ oiJ;mclt' 

!hmst during o.: ... ·ultations. 3 t Juring the reriods of hiJ?h gr.1\·ity gr.tdi.:nt iOrquc .. ..t I Jurin~ lhL" ta­

minal Jockim; 01.111\.'uH·rs at Gl:O and 5 t most likdr during th\.' mitial man\.'m.·\.'rs to 1110\\.' awa} 

frum th\.' .:onslm..:tion base_ -\ LO.: LH.: "} ~tem is US.:ll rnl\!Jing an lsr of -iOO .......... The thm~t 

le\·d is ... -...tahlishieJ by the: rc:quirlt'mc:nt lo sli~'rkment th\.' dc:.:tn.: thrusters during p..·ri(l\ls of hi~ 

gr.1,·ir~· ~raJknt.. For rhe c:1se of a mo..tuk lr.msti:mng \\ithout an antlt'nna a thrust k'd tli" 1.:000 

~ is rec.1uir .. -J wluk a moduk with an antenna rt."qUin.-s 500 ~ of supplemental thmst. 

.-\\-ionics 

A,-ioni .. ~ functions induJ.: tlnboard ;iutonomous gmJan •. -.: and na,ii:;ilitm. data managc:m\.'nt and 

S-rond tdcmctf)· .111J .... t",mman•l C•llllflllllli..-ation,_ ~a\iiµrion cmrlll~S Earth hori1:on. star and Sun 

.;ensors with an aJ,-anccll high i"t\.'rli.lmtancc inertial 111cas1m·1n.:n1 "~'tcm. Cross-str.1rP'-·d LSI .:om­

putcl' pnn i;.k n.·•1uin:d ..:.1mp111arional cap ... ;~;lit} indudin!! Jal.1 m.111ag.:-m-.·nl. .._·0111rol ::nJ configu­

r.ition .:1.lntrol. rh..- command and tdcmct~ "} sh·m employ.;; rcmot«-aJdrc:-:\Jhle llah.· hu,sing and 

ih own m11lt1rk"\ing. -\n additional facttlr tl:;ll 111.;;y need ,:«lns1Jcration ts th\.' nc.:d lor radiation 

shielding Jue 0

ll the ra~.;;igc thro11g!1 th..- \"an ..\lkn hells_ :\ltlwu~t the shicldill!! density Ill"!) he 

llllih: hi~h. t!1c \ olum..- to h..- ~hidJ\.',J j, 'mall and .. ·on:..:-•1ul·rttly th..- mass p1.·nalt} should not he too 

-13.1 .. 1.J Pt>rfom1an\'"e 01>1imil'ation 

P1.·rti.1n11.1n,:c •'J'l1mua11oa lclf ,di pO\h""r d::.:1n,: propul:-i•'il ,~ ,1~111' i~ fo.:u:-cJ on lh\.' paramL"h:rs ol 

s1'.: .. ·ifi ... · impul....- .md trip tim.: . ..\,Mi1imul ,:.111-iJ .. -r.11ior1' 11~1.·J m '.:k.:ting oplimum trip time anJ 

hp arc r.1J1at1on ~·ff,·..:h an .. 1 inh:re't rah: f ..:lhl ,,f 111011.·~ I. 
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The results or optimizing lsp as a runction or radiation degradation with fixed trip time and interest 

rate is shown in Flgure 4.3-11. Current cell and annealing characteristics indicates a S~ degradation. 

Although the curves for the low degradation levels are quite flat. the minimum cost per Kw is in the 

7000 to 1500 sec region. 

Optinaization or the trip time for the optimum fsp and several interst rates is shown in Figure 4.3-1 :!. 

As indicated from this data. the assumed interest rate has a significa.at impact on the transporta­

tion cost as well as the optimum trip time. The interest rate judged to be most corr.patible witt. 

current util;ty philosophy is 7w;f. The optimum trip time for this case then is approximately .220 
days. however for analysis purposes the selected trip time is 180 days. 

4.3.1.1.4 Mass Properties 

Mass characteristics associated with the optimum ~If-power orbit transfer s)-stem is presented in 

Table 4.3-:!. The \'3lues an: related to f~ transfer of each satellite module. 

Table 4.3-2 Reference Photovoltaic Self-Power Mass Summary 

ITEM 

Orbit Transfer Sys.~m 

Power Proc~-sing Units 

flectrk Thrusters 

Chemkal Thrusters 

Propdlant Storage!Distribution 

Thermal 

Structural ln~tallation 

Usable Propdlants 

Argon 

LO:!/LH:! 

Satdlite ~toJifications 

Owrsizing 

Power Distribution 

Structure (for Modularity) 

MASS CI o6 Kg) 
WITHOUT ANTENNA 

(0.76) 

0.39 

0.3:! 

NIL 

0.08 

0.14 

0.0.l 

(3.06) 

:!.06 

1.00 

c0.66) 

0 . .:!4 

Q.30 

0.1 :! 

WITH ANTENNA 

C.08) 

1.07 

0.3:! 

ML 

0.:!3 

0.39 

0.07 

cS.:6) 

5.46 

:!.80 
(I. 79) 

0.65 
0 Q ~ 

0.33 

Inertia charactenstics for a moduk transferring without an antenna ari: pre~nted in Figure .J.3-13. 
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• SELF f'OWER SVS1Ell 

RADIATION DEGRADATION 
GOWER LOSS TO EJCl'OSEO CELLSI 

~-IARRAY-

OSIANNEALJ 

SPECIFIC IMPULSE 

•1DGW~ .. 
• 200l'AYTRANSFER 
• 7 ~"INTEREST 

FtgUR 4.l-11. Trnsportarion Cost SensitiYity Radiation Degradation 
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Figure 4.3·12. Transportation Cost Sensitivity Interest Rate 
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4.3.1.1 S Mission Profile aud Flight Operations 

Mission Profile and Flight Sequence 

Mission profile char.icteristics in terms of the rdationships between orbit plane. altitude and elapsed 

time f<-'r a typkal any time departure transfer are shown in Figure 4.3-14. A significant point that 

can be seen from this data i" that a great deal of tim'-" is spent trawling through •he Van Allen belts 

whid1 ha\·e thdr main contributions bl'low 10.000 km. 

Since the self-power concept does inrnke low accekr.ition lewis. the altitude increase per revolu­

tion is quite small particularly at the lower altitudes where a ~tronger gr:l\ity field is prt.-sent. Each 

of these rernlut1ons includes an occultation or shadow (l\:riod when the satellite will be passing on 

the bad-side of the Earth and out of sunlight. The number of occultations that can be expected as 

a funclion of tr.insfor time is presenud in Figun.· 4.3-15. The band indicates the range in number of 

occultations dl.'pending on whether the tr.inskr is initiated at the bt>st ::ir wor..t time of the year rela­

tiH' to the orl>it and sun position. Thl'reforc. for typical tr.ins for times of 180 days. as many as 

IOOO o'-Yulr~Hioth .:-an Pt' ~xpccred. 

Also shm\ n in Figure .+.3-15 is th.: fr:11:tion of time a whide in orbit is o..:culted a'\ a function tlf ttie 

tim.: from deparllm:: rhe dc:creast' \\ith time: b thl.' result of 1hc orbit getting larga :md the sh:idow 

Lon.: staying ,_·onstant. 

Thi.' t1ig.ht Sl.'ql11:nc..: for th<.' tr.msfrr or eight satl.'llitc." nwtluks is shown in Figurl.' 4.3-l 6. Allowing 

40 da~ s for the .:onst1 iction :mJ J '\Oday s for trans fa or each module results in a maximum ol 11\e 

satdlitc , .. :,Juks hc:ing. in transit at onl.' tim.: after thc: firth module has dc:rart.:d. 

Flight Control 

rl1..: !light contrnl task asso.:iat.:tl \\ ith th.: ,e!f-powc:r tran,.frr or a ~:itdlite moduli.' from LEO to 

< ;Fo imolh'S tlir.:cting. th ... · thrusr \ ... ·.:tM in a mannc:r to ..:h;mg.;.' th.: plan.: of the: orl:>it and raise the 

Jitirt.d ... • '' lul.: maintai.1ing th.: .,uitud ... · of the "atl'llit.: so th.it .. :k..:tri.: pow..:r ..:an be g. .. ·n.:ratc:J for 

th.: th1u-.h'r'>. Th..: !light :1ttitu,k ".:le.:kd for th .. • r...-f.:n:ncc: ... ·as.: consists of tlin.·..:ting. lh1.• so!Jr arrays 

toward ti:._. .,un during the: .:n1ir.: transf..:r. Th.: prin..:ipal tlisturban::.: to the attitudl.' is that of grav­

it~ !,!radi1.·nt torqu .. ·. :\, mdi .. ·at.:d in Figur.: 4.3-1-. gr:1\·it~ gr;:di ... ·r~t torqu.:s rc:sull h..:::aus ... · the sat-

1.·llit.: moduk i.; ah\ a~ s tlown PEP during the transfrr ..ts shown in th.: left hand portion of the figurl' 

.ind al-.o h,·,·.1u, ... • t!11.· !light h .. ·g.ins from ;11' 11h:l111,· orh1t :1, illu,tr.11...-d nn 1!w ng.ht h.1nd '"-.-tch. :'.n 

.1dd111on:1I .nrh1der:1tio11 in th .. · tlig.lit ... ·onrrol anal~ 'i' '' 111<.· d1a11g.111g. li11,· of notk, \\ hid1 fl'~Ulh 

trn111 ha\ ill~! th .. · ..:.1p.1hilit~ to b.:g.111 th.: d1.·partur ... · at .111~ t1111,· durin;! :h,· ~l·ar. 

l>•k1mi11.1f1tl1: nf i:h-rti:1 d1;1ra..:l•ri,11c,. ).!r:1\ it~ ).!r:idi.:111 tnrqu ... · and thnht r,·quir.:111 ... ·nh h.1.; b,·,n 

d1i1i.: 11--111~ .111 DOI ,j111ul.1t1011 .\ t~p11.'.tl ,·,:-.ult nf thi' ,i11rnl.1tion j, pr_.,,·nkd in Fig.ur ... · .f.3-1~ for 

!IW ,_,,,,. n; till· llr't fl'\Olution or :1 '.:kllik moduk tr.11\'>klnllg. \\ 1:h1llll an .lllll'lllla. 
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:\s indi..-;it~ f\~· this data. t~ maximum thrust ttquil'N at ~it "-orner of the modme is over 4000 

S. 111': ;a\·<l.ib"k thrust •·hh:h is ~altlishN b"· I~ ortimum trip ts is ~tly undtt ~ N per 

t.."\llll('f lho:r('"~· n.:-.: .. "SSitatin~ surrk~tal lhrusl "~bilit)". ~ ~tnit)" or allitu.k to ·~ \."'l.ll1-

tr\.ll thrust ttquir~n~nt is pr~tcd in Fipire 43-IQ_ TIU:s data i licst~ that tho: 3''3ilal* electric 

thrust is suffkient I<" .:''Rimi tho:~,;,~- P3dimt torq~ Oft\."\'.' ~500 Km is re3\.-hed CNOTE: GEO is 

;:;-86 l\.m,_ Th< lift(' of nO\k satsiti\it"· to "'Olltrol thrust ~-quiremcnt is a~' l""c-~"111"-d in Fipire 

4.J-1 q. A~in. rhis r.:ir.mk"lcr J.:-als "ith t~ ri~ of~ c.u rho: J('ractcre is initial<d. 

In all ,,f tik.....: llil!hl .:ontrol .. ';lS('S • .:i starrkm('ntal amount of tt.rust m05t ~ adlkd to that l'fU\idal 

f\~· ln(' ..-k..:tri.: thnKtC'I'. Th(' arrtl.'l3t..it l&-d h.' rnnidc: t~ surrkmc:tt3l thrust and tot.:il impuls< 

is rhar of3 LO: LH: ... yslL-m. 11k: m~~itud(' oftbt: thrust and rr .. ~!Unt '1Wntity has rr1.."\1'.~ly 

lx'\:n iJ..-ntiii .. -J m Fi~r.:- -1. ~--~. 

·LU.1.6 Cost 

Ille t .. ,t.:il DUTI- " ....... ,for th.: sdi-V-'".:-r S}'Um i ... t°"hmah.·J 31 SI _N "'lh'""'- llk:' ili~t ... y ... i.:m f","'f­

ti,,n ,,, tilis .:,'St i.,. .. ..,.tinul.:-J at s:;5 milli''"- :\ 1'~··.:aL;.J,,..,11 ,,f th.: DOTI' t.."\lSl i ... rn.-...:-nt~d In Tabk 

To:able -1.!-3 Sdf-Po•tt DOTE Cos1 
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11lc tteurria, cost for the sdr..pown system 10 tnnsftt one compkle satdlile is ~led :at S870 

million.. 'Ibis eslilnak is based on :a matutt industry ~approach and ddit.~ of four aldlites 

pa )-ear. A heat.town of the ~cost for the (Olllpkte s:atdlile z ad as for modules being 

l~cd •ith and •irhoul an anrcnm is prnenled in Table <t • .!-4. 

S'\"'StBI 

fli!ht S)"Slcm 

Power PrOL~ S)"'SICID 

El«lric Thnasrcn 

~al Thruslers 

Tai* 4..J.4 Sell'.Powu R·.-ca•W. Cast 
tmst ill TDllS) 

TOTAL MODULE 
SATELUTE WfO ANTENNA 

c790t t69) 

335 31 

65 6 

Nil 
Propclbnt Sa-. a Disbihulion 130 II 

Thmml Conuol 80 -,; 
StRl\.'"fllre & Mnilanisms 105 9 

A\iodk"S 10 ~ -
l'o•·cr Distribution 35 ' _, 

Pmp-;un Mana~t c-IOt •3• 
Susrainin~ Enginttrini t-IO) 13; 

TOTAL 870 .,~ 

,) 

4.l.Ll.7 ~ S~"Stan lnel Tades 

MODULE 
WITH ANTENNA 

(188) 

84 

16 

31 

18 

:5 
5 

9 

(9t 

(9) 

~06 

Surportin~ s)·s1an k."\d 1raiks 00t1du.:tcd durinr Part 11 i11\·~wd Ilk! comparison of ~-er.al !ocations 

for .:onstf'l1.:tin~ the ;mtcnR3S for rlh: LEO constnKtaon urrion and rlk! ~• eff"""Ctiwncss of re('()\·­

er)· :anJ reuse of th'° ~k-crric rropukion S)Sf\'.'m .. -1n:n usin~ sdf-po-.·er for LEO to GEO tr.mskr. 

bch o( rlk.-sc: Ir.Ilks •ill be d&""USS4"d in ;adJitj.;maJ d\'.'l:ail in the subsc~ ...... nr J':lr.tgr.iphs. 
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Antmm ConstNClioa1Tansportalioa Tndr 

The early part of Part II in'"Ol''ed the prelimimry investiption of fr•"C' diff crent antenna construc­

tion/tr:msportation ~thods when considering LEO construction of the satellite. ~ options are 

illustrated in Fagutt 4.3-10. The fmt th~ con"~pts in'"Ol'"C' construction of the: entire antenna 

(including yoke) at LEO but nry !n the location or method of att:k.ilin~ the antenna to the satel­

lite module. Option 4 also has the antenna made in LEO but is tr.msfttred in ~lions. \\ith e<Kit of 

lhe right modules taking up one-fourth of an ar.tenna. Option 5 has the yoke .. -onstru.:t .. -d at LEO 

(size requires a facility hei~t similar to that r1..-quired for Ilk: satdlile construdioo) but has the 

antenna ddi'-ered in the fonn of cumJ10RCRtS. v."hich are assembled in GEO. Assessment of thest­

options in,-olved a number of criteria and resulted in sdedin, Options ~ and 5 3S th.: most promis­

ing and requiring 1urther depth in the anal)'Sis in onler to make a sde.:tion. 

Option I •-as eliminated from further conshkration since it had the ,.·orst .. itaracteristics in terms of 

P"l'ity ~ient torque cGGTt riestrh:ted the thrust w•:tor J~ !o exhaust imrin!Cment on the 

antenna 3lld had ~ brp: structural impact on a s;itellite due to eca-n1ric loadir.~ durin:_! tr.msfer and 

required tv.-o different propubion S}'Stnn Jes~s sin~ the: saleliite modules ,.·i1hou1 antennas 

\\"OUld in,·olw 1.."00...tjderal'tly less m:L.~. Option 3 in'\ll'ed a struc1ural impact on t~ s;11dlit~ and 

reqJired mowmenl of the antenna to its operatin~ position. The mosi si~iikant disaJ,-anta~ of 

Option -I is that it required fa .. iliti .. -s at ooth LEO and GEO. The GEO fa .. ilit~· was required to hook 

up the prim3ry structure of the 3ntenm sections plus inst31l se..-unJa~· stru.:tur~ and sutwar.a~·s in 

bct•·ttn the alrcad~ rr1..-scnt Sl.."\:on\bry structure ;inJ su1'arrays t!ut h:id been P''-"'·iously inst:illed 

at LEO. 

Furtlk:r 3Jl;ll~·sis oi Ortions ~ and 5 im·oh·'--d ;i d~r examination of the methods employed to con­

struct and rosi1ion th' antenna as wdl as factors rcsultu1tf in 3 difference an \.-OSI. 

Construction Optt;atinns-C onstru.:tion and installalion of the 3ntcnnas in LEO for Option ! is 

illustrated in fi~re -13-~ I. This 1..-on.:epl has the 3Rtcnna conslructed ma fadlit~· rhat is 3Uached 

to the moduk ;onstruction fadlily. follo\\in!! ie<'mpletion of either the thml and SC\"Ciilh modules. 

the :antenna~ c~ •• · Is consrructeJ in the module fadlity and parked 3t the side. ~liJwa~· throu~ the 

.. -onstruction of th·: foui1h ;a "ld '-'i!ilith moduk-s. the antenna has ~-en comrktcd. atl3ched to t~ 

yoke and this c•.1mbination 3lt.·chcd to the module in its opcr.atinJ? posttion. After the moduk is 

ieompkteJ an•i prior to rdc~. l:l\.' anlenn3 is rotak-d down under the module for tlw transkr to 

GEO Uhis lo..'"3tion gets the antenna out of the exh1ust of the thrusters 3nd also r'--sults in better 

inertia chara.:teristi1...--s for attituoe control t. Once GEO is reached. the antenna is rotated "3ck to its 

opcr.atin~ position through uSc: of a ~in~k hinge hne. 
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The antenna oonstructionfinstalbtion \."ORa!pt for the option of "-onstructin~ the antmna at GEO is 

shown in Fagure 4.3-:!:!. In this option. each of the ei~t satellite modules Mnr:s to GEO onc­

founh of the components n.-quin:d for an antenna. ~ oomponents must then be transferred to 

the mtcnna \."ORStruction fa\.ility as indk.-ated in picture ~- The <k:tml installation of the antenna 

into the yoke is the~ as in the ptt\iousl)· dcscrik'd option. Construction of the snvnd antenna 

is done in a manner simibr to the first 31\d when \.'."ompkte. the antenna facility is ftown to the 

opposite end of the satellite so the antenna an be instalk'd. 

C omp:attd from this standpoint. LEO construction of the antenna is juJ~ to be the most desirable 

~R\.-e the anl\.-nna fa""ility dOl.-s not haw to be m'll'"""d nor are antenna "-omronents n"Quired to be 

tr.insferred the length oi the satellite. 

Cost-The prind('31 \.'."OSI differe8'-"\."S bet,.,"fi~ the t•·o options are ""Olllpared in Table 4.3-S. This 

data indi\."3tes a "-ost sa\in~ of SI ~O million ~r satellite \\"hen usin~ LEO \.'."or ..st~tion for the 

antenna. S3tellite and t:· .. :sportatioo \.'."OSts are ~a1er for the LEO constructed op1ion sift\.'"t' th.­

structure of a module must be sized to support a 15 million kg antenna. CORS\.-qUc:nth·. the cost 

retln'"L~ hoth the ""-..lSt of the extra structure plus its transportation. The :antenna fa"ilit)· and its 

tr.msportatil"'n is dtea~r for the LEO construction approach rrimaril)" bea~ on!)· one "-re"· mod­

ule has a r.adiation wlter as opptlSe\l to three. In ;addition. the antenna fa""ility Jo:s not luw to be 

transponed to GEO althoo!!ft this \."OSI "-untribution is amortized o\·er IQ years. ibc." most sil!lliii· 

\.'."ar.t diifcrc:n.:('. ho\w\·c."r. ~the." \.'."r('W rotation r,-surply ;a_~iat""d \\ith ha,·ii;g ~00 f('wc..•r fX'urk ;it 

GEO. 

In summ3f). LEO coru-trudiiln tlf the antenna is f'\.'\."'Ofllmcnd"-d bc...'l."3USc: of Iii< SI ~O million ~r sat­

ellite." sa'ing anJ k"S." .:omrkx operations assodat"'d \\ith installation of the ant"'nna. 

Eltttric OTS Reus:ability 

Moti\·ation 14.lr .:<>nsidcring lhc rc:u~1hili1y of thc ekl.'."lri\.'." prorulsion systc..·m has bc...-cn tht" Sh~O 

million unit .:t'ISI 3SSll\:iak-d \\ith thc S) stcm at thc midtc."ml oi Part : cnotc lhe final Part : \";llue 

\US S870 millit>n t :\ brcakdo\\·n of the syslem \.'."om110nents and rcusabilily r.itionak is shown in 

Figure.· 43-~.>. Those .:omponc.•nts ""-o~sidered as prime candidales for rc:usability indude the 

thruster moJuks and pmpellant lanks Jue." to tbc."ir high \.'."OSI anJ or high .:ost rer kilot!f3m. as wdl 

as being con\·c.-nicnt in lem1s of disa~mbl) n.·a~mhly and n.·tum ha\.'."k to low Earth oroil. 

Lile \.'."llflSidcrations lll° arprOXllll.lld~ ~.()()(} lwurs for th"• lhmsh:r uni ls pr\'.'Wllt llll'f\.' lh:tn hHl US\.~ 

unkss reforoishmenl is rro\ ideJ whi.:h :tnlllUllls to :ippn.lxima1dy 50': of th\'.' unit ,·ost. 

259 



0180-22876-S 

.-Sl1M ©BEGIN ANTEMIA NO. 1 
&EPt.OYllENT PLATFORM @COllPl.ETE ANTENNA NO. 1 AND INSTALL 
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@ CONSTRUCT ANTENNA ND. 2 
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q I <1> • 
(2) (3) I Cc) I (s) 
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F°lglll'C 4..l-22. GEO Antenna Constnactioa/lnsbtlation-Sdf Pown Orbit Transfer 

srs-m• Tai* 4.3-S. Anaenm Comtruction Location Comparisora-LEO n GEO 
ASSESSMENT 
CRltERIA 

•SATELLITE ANO 
TRANSPORTATION 

•ANTENNA FACILITY 
ANO TRAlllSPORTA Tl~ 

•LOGISTICS 
(CREW ROTATION/RESUPPL VJ 

•ORBIT TRANSFER SYSTEM 

RECURRING COST 
CHANGE flEO VS GEOI 

+S4Clll 

-$2!ill 

-S13SM 

0 

SAVINGS S120M 
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• .l0.4MKG 

•CHEAPER CREW MODULES 

•LESS OEM'-NDING TRANSP. 

•200 FEWER PEOPLE AT GEO 

•EACH SYSTEM SIZED 
TO ITS SPECIFIC PA '\'LOAD 

•SMALL DOTE PENALTY 
FOR lWO THRUSTER MODULE 
SIZES 
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• mTIVATION: S6ZO MILLION/SATELLITE 
171.5 MILLIONIUODULEI 

REUSE AND RATIOftALE 

• THRUSTER MODULE 
THRUSTERS 
!lf'I • 
YO <f JGllmAL 

• S ... f'ORT TR.aD 
STf.UCT 
RADa.\TOR 

• PROPTANKS 

• POWER DISTRIB 

• CHEllSYS 

~re 4.l-23. Electric OTS Reusea~lity 

YES 

NO 

YES 

NO 

NO 

HIGH COST 

AWKWARD 

HIGHSIKG 

INTEGRAL 
WITH 
SATELLITE 

LOW COST 

Reco,·ery Concept for Electric OTS-The .:oncert for recowry of the ek.:trk OTS is pr~~nled in 

Fi~re 4.3-~.t. The system analyL ··I .-·n the return oi the ek.:trk components to LEO is a singk­

srage LO,:: LH ~ OT\". R'-'tum of.:: I0.000 kilogr.ims of payload requir~-s a pro~llant loading of 

approximately 400.000 kilograms. «Note: The linal Parr :! ch'-'mic:tl OTV for crew rolation.' 

r~-supply is a common two stage system with total propdlant loading of .J60.000 k~. l lkliwry of 

lh'-' LO-.. LH., stal?'-' to GEO im·oh~-s mountin!! th'-' sta2es below the satdli!e moduk. The R>sullin!! - - ~ - - -
imract on the dectri.: pmpulsion system of lrJnsporting an additional 1.6 million kilogrJms of 

LO,:: LH,:: 'tag~-s is rc."larh·dy minor due." to its high pc."rformance charJderisti"-s 

Reusahility of the decrrk .:ornrt.\111..·nts usc."d on the." firsl m0t.luk is not possibk liefore transfc."r of 

the." Sc:wnth moduk due to Jdiwry lim.:s of I SO to .::oo days. 

Cost Assessment-lost for rc."COWI) of the ekctric componc."nts compar~·d to their ,-=tlue is nearly 

rhe same." as indicated in Tahk .t.3-<l. ConSc."quc."ntly. recowry is not ~uggested for the Part .:: miJ­

tl.'nn cost cha1actcri:-tics. although it is rc."commc."ndc."d rhat considc."ration he." !,!in.·n for using thesl' 

t'1rusk·rs for orer.itional attitude control and station-kec."ping associall•J with the." satdlitc.". which 

would also dfc1.·tiwly rl·Jucc." the ..:ost of thl· sdf-powt:r sysll·m and also to im·l.'stigall rt:COh'i). 

using an indl.'pc."nlknt 'olar dl.'ctric lug. ~otl.': Thi.' final rar:.:: OTS .:ost CharJwarl'l was c."stimalc."d 

al s-qo million ralha th:m S<1~0 million for thl.' Part .! midh.'r!n for which tlus lr.idl.' was l·onJu..:fl•J. 

Csing till' tinal Parl .! CllSl how1.•wr rl•sults in ;1 s:l\·in!?S of S 1-10 million Jll'r saldlill' whid1 1111.'ans fur­

l ha ..:onsidc."ralion of recowry :-hnuld o..:cur in Parl 3. 
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6 u'u 6 1 1 
II" 
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(APPROX. s~ ME SIZE 
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figure 4..3-24. Electric OTS Recovery Concept 

Table 4.3-6. Cost Assessment Electric OTS Reuseability 

• COST PER SATELLITE MOOULE 

4 COSI FOR RECOVERY (SMt VALUE OF RECOVERY 

• ELEC OTS (.l ~ITI 9 • THRUSTER MODULES 
(UNITI 

• ELEC C'TS TO LEO 11 
• LAUl'JCH SAVNGS 

• CHEM l.l UNIT) 10 
(ASSOC. WITH THRUSTERSt 

•TANKS 
•CHEM TO LEO 33 

43 

16 

5 

I 
I 
I 
L-,- AVAIL. FOR 

I 7thMOD 

I 

TOTAL $64M 
TOTAL S63M 

~LUSION: NOT ECONOMICALLY ATTRACTIVE 

RECOMMENDATION: CONSIDER 
11 ELECTRIC TUG RETURN 
21 ELEC OTS FOR SATELLITE 

OPERATIONAL ACS 6 STATION 
KEEPING 
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4.3.1.2 Thennal Engine SateHite Self-Po.ver System 

Self-power of the thennal engine satellite modules are for the most part similar to the photovoltaic 

modules from a performance standpoint and basic hardware although there are some distinguishing 

differences in tenns of satellite design impact as id-:ntified in Figure 4.3-25. One example of this is 

that no oversi.::ing of the thermal engine modules is required since the rellector fa\:ets and engines 

are not sensitive to radiation a<; are the solar arrays. A second difference is that the voltage genl!r­

ated by the satellite can be the :!>3me <as the operating !'atdlite ,·oltage (since no plasma losses occur 

as in the case of solar arrays) and thus a minimum power distribution penalty occurs. From a pro­

pulsion standpoint. three thruster m<><'ules are used rather than four and although all facets are 

deployed in LEO. only a portion of these are required for the tr.msfer. Gra\·ity gradient torque 

associated with this configuration are considerably lower due to the inertia characteristics of the 

module and consequendy the chemical thrust required and the amount of LO:!iLH:! propellant are 

cortsiderabh; less than in the l."aSC of the photo\·oltaic satellite module. 

Aighl operations such as trip time are the same as for the photovoltaic satellite. A difference in the 

operations. hmvewr. is that the thermal engine satellite consists of 16 modules as compared with 

eight modules for the photo,·oltaic satellite. As a result. IO modules are in tr.msit at any one time 

after the tenth module of the first satellite has begun its trip as shown in Figure 4.3-~6. 

Since the mass of the thennal engine satellite is l'SSCntially the same as the photornltaic rnltak. the 

total electric OTS system DDTE and satellite rnst is the same: approximately S l ..t hillion for 

DDT&F. and S870 million re\'.urring p(r satellik. 
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Figure 4.3-25. Self Power Configurahon-Thennal Engine Satellite 
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Figure 4.3-26. Flight Se<1u~nce fnr Thermal Engine Self Power Transfer 

264 

2 

19.1 

0.65 

74 

2.35 

4.S 

0.94 

9.8 

9.8 



DIS0-22876-S 

4.3.1.3 Chemical Orbit Transfer Vehicle 

"P.le chemical orbit transfer vehicle (OTV) is used in the satellite GEO cou ... ruction concept. tn this 

concept. satellite components are deliven:d to a LEO staging depot and then transfe~'° •o c.1emical 

OTV's for delivery to GEO where the construction occurs. 

Various types of chemical OTV's ha,·e been investigated in .he FSTS study and P~rt I of the SPS 

system ddinition study. The results of theSt: studil.'s have indicated a LO;!/LH2 common stage (tv·o 

stage) system to bl! thl! most desirabll!. This system will~ summarized in tne following sections 

and is applicable to either the p!1otornltaic o:- thermal engine sakllites. 

4.3.1.3.1 Configuration 

The space-bast.-d common stage o;v is a two-stage system with both stages having idc: •. tical propel­

lant capadty as shown in Figure 4.3 -27. Tne first stage pro,ides approximately 2/3 of the delta V 

requiremem for boost out of low Earth oruit at which point it is jettisioned for retum to the low 

Earth orbit staging depot. 

The second stage completes the boost from low Earth orbit as well as the remainc ·- of the other 

delta V requirements to pl:tce the rayloai.! at GEO and ;,I·· J pro\"ides the :quired delta V tc, return 

th~ stage to the LEO stagmg d:pot. Subsystems for·· .::h stage are identical in design approach. 

The primary diff.:rence is the use of four engines in tiw first sta~e due to thrust-to-weight require­

menh. Also. tlw sec..:;nd stage require:. Jditional auxiliary rrorulsion dut> to It:. maneuvering 

requirements including doc!~ing tlf the payload lo t•1e construction ba.-~ at GEO. Tht> ,-el,ide has 

been sized to deliwr :1 rayl<lad of ~00 000 kilograms. As a result. the st .. ge startburn rn:i~s without 

paylo,111 is :..ippro:xima• 'ly soo 000 k~;ogr;ims with the vt>hide ha,·ing an overall length of 56 mders. 

4.3.1.3.~ Subsystem.; 

Structure and \I xh:misn~s 

~lain propellanl conlaml.'r:-. ar;:- \\ellkJ aluminum with inkgr:1l stiffening as required l\) carry tlit!.!lt 

loads. inh'rt.111k. f;irnarJ ·w,t aft ski:-ts. and thrust slrudures employ graphite/epoxy composites. 

An .-\poll.1, SO\ u1. typ-.· docking systl.'m is p;·v,·ided :it the front end of ead1 :.!age for docking with 

payload-;. rdrk'ling t:mL·rs :mJ orbit.ii haso;.·s. The ... tage-to-s~age Jocl.;.ing 'Ystem provides for dock­

ing th\.· stag\.'S togetha with !light loads carrid through full-<liamet<•r structun:s. Propellant transfer 

c111111ection:-. allow either •;tagl.' to lw fut'll·d indep1;.•mknt!y with che sLaf:eS :ithl.'r Sl.'JMrJh'd or do\.·ked 

togethl.'r Stn1i.:tun: of thl.' two :-.tagi·s is identical to the extent pra-.·tkable. 
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Main Propulsion 
~in 1L"npn.:s are Nsal on shuuk ""lt~ne h:~ht•olot!y. op:raring •irh 3 -.fa~d-...-on1~us1ion q·d~ al , 
:o Mn,m- t~OOO ~· duanber •'r""SSUre. a LO:· LH: mixture r.1tio of55 h.' 1.0 and a rdr.k·ubk 

ll<'Uk •·ith eXl\."flSiOO exransion 3r.:a r.tlio Of -Ul() rrmiJing a S(lil~iii~ impulse Of ~70 ~'\.-ondS.. 

Ad,·anc"-d lo.- . PSH rumrs ;are t&"ll to minimize t\.'\.-d pn~r"-s. A ft d('gn_~ square pmbal pattern 

is '-'111rloy"'\!. The engin1L'S are "-arattk of \.~l':lti11~ in a tank-head idk tTHh mode •rumrs nol turn­

ing: mix"-J-pha-s.: rn•r-'-°llants• fr'l .... •.~own 3':"1\! s..'lf-ulbging at a s;x-";IK im11uls.: of 350 sn"Ollds: 

60 ~-onds Iii~• in ~·i~ll3~ .. g 11 '-°"·k is :b..Umed De\."\led rrior lo lxlohtr.arpin~ to foll thrust. 

Thn,nlin~ ~h\e\.'11 tank-h.:;aJ idk 3nJ full thrust is n..il r\.-quir\.-d. Main rr..,pelbnl Vfi."S..'llrir~tion is 

Jeri\\,-J from 1L"tlpne tar oi"f after an onboani hdium rrern-ssuriL..3tion. 

Auxilia~· Propulsion 

Auxilu~ rrorulsion ... u .... ·J for anitmh.· .:&.tO!H'~ anJ lou· Jdta ,. mani:un~rs Jurin~ .:oasl ~tiods 

3nd for tennina! J&.xL:in~ m.1n ... ·m.:rs. An inder-:-ndcnt LO.: LH.: S~'St..'ill is lh<:'J and rn"·id.:s an lsr 

of _:;75 sc"··nnJ:. awr.t!!IL-J m.:-r pui,in;,! anJ .. 11.·;kt~ ..;;t.1t.: orcr.:tin~ n•,'t\k:.. Thm-.t\'.'~ ;ir"· mount"-J in 

quad rad.a~ analo•;ous hl th.: .\rt-lll\l 5coi .. ·~· \foJuk insl.llbtion_ 1-..a.:h quad b.ls its (\\\"11 rrorel­

tmt s;;rrh· to f3'..iht31\'.' .:han~ "'"I. :\u'\.iliar} f'rt.lpul-sion f..•.- th.: tu•• -.t;i~ .. , us.~ ..:omntt.'n t\'.'~h­

"'"'~~ hut .. -ara .. i1! .. ·, and thn:'t h:• .. ·l, :ar.: t~ul•'r\'.'J. 

Eltttric Pu•tt 

Prinu~ ·:k._·rn,: p;.1u·i:r is pronJ.:J fl~ fod .:di' f1~1x-J .. •n ,fa.u~· 1_·dtn(1log~. l.Jtkl1t.·J Id Ilk' OT\" 

r1.."quir.:m.:nt. R.:a.:t:mts .ir.: 'il'r1.-d 111 \:l\."'Ulllll·~.1.:ke"kJ rn.-..,ur.: \.:°S'-4'''· Pr.."'tu.:t \\.Jt..·r ... ::issumoo 

f'.:taincJ t.l!ll>t.tar..! to mi;1imi;i: r.J:!-1•'.!J .:oill.!r:tinati,,n f'l'l ... ·n11;1L ~1.(-aJ 1'.iucn~s ar\.· cmrl\tyt.•J ff'I' 

p.:.:l:in:! •nJ -..noorhin!~- .> \T)C pt..>\\\'.'f ;s wu~h-h":'Ul.!t.:J .mJ fili..-r .. ·J \\ ith fin.: r .. ~ubti .. ,n l'r"~ 

'i .. kJ t>~ I'~".\ a u:c.;n~ sul"'~ ,t ... nh _ .. , n..-.. ·J:,I. .-\ r-.•1.·1111.JI m .. ·rt lll;J" '3\tng uwt ;i ... ,umcJ • V.&.luld u~ 

hlV.' rn.-ssur.: r.::i..:lanb rr..1'.iJ .. ·J (wm m.1in rr'-'l'"lblll 1.snl. ..... Ek·.:tn .. · l"-'U\.0 r .. ~st.:n, .... tor 1•1.: tu·o 

'l.J:! .. -s ar .. • 1J.:1Hi,· .. l ... , ...... 1'1 f;.•r 1..-;i,·t.snl .:.1r.s.:1t~ .1nJ i1.1n1 .. ~"4-... 

.\\i<,ni .. ·, lun.:t1t•1b indu.1~· ,•nl"•.:r.~ .nah•ll•'l11••U' ;,::ui,l.m.: ... • .mJ n:i\i~llt•n. J;1t;i nuna;,:: .. ·nh.'llf .111d 
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Tal*.f...J.7. l'J 

S.. l tKG• Stagr :!t~G• 

St111ct anJ )kdo:misms 13.300 14.780 

Yain Prorul§ion 7.090 -1.0.!0 

Au.Uaaly Propulsion 8~ 1.1.!0 

A'ioni.:s 300 Jh) 

f..k.'\:trh:a! ro.~r H50 810 

TIKnml Control 1.850 :JIO 

\\'~11 G~th ~l<Y=\ :.4~ :_l.tCJ 
l>r}· .:t.Jt30 .:s. 790 

Fud Bias t-40 tHO 

Unusabk LO,.'UI, 1.810 1.810 - -
Unusabk and R~ APS ~ 6b0 

Bumoul ~.370 .:s.990 
Main lmrutsc Prop 4~5.000 407.000 

:\PS :.7GO ".100 
Stan~um -t-i7.(F0 44:.090 

A 1ouf mi"'>•on rimdinc lor "°;:.:h sla~ is ~nk-J in fi~r"° .JJ-30. Allo-Ain!! arrroximaldy d~I 

hours ~Or rdudin!! anJ r"°furb rc.."SUlls in 40 i.ours eb~-J 1im._.. ~''"''"'° a pwn St~ I '--;m hi." r"°~-J. 

A t)·picd S•• :. ho•~wr. h3s an '-"brso.."d link: of 85 hours ~for"° r"°~ induJin!! tim"° for 

~-mbl)· b...•t\\·\."\:n Sb~ ~nd b... l\\"'-"'-"n on· 311J p;a)·lo3J. 

\\Ith tlk: indiah.-J turnaround tir.k"S for l."Kh slar"-" ol an OTV. ii is f'bo.-..ilik Ill l."Siahlish 1he tl'tal 

st~ l'k"'-"l siu 3.S shmnt m Figure .J.3-J •- The iirst !\\•O hal" ar·· . ~'k1"..;ah ... I \\·ith the first on· 
ffiPt. At th\." end of aprroximatd) I: hours tlk: ~'-"Olld •lr upp:r slag..: c UI t ~parah.-s fr\lm tlk: fil"I 

clm•·ert stat!"" c Lit. Th'-" iirst stag..: '--om('kte its orera1ions anJ is 3\·aibhl"° i•• time I'°« lhe third OTV 

lli~t. The iirst urrer st• iinishl.-s ils mission and is .t\-ailabk for another llitml at 1he '-"Rd of 

a1lrro'\imah.'1y ~5 hour5 \\"hi .... h allo"-s ii to b...· used on Ilk: lli~l ~ik-JukJ for 1he fifth tb)·- Wilh 

Of't'-"r.lllOOS .... onJUt:h.-J IR lhlS manner and the f'-"quir~m1.·nls ldr O!le on· ni~l ~r Ja~ for fiw 

.:on~'"°"uti'..: days p...·r w..:eL. c .... orr'--sronds lo bu11d1 '~hid1. Of't'-"r.llio~t a lolal ol lwo lo\Wr and four 

·1rpcr sla}!,"S arc r,'o.Juir..:J in rh..: 11'.-el in orJc:r to .... oi:J.1.:t ilay 10 day OJ't'-"ralions. C)pcral'-"J in 1ta;s 

mann..:r. as man) as si'\ inJep...·nJe111I~ OJ't'-"r.Uing sla~-s '--;in ti..: in llighl al one lime Jurin!! lite 

1.·on-.1ni~·1ion of ead1 S3h:llit1.·. 
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lltSSIOlll 
EVBIT REQualEO f'ROPULSION .,. .. 11lllE OCLTAV lllAlllOA 

NAME IHRI MISEC AUxtllARYI AEUARlt 

IM$SIOlll 

1. STANDOFF tt 3 A PROVIDES SAFE SErARA TtOlll DIST AN.ct 8£1'\'tEEN 
FACILITY & Vt.lflCl.l. 

2. PltASE 12 3 A ~ V IS ..\ TTfTUOE CON>RC'l. 

3. COAST ..$ tns .. on,r f'IRSTST.A':i[ SE~ARATES Al'TfR THIS .:V 

4.. COASI u 3 A El.UPTIC REV 

S. INJECT • 1 150 .. IHCtUOC.i.OdM-'SEC ACCUMULATED HNITE • 
llllfttc UY..,S 

&.. COAST ~· 'J A 'TR4NSFf.A TO GEO 

1. PHASE llllU • 1 1180 .. REf'Rl.S£'-<TATIV£ FOR 15°PHASING 

B. PMASE 2: J A 

9. TPI • 1 55 .. ~UOES 15 lllSE<". OVER IDEAL TO ALLOW FOR 
ITEAUINAL f'HASE QJRRECTIONS 
... TIAllONI 

1Cl RENDEZVOUS l IO A 1PI ASSUUEO TO OCCUR WITHIN 50 KU OF TARGET 

11. DOCK ' IO A 

1!. WAIT • 0 - ASSullCO DOCKED 

I 
11 STANDOFF ·' 3 A 

a.a. D£0ti.81T ·' 18» II 

15. COAST s.c 10 A TR""5fff? TO LEO 

16.. ••~INJECT .l 2.156 II 

'1. f'tiASE 12 3 A ORllT PERIGEE AT STAGING BASE AL TITUOE 

1a. "JPI •• 50 ... 
19. RENDE~~ 2 20 A 

20. DOCK ' tO A 

21. RE~A\·E - uo II ~OF STAG( UAIN PROPUISION V BUDGET 

FIRST ST AGE RECOVER\' 

'· ' ·oq 4.2 30 " '.V 1"C CMRECT OIFFH;E,,,,i"IAL !'IOOAL REGRE.:iSIOl\i 
8E!\VEEN COAST OASIT Al\IO STAGlll11G B.\SE 

2. ~E lllJECT •• NifS .. ELL•TICOR81"' t>ERIGEE AT STAGING D~ ALT • 

,_ 1l't 12 3 A AL TITUOE CONUOL 

1. PHASE .I 50 .. 
5. RE'llOE lVOUS 2 :20 A 

6. DOCK 1 10 A 

7. f?£SERVE - as .. ~OF STAGE UAIN PAO":.JL!" . .....i V B~!>Gl T 
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Figure 4.J·JI. Aight Operations-Chemical Orbit Transfer 



•.J. I .l.6 Cost 

DDTE cost for the rommon st• LO~/LH ~ OTV with a start burn mass of 900 000 k~ is estimat~ 

at S9SO million ( 1977 dollars) based on "-ost pamnerrics dn-dopcd in the FSTSA study. The 

ave~ TFU cost for- the l•·o stages is ~timat~ at SS:! million C 1977 dollars) apin using FSl'SA 

~trks. 

Cost per- ftip.r for- the LO~lLH~ OT\' is based :>n the follo-.iDJ pound ruks: 

• Spa~ B.lsed LO, 'LH., Common St• 

• Startbum St• Mass of 44:' K k~ 

• St• TFU Equal S8~M c 1977 Dolbrs) 

• ~80 OTV Flip.rs Per- Satellite 

• 4 Satdlitc."S C onstru.:t~ Per- Year-

• 14 Y"-..r ~m Life 

• 50 Fligln lksi~ Life 

• Sta~ ~aming Factor of 0.88 

• LO, LH, Bulk Cost of SO I 0 per kg -
• Spar~ Equal 50'; of O~r.ational Units 

The majority oft~ ~round ruks are sdf~:\.planatory. Ho•·ewr-. ~eral merit further explana· 

lion. The ~80 lliP.h for the orbit 1ransfer- whidc: is the number '""-quired for one satellite. A 14-

year-p~m has bttn assumed for lhc omit tr.msfen·ehide. sin"~ beyond chal point i11 lime it is 

~ner.illy assumed tlut a different ~nc:r.uion of orbit transfer whidc would bi: de\-do~d. A 50-

i:igl.t d·-sign Iii\: h:is bn·n as•mmed fJr the sra-·e bax.-d orbit transl\:r \Ch!..:k This \al~ is 00~0 on 

the '.\ISFC Tut! StuJ~- .. -hkh assumed 50 uses for a !!fOUnd based s)·stcm. Assuming that the SPS 

OT\' is a second gencr.stion whide. it was assumed 50 U5"-S could be rro~cteJ for a sra"~ ha~~ 

s~stem. 

lbsc:d on the ahow i.;rounJ mks a total of 6~-' stagn c urper and lowert ;ire r~uin:d n.-sulting in an 

an·ra~ slage cost ~1f arrroximatd~ SJ I million. Cost rcr flight for a comrlett: two stagt: OTV was 

1..-stimateJ as --~-~h million "·ith th,• f<'llowing l>rt:.1kdown. 

• Opcr.11ional l;ni:s SI .~.JM 

• Propcllaru S('.-10~1 

• Srarl'5 SO.ll~~I 

-1.3.:? Crew Rotation ~esupply Transportation System 

Tht: a"·w rol:ltion r..-supr.ly OTV for ;1 rhottn-oil;!ic ,,r th.:rmal t:ngme ';·· llih.· or 1.EO <'r GFO .:on­

,rm.:1ion makt:s u....- ,,fa ..:0111111011 stagt: LO., Lii, OTV. Th1.. syslt:m J,·,1.:nrrion oi this OT\" is 

,.,,t:llliall~ th,· 'i;llll>= a'i d-."scriht:\I in S;.•.:(iOll .J3. I.-' allllt'ugh lht: sil.t: Oi lh.: sysll'lll dOl'S \'ary Wilh 

ih appli.:alion. 
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The compkte \."rew rotation/resupply transportation system r'-"quired for a photovoltaic satellite is 

pr~ted in Fi~re 43-3~. In the\.~ of LEO \.'"ORSlr.h:tion. the \.'ttW rotation n-suppl)· \."Oncept 

. \-olws rotatinl! all of tbe personnel • 15 \ at the GE!) ~ e\"ery 90 days and pro\idin~ supplies for 

90 days. As a ro-ult. the OTV has a startbum mass of 495.000 k~-

Should the satdlite 11'! "-onstructal in GEO. the same OTV as used to deli\·er the satellite i.."Omro­

Rffits is emrlo~ ed. As a result. a "-r...-v.· rotation/resupply fii~t is Oo"-n once a month in\'Ol\in~ I 60 

personnel and supplies for -l80 people and 30 days. A\."\.Onlingly. the OTV has a startburn mass of 

890.000k~. 

~-
OTV: 

12 g • CRE\TJCARGO ro GEO • • 2 ST AGt L<>io"-H2 OTV 
• LEOCONSTOTV .. 

~ 
• "'s • C95 000 K9 

• CEO CONST OTV 
• •s"' 890 ooo Kt 0 • LEO ... 

x 
0 

..u. :::; 

301 
CRE\YTO"EO ... ... 

0 
a: .. 
ID 
~ 20 

GEO 

CARGO TO LEO 

TANKER 
:::> z ·· IPROPJ 

10 

CARGO 

GEO 
•CREW TO LEO • CARGO. PROP & OTVs 
• SHUTTLE GROWTH • 2 STAGE BALLISTIC 
• 75/iLT 

,....... gore 4.l-3!. Crew Rotation/Resupply 'f l31\Sportation 
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4.4 INTEGRATED RESULTS 

Sections 4.:? and 4.3 ha\-e presented data related to either the launch system or orbit transfer sys­

tem. This section presen.s total transrortation flight and \.-OSt data for the prderred transportation 

system for the rderenc~ photovoltaic satellite. The transportation elements \.-Onsist of a two sta_tt 

ballistic/b.dlistic launch whide for cargo. self power electric propulsion for the satellite. shuttle 

growth (reusable liquid booster) whide for crew deli\·ery to LEO and LO.:!:LH: common two stage 

OTV for crewisupply deliwry betweer. LEO aild GEO. 

The tlight schedule assodateJ with the construction and Jeliwry of one satdlite per year is pre­

sent\.>J in Table 4.4-L The maximum launch rate for the cargo deliwry syst-::m is expected ta be 

thr\.~ per day for th<!' c~ of constructing each of eitdtt modules in 3:! da~·s and deliwr}· of all of the 

OTS propellant for a module in the first lb da~·s of the 3.:! day constru..:tion period. 

Table 4.4-1. Flighl Schedule Ver SateUite 

l:arth- LEO Ddi,·er, 

.:! Stage Ballistic, Ballistic 

Satdlite Components 

&ih:llite OTS HarJwan: 

Satellite OTS Prop 

Base Crew Supplie~ 

Chc:mical OT\" Pror 

Sht1ttk Growth 

Pl.'rsonnd 

LEO-GEO Ddi\l.'r 

Satdlitl.' 

Crl.'w :supplil.'s 

Per Satellite 

.......... 
- '. 
.U 

83 

.. 
5 

.:!S 

~:n. Rale 

35.3.:! days 

8 3.:! da~s 

.:!.J I h Jays 

-
~ 

llO Jays 

I llO Ja~s 

I I.~ Jays 

.JO llays 

I ·qo Ja~s 

[I::'> Rdatl.'s to moduk tran.;portinf an anknna. 

[!> 

The total tran'.'lpllrlation .:thl for one satdlitl.' 1has1.·d on four satdlites ~l.';tr co1htn .. :t:,1o1 rat..•1 is 

e'timated at slightly unJl.'r S.J.8 hillwn . .-\ hr1.·akdown of this ~o~t is pr~sl.'nt..•J in Tahk -1.-1-.:!. 
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Table 4.4·2. Transportation Cost CCost in Millionst 

Satdlih.' T rjnsportation 

Components to LEO 

OTS HarJwarc to LEO 

OTS Prop to LEO 

o~·s Hardware 

Crew Rotation Resupply Tr.insportation 

2325 

355 

795 

775 

Surpli6 to LEO -t5 

OT\' Prop to LEO -15 

OT\. HarJwan: IO 

Crew to LEO I.JO 

(4250) 

lnracst 1Sdf P<'\\cr T.:;- Timet 1.~001 

Total S-l'QO 

276 


