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1.0 INTRODUCTION 

I.I PURPOSE 

This document provides a concise but complete system description for the preferred concept SPS 

developed by the Solar Power Satellite System Definition Study (Contract NAS9-l 5 l 96 ). 

1.2 RATIONALE FOR SELECTION 

The selection rationale was dominated by a desire to develop as much credibility and technical con

fidence in the results as could be achieved within the study resources available and within the under

standing of the required technology. Significant selection deci.,;ions included the following: 

1 . Single crystal silil:on solar cells 

"' Glass encapsulated solar cell blankets 

3. Concentration ratio 1 
4. Graphite composite materials for primary structure 

5. Electric propulsion for attitude control 

6. Klystron RF amplifier tubes for the transmitter 

7. One kilometer diameter transmitter with a design transmission link output power of 5.000 

megawatts 

8. Construction in low earth orbit with self-powered transfer of satellite modules to gwsynchron

ous orbit. 

9. Two-stage \\inged fully reusable rocket vehicle for transportation to low earth orbit. 

Rationales for these were as follows: 

l. Single crystal silicon solar cells were selected because their technology base is considerably 

more advanced than the altem:1tives. Promising alternatives include th:n film gallium arsenide 

and other thin film materials. However. silicon cells nearing the perfomrnnce levels desired for 

SPS are presently in experimental production. The paths to achiew the SPS level have been 

largely demonstrated experimentally. Even with this comparatively conservative technology 

selection. a substantial technology ad\"ancement must he accomplislwd in order to make the 

SPS system practical. Significant advancements include achievement of the desired perfonn

ance levd in production cells. sckction of production processes and their automation. imple

mentation of adequate capacity low cost silicon solar cell prodtH:tion. and implementation of 

SPS solar blanket production on an adequate s...:ale. These technkal challenges arc sufficiently 

great that seiection of a design requiring even further adv~111ces was felt to result in a lack of 

confidence in results. The more advanced technologies. however. would likely lead to improve

ments in SPS cost charackristics later in the program. 
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Glass encapsulation of the cdls in the blanket wa:. selected because this avoids life limitations 

that may exist for plastic matenals and potc.•ntial problems with darkening of adht"Sivcs. 

It also provides bl'tter radiation protection for tht• solar cells and is compatible with dirt'cted 

enell!Y annealing of thl.' solar hlankl.'t. should that he requirt'J. 

J. Coni:entration ratio l was sekcted because low cost solar cdls driw thl.' l.'.'Olll't'ntration ratio 

trade to elimination of concentrators. ~1.'.'aUSt' of the simplicity of the concentration r.ttio 1 

configuration. Solar cells expensive enough to giv.: a significant advanta~ to l.'.'oncentration 

lead to an owrall l.'.'ost prcfl.'rence for thl'rmal engine systems. 

4. Tht• primary reason for sckcting graphite compt.Jsitl.' matl'rials for the SPS main structur.: was 

their achievability of very low thennal coefficients of l'Xpansion. TI1is is highly desirable 

tie"·ausc thl' very lo\\ stnactur-'il fr\."ljlll'n\.·il•s of an SPS satdlilt' lead ro signifkant concl.'ms 

rdati.·d to till' dynamic l.'ffrcts of tt•mpt·raturt• 1.:han~l's Jue to changt's in sun illumination. 

:". Tiw st'lection of klystron h1llt·s as th~· powa amplitil'rs for th\.' mkrowaw powa transmittl'r 

was laq:dy artiitrary. Earlil.'r studil'S haJ concentrated on amplirron crossed-field amplifiers 

and it was lksircJ to bring ;m undl'rstanding of thl' klystron system up to a ..:omparabk kwl. 

The klystron tuhe appears to he more tkxihk in operation than thl' amtllitron tuh\· and l.'.ould 

lead to advantages in situations whcfl.' control of thl' SPS power k\·l'I is desirc.>J for load follow

ing ,,r other rt•asons. ConsiJl•rahle intl·n.:st has l'il'l'll l'xpr1..'SSl'J in solid state amplifiers hut no 

solid slalt' amplifier tcl.'.hnology prcSl'ntly in thl· laboratory is adequat\.'. The prin..:ipal Jiffi

\.·ulty ;nist'' from th1.• fact that solid stall' amplifil'rs must he opt•r:1tt·J at low tt·mpt•r.1tures (l'.g .. 

50°<.'l. nus k.1Js to s1.·wn· limitations l'll the amount of p1..lW1.'r that .:an hl' tr;ms111itt1.•J with

out 1.'\1.'l'l'thng th1.· .1llow;1hk 11.·111paatur1.· limit~ on th1.· ~olid st;1tt· dt•vkes due lo waste lwat 

1h,•m1;1I n•ii.-1.·tion h:mp1.•r;iturl'S. hlf t'Xampk. ;1 tllll' kilonwtcr Jiamelt'r pmwr transmitt1..·r 

us11\)! s111,·,,n solid sl.1h" ,k\11."l'S ,.,,ult! probably th't h.m1.lk llhlft' than about I to 11: gig:l\\atts 

of l'kl'trk;1l input i''''H'r. Si11.· '\.'nsitivit) ;1nalys1.·s haw indicakd that SPS's with tr.rnsmith'rs 

111 this pow1.·r rang1.· in•ur a 'l!!llilk.1111 p1.·11;1lry 111 11.·rms ,1f lu~h 1.·apit1l ,:ost. 

(l. rht• sdl'l.'.1101\ ,,f till" 5.000 llll'!!JW.lll J'll\\l'f kwl p1.·r link ;Uhl 1111.' I kiltlll\1.'(1.•r transmith·r k111-

p1.•ratur1.· n-sultt·d from ;1 sill' s1.·nsiti\ity an.1lysis t1.'P''rkd in Appt't\\lix :\ 1.'f th\.' hook. Tlw 

mmimum sy stl·m 1.·1.,st m h·rms tlf dt1llars p1.·r kilowatts of g ... ·m·r;1tin~ .:;ip;K1ty (ll01.·urs at this 

ptlWl'r kn·I lh1.• 1.'0st p1.·nalttt'S f\lf r1.·dt1(11\~ lhi~ J'll\\"l'f kvd Jt1.' rl'latiwly lllitlllf d1.l\lill hl 

about 3.000 1111.·~;1wa1ts. lkl1.'w J.000 mq!awalls thl' pl·n:1ltil's i1Kr1.·ast• mud1 nwr1.· rapi1.lly. 
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7. Construction in low earth orbit was selected because the availability of the electrk propulsion 

mode reduces the number of laurch vehicle flights b}' factor of approximately two. This 

reduction causes a reduction in transportation cost that overshadows the costs associated with 

increased complexity of the electric propulsion transfer mode. 

8. Selection of the two-stage winged rocket launch vehicle occurred after an extended analysis 

and comparison of winged and ballistic siny.ie-stage and two-stage options. The single-stage 

options were technically marginal with the level of technology presumed available. Tut> two

stage winged and two-stage ballistil: options were essentially equal in cost as reported in earlier 

documentation. The winged system is believed to represent less of an operational challenge 

and would probably be less subject to vehicle attrition in landing accidents 

l .3 DOCUMENT DESCRlmON 

This document is organized to the currt'nt SPS work breakdown structure. The work breakdown 

structurt' is hardware-software orknted and it en~·ompasst'S all dements of an SPS program. A sum

mary of the work breakdown stru.:ture is prest.•nted in Figure 1- l. The system 1.ks.:ription is pre

sented un1kr ea.:h WBS item in four sub-headings. First is tht' work hreakdown stru1.:ture di.:tionary 

and description of what is induded under the WBS item. Next is a description of the hardware or 

software item. followed by a description of the item mass when applicable, and fin;11ly. a d1.·s.:rip

tion of the item cost. Des.:ription. mass. and ~·ost ~ummarit'S are provided at the higher WBS k\"els. 

SOLAR POWER 
SATELLITE 

• SUPPORT SUBSYSTEMS 
• ENERGY COLLECTION 
• ENERGY CONVERSION 
•POWER DISTRIBUTION 
• MICROWAVE POWER 

TRANSMISSION 

SPS 
PROGRAM 

GROUND 
RECEIVING 
STATION 

• REAL EST ATE 
• CONTROL AND 

COMMUNICATION 
• PRIMARY STRUCTURE 
• ENERGY COLLECTION 
• pOWER DISTRIBUTION 

AND PROCESSING 

SPSSPACE 
CONSTnUCTION AND 

MAINTEUANCE 

• LOW ORBIT BASES 
• GEOSYNCHRONOUS 

BASES 
• MOSILE MAINTENANCE 

BASES 

• SATELLITE·BASEO 
MAINTENANCE 
EQUIPMENT 

•OPERATIONS ANO 
SUPPORT 

Figure 1-1 SPS Work Breakdown Structure 
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• ORBIT TRANSFER 
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• SPS-INST AL LED 
ORBIT TRANSFER 
SYSTEMS 
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PRECEDING !AGE BLANK NOT FILMED. 

2.0 SYSTEM DESCRlmON 

WBS 1.0 SPS Program 
This study concentrated on analysis and description of operational SPS systems with a nominal gen

erating capacity of i 0,000 megawatts delivered through two RF power transmission links each rated 

at 5000 megawatts. Various rates of installation of these systems W.!re considered with principal 

effort directed towards the installation rate of one per year. The complete operational SPS system 

includes the satellites. their ground receiving stations, space construction systems for completion for 

the satellites in space, space transportation systems k:- movement of SPS. other cargo and crews 

into space and into the final operational location. and miscellaneous support functions carried 

under these WBS items. 

WBS l .0.1 Program Integration 

WBS Dictionary 

This dement includes those aspects of operating a commercial SPS system that cannot be conven

iently accounted at the individual solar power satellite level or under the construction and trans·· 

portation work breakdown structure items. An example of such an item might be governmental 

regulatory fun.:tions applicable to solar power satellite systems. 

Description 

No effort was expended under this study effort to identify or characterize any system elements that 

might apply to this WBS item. 

WBS 1.0.2 Space Traffic Control 

WBS Dictionary 

This element applies to space traffic control operations that would function as an overall controlling 

clement for the tleet of solar power satellites and their associated snace operations systems includ

ing ;;-onstn11:tion bases and transportation vehicles. This dement would m~iude tracking and mon

itoring functions as well as computing Jnd control fun1;tions as necessary iu maintain al! system 

elements in safe and non-interfering orbits. 

Description 

No effort was cxpt!nded under this study to identify space t;affic control s1stems. An analyses was 

perfonned of coUison hazarJ~ and pot~ntia! \vcrk~rcunds. These r~'su!t~ ~re repcrted !n \ 1ch1!ne 5 

of the Part II final report. 

5 
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llDJ>ING PAGE ILANIC NOT 

WIS t. I Solar Power Satellite 

WBS Dictionary 

This element includes all hardware and resident software for operation of the solar power satellite. 

Maintenance equipment resident on the satellite is separately described under element 1.3.4, but is 

included in the summary SPS mass statement. 

Element Description 

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

centrators) employing glass-encapsulated single-crystal silicon solar blankets. The nominal ground 

output is 10.000 megawatts through two power transmission links each rated at 5000 megawatts. 

A !!>ummary of the efficiency chain and sizing requirements are presented in Tables 1.1.0-1 and 

l.1.0-2. 

Element Mass 

The element mass summary is presented in Table l. l .0-3. This summary does !lot include item 

1.3.4. satellite-based maintenance equipment. Mass estimating factors and/or rationales are given 

under the lower level element entries. The mass growth allowance was derived from the uncertainty 

analysis conducted in Part II. About 2/3 of the identified mass increase (relative to Part II) was 

incurred due to nonnalizing the SPS to 10.000 megawatts (the Part III reference design output was 

9300 megawatts); this power deficiency was included in the Part II growth allowance. as illustrated 

in figure 1.1.0-2. The other 1/3 was a result of design changes not included in the growth allow

ance. and represents an increase in predicted mass with growth. The result was a slight downward 

revision of the predicted mass growth with upward revision of identified and predicted masses. 

Element Cost 

The updated SPS cost summary is shown in Table 1.1.0-4. The cost estimating factors are described 

under lower level elements. 

WBS 1.1.1 Support Subsystems 

WBS Dictionary 

Support subsystems are those subsystems on the solar power satellite that are not specifically 

allocatable to energy collection. energy conversion. power distribution or power transmission. They 

include primary structure, attitude control. central computing complex. communk;•!ions, antenna 

yokes, and turntables. These items are described under the sub-headi ·gs below. 

7 
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... ,.11 
218!1AYS 
817.6 .. 117.&m 

' r6675mTYP 

! 

! I -11~_._ I ! l -+--+->l-+-~1-1_,,;,::~-· ,, 667.5m TYP 
I ! ~., - t 

! 

- 21420m 

24620m 

TOT AL SOLAR CELL AREA: 101.8 km2 
111l.2km2 
114.5km2 

TOTAL ARRAY AREA: 
TOTAL SATELLITE AREA: 
OU1'UT: 16.93 GW MINIMUM TO SLIPRINGS 

Figure 1.1.0-1 Photovoltaic Reference Configuration ( S.000 MW Output Each Transmitter) 

Table 1.1.0-1 Nominal Efficiency Chains Photovoltaic SPS 

ITEM JSC GREEN BOOK CURRENT REASON FOR DIFFERENCE 
NOMINAL 

SUMf.1ER SOLSTICE FACTOR NOT INCLUDED .9765 } THESE WERE INCLUDED IN 
COSINE LOSS (POP) NOT INCLUDED .919 ENERGY INTENSITY ON SPS 
SOLAR CELL EFFICIENCY .173 
RADIATION DEGRADATION .97 
TEMPERATURE DEGRADATION 0.103 .954 0.151 SLIGHTLY BETTER CELL; CR • 1 ·-
COVER UV DEGRADATION .956 
CELL-TO-CELL MISMATCH .99 
PANS L LOST AREA NOT INCLUDED .961 
STRl"G 12R .92 .998 } .932 DISIRIBUTION OPTIMIZATION 
BUS 12R .934 

ROT ARY JOINT 1.0 1.0 
ANTENNA POWER DISTR .98 .97 PROCESSING & TEMPERATURE 
DC-RF CONVERSION .87 .85 VARIAN ESTIMATE 
WAVEGUIDE 12R .98 
IDEAL BEAM .965 l 
INTER-SUBARRAY ERRCnS .88 .95G t .86· trJTRA-~UBARRAY EFFECTS 
lrlTRA-SUBARRAY ERRORS .981~ NOT INCLUDED IN GREEN 
ATMOSPHERE ABSORP. .98 .98 BOOK 
INTERCEPT EFFICIENCY .95 
REClENNA Rf-DC .90 .89 NUMERICAL INTEGRATION 
GRID lfHt:RFACING .99 .97 INCLUDES OC·DC PROCESSO"'.S 

PRODUCTS/SUMS .0608 .on2 
SIZES(Km2) 108.8 

• INCLUDES INTERCEPT EFFICIENCY 

8 
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• AMAY..,..llEGUIRE JNT-1&31n.-IM1U 
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• ...... 'IO_..ounut' EFFICIElllCY LINK (1.d3f 

• SAlELUTE MIS A LOSSEShJ111J 

• OVUISIZE REGt..• A'ht*.AUX.NIL. ·~ 11.81) 

• SOLAR CELLAREAREOIMRD&IT-•Uk-2 

-1t1.1--2 

-nu-.? _ .... .,.,. 
-21uw/J 
-19Uwl-2 

-- --2 
-111.3--2 
--..--2 

-1&01 .... WATI'S 

-1&.93 f-9WATTS 

-&13 ( .. WATTS 

-1U1net9WATTS 

• MllAY AREA REGUrREMENT PMCI UOES lDSI' AREAS ON ARRAY>-11U W 
• 'Rn'ALU.1'ELLITEAREAIEJll:I IJDWIGMTE18MSF11Ut.2 

COWONEllT PARTll CURRENT RW.ARICS Fll''AL 

U SIOl.AR BIERGY COLLEC1lC* S'tSlm .,.., ..... 
1.1 fMIARY S11lUClURE ... 1.• cmmnuousCHORD llEMISMO 

IK»MULIZMG l'OWER 
1.2 SECONDARY S1'RUC1URE - -
u llEOIMICAL S't'SllEMI . .., S1 NOCHMGE 
1A l1AINTBIMICE STATION - -
1.1 CONTROL 111 m RE-ESTIMATED 
1A INSTRUMENTATION/ .. .. NOCHMGE 

COMMUNICATIONS 
t.1 SOLM-CELL BLMICETS 43,.1IO 4&,713 INCREASED ARRAY AREA TO 

f..'ORMALIZE flOV'IER TO 10 GW 
1.1 SOLAR CONCENTllATORI - -
1.tl'CMER~ z.m 2.4Zli SLIGHT INCP.EASE IN TRANS-

MISSION LENGTH 

u f"5 2&.212 21,311 NoRMAl.IZED POWER MO 
SQUARE SUBARRAY 

..-roTAL 7UM ... 
GllOlmf -- - 11.- NORMALIZED POWER ON . GROWTH CURVE 

'IOTAL ...., .. -.m 
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CUISLSI 

MR1•a1GmT 
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-
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• 
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• • - ,. 
F1p1e 1.1.0.2 Mwl5fze Uacerf int) Update 

T ... 1.1.M c.pita1 Cost Update S1mmuy: 1 SPS r./Yar (In Millions of 1977 S) 

ITEM PART U FlllAL PART Ill WDATE REASON FOR CHANGE NGWJ C10Gl'I) 

• SUflPCRT W'l'SIEMS 837 510 [!> 
•ENERGY CCftVEASKJll va •• LARGERARr.AY FOR 10GW 

'50LAR m.Ao"'4KETIA 
• Pt..1ER DISTRIBUTION m 1G HIGHER POWER 
• MICRORAV£ POWER 2.122 z. .. HIGHER P0\1£R:ENERGY 

TRAt!!:'JISSION STORAGE NEGl.ECTEO IN PART H 
•Gr.QUI'«) RECEIVING •.442 ·- RE.£STIMATE 

STATION CZ> 
• GRID ll'ITERFACE . - 1.341 NOT INCLUDED IN PART II 
•CONSTRUCTION II SPACE 1.1G1 1.1• -

SUPPORT ! 

•SPACE TRANSPORTATION .... e,387 r:•cr.EACED EARTH LAUNCH 
COST BUT SAVINGS BY ORBIT 
':'RNJSFER SYSTEP.1 RECOVERY 

• INITIAL SPARES -- 240 NEGLECTED IN PART I 
•PACKAGING• OTHER 314 I02 lt~REASED TO ft Of 

APPLICABLE ITEMS 
• WTERHT DURING 1JIM 

CONSTRUCTION 
z.oa HIGHER BA.SC COST 

•GROWnt 3.CSO 3.111 SOME Of PA"T II GROWTH 
INCLUDID POWER DEFICIENCY 

TOTAL :M.788 26.998 
fSUCl/k\Ye) CS2.fl99MYe» 

6> ATTITUDE CONTROL THRUSTER COST WAS REDUCED TO RlFLECt 
COlmONAUTY WITH ORBIT TRAN$FER THRUSTERS. 

10 



was 1.1.1.1 Primnv StntctuR 

WBS Dictiawy 
nm iadudes ell litnlCtuR wbich is not unique to one of the major systems (enel'I!' collec:ion. con
~ distrilNltion or transmission). ~ ~~ attxh points/fixtures for the major sys-.rms. 

El•nd Dea:::ripliaa 
The reference sateDite configuration V."35 illustrated in figure I. l .0-1. The satellite is comprised of 

:so bay~ each 667.S meters square. The bays are~ eight wide by thirty-two long to provide 

an aspect ratio of four. 

It was attractive to use a modtdar .;truc~ral concept for coostruction in LEO with transfer and final 

assembty in GEO. The sz:rellitc was sectioned into ei¥)\t modules of equal size. each module is four 

bays by eight bays. Whm joined along eight bay edges. the desired sateUite conf aguration is fonned. 

A typical module was used to perfonn a loads analysis lO identify the critical beams. The baRc 

structural configuratioo of the module is shown in Figure 1.1. l • 1 with typical beam lengths shown 

in Figure I. t. l-2. TI~ critical beams. upper surface beams in bt'nding. were noted and the structure 

was sized accordingly. The edge load (3.5 N/M) on these members is the result of array catenary 

loading on the primuy structural beams. 

A ty~ section of 7.5 meter beam is shown. in Figure 1.1.1-3. with end-fitting and loading points 

noted. This beam is fabricated by a continuous chord process which will be discussed in section I .J. 
The element configuration for this beam. with basic dimensions and materials. is shown in Figure 

1.1.1-4. 

Thl: end-fitting shown in figure· 1. l .1-4 is that for a centroidal-joint. beam-to-beam connector. An 

illustration of an ed!c: t~n intersection. using this approach. is shown in Figure 1.1.1 ·5. This type 

of joint permits centroidal beam-to-beam load transmittal and is also consistent with current con

struction techniques and construction facility sizing. 

Element Mass 
The final primary structural mass estimate is shown in Table 1.1.1-1 and a comparison of the Part II 

final mass estimate. The incrase in mass. from the Part II final. is broken into two categories: that 

resu:ting from increased bay size to normalize power output (6.1 percent): and that resulting from a 

change to continuous chord beams (93.9 pnrcent). 

II 
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THRUSTER 
INSTALLATION 
C1 of4t 

PAYLOAD SUPPORT. >'YLOAO CLEO.To.GEO) 

cc 
ADDITIONAL INTERNAL 
BEAM REQUIRED FOR 
PAYLOAD SUPPORT 11 Of ZI 

POINT (1 OF 41 

= A·A 

8> CRITICAL BEAM (FOR CASE OF UPPER SURFACE IN BENDINGt 

F"'l'ft I.I. I-I 1.-ds Amlysis and l...o8ds/Sizing s-nmy for Critical Ram in Upper Surface 

Ir 
-·-1.111 

167.511 

PLANE OF 
SOLAR ARRAY 

•-----OUTER EDGE OF MODULE IN 
SATELLITE LONGITUDINAL DIRECTION 

figuR 1.1.1-2 Reference Lfttgths of Primary Structure Beams 
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'"---- KEVLAR TE..aN TIES 

I --- LOADING POINTS 
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t-,~~ 
F..-t.1.1-3 ConlinuousCllont Beam Approadl 

.+ 

---4 

~ ~l&ATTENONLY 

MATERIAL: P·1700 GRAPHITE (POL YSULFONE IMPREG) 
E·181 GLASS COVER 

BEAM; WIDTH-7.5m 
BATTEN SPACING-7.&n 
MASSILENGTH-1.&4 kt/llt 

Figure 1.1.1-4 Continuous 0.ord/Batten Configuration 
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Element Cost 
The cost estimating factor used for primary structural members is SSS/kg. This factor was based on 

mature industry projections and was verified by detailed manufacturing and fabrication analysis. 

The updated SPS cost summary wa~ shown in Table 1.1.0-4. 

WBS I. t .1.2 Attitude Control 

WBS Dictionary 

The attitude control subsystem includes all operational elements ar.d software required to maintain 

orbit station keeping and attitude control of the SPS in the operational orbit or to establish attitude 

control from an initially uncontrolled condition. 

Description 

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

comer of the SPS energy conversion system. A typical comer installation is illustrated in Figure 

1.1.1-6 (blue book). The attitude control system includes thrusters, power processors. structure. 

propellant feed and control systems and instrumentation aud control. 

Mass 
A mass summary of the attitude control system is given in Table 1.1.1-:!. This mas~ e.;timate is based 

on Part II results described in Volumes 5 and 6 of the Part II Final Report. 

Cost 

A cost summary for the attitude control system is given in Table l. l .1-3. The cost data represents 

an update from the Part II Final Report results given in Volume 6. 

WBS 1.1.1.2.J Thrusters 

WBS Dictionary 

Thrusters include the primary electric thrusters for maintenance of attitude control. and auxiliary 

chemical thrusters required for establishment of attitude control when electric power is not gener

ated by the SPS. 

Description 

The electric thrusters are 100 centimeter diameter ion thrusters operated on argon as primary pro

pellant. A typical thruster is illustrated in figure 1.1.1-7. Perfonnance characteristics for such a 

thruster are illustrated in Figure 1.1.1-8. Chemical thrusters ~m~ small pressure-fed oxygen/hydrogen 

thmsters operating at a mixture ratio of 4 to 1 with a specific impulse of approximately 400 ~c

onds. lllustrations or technical details for these thrusters were not de, eloped. They would represent 

a negligible mass. volume, or cost contribution to the attitude control system. 

IS 



N.1\5/\ Lvndon e. Johnson :.;PllCO Cenlet 

SPS SYSTEMS DEFINITION STATUS qf PORT 
SATELLITE SVSTEHS 

T 

GIMBAL 
l.INE 

CLARKE COVJHrilON 1/25/78 

ATTITUDE CONTROL SYSTEM THRUSTERS 

/ TH~USTER PANEL 

/ 9M I 
120cM THRUSTERS 

(q0) 

ATTACHED 
TO 
TRIPOD 

ELECTRIC THRUSTERS 
• 4 PANELS <ONE AT EACH CORNER) 
• THRUST/PANEL - !SON 
t 25 OPERATING THRUSTERS/PANEL 

<40 TOTAL> 
i Isp • 20,000 SEC 

• ARhON PROPELLANT 
C4l,000 - 80,000 Ko/YEAR> 

1 OPERATING LIFE - 2 YEARS 
C0.5 DUTY CYCLE AND BOA BEAM 

YOKE CURRENT> 

CHEMICAL THRUSTERS <L02/LH2> 
t CONTROL DURING EQUINOCTAL 

OCCULTATIONS 
• I5p • 400 
1 1500 - 3000 KG/YEAR 

Ftaure 1.1.1-6 SPS Systems Definition Statul Report 

" 
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Table 1.1.1-2 FligbtControlsSystem "-

THRUSTERS 60 kt• 40 x' OORNER • 8,000q 

PROCESSORS 15,.583 kt• 12 • 187,000 

INSTL • 15TONSx4 • I0,000 

TANKS 1.STONSx 4 • 6.000 

CONTROL 2 

2&3TONS 

PLUS ANNUAL PROPELLANT 60 

323TONS 

Table 1.1.l-3 Flight Controh System Cost 

THRUSTERS 160 X $10,000* 

PROCESSORS S3.57M EACH X 12 

INSTALLATION 

TANKS 

CONTROL 

.. $ 1.6 MILLION 

= $42.84 MILLION 

= $25.0 MILLION 

= $ 5.8 MILLION 

.. $12.6 MILLION 

$85.0 MILLION 

•LOW COST RESULTS FROM COMMONALITY WITH ORBIT TRANSFER THRUSTERS. 

THEY ARE THE SAME EXCEPT FOR ACCELERATION VOLTAGE ANO OPTICS. 

17 
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Mass 
Electric thruster mass was estimated at 50 kilograms each based on extrapolations from the 30 

centimeter thrusters presently in exptnmental production 

Cost 

The thruster cost estimate was derived from an electro·mechanical cost estimatin~ relationship and 

a matmc industf) extra~l!Jtion. A .. ·ost cht•ck was maJt' betwt•1.•n this n:sult :mJ a .. ·ost 1.•stimah.' 

provided to NASA by th1.· thruster manufa .. ·turer (Hughes) with good ag«1.•ment. 

WBS 1.1. l.2.2 Power Proce-sson 

WBS Dictionary 

fhe power proc1.-ssor elemtnt indmks all power pnxessing required to conwrt the SPS-generatl."d 

dc\.'trkal l'll\Ver tat 40.000 \Olts\ to the \'oltag\'s anJ c''n1.htions required t>y thl.' ;lttituJ1.· .:f•ntwl 

system. induJing thmster requirements. 1.:onth•I n·quirenwnts. as well as .:omputing anJ llthcr 

n.·quiremt>nts. 

~·riptiun 

Powa rro.:ess,1rs Jrt' S\•hd st:.11\' l'kdroni .. : ('fl'•'l'SSlH'S that •'l\llh'rl the 40.000 h•lts fr\llll th1.· SPS ttl 

th,· lo\h'r Hlltag1.·s rt•quin-d by thrust1.·rs and ,,tha 1.·quipm1.·nt. Tlk'rt' ;in· ;1 totJI ''' I: pr•Xl'Ssl'r·s. 

thr1.'l' at c;1d1 .:l,011.·r. 

\bss 

~lass llf 1.·Jd1 Pl'Wl'f pr''"'1.'SSllf \\;;s 1.•stim.111.·1.I .1s 15.:'S.\ kill1grJms h;tsl·d 1.111 ;1 mass s1:;11ing rdati,,n

"'hir llf J .- l..1}1.lgf;lllh J'l'r 1..illl\\.tlt 1'111s 1.'Slllll.lh.' indu1.ks tl11.· th1.•n,h!I •Olllrlll that \\llllld h1.• 

r;.•quirc1.t for th\'sl.' rr1.•\.'1.'SSl\fl'. 

Cost 

L1d1 Pfll1.'1."s..;or \\';IS 1.·stim;1h.·..t to .. llSI s.~5- million 1.hlllJ~ b;1s1.·d on a matur1.• industr~ S\';11in~ l'rlllll 

"'''"'' \'stiuutt· pr1.•w.:tllHls 1.knH·d h'r s11mt1r hard\\ .1r1.· Ill ... ,,mnwr.-ial J'fl11.lu1.·111.m l'lns is ;1l'llllt 

S~JO kg. 

WBS 1.1. l .:?.J Stru,·1urt- and lnslalbtion H:mtwan• 

\\'OS l>ktiunar~ 

rt11 ... 1.·knwnt 1111:lud1.·s all !\lnKtur1.· ;111.t att1tud1.' 1.·1.1111r,,I l'ht.llbtH'll h.1rd\\.1r1.• 1li.1t a.-.-1.•1111t.•1.I for 

111hkr •'Iha \\'BS 11L·ni... ·h ,11 .. ·h. 11 1ndulks .111strn.rm.1l1.·qu1r11h'nt .ind st.1nd1,tls .1d1.kd h' th,· 

b.1s1..: SI'S sln11:tur\' h' mmmt th1.· .11t1tu1.k "'''ll\fl'I sysh'cls . ..\ls1• indihk1.l ar1.· s1.•1.'1.lndary strui.'tur1.· 

fl,r sUl'I''''' ,,f J'h'J'l'll.1111 !.111ks and ,,11w1 «q111rni.·111. .111d th<' g1111bal "'.' sh·m ;1nd thrush'r p;1nd~ 

n•q111r1.·d "' ,.lllllfl'I th1.· thru ... t n·..-t,,r dtr~·,·ti,m ,,f till' rhrnsfl•rs. 
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Dacription 

The structure was tllustn1ted earlier in Figure 1.1. l -6. The structure would be similar to the SPS pri

mary structure including truss ~ams with suitable .enninations to fom1 the tripol! 1ikc standoff. 

The glinbal system is a 2-axis m<'tor-driven slow rate gimbal system. Gimbal comman1ls are derived 

from the instrumentation and control system. The thrustcr pa11~ls provide mounting for the thrus· 

ters and support routing for the electric power feeds from thl' (XlWl'r pro\."c~ors. 

Mass 
Each structural installation was estimated at 15.000 f.g. 

Cost 

The four structur-.d installations were estimated to 1.'f•st S~5 million. approximately l tl 70/kg. indud

ing the gimbal system. 

WBS 1.1.1.2.4 Propellant Tanks 

WBS Dictionary 

This dt>ment induJcs the argon. oxygen. and hydrogen propcllant tanks for th,• SPS attitude \.'On

trol thrusters. It also induJcs tank-ntounr-•i.l t•quipment SlKh ;is propdlant gauging and wnr ,·ah1.·~ 

and the multil.tyer insulation on th ... · tank. 

Descrit1tion 

The propellant \.'ontainers are spherical ;1luminum tanks hxah.'J near cad1 thruster installation. 

Tanks are siz.ed to holJ one year's supply of propellant plus a :o'; margin. Tlk' oxygl'll and hyJro

ien tanl>.s indudc ;1 20.000 kill1gram m~uwmwing Tl'S<:f\1.' in a\ldition to tlw nonnal \.'ontrol propcl

lant. This is suffkil.'nt to re-est•ihlish the SPS normal attitulk from any initial attitude. 

Becaust' tlf thl' long p1,1pcllant sl\,ragl' tim\· thl.' t.111ks an· tksign .. ·J with a light-wt.'ight hard-shelled 

vacuum jacket that indutks approximately 50 layers of multilayer insuh1tion. Thl' tanks art' 

designed to hi.' r\.'filkJ from a tanker or r1.•mowJ and ex..:hanged with lli..'\\ tanks 1'rought from 

Earth. 

Ma~ 

Thi.' mass of thi..• prop1.·llant tanks was 1.'stimatl.'d a~ 1 (r; of till' tluiJ .;ontain .. ·d. Till' h'tal mass is 

1500 kilograms per i.'Nner not 11h:hhling \.'Olltainl·d pwrdlant. Tlw "·nntai1wd propl'llant is Ml.000 

kg indmling the tn<llll'Uvering fl'Sl'l'W 

Cost 

The: \.'Ost of thl.' tanks was ~·slimafl.•d usinl! a cost l'stim:lting rdationship for tank strudtm:s. Tlw 

total cost for all tankagc was estimatl.'d at S5.8 million. about $ll70'kg. 

1 
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WBS 1.1. t .2.S Propellant Feed and Thrust Control System 

WBS Die' ·•18l'Y 
This element includes all propellant feedlines and thrust control electronics and instrumentation. 

Description 

The propellant feedlines are uninsulated aluminum lines. Propellant pressure is controlled to the 

pressure required for the thmsters by regulators. A shutoff valve is inc1uded in ea;:h line for each 

thruster so that any malfunctioning thruster can be isolated from propellant feed. The feedlines 

include flexible elements and gimbals to aoss the thmster panel gimbal joint. Electric th1 ust 

control is provided by startup and ~hutdown o• inJividual thmsters. Oxygen/hydrogen thr..ister 

thrust control is provided by operating the thrusters in pulse mode. 

Mass 

The mass of the propellant feed and thrust control system was estimated at S l ~.5 million. an 

average of $6:!50/kg. 

WBS 1.1.1.J Central Computing Complex 

WBS Dictionary 
The Central Computing Complex indudi:' all computers and cc:ntralized data processing required 

for overall onboard management of the satellite: .:on figuration opc:ration and !light control. (This 

element excludes antenna-dedicated computing and data processing. The latter is separately covered 

under element i.1.5. t.4.) 

Description 

The Centml Computing Complex consists of a triply redundant solid-state computer system with 

supporting equipment. Relatively little effort was inve~ted in defining computing requirem:nts or 

the computer complex. A rough order of magnituJt• estimate suggests that the computer capadty 

of this complex need be no greater than the capadty of the space shuttle compuh'rs. The computer 

system was assumed to employ advanced large-sc~1k integration. 

Mas..-. 
A rough estimate of mass suggested 225 kg per computl.'r. induding a significant allowance for 

radiation shil.'lding of tilt' computer compkx to l.'nsurt' long life: and minimum diffo.:ultit'S and 

failures. 

Cost 

The cost of the Central Computing \ompkx was estimated using a CER at approximately $28 

Ill ill ion. 
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WBS 1.1.1.4 Communications 

WBS Dictionary 

The Communications subsystem p10viJcs a communications link hetwc·~n the satdlitcs and the 

gtounrl receiving station for ovcr.ill satellite control purposes. This communkations link does not 

inc1ude specialized antenna phase .:ontrol communil'atiotis services. It is tied in with the onboard 

central computing complex and indudcs all or.hoard data hus-;ing for '-'OIHJition and pafom1ancc 

monitoring of the energy conversior subsystem. 

Description 

The Communications systt.·rn indudcs a triply rl·Jun<L;it transmittt'T rt'C(·in:r syst,·m OJ)t>rating on a 

frequenq suffidently remowJ from the powt'r transmission freqt11 .. ·11..:-y to avoid intl'rfl'reth:t'. A 

KU·band link is:• likely candidate. Tht' '-·ommunKations system alsl1 indulks Jata. hus.;ing. and 

c•:>llection. Thi., sysh'm interfa.:t·~ with the Ct•ntral Computirig Complex fo,· on hoard control. Data 

bussing means has not been sclc..:-ted hut will probal'lly l.'mploy t'int>r optit·s. 

Mass 
The Connnunications system mass was l.'stimah·J as 2720 kg. 

Cost 

The Communkations system was estimakd to cost S7.t million. an awragl.' of S27.flOO·kg. Al.'ro

space communications cost estima:ing relationships w ... rc used. 

WBS 1.1.t.5 Antenna Yokes and Turntables 

WBS Oictionary 

TI•' ·11::nt indudl.'s all production hardwarl' rl·quirt•d lo m ... ·d1ank:illy in<1.:rfal·.._· ri1c s:1ldlil1,' pri-

m.' llicturc with the MPTS strul.'tur(?. Suhl'lt>ntt•nts indmk the med1ankal rot;1ry joint and drive 

~.ystem. the elevation yoke joint. and interfal.'e structurl.' .'dw,·en the satdlite and '1PTS syslt'ms. 

Element D~cription 

·n1c MPTS antrnna is .ittadwd to th,· ~atl'llik primary structun.• by the tN' of ;111 ;111te11na Yl)Kl'. 

yoke suppo:t strncture. a mcd1ankal rotary joint and an l.'kvation joint Oigur,· 1.1.1-9!. Tht• ,·ntin: 

MPTS support strudtm' is hingl.'d at tht• t•dgt> of th,· satl'!li1e strul'turt• for LI 0 l~l'O transport 

configur:1tion C section I .J l. 

TI1e y11ke support strudUrl' is composl.'d of tht• 75 nwter beams l'.,,di1wd for th: satl'llill' primar~ 

strm:turl' (St'\.'tion 1.1.1. 11. Thi.' suppt>rt slrudurl' bl.'ams join to form a lwx.1gl".1al i11terLK1,' I hat 

providl's eight support points for till' mcd1anical rotary wint cir:uiar ht•a111 l figun· I. I. 1-1 Ol. On the 

satellitl.' side. thl.'se t'leams join to !ht' hinged platform that will allow tht' l.'ompktc anlt'nna and 

support systt'm lo rotatt• untkr the t'nd moduks of the satdlik. 
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F..-el.1.1-9 AllleWYohwlT......._ 

l.ATCMEO 
Sl.JlllORT 
POINTSC3t 

1--Jt-- SATEUJTE ----i--_.:~---1~-~::_-J__, 
STRUCTURE 

P1S. A. 8, C • E. f. G. HARE THE MECHANICAL ROTARY JOINT 
~RCULAR BEAM ATTACtfMEHT POINTS. 

FIJl'lft 1.1.l·IO Yoke Support Strt1tt. ·~ 
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Tile mechanical rotary joiat is composed of two segmented circular beams (one on the satdlite side 

and one on the yoke side). a section of which is shown in lagutt 1.1.1-11. Each circular beam is 

supported at eight points. every 4S degrees. to its adjacent support structure. 1be inner and outer 

base chords of each circular beam are arranged ad,ik~nt to e~h other. Between each set of base 

chords. a drive ring and roller assembly is attached t figure 1.1.1 ·1 :) to provide relative ~ovement 

between the satellite and MPTS system. The antenna yoke attaches to its circular beam in a similar 

method as described for the yoke support structure. 

The yoke is composed of one hundred meter trusses made up of the same beams ~ that for the 

MPTS primary structure (sectio"I l. l .S.1.1 ). At the antenna end of the yoke. a special end fitting is 

provided to interface with the antenna elevation joint. The elevation joint provides for a small 

pointing angle adjustment (approximately 7 degrees} of the MPTS system for alternate rectenna 

transmission capabilities. 

There is an electrical rotary joint at the interface of the yoke and yoke support structure. The ele~ 

trical conn~tion across t:te elevation joint uses flex cables because of the small angle adjustment 

involved. These ele\:trical derth!nts are detailed in section I. i .4.4. 

Element Mass 
The mass cf the antenna yoke and tumtable. for one MPTS. is listed in Table I. l. l-4. l 'ldudeJ in 

these masses are the attachment pro,·isions and mechanical elements nec"~ry for the s:..bdement 

supports. 

Element Cost 

The element costs estimating factors. tor the items listed in T abk 1.1.1-+. are listed in Ta bk 1.1.1-5. 

Also listed is the total cost for one MPTS antenna yoke and tumtable system. 

WBS 1.1.2 Energy Collection 

WBS Dictionary 

The Energy Colk.:tion Systl'm indudes all retkctors or con.:entrators used to concentrate solar 

l'nergy on tlw lne1gy Conwr..ion Sy~km and a secondary stru.:ture ret1uin:d to support the con.:l."n

trator ~~stem. 

Description 

The concl'ntration ratio I preft•rred concept requires no energy collection system. 

24 



Dll0-24071-l 

SECTION A-A 

TENSION CABLE 
(EVERY 30 DEGREES) 

Ftpre I.I.I-I I C"amabr RiDa Beam Geometry 

CIRCULAR BEAM CHORD 
OF CIRCULAR RING 
BEAM (SATELLITE SIDEt 

22.9 \/ 
ROLLER ASSEMBL/Y ,~ ~ 
(48 PLACES) L!..J 

DRIVE RING 

19.1 CM 

\J 

CIRCULAR BEAM CHORD 
OF CIRCULAR RING 
BEAM (ANTENNA SIDE) 

A ROLLER/DRIVE ASSEMBLY IS LOCATED AT 12 PLACES (EVERY TENSION CABLEJ 
AROUND THE PERIPHERY Of THE CIRCULAR BEAM (SATELLITE SIDE). THIS 
ASSEMBL~IMILAR TO THAT SHOWN EXCEPT THAT THE WHEELS INDICATED 
BY FLAG l!_J ARE MOTOR DRIVEN FRICTION WHEELS WHICH ARE SPRING 
LOADED ACROSS THE ASSEMBLY. 

Figure 1.1.1-12 Drive Ring and Roller Assembly Location Relative Bae ('hords or C1m1lar Ring Dams 
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ANTENNA SUPPORT STRUCTURE 

MECHANICAL ROTARY JODIT 

ANTENllA VOICE 

TOTAL 

53.0MT 

33.4MT 

41..2MT 

127.IMT 

Tallie 1.1.1-S A.-... Yoh_.. Turabble CoSI Estimate 

ELEMENT CEA CS/KG) COST C$10.., 

ANTENNA SUPPORT STRUCTURE 

MECHANICAL ROTARY JOINT 

ANTENNA YOKE 

TOTAL COST 

26 

111 

340 

128 

5.87 

11.3& 

5.27 
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WBS I. l .l EMii)' Coavenion 

WBS Dictiomry 

This element indud1."S all productaon hardware required to convert incident sunlight into electrical 

power at the required voltage anJ deliver this power to the distribution system. There are three 

primary subekments; tht> solar blankets. the catenary supp<>'"! system. and interllay jumbers. 

Element Description 

Thi.' referencl.' energy conwrsio:i system l."ontiguration was illusrrateJ in figure 1.1.0-1. A summary 

of the efficiency chain anJ sizing l\.~uirements wen~ pn."Sented in Tables 1.1.0-1 and 1.1.0-~. A 

more Jt'laileJ dr.~rirtion will be giwn under each of the subekntl.'nts. 

Eiemmt Mass 
The e~rgy conver..ion mass summary was g_iwn in Table 1.1.0-J. The mass estimating facto~ will 

be Jiscussr.•J in th:.' .,uf· kment entries. 

EiemmtCosr 
The updated SPS cost summar}' was shown in T ahle 1. l .ll4. Tile cost estimating factors will be 

d1.-scribed in Ute subekmenr r."ntries. 

"'BS I .1.3. l Solar Blankets 

WBS Dictionary 

This demr:nt induJ\'s all production h~mtw;m: rcquirel! to .:011\ert in.:1Jeni sunlight into thl· rcquirr."J 

dectrkal powl."r. Sur,'kml.'nts induJe solar .:di pands. r:md intercon·1e.:ts. prO\·isions for interhay 

inten:onne.:ts. anJ support J\'\·ic.: inh:rfacl-s. 

Elemenl ~-rip1ion 

An illustrJlion of ttw Stllar .:di hbnkt•I is pnwi,kJ in fi}!ure I. I .. ~- I. :\ sili.:l'll Slllar .:ell must he pro· 

vidt"d with a 1.·owr h.l ini.:rl·asc front-surfa.:i: .:mittani;e from around 0.~5 to aroun1.i 0.85. anJ to 

prote.:t thl' .:ell fn.,m low"'\.'nr.>rg~ !'Wton irratliarion. 

C\.'rium-0 ... ,peJ borosilkak gbs;, i" .1 good .:owr m;1laial bt•.:·•usr.· it .:o;ts only a fra.:tion of the bt•st 

alternate. "N40 fusd silil:a. mat..;h,•s t:1t• coeffi.:knt of th,•nnal expansion of silir.·on. anJ yet n.·sists 

darkening l'ly ultravoikt light. lkHHsilk;ik !!lass .:an l'le ele.:trnstati.::.11ly bond\'J to silicon to fonn a 

~-trong ;1nJ pemunl'tH aJh1.•siwkss joint. in .\TS-6 llil!hl ksts :h,· .:dis ha\'ing i11t,•gr•1I 7070 boro

silkate glass .:,was h.lst only O.!\ !. I. I p1.·r.:1.·111 ol their output hl.'.:ausl.' of ultr;niokt JegraJation. 

Thest• .:dis i-.1,: th' ._-,wer .hllk·s1h'. Otha 1.·dls lu\'ill!! ~·dl-tn-1.·1.'h'r a1.lht•si''-'" 1.kgraJeJ twi..:I.' as much. 

Jena Glaswl.'rk Sdwot & (;1.·n. In.:.. Ill Wl·st <.;1.·nn;1ny.1.•xp1.·.:ts to hi.' ahk to manufodurl.' 75 µm 

borosilicafl• glas~ shl'l'ls 01w !lll'k'r \\ iJ1.· l'Y Sl'Wral 1111.'t\'rs Ion~. 
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GLASS COV£RtNC ON SACK OF CELLS. SO,_ THICll. 
ELECTROSTATICALL V BONDED 

S:UCON SOLAR CELl.6.55CM 8Y7.44CM. SO,.M THICI(, TEXTURlD TO 
PRODUCE OBLIQUE LIGHT .PA TH. 2 Q.CM FOR HIGH £FflCIENCY. 
N ANDP CONNECTK*SON BACK 

CEll COVER OF 75 ..... BOROSIUCAn GLASS. ElECTROS1'ATICAU. Y 80NOED Ill HIGH-Wt.._ 
EClllll'MENT. CERIUM DOPED TO GIVE UL TllAVIOlET STABILITY 

Figure I. I J. I Solu Arny Blanket 
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The cell cover is em~d during bonding with grooves which refract sunlight away from the grid 

lines and buses on the cell surface. COMSA T ubs expects an 8 to I :! pen,-ent inc:rease in cell output 

from this feature in cell covers. 

Solar cells only SO µm thick recently made by Solarex had an air-mass-zero efficiency of I :!.5 prr

cent without a back-surface field or \.'OV~r glasses. Improved etl1ciency can be obtained by using 

textured 1.:0\-er glasses. Texturing the s:.m-fadntt surface mak"-s the incoming light arrive at tht" rock 

surf ace of the cdl at an angle over 3 l 0 , so the light rays that have not bttn absorbed are retlectn1 

off the back surfa'"-e with \irtwll)' no loss. the \.'ritical angle in a sili(on-air junction ~ing 15.J 

Jegrt.>es. This feature not only improws photon '-'ollection efficien\.'y. when compared with thi\.'kcr 

cdls. by lengthening the light path in silkon for infr.ired rhotons. but also impro,·es radiation ~s

tance. Since all \.'barge carries arc generated within ~O pm of the P-N junction. whkh is 0. ~ µm 

under the "un-fadng :;~:-fa'"·e. the cdl can absorb radiation damage until the diffusion length in the 

bulk silicon is n:du"·eJ to 50 l'ffi by radiation generated recombination centers. 

lhe cells are dl'signcJ with both P anJ l\ tenninals hrnu~ht t1) the backs of th1..· cdls. This foature 

makes it poss;l-1" to use simple I :.s pm silwr-plated copper inten:on~ctions which are fomh:J on 

the substrate glass. C:omplete panels an: aSSc:mbkJ de .. ·trkally by welding lOgl."ther rhe moJuk-to

moJull' in h."h.:onn1..-ctions. 

Gia~ was chosen for the suhsrrare to t"nahle annealing of radi;itiou damage hy heatin!!. With all 

glass-to-silkon bonds made by the ekctro-static pl"O\:es.'> there an· no denh:nts in the blankl·t which 

cannot wi!hslanJ the -:-7 .l°K (l}_i I 0 n anrwaling temperature. whidt at prc:~nt S\"l'OlS to he rl."quir.:J. 

One resc:archer suf!!ests that 77 3°K t lJ3 I {)Ft m;iy not he neeJeJ for anneahn~ out th"· r;utiation 

Jarnag1..• from Stllar-tlare pwll,ns. How"'' er. his thl'l'I} has 1•,1\ yet hl·en confinneJ h~ l'Xp.:rim~·nt. 

The basic pand adopted for Je..:ign studil."s tfigur; l 1.J-:) has J matrix ,lf ::4 st,lar .-dis. e.1d1 f' :':' 

hy 7.44 cm in sil'.: .... ·onne..:kd in groups ,,f I ..t ,;dis Ill paralld hy Io ..:dis in a serks S1';i.·ing ll...·t· 

ween ,-.di anJ edge spadng..;, are as shown. Tal" .1rl' hrought ,,ut at tWll l'Jg1.'!\ t.lf till' 1•arwl for dl·..:tri

..:ally ..:onne..:ting rands in st.•rics, Cells within th,· pand arc int,·r..:,,nnt·.-tcJ hy "''lllhKtin~ l'knwnts 

printed on thl' glass substrate. 

Important rand fl'QUirt·mcnt' \Wfe the~: 

o The p;.nd ... -,Hnpom.·nts and pr,l..:esscs should hl· 1.:ompat1hk with tht.•nn•tl .llllll'aling at 500°C. 

0 Prl'SC'IKt.' of durgl'-t"X.:hangl· rlasmJ during iOll"\'llgine operation 111;1y lll:'\.'l'S.'itJll' insulating the 

dl.'ctrical ..:onJucfllrs on 1111.' pand. 

,, 1'111.• p;tnd lk-.ign should hl· ;;ppropriak for tlw high-spt.'t..'d automati1.: ;issembly Tl'1!Uir1.•d hlr 

making the sam1.• ')J millitlfl r~mds r1.·quirl'li for 1.·a~·h s:irdhh;. 

o low w .. ·ight and low .. :1,st ;trc im1,ortant. 
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Also shown Oiaure l. l .3-:!l is the way panels would be assembled to fonn larger elements of the 

solar array. The intel\.~nnecting tabs of one panel are welded to the tabs of the next panel in the 

string and then the interconnections are covered with a tape that also carries structural tension 

between panels. The O.S cm spacing between panels provides room for the welding electrodes, and 

also permits reasonable tolerances in the large sheet of 75 pm glass that covers the cells and the 

so,.m sheets of substrate glass. 

The panels are joined in a matrix that is 14. 9 meters wide by 656 meters long to form blanket seg

ments (figure 1.1.3-3). After assembly, the segment is accordion folded, at panel intersections. 

into a compact package for transport to the low-Earth-orbit assembly station. Packaging is giwn 

more detail in Section 1.3. 

Provisions are made for connection of the blanket segments with interbay jumpers to fonn power 

sectors. Power sector definition will be diS\:ussed in Section 1.1.4. Conductor strips will be used to 

join strings. with provisions for welding strips to join blanket segments. to fonn power sectors. The 

conducting strips also have a bossed section to ronnect with interbay jumpers. 

The tapes. at the end of blanket segments. are extended and ha\·e attachment rings to connect to 

the tensioning springs of the catenary support system. 

Element Mass 
The tot:il energy conversion system mass was shown in Table 1.1.0-3. A more complete mass break

down of the solar blanket is pro\"ided in Table l. l .3-1. Also included in this table are the mass 

estimates for the array support system. 

Element Cost 

The cost estimating factors for the solar blanket elements are the saml.' as those giwn in the final 

documentation of Part ::!. The mature industry projection cost estimating fador for the referem'e 
... 

solar blanket is S35,1m-. 

WBS 1.1.3.2 Catenary Support Systt'm 

WBS Dictionary 

This element includes all production hardware required to support the solar blanket within the 

satellite primary structure including attachments to both the structure and solar blanket. 

Element Description 

The Part II silkon photornltak system provided an output of 4650 megawatts per antenna. To 

nom1alite this output to 5000 megawatts it was necessary to increase the satellite bay size to 66 7 .5 

meters which was mon· than ad.-quate to satisfy the increased area requin:ment. 
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Figure 1.1.3-3 Reference Photovoltaic System Description 

Table l.t.3-1 Silicon Solar CeO Blanket Mass 

AVAILABLC BLANKET ta PART II MIDTEP• 

COVERS-FUSED SILICA 

CELLS-SI LICON 
INTERCONNECTS-COPPER 
SU8STRATE-FUSED SILICA 

7MILS 
lMILSCOVER 

2M:LSCELL 

2.20 
2.l& 

i.M 
2.20 

SS.88 
59.94 

227.08 
liS.88 

2 MILS SUBSTRATE• INTERCONNECTS 
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3.0 
2.0 
.5 

2.0 

1.0 
0.9607 
0.100 
1.0 

THEORETICAL PANEL WEIGHT 
~~RA!.iCES ALLOWANCE C5"4J 

ESTif.'IATEO PANEL WEIGHT 
PANEL AREA FACTOR l9913J 
SEGf.1ENTS AREA FACTOR l.9972J 
JOINT/SUPPORT TAPES 
CATENARY SYSTEM 

ESTIMATED ARRAY WEIGHT 

167.64 
115.17 

11.35 
111.76 

405.92 
20.30 

426.22 
422.51 
421.33 

2.93 
2.52 

426.78 
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The array segment width was changed to 14.9 meters. This change provided better packaging for 

transport but made it necessary to provide t 5 meter catenary attachment points on the structural 

beams. A 10 cm spacing was provided between array segments for clearance during array 

deployment. 

The method of supporting the solar blanket within the primary structural bays was shown in figure 

1.1.3-3. This method of support will provHe a unifonn tension to the end of each solar array 

segment by the use of constant-force blanket tensioning springs at each blanket support tape (figure 

1.1.3-41. These springs are also atta1.:hed to a catenary cable that is then attached to the pri1•1ary 

structure, upper surface. beams at 15 meter intervals. The springs are in compression. for better 

reliability, and exert a uniaxial force of approximately 3.SN to each blanket support tape. 

A uniaxial blanket support was selected over the biaxial support shown in Part II of this study. This 

change was the result of analysis of construction techniques and associated blanket uniformity pro

Mems. It will be necessary to provide batten tapt:s between blanket segments, at a few intervals 

along the segment lenglh. ro provide correct segmem-segment orientaUon. 

Element Mass 
The mass of this element was included in Table I . I .3- I and represents small fraction of the energy 

com•l!rsion system mass Ot.>ss than 0.5 percent). 

Element Cost 

The cost of this t•kment was indudt•J in the solar blanket cost factors. 

WBS 1.1.3.3 lnterbay Jumpers 

WBS Dictionary 

This element in dudes all production hardware required to provide for intt.'1 bay power distribution 

within a power sector of the solar blanket. 

Element Desc1iption 

The fomllllation of high Hlltag1.· in thl' solar array is a,:complished by connecting approximah•ly 

78.000 sets of solar cells m series. Since the strings of solar cells start at the centerline uf the satel

lite. goes to the outer edg1. and then back to the centerlith'. it must cross the primary strm:tural 

beams. hetw1.•c·n hays. eight timl.'s. Th1..· rurpos1.' of tht• intabay jumpers is to provide a mc;ms of 

ekctrically conne.:ting strings in one bay to the appropriate stt ings in the next bay of the string 

lt•ngth. 

The interbay jumpers ( figun: I .1.3-5) are !\o. 1 ~aluminum cable. One-blanket segments jumpers 

are collected and run along the catenary cable to an end-connector. This end c .. mnector is joined 

with the next hays jumper end eonnc.:tor in the \'leam franll·work near the catenary support point. 

Thi'> method "as chosen as a less 1.·omplicated construction/maintenance scheme while still 

providing the necessary function. 
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Element Mass 
The mass of interbay jumpers was estimated to be 34,401 kg. based on using No. I ~ aluminum cable. 

The average length of each cable is 20.4 meters and there are 192,080 cables. 

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

WBS 1.1.4 Power Distribution 

The prime function of the Power Distribution subsystem is to accumulate and control prime power 

from the l';licon solar cell collector panels; control. condition, and regulate the quantity and quality 

of the electrical power generated for the klystron microwive generators: provide for the required 

energy storage during solar energy occultation or system maintenance shut-down: and provide for 

monitoring fault detection. and fault isolation disconnects. Figure 1.1.4-1 shows a simplified furn:

tiona1 systt>m block diagram of the SPS from end-to-end. 

For power management and power distribution. tne photovoltaic SPS is divided into typically 228 

power sectors. Each power sector is switchable and can be isolated from the main power bus. facili

tating annealing "r otlwr servicing. Main features of the power distribution system are ~hown in 

figure l. l .4-2. Power transfer across the rotary joint is accomplished by a skip ring/brush assembly. 

Mechanical rotation and drive is provided by a mechanical turntable 350m in diameter. Tht> antenna 

is suspended in the yoke by a soft mechanical joint to isolate the antenna from turntable vibrations. 

The antenna is mechanically aimed by CMG's installed on its structure. A position feedback with a 

•ow frequency passband allows the mechanical turntable to drive the yoke to follow the antl.'nna 

and also provide sufficient torque through the soft joint to keep the CMG's desaturated. 

Figure J. l .4-3 is an electrical schematic of the SPS. The "satellite .. is defined as the large collectu.

solar array. its power ~wncration moduks and control. altitude control. and stationkeeping power 

processing: thermal control. telemetry and control. data. power processing. etc.: and DC/DC ~·orwcr

sicn and energy storage tor the satellite. The rotary joint is the interface between the .. satellite .. and 

the "antenna ... 

Table 1.1.4-1 gives the C1kulated Power Distribution System weight (mass) and poWL'T loss for thl' 

"satellite" connection locations and wmponents. The total losse"i are approximately 200 megawatts 

per SPS "satellite" (less antenna losses). 

Solar cell strings approximately 5.1 km long were selecteu for the reference photovoltaic system 

configuration. This permits generating the required voltage directiy from tht' solar array without 

intervening poWt'r electronics. All solar cell strings are i«ki!til al. Current gcnl·rated hy thl' solar cells 

arL carried by conductors or by the solar cells themsdws. The configuration in figure I. I .4-4 uses 

the solar cell:• to the maximum possible extent for carryin~ 1he current. It is 1wted t!1at no conduc

tors are needed for bringing in the currt'nt from the edges of the array. the solar cell strings being 

arranged in loops which start from on\! center bus loop around the edge of q,,. array. and return to 

the other bus at the center of the array. 
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Table 1.1.4-1 Calcnllt11l .._ Dillaa.tioll S,... .._ wl a...Slmv.y 

LOCATIOft 

"SA TELLITf" 

"'SATELLITE• 

...... 

·A,· 

CONNECTIONS a~ 

ROTARY JOINT TO PCMER 

SECTOR CONTROL 

SEcroR CONTROL TO 

SU8ARRAYS 

. .. 

llAIS(KG) 12R LOSS twATTSa 

'DOJm HS.453.a 

111.m ---

SHEET CONDUCTO!ilS-1 MM TitlClt 
12R LOSS 1.0h 1o'WATIS 
CONDUCTOR TEMP• 100'le 

Figure 1.1.4-4 Refaeace PhotO¥oltaic Power Collection 
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Solar array power is controlled by vacuum circuit breueis near the buses. Voltage is controlled by 

tuming groups of strings on or off. depending on load requirements. Two sections of the array p~ 

ride the requiied voltage at the sliprings using the sheel conductor voltage dror to kilieve the 

required voltage at the sliprinp. 

Pow~• source ·A· provides power directly to the fifth stage of the klystron depres.wd collector. 

Power soun.-e ·s· provides power directly to the fourth stage of the klystron depresst.~ collector 

and to the MPTS OCfOC converters which supply all other klystron element power requirements. 

The colt«'tion and distribution approad1 sek--cted for the refen.,~ce ronfigur.ttaon meets the photo

voltaic energy conversion subsystem requirements deline-ated below: 

l. The photovoltaic system shall be modulariud into space installaNe blank.et array cont1gura

tions. 

The photovoltaic system shall employ radiation shielding and'or annt·aling as appropriate for 

minimum power cosr. 

3. lndividuaJ converters Ccells) shaU he win~d into thee' tilanket array su.:-h that either open or 

short -t.-ir..:uit failures of indi,·i<iual conwrters do not ~auS\: lo"" of array output t Jisrroptlrtion

ate to the loss of the individual converter's contribution, or ar.:ing. 

4. The photovoltaic -.ystem shall \1e designt•d such that a solar tilankc:t rower sector and 1or its 

switd1gt·ar .:an ~ isolated from the operJting onboard ek.:tric power distribution system. and 

its gc:nc:rateo ekctri.:al potential reduced h• safe k•wls. so that it may he: sen·i.:-l"d without shut· 

down of the entire photO\·oltaic energy .;-,mversiftn suhsystem. 

WBS l.l.4.l Switchgear 

The silicon cell panels and bays fonn the power ~.:nl"ra\ion mo1.iuks shllWn in the photo,·oltak de.:-· 

trical S\:hemati.: in figure 1.1 .4-1. ·n1t'Se moduks ;m· fed to ,·acuum "·ir(uit hrcaker swit"·hgear con

trolled b}· load anJ system demands. The satellite: swit..:hgear is rated at 2.200 amps and 40 kv and is 

similar to the antenna switchg1.·ar. t For more details set· Section 1.1.5.2.31. 

WBS 1.1.4.2 Main Buses 

The main bus subsyskm outlined here covers the portion of the powl'r distribution suhsystem from 

the solar cell i.1terconnections to the antenna sliprin~. The buildup of solar cells into strings. within 

each bay was dt"SCribed in Section 1.1.3.1. The strin~ on each side of the saMlite longitudinal cen

terline are i:onnected in scnes to fonn a halfstring .~Q.104 t977n x 4) cells in kn~th. To obtain the 

40.000 volts needed to operate the klyslrons of the MPTS. the half strings arc 1.onne..:ttd together at 

the outer edge of the satellite by triangular jumpers. This gives ~Q8 series strin~ (for ea"·h four hays 

center to edge) each 78.:!08 cells Ion~ Note that. to ~·roviJ1.· ..:ell failure ptot\.'l.'.tion. 1.·adt string is 

really 14 cells wide. 
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For voltage control and fault protection each .. end .. of the satellite is isol;ited into 96 load sectors 

by vacuum circuit breakers. This is done by suOdl\iding each bay length into three load sectors: i.e .. 

each end of the SPS is 16 bays long and 8 ba)-s wide. Thus there are 3:? .. bay sides .. to each end. 

each with 3 load sectors. I:. "\ch load 5e\:tor provides an average current of about ~I 00 amps at about 

40.000 volts to either bus A or bus 8. The current is collected from the -100 strin~ in eadt bay 

side via copper connC\:tors from tt:e solar array strings to acquisition buses. Each acquisition bus is 

~-ontrolled/isolated from the main buses by s\\'itchgear. This whole configuration of strings. jumpers. 

acquisition bus. switchgear. and main bus is shown in figure 1.1.4-5. Since the current along the 

acquisition bus increa.'Cs as strings are added. these conductors are approximately triangular in 

shape. 

To minimize satellite mass. conductor grade aluminum sheet was selected for the n·3in and acquisi

tion buses. Analysis of conductor operating temperature \"S. mass led lo the choke of a conductor 

operating temperature of IOO°C A one millimeter conductor thicknes."' was selectc.-d as the mini

mum gauge on the basis of handling and assembly. This leads to the result that the bu~ are 

0.01581 centimeters wide for each ampere carried. Hence the main common bus reach~ a maxi

mum width of 3~37 cm (for ~04.760 A) at th~ slipring enus of the satellite. It reache' this maxi

mum in a series of steps. ('lnl.' increas.: for each added load sector from the 1.:en!1..•1 of lhe saldlih.·. 

The conductors for buses A and Bare smaller. corresponding to their lower ,·mTenh. and bus A 

only extends about lwo thirds of lh1.: distan.:1.· from the anlennas towarl! the Cl.'nter of the satellite. 

Openuing power for thl' satellite hou~kl·...-ping and central functions is drawn !mm buses Band 

common. To pnwid"· this power n·dunJantly from both ends of ih;.· ~tdlitc - thcSt· two buS\.'s nm 

th;: full satellite kngtn. Tl' pro\ide this redundancy and allow some: load transfer from on1.• MPTS to 

the oth...-r to mcel load demands. a minimum bus ClmJuclor of J ml'h.•rs was sekct...-J for the .:enter 

connection of buses Band common. This .:um:nt capability of Ill .OClO A' 750 MWl at nominal 

\.'llm.·nr density would nor »nly surrl~· ~111 SPS \.00lllrol m· ... ·J;o.. but allllW ;ihout s·, loall sharint: hl 

oc"·ur. Under emergency comlitions this could be increa~J 10 o\·"·r a third lo~1J sharing h"·twet"n tht" 

MPTS without O\·ahealmg the m;iin huSc."s to the point "'f p1.·rnuncnl damage. 

Details of the mcchankal arrangem1.·nt l'l th ... · hus s...·ction an: ClllltaineJ in Sectil1n I. !.43. Bus 

Support. 
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WBS l.l.4.3 Bus Support 

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

o Provide a natural freouency. substantially higher than the satellite. 

o Accom~te thennal expauion without applying large loads to the main satellite structure. 

o Be light weight. 

o Have low ground fabricatio11 ~ost. 

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

The support design presented here satisfies these bas1~ requirements. but it is recognized that fur

th!.ir study might lead to a better design. 

The principal loads on the bus conductors are illustrated in Figure 1.1.4-o. The .. compression·· 

and ··cooling .. loads are generated within the conductors and must be resisted b} !tie conductors. 

with whatever form of reinforcement is pro\·ided. Fortunauly. these for\.-eS are relativei~' small so 

the resulting stress level is very low. The elastk stability uf the thin sheet conductors is a con1:c!'l1. 

however. 

The major load on the main bus 1:onJuctors is the magneti;; frl;.:e repelling two conductars \·arry

ing current in opposite directions. This load is so large that. for the current density being used. the 

bending stress in the sheet conductors over the span of a segment would alm~t .:ertainly cause 

elastic instability in the compression side of the bus bar. especially when combined with the com

pression and curling fon::es. Fortunately. the force is replusion. so it can be reduced by adding 

tension ties between the conductors at points intermediate to the surports at the main structure at 

segment joints. This reaction means that at the ends of the satellite where there are three buses: 

A. 8. and common. the common bus must be located between buses A and B so that tension 

rather than compres,;ion loads are gen .akd in the intermediate supports. 

The finai force acting on the condm.:tors is caused by the interaction of the bus noagnetic field and 

the earth"s fidd. In operation at geosyncrhonous altitude this force is extn:mely small. because 

the earth field is weak ( 138 n Tl and nearly :iligned with the bus conductor. In comparison wi<h 

the other forces this one may he neglected. During self transportation from low orbit the fon:es 

are substantially higher. but still small. 

The other major factor whil:h determines the design is the differential thermal expansion between 

the graphik--eopxy structure and the aluminum bus. The temperature variation between eclipse 

and full sunlight is from about I 23K to 37 3K. Over •he span of a full segment this results in a 

differential thermal expan:.ion of a little m·er four meters. For the one millimeter thick sheet con

dudor a load of 443 kN for each meter of conductor\\ id th I stress of 443 MPa) would be required 

to overcome this change in length. Since the return bus is over 32 meters wide at the slip-ring end. 
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figure 1.1.4-6 Sheet Conductor Loads 
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a total load in ex1.'<SS of 14 million Ne~tons would bt- developed! This is an unreasonably large 

load to impose upon the structure. so provisions for thennal ex1lansit.ln must be made. Alkr con

sidering sever-.d altemarin.·s. rhe design select~ is to allow a thermal expansion cunt.' Jl .:ach bay 

joint, as shown in Figure 1.1.4-7. 

The selected method of keeping the natur-Jl frequenq: of the sheet l.;'ondul.;'tors about that of rhe 

satellite is to keep the bus conductors in tension. A prehminary analysis indkates that modest 

for<."t's fof the cfose order of one Newton per <."t'ntimeter of C\lnductor width\ will kl.'ep the natural 

frequency of the bus an order of magnitude higher thJn that of the satdlite. \The satdlite fre

quenq is about 0.005 Hzt To maintain this load in the conductors while allowing for thermal 

expansion requires springs. The easiest way to provide this spring action is to use high stres.sl.'s i11 

low modulus materials. such as KevlarR or E-glass, (A stress goin~ from ~50 to SOO MPa in a 

;oo m Kevlar tension support wm i>hwiJ.: the four merer extension needed to a.:commodatc 

thcnnal n.pans1llll. whik varying the ll1aJ on the: hus by only a fa.:tor llf two). 

rhe~ factors leJ ro thl' final sek1.'tl\Hl of the main bus .. ,,,nfiguration shown in Fig1m· 1.1.-H~. 

This \'iew stiows Sc.'wral hay.; near tht' slir-ring c:nJ of the satellite. when.• lh1.•n.• an: thn.•c raralkl 

huses. The three point .;pnn!! .. ·ahk ht.'" l\) thi: main strudur~· afl' shown. and rlw ft.•nsion tks to 

r1:~1..:t the !:ius m.1gnc:ti,: n:pul,1,111 ft1r .. 'cs ,·;in he '1.'l'll. 

l\ot ~twwn 111 H~urc I. I A·S is th1.· fad th.it l'Jdl hlb is ~h,id .. ·J intt\ St'Wral paralkl s.:gnwnts. fl1i" 

i" Junt' for h1.lth transr. 'rtation .:on\.:rHl.'IKt' Jilli for as..,cmhly reasons. The .:omnllm lius in.:n.·:is .. · .. 

tin steps) from a ml.'ter wr ,o, uCJ"t'll\till~ :ir('fl t 1w lo.it! "hanng l'>ctwccn thl.' t'H' \tPTSI to ,wcr JO 

ml.'tcrs. Rolkd ur a.; .i smgk sheet. thl." wit \\milJ h· .lO ml.'tt.·rs long. "'lumctn.:ally wry r,mr. 

and roo h1..•a\·y for J siagk HLL \' laun.:h. Furth .. ·r. for St.·lf tr:111spt1rt;1tmn. it must Pl' ,fi,iJ1.·J into 

al k:ist four ,l·gm,·nts for 1..;1,·h .. fnJ .. ,,( thl." i..itdlltk. ~kn1.·l· at kast l'lght s.:gmcnts will l'I.: used 

for the main .mJ B li11s1.·i.. f11rth.:r study m.1~ ... rww th;it 1.•n·n gr .. ·ata subdi\1,.i1.rn is ,k-.ir.1hk Thl· 

m,h,idual ,h,·1.·h. 1.·ad1 nnl} Sm w1J\." 1m.1,1muml art' _ioin.:d hy th1.• .. 1r1.·t..-hl'rs at th1.· ha~ "idl'S 

\\hKh sUJ'l'l'rl and h.·1hitlll tlll'm. ;1nJ at lllh'm11.·,!iak points by th1.· 1~·11'wn 111.•s. 

rh"· ;1,·qui,1 tillll l1u,,·,. wh1d1 an.• tnan~ubr in shap1.'. :tr1.' susp1.·11,kd '' 11 iun rlw ,·,·1111.·r - , 5 

m.:h·r bc.un by gu~ w1r1.· .... 1, ,Jhn\ n 111 h!!t1r1.· 1.1...l-<l. 1"111.· .. 1.· ,11.«jllt,1t1l1n bu,,·, .ire .1ls1• aluminum. 

\lakin~ th,· ... l,nncdi,,n lx·t\\ ,'l·n th1.• ,·oppa r1~t.iib th;1t intcr .. ·omw(t the 111tlh idu.il ~trin~s of 

~\liar 1.'dls Jlllf till' ;1IUl1l!!lllll1 .11.'\jlll,ilhlll bu~ h .I J'1'1lbkm tft;it l"\.'qlllT'-·' furthn ,flld~ I \l'll 

tlwu~h th1.· joint l'.' mad1.· ;111.I k1.·p1 111 \,1,·1111111 "' th;1t ~;11\ ;mi..' ,·11rn1,11m ;111d (1,iJ;1tion Jrl' 

dinunatcd JS problems. d1ff1.•r,·nttal 1.•\pan~1011 fl'lll.1111' ;1 rr,,l1 km th.11 ''ill nuk .. · !!t''1d .i''lllt dl· .. 1~11 

tl1ff1,,111t. From that mit1al ,·,1nm·dwn. ,ub"•qu,·111 ,.,111wdi'''"' will ,,,, .iluminum 1,1 aluminum 

.111d will hl' wddc\1 
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Fipre 1.1.4-7 Bus Expansion Slack 

Figure 1.1.4-8 Main Bus Support 

ITCHGEAR 

AGUYWIRES 

Figure 1.1.4-9 Acquisition Bus and Switchgear Support 
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WBS 1.1.4.4 Electrical Rotary Joint 

The MPTS antenna-to-satellite intl.'rfaci: rl.'tlllires 360° rotation ahout the spacccraft Cl.'ntral :1xis 

with limited motion for elevation steering while maintaining structural ;md dt>ctrical intt>grity 

between the satellite and the antenna. Fitmre 1. I. l-9 illustr.itl'd th~· rotary joint in rl'lati\inship to 

the basic "satellite" structure. 

(" oin silver (90'fr siher and I O'!r copper) was selected for the slip-ring material ;1Itd a silwr

molybdenum disulfide brush with )'; graphill..' was sdectL"d. The diarackristics of this combina

tion are shown in Figure 1.1.4-10. With a design using a brush ~·urrcnt dt.>nsity of ~O ampi./cm2 

()nly about 40 kW of powa is dissipaced in tht• rotary joint. 

The installation of a single brush as.~mhly on a circular ~ip-ring causes unwanted ddledions due 

to as..o.;ymetrical loading. For this rl.'ason. the slip-ringlirush asS\!mbly was designed for symmt>ti,;al 

loading as shown in Figure I. 1.4-1 I. Brush Jrjg (with a cocffkient of fri1.:tion of 0. 14 l at a brush 

pressure of4 PSI t25.6KPal was "·ompuk·J tn he 307K 387N atll.l 463N (6Q. 87 anJ 104 pounds 

for\.'e) for e:Kh iilnCr. middk anJ outer slip-ring hrush a.ssembly. 

The coin-silver slip-rim~;, a hn¢lt surfal'.'e and. lwnce. reje1.:ts heat very poorly. Coin silwr is a wry 

good condudor. Howt·wr. the •:omhinations of th.: two n•sults in fairly high slip-ring temper

atures as is shown in Figurt.' I. I . .+-I~_ II was assufl!l'd that no heat is rc.k.:t1.•d through the slip-ring 

feedt"r.:. Al..'tual operating tt"mpt.•raturcs will thus ht• sonwwh;;t lowt.•r than shown s'.nce the fredas 

an· dl'-.;igned to operatl.' at a mt11.:h lowl.'r t1.·mpa,1tur1.• ;md will hdr in rerrnwin!! slip-ring wash· hl·at. 

h·eJas from thl.' m;1in pnwn J1stnt·· ·i1.\ll husc'\ to tlw s!ip·ring an: 1.ksign< : to np1.·ratl-' at a 

currl'nt J1.·n~ity of only IOO amrs-1.·m-. Fl.'l'J1.•rs arc spaced 45 1.kgrel.'s ap;irt (l:l.'nk·rlin1.' to l..'1.'nta

linc) and an.· -;pJl..'l.'d at 15 dcgrl.'l' int1.·n als as slwwn in F;•!· r1.' I. 1.4-1.~. lh1.· tl'mpaatur1.· of the 

feeders is shown in Figure I. 1.4-14 
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BRUSH CURRENT DENSITY -AMPSIAREA 

Figure 1.1.4-10 Sliver Sli~Ring Grade 26 Brush 85 Ag 3 GR 12 Mo S2 

ELECTRICAL ROTAR't' JOINT MASS SUMMARY 

SLIP RINGS 
BRUSH ASSEMBLY 
FEEDERS 
STRUCTURAL SUPPORT 
ASSY. & INSTL. HARDWARE 
CONTINGENCY ALLOWANCE 

TOTAL 

SLIP RING 
(IEEDETAIU 

-11,810kg 
- 1,970kg 
- 3,840kg 
- 900kg 
- 200kg 
- 900k9 

- 19.6C]Okg 
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Figure 1.1.4-12 Slip-Ring Temperatures 
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WIS 1.1.S Micronff Powa Tnn111111mmlliel· •• Systmt 

W8S DiciiDwy 

This element includes the entire spacebome phased array power transmitter. This includes the de 

distn'bution system from lite rotary joint to the rf transmitters. the rf transmitten themselves 

(tlyst&ons). their de and rf control and monitor circuiny. and the rf antenna element~ composed of 

slotted waveguides. support stnk.;we. rf feed circuits. mechafticaJ pointing control. and all the 

components required for distribution and control of the phase of the retrodirective antenna sub

arrays. 

Elemeat Desaiptioa 

Tbe MPTS system serves the basic function of converting de power to m~,-owave power in space. 

transmitting it throuth the medium with a minimum of environmental impact and converting it 

back to de on u.~ ~ ind. The baseline approach utilizes a retrodirective phased amiy described 

in Section t. l .5.3. powered by dc-rf klystron converters de-scribed in Section 1.1.5.3.'.!. OC power 

from the rotaly joint is distributed in a manner to minimize 1'.!R losses to the klystrons. utilizing 

85'l unprcx.~d power with a maximum volta~ of 41 kv. The transmitter desipt constr.aints are 

outlined in Figure 1. t .S-1. The hiP efftden"--Y klystrons are ~""ribed in Section 1.1.S.3.2 and are 

combin'--d to provide a tapered t I 0 db quantized Gaus.."\ian) illumination of the array resulting in low 

sidelo~ levels and high antenna efficiency (over 95'¥ t. The thermal loading in the center of the 

array C2 kw/m2 rO pennits a design for a I km diameter array ,.·hich pro~'ides roughly 5 GW of de 

power on the ground per antenna. The pha.~'d distribution systl.'m is d:·~ to nainimize line 

lengths and cumulative phase errors in the distributing transmission lines by using a 3-node refer· 

ence distribution system with line length compensation. The pilot reference signal from the ground 

utilizes 2-tone modulation with a suppressed cat"Th:r near the power beam frequency. to effect con· 

jugation (i.e .. dectronic fine beam steeringt in an effident manner. Correction for some systematic 

propagation errors is provided thr".>ugh multiple pilot beam transmitting antennas. 

Element Ma's has hecn e"timateu at 12.749 metric tons and element cost at billions per antenna. 

Table 1.1.5-1 pn."Sents mass and cost summaries. 

WBS 1.1 .S .1 Support Subsystems 

This ekmer.t includes those subsystems n\Jt diredly associated with conversion of electric power 

into rf beam power. 

WBS 1.1.S.l.I Primary Structure 

WBS Dictionary 

The Power Transmitter rrimary Strudure i~ the main structure that provides overall shape and fonn 

to the transmitter. 
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NWSERCF 
WAVfLEll:GTHS 

IONOSPHERE 
HEATING 
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APERTURE 
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':,"::.10: 1 
(10;t8) 

TOTAL ~ 
TRAHSMITTER L.1 
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cuao llEGAWAns) 
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=:v "1 
"-- - ~RALL 
~ TRANSMITTER 

DESIG. .. 

f°ll'IR 1.1.S-I Consbaints Dictate Power Tr-mner Daia1a 
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PRIMARY STRUCTURE 
SECONDARY STRUCTURE 
ATTITUDE CONTROL 
CCMllOATA 
PmER OISTRIBUllON 

OC-DC CONVERTERS a SWITCHGEAR -
THElmAL CONTROL -.... _ 
EllERGY STORAGE -..,..y_ 

RF GBIERATION St OISTRIBUllON 

KLYSTRONS -
THENIAl. CONTROL -
WAVEGUIDE .ASSYS -
HARNESSES .AND CONTROL CKTRY -
SUBARRA Y STRUCTURE -

TOTALS PER ANTENNA 

TOTALS PER STATELLITE 
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14t1.& . 
222.1 
397.9 
313.2 
118.7 

4874.5 
2'm.2 
1795.6 
543.6 
667.0 

52.5 
197.5 
127.9 

20.7 
2193.5 

.... 

12.773MT 

25.54&MT 

194 
n .. 
74 
12 

Z&2 
137 
94 

231 
10 

COST 
(~of1977$) 

&.& 
25.5 

101 
102 •1 

1430 

NOTE: THIS BREAKDOWN COST DOES NOT INCLUDE ASSEMBLY AND CHECKOUT OR INITIAL SPARES. 
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Oeserrtion 
The Primacy Structure is an A-f ra~ open truss structure. I JO mekrs deep, wilh a qwM-odagonai 

shape in excess of I .000 meters width and length. The Primary Structure and its relationship to the 

Secondary Structure and the rest of the power transmitter are shown in Figures l. l .5-:! and l. l .5-3. 

The A-frame elements of the PrimaJY Structure are made up of 7-li:! meter continuous chord 

beams composed of graphite polysulfone composite structure. 

Mas 

The mass of the Primary Structure is S :! .500 kilograms per a.1tenna for a tt.1tal of I 05 .000 kilograms 
for the two antennas. 

C.st 

The cost of •he Primary Structure was estina.atd at SI :!5 per kilogram for a total cost oi S l 3. :!M 

for the two antennas. 

WBS 1.1.S.l.2 Secondary Stnactutt 

WBS Didionuy 

The S<conJ;111· Stru..-ture prO\iJes stru..-tur.11 bridging O\'er the Primary Stm.:ture with a suffo:iently 

small re~ating structure element inten·al to allow installation of the transmitter subarrays. The.> 

S..·1:onJary Stru"·turt' Jo""S not induJe subarra)· srructure. 

Description 

The ~condary Stru..-ture is a deployable .:ubi.: truss. with telescoping wrti.:al members to minimize 

pa,·kaging \·olume. The members are maJe from graphih: ..-omposite mate-rials and thl.' joints all 

induJc: a rigidi1ing me..-hanism or Jc:,·i..-e to rroviJt• t:tmirlete rigiJity of the strut:turr aftl.'r 

Jerloyment. Diagonal t:TO!>'-mem~rs are remo\·abk as ne..-l"S-"11) to allow for maintt·nan.:e of the 

subarrays by the maint~·nant:c: systc:m J\.·s•riN-,1 unJ"-·r WBS Set:tion 13 . .t. 

Mas." 
Thi.' Se.:ondal)· Stni.:turr mas." l'Stimatl.' was l'l7 500 kilogr.ims for 1."ad1 antenna f1.lr a tllt:ll of 

3'15.000 kiltlgr.uns. 

Cost 

Th1.• .:-ost l.'stima!1.· for tht• ~·.:onJary Stru.:turl.' was cstimatl.'d as $I ~Q 'kil1.,gr.1m for a tC'tal $51 

million ( ~ ant1.·nnasl. 
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r11Uft 1.1.S-2 llderena: MPrS Structural Approach 
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fiple 1. l .S-3 R.efetenee MrTS Structllft Interfaces 
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WBS 1.1.S.l.3 Attitude Control 

WBS Dictionary 

The Power Transmission System Attitude Control System provides fine control of antenna mecham. 

cal aiming. Control Moment Gyros (CMG's) are used to generate torques required for this fine 

control. 

Description 

The CMG's are located on the back side of the Primary Structure and are 1 2 in number for each 

transmitting antenna. A fe.:dback loop from the Antenna Attitude Control System to the SPS 

mechanical rotary joint allows the rotary joint to apply torque to the antenna lo continuously 

desaturate! the antenna CMG's_ This torque is supplied through a highly compliant med1anical joint 

so that the natural frequency of the antenna in its mechanical supports is below the control 

frequency bands for the CMG's controlling anll"nna attitude. 

~ 

Each CMG was estimated to have a total mass of I0.660 kilograms for a t"tal per antenna of 

127.920 kg. 

C-OSt 

The total cost for the attitude control systems including the 2-l CMG's for two :mknnas was e<>ti

mated as S202 million based on a CER. This a\erages to S7Q0/kilogram for the CMG hardware. 

WBS 1. l .5.1.-4 Computing and Data Processing 

WBS Dictionary 

This Computing and Data Proc.:ssing sys!:m handles the computing and data processing load for 

the Powt>r Transmission Systl.'m . .-\data link is indudl.'d h>r communication with th!.' SPS Central 

Computing Complex. This antenna computing s;stl.'m also h~ndles the computing load for antenna 

attitudl.' control. 

Description 

For the.· referenct' design I the phase control is provided hy a retrodirective system with phase 

compensation at each subam1y). the computing load is mainly for condition monitoring. fault isola

tion and detl..'ction. and general antl.'nna configuration management. Some of thl.' potl.'ntial phase 

control systems would add to this computing load (e.g .. a command and control operation based on 

ground-measured phaSI.' infonnation). The computing load for conditio:iing monitoring and 

associated functions requires a high capacity. high spel.'d wmputer companbk in general capability 

to the current types of scientific or business large scale computl..'rs. Hight computers in this 

capacity range presently do not exist. It presumed that in the time frame of SPS interest such a 

computer could be developed using advanced LSI kdmiques. Each antenna was assumed to have 

three compuh.·rs operating in a triply redunda11t fashion. 
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Mass 
The estimated mass for each computer was 225 kilograms. This mass estimate includes r.idiation 

shielding and heat rejection. 

Cost 

The cost of the computer complex f ~!"one SPS was estimated as $56 million, including the six 

computers and their support subsystems. 

WBS 1.1.S. l .S Communications 

The Antenna Communications System provides data, collectior., processing, and command distri

bution onboard the antenna. and also pro\ides a data link to ground separate from the main SPS 

data link in the event this is required. This communications system does not incluM the retro

directiw phase control system. as such. That system is separately covered. 

Description 

The Communications Complex involves three primary data handing subsystems for redundancy and 

employs fiber optic Jata bussing lo minimize mass of cahk and problems with RFI on the 

transmitting antenna. 

~ 

The total mass of the Communications and Data Complex was estimated as 20.000 kilograms per 

transmitting antt·rrna for a total of<>0.000 for tile SPS. 

Cost 

The total cost estimate for one SPS for the Communications and Data Compkx was estimated as 

Sl47.5 million. 

WBS 1.1.5.2 Power Distribution 

The MPTS antenna power distribution system provides power transmission. conditioning. control. 

and storage for all MPTS elemt'nts. The anh.'nna is divided into ~28 po\\ er control sectvrs. ead1 

providing power to approximately 420 klystrons. T\\o of the klystrons' depressed collectors 

··A" and ··e" which require the majority of supplied power are provided with power directly from 

the power generation system to avoid the de/de conversion losses. All other klystron element 

power requirements are provided hy i:onditioned power from the de/de converk•r. System dis

i:onnects are provided for isolation of equipment for repair and maintenance. 

Ea(h di:,\k l..'.onwrtl'f onwides pOWl'r to approximately 0.5r~ of the total numher l1f antenna 

klystrons as shown in Figure 1.1.5-4. Its power requirements ;ire given in Figure 1.1.5-5. The 

klystron with five dt'presscd i:olki:tors has a cakulated tuhl' l'ffideni:y of g5r;. 
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r t ~ ..o?'li- l tr' Vnl 

30 

1Z 

• 

STEP 

1 {ii 36 
2©30 
3@24 
4@20 
5@16 
6@12 
7@9 
8@8 
9@G 

NO. SUBARRAYS 

272 

NO.KLYSTRONS 

i0@4 

580 
612 
612 
756 
864 
G20 
576 

1032 
1000 

9792 
17420 
14688 
122'0 
12098 
10368 
5652 
4608 
G192 
4000 

TOTAl.S 6932 07,056 

rowFn OlJTl'lH: (ANl'f:NNl\} r..79 GW 
(GflOUi'h)) 5.01 GW 

Figure 1.1.S.4 MPTS Antenna Power Distribution Control Seeton 
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IOOY ANODE SUPPLY 

21.050 v • t 105 V) n 
MODULA TING ANODE SUPPLY 

21.050V(!105Vt 
..___ 

COLLECTOR NO. 1 SUPPLY 

21.050 V ( ! 1050V) ..,___ 

COLLECTOR NO. 2 SUPPLY 

25.160 v rt125a V> 

COLLECTOR NO. 3 SUPPl. y 

29.47~ V (i 1474Vl 
~· 

SOLENOID SUPPLY 

100V(t M 

CATHODE HEATER SUPPLY -
10V (+0.05-0.15V) 

1•37A 

1•0 

1•18.5 

l•37A -
1•64.7A 

1•4200A 

1•2100A 

TO KLYSTRON 
BODY ANODES 

TO KLYSTRON 
MOO.ANODES 
TO KLYSTRON 
CATHCDES 

TO Kl YSTRON 
COLLECTOR NO. 1'S 

TO KLYSTRON 
COLLECTOR NO. 2°S 

TO KLYSTRON 
COLLECTOR NO. :rs 

TO KLYSTRON 
SOLENOIDS 

TO KLYSTRON 
HEATERS 

Figure l.l.5-5 OC/OC Comerter for Five Sqment Depreued Collector Klystrons for r.1PTS 
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The MPTS antenna was divided into approximate equal power areas to define power control sectors. 

Figure 1.1.S~ shows the location of the power sector control substation and the associated de/de 

converters. No substations are located on the center structural node, since this node is in the center 

of the highest waste heat flux region. 

The reference ant.!nna structural design concept consists of a relatively ~p:r..c p1iff1.sry :>trncture, 

fairly dense secondary structure anJ ten different types of antenna subarray elements to achieve a 

ten step approximation of the desired illumination taper. Within the subarray element. one set of 

connections provides the interface between the external power distribution system and the subarray 

distribution system. Power is routed from the power sector substations to the antenna subarray 

elements. Disconnects are instaUed at the power sector substations to provide isolation for 

maintenance and repair. The power sector substation location was selected to be at the back of the 

primary structure. Aluminum sheet conductors arc routed from the rotary joint to the power 

sector control substation located at the primary structure truss intersection nodes at the back of 

the structure. 

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

satisfied by the reference configuration: 

1. The power distribution system shall conduct de electrical power from the energy conversion 

system interfaces to the klystron transmitter rotary joint intcrfacl!s. (It is assumed that there 

are two 5-GW ground output antennas and associated rotary joints per SPS.) The distribution 

system shall supply the following nominal voltages and currents to the rotary joint interface 

from the integrated klystron array module c:ustcrs: 

Bus ' 40.800 volts at 1.38,600 amps (5.6SGWl 

Bus B 38.700 volts at 59,400 amps C.30GW) 

A common return for these two supplies shall Ol' provided. 

The antenna power distrihution systl'nl shall l·mploy dedk·ateJ aluminum rnnductors (not part 

of main stru(tUrl') which are passively (Oolt'd by radiation to free span·. 

3. The antenna power distribution system shall have switdiing and rnntrol equipment as 

nccl.'ssary to isolate the rotary joint and powlT transmission system from enl..'rgy 1.:onvers1011 

system startup and shutdown transients. This r.:quirement may he in part met by delayed 

activation of power distribution pnwided ti1at the delay is not greah.'r than fiw minutes. 
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+.v 
BACK SURFACE OF PRIMARY STRUCTUfiE 

ANTENNA MOUrffED ON Y·AXIS 
SYMMETRY ALONG corn x AND y AXIS 

DARKENED NODES SllOW LOCATIC 'J ANO NUMU~R 
OF OC DC COfl<VERTERS 

OC·DC CONVERTERS -
P1N 5.443 Mw/CONVE RT.: R 

I\ - .96 
Pot.:T - 5.226 Mw/CONVH~ TE R 

- HEAT LOSS - 218 kw/CO\:VERTER 
- oprn;.ri~•G ur.1?. - v TO 10°c 

DIMENSIONS - b2 .. Jm 

TOT Al t~O. co:~VERTERS - 228 

--x 

1 
3m 

Note: This d~ repr .. nts the Part II configuration. It 
was not updated for Part Ill. 

Figure 1.1.5-6 r.tPTS ;:eference Anteuna Power Con(fitioning P~ -:.-em<>nt 
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Output 

I lltCT H F!LTER Jf-21KV 
18.Sa 

Input 

' 
Switching ll£CT FILTER 2SKV 

FILTER en XFHR 37• 

~ Jteactor JlECT FILTER 29.5KV 
&Cap. 65a 

Supp<e•sl°'i ilECT FILTER ... 21KV . 37a 

RECT FILTER a,..21KV 
Oa 

lt.ECT FILTER lKVA 
420a 

I ltECT l[illTER I 30V 
700a 

Table 1.1.5-2 Calculated Power Distribution Systnn r.tass A Loss Summary 

LOCAT~ CONNECTION 8i COMPONENT MASS(KGI t2R LOSS CWATTS) 

"ANTENNA" SECTOR CONTROL DC/DC 1,441,.596 49.644,720 
CONVERTERS ANO 
SWITCHGEAR 

"ANTENNA" SUBARRAY WIRING 35.871 4,774,7f!IJ 
ONSULATION INCLUOED) 

TOTAL 1,877,034 249,776,890 
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Figure 1. J .S-9 Power Processer Thttmal Control 

66 

T• 4G"IC 



WBS l.l.S.2.1 Power Processor 

Tile MPTS power oontrol and distribution subsystem provides conditioned power for all MPTS 

elements. The ftve depressed collector klystron requires conditioned power on all inputs except the 

two collectors which utilize power directly from the SPS Collector A supplies and Collector B solar 

panel supplies. The power conditioning subsystem block diagram is shown in Figure 1.1.S-7. The 

estimated input power to each de/de converter is about S400KW. 

Figure l. l .S-8 shows a simplified mare detailed diagrain of the individual de/de converter modules 

employed. lbe selection of the particular switching circuit device has not yet ~n made but an 

analysis has shown that a switching speed of ~O KHz with SCR's or power transistors can yield a 

de/de ron'-ersion efficiency of about 95%. 

Overall power distribution system m~ and I~ are summariud in Table 1.1.5-~. 

WBS 1.1.5.2.2 Processor Tllennal Control 

WBS Dictiomry 

This element indud~ aU production hardware required to collect and dissipate the waste h~at flux 

from the power prc«SSing equipment on the MPTS system. 

Element Description 

The power proce--..:.ors fdc..Jc converters) have a waste heat of approximatdy ~ 18 Kw per unit. The 

thermal limitation of the power processors is 7()0(' (for high reliability) so it was necessary to base

line an active thermal control system for this equipment. 

The active thermal control system (Figure 1.1.5-9\ was sized. for the MPTS system. using a heat 

flow of lOOO watts per square centimeter. Redundancy was built into the system trumps. valves. 

and control equipment) for higher reliability. 

The basic system is composed of a heat exchanger. pump. thermal control/bypass valve. and thermal 

radiator. The heat exchanger uses finned heat pipes. with the condenser sections in contact with 

the working fluid of the active loop. The e\3porator section is in the power converters. for better 

heat rejection from the more S\:nsitive solid state components. The lluid pump was sized at 4.1 Kw. 

The power consumption (lf all the rrocessors thennal control systems was estimated Jt 9 .!S Kw. 

Element Mass 
The estimated mass of a typical power processor themal control 'iystem is 97.! kg. Approximately 

~3 percent of this mass is for the thermal radiator with the remaining mass dis•ributed between 

working lluid. piping. pumps. motors. control ,;alvcs. and includes redundant components. The 

total processor thennal control systems mass is .!~.!.I MT 
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The cost estimating factor for this element was 414 $/kg as discussed in the Part 2 final report. 

WIS 1.1.S.l.3 Swildlpr/Eaelgy S1orase 

Each MPTS antenna in lite baseline design contains over 97 .000 dc/rf con~-erters and 2~8 power 

sector control substation:>. During the conceptual design of the klystron. an effort to minimize the 

mas 3f the individual tube elements resulted in an overall lightweight tube. However. removing 

mass from the tube imposes the requirement that the probability of internal arcing m~~ be mini

mized and. in the event that arcing should occur, rapid removal of the- power sources is required. 

Prelimiml) requirements placed on the MPTS switchgear were extremely stringent · ·· I 0 mk.-rosa-onds 

current interruption time. The development of w'."hgear to perfonn this task will rnauire an 

improvement of two orders of magnitude in current interruption time over present switchgear 

capabilities (miUiseconds to hundredths of milliseconds). Analyses are required of .,ossible klystron 

design changes and possible uses of current iimiting reactors to increase this time. 

The antenna circuit breakers could !>e either solid statt- (present configuration) or vacuum switd•~ 

(proposed confaguration). The rating of the switchgear is oOOA at 49KV. Table 1.1.5-3 sumrmarizes 

the two circuit breakers. 

An additional circuit breaker is required which darnps the anode to the c.1th0lle at the klystron. 

Microsecond switching is required at 40K V and no current. A solid slate cin.'Uit breaker is proposed. 

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

In addition tJ the fault protection required in the MPTS Power Distribution System. isolation of 

the switchgear for mainlenan.:e rurpo~'S is requiR-d. The u..-.e of isolation disconnects would enable 

isolation of a single rower sector substation without powerintt down the main power busses. The 

disconne;:ts are nt•l designed for '"·urrent interruption and are only operated when no current llow 

exists (i.'-· .• tht• downstream breaker is open when the disco1ancct is operated). 

In Figure I. t.5-7. the need for an llninterruptablc Po\\w Supply (UPS) is indicated which has 

suitahle de/de converters which contim.ously charge an energy sour""C (battery bank). Klystron life 

is impacted hy cathodl.' heater power on-off cycles. In order to increa.<;c the MTBF of the klystron. 

it is pro(l(lSCJ th.al heater power he maintained during the period of time when occultation (caused 

'"ither by the earth or other sola~ power satdlitesl is encountered. 

It is anticipated that significant increase in the MTBF of klyslrons can be a~:hieved if thcm1al 

cyding of the k!ystron cathode heatt•r can tx· minimill·d. Tht•re arc IOI .SS~ klystrons ~·r antt•nna 

each requiring hl·atcr power of SO watts at JO VOC lllus. a total of 5.08 mt·gawatts of powi:r is 
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GE VACUUM SWITCH CPRESENT TECHNOLOGY, 

o RATING: •KV. 30010 W G11111inuau1. 20- A inWn1Pt 
o MASS: 10 .-1KW 
o COST: S100IKG 
o SWITCHING TIME: 5-·11c1 •••,.... 

SOLID STATE SWITCHES (FUTURE TECHNOl.OGYt 

o R.tinil: • KV. 300 to '800A continuous. 10.000 A interrupt 
0 Maa: 11.-IKW 
o Cost: S2ti0/KG 
o Switdlin!IT ... : SMicroWOllds ...... 

Table 1.1.S-4 Antenna Power Distribution Fault Protection 

FAULT AREA PROTECTION SCHEME 

MAIN BUS REMOVE ALL SATELLITE POWER SOURCES 

ANTENNA SUB DISTRIBUTION BUS OPEN APPROPRIATE MAIN ANTENNA CIRCUIT BREAKER 

ANTENNA DC/DC CONVERTER OPEN CONVERTER CIRCUIT BREAKER 

Kl VSTRON INTERNAL ARCING TAKE KL VSTRON MODULA TING ANOOE TO CA THODE POTENTIAL 

OUTPUT WAVEGUIDE ARr.ING REMOVE KLYSTRON INPUT RF DRIVE 
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used for klystron heaters. If a distri.,.'..ltion Joss of 20% (because oi the low voltage) and a period of 

2 hours required for operation from stored t>rn:rgy are assumed. then I 2.186 megawatt hours of 

stored energy are required for llystron heaters. 

Gas electrode (i.e .• nickel hydrogen) battery systems offer the advantage of numerous recharge 

cycles and high energy densities. A nickel hydrogen battery system is selected for the reference 

configuration and should provide at least four times the service life or conventional nickel cadmium 

battery systems. With an energy storage system of this size. an e~ density of 51 .3 watt-hours/ 

kg (26 WHr/lb) including tankage was derived. With a depth of discharge of 0. 7 during a nonnaJ 

2 hour operation. a density of 40.1 WHR/kg is used to determine the mass of the required energy 

storage system. The estimated ~ for th~ energy stor.ige system is 3 I 3.2x I oJ kilograms (313.2 
metric tons). 

WBS 1.1.S.2.4 Bu55ingand Cabling 

The conductors for the MPTS power distribution consist of aluminum sheet conductors from the 

rotary joint to the power sector control substation. circular aluminum conductors from the ~:.b

stations to the subarray interface. and circular conductoN on the subarray. 

The conductors on the individual MPlS antenna subarrays are included under .. 'harnesses." WBS 

1.1.5.3.5. 

WBS 1.1.S.3 Tnmmitter Array 

WBS Dictionary 

This element includes all hardware required for the generation. distribution. phase contrt-1. and 

radiation of the microwave energy including them1al control. 

Element Description 

The retrodirective phase array configuration utilizes 7:!~0-I0.4 x 10.4 meter subarrays arranged in a 

quantized I 0 db taper configuration confonning to dimensional requirements which will result in a 

maximum RSS error associated loss of:!'.'.?. The concepts of configuration.for fine beam steering 

have been adequately defined to the block diagram stage but require further design refinement and 

laboratory verification. The array features a standing wave slotted waveguide approach with a 

maximum effective stick length of 5.2 meters and maximum power level of 3.5 kw per stick. !, test 

program for a plated composite waveguidt• has been suggested to verify the potential adv .nta~,·s ...:·f 

this lightweight approach. currently in modest use on some communication satellite~. 

A modular concept integrates klystron power tubes with suharray radiators. One lt-•arh'r · f 111e 

transmitting array is shown in Figure 1.1.5-10. The square subarrays, complete with Jssc ;:i;;ted 

klystrons. tile the facl.' of the antenna which is in turn supported by the secondary stmctt.re. A 
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NUMBER N'JfABER 
NUMBER KLYST= KLYSTRONS 

mP SUBARRAVS ~ t,938 -,- 211 

3 

& 

6 

7 
8 

-114 

• 900 

814. 
612 

1,062 

' . .l29 
,;:..,~~ 

Transmitting Array Figutt I. LS-10 
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taper or the microwave power density across the antenna aperture is achieved by varying the 

number of klystrons used per subarray. A section of a subarray called the integrated klystron 

module is shown in Figure I. I .5-1 I. It shows the 70 kw klystron mounted on the back of the 

slotted waveguide antenna array. The pas&ve cooling system can be seen. Not illustrated here is the 

phase control system required to insure that the radiation from the modules will be in phase at the 

re.:tenna. This system will tie the modules within a subarray together with wa~eguide and all the 

subarrays together with coaxial cable or an equivalent transm~on link. 

Element Mass 

Detailed mus estimates for this eaement ar~ given in Table 6-9 or Vol. IV of the Part :? final 

document. The total is 9880.9 metric tons per antenna. 

Element Cost 

Cost estimates fort~:, ~•ement are given in the summary table (1.1.5-1) as $1.43 billion per 

a11tenna for structure. wave[!uide. klystrons. thermal control. and control circuits (mature indu.stry 

estimate at 1 SPS per year). 

THERMAL CONTROL HEA TPIPES 

....__ LATERAL I-BEAM 

Figure 1.1.S-11 Integrated Klystron Module 
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WBS l. l .S.3.1 Structure and Wavepide 

WBS Dictionary 

This element includes aJI production hardware required for the radiating waveguide. distribution 

waveguide. suba1ray support structure and attachment provisi'>o!' for subarray components. 

Element DescriptioH 
A typical, four module. subarray is !'hown (figure l. l .5·12) w:th all pertinent systems installed. 

The elements to be discussed in this section are the radiating waveguide. distributin waveguide. 

subarray support structure. and the kJystron support structure. 

The radiating waveguide. at the subarray level. is composed of l ~O waveguide sticks (figure 

l .I .5-13) that are 10 .t3 meters long. The method of attaining various numbers of module units 

per subarray is to install internal shorts. conducting elements. within the stick lengths and to dis

tribute rf power with 'he distribution waveguide sticks to the desired number of wa,·eguide sticks. 

for a sintz!e klystron. In this manner. it was possible to obtain ten types of subarrays. ranging from 

36 to 4 j.·lystrons per subarray (Table I. I .5-5t to achieve the desired power taper. The integral 

radiating waveguide fonns a subarray unit I0.43 meters square. which remains unchanged 

throughout the array. a1 · - based on realizable mechanical tolerances and acceptable error 

plateau levels. 

The distribution waveguides feed power from the klystron output Wa\·eguide to the radiating w:m~

guide. The distribution wawguide sticks are arr.mged in pairs. each one supplying half of the rf 

power to a given klystron moduk. There is also an attachment point. at half of the Jistribution 

stkk length. to connecLdisconnect the klystron output wawguide. 

The sU~larray support stmcture is composed of perimeter beams. lateral and longitudinal I-beams 

(Figure 2.2.5-12,. TheSt' beams ha\'e a web of 12.0 cm and tlanges of up to 6.0 cm and arc bonded 

dircctl}' to the back of the radiating wan!guide. Th1.• lateral and longitudinal l-b1.•ams fonn a matrix 

with a klystron module being framed within each box. 

Attachment pro\·isions are made on the subarray structure for tht' klystron support stnicturt'. power 

distribution harnesses. module power conwctors. solid statt' control devices. and subarray support 

to the secondary structure. The klystron is supported. within the module. by a C-hcam'saddlc fix

ture that has a support block on each end for load transmittal into the radiating waveguide. Further 

support of the klystron is pro\·ided through the klystron output waveguide distribution wawguide 

connection, 

The power distribution harnesses are discussed in Section 1.1.5.3.5. The harnesses art' supported. 

by the subarray support stmcturt' beams. with tiedown ban<ls at haif module kngths. At tht' point 

of departure of the cables. from the harness to the module. a Cl~nnector support attachment is pro

vided for the module power connector. 
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4-MOOULE SUBARRAY 

F,,.are l.l.S-12 Refance MPTS-lntegnted Sat.nay 

! ' . 
ii.--- 9.326 CM -

6.0CM 

~-=-~!===_..._... ..................... =:!!: ...... •o-.-04 ... 1~ 
STRUCTURAL MAT'l:. GR E p -8PL V 

CONDUCTING MAT'L: ALUMINUM (T • 6.67 µM) 

Figure 1.1.5-13 Radiating Wave,uide Stick Dimensions 
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Table 1.1.S.5 

SUBARRAY NO.MODULES ARRANGEMENT MODULE DIMENSION 
TYPE SUBARRAY OF MODULES W Cml x L Cml 

CWxU 

1 36 6x6 1.738 x 1.738 
2 30 6x5 1.738 x 2.086 
3 24 6x4 1.738 x 2.608 
4 20 5 J( 4 2.086,. 2.608 
6 16 4x4 2.608 x 2.608 
6 12 5x4 2.608 x 3.477 
7 s 3x3 3.477 x 3.477 
8 8 4x2 2.608 x 5.215 
9 6 3x2 3.477 x 5.215 

10 4 2x2 5.215 x 5.215 
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Provisions must also be made on the perimeter beams, at three points, to attach the subaJT3y to the 

secondary structure. This attachment will allow the adjusting mechanism. located on the secondary 

structure attachment Points, to attach to the subarray structure to facilitate n-lative movement 

between the subarray and the MPTS structure. 

ElementM.-

The element masses for the element in this section are shown in Table 1.1.5-6. The structural mass 

includes attachment and support provision for the subarray. The mass per subarray for the distribu

tion wa\'eguide and subarray strucutre varies. between the limits shown, depending on the number 

of modules per subarray. 

Element Cost 

The cost estimating factor used for the clements in this section, was 66$/kg. This factor covers 

both wavet •tides and structure at the subarray level using a mature indust~y approach. 

WBS 1.1.S.3.2 Power Amplifiers 

WBS Dictionary 

This ekment includes all the hardware and control circuits for the klystron rf transmitters, namely 

the cathode subasscm"ly, the rf circuit (body). the collector. the output waveguide and window (if 

required) and the solenoid for beam focusing. External monitor circuits. both de and rf are also 

included. 

Element Description 

An rf transmitter and configuration of 101.55~ - 70 kw ('W kJystron amplifiers operating at 42 kv 

with 45-50 db gam usin!l a compact l'fficient (82-85'/~) solenoid wound-on-body design approach 

with conservative design parameters (0.15 amps/cm2 cJthode loading) to achkve long life has been 

chosen. This 5 stage depressed collector design provides a complementary design to the amplitron 

alternative. Proposed multiple tube dt'vclopmcnt programs and assessment of high voltage oper.i

tion in space will provide the final answer to thl· transmitter selection. The layout of the basic kly

stron building block moduk is shown in Figure I. 1.5-14. with the various clements shown. The 

6 cavity design. with a second ham10nic bundting cavity for short length and high cffil"icncy. fea

tures a dual output waveguide with 35 kw in each amt. Heat pipes at conservative ratings are used 

to cool the output gap, th.: depressed collector and the solenoid. with a design temperature 0. 

J00°C maximum on the body and soo0c on tht' collector. An MTBF improvement of 3 to I 0 

from the pn.:scnt value for Sl.'veral hundrl'd spal-cborne tu hes of 2 years. and best tubes of small 

groundbascd radar systems of I 0 years ,.-:!I have to be rt.>alizcd through conservative design and pro

per bum-in procedures. Tht' driver for the final klystron power amplifier will require an output of 

about 3 watts cw for a 45 db output amplifier saturall'd gain. This power level is available in ,;ever?I 

off-the-shelf re~iable low power low noise TWT amplifiers which can be driven directly from phase 
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Table 1.1.5~ 

_ .. 

ELEMENT MASS/SUBARRAY (Kg) MAE.;, • - !;NNA (MT) 

RADIATING WAVEGUIDES 214 1545 
DISTRIBUTION WAVEGUIDES 22-63 289 
SUBARRAYSTRUCTURE 63-120 667 
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Figure 1.1.5-14 70 Kw Klystron 
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2. GRAPHITE-POL YMIDE 
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regeneration circuitry at power levels .-ell below a milliwatt. The driver tube coulri be either an off

the-shelf low-noise high-pin T\VT or a multi-stage tra··sistor Mnplifwr \.';!:. up to I 0 db gain per 

stage at this frequency. All phase configuration functions will be performed at low Jriw kvds. 

EletanatMass 

The klystron mass per tube is estimated to be 48 kg. with an additional 18.Q kr. for thennal control. 

Elemettt ( lSI 

The mature indurtry m~ produdion cost per klystron has been ~timated belwttn SI Q()() and 

$~500 per klys.ron ( J 977 dt ·li..iNt. 

WBS 1.1.S.J.J Thmnal ConlrOI 

WBS Dictionary 

This ekm'-':tt includes all rroduction hardw;m: requik'd to r.:m~w and dissipate wash.· 1t ... a1 ft•..tm the 

klystron modules al the subarra~· lewl. Sm !lements induJe the klystron he;n pipe rad;;ators. solid 

slat.: control de\·i"-e lhcnnal conrrol. anJ rt.ennal insulation within thl.' subarra)·. 

Flemmt Description 

The two major \\'3Stl.' h\"at ~r .. · .. "!'. at th.: suf>;irray k\cl. are tht• ~·olk.:-tor ;inJ CJ\ it~· .;;('knoiJ "lY· 

11ons of the: klystron. A .;;mall anwunt of waste lh.'at nut.st lit• Jis..;ipah.·J from t'1e s..lliJ .;;tat"· .:ontrol 

dt,ice. Tabks 1.15-- and I. l 5-~ hst th"· \\a"t"· hl.'at sour .. ·t•s anJ ttk·nnal linutat1on assumrt ll'll 

for subarr.1~· ..-omronl.'nts. 

Heat pipes and radiators w ... n: Jc:sign.:J ltl Ji~iratc: Klystron \\astc: heat (,lS.~s. Th"· h.:at riJ'C .:\JI'· 

or-.ators. an integral rart of the: L.l) stron. rid• up lht• wa.;;k· h"·at for transkr ll' rh,· tlwnnal raJiah.>r. 

\ fi211rt• 1.15-15 )_ Thl.' thermal ra,lialor has six x· .. ·11,m ... f\\ '' s.· .. ·1i1..''"' for ih,· .:ol1,· .. ·1M an,I t«.mr for 

th,· ..-a,itlt's amt .,.l1 ... no1J. ,\ ..-ros .. -flr.Kc: is uS\.·J to n.·tain thl.' raJialllrs ah,ng two ,·Jg,·s. Ht"· ,-,,lie .. ·· 

h'r se.:fl('fl ''P:."rat..·s ;rt 500''(' anJ th,· .:a,·11~ "''kl11..'1J "'"'"·ti,,n at J()(l''C :\ "l"th·r ,1,·"'·ripli''" ,,f ttw 

heat ripe raJi:·tm-s i.;; giwn 111 falik 1.1. 5-'J. 

fwn thou~h the them1al ~·0111rol s~ .. t,·m r,·moHs the: h,·ar n•k;•"'-'•I "~ t11,· klystwn .. 1 lugh 11.·mr1.:ra· 

tur•: st1ll 1."\i.,k•J at 111'-...tuk ,·,lml"'"•·nts .. udt .ts ,,,1a,1 ... t.ah: ~·,•ntn•I. J'O\\o..·r ,11 .. tn"1111011 h11,.,,: .... l'hl 

,·omr1..~1k· m.1t...·na1 .. m th,· .. tm .. ·tun· a:tJ wa,o..·gmlk ... :\ '''''l'f t.·mr••r;1tur,· 1..·n,m•:1ni.·111 f••! tlw""· 

.:olllJ'tlll"'"ts wa:o. pr''' iJ,·J simrl~ "' 1solat1ng th .. · lugh 1,·111pa;1lur•· "'· .. ·11011" ,,f th"· 1..1~ ... 1r,•1! a11ll rh,· 

ba,·k Silk of Its th<.·mul raJ1.1:tll with th .. ·nn.1l 11bulatit•n I f.1M.· 1.15- I lH. nw sm.111 .lllll'l:nt ,,f 
\\;1'.'ih' h"·ar fr,nn th"· s..•h•I stat,· .:•'llth'I ,k,1 .. ·1.· 1 ... hs .. 1p;1h."ll l•y 1ts ••Wn r;i,liJll'r lw;1t ,jnl... 
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TYPICAL llOOULE Oi HIGHEST POWER SUBARRAY 

•'"'l·------- 1.'7391. ----NL_ -o..msa ==::::•"-------.-_------·· :-______ --- --=------ t- --1-

THERMAL 
RADIATOR FIN (6) ---011-1~· 

I 
THER~IAl. RADIATOR 
HEAT PIPE 161 

1r-f~ ~, r 

I 

L ... 
I ' 

Figlue 1.1.S-IS Top Vn of Klystron Mod•Tllmnal Radiator 
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Tallle l.1.S-9 ~n.-IConlNI 

CAVITY MIO SOl.HIOIO SECTION: 

COLLECTOR RCTION: 

aooe 
HEAT PIPE TYl'E-1..331 KCM 

WORKING FLUID- ... 

4 HEAT N'ES .- 1.30 KW EACH 

RADIAlOR - ALUMINUM 

- THICKNESS • .881 CM 

- AREA• 0.02 u2 FACH 

MASS CEACHI • 3.18 kG 

liODDC 

HfA T PIPE TYPE - 1.339 KGM 

WORKING FLUID - ... 

2 ttEA T PIPES, .. 4.0 KW EAClt 

RAOIA•c f" -COPPER 

THICKNESS • 0.086 CM 

AAEA • UOI u2 FACH 

MASS CEAOO • 3.08 KG 

MASS/Kl YSTROI'• • 18.9 KG 

Tai* 1.1.S.IO Damallnsulatiolt 

f5llDC 
COLLECTOR SECTION 

CRADIATOR a. Kl YST RONI 

30IJOC 
CAVI'! ( A SOLENOID 

Cf'-'\!:"JIATOR a. Kl YSTRONJ 

WAVEGUIDES 

t LAYER M\.ll TlfOll (:'.rO SPACtRt 

6 LAYEA KAPTON IOUA 'TZ NET SPA<"~A) 

- 15LAVEA KAPTON tOVAATZ NET SPACER) I 
10 LAYER KAPTON IOUP.RTZ NET SPACEd 

MASS/MODULE • 2.80 KG 
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ElemetltMass 
The major thennal control system element masses were listed in Tables 1.1.5-CJ and 1.1.5-10. The 

total thennal t:ontrol mass per subarray varies between 778 kg and 86 kg. depending on the sub

array power oensity. The total mass of subarray thermal control systt!llls is 00.:! MT. 

Element Cost 

The '-'OSt of thennal control elements was estimated as S 1350 each. 

WBS I. l .S.3.4 ~Control C'ucuit 

The purpose of the phase '--ontrol circuit for the spa~ antenna of the microwa\·e transmission 

system is to focus over %% of the microwave power radiated from space to the rectenna 

located on the grt'Und. 

Figure 1.1.5-16 shows the simplified block diagram of the system consisting of a li!J"Ollnd and 

a sapce segment. 

On the ground. a trar~itter and antenna complex ~crates :i pilot signal whi..:h is radiated 

toward the space antenna. In spxe. the subarray elements of the over.lll spact> array antenna 

receive the pilot si~1al in a phast> correspondit? to their location relative :o the !!round antenna. 

By comparing th~ ph~s to the phast' of O!le of the subarrays c t\·pically the nominally closed. 

or center suharray t the phase differences at the individual "ultarrays arc determined. Then the 

relative tr .. msm1t pha.'it' at th~ subarrays is ~t to the conju!?3te of the received ph~-s at each 

subarr-.1y~. Thi~ as~R'S that the downlink ~ignals from all the -.uflarrays an~ launched in the proper 

dim:tion to the pilot signal and arrive in phase ;1t the pilot antenna. The correct operation of 

th~· sy~tt'm 1s monitored on the ground by a set of monitor stations. The output sign1ls from 

the-st' stations are used to cakulait' tint> correction' which ma~· Ile ncces.'3ry to compensate second 

u1\ft."r systematic pointing errol"' due to tht." tr.msmission mcJium. 

A key function in the opt>ration of the aht.wc J'-~riht.·d syskm is th~ determination and the con

j.igation of the rdatiw pha~·s of the pilot s1~r:tls of tne subarr.i. ,_ This requires the gcnc.•r.tli<1n and 

Jistrihution of a rekrcncc pitase for th,· conjuµtors. In the selected sy"tcm. the reference phase.' is 

th'-· pha·.c of thl' A0 suharr.1y :anJ this pha'.\l" i-. d1strihutcJ over a transmission line tree. T'1.: 

1.kctri..:al length .. :hanges in these trJnsmi-.-.ion line-.. arc sent ha..:k to the next higher k,·cl node on 

the phase distrihuting network. Thi~ i' cqm,·alcnt to perfonning all conjut?ations at the A.0 

suflanay. In sud1 an .tnan!!ement the pia.,~· ,listrihutin~ lint"' ar,· u'iCd bilaterally. thu~ their 

line kngth change~ tlo not affe1..·t th1..· ~·on.1uµt1on proCl'SS. 

82 



TRAJISl8TftR 

HLOT 
TR.\!li"Sll. 
STA nm 

D 180-24071-1 

-•• • 

a PACE 

RECEIYElt 

...... ------

FipR l.l.S-16 Rdrocliftclift SPS Phair Control System 

83 



0180-24071-1 

r1g111e 1.1.5-17 shows a nP: ...:~iled block diagram of th! system. The operation of the system 

can be explained by f• r· .... 18 :J :ypical signal through the circuit. 

On the ground (figure l.l .S-l 7a) a pilot generator at fu = 2460 MHz is amplitude modulated by a 

nominal ft = 76.5625 MHz - 77 MHz. Tne carrier is suppressed and the remaining f. = fu- ~t :!! 

2383 MHz and f+ = fu + f 1 2: 2537 MHz tones are distributed to the transmitters of three antennas. 

These antennas are l 0 m diameter steerable par .. boloids. which are located in the apexes of a 

triangle, approximatelv 1.3 km from each other :-.nd symmetrical relative to the center of the 

rectenna. These a11 iennas are used for fine positioning 'lf tbe beam and larger separatk>n may be 

used when a wider pointing range is desirable. 

At the pilot antennas a dual transmitter is located, capable of transmitting each of the uplink tones 

at 13 kw level. The actual level and phase of these transmitters can be adjusted in such a manner 

that the effective phase center of the three element array appears to be adjustable from the space

craft antenna. This adjustment is achiev~d by the pilot location control subystem which is using 

input signals from the fl'lonitoring antennas of the dowallink beam. 

The frequen("y plan for the phasing circuits is outlir~d in Figure l .1.5-1 7b and a detailed desaiption 

of the retrodirectiw system is given in the MPTS Phase Ill Studies. 

The opeotion of the above described system in real life is influenced by a number of practical 

limitati(lns which degrade the power transfer efficiency from its ideal value. 

Table 1.1.5-11 gives a summary of the considered errors. They can be divided into random and 

systematk categories. In each case phase and amplitude ~rrors can be distinguished. 

The results of this error analysis Jre summarized in Table 1.1.5-1.:. 

WBS 1.1.S.3.5 Harnesses 

WBS Dictionary 

This de;nent indudes all productio•, .1ardware to provide power distribution at the subarray level. 

Thl" su~elcments in this category include the pigtail connector for the .;ubarray. busing between this 

conn'-·ctor and the klystron r.iodule connector. and thf klystron module conne.:tur. 

Elemenr Descripti-Jo 

The conductors on the indi\·idual MrTS antenna subarrays are in~ulated circular aluminum 

conl'uctors. The thl.'nnal cm·ironment for the l"Jnductors is rdatin·ly benign since the klystron 

radiater .. ystem is designed to ra<liatc away from the waveguide surface. Each subarray conductor is 

routed from the interface conncctio.1 at th'-' subarray drop to the klystron. For relia11ility rea~'Jns 

no conductor t:.lps are made on the subarray to provide for multiple klystron feeds from a single 

84 



PIL\SE 
ABLE 

"BCAR. 

'• 
P.LOT 
GDI. 

'· 

01~24071-1 

NoNITOR 
AXT • ... 

ORIGINAL PAGE 18 
OF POoR QUALITY 

Flllft 1. l.S-17a 1blft Pilot Antenna Control System 

Clouary of S)"!lbols 

Pr!g-des (MR&) 

fo .. 2450 
fu .. 2460 
fL • 2486.25 
f1 • fo/32 • 76.5625 
f_ - 2383.4375 
f+ • 2536.5625 
f• - 50.n2s 
f., • 1.:>2.1125 

-fA • fL - fo .. 36.25 
fa • fD - f1 • 66.~625 
fE • f+ - fo • 116.5625 
fa - fA • 14.0625 
fa - fa • 16.25 
fa - fc .. 16.25 
2.-:1 • 153.125 
4£1. 306.25 
lf1 • 612.5 

f_ f+ 

Circuit Designat1Clll8 

r • receiver 
a .. regenerator 
C • eonjugator 
cl • 1-f diplexer 
t • transaitter 
11111 • .W.Upl!er 

'- r+ 

lacllces 

o • reference 
It • first layer (lt • 1 0 2 ••• ·•l • 19) 
kl .. eec:oncl layer (1 • 1 0 2, •• ·•2 • 23) 
lt1a • tblrd layer (• • 10 2 •••• n3 • 22) 

--L::::::::::=lil. u a• 4fb 

f_ 4 

•111 

Figure l. I .S-17b Block Diagram and Frequency Plan of Phasing Circuit for Space Antenna 
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Tai* 2.2.S-11 Dluminatioa Errcn Affeclins Aatew Eff"ICieacy 

RANDOM 
PHASE 

PHASE JITTER (tu. f1) 

TRANSMITTER NOISE 

CONJUGATOR (6c) 

LINE MATCH 
DIFFERENTIALS l~;) 

OIPLEXER MATCH 
DIFFERENTIALS (lid) 

TRANSMITTER PHASING (bpi 

DIFFERENTlAL DOPPLER 

AMPLITUDE 

TRANSMIT POWER 

SUBARRAY ROTATION 

POINTING 

APPROXIMATE 
CONJUGATION 

SYSTEMATIC 

DOPPLER FREQUENCY 
SHIFT 

ABERRATION 

IONOSPHERIC DIFFERENTIAL 

ATMOSPHERIC DIFFERNTIAL 

Table l .1.S-12 Summary of Losses 

SOURCE 

RAr .. DOM PHASE 

RANDOM AMPLITUDE (~01 = .osc') 

SYSTEMATIC POINTING (3 PILOT STATION) 

SYSTEMATIC A.'1PLTUOE (8 LEVELS) 

RESULTANT lOSS ASSOCIAfEO TO SPACECRAFT ARRAY 

LOSS(%) 

1.53 

1.J4 

.14 

.31 

3.32,RMS 

AMPLITUDE 

ILLUMINATION 
OUANTIZA TION 

POLARIZAi"ION 
ROTATION 

I 

FAnADAY ROTATION (Bonston. WORST YEAR) .48% "AVERAGE" 
PEAK. 
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conductor. Connectors are provided at the interface connection, of the secondary structure and 

subarray. and also at the interface of the harness and the klystron module. This provides the 

capability to physically connect/disconnect either the module or subarray for maintenance options. 

Figure 1.1.5-1 ~ presents the conductor summary for the four klystron subarray. Also shown in this 

figure are per unit length tabulations of conductor mass and t2R losses. All subarray conductor 

calculations for subarray distribution mass and losses were computed using these per unit kngth 

values. Figures 1.1.5-19 through 1.1.5-23 present the results for the other antenna subarray types. 

Total antenna subarray conductor mass and losses were computed by multiplying these quantities 

by the number of each subarray types. 

ElementM~ 

The harness mass for each type of subarray was listed in the tables on Figures 1.1.5-18 through 

1.1.5-23. The total mass of harnesses for an MPTS antenna is 35.9 MT. 

Element Cost 

The cost estimating factor for the harnesses is the same as that given in the Part 2 final 

documentation. 45 S:kg. 

WBS 1.1.6 Assembl) and Checkout 

WBS Dictionary 

The Assembiy and (heckout functions include assembling and rackaging of SPS hardware for a 

launch to low Earth orbit. installation of the individt• 11 payload packages into a payload pallet. and 

ground checkout prior to packaging and prior to launch as applicahle. This function do.:s not 

include the asseanbly and checkout of the SPS modules in space. That function is separately 

covered under the space construction work breakdown stmcture element. 

Description 

A description for assembly and checkout was not developed. 

Mass 
Mass of payload packages Jnd pallets was e.:>t1::1ated as 11 ';( of the mass of contained useful payload 

on an average basis. This 11 '; estimat.: was included in cakulations of nunib .. ·rs of !lights for the 

transpo~tation system. (The useful payload was .:onsidcrcd to be 90'·~ of the launch vehicle gross 

payload lift capability.) Payload palkts and paylo;.J p;;.:kaging p1ovisions arc con~iJcrcl.! rn:sabk: 

thev are returnable to Earth by tl.c launch whicle. except for solar cell boxes which remain 

att~ched to the SPS to protect solar cells during the transit to geosynchronous orbit. 
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•Kl VSTAONS 21C2 

VOi.TAG£ CURRENT/rUBE 10TM. CURRENT 

2tJll50 
42.100 .... U'2 
1UISO OJ)M o.n• .. ,., .... o..N 
.... JO 0.154 fJ.81• . 
37.:9il o.33U 1.320 

I ? 
1-~---

j j 
---

•.ooo t.452 UOI 
toV 5.000 10..GOO 
lOOV (2EA) tO..OllO 40.000 
CXJMM()N US& ll.824 

lT • 32.916 • l'tGTAtl 

Ww•241..G6 ,2 •• 24t.o& 

-l - -.-

l 
WIRE 

12RJM HO. WIRE tNSUL Wt/M 
VOLTAGE REO'O SIZE THICK KG. WATTS 
(REF TO CURRENT 

AW<>. (MIL) 
BODY ANOOfl 

21.0SO 1 30 8.6 Jl009 
0.«118 1 30 8.6 ..DD09 G..OIM 

21J)'A 0.DM 1 30 8.1 ..CI009 0.001 
16,940 o..ma t 30 u .0001 O.G04 
'2.630 0.154 1 21 5.2 .0001 .JIOI 
4.210 o.330 ' 21 "1 .Cl004 O.OJC 
2.100 1.4!>2 1 '12 ' .Of'?li 0.184 

U.41M 42.100 S.000 1 18 1U .Q068 0.861 
42.100 7.156 1 16 16.8 .0090 1.101 
42,100 10.000 2 15 16.4 .0103 1.109 

~ :: G.0419 5.617 

Fig~ t.l.S-18 Four Klystron Subamy Conductor Summary 
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I KL Y:.>TRONS 2X3 

I Kl YSTRONS 2X4 

VOLTAGE 

2'.G60 
42,,00 ,,_ 
25,180 
29,470 
37,890 
40,000 

10 
100 

COMMON 

TOTAL CURRENT 

G.521 
~ 
0.528 
O.Dt 
ueo 
1.112 

30.000 
IO.OOO 
42.136 

Ly •49.374 M 

•w • usic, 
12R•333.50 

VOLTAGE 

21.050 
42.100 
21.050 
25.160 
29,470 
31,890 
40,000 

10 
100 

C0!.4MOfll 

TOTAL CURRENT 

0.724 
0.352 
0,724 
1.232 
2.640 

11,616 
40.000 
IO,OOQ 

57.248 

Ly• 65.832 

Wy('3.18Kg 

i2R • 369.78 

Figure 1.1.S-19 Six and Eight Klystron Subarray Conductor Summary 
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I Kl YSTRONS 3X3 

0 

12 Kl 'rSTRONS 3X4 

VOLTAGE 

ll.G50 
a.too 
ltJllO 
2',lal 
21,410 
31.-0 
40JIOO 

. 10 
100 

COMMON 

TOTAL CUft• .:NT 

o.m ... 
o.m 
Ull 
1.110 

13.088 
'5.000 
IO..OOO 
M.COI 

L1 •71.51t 

W.,•3.42Kt 

i2R•4SU3 

VO'-TAGE TOTAl CURREl'IT --
21.D!i() 
42,100 1.056 
71,050 0.528 

25.'60 1.056 
29.470 1.1148 
37.890 l.960 
40,000 17.424 

10 B0.000 
100 120.000 

COMMON as.en 

Lr •95.439M 

Ww•4.42 Kq 

i2R • 592.25 

Figure I. I .S-20 Nine and Twelve Klystron Subarray Conductor Summa'"!· 
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I 

6 

16 Kl VSTRONS 4X4 

20 Kl YSTRONS SX't 

VOLTAGE TOTALCURRENT 

21,050 
42,100 
21.050 
25,160 
29,470 
37.890 

40.000 
10 

100 
COMMON 

uoa 
0.704 
1.408 
2.464 
5.280 

23.232 
80.000 

160.000 
11U96 

Lt•13U64 

Ww•5.9" Kt 

12R • 795.73 

VOLTAGE TOTAL CURRENT 

21.050 
42.100 1.760 
21.050 0.880 
25, 161) 1.760 
29.470 3.080 
37.890 6.600 
40.000 29.040 

ll 100.000 
100 200.000 

COMMON 143.120 

Ww• 7.40 Kg 

t2R • 99'.77 

Figure l.l.S-21 Sixleen anJ Twenty Klystron Sub·uray Conductur Summary 
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2' ICL YSTRONS 4XI 

30 ICL VS (RONS 5X6 

Wk.T/llGE TOTAL a.M1IT 

21.-
G.• 2.112 21.- 1.-.... 2.112 .... ~ 

J16llO ua .... .... 
• .... - ,._ 
~ In.JM 

Wk.TAG£ TOTAL CURRENT 

21.050 
42.1CID 2.l40 
41.050 1..320 
a.1eo 2.MG 
29.410 ...... 37.., ....., 
40..000 43..580 

10 ISOJlllO 
1GD lOO..OOO 

alllllON 1M..6*t 

Ly•231.&1Jll 

.. -16.131Ct 

12R • 1.361 .50 

Figure I. l.S-22 Twenty-four and Thirty Klystron Subarray Conductor Summary 

,/ 
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36 Kl YSTRONS 6X6 

VOLTAGE TOT Al. CURR£NT -
21.0SO 
42.tGO 11• 
21.0SO 1..51M 
2S.1IO 11• 
19.410 5.544 
31.890 11..., 
40.000 52..212 

10 180.000 
100 llll.000 

COMMON 251.111 

Ly• 296..244 II 

.. -12.IJ~ 

t2R • 1.120.11 

F1gt1tt I. l.S-23 'Thirty-six Klystron Subanay Conductor Summary 

Cost 

A 5·; hbnkd allow:in.:e w:is applied to appli.:abk SPS items for pad.:ig1!lg. asS\.·mhl~ .ind d~,·.:kout 

.:osts. 

t.t. 7 Initial Spares 

WBS Dictionary 

Initial spares arc tho~ spares supplil·d with the SPS as initially pur.:hascd to provide an adequah.· 

spares base to a.:.:om:·1ish the .:onstru~·tion and thl· initial 1:hl·~·kout joli. lhl' quantily has he~·n 

estimated as 2·f. and was .:osted as 2r; without a spcdfk hrcakout as to how nuny spares of what 

typl·. 
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PRa:IDING PAGE ftL& 1''1C NOT FaMEIJ 

WBS 1.2 Ground Recriving Slalions 

WBS Dictionary 

The SPS ground receiving stations include all fun.:tions required to recen·e ,·ie power beams. con

vert them to grid-compatible electnc power. and provide ground control of beam fonnation. aiming. 

and powa. Whether the ground receiving stations would be responsible for SPS flight control has 

not been detennined. 

Description 

The design of the ground station is a combined effort by The Boeing Company. Raytheon c\\'all

tham ). and General Ekctrk Space lJi\·ision. Each receiving station includes the land area. rectenna 

(rectifying antenna t. grid interfa:e equipment. and control and communications systems. The land 

sites are 13.18 x 18. 7 km (nominal. at 35° latitude) and each rectenna proper is 9.885 x 14 km. 

The output pow'-'r of 5000 megawatts is delivered throuih fo·e l()(»megawatt transfonner stations. 

Several rectenna configuration optior.s were e\"aluated. The tilted-panel configuration shown in 

Figure l.~-1 was retained as preferred ~:oncept. 

Mass 
Mass estimates were not made. 

Cost 

Land and site preparation was estimated as SSOOO 'acre ba~d on Bovay estimates (contract i\AS9-

l 5 280) of S 1500-4000. acre. with additions for agriculture in the perimeter area not covered by 

rectcnna. 

Cost Summary 

Rectenna costs were based on Bovay Engineers estimates for structure and installation. Raytheon 

estimates for the RF hardware and ground pl<anes. Boeing and GE eslimat~·s for RF diodes. and GE 

estimates for power processing and grid interfa'-e. 

The structure used Bovay ~4 Csee helow. WBS l.2.3l. which is approximately Sl9.3 m2 (of panel 

area). The panel area is 76. 7 km2. 

Land was estimated at SS000,1acrc for acql'isition and site preparation. 

The KF assemblies were estimared at 3tt each. with ca\.·h dipole element receiving 70 cm2 of beam 

are:i. A total of I 0.96 billion elements and diodes are required. 
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~1~ w .. re cs!imated from k to : 1 ~ ea('h by GE and 8-0eintt. A figure of :11 was used. Distribu

tion bus.'il's \\"ere estimated at S57 million. fhe "·ommand and "-ontrol s~·stem v•as estimated at S55 

million. Powtr rro"·essintt and ~ iJ interfa.:e ('OSts were ntimated as Sb 74 million. 

A summa~· follows: 

l~nd 

Stn1etuf('s & lnstallati,m 

RFAssemhlies & Ground Plane 

Diodes 

llistri\\ution Russes 

CommanJ St Control Cent1.·r 

··turt" ·· Rt· ... ·renna Toul 

r,1wer Pw.: ... -ssmg & GriJ lnt...-rfa""\:' 

\\'BS I.:. I Rt>al Estate 

WBS Dictiona~· 

Cost milh,lns of S 

·~ 
' . .iso 

55 

rill' denwnt in,:hllks tht• lanJ an· a for the ground n•,:1.•1\·jn~ slJlll'OS and all Silt" pr1.•p;tr:tltlltl. 

~·rip lion 

Th .. · lanJ .ir ... ·•t n·qui1l·nw11t w~1s ••s ... umc:J ll' l•t..• ... ·qlm aknt "' th ... • SPS l'''"''r t-... ·;ml ,-,,,,tpnnt ,,11 tlw 

gr,,tmd. 1111.• "Ill' '' 1wminally I.~ 11'' I~.~ km. dhpt1·.·al. \lut \ari1.·s with 1:1t1tu.k. Tlu1 l"!t'rii1.m of 

th .. • l;mJ .1n•;1 m•t ux· .. l f,,, .Kt1h' r ... ·,·t.-nn.1 l'k1t11.·n1s nuy t•,· plant1.·J m !!Tass ,,r f,,r ... ·'t c .is 1s appr.•rn· 

.lk hl tlw ,:Jilll;ltl'l hl llllllilllill' rl•fk,·l l{l!l ,,f Ith.• OUft'f frtll~l'' tlf thl• mi<'H'\\ ;l\.l' h,•;\lll. rill' hl';llll 

1111.·n,11~ 1111h1 ... r,·!!i••n \\tll hl· k"' 111.111 I mw • .-m~. Tlw ,·nt1rl' r ... ·,: ... ·1\ln!! 'ill\' \\ill~· kn,·l·.t. 

WBS I.~.: Control and Communk-alion 

l-"kd1n111,· s~ "ll'llls .tr\· pnn j,frd wlll,·h ,:.Ill'\' till' 'l';K1.'lenna 1,, V,t.'n .. ·r;>t .. • till' rl'Q\llf"''' ,·,,lwn•nt h,•;nn. 

rt1,· ~rt•111Hl·l'·'"'-'d i'''''cr ,,f this ,, . .,!t•m ,·on,1st... ,,f h·:im m,,mh•nng syst...·ms ;m,I .1 r1h•t tr;111sm1v 

Sllltl sy'll'tll. (;f\•ll1l\l·b.1'l'\I sy ... 1 .. ·m ... ftlT ,·onlrtll tlf ';1tdlill' ''l'l'T;tllt'llS h;l\\' lll'I ''l'l'll lll\\' ... tl)!.llC.I 
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WBS l . .:?.2.1 ~Control Systnn 

On the l?rounJ the rosition of the l'l'ceived beam 1s monitored and the dfo:tive phase center of 

triangularly .:onlqmttd pilot antenna array is varin~ in such a way rhat the beam center is kept at 

the \.Yntl"r of the n-.:tenna. Thl' uplink frequency is baselined as ~460 Mhz Oo provide separati~ 

from the down hnk fn-quency l): 2450 Mhz ). Three pilol antennas would be spa.:ed approximately 

two kik1mckrs .tpart within tlk· recknna area. Four monitoring antt'nnas would be pr<Wided. a.-. a 

minimum. 

WBS 1.2.2.2 SPS()pttarions 

A deuikJ a1Mlys1s of SPS operations has not h«n ~·rformeJ. llowc\·~r. on a prl"liminary flasis it 

aJlP'-'<tr.> lhat all ground ~ystl"ll• Ol't'raticns can he pl'rfonned automaticall~'· This does not indude 

system maintenance such as the n.·rfa.:l·m1.·nt of n.·d\'.'nna palh.·ls. The modular .:onfigurahon of the 

rel"tenna allows load follt1win~ ;md fa,·mtat\.~ mainknatKt'. The power 1.-ollection and Jistriootion 

system is Jes.:ri~·J in s..-.:lion 1.2.4.3 throul!h 1.2.4.h. 
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\\llS I . .! .• \ R«lt:-nna Primary Sltu('IUtt 

WBS Oktiuna" 
rh1s dl"tlll."llt ll\t..'l\IJl."s ill! sur['tlf( Sh'\1,·t\lh' fol' tlW Jd1n• n,•,;t\'t\l\J, 

l~riprion 

Int• stm,·tural ,ll"Sla?ll ~·k.:tni \\a' "'''·'"lo #4 h 1s 11lu,t1a1,•,1 m h~m·· I : .~-I. ,.,,,·1rh·•l lh't11 th,· 

0..WJ} l'\•l'-'rt 

\bss a.-1 (. 'ost 

M~1s" .m,t ... ,,st l"sllm.u,•s \H'fl' J•l.1ph•,! ln.•m th,· }\,w ,I\ Rq'''' t. i. \,nl 1,1d ~ A~N I:' :S\ I. ,um nut 11.-d 

Ill l.thk l : 3. 1 

ni.· 11.·d .. ·nn.1 \'lh'I~\ ,,,lk.-11,,n ,, ,(,•m m.-tu,\,•, .Ill .ldl\,' ,·kni.·ni-. ,., tlw Rl'-lll' ,,,m ,"l'h'!l "' ... t,·m 

,hl'•'k'. ftlh•r,. ''"''"''· \'ll\ IH'lllli.'11!.ll ,111,•hl,, ~n·uri.I rl.1111."-. .111,1 .Ill\ mi.·~1.11 l•u,,rn~ I h,· .-n,·1~\ 

•••111:,·tt.•11 ,~,;.·m "·'' ,kl11w.I b\ R.1\ th.-"11 un.t,·1 'ul•,"•1111.1.-i .m,11, ,t.•.-um.·nl•d ui th• t"h.h' Ill 

\IPrs n'J'"'' '~'''"I\) m .. kt.111 

J'lw r.,·,·t.·nn.1 s1:1.• •'J'llllH:.lth'll ''·"' ,k\d,•r•·,I •'ll tlw h.1-.i" ,,( .m llll\'h'h'•l ,h,•k ,•1fl.-1,·11.-\ Hh'•ld 
\ 

.1ml ;1 h'\t.·m1.1 h'\;.·nm. t'l'I m- r.n.111i.·tn l'1.'\>'0•I \\lu,h ,,,lk.-11.-n \\,I'.'< m.ni-:111.~I lh: 1mPk1\\, .. ~1.1 

"''" ,,f -.11\11 .1 "''1 'tn \\Ill H''illifl.' fmtlw1 ,kf1111lh'll ,,f lh''' t-.· ... t t.• ••'ll••:ntt.lh' ;n.·1):_\ •'11 1!•,· 

•hi'•'''" .. 11.-11 ,,, th1: U"\' ,,(~Ill' "lll•~hn.-'' .111ll·1rn.1,, ,,, 111\.'th,,,t.. ,,f .-111.-wnth p.11.1lkl:11~ ,:1p,,k-. "' 

'"' ,,1.. ... 
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(50.S't (15.85't 

SECTION 

Figure t .2.3- t. System No. 4 
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Tahir 1.2.l·l 

SYSTEM NO. 4 STEEL FRAMES ON 32 Fr. CENTERS, WITH 13 LIGHTGAGE 
STEEL PURLINS ANO ONE ALUMINUM PURUN AND SPANOREL FOR ELEC· 
TRICAL CONDUCTION QUANTITIES FOR ONE 96 FOOT SECTION. 

1'22 LBS. ALUMINUM SHAPES 0 $1.50 
10377 LBS. UGHTGAGE STEEL • $.36 
13217 LBS. STRUCTURAL STEEL• $.U 
2 EACH CONDUCTOR INSULATION MOUNT • $5.00 
1 EACH CONDUCTOR SLIDING MOUNT 0 $8.00 
3 EACH 2' 0 XS' LG. FTG. •$50.00 
3 EACH 4· 0 X 7'-6" LG. FTG. 0 $200.00 
1 EACH JUMPf.R CABLE 0 $30.00 

5,CONT. 

10'\.PAOFIT 

s 2,133 
3,736 
S,576 

10 
8 

tSO 
600 
30 

$12,243 

612 

12.855 ,1, 

1.286 ---

L ___ _:""'_!S<>~" . ~:!~. $1 BO~°:·~ GROUNDPLANE . $::::, J 
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~ ""'ltut'Ul t."tlnt't"pt utiUlff I fttdher p:toof mat.'Md dlrolc t.'Wlf'.,ur1tlt"m WlWt\ m Fitm:n: 
tl.4-1. wmt.i! is antt•tldilbre t<'* ntUs produetmn, AU mtatcrlm :n:qWftd ilft :n:dty u•Mt tlfld of 
kM t"tl'St Tht< nlcdiankat drMtn *' amcm.htblc tri lu~ldy automatN produ1:hott. llli• the ftl't'
\'•:dy Pfll\tcn ftt.'.'tcnttai i•t.1MtrueUoo mrtmlds fmm the JPt;la)1~ tfttl. a morr ti-fficirnt two 
plant: Jtt~n format ha> ~n dt"vrforcd (!-'~ J .1.4-2). An atttwtl tt0mplth: stt:tkm hos ~n cvahl
atN m d. t6ts and is tttH'lWfi in fitmtt t~.4·3. ~ mrta:l s.WtJJ is~ to pnwid<' invimmncnta:l 

('mttt'tlf\tt "" *''" as ftft't't.'t\t dtftt'.t radi4tton ot' harmt.\nk pawrL Alm. the tk ""''nvcrh• hm. f\'lfms 
pm1 of th<- filter and r. f rtt'tifi"·atioo drrutt. 

Aft Artists' ,.,,m·crt t\f a m'''t• rtt'lrnna fa,·tol) t> Mli.\\\'ti in Ft,urC" t~ . .-~. Mat<-rirus hn•t in al 
ont: tnd or t!lt: ti.K·h\l) at\'.' h:tsk iniftdtrnts to hiJh ~ft! automatN m4tt.ufadu:n: and U;Sitmbl)' ot' 

ftt'.h.•mt.a l':l.nt•ls whtt'h tlt'\\ \'Otdi11u,1usiy fn1m t1k' mtntt1' tik'hlfl, lllt' tit'tads ,,_. tht• manufa1.:tur

i• Vf(ll't'S> arr !tlVt'U m th<- MPTS Phase m stooy ftrtlft. whii.:lr also indudts a Jik'Ussk\11 ,, •• the 

tmrJ..:t ,,f 'tmdur.a.1 hlJthnfS .. 

L?. 4.1 lln\llud Pane 

Thi< t\\t'I Y'lanr d1."\l:tfl 4,'\"111Sisb \1f lht" •Ktrn· h.">.'i'l\h\jt dt•tnt•nts ;mtf .. refk•.,;tiui rta1h'. or ~ftlUf\J 
plant. rh,• rcllc1..·tmtt rt.mt" nt't•I nnl) Ii\• a mt•tafh< m .. ·sn \nth ~mublc sftl11.··• rrllltt'l<" t(\ th<- w'Ht"" 

l<'U!tth Rdt'l {t) l-'l)tUft' L~ .... : fot tfH' t\"rm ,;mJ ltl\'.:Uron tlf tth; ¥tnltm1J rilant'. 

l.!A~ R t' A"~mN.r.. 
nl(• ftWt'l'lJI\(' lPH\;llll".'. tht• h.df \\,IV\' \\!l"l.'k<i,, th(' tnptit \\,I\ t' ftlh:fS, tlw fi';.'hfh'.lfh\I) •'lf\'Utl. tlw 

smt.ltltt11n)! ,,1p.H·1t..11h't\ Jlhl !ht• Ut' l"t.HH'I .:·illlt'\'ht'll Jmt i"i11ssmt! fmt.:·tl\>tn. t-'tttutt L ~A·~ 'Sh(lWS 

thi• tkd th';1l fo1m.11 •'l Hw Ft~uu· 1 : ·ki ,flt'\h'tl .1 ph) )>11:.tl ,·m~i,lmh'tH ,,f .1 st•dwn l'f 

h1rtrla1w .. ,,11-.tnh:H•'" •• , .tdm,-.i rn F1)tmi· l : ·k" "1th thi· .t\hM1i,n 1.1f a sludit fht' fon.•i1J.tuh' 
shtHU\ m h~llh' I .~ 4 ·' h,\.;, h1i\'l\ lh\W\\\\i:hl\ ,·h,•;t..,•,\ *'Ul di·.:hh,',111) I ~'dh'll ;;; ::; ,,f R~·f,•n:un· n 

i fotmtl "' tit• \''}UJI m dfo:tt'tlt:'~ h\ t hctl \)f ttw Hm·-.· pl:uw 1:unstru1:ht\l1 r ij!Urt' L ~ ..... : shtlWt'l..1 

lh•\\ lh1: ,·,u1h,·111il.')1Llh'\I uith th1.' n.•1k .. :tm~ -.,·1n:n h' f,,rm !ht' llMJt'r f'l.trtmn ,,f ttw 
tt•:hmn.t ;.tr:c1.:mt\' It 1' h'mh! th.it !ht• nh.'tai sh1i:·M rl•l\'t•tl ••\t't rh1.· J\:ttw tX'rt11.1n ,,f Uh' rt" ... ·t1·rm;1 

h' ,Juel.I 11 fnvn the ,·ni m11mh'tlt Jlhl h' i'r~·H·nt ihl\:.:t rn'hJUt\t\ ,,( ll<m\nlm,· 1x1wt•r trt'm th\• l\'1.'h· 

drvmt ,·,m fmh·t\1111 h't) ... 111,f:1fh'nl~ ,,, H1~· ht'lllt'llt.tl h'.l•l ti,•Jnn}! ntt·m~·t ,,f thr rt'\'h'mt.1. 

I .!.4 . .!. I lliitows 

I 11» th11'1!,•, .ui· tM1ttt•1t t,f .1lttmmum "1n: "' 'h''" u 10 f:t)tUfl.' t. ~.4·h. 
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fi!Jutt 1.2.4-1. l'ublwa) 9tttiun of th<' thttt'-planc rn.·ac-nna •l'lll\1*.'h u .... 1 in the- RXf\' 11 JPL 's 
GokbtoM fJK-.ilit)· shuwin.it how lht' ft''tt'nna tk-mcnb 11lull into thl" anay. 
Allhnush this appf\'IA\.'h was Mt'5fa,·h,r) <'in'lrkalt). it is l:'tlmplkah.·J from a 
fabrkation point of vic-w. A Jf\'all)' sirt111tir1n1 m«hauk:.l •l'J'fum.·h is thc
two-plan..- s)·stm' whkh fl~~ all of the- l.IC'Siral\ll" <'ll"..'frkal 1ln1pcrf~ of th<' 
thrtt-pbUW' S)Stt!'lll. 
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VERTICAL SUPPORT 

' '\~~. 

DlS0.24071-1 

METAL 
ENVIRONMENTAL 

SHIELD 

figure 1.2.+2. Drawing of the two-plane rectenna oonstruction format consisting of a reflecting 
nd plane and the foreplane which oontains dipole antenna. wave 

ftlten. rectifiers. and bus ban • au protected from the enviommenl by a 
metal shidd. 

CompteteJ rectenna fureplane al.Wt1rtbl)• c 
assembly of fwe rectenna elements. This 1een substituted for a section 
of th<." thrt"e lt"Vel construction in a rectenna and found to perform as welt 
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figure l .2.4-4. Artist's t:oncept of Moving Rectenna Factory 



lllS0-24071-1 

H4lf-W4 vr Oli'()l( COLLECTING IUS 

+ rLOAO 

I 

I 
'LJ 

figure 1.2.~Sa. Schematic of the f0ttpbne of rM two-pbne 1tt1••1uaa sho~ the arnn~t of 
half-Yr-ave oipolcs.. input filters. and Schottk.ybarria' rectifying diodes. Two-wire 
Transmission lines are used for both microw:ave cin"'Uits and carrying out the DC 
power ct...«ffti b)' the array. 

ORIGD:AL PAGE I.') 

Of POt lR QU A.L1TY 
I\_"',,. '.-tCTIOI\; - '.:' . 
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r ..L I l ' _J_ -'-

t Lt t 't ' 1 I 
CPTICN.\l 
GiU::Ul'..:::J 

I ]_ I I l.. ...... 

- ~---1 

-.fC Tk'N 2 \f.(Tll'N n '.:' -1 1 SECTION ;., ·21 

Figure I .:!.~Sb. Schematic dt•ctrical drawing showing how thr sections of diod~ ttpresenling the 
re<"tenna elements within a long length of foreplane :ire conr.ected in parallel and 
series lo build u1• to the desired output current and voltage levels. 
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1.2,4.l.2 t.11\'U..., 

tlt'tt"' "' t 11\lfe" l. ~ .a<' for •"'· "'k•,·1n,·4I ,·r.-. .. ·mt '''th•· h"\"h•nn.1 l"t\c'I' Panri in; .. 1n•tU\4''1lOtb <ti\' 

~n~ tn ~hon I. :.4 ,t 

1.: .... 2 .. • Sb~ ... ( .. "" 

lb,· «~n J-o\\n ant-·~:~.- l : -l-.\ "nongl\ '""'°'h lh.ll lh•· mcl.11 .. tu.-M ltul '" .~ .... ·1111.ll I" lt1" 

~·k,.·tn•al \\tl>.l l"l\Uh¥.uu,•nt"'I ,trMttll ,·.m at....• fi.ttKhon '"' th<- 1\fm,·11\k i..,.iJ·~.irt1\S h.-n1••nbl ,,.•rn,·

tur:al m<"m~r m \"1fh,·1 .1 rl.d ,1f "'""''"' •n·h.-nn;a It ''th<' l"'"I"'"-" ••I llu' ~...-h.•n '"nut...- .ti\ .. m •t\ · 

'''of lht' ..htcl..1 _.,th-.· h .. 11;.•nl.il '.\llltdur:al .-lrnh•nt .uni h• •••·h'nttlik" lhC' thid .. u<'' •'' lht• .. t ... ·.·1 

lth•tal ""'''' \\ hk'h n .... f3f\11,·.-t('\I "' .l IUtKlt\.•ll \t( k~lh ••• ''"" ~hh'<ll ........... , '\Ul'f'>'l t .Jlhl llw 

• m,t·k~tn~ ,,,. o.•th.,·r l••.ldm,: uu1•rc..._"',1 "'"'"' ti l >t ~-,m· • •h,· ,.,,,, ,,.- lh1.· nt.·ml"·' b ""'"" I'"'· 

1'"1-.•nal '''Ilk' tht\·lnc'' ,,,-th<" nutl'n.al. "'' lhal the thh·t.n""-' l'-'l.tm,·h·r '' .an •m1-..•1 t .. uu ••n.-

1n"' "'haft\' ;1nJ ~tic''' lh•· Jurkl ""'''"" m ..... ..._,"°''I Mn m I 1sml' I : .J, ! '" ''"'"°'"'"··,! t•\ " m1ml-..'1 

,,, '""'"'~ 1111.· ,krrh ,•r lh•· ~·.un 1, ,l,·h·1nu1h·,l l-~ llw "'"""'"'' .1i,t.1n.-,· ••l .Jl'-·•ut '''"' m.h 

h.;h\l"l"n 11tt· lull"'"' 1h1,,.•I·· '"''"'"'·'" .. n.l th;.· H·tl.-,.-1111~ ""·1-n·n .uhl th\'""''"'"''"' .J'"·mhhnt: Uw 

'1lK·J.I h' th .. • "''h'-t"n 1lw ;i, ..... ·mN~ ••I th·· l'l.·.un '" llw "-'tt•1.•n ,, 11t11 ... •t1.m1 l•ul rtw •'l'l 1<•11-.. •'" h·•" 

h• ,,,, 1t ;U\· "'\l"h"h hm:h·,I 14\ Ill.ti.ml! th,· •tu.-1.1 ,,_.,.,,...., .tn.l ill,•·tlm~ 11 ml" h•hh 111 lh.- ...._·i.·n\ .l 

"''UI\". 1.i,f. •111\I ,,.,,lh'tni.-.tl "'"-'lllM~ , .m i.· .. uh "1111.- -''"' l'"'"'hn~ th.- h1.·.1111 ":th ~h·.1fr1 ,lf.-n!!llt 

t ... ·,·.tu"'· ''' th.· t:h·.1r.·1 •k1•th l lw "1,lth "' th.· 'hid.I "l.u,:.-h .kr.•nnm .. :.t h\ rh,· 1•tn .... .-.•! ,,,., ••i 
1h,• .-, .... "''"'ml-I\ .111 .. i lh;.· l\"•IUll•'nh;nl f1•1 •'l"''-'tll\.: Uw ''''"' .-., ... ·mt•h .ti ... •:1u· l"'l•nl1.1i i.·11"'' ,·,! 

h••m ,:1,•un,I 1 h,· llu.-1..n fh,· ·''"·ml•h !h,· ni.•1.- \\ 1111'<· 1h,· "ui.I h.,,,1.rn,·.- l h,· 1h1. l..n'" ,,, th.

m.-n1h,·1 '' m ... t.· '"'"r.1111 rhu•u.:li.ml 1h .t,·rth h• I'"" hk 11 \\1th h1,:h t.•1,1.-nJI "''''l.111, ,. It 1h .. 

t<''' ""'' l-.•11.-111 111nnl•.-1, .. 1 th.- 'h1d,I .n.- •1111t.· tlun. llw\ •. 111 I•,· ~"•'II h''''t.tn • .- h• l•1i. 1..1111•~ 111i.k1 

-..• •'"'I•\ h•m11n~ l.1t.;i.1l ,:""'''·' 111 th.- m,1t.-.1.1I 

·\llh••\!i<h ;h .. • ""'"''""'"' ""'IJ!ll•"•' h• I 1~11i.· I ~ -l ~Ill.I\ ..... '•'llh'\\h.11 .111'11!.lf\. llh'\ -11~· •lllth• 

h'f'h''\\'lll.111\\· •• , \\IUI ''"" ,,,.,,i:n \\Ill'''''''·'"" t-. \\Ith tlu' ·•l'l'""'·h \\1th 1:., ·'"um.-.l .h11i.·11 

""'':' tlw 1i.·1111.1l .1"' , .. 1.•un.I t.• I•.- .11 I l•--t~ 1Ud1 .rn.l rh,· ui.•111.-111 ,•1111..-i!1.1 I, 1, 1,•1111 .. 1 i.• ,,,. ~ ~,n 

I. \\ '"'"' t , ... 11\l' tl11.-l..1i.·" .... '"" 111.th'll.tl 

HH 



figutt 1.2..f-.6. Proposed wthod of rontinuom f2bricatioa of dw <OR ••mMy of 1ecle1 m .._Cs.. Top nd bottom ftlt'mbC'ls att ooaCinuously fornwd from cwo rols of 
flat wft to ~ left of thl" assnnbly. lk-Cails of tltr 9bott clrawiag baft beftl 
sapcmeded by a IK"W dnign shown in figutt l .2.4-2. 

figutt 1.2.4-7. Proposed dftign of thl" sbic-ld for lhl" fottplaM aSSt.-mbly. Design consists of 
thttt" llllrls. The parl5 ate' \'onlil'\uously assmlbled to l"Kh other by room, O\fft' 

fla~ ll'ft on Cop and sidl" pittt's.. after lhl" parts flow around and t"nclosr thl' 
rott (lf thf' fottplaM. 

I08 



1.2.4.l PowewCoktioa 
Titc re.:tmna U\Ctf\."q'l$ the RF raJiat~ of the PSS and .:llftVtrb th\$ Rt' l'~wc-r "' lbl'fUI utilill 

P\~'tr for ruNK- Of inJustn· "''nsumptton. near\\)· or far fmm tht ~·tc-nna stf'\K'hlfC'. fh<" size- and 

1.:onl1turation of the r«ttnna 1s Jcttrminni l'y the PSS radiatnt ll<-am whi.;h is J\'tcnninnl malnl) 

fr,'\flt t~ amount ,,f llkiuh'd "'\\Wr. the ,.af..- rad1all\ln dC'Mill\"S ton earth and in the \\ll\\'Sf'hC'tt) 

.;1nd the l"C,loom~· ,,f i"'w..-r 1.~u~·hon \>ls Jt·tcnmnl"J Imm th\" Rt· .. ,.u..-,·u,,n cifo.·t\"1~·\. the .:onwr

S!\'n cffkit>IK) of Rt-' ;mJ th<' tnl'l<tllation l"\.Jl<'nscs\. h <&Pl'\'Jl'S at this time that the 1\\•mmal siu t\f 

hl km lt•r the rc .. ·h."llt!.1 r..Jiatl\. .'<'~Un '" lhe most fr'1stl>k Junl"1N1.\n for ... ,,lli;·,:tu\S ~ (;\\' ,,f l'''Wr 

at : . .a:\ GHz. Su.:h a "'''"f"uratk.ln .. ·omt'hcs with Ow rrC'\·iou~) mcntionnl l.'.'\.H\$tratnh at n~a'\1-
" mum f'O"'cr Jens.it) of :J mw .. ·m- and with mmtm.tl .ilmosrlwn,· ;attcnuatton cffC\.·b; C'Sf'<'.:1llll) ;it 

txrn:-n.e \\'l"&thcr nlnJition~ \\tth .\\.' .. ·$Sional i.un. at th<' ~lf•rthcm fXH1 ''' lt\C' g~}~. 

Tht use of 5.S t.•Hz is anra"·ti,·c- from th< \'te\\' ~tint of snulkr siu i,•r th<' r~-..·unnJ stru .. ·ttnc. l'ht ... 

a1.h amag,·. how"'wr. 1s ,lff~l i>) lh<' nt"arl'.\ s1x-fr!IJ m..-rNsc in the t'l'ht'\ts Rf.' fidJ J,·n~l). samo.· 

dtgr.tdati,,n in th<- t'ml-('nd dt'i.:1l"n .. ·~. somt>\\ tut luih<'r mm Jttenu;a11,•n k\ds. ;tt\\I k'' h•tal 

rt\C"nuc-. l'hts a••at~·s1'. a' wdl Js tht' ahnosrhl."ri•: .11\\t i''"''SJ'hc-ri .. · ('ff1.·.:ts ''ll rlk· r.:h.hJfl•'ll t-..-.un .lf<' 

<'lakmtt<-d in the Ph.ts\" Ill \IPlS ,to .. :mui:nt 

lndudt•J \\1thtn lh<." .-,.·.-1.-nn.t ~tru.-tur,· i~ th.: gr(>ull•i "'~m1:nt ••f th1.• llc'lf\>,.l111.-.:t1\•' rh.ts...· <•llllf••I 

hnk \\'hkh induJ.-s lie.'J'.tr-.ltt' Rr &!"Uh·r,·,·d,"' ~'''""'' ''·""'ns '' hh·h .1u ,ks.-rit't".l 111 ph.t,,· .-.•nln.•l 

"":tk'll ,,f the t\"frrt·n .. ·,·J -'•""llllh:nl. 

Th1.• [C\.'h'IUlJ lS ••.lllll'\lSt'\I ll.lsi .. ·all~ UI I M\\ r.lnds \\h1d1 JI\' ~f\'Ul'•"' h'>g,·thn .t!'> lo.II\•\\ ll II\ hg 

l.~.4-~ ttks..-ri~-J In 1:..a . .i ~!.,wt 

1.2.·L•. l La~·uut uf Rt'\"tt"nna htW"b for Rl" t'ol~·tion 
l'hc rc1.·C'l,\ng ft'.:tl"mHt ekmt>nt'l l\)\.\111~ a"sorll th•· RF r.tdiat11.•n ,,f tht'lf ... m.tll .tri:rtui..· .m·,1 an.t 

,kli\\·r 1b ..,·,•nwrtt',l llC H"r':''ll to 'h'-' 1.-.:at umt l>t' "uss t\.tr'I. In this""'.\ th,• .a .. ·..-umulJh',l llt' 

rt"\\1."f woulJ ~ m.kpcn,knt .-f th<' lo.:.tl rh.1sC' fr,mt ••t lh1.· RF r ...... · .. ·1\\.· .. l t''""'' ,,, tlh· nhln 1,lu.ll 

Rr dt·m,·nb l'ht' "'u ,,, tlw l'""-'' \\h11:h .-.nr~ lht' RF d.·nwnls 1s ,kh.'m1int',l "' th"· ""·'''''"mg 
.hffnKfl\'11\ ,•ffrds \\ht•h !\\\'•"'~ lht' RF lld.l kh·b ''.:.· .. !:;;: •'ll rlw '''ll'"''Ull\\." ••.tnd' 

l'h,· l.t~\Hll \lf till' J'.llld _.,,l\fl)!\lf.lll\'I\' l' ,h,>\\ll Ill h~UI\' l : -! Q .\1 h1~h f.ttltu,!,·,, It\' .lh\.I\' 

'lnh:turJll~ ,k,1r.1M .. · I•' h.1\\· l.u~ .. · \.tlu1.·, ''''ti. \\111.-h lr.trhl.1t«' h• I.tr~,· \.1lu1.·s h•1 ti. \ln th,· ,,th.-1 

h.111\l. th( ,hft'1.1dt•lll ltnut.1ti.•n .. 1,· .. 1n•t tlw \,1h11.•, •'f ti .111.l 111.1L. .. ·s 11 ,k·m.1rk h• h.t\t' 11.11 i.·.-t.·nn.; 

,tru.-turt•s "h1dl '' 1.•.t,11\ .i .. :ht\'\ .irk .It '''" bt11u,k 1,.,·.11i.'n' , •f tlw ,,., i..:1111.1 l hi' hm1h. "''''-'\ ,·1. 

ttw \\!\Ith ,,I till' ,:olk.:tm~ r.111.:1:.. .tt tu~h,·1 l.tlttu,k "''~ltl\1lh 
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Figure 1.2.4-9. Layout of kectenm Panels 
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1.2.4.3.2 Rr /DC CoRYenion 

The RF/Ol conversion occun right behind the radiating clements using simple detection Schottky 

barrier diodes. These are back biased, by the buss bar generated DC voltage. which aDows conduc

tion of RF charging current pulses only in small ponions or the RF oscillation cycles. Randomiza

tion or RF rhase at eac!l RF radiating element ,.-ould randomize the charging pulses and avoid 

ac"'·wuulation of RF ripples which can be wasted by r:adiation on the OC buss bars (which reduces 

tlie RF/DC detection effteiency). Fortunately tftis is the situation of tiie rectenna phase front 

after passing through the ionospheric and atmospheric layers whkit is also sequential))· phased by 

the need lor using a flat rectenna.. where the radiating dements ·are arrayed in a plane tilted from 

the pla~ of the unperturbed phase front. 

The optimum efficiency of the rectifying elements is attainark at spedtic RF density levels and at 

specifac DC load levels. The matching OC lo3d increases for low RF density lewls. which makes it 

needful to use different elements at different locations '-lf the rectenna. Higher impedance elements 

are needed at the rectenna edge locations which is concomitant with the need to arr.iy more parallel 

elements to reach specific power levels. The receiving apenure cross-section area of such an element 

is approximately SO cm~. The con,·ersion eflicienq· of the element is awr.iged to bc 8'Yf-. with 8tn 

efficiency at the preiphery of the rectcnna at powt'r kvels of approximately I mw'cm:. and Q4r; 

at the center of the rectenna at rower kwls of.:! I mwfcm.:!. 

The RF/OC converters are arrayed in units of I MW at a OC \·oltagc of±: kV. These apin are 
arrayed to fom1 .:!x.:!0 MW priman· units at the same DC ,-oltage. The[)(' eflkiency of arraying to 

the level of 40 MW units at ±.:!kV is evaluated to be 97'L which leads to total RF!()(' efficiency of 

approximately 85't. 

All the primary units of 40 MW along a radial line of the rectenna are locally converted to utility 

power levels and the power llow is directed radially to or out of the center of the rectenna. 

1.2.4.4 Local Busing 

The collection of the outputs from the I MW primary units is done into blocks of 40 MW. This is 

shown in Figure l..:!A-8. Two .:!O \IW power blocks each with.±.:! kV i~ conne .. ·ted in parallel to one 

converter station. The OC cahles will start dosl·st to thl· p1.:riphery and run radially to the .:!Oth 

primary unit in each blo.:k and then to the 1.:om·erkr station located at the midpoint doscst to the 

center of the rectenna for ea .. ·'1 40 MW powa bkx·k. 

The ~ kV OC cabks will ~· run in conduits and t<tpert•d to allow for the inal·asing l"llfrl'llt lewis 

approaching the converter station. 
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1.2.4.S Distributed Procasina 
Conversion to AC is J-lerfonned in :a total of I :!5 40 MW conwrter stations. The converter st:ttions 

are shown on the diagram in Figure I .~.4-8. ~ rt3':tOrs shown are l<:UOOlhintr reKtors for tbe 

purpose 01· reducing ripple currents. 

The volta~um.-nt duaracteristk of the rectenna. ,wer the nm.- to t>c.- considered. c:an be d~ribed 

a: a constant power rectanttUbr hyperbola. At high voltage and low cum'nt. :an automatic short 

circuiting Jc.-Yicc or ··crowNr .. 'll·iU be rro\·iJcd :as an intc.-ttr.al Nrt of the rectenna. L ik.cwise at the 

low volt:.~. h~ ,·um:"nt end. the 1.·h:aracteristks will be terminated tty a short cin."Uit. The only 

usable purti\m of the ,·urvc.- is the immcdiatc vicinity of the rated volt• roint as shown in 

Figure l~.+10. 

Tlte inwrter in the converter station is an .:kdronk- d.:vk.: 1.·:a1'3ble of 54.~·'-"ral modes of contml. 

The li1~·onunutated inverter is du&·n for the SPS system and the invert.:r will ~r.ate in a 

constant \·oha~ mode. It is "''' l'<~ihk for the inwrter to afkct ruwer throughout. It is 

therefon• the J'l31 ,,f the control systc.-m and moJe of Opc."rat;;.1n to rnwiJC" reliable oper.ttion ;at :as 

optimum a tl<>wer f;h;h>r as possible. 

In ;addition to lh,· l·onstant volta)?\' portion of lhe 1.'llt'\"t"rt,•r chara.:tl."nsti.:. a 1.·onstant t"xlin.:1ion 

an~k I)\ ,·unl' wtll b1: pr,wiJ1.·J as a bad•·Ui' ,turin~ ,.,,ntin~·n,·i1.-s of h'w AC hne H'lta~"·· 

F~lm· I.~ .-t-11 d,·s..·riht·s ttw ... ,,nH·rt,·r .-,,ntroi :il hk•d• fonn. fht· .. rl·gulalor .. is s..-t"n ll···din!-! J 

lr.ll\SdU,..l'f l \\hi,:h l"\)11\\~fb 3 \tll(;tgL' int\l Jll ;.m~k {Of timing) for thl• firint: ruls;,•s {0 lhl• 

th)·nsh•rs ,,,- !ht· .. ·,m\ala hriJ~,· .. ·ir .. ·u1t. 

A tx· \Olla~,· s"·nsor rm,uk" J m-.·a~afi· of h1c.· ;11.·tual \"Olla!?'-' wh1.:h. whl."n .-om1•arl·J with th,· 

reli.·n·n,x 'nlt;1~1.· 1 l· rdl. pro\ ••ks lht· 1.·rrt•r sii:nJI for th1.· r1.·!-!ulah•r. This aulomati .. - Hllta~ .-ontrol 

loop ts th1.· l'ntnarv ,:onrr,•I of tl•1.• .:\lllh'fll'f. 

AC lm1.· .-urr,·nt and AC hm.· \Oita~· ar.: 1111.·astm•d cas shown\ and a fl"lativ'"· timing siimal is 

d,·n-101\\·1.t \\ 111.-h rl·sults in 11h.';tsun·nwnt ,,f ,·,tindi,•n an~k ) . This qu;mtity is .-l•mpal'l·J to II•,· 

l"\llndi''" an}-!k r,•f,•rcn1.·,• ;nul tlw rt•sultini: ,·rn•r sii:nal pas.~s to tht• fi•gulator anJ holJs lh,• 

c•mst;mt ) ,·un·1.· \\ lwn ,-,m,litions an· sudt that .:onstant n•lt;1~· (Jnnot b,· !:~·Id 

A hran.:11 in tlw 1 qu;mtity i.;. shown p.1ss1n!-! thwui:h a ,kaJhanJ 1.·ont~l•lkr and :tff,·1.·lini: tlw ll':lJ 

tap .:h;m}!a on tlw l'nm.11~ ,,f tlw tr;111sfon11,·r. 1"11is for'-·,·:- tlw ... ,,ll\l'rh·r to ''f'l'r;1fl• m tlw stl·:1Jy 

stall' :1t 1b ''l'limum ,.,,ntrol pomt anlf ,·omtlt'llS.lh's for' ;mations in AC s~ sh·m \·olta.:•·. 
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1.2.4.6 Grid lntflf-.~ Provisions 
The converter thyristor brid~ cm.·uit l'n.~s altematint cur-nt to the converter transf\lftn~r which 

steps the voltaic up to 6'» kV to 60 Hz. 

Filtt"rs connt'CtN to tM AC bus absorb cum:nt hamull\ks ~~r.atnl in the 1.'\,""ll\Wrter. lhc Al· 

wave sha1>e t!i thettby kept within ll\:ceptaf\le ruam1onk ctmtent limit~ :l'f th.e utility i:riJ anJ 

ISSOl..'iakd plant l"QUipment. 

The .:onwrter station output. ;.ll (lQ kV and a maximum current llf 400 amrc.'f('ii. is transmittt'd by 

undt·f!..~'Und cahk to the transfonner statitll\ llS shown in Fipu~ l. ~.4-l ~-

Tilt.' 1.·onwrter st;ation. once conur.i.°'"oneJ. opemtes automatically·. All switd1ing. startui' anJ 

shutdtlWll ;1n• Jin:cted and monil(ln'd by a sin;1ll comt•uter system in .;,uliutKlhlll with otht·r 

l.'.Ol\h'rtt•r and stah(tn "·onrrol (.1ui1lmt'nt. 

Sin"·,· the n .. ·..-tennas an:- "'''""tant pt'wer tkvit·~s and tht' llC' AC l.'\"twerter can in llt' \\"<t} alft•d 

pow .. ·r tlow. the l.'ontrol tlf p..,lwer i:an No applkJ on the lX~ side. This nwans (hat \•lflwr th,· RF 

k"\·d musl ht• l.'ontrolkll ;1t its smmx· llf the numht•r of re"'tl'nnas t:\ll\t\\"\'h'd in t'<tralkl ntusr ~·var

ied. Cin..·uit break,·rs prl"1\·iJcJ for rel.'tcnna protection \'<ln :also be used to aJ,t or ~·mm·I.' units in 

or,ll•r h' .-.. mtrol powa. hut not on a .. :ontinuous ttasis. 

1·1t,· ,·011,·.;u,111 transfonn,•r station gathl.'rs th,· p,1wa ,1utput of 5 \'om·,•rh·r stah,,ns. "·mm,·..-ts 

th,·St· ,·jr,·uits rnh• ;1 rdi.thk swit1;hintt ;1rr~ut~,-m,·nt, anJ transfonns thl' .-\C l"'"'<"r fnun ol) kV UI' to 

~-~Ok\'. This '" ,i.,1w h~- physi~·;1lly and ,•11.·dril.'ally arrantting >tnd t«mn,·,·tm1t sun,hmt dl'drkal 

cquipnwnt i11h1 th,· tksirt·,t '''"li~ur:ltil'll. fht· dt•1.·tri,·al '''ttfiguration pnwitks rdiahihty hy a 

"hr1;aka an,I J h;df' si.:twnw o•> k \" switd1yanl. :\ sinp.k \'Ontingt•nq .. 1u!J•"-· ,·an ht· ·.11stai1wd in 

th..: <•" k \" .. wifd1y anl "1llhlllf h1~-. llf r1'w1·r 1lutput ""'l';thility. T n l'f\Wilk ,·om1~·nsali1m for tlw 

inhl'f\'lll h•i'!in~ pO\wr f;1,·tor ..:hara .. :kristks ,,f thr (lll\\'t'rtcr \'1&lw anJ tmast\1rm1·r 1•11uipm,·nt ,m,· 

100 M\.:\R syndm,n1,us ,·on1knsa 1s ,·,mn1·,·tt·J to th1· h'1 kV hus. Thi.' syn..:ltrtlllOlh ,·01hh'llS\'r 

ratin,,: is d11~·n "' al111\\ synd1m1wus 1'tlllJl'llS\.'r nrnintl"nan,·l· ''" ;1d.ia1.·\·nt 1.·olll"di1ln/lransfornwr 

sl;1lhll1s without •urt;iilin~ p11w1.•r outpul. 
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Tht stti'"ur swit'°hint station re,~i,·ts tltt outrut from tivt l'OU~tif•n.'tr:tnsfonncr suti,,ns ;it 

~30 kV anJ transfonns tht '''"~ "' :\00 k \'. Tht "breaker and a h.M .. S\:hcmc cm1,loyc."d ~an 

sustain any single "'''ntinlJl'n .. ·y :.lll kV swit.:hy:mt fault without redudion in station out1'ut. The 

sd~hon of the voltQ\' le,·tl for the ulhmatc \\ulk NWcr tran'\lni~on interfa1..·c with the utility ttri'-t 
.as wt'll as tnc !'Ossal'llt)· .>f mtef\'\)lltt~tintt hH' ''rm,~~ t~f the : 000 MW S\\'it...·hing s:..tfo)ns h't;etha 

sh,,uld ~ ''l'timizc."d lta~d ''" Jct:ailtJ infomtation about the .,.,,nne.:hn~ uhlity system. The 

s,,Jution slhl\\1\ in f1~1re l .~ . .i.1 ~is Ol\C' "'f sewral l''lll."ihk. 

IOOMW 
COl..ltcTIO.'ll TRA~SFORMC• 

ST&TIOl'il 
CH TOT&Lt 

IOOOMW 
ftV-Uf"• SWITOtlNt 

STATION 
CS TOTAll 

Fiautt 1 .2.4-12. Gnlund Po'Wft (~c.,ll«tkm 
and Transmission S~·stt"111 
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WBS l.3.0 SPS SPACE CONSTRUCTION AND MAINTENANCE 

WBS Dictionary-This element includes all space facilities. construction and maintenance equip

ment. crew habitats, and the in-space crews. 

Integrated Space Operatior.s and Mai.'ltenance Concept ;:)escription 

The integrated construction. maintenan1.-e and tras'lportation or.erational concept for Low Earth 

Orbit lLEO) construction of the CR=l photovoltaic satellite is shown in Figure 1.3.0-!. Space 

operations ::rews and all hardware and consumables required in space are delivered to LEO by 

launch vehicles. The crew lau11ch vehicle was assumed to be an improved space shuttle with the 

solid rocket boosters replaced by a reusable liquid propellant booster. The cargo vehicie is a two

stage wing-wing vehicle capable of delivermg approximately 400000 Kg of payload per flight. Crew 

flights occur every two weeks while three cargo vehicle flights are rc<1uired every two days to each 

construction facility for the case of constructing one 10 GWe satellite per year. 

The LEO constmction base is nominally located in a 478 Km circular orbit at 3 JO inclination. This 

base houS\.'s a cn:w of 480 with overflow quarters for transients. e.g .. those crew members awaiting 

transportJtion to some other location. The primary purpose of the LEO base is ··onstruction of 

eight SPS power generation modules and two antennas. The satellite construction timeline is shown 

ir. figure 1.3.0-2. The base also serves as a staging depot for orbit transfer vehicles used to carry 

constmction and maintenance crews. crew supplies and replacement parts to the GEO base. A con

struction aew OTV flight to the GEO base nonnally occurs once every three months. Maintenance 

crew and replacement comJlOnents are also transferred to GEO ewry three months. 

The satellite modules are equipped with electric propulsion systems and flight control systems for 

the self-powi:red trip to GFO. Figuri: 1.3.0-3 shows a typical module arrangement as configured for 

thi: transfrr. Thrush:r installation are lo.:ated at the module comers frr maximum control author

ity. Propellant tanks are locateL 1t the .:enter of the module. Although the propulsion system is 

primarily solar-dectric some chemical I LO,;/LH,;) thrust ca!lability is also provided so that control 

authority can be maintained while flying through the Earth\ shadow and during periods of h1g.h 

gravity gradient torque. 

The GEO base is used for final assembly and maintenance operations. The final asserr.bly operations 

include module berthing, antenna placement, and deployment of solar array. The maintenance 

operations include refurbishment of failed SPS hardware. The GEO base is also used as a staging 

area for the satellite maintenance crews, mobile habitats, spare parts (LRU's) and their orbit transfer 

vehicle ... The GEO base houses 60 final as.'iembly crew members and up to 240 SPS maintenance 

crew members. 
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T~ maintcnan1..·\· .:n·w~ arc Jispakht>J from the (;E() l"!uSl' in an OTV-propdkJ \.·rew moJuk al\lll~ 

with an OT\'·propdkJ H'pla.:\'tllL'tH parts 1110Juk J,·stincd for an orcr:iti('nal SPS th.it 1~ !'.dh·,Juk,I 

for n·~ular maintenatll'l'. The maink•t10..ll1."t' .:rcw Wiii visit 1.•ad1 srs two tintt'S J't'r y._•;ir anJ will 

spenJ 11.'ur J;1ys n·pla.-rn~ ,kfodiH' .:ompont·nts !'1..·forc r•'lumin~ to tlw t;•·O ha"1.' or pn'1."t•t•d111~ h' 

th•· next SPS 

Construction Cost Summary 

Cotbtnt.:llllll ,·,ists in .. :lti.k ;11norti1ati1.lrt 1.lf :11'-' la1..11ity and cqu1pttKnt and ils transpl•rtat1 .. m. l'ft'W 

operations ;md surport. and .:1.111stn11.:1i,,n ,·r1.'\\ transport.1ti1.m. V;1lu1.·s slwwn w1.·r..: 1.l'1ta11wd fr1.'lll 

th1.· P-an II tin.il r1.'Pllrt. \'ol. n . ..:,1.·1.·pt for .-rrw t·;ms1ll.1rtatilm ..:nst. 
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ll11s dcnh'lll uh·lud1.·, !he f.1.-1111~ fr;1111n\;>rl-. . .-n:w tll1>duk'. "''rk. m1,duk'. ,·,11")!1' h.111,:'.«l!! .!1,tnl•

uti1>n s~ '\kllb. l,.1,,· ,uj>,, 'tcm'. ,·,,1btrul't1"n ,·qu1p1111·11t .tnd m.1111!.'n.llll't' pr1'' 1'11lfh llut ,.,,nl!'rt'\1.' 

th1' IP\\ Linh ,1rb11 ,-,1nstrnl'ti1'11 l'.t'l' 

Stun ma!'~ I ks.:rip ti on 

: H.l l'•'tbltllll<"ll b,1,,· f1'l th,· \'"''"''';lt.11.: s,:tdllh· ,,,n,1sh ,,f l\\11 inll'r,·.,mw.-tm)! l.1.-il1l11.'s. 

if !he fadlit11·s 1-. lhl'd ll' .-,111:-.ln11:t llw llllhluk .111.I till' otlwr is llSl'd to .-nnstrull !111: ;rnt..'111'.1-. 

~lll'Wll 111 h!!ll fl' l 3. l ;md I 3 :. . 
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bl' 1.·011strn.:11·t1 with ,,nl~ h'l1!!tll1 .. l111;1l 111tl1·\111!! l'h1·11' .m· ''''''•'ts ,if i111an.1l w .. ,1l..1n}! b.1~" lll1· 

aft bays ;.r1· us,·d for :-;tru,·tur;il ;1ss1·rnl'I~ usin)! 11111,in!! b1·am •11;:.-!11th's and .:ranc :n.1n11•ubt,1rs 

;1tt,1\'f11•d '1\ J...,th lht' ".\" kn•f .tnd "I'" kwf ,t1rfa1"t'S ,,f thl' fa1·1fil\. S,1);ir ,lff;I~ ,1 1ld J'll\\l'I' d1sln

hllll1ll\ ""'llll'•''11.·nh .ir1· install,•11ffl'm1·quipnwnt h'(;i\l•d •'ll th .. ·":\" kwl in llll· fon\;lf\f h.t\s. 1 In 
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Part II. the solar amys were deployed from the .. D .. levt'l of the facility. CatF movement con

siderations led lo relocating this operation lo the .. D .. level). The satellite module is supported and 

ind.!xed by movable towers located on the .. D .. levcl of the facility. 

The antenna facilily is f(ICated with respect lo the module f iKility in such a way that the antenna is 

constructed at a location where the completed antenna can be mated to the yoke without any verti

cal movement. The antenna construction facility (also shown in Figure 1.3.1-2) is configured in an 

open-ended structure that is five antenna bays wide which allows the antenna to be constructed 

using both lateral and longitudinal indexing. The two end bays are used to assemble the primary 

structure and the inner bays are used to deploy the secondary structure and sub.arrays . and to 

install the power distribution system and maintenance gantries. Constrw:tion equipment oparates 

from both the ··e" and ·-c•· levels of the antenna facility. 

1lte antenna facility concept has been changed from that slio\\·n in Part II to reflect the .. A·· frame 

(Vee Ridf.t' ~ primary structure of tilt- antenna J\.-scribed in Section 1.1.5.1.1. This new antenna con
figur.ttion was chosen as a result of the m<tintenan\.~ analysis whkh sftflws that this primary struc

ture provides better an'1!SS for maintenance than other altematiw stmc•ures. 

The module construction s.;quen.:e for the stru.:ture. solar array and power buses begins with build

ing the first end frame of the structure. This completed end frame is indexed forward one struc

tural ha~ length. Machines can then fom1 the remainda of the structutc in each of tht• bays. 

Figures 1.3 . .:-3 and -4 show how the beams an: aSS(mbkd. The firsl row of fol:r bavs is then 

indexed ~·orward to allow constr.1.:tion of the se.:ond ww of stml·tur.il bay·s in parallel with instal

lati'Jn of S(l! .. r arrays in bay I through -1. This s·. quen.:e is shown in Figurl.' 1.3.1-5. Solar array 

in-.ta!lation anJ 1·011stm.:-tion of stnKtu1- t":.:-urs ~imuUaneously a~·ross the willth oi the moJulc. 

although nt>ither opaation Jl.'ll\.'nds on th'-· oth'-•r. At tht> completion of thl· I fl hays c four rows of 

bays in kngth l. th1..· powl.'r buses and propdlant tanks arl.' inst~tlled. Constru.:tion oi the structure 

and installation of sol:tr af'tys of the remaining four flay k·ngths of the module an: Jon\' in a similar 

manner to rhal pn~\·iou"ily described. Thruster moJuks for tht• self-power system are aUached to 

each of the four comers of the: module. An annealing dc,·ke ~antry is instalkd on each module. 

The module \.·onstruction timelinc is sho..vn m Figure 1.3.1-6. 

Construction oi the antt>nna take~ place in parallel with module .:-onstruction. The first antenna 

is compkte•l during constrnction of the fourth satdhlc nwdule: the sc\.'ond antenna is completed 

\. ith the eighth mo<luk. The antenna .:-onstnh.'tion sequt>ncc is shown in Figure I .J.1-7. The 

antenn~ is imkxt•d latt•rally through lhc f..1cility on\.· bay at a tirnt•. When a full width of bays is 

construckd rhe antenna is inlkXcd longitudinally out of thl." facility so that the n\.· ... t slrip of bays 

can b.: assembled. When the.: antenna is l·ompkkd. it will f)\' locakd at the proper po~ilion so that 

it can be mated to tlw yoke. (sl't' Figure I .J.1-9 in Section WBS 1.3.l. I) 
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• BEAM MACHINE COMPLETES NEW L'1NG!TUDINAL BEAii 
• MANlNLATORS{i)ANO{i) ATTACH TO 8EAll ANO 

REMOVE IT FROM'°tHE Bf~ MACHINE 

• llANtPULAJOR @ATTACHES 8EAM DOCKING SENaOR 

e BEAM MACHINE RELOCATES.ROTArES 90°. AND INITIATE 
FABRICATION OF LATERAL BEAM 

• MANtPULAToRS@AND@)AnACH LONGITUDINAL BEAM 
AT EACH ENO 

Figure 1.3.1-4 Frame A~bly Operations 
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OAVS 
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• INDEX 1 8AV LINGTM 
• INSTALl SOt.AR ARRAY CONTAINlM 
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10 1s 20 a 
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CD INST All SOLAR ARRAY BOXES BAYS 21·24 

:::::::IJASSUtBU FRAMESBAYSn-32 

INSTALL SOLAR _.RRAV IOXh 8AYS5Z8Ga 
Oll'LOY SOLAR ARRAY 8AYS29-31~ 

ASSEMBLE llfRUSTtR SUl'PORTCJ 
STflUCTUAE!INSTALl THRUSTEKS/ 
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I I flN.\l INTfC'"'ATION.' 

Figuft' l..\.1-6 Module Constru,·cion TimcliM 
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• IMJEX ~1 OUT 
OfrACIUlY 

• ASSEMIM E FAM1E FOR snw> I 
e lllllSTAU. SECXMtARY STRUC1'..a 
e *STALL •WAl'\I 
e mTALL01'11ER~ 

· tu_-u;~li 111 ! I I I 1 
~· 

© • IND£X ANTENNA OUT OF FACIUTY 
• MOYE FRAME ASSY EOUIPlllENT 

TO Ol'POSITl END OF FACILITY 
• ASSEa.Ll ITial' 3f',.,_ 

... 
•• 

• .,- -i-- -,, - . . . 
' I - - --L-.L.-"" 

·~ 
Figu~ 1.3.1·7 Antenna Assembly Sequence 
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As shown in Figure 1.3. l '"8 the yoke for the antenna is constructed in the module ""Otlstruction fa.:

illty because of its laf!l' di~nsions.. This ~itts the yoke to be made between rhe third and 

fourth module and between the: seventh and tiP.th modules. FoUowin, yoke ronstruchon. it is 

moved to the side of the mod ult facility. At that time. either the fourth or the eidtth module will 

be \.."'OnstnK"led. Durinc the construction of these modules. the antenna is .. -ompkted so that it .:an 

then be attached to the yoke. After five bays of either the fourth or eighth module ha\·e bttn .:om

pleted. the ant..-nna/yoke .. "Ombinahon can then be attached to the module in its required location. 

Construction of two more ro~"S of Nys pushes the antenna outside the f3'-'ility where it then can he 

h1nced O\"er the module for its transfer to GEO. 

Ma.Summary 

The mass of the LEO .. "Onstruc\ion oose is summari1cJ in Table 1..l.1-1. 

Cost Summary 

1l1e cost of the LEO construction base is summarized in Table 1.3. t-:. 

Cttw Summary 

The cttw size at the LEO constnKhllfl base issummalized in Table 1.3.1-3. The .:n:w s.:hi.'duhnit 

conct"pt that was used was as follows: 

90 day staytime 

6 days on! I day off \Wr week 

10 hours work shift per Jay (5/L'5/ 13 work·rest q·dcl 

.:! shifts per day ( ~ crews l 

. 7c orerator productivity factor 

WBS 1.3.1.1 Facility 

WBS Dictionary 

This dcmc.'nt includes the LEO l"oaSt' f.i\ilily framc.'w,nk. ffc.'W nh•Juks. work llll•tf•·lc.'s . .::.t~•' h.tn1l 

lin~ 'ltistriliution system. aml hase -.ut-sysh.'nt. 

Element Dictionary 

The gcner.tl arran~l·nwnt ,,, the conslni.:t1on liasc has hc.'cn Jl•s,:nf1cJ in ~·.:lion 1.3.1. In sununa~. 

th"• ha~\' is Ji,·idcJ into two m;i_j,1r fadlitil'S with Olll' ust'J to,·, •nstru.::t the s.1tdlilt' ;m.i th'-· •llhc:r "' 

..:.mslru.::t the antl·nnas. 

lltc ovcr;dl .:onstrn.::t1,)n h.1sc is shown in ~f('atcr ,tctaii in Fig1m: I .J.1-ll. rtw pri1h.'1pal l'' nwnts of 

the ha~· indudc thl' stmdur;1l fr;un~·work . ._·argo h.inttlin~ and distn1'utltlll sysll·m. l·t1.'\\ nh1tluk~ 

and ha!>«.' suhsystcm-. 
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• MGOLU 4 NtD I 

mm~~~ ······•·· ········· 

Z • CONST 3 ROWS 
OF SAYS 

• COMPLETE ANTENNA 
•.ATTACH ANTENNA 

TO YOKE 

3 • COMPLETE 5 ROWS 
OF BAYS 

• ATTACH AN'nNNA 
SYS. TO MODULE 

1 • 

D 
~ CONSTROW&a7 

• ROTATEAN'nNNA 
OVER MODULE 

• CONSTROWI 

Figure 1.3.1-8 Antenna/Yoke/Module Assemi>ly Photovoltaic Satellite 
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Table l.J. l·I LEO Construction Base ROM r.11ss 

FACILITY 
FRAMEWORK 
CREW MOOULES 
CARGO HANDLING/DISTRIBUTION 
BASE SUBSYSTEMS 
MAINTENANCE PROVISIONS 

CONSTRUCTION AND SuPPORT EQUIPMENT 
STRUCTURAL ASSEMBLY 
ENERGY COLLECTION/CONVERSION INSTALL. 
POWER DISTRIBUTION INSTALL. 
ANTENNA SUBARRAYISEC. STRUCT INSTALL. 
CRAHESIMANIPULATORS 
INDEXERS 

ORY TOTAL 

CONSUMABLES f90 DA VS) 

TOTAL 

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

129 

1olk, 

(52001 
2500 
2000 I!> 
400 
200 
100 

14001 
80 
60 
20 
30 
180 
30 

(5600 

(270) 

(!>8701 
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Table 1.l.1-2 LEO Cllnstruction Base llOM Cost 

FACILITY 
FRAMEWORK 
CREW MODULES 
CARGO HANDLING/DISTRIBUTION 
BASE SUBSYSTEM 
M.~INTENANCE PROVISIONS 

CONSTRUCTION AND SUPPORT EQUIPMENT 
STRUCTURALASc;EMBLY 
ENERGY COLLECTION CONVERSION INSTALL. 
POWER OISTRtelJ"":"1QN 
SUBARARY INSl '\l t. 
CRANESIMANIPULA i()Rf 
INDEXERS 

SPARES ( 15%) h':> 
INSTALL. ASSY.~ C16'X.t 
SE & t (7%) 
PROJ MGT (2%) 
SYS TEST 13%) 
GSE 14'!1.) 

[!>'lb OF BASIC HARDWARE 
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350 
2870 
330 
15 

350 
165 
75 
80 
560 
81) 

BASIC HARDWARE 

TOTAL 

s1o6 
(3465) 

(1310) 

(4775) 

715 
765 
335 
95 
145 
190 
(7020) 
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Table 1.3. l ·3 LEO Construction Bur Crew Size Estimate .. ,. 

·----\..--i---
1 I I 

DASEMnMT 

CONSTRUCTION 
MGMT 
MOOUlE CONST 
ANTENNA CONST 
SUBASSEMBl V 
MAltJT 
LOGISTICS 
TEST/QC 

BASE OPS 
MGMT 
TRANSPORTATION 
COMM 
DAT A PROCESSING 

BASE SUPPORT 
MGMT 
BASE UTILITIES 
HOTEL 
MEDICAL 

- r 

FLT CONT 

BASE TOTAL 

I -· ,.,:--·-I I 

f I t I A,..-

-t•I-- - ._.,:.__ M -..J..-. M-...1-- M ~ l r-1 llML-

(101 

(362) 
22 
II 
82 
49 
49 
42 
40 

(391 
1 

18 
8 
6 

m; 
8 

14 
38 
13 
4 -

478 
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The fr.uncwork for both the muduk and antenna facilities indude upper anJ lower surfat.'t's to 

which constmdion equipment is attached. the satdlitt· is supported and othl·r base elements are 

attached. 

Ten primary cn•w iii\Hluks are locatl.'J in an ;,rea when· the greatest concl.'ntration of personnel are 

involwd whik pcrfornunp. thl.'ir daily Jut ks. Six ,lf tlw moJuks St'l'W as 1..'fl.'W quarters and four as 

work l'l'lltl'ts. Other pressuri1cd shirt skew work moJuks are also present hut scrw only as small 

work quart\.'rs sonwtinws rcfl."rrcJ lll as remote worl.. stations or ... ·,mtn.)i .-abs. 

Docking provisions for all transportati1.lll \'1.'hkks arl' locakd ;1long till' ha1..·k edge of thl.' moduk 

fadlity. The orbit transfl.'r vl'hi..:k ''PCf;.\lt,ms ..:1.·ntcr 1s k'cah·,t at thl.' \ll'J'1..lsill.' ..-nJ of the base from 

the cn.•w nw1.luks dul.' to thl' rcquir.•J pnlprdlant tr;rnsfor opaalions. 

Each of tl11.' hasc 1.·km1.·nts is J\.'scn~J m aJJiti1.mal d ... ·tail in subsequent paragraphs. 

WBS l .3.1.1.1 Framework 

WBS Dictionar~· 

This d1.·nH.'nt indu.tcs at: ,if th1.• stru1:t11ral l'kmcnts that ,·,miprisl· th1.· framt'Wl•rk of the l fO hasl'. 

Element Oe!ieri1>tion 

fhl' stru.-tur;il framcw,,rk ,if tlw c1,nstru1.'l!t'll bas,· must pn>\iJ,· a t1l\)llntingat1.1drnll.'nt surf;Kl' for 

all .. :onstru .. ·ti.m ,•q111pnwnt as \\di Js 1111.'lllltinl! pronsion for oth1.'r has,· dl•mcnts such JS cn•w 

moduks. -.·;ir::o h;indhlll! .rnd distr:!,11ti1lll sysh'lll~ an,! has1.· subs}sl1.'ms. 

fh1.· slru..:tmc ,,f th,· 1111,duk fac1ht~ c1111 ... 1,h 1>f fih' 2ll0111 1ru..,s1.·s fom11.·d in th1.• sh;qx• ,,fa .. ( ... that 

Jlt' ._'lHlll1.'dc·d l\l):t'lh1.•1 \\ilh thr«c' ~Ollm l.1tc•r.1I tru'"'' in b,ith till' 111'1'1.'r .rnd h,w,·r surfa1.'l'S ,,f the 

fac11it~ .1-. \\;ts slhl\\ n pn•\ ll'll"I~ in h~ur1.· 1.3 I .ll. Lich truss Ct'Ibish of l\lur I )m h•·ams rw1nin)! 

ih 1.·ntm.· kni:th lh1.· 1111s' aho mdud,·-. p,·q,,·nd1d1l.1r and .!1.1!!,111.tl mcmhns wh1d1 ;1R' also I 5m 

hl'ams rt11.· 15111 h1.'.1ms ar~ the sanw 1yp1.' .1s us1.·d 111 th1.· -.atdlit1.· with all indi,idu~ll stmb h~1ving 

a w;1ll t!11ckn1.•,, 11! tUl) cm (il.O~O 111. l rcs11ltm)! 111 a m;h-. ,1f :'"-!!pa nwh'r. This •\I/it~!! appears to 

h1.· ratlwr ,.,,11 ... 1.·nall\1' hut ,,.,•ms justifil·d al th1, i'''llll 111 fhl· .111;1l}s•s. Th,• llhlduk 1:011stnKtion 

1a.-1hly '"1" fo1111\l 111 h.1w a1'P"'"111.1ldy 43:'000111 1'f 15111 h.·Jm. 

rhl' allil'llll;l ,..·\ll1SfTUct10n f;Killl~ W;l'i as-.Ullll'\l tn ha\"1.' lrll'\'\ 1kpths of )Om in Its upp\'f ;md hlWl'f 

,urfa,·,·.., .\~ .1 rl'sult. ;1 lntal kngth ,,f 53.llOllm ,,(I 5m h.-.1111was1.'sl1m.111.·.t. A!!ain. tlw 15111 hl·.1111 

was assunwd to haH' a mas .. of 5 lq! m1.•h_·r.._ 
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WBS 1.3.l.1.2 Crew Modules 

WBS Dictionary 
This elem.:nt incluJes the crew modults designated as crew living quarters. The crew module stru.:

ture, electrical power. environmental .:ontrol. lifr support. crew a.:.:ommodations. amt infonnation 

systems are d~ribed. Excluded from this category of modules are the crew work modules. tht• 

crew buses used to transfer personnel around tht• base and the small two-man .:ontrol .:abins ust•d in 

conjunl.'tion with the 1.'0nstnrdion equipmer't and ~.-argo handlini: and distribution t•quiprnent. 

Element Description 

~ total of five primary crew modules haw been induded in tht• lEO t'onstrn..-tion b;.se. Tht' mod

ules have an l:arth atmospht•re t'nvironmt•nt aml haw bel'll siud to ac.:ommodatt· t'Tt'W sitt'S 

bdween 50 nJ 100. A..-cordingly. the modules haw dimensions of l 7m diamt•ter and up fl' ~-~m 

length. 

A summ;iry listing of tht'se modules ;ind thl'ir fun.:tions art' prt'Sl.'llh'd in Table 13. i -t. :\ll nwdt;lcs 

are st>lf-suffi.:it•nt in tl;'nlls of t"!l\'ironml.'ntal control provisions ;md t"mt•rgt·n .. ·y powt•r. Primary 

powt"r is obtained through a conrnH~n pt'Wt'r S"pply provitkd by the bast'. Fivl.' 1.·rt'W quart1:r lllll,l-

1.ies haw b..:en providl.'d with 1.'a1.:h sited for a (f1.'w 1.11 I 00. Thl.'St' nh,duks rnwid1.· all of th· ,,ff. 

work fun..-tions associat"'J with li\·ing. Further infonnation 1.·on..-1.•rning tht' sizing 1.,f 1.·ad1 nwduk is 

prt'S\.·ntt•1.I in subs...-i•ul.'nt paragraphs. 

As indkatl.'d, a transi1.·nt ..:n.•w quartl.'rs has h·1.·n pnwi1.kd. [h,· logk ass1.1..:iah·d with this m,,duk 

rdatcs to crt.'\\' rot;1tion p1.•rio !.; "ht' fl' thl.' ''"''rlarring of tht• 1.Tt'Ws 1.:ould 1.'1.·..:ur witfh\llt 1.\wsing 

111..:onvenil'IKI.' in tem1s of qturtt•ring ell' ... rnd ;1ls,, a!lth\·s for timt' to ..-k;111 up tht' r,,,,llls 1.1r 11h1duks 

of thl' d...-p;1rtin·: ,·rt'\\, An additi1.1nal fratul'l' ,,f this nwduk '''111.·,·rns ibdf with .1n 1.·11wrg1.·111.·y situ

ation whc..·r1.· one of tht' primary .:rl'w quart as has a f;1ilt1rl' ,lr in 1h1.· cwnt .1 l.'r1.·w sdi.-1.h:kd t,l HH'\1.' 

from tlw LFO hast' up w <..;ro 1.n b.11.'\.; 1\1 L1rth .11'1.' unabk h' ,h, S«' dut· 111 w1.·ath1.·r. whkk tr,,ubk. 

Floor art"a rt•quir1.•1111.·nts asso1.·1.11t'd with .1 I 00 pnson moduk .ind tlw di\ isil1n of fun.:tions allll'll!! 

th~· 1.k .. ·ks ,1f th1.· nwduk at .. ' slwwn in Figur1.· 1.3.1-10. l'lll' in.li ... -;111.·d ;1r1.·a :11lt'\.'Jti1.'llS .m· bas1.·d 1,, ;1 

larg1.· 1.kgrl.'t' on tht· R,,,kwdl lnt1.·gral Sra•1.· Stati,,11 Stud~ 1 \:\Sll-'hl53). It sh1,uhl alsl1 hl' J'1'inh·d 

out that th:: indi•att•d ;Ht'as n:tkl'I havini: all 100 pl'opk prt'Sl'llt whid1 is a .-as1.· \\hid1 ti.:.:urs »111.· 

day pl.'r \\l'l'k '.•.!h'll b1,th shifts an• 11ff-;.luty. 

:·ht' sill' 1.if th .. · moduk h' ._·lintain tlh' rt•quir1.·d tlOl'I' spal't' is 1-m in di.1ml't1.'r and apJ't\1\im;lld~ 

~Om in kngth includin!! tht' sphl·rk;il t'tlll dl'llh'S. Tlw moduk is di\idt•d illfll St'\'t'll d1.·•ks with till· 

indi.:;1t..·d fun.:tions p1.·i fornwd on l'ad1 lk<k. l;t·nn:tl .1rr;mgt•n11.·nt with1111.·ad1 dt't'k \\;t~ net pn

f11ntll'd at this tinw. 
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Table l.J. l-4 Construction Base Crew Modula 

MODULE 

CREW OUARllRS 

TRANS!~Nl CREW 

OUAR l f RS 

OUANTllY 

5 

FUNCI ION 1PROVl510NSI 

• PERSONAL OUARTlRSHYGIENE 

• PHYSICAL FI TNfSS,'Rf CREATION 

• DINING 

• 
• 

l!Sl P DURING L:Ht W HDT AT ION Pl HIOOS 

HOUSE VIP'S 

e l \ll R1..;tNCY Oll•\RH RS 

H01'E- Al L MOPlll ! SSt'U-Slli f !Cit NT I lo.Ct.!>l l'Rl!\~,\f\'t l',)\\l A AND tlltiHl CONTROL 

o SIZED fOR 100 

MS 9-9953) 

o AREAS BASE~ ON ENTIRE CP(W BE!NG PRESE~T 

__ "' ______ ------f 

--~-~------ ---

o AJJ l OlCt;: FilR Fo.AO!Ar!Or.; SHlUER o £\:'t:,~1.\t.li.. STJRAG£ 
\-l0 [)AY$) 

o 11JN1'~l5/A1SLES 

TOT Al 

Figure I .J. I· t 0 Crt•\\· Quartl'f'!i Si1in~ 

' ' 
~_-__ (!_·_:_:_ 

512 (55('01 

S9 ( ~6,~) 

1" "'i ( 11'.'·," 

~3 5~~ 

53 5; \._l 

., . 
I,() '1}:,~: 

37 ( 0:00) 

l-l9 (160J) 

9 ( 100) 

193 (:.\'SO) 

163 .l...1150]_ 
1.rno 15SJO 

71 7611 
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Ctew ~ S.t.ystem Dd'mition-The design appro:ich used for each subsystem was generally 

lhe san: as dc:faned by Rockwell in their solar powerru antegral Earth orbit space station '<tudy 

(NAS9.')()SJ) for JSC in 1970. A summary of these subsystems is p~ided in Table 1.3.1-S and 

described below. 

Slnlcture-Crew module '<t~tutt primarily consists of aluminum alloy. The pressure compartment .. 
is designed for an operating pressure 10 l OOn/m'"' (14. 7 psia }. The outer shdl of e3"h module con-

~ 

sists of a double bumper mh:romereoroid protection system rhat was designed to give a 0.9 proba-

bility of no penetration m I 0 years. Also included in the outer bumper s}·stem i" the thennal radia

tor for internal heat rejection. An aero~hc-rmal shroud for the crew modules is nQt rc-quired since 

thc-y v;iU be launched •ithin the payload shroud of the launch vehicle. 

Eledrical Powu-The primal)· ekctrical power sy:>tem is discussed under the Ba~ ~ ... .ih<l.ystcm Sec

tion I .3.1.1.5. Each crew module however incorpor.lles an eme~ncy power system oonsisting 

,11' fuel cdls. Distrihurion. wiring anJ s(lt".:1al ~~\\·er condirit~niug t•quipment is ;;l'>o indu..kd in each 

module. 

Enriromarnaal Conh'Ol-All m,"ldules n;m.· an ind~penJl"nt ECS. The !l.ystem prtwides ar. Earth 

atmosphere cn,ironment. Oxygen m•i.:""*.iP frn leJk• and u~ is rro\iJed tuwu,.tl ckctrolysis of , .. 
water whkh is obtaincJ by rcJu;;-tron l•f CO- using a Sabaticr re3".'tor \\hil"· (0- ifC('}f is rcmovd 

usin~ molecular sic\~. 

Nit~n to suprly fcai;.agi.· anJ rern-ss~urizati<'n is stored a!l <t .. ·r)·og-.:nic. Oxygen for rcrn·ssuriza

rion is shln·J as a .:ry,~nk ~·hik the i.·1t1 .. 'l}!t'Oc\ t.lXy~cn s~"l··m u~ hi~'l pressure storas-:. Thcr-

1i1al ,·ontro! of the n~oJuk-s ma~l:'s use of w:1tcr an,I fn•on loops. 

Life Support-lk,th urinc .m,I w::sh w~t.:-r arc n.· .. :own.·d. Th<' urine i.; r-.·pro.:esst.•d u:-in~ vapt-,r com

rn."Ssion wh1k \Usl1 water rcco,·cr)· 1•hli1c.; n."\·crsc tlSl11o~is. Dried anJ frozen fo,!tJ was u .. ..-,1 Also 

induJt•ll unJ .. ·r lifc support an· the \U._r,· man;ag .. ·ni..•nt anJ !X'N"nal hy~icnc systems. 

c~ A«cllnmodalions~lndmkd unlkr this .. ·af,·g,1n an.· tfw flt.'rsc.mat t.'ttuipmt"nt. furni'>hin~s. 

r .. -.:reation and physical fitness .. ·q.nrment. :\gain the~ system" an- lo~:.stl'll only in the new 

quarkr.-. 
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CREW MODULES 

• STRUCruRE • ALUMINUM ALLOY 

• METEOROtP PROTEt:TION 

• Ptot ~ 0 FOR 10 YRS . 

• DOUBLE BUMPER 

• PRESSURE COMPARTMENT 

• 101000 nJm2 C14.7 psiat 

• ELECTRICAL POWER • EMERGENCY· FUEL CELLS 

• ENVIRONMENTAL CONTROL • EACH INDEPENDENT 

• LEAKAGE 

• OXYGEN WATER ELECTM>LYSiS 

• NITROGEN · CRYOGENIC 

• REPRESSURIZATION 

• OXYGEN HIGH PRESS 

• NITROGEN ·CRYOGENIC 

• WATER SABATIER REACTOR 

• C02 REMOVAL ·MOLECULAR StEVES 

• THERMAL WATER ANO FREON LOOPS 

• Uf'E $1JPPORT • URINE AND WASH WATER REC~VERY 

• DRIED ANO FROZEN FOOO 

• WASTE MANAGEMENT 

• PERSONAl HYGIENE 

• CREW ACC.OMMOOA TIONS • PERSONAL EQUIPMENT 

• FURNISHINGS 

• Rf:CREATION 

• PHYSICAL FITNESS 

• INFORMATION SYSTEM • COMMUNICATIONS S HAND 

• DAT A !lROCESSING 

• OISPLA VS ANO CONTROLS 
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lnfonmtion System-The principal systems included are 1.'0lllmunications. data processing and dis

plays and controls. Each module will have its own internal communication system as well as con

tact with the main communication center lO\.-ated in the operations module. The prindpal link 

between the base and Earth or transportation vehicles is 5-band. Each mooule has data pnll:essing 

capability suitab~ for its needs. However, again the principal data processing center is located in 

the Operations module. Each module also has the appropriate set of displays and controls although 

the Operations module contains all displays and controls associated with overall base operation. 

Guida~ and Control-Displays and controls for these systems are located in the Operations mod

ule although the equipment itself is located throutthout the base and consequentl)· are discussed 

under Base Sukystt:•r.s. 

Ractioa Control-Again. this is ab~ level subsystem and is disc~"4-'ll undt'r Section 1.3. I .1.5. 

Spttial Equipmnlt-This is equipment that is peculiar to th\' maintenanceft.:st/checkout and train

ing/simulation modules. 

ElnnmtMa. 
The mass of the crew modules are summ:uized in Table 1.3. l .b. 

WBS 1.3.1.1.3 Work Modules 

WBS Defmition 

Thi" element indud~ the new modules use,t for operations. maintenanct• and tr.tining. 

Elnnfont Description 

TI1e work mooult's have the same gl"neral configuration ar.J subsystems dl·sfri~d for the l"f\'\\ 

moJules. A summary listing of the work modules is shown in Table 1.3.1-7. 

The" operations module serves as the control '"·enter for all base o(l\'rations an.I cons:ruction (lpera

tions. Typkal base O(l\'rations to be controlled fn)lll this module induJ'-· that asStl\.'iakd with the 

primary power suprly anJ llight ,·ontrol systc·m Catritudl" and station ket•ping). '"·ommunication sys· 

Um within the ba..;e as wdl as that with Earth. other bases and transpt,rtation whicks in tran.,it. 

Ovtr.lll 1:1-ew scheduling and consumables management functions are also indud'-'J under base o~ra

tions. ('onstruction opaations controlled fwm lh'-' tth)Juk \ndude those fun\."tions as.~iak~ with 

s.:heduling. briefings. trouhksh\X"lting or identifying workar,1unds. monitoring of tlte actual con

struction oper.1tions being conducted and th'-· opt•rations associated with cargo handling and distri· 

but ion. Another fu!lctic.n pro,·iJed by thl.' <'peration~ moJuk is that 1.1f housing tlw .:entral (l:tta 

management and pro\'es..~ing center. 
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MOOUlE 

Dll0-24071-1 
Tallle l.l.1-6 Clew Modale..... ny 

0 ....... o)q 

SYSTEM 

STRUCTURE 

ElEC. POWER 

ENVIRON. CONT./ 
UH SUPPORT 

CREW 
ACCOMMODATIONS 

CRE\¥ 
QUARTERS 

CEA) 

80 

5 

11 

INFORMATION 6 

GUIDA CONT 0 

REACTION CONT 0 

SPECIAL EOUIPMENT 0 

SUB TOT Al 16l 

GROWTH/ S3 
CONTINGENCY 

TOTAL ORY 

CONSUMABLES 

1900AYSt 

TOf Al 

215 

45 

Tahir l .J. I· 7 ConstnKtion Bur Won Modl*'s 

OU ANTI TY FllNCTl.:JN (PROVISIONS) 

OPERATIONS C£ N 1 ER • BASE OP£RATIONS 

• CONS l AUCTION OPE RATIONS 

MAINTE~NAN\:t. HST •\NO • CONSlR\tCTION EOU\?MtNT 

Ctft:C!<..O~T • SATfllllE COMPONENTS 

l !~AINING S. SIMULATION • Nl.W Pf RSO\iNEl 

• NfW CONSl AUCTION OPERATIONS 

llNl1U ll\lflJ • CUNIC 

NOH'. AltMl>OUlt$SfU SJ~HCllNl EXCU'lPRIMl\HYPOWfRANOFUGHl CONlROL. 

IJS 



Ow h\amtenan..'\', tnt llltd ,·hcd~l'lll m,\J"k' l'nwh.ln the i.'arabiU1)' to"°'''" on l<t~ pi"~ ,,f .:-oo· 
sh'\a..:tk>n t'f N,"" f'QUi&\nlt"nl l'f ~tdhle ~'""l'\n\"nh wh'''' man huth atnh.\'\l\ht'f\' \"ll\tn»uncnt. 

A traininJ .mJ sun"lab,m tnt\lluk ha,. ~n mdu,lnl \\'ith its. sni.mal) l'Ufl'\~' Nini ll' tr.am 01•w 

&'('fSl\ftn<'l and h.' C$tabbd\ and\1r dc:-nu'Uslrate ,·crtain "'t'tl\stru,·tt..'n tasks whik in J ,·,m1r,,ikJ 

env!• onna•nt 

,\n unsax"·\tlt-,t nu.~uk has ~'<'ll mdu"'--d rnmanl\' "' \'tl\"\'f the \ohune n•qutl'\'t\\('l\h ,,, hm,·ho.-.s 

nt't sn,·tuJt'd in •'lht"t tt\tl\.htlc's •U Uus tun,•. r,amrt,·s ,,f ._u,·h ftut.:tt'"'' m .. :luJ<" d11u.- t~ t'' l'h•H· 

slt'llS tn h."ll\\s "'' nt\"JKal. 'knta' am1 s1d.t-a~ l'n\\·1sit,ns as \\l"ll as t\'t th;.· h'llll"'fdf~ •ont.urunl'llt ,,f 

l"-'~'nn<'l \\-h,l ha\<' JieJ whik ,,,, ,hth. b.,•!.thon ,11 th,• ~d.1-a) fh•m th~· ••th1.·r t-.1~ ,·n·\\ •&Ualll."l' 

s..'t:'llb to N 1~n1,-ulut~ nnfl(•rlant ,1u,• t(' rd>tll'd~ ""·'"'"''''' ,,,lmn;,• th.11 ".t\~ul.1!-k 

\\BS lli\·tiolW) 

11lis d,·1m:nt llt•dtu.k' .tH ... th,· l l H """' 1··~1 .. 11.-.. h.1.-\.. '' ,t.:m. ti ·"''1''1 \,·1 'du,1,· ... .in,! .-.11~,, 

h<tn .. !hns ,-..1mrm;.•n1 

•-1cimmt l~'ription 
hldl l.,'\<'l ,•I lh;,• l•,1,.._• h.1' ,I t,•~1,h.:, tl.1.-1.. lld\\\ltli.. th.ti l'h\\l•k' th\.• •.tp.tl•1hl\ l\>I llh'\lll~ 1'\Jh'll,tl" 

:n.t •'I'\'"" fr\•ltl th,· tt.1t"l'"lt.1\i.•n .-.-1'1.-1' t.• th• \\,11.-li"u'mt ... ut•.,, .... ·111\>I\. '"'" h.1ht.1h .• ui.l 

.;t~"-·mM~ .tn:.1' \I.\ Uall'l~\\rt;.•t \\'htd;.·, I 1~Ull' l ,;. l -11 '!"'"' .t l\ J'l•'.tl tl.i.-1.. tWt\H•t lr.. lfll, l'.11 tt\ 

utn •'tW '' h•r llw ''''"'' J.-,d ,,, th;; 1•1 ... l11k ,,,n,ttu.-t"•n l.td!1h ln .i.t,l1ti.•11 h• l'h''''lm~ th .. · 

J'.tlll\\.I~" l.•t Ill•" m): th.- 111.11;.·11.al ... l!t.1, t;.'\\. tlw trnd, '''kill 1' .ii,,• u,,.,1 "' .11! •'I th;.· '''1htn·, H"n 

\'•)Ulpllll'lll n1t'"'' (f.1.-i1.' .ti,,•,,.,,_. .i.. th,· m,k"'.l)! l'·ltlh h•1 Ill\' lll•"luk .II\•! .ltth'l\ll.I 'UJ'J't'll 

m.:,·,mt: "'"•'r" 



OISO.MO?l-1 

Tal* 1.l.l-8 Wod. Mocluleo r... Sut lH'J 
0 r.~ .. 1 .. aolkg 

CREW 

OUARJ£RS OPiRAllONS MAlllllENANCE lRAaNtNG 
S\'S!EM \El\! Cf NIER lt:ST & C'O &SIMUl MISC. 

Sl Rll\. I lillE so so so 80 

(U:C PGWtR 5 7 3 1 

t:NVIHON CONT 60 41 14 1l 
UH $UPP1,JRT 

CREW 11 4 3 J 
ACC1..IM\\tOt1A i IONS 

INt OfiMA l ION 6 ]0 5 0 

GUIO~CONT 0 0 0 

Rf A<.:fl1.. 1N t'('ll\IT 0 0 0 0 

~t'tCl·\l H~l!H'l\il !11 l 0 0 ~ 0 

~l't' llH:\l lt•.' a;.i 1 .'O 108 110 

<>HO\\i H. ~3 ~ 40 JS 36 
c,,.._ l :\:<-i ll<C\ 

101 •\I iHf'l }1~ .'18 164 143 146 

Cl '\\5\ \'-\!'! i $ .:~1 t) 0 0 0 
1~lll l'i\,$! 

f l)i -\I .'l'O .'18 164 143 146 
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-LEV£1.C ~- LEVElD 
ILML Al LIYEL. 

rt=:t=:l=::t:::=I:=:: 
l.~~~~~~ 

LEVEL A SUBASSEMBLY 
ffUV DOCkJNG PORTS 

CENTRAL CARGO RECEIVlhG MD 
WAREHOUSING AREA 

F°tpft 1.3.1-11 Logistic Network Lcvel A 
LEO Construction Bae 
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Tablel.3.1-9 LEOBwC...H_.m g.t.Dilta..._~ 
Photcwollaic Satellite 

EQUIPMENT ITEM NOREQ'D MASS CEA> '°'"' CGST(EA) 

• Hl.LV CARGO DOCKING PORT ' ' • • Hll V CARl>O EXTRACTION SYS ' • • Hll V T Af..IKER DOCKING PORT 3 .. ,. 
• HUV TANKER CARGO 

EXTRACTION SYS 3 • • OTVTANKERDOCKINGPORT 2 
• OTV TANKER LOADING SYS 2 
• SHUTTLE DOCKING ~T 3 
• GROWTH SHUTTLE DOCKING PORT 2 
• PERS(lNNEL TRANSFER 

AIRLOCK SYS I 
• GANTRY CRANE 2 
• CARGO SORTING 

MANIPULATOR/TRANSPORTER 2 • • 2" MAN CREW BUS 2 12 1 
• 10 MAN CRE1' .. 2 I .. 
•-TURNTABLES 483 o.z ..., 
• CONTROi. CABS FOR 

l.OGISTiCS EQUIP 7 
• Hl.l V CARGO 1 
• HllV/OTV TANKER 1 
• SHutTLEJSHUT GROWl'H 1 
• GANTRY CRANES 2 
• CARGO SORTER 2 
• TRANSPORTERS 20 
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WBS l.3.l.l.S Base Subsystems 

WBS Dictionary 

This element includ<:s the base electrical power and night --ontrol systems. 

Elnnent Description 

As indicated previously. several subsystems do not relate specifically to anyone of the crew mod

ules. but instead arc associated with operating the base as a total entity. Such subsystems include.: 

primary power and flight coutrol. 

Electrical Power-Basic operating power requirements have been grouped into the categories asso

ciated with crew modules. construction equipment and external lidlting as shown in Table 1.3.1-10. 

Tiu: average operating power level required is estimated at over 1600 KW. This load does not 

include recharging of the secondary power supply or losses. 

Under the category of cre·.v module. considerable use was maJe of the estimat\.'s identified for a I ~ 

man spa.:e station as defined by Rockwell. These estimates were then scaled up both to account for 

the difference in crew sizl' and the numher of moJules involved. 

Construction equipmt>nt power estimates were made using both Boeing ge11erated data and data 

from recent space station studies Typical examples per machine include the I Sm beam machine at 

5 KW. solar array deployer at 5 KW. crane/manipulator at 3 KW. All of these estimates include the 

power for a two man control cabin. 

.. 
External lightini; t'stimates an: hast•J on pro,·itling 2 I fl lmth:ns/m- as s1x•t·ified hy r.kOonnell Doug· 

las in the Spa,:~ Station Systems study tNAS9-14958l. Typical construction areas in this study .. 
..:ov1..·rt>d 2000 m- and required 10 I\.\\' to providl.' the S(ll'.:ified illumin.ttion. A total of 32 2reas of 

this size have hi..•cn estimated for the SPS construction haSt>. 

The total power rcquirt"mcnt tc. ht• used in sizing the primary power supply is .n ~5 KW as shown in 

Table 1.3.1-11. The ~condary power recharging load is for a nickel hydrogen system that produces 

th1.· operating loads during Jrr of the orllit. The allowan\'.\' for on·rsizing is that as..;o..:iat1.•d with 

50 µm cells and 75 µm cover slips. No thennal annealing is assumed. 

The primary power generation system is solar arrays similar to those used in the satellite. with a 

nickel hydrogen battery system used for occultation periods. An array voltage of I Sun volts has 

been selected and app\'ars to be the highest practical when considering r · .. sma losses. 

_143 



0180-24071-1 

Table 1.3. 1-10 Bue Operating Power Requilements Photovoltaic Satellite 

OPERATING POWER 

CREW MODULES 

ENVIRONMENT CONT/LIFE SUPPORT 750 

INTERNAL LIGHTING 350 

INFORMA T•ON SYSTEM 70 

GUIO. & CONT. 5 

CONSTRUCTION EQUIPMENT 

SATELLITE EQUIPMENT 50 

ANTENNA EOUIPMcNT 50 

SUBASSEMBLY 50 

EXTERNAL LIGHTING 

SATELLITE CONST. 120 

ANTENNA CONST. 120 

SUBASSY/WAREHOUSE 80 

TOTAL 

Table 1.3.1-11 Solar Anay Sizing 

• REQUIREMENTS (KW! 

• OPERATING LOAD 

• SECONOAF Y POWER 

SUPPLY RECHARG!NG 

• POWER CONDITIONING 

• POWER DISTRIBUTION 

• RADIATION DEGRAOA TION (5%) 

e SIZING 

e CONTINUOUSLY SUN ORIENTED ARRAY: 

(SATELLITE TYPE CELLS. 140 w/m2) 

e FIXED BODY MOUNTED ARRAY WITH 

EARTH ORIENTED CONST. BASE 

e ARRAYS ON 3 SIDES OF BASE 

e MAX SUN INCIDENCE ANGLE OF 54.5 DEG 

e TOTAL ARRAY SIZE: 

26000m2 

~30000m2 

KW 

( 1175i 

(1501 

(3201 

-
1645 

(3645) 

1645 

960 

330 

540 

170 

205m x 205m FOR EACH OF (3) ARRAYS 
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11\e stle\'tt'J installatl'-'" aprnl3 .. ·h lt'r th,· army is :l ftw,t hl"I~ llh'tll\tt'd •'t't\.:'-·pt. wtth an a.nay 

kll:at\"J '"'" thn•t siJts ,,f the ,·onstru\'ti''" hase S<' that th1.• ne.:t>ssary \'\\.'Wl.'r .:~m ~ ~l\,•r;\l\•,l hy imy 

\\t\t' amt~ with the.• ha).\' ,1t any h.x·ation m "'tbit. h~\\~ Ll. l·l. ~\\'"" l'1'.'\lt'Us\v. i\lustr:ttt's tht' 

h.'l\.'ati1.ll\ l'f '"'-' ,,f thl!'st' arr.lys. bh.'h array als1.' has \x'l"n sit\'\\ h' ""''''\mt for s .. , .. ;,:idl'lh',· ;t:\f!k 

'"n.ll\tt!' s~ tht .._.,,mNm·J llt't aff,·.:t 1s a tot•\! ana~ that i~; a1•1•wxm1ately fin• timc:s as lari:e ;ts an 

arnay that was alw:tys Pt:r. By 1•ast s1••h'1.• syst.·m ,l.uhl.al\ls, thi' ,.,,., ... , '"'uld "'' rroh1l•1tin'. H,•w· 

ewr, II\ th\' "~" '-'f l"'"-er wtdlite with '''" mass aml loi;.t .:1.\.st .. ·dis, the pt.tatty ts <.iUltl' srn.tU. 

fl11ht Cuntrol-lndu'-k-J ut\"kr tht .:atc.'!!1.'~ ,,f t1~ht ..... ,,ntf\'l are th,• guil.lath'c.' navi)rnti..'n attit\hk 

tH\c.' sens,,rs sud\*"' lRt!. star \nid-.c-rs an., h'wi11.l!l St.'ns'-'~ an1.l ttw 1'rnpuh1,,n systt·m h' 1-.·rfonn 

athtu,k and ''rNt mitintt'n~n,'i.' manc-un.•rs. 

A kl')" fa.:t..'r m 1.'stJt-1i1'h1t\~ ttw flight attltlhh' ,,,· tlh' has1.' ;tl\,l th\' 1,,-,l(\,,n ,,f ,\ttitu,k _-,,ntl\'l ;nh\ 

,,rt-1t lt'l'l'Ul~ thmsh.'r.- ts th\' .:.g. l,-.:att .. H\ ••l '''m'u" sta~~s ,,( thl' "''""'tru,·th'll. Figun.• l .. ~. l -l ~ 

.,.h,.'\\i;. tht• -.· ll" 1,,,.h,,n l\•r s1.'\\'rni \...,., l'"''"''" ,,r th1' ,,,n,trudt•'n 

l'h,· "'1"'..-tl·,I ,·,,nstn1..-t11.'n l•;.l\\' .utt:,:,k h.1, th1.• k•n~ .1\1, ,•f th,· l';1,,· p1.•mt.•,I h'\\ .m.I th1.· ,:,·nt...·r ,,f 

tht• f arth •Uhl th1.· ~ltd!tt1.' lll1.l\luk ,.,,nslrn.:ti:d rar.1lkl \\1th tlh' ,._.,,,,.·1t\ '"•'h'' ;Hht ''\It m fn.,nt ,•f 

tlH' hJ'i\' lh,• 1,,,ath'll ,,f tlw ,,rrtt l,·,:pm~ thrn,t.:r.. '' '"''" n in h~un.· I .'. l -l .~ "h1k tlli.' .1tt1tu,k 

""'ntn.'l thn1stl.'r> .H\.' 'h'"'" m h)!ur..· I .. ~ 1-1_. h ,h,•uhl ,,,. 1wi-·d. tlh' 1•rl•tt '-•:1.'l'lll!>'. .uhl .lttltli..k 

,·,•ntr,,I thm,.h•1-.. 1,,,:.1i.·,1 ,,n tlw .wt,•nna fa.-il1t~ 111;1\ l•,· rl.h·,·,I .It th,· s;:m,· l••,:;ltt•'ll ln .111 ••t""' tlw 

thnt,t\'I" Mi.' th1.'\I \I\\' ~imt';\ll;n~\ ,l!hl ll'•' l l), Ul' J'h'l"'li.rnt nw ;l\,·r,l~Y 1'"'1'1.·lLrn: h'•\Ulr.-

llh'l\l lS arrn•\Ul\;tfi..•ly l 2\ll.) l~ ,i.1~. Slh•Ul1.t ,,-,.,,mt.Ult ;h·~·,·kr;ltl•'tl ,,f llr4 ).'.·, "'' \IS\'\i, tlh' "''n.t 
••ht' ,.,,llfi)'.lll\llh'!l 11'1.-tur .. • ,. ,rn,I \-1 ,,f hi:.m,• l .. ~. l -l ~ \ "''111,1 n··1u1r.· ;ll'I''"' 1m;1t.·1 ~ 4\h)\)t) ' ,,t 
thru~t. Sfh'Ul,1 th'-' thni..t k\\'l t•,· 1-..•,tn.:h·,\ h' th.it "h1..-ll l'l\•\hks \\)-4 ~ ,~~,)\) :\) \\!i..·n ,,nh th .. · 

"';'°''-'I' J'h''-'1'{, ,\ \'\1111 tllll\' ,,f .ll'J'h'\1111,ltd\ J - lllll1llll.'-. \\1'llhl h• 1\''1llll1.',I f,•1 ,l!I .lltttU,k ..:·1.\!T1.'•

l!>\I\ ,,f 1 Km 

WRS llkti''"3'"' 
lh1" d,·m,·nt ui.·lu,k' .ill ,·,1111rnw1H 1i.·111s ,hr,·•th ·"""·1.11..',I "1th th,· t.1l•n.-.111,•n .Uhl ;1,,..·mN\ ,,t 
th,· ,,11dlti.· l ''lu,k,I tl•'lll lhh ;knwnt ,11,· m,1\hm,· 1:..-111' ·"'''..-i.1i..·,I ''1th \;Ir~,, h.rn,!!1ni:, .11hl 

.i1,t 11h111,•n 
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Figure 1.3.1· 12 Construction Phase Configurations 

146 

ORIGINAL PAGE IS 
OF POOR QUALITY 



• 
• 

LATERAL LOCATION OF Fl.a F2 
SELECTED TO MINIMIZE BASE 
STRUCTURAL DEFLECTIONS 
VERTICAL POSITION ANO/OR 
THRUST MAGNITUDE BASED 
ON PREDICTED CG LOCATIONS 

D 180-24071 ·I 

ADVANTAGES OF SELECTEQ...Q{SKifl 

• 1~ EFFICIENT ,W THRUSTING 
• NO THRUST GIMBAllNG REQUIRED 
• GRAVITY - GHADIENT STABILITY: 

• l.INCONOITIONALL V ST ABLE ,.,, 213 
OFT•ME 

• UNSTABLE EQUILIBRIUM"' 1/3 
OF TIME 

• LOWEST DRAG FOR HEA\ V CONFIGURATIONS 
• POSSIBLE COMMON LOCATION FOR ATTITUDE 

CONTROL ANO t.V THRUSTERS 
• ATTITUDE CUNTROL PROPELLANT CONTRIBUTES 

TO POSITIVE l'N 
• ORBIT MECHANIC'S rORCES BElWEEN BODIES 

MINIMIZED 
• "VEL\..:ITY VECTOR" APPROACH CAN aE USED FOR 

DOCKING OF SUPPL V V~HICLES 

Figure 1.3.1-13 Selected Orbit-Keeping Control Concept ,)Rlc;l:\'.H '.' . 

+R 

_, 

., 

OL' •• . • 
J.• !\ ... lt.Jh ' .. \ ·,. . . ., 

CRITERIA 

• MINIMIZ~ IMPINGEMENT 
• MINIMIZE STRUCTURAL 

DEFLECTIONS 
• ACCOMODATE ALL C.G. 

LOCATIONS 

..... ~ <A. .. 4 .._ ) 

Figure 1.3.1-14 Typical Reaction Control Thruster Arrangement 
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Element Uescriptioa 
The major construction equipment ite.lls assoclated with the ph'>tovoltai'" satdlitt' are iltustratl.'d in 

Figure 1.3.1-1 S, along with key characreristics such .b •iwmrity. mass and dimt'n"ivns. 

The beatr. machine sh\)wn is configured to allow two ~am mai:hines to fonn all chi.' main nuJuk 

stn•ctvre \actual a;;sembly ma'"·hines within fr.amcwork not shown) . .-\cl.'llrdingly it has hnth trans· 

lation .wJ rotational capability. The dimensions and mass indicated are for thl." l 5m s:gmcntcJ 
beam approach although machines fabricating thermally formed .. ~ontinuous chont stni..·tun· coul\t 

be attached to the same frame and useJ in a similar manner. Two IOm °'-•am mad1i1ws art' ust·d t11 

fabricate the antenna vrimary structurl.'. A two-man O.:Ol!trol cab is attad11.·1.I to l.'J..:h lll.'am mad1i1w. 

Crane/manipulator s)'Sttms lre primarily u~d to fonu the strvctural joints ,,f th1.· satl'llitl' frame. 

Although the sill.' shown is most common. two ~50 meter units <m: also 11.'quifi'll in tlw .'.lmstru.-ti•..'ll 

of the antenna yoke as well as sewral :!0 meter cranes. Two-man ;:on:ml ca1'ins with manipu'''hlrs 

are lo.:ated at the end of che l.'rane whi.:h is itself attad1ed to a mo,ing platfonn. 

Four oi the solar arr.iy deployment madtim.·s will be.· ltx·ared tln thl' "'A" kwl of tlw nwduk 

construi:tion fadlity. This ma.:hin1.• will Jcploy the solar array l"t'quir1.•ll for s1.•lf-po\\\'rl'll tr.msit to 

GEO. The non-depioyed array will be installed on the stnu:ture in radiatillll-pr(1tl'1.'tih' .:l1ntain,·'."\ 

by this machinl.'. 

Power bus dl.'ploym1.'tlt ma..:hines ar-,· us .. ·d to roll out stwt't llh.'UI bus strips and wdd th .. ·~,· .;trirs fl' 

supporting stni ... ·tun.'s. Tht·~· ma;:hinl.'s an· us1.·d on th1.· "A" h.•\"'I ,,f tht' moJuk• fadlit) and on 1lw 

"('" kwl of tht• antenna fal.'ihty. 

The anknna deployati: .. • s1.· ... ·ondari stru1.·tun•s aml thl.' subarrays an.· insulkd b) th1.· d1.·pl1.'Ylll•'llt 

platfoml shown in Figure 13.1-1 o. Tlw nwst -;ignitkant Pniqu .. • pi .. ·.-·: l'f ,·quipn1t'nt ,,11 thi ... ,k!'h'' -

m,·nt platfonn is th1e• suharrny instalkr shown m Fi~un: I .. l.1- l "'. Thi" ma...-l1in,· ""' 1.'r.' subarr<l\" 

onto thl' stru..:tur1.· and mah·s till' -.rru,·tural :md :k":tri .. -.11 11tt1.·rf;1c1.·s. 

The l'On:Vrw.:tion t•quipnwnr typ\'S and quJutitit•s :irt' sun1111Jri1t•d in T:ibk I . .\. I-I 2 . .-\\hli1h'llal 

dl'tai!s about '-'a~h of the l'l}t1ipnh.'nt ih·ms is found in tlw Part II Fmal Rq1ort. V,1L \' 
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Figure 1.3.1-15 Major Consrruction Equipment Plutovoltaic Satellite 
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WBS l.J.l.3 Maintenance Promions 

WBS Dictionary 

This element includes all infonnation systems. stru..:tun:s, and machinery items dt'\ ,,tt·d to mainte

nance of the LEO hase. 

Eltmen1 l~tion 

No unique base mainter::.nce provisions haw ~"t"n ide!ltified at this time. 1111: hasc logistics net 

work and the a\·ail:.tMe constm-:tion crane/manipulators appear to ~ suffo.:ient to accomplish any 

nc\.-essary ha.~: maintenanc ... tasks. 

-llS 1.3.:! Geosyncronous Earth Orbit Base and Operations 

WBS Dictiomr)' 

This ekmenr indudo.'S thl.' GfO.has..-J opaatiotb. facility. construction t>quirment. and maintenancl.' 

provisions. 

Summary lkscription 

Thl" GFO t-a"-' is a 2 x ~ ray-wiJ ... platfonn tlut is altach.:J to anJ inJ .. ·wJ a..-ross th1..· solar array 

side of th .. • nwJuks. a.; shown in Figure t 3.~-1. This piJtfonn has four solar array deployment 

mad1in1.·;;. th:it ~tr<.' used to dl.'plo~ thl' un~kpl\'~ eJ solar arra\s. Th1..·re an.· also a \ ariety of .:ran\.'; 

manipulators. lcgistics and SPS mainh.'nJ1t..:1..· ..-,iuipm.:nt ahoanl. 

The first nperation to o.:cur once the 1110 .. lule' read\ GEO i-. that of tht• herthing c or Jo.:kingt of the 

moduks. Th"· moduks art' herth.:d Jloni;. a sin!!k 1..·d~.: as inJ1..:at..-J in figun.· 1.3.2-2. The major 

~uipment used to pafonn thes..· h\·;-thing opi..·ratitll\S ar..- shown. Th .. • .. ·01K1.·pt .. ·mploy s tlw use of 

four Jo..:1.mg. sysh·m.,; \\ ith 1:ad1 inrnh·ing a •r;m..- ;ind tlm.·..- ..:ontrol .:al"lks. Variations in the applied 

:ensiOll ~O tlh' ..:ahks albws tlW llllhluk-. Ill bl· l'lllkJ in. pwviJI.' Sh\pping \OOtrol ~md pro\·jJes atti

lU1.k control .,yskm im·,1hing thmskr-. whi..:h ;m.· not shown. This hl.'rthing ..:onc1.·rt is dL's1.·rih1..·.I in 

detail in \'01. \' ,,f !hl· P:irt II l'inal R1.·porl. 

During till' tr;mskr frnm l l'O \l) ( ;Hl. the ;mh:nna is ;1t1;1d11.·J hdow the moduk with a singk 

hingl.' line. One .. c .d"l is rl.";1d11.·,1. the :111t..-nn.1 is wratcd intp posilion followed hy th1.· final stnK

tural anti de .. :tri .. ·al -.:om1 .. ·ditlns. as indi..:;1t.:1.i by Fig1m· I .J.2-.'. 

Mass Summary 

Tht• mass of th ... · cro b;i-.1.• i .. '>\lllllll.Hih·d in T.1bk 1.J.2·1. 
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Cost Summary 

The cost of the GEO baSc! is summarizeJ in T allk 1.3.~<~. 

Crew Summary 

The GEO ha..~ constm..:tion crew size is summarized in Table l .3.~-3. 

WBS 1.J.2.1 Facility 

WBS Dictionary 

This element indudes the GfO ha~ fram1.•work. ~·rew moduks. work moduks. c.irgo han,fling\tis· 

tribution systems and base.- subsystems. 

Element Description 

The 1.wer.111 .:onfigurati1.)n of thc GHJ final a~1.·tnMy ha~· is shown in figun.· 13.~-4. Thc ha"'-' has 

owrall dimenskms of I 400m x I oOOm x I 00111 with two de..:ks of opera~ion. The urrcr Jcd. sur· 

l''-nts the ..:r..-w and mainh•n.t1Kc moJuks ~m1.l do.:king facilities for transrortati(•n 'Y sh:m.; anJ pay

loads. The lmwr surface \"•f the fa.:ility ~urports tht• four solar arr:ty J1.·rloy1m·nt mad1i1ws (),,,1,;. 

ing cranes USl'd in 1--1.•rthing Uw nw,luks an.: also att~1d1e1.I to the base wlh.·n not in us1.' 1.'r wh1.·n th1.· 

GFO base is trJn,ti.·rred to anottwr longitudinal kl.:ation. 

WBS \.3.2.\.\ Framewotk 

WBS Dictionary 

This clement indudes all of the stmctural demcnts that comprise the framework of th1.· GfO haSI.'. 

Element Description 

Thc stru..:turc framcwork of tlw has..· has ht..''-'ll sill'd to pro\'i1..k a natural frel\uenq 1..lf 50 .:plu whi.:h 

is gn:at..·r than that of a singk sak·llit1.· nwduk. Th1..· rrim•try stru.:tun• n1nsish 1lf 15m bl· am~ fon11-

ing a grid pattern tor both th1.· upp1.•r and l1..lw1.·r surfa1..·cs of thl' has1..·. :\ h't;1l 1'1:am kngth llf 

55.000m h•ts hl'l'll 1:stimat.·d. 

WBS Ll.1.l.1 Crew Modules 

WBS Dictionary 

This l'knw:it indud1..•s tlw '-·onstru.:lillll ,·rcw molh1k stru1..·ture. d1.·.:tri.:al p1..1\n'r. l'l\\·ir•'llllll'nt;1l .:on· 

twl. liti.' support . .:tl'W a.:.:ommodatil'll!'i. ;111d infonnati1111 sysh'ms. l·xdulk.I from this 1.•km1..•nt ;1r1..· 

th...- ,·rl'W mnduks ass11.:i;1h·J with thl' m.1inll'll;11K1.' ;h:ti\'ilil•s. 
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Table 2. l 2-1 GEO Final . .\s.wn1bly Ba.,,;e ROM Ma'" 

1o3Kg 

FACILITY 

FOUNDATION 280 

CREW MODULE 335 E> 
CARGO HANOLING 10ISTRIBUTION 55 

BASE SUBSYSTEMS 10 

CONSTRUCT ION & SUPPORT EQUIPMENT 

SOLAP. ARR:\Y INST 50 

CRANE !MANIPULATOR 15 

INDEXERS 6 

DOCKING CRANES 104 

DAY TOTAL 

CONSUMASLES (90 f'.\ YSI 

[!:>1NCLUDES RADIATION SHEL TfR 
TOTAL 

Table l.J.2-2 GEO final As.'it'mbly Base RO"t Cost 

FACILITY 

FOUNDATION 

CREW MODULFS 

CARGO HANDLING DISTRIBUTION 

BASE SUBSYSTEMS 

<:ONSTRUCTION EOl!tPr,ffNT 

SOLAR ARRAY IN:;TALLATION 

CRANE MANIPULATOR 

INDEXERS 

BERTHING CRANES 

SP.MU'S 

INSTALL. ASSEMBLr. C 0 

SE&I 

PROJECT MANAGEMENT 

SYSTEM TEST 

GSE 

BAS:C Hi\RDWARE 

TOTAL 

l'i~ 

30 

300 

50 

2 

165 

15 

210 

(680) 

( 1751 

(855! 

I 351 

ISSOI 

s10s 

1382) 

(425) 

18071 

120 

128 

55 

15 

17 

30 
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Tai. I .J.2-3 GEO Base Construction Manpower Estimate 

IPS14&1 

@ASE MGMT (S) 

CONSTRUCTION (20) 

MGMT 4 
MOOU .. E OONST 8 

ANTENNA CONST 
SUBASSEMBLY 

. MAU.IT 8 
LOGISTICS 

2 TEST/QC 

BASE OPS (16) 
MGMT 4 
TRANSPORTATION 4 
COMM 6 
DATA PROCESSING 2 

BASE SUPPORT (26) 
MGMT 4 
RASE UTIUTIES 6 
HOTEL 8 
MEDICAL 4 
FLT CONT 4 -

BASE TOTAL 67 
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Element Pescription 

The GEO i., .. ~.: !> .... a construction crew size of 65 anJ only a minimum of construction operations 

so. consequently. all fundions can be incorporated into a single .;rew module. Transt-'tOrtable main

tenance crew modules are also based at the GEO facility. Ttlt'se modules are discussed in section 

1.3.3.3. 

The crew modules of the Gl:O base are similar in design to the cr~w quarters moduks used at the 

LEO construction base. The major modifications to the LEO modules are as follows: l) incorpora

tion of an operations deck in place of one of the three personnel decks since only 65 rather than 

100 people are housed in the module. and Z) add an eighth deck which serves as a solar tlan~ radia

tion shelter. Assuming a shielding requiremen! of ZO to :-!5 gm/cmZ. the she!ter will add an addi

tional I 15 .000 Kg to the bask moduk mass. Within the shelter will be provisions for up to five 

days and controls to operatt" the complete base on .. tandby status. Subsysti:ms used within chi.' 

modul-:s are the same as for the LEO bao;;e modules described previously. 

WBS 1.3.2.1.3 Work Modules 

WBS Dktionary 

There ue no work modules at tht' GEO base otht>r than thl' rdurbishml'nt moduks that are 

address1.·d in Section 1.3.3. 

WBS 1.3.2.1.4 Cargo Handling/Distribution 

WBS Dictionary 

This denwrt indudes all of thl· fa<:ility track system. transportation whides. and (argo handling 

equipment. 

; iement Description 

The logistics track ni:twork was prt'viously shown in Figure 1.3.2-4. Thi.' logistks L'quipment is 

summarized in Tabk 1.3.2-4. 

WBS 1.3 .2.1.S Base Subsystems 

WBS Dictionary 

This demt'nt indudes the hast' ekctrkal power and !light control systems. 

Element Description 

An opt'ratin~ l'lectrkal load of 2h0 Kw has ht'L'n estimated. llsl' of s.11dlitl.' t~Tl' solar arrays fL'sults 

in an array sill' of 1700 squarl.' metl.'rs. Flight control in tl.'nns of attitude contr:..)1. station kl.'1.'ping 

and transfrr of till' basl.' to thl.' Jongitulk lth:ation of thL' lll'Xt satl'lli!I.' will makl.' USL' nf a L02 L'.1, 

propulsion system. 
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Tab~ 1..l.2-4 {argo Handlin!l and Oistn"burion fquipm<"nl 

GEO Final A~mbly B:lse 

EQUIPMENT ITEM NO. Reo·o MASS (EA) 1o3 Kg COS1 (EA) 

• OTV CARGO DOCKING PORT 14 1 4 
• OTV CARGO EXTRACTION SYS 14 
• OTV TANKER PORT 1 1 4 
• OTV TANKER CARGO EXT SYS , 
• OTV PERSONNEL DOCKING PORT 13 
• PERSO:\INEL AIRLOCK SYS 1~ 

• CARGO SORTING MANIP/CRANE 4 3 6 
• CARGO TRANSh:RTER 2 G.5 2 
• 10 MAN CREW BUS 2 5 4 
• TURNTABLES 34 
• CONTROL CABS FOR LWISTICS 

EQUIP 4 

s1o6 

I 
I 

l 



WBS 1.3.l.l Comtruction Equipment 

WBS Dictiomry 

This element includes all equipment items directly a~iated •ith the fabrication and assembly of 

the sateUite. Excluded f rcm th:S clement are the ~uipment items associated ,.ith cargo handling 

and distribution and refwbishr.ient equipll'ent. 

Element Descriptic.·n 

The only p:CCC of GEO base construction equipment that is different from tha! described for the 

LEO base are th'" four module dockin~ er.mes with ch;na~teristics shown in Figure 1-3.::!-5. 

The construction equipment located at the GEO base are summarized in Table 1.3.:.'!-5. 

WBS 1.3.2.3 Maintenance Provisions 

WBS Dictiomry 

This element includes aU information systen1~. structures. and machinery items devoted to 'l'air.t..~

nance of the GEO base. 

Element Description 

No unique GEO base maintenance provisions ha\e been identified at this time. The logistics net

work and available construction crane/manipulation seem to be sufficient to attend to any neces

sary GEO base maintenance tasks. 

WBS 1.3.3 Satelli. Maintenance Systems and Operations 

WB.~ Dictiomry 

Tilis element describes the satellite m:-intenance mission conce!lt. 

Mission Concept Description 

fhe reference satellite maintenance mission includes semi-annua1 nsits to each satellite by four 

repair crews that work c.:>ntinuously on the satellite until fi11ished. The maintenance operations 

associated with the firs: vis:t to the satellites occurs from the beginning of one equinox <e.g. spring I 

to the beginning of the next (e.g .. .autumn). The second visit to the satellitl'S begin~ Jt the start of 

the autumn equinox anJ lasts until the beginning of the next spring equinox. 

Typical flight operations assxiated with one GEO final as.-;emhly base and the operJtions associated 

with one repair group and one fl furbishm·· •• group assigned to riw base are described. Other final 

-.~~"mbly base:. would have comparabl•· t'P.:L tions. 

163 



DIS0-24071-l 

Figutt J.J.2-S Docking c~ 

T.hlr 1.J.2-S GEO Bast Contruction Equipmmt Photc.woltaic Satdlitr 

IPSM11 

NUMBER REQ"D I I NO. itEQ'D 
EQUIPMENT ITEM £0UIPME~T ITEM MAJOR ELEMENTS ITEM 

• DOCKING CRANES .. •CARRIAGE 
•BOOM 

ll1AS!' iGK Kgl • "lf~CH SYSTEM 
(COST !S:~•) ~ • DOCKING PROBES 

• CONTROL CAB (2 MAN) 
-- - ~ ~-- -- -~Y·~-~ 

• 25M !NOE XING,'SUl'PORT ' • CARRIAGf 
MACtlllJFS • BOOM 
(r.~Af.S 1 '- Kt> 
ICOST $~'.1) 

--~- --- ---
• 60rA t.'.~N!?ULATCRJCRANES .. •CARRIAGE 

• ELEVATOR BO(lM 
(L'-'\SS 7K Ktl • TRANSVCRSE BOOM 
(COST S1t~•J • CON TRCIL CAB 11 MAN) 

• MANIPULATOR ARMS 
~ ~~ -~ 

•SOLAR ARRAY DEPl.OYt.:ENT 4 • GANTRY/CARRIAGE 
MACU:NE • DEPLOYMENT CARµIAGE 

(MASS 12K Kel • BLANKET EN[I HANDLER MECH 

(COST$45M) 
• E.:>GE ATTACHMENT MECH 
• CONTROL C' AB (2 MAN) 

• SOLAR ARRAY ANNEALING (TBO) (TBO) 
MACHINE 

~ ALL COST REFLECT AVG UNIT COST AFTER APPL YING LEARNING FACTOR OF 0.1. 
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Once maintenance operations are begun. the GEO construdion base senes as a major staling depot 

for the maintenance crews and their hanhure in addition to its role of 1.onstructing the satellites. 

Thi! initial operations associated with a typical Q() day perktd an: shown in tigure I .J.J-1. Four 

repair Ctt\\"S and four refurb cre"'S are transported to the GEO final a~"Cmbly base. Each -.·rew is 

provided with its own orbit transfer \-ehide. At approximately the same time another omit transfer 

vehicle deli\-ers klystron tube module componeilts to be u~d in the refur\lishment of failt'd tuhes. 

This vehicle would also transter other repla1.Yment components. 

Refurbishment cre\\"S remain at the GEO final assembly base. repairing failed klystnm tube moduks 

that have pre"iously been delivered by other repair cre,.;s. Rcrair crews transkr to the." ~•tt"llite 

desipiated for repair taking with them their habitat. The SC"1.."dnJ sta~ of the orf\it tr.insfer whide 

which broughl the crew to GEO is u.~d for the transfer to the satellite. The 5':'1.'.0nd sta~ of the 

orbit transfer vehicle us~d to deliwr the klystron tut-< ,·om?Onents to the Gf.O final assembly baS1. 

is then loaded with refurbished klystron tube modules and transt~rred to the first satellite to h\· 

repaired. 

At the completion of repairs on the first satellite. the l.'.n·w and habitat tr;msfa t(' the next -wtdhte 

t<? be repaired. The otht-r orbit transfer h'hidc returns the failed klystron tube modules ba,:k tl~ 

the GEO final assembl}' base where they will be rd'urbished. lltc." OTV thl."n r .. ·tums ba .. :k t(l th .. · 

LEO construction base. Prior to this time. howner. anotht•r (•rbit transkr wh1de has .. :onw from 

LEO construction base to the GfO final as.-.emMy base dehwrin~ addittonal kl~stron tuhc ,-om1lo.l

nc."nts and is thl."n dispatl.'.hed w1ih \."omrleh.'ly :-eforhisheJ klystron tub .. • m\• .. tuks to thl' "'"'"°('nJ satd

lite \hat is to be repaired. 

This 1..·yde is repeat~d for ea\."h satellite to he n-raired. 

The final operations associated with a typi\."al O(h.fay period an· illustratl·,f in fi~m· 1.3 .. •·~- .\tt .. ·r 

the :Oth satelllih.· has tit·en rcpai1ed. lh,· ,:rl·w and hJNlat r"·turn lo till· (;Fo fmal as~·mMy ha~· 

where the hahitat is left fM tht" lh:xt repair ..:rew. lllt' initi;1I •:n.·w then n·tums had, h' tht• I FO 

construction base and cwntually ba.:k to F ;nth. TI1e rt•furhis!1m,nt .. ·rt•w has als,, "°''llll'kt .. ·J their 

QO ,fay stay time anlf also returns ha.:k to brlh. 

Four new .:n-ws and four new refurh1sh1m.·nt ..:rl·ws art• tlll·n tr;uh1an.·,1 h' !ht• <;ro fiiul .1sx·mNy 

hase. The .. ·ompkt~· ('y('k is rereateJ a~a1n. llw a1.·w si1e at tlw <;t:o final .1-..s .. ·mtil~ h.t"4-' will ha,,• 

a maximum orcratm~ size of JI 0 1 ~.io ass\•,:iakd with rt·furh1-..hm1.:nt •lll.i -o with s.11 .. ·lhk· a-..s .. ·m

M~ i a!llf at th1.· hme rlw four rt•pair l.'.rl'W~ fl•turn al !ht• t'thl nf rlwir hlllr ,,f 1h1I'.\ tlw cn·w """'' \\ 111 

he 550. 
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1be annual number of orbit transfer vehicles and launch vehidt"S tlights whi.:-h occur in the mainten

ance of 100 satellites are also indicated. During this time period. maintenan"'e llperations will com

pletely dominate the Gt:O transportation operations rathc-r than llssembly of satellites at GEO. 

Crew Summary 

1be maintenance ere\ size estimate is summarized in table 1.3.3-1. 

Table 1.3.J-I Maintena~ Cmir Sitt Estimate D> 
Repair Crews G:> 

Direct 160 

Indirect 80 

Refurbishment Crews [l> 
Direct 160 

Indirect 80 

480 

(}:>Maintenance crew assigned to a typkal GEO baSc.". This si1e "·an rerair 

anJ f'l'furb the \.'qUi\'aknt of 40 sps·s ~r ")\.';U. Other GEO baSt'S woulJ 

have same Cte\\· size. 

[;>These repair 1..·rews would be al tl~·rational SPS's e'l.cept when at the l~EO 
base at the time of ;.·rew rotatitln. 

(}:> These crew memf.ers woulJ be stali"1neJ at t'ach GEO baSt·. 

"lJS 1.3.3.1 Sa~lite-Based Maintt'nanc:e Equipmmt and Operations 

WBS Dictionary 

This ekment mch:des all of the slm...-tur1..·s. \t1fom1ation s~ st1..·ms .• md t'qutpm1..•n1 ik·ms built mhl th1..· 

satellite to facilitate maintenance \Hnk. 

Element Description 

A number of major compom·nts of tht• satr:llite haw hi.· .. ·n analyll•J for ttwir nJtur .. · ,1f fJihm·s. 

mt•an time he tween failure. rmn·r ltlSS pa failun.'. ;111J tinally th .. • f'\l\\'l'r loss 1x·r Yl'Jr fill' ... ,llllf'\l

nl'nt ha\·ing th.: ~m.·atest impact in terms of ro,n·r lllSS an1.l m th .. • tim .. • n·quin·J f\1 fix rill' faihm·s is 

the klystron tube 11u1,tuks as mJk·att.·.I in figun· 1.3.3·.'. :\ tot;?i ,lf -h(K) 1u~ ..... ar .. · 1.•stim.11 .. ·,1 It' fail 

p .. ·r year resulting in an annu:ll powa ourrut loss of S00.000 l\w . ..\n11.·1rn;1 111;1111r.·nan .. :~· W;1s rhn1> 

f,.,n• foc!1scJ only 1111 tlw klystwn tuht.· mo..tuk ;111J is ..11.·s..:nl't.'•l 111 St.·..-1i,1n I 3.3.1.1. 

The equ1pnh.'t\t ust•J for annealing of st1lar .irr;1ys is indu,k .. l m th1.• satd1t1 .. ·-b;1s1,,·.I mamt..•11;111 .. -,. 

1,,•quipm .. ·nt ;m,1 op .. • rations. Thi-; sysh.·m is d.:s.:rib1..·,1 in S,:dH1n l .3.3.1. ~. 
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WBS 1.l.J.1.1 Antnna MainteMnce Equipment 8RC1 Operations 

WBS Dictionary 

This element includes the description of the antenna items requiring maintenance. the levd of 

replacement. the replacement concept, logistics provisions. and the maintenance equipment. 

1.e¥el of Repbcement-The level of replacement selected is that of the klystron tube module plus its 

thermal control system as shown in Figure 1.3.34. Actual removal of the tube module involves 

access through holes in the radiator to reach the distribution wave guide attachment bracket which 

secures tJle module to the distribu .ion wne guide. Once this attachment is released the module is 

free to be removed. 

Concept 

Tite selected kly$tron tube module replacement concept uses vertical access through the cubk 

secondary structure which is attached to the A-frame primary structure. 

The overall concept is illustrated in Figure 1.3.3-5. The primary structure is an A-fro.me design 

forming ridges that ailows free unobstructt.-d movement of the maintenance gantry mo,ing hori

zontaUy across the antenna. 

The antenna will have a total of JO channels in which maintenance gantries can be mounted. 

Attached to each of the gantries are the maintenance vehicles which reach up through the secondary 

structure to reach the failed klystron tubes as shown in Figure 1.3.3-6. 

Additional detai! of the cubic secondary structure and the maintenance vehicle is presented in 

Figure 1.3 .3-7 with a maintenance vehicle shown moving along ir. the directior: :: ' :he channel. The 

gantry itself is designed to transport all of the spare ~ystron tubes necessary for a given shift. The 

mabtenance vehicle consists of a hinged boom and a two-man crew cabin with manipulators. A 

small klystron rack is also attached to the boom to elimi;1ate the need for the manipulators to reach 

back down to 1he gantry for each tube that must be repaired. In the case of a 36 tube subarray as 

many as three tuhes may require replacement. 

Using this concept a tube replacement time of 45 minutes is expected. which includes removal and 

replacement of two diagonals (in lower and upper surface of secondary structure). removal and 

replacem'!nt of one klystron tube module, and movement to the next fialed klv,,tr,m t·1bc estimated 

at a distance of 2 subarrays away or 20 meters. 
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Tht' Sat...·llitl' bas•.·J mainh·n;ll\cl' syst,·ms will t'l' i11sl:1lk<I Junng nmstrudi1m of thl' Ll-'O constnK

tion has..-. rh,• sy-.km-. an: sfh1w11 a-. thl'Y rd;1t1: 1111\11,· -.hk ,,f OIW ;lllh'llll;t Ill hg11rc I .J.J-S ;mJ 

13.3-'>. SilKl' four crt•ws \\llfk on 1.:a1.:h satdhc.-. th1.•s1' s.mi.· --~ sfl•m-.. an.• prl'St'lll on hoth sidl'S of 

both anknnas. 

To t•nahk 1h1..• Jockm)! of tl;l' 'arwu ... 111a111t1..·n;111~·,· sysk'lll 1.·kml'llt" ;md to tran:.kr 1.:aq:o around thl' 

anll'lllla. the ;111tcnna strnctm,· ha ... bt•1.·n J,·..,1l-!1ll'd to itt. 1r1'<Halt' a car)!1' tlistrihuti<m syslt'lll and has 

structural aJtliti\'llS Ill al1,1w maintt'nan1..·1..· gantri1.•s to ht pos1tionl.'tl s11 1h1..·y ,·an h1..· maintainl'd and 

supplil·d with 111..•w ll~ st nm tuh1..· moJuks. 

Thl' oO pl.'rson 1..'fl.'\\ 1s d1.:la\1..·r~·.i h• tlw -.;1tdlik in th,· crew liahiL1t u.;m!! th1: Sl'<'tlnd stage of tf1,· 

OT\' th.11 111iti.1lh "1-1'U!!hl th,· ,·r,'\\ (n1m rh1..· I t·O 1.·1ms1n1,·ti1m h:1x· r.1 tlw <;t·O final ;isSt·mhly 

has.:. On~·l· ;11 th1.· s;it<.:lht.· tank·nn;d. ;1 ,·rt'\\ hu' 1s u .... ·d "' tr;11i..ti:r pasons h•'I\\ l'l'll tlw habitat and 

tlw mainh'n;m:c 1q,;11r h'h11.:k,... 

C1rgl'. pnm;inl~ tn 111,· t1.'rm ,,f '-.ly -.lr.'!l tu!'' 111\ldttk' j, .1i...,, ,k(i,.·r1.·J 1t1 th1..' saldlih· using a lklfi

cat~·d OT\' lsla~t· 21 I hal h.td mtt1all~ bwt1)!ht kl'\ -.t ron ..:•'lllPllll•.:nh to th1.· (; FO final JsS('tnM~ b:ise 

ll r r.·furb1shm,·nt t't' "f.uk,I" ldy .. tn1:1 lube-.. n11.· \lf'1.'r;1l1nns J'\Sl'"-'i.1t..·d \\Ith an OT\' llt..:lu,k lh1,·'-.

ing Jilli n·k.1,l' ,,f '''h' J..1'1, strnn tuh· p.1lkt <lll ,,n,· silk nf tlh' .rnt.·1ma ;m,I tht•n fr,·,·-tl~ ing to th•' 

two p;tlkh in a s11111l;:r •• 1.11l!h'r \t th1.· ,· .. 1mpkl!l'll 1'f tiic r•p.11r ''i'•:r.lli,,n, tlw palkt.. :tr•' 1,,aJ1..·d 

With .. fajkiJ" kl~ slf''ll ft1l'1.'S. rill' 0 I'\' tlh'll llH'h':- ll' llh' four d,,~·kill)! lo~·.1ti1'llS ,·,llkding th1.• pal· 

kts \\ith faikd wf\,_. nw .. 111ks .rnd ll1t•n h'll:m' 11i,·m l'.1d> t.1 th1.· l~l·O fitial :1s,1.·mbly has1.' wh1.·rc 

tlh'Y will h· rdurbish1.•d. , -,,llowill!;! th.- rdc.1sl' ,if !he p.1ik". the 0 n· n·rnrns to th1.· LI 0 1.·nnstn11.:-

1ion bas1.· '' h1.·r1.· 11 is m.1d,· r.·ad\ "' Jdih'r .1111•lhcr h'.td ,•f 1-.h -.1r.in '''lll1'1'!h'rlh 

!'he .1clu • .l ,1i ... 1nbu11,>n 1>1 th,· '"II.;.'.•' .l!lll!!ld tlh' .1nt.'nn.1 1, .1,·,"'1l11'ii'li'·'~ lhr,,u~h !h1.' 11f '"tr!!(' tr.m'

l'•'rh'r" ''l'l'Ltt111l! \lll tlh' tr.1,·i-. "'!.'ill <'il l\\1' '"'''' ,q· ,.,1,·h .mr..·1111.1. lh1.· .-.1r~,, tran'"''rll'r -.\sh'm 

,.,,nsists pf :hr1.·.- '''l'·tr.11" 11111h .111.1,·h,·d ll'!;!'°11h·r t.i f,,1111 .1 .. , t .1111 "_ I h..- m1d.lk unit h .1 cPntr11i 

Utlll th.11 h;1, .t de'\\ ,·,1h11. l'1H\1'r '' -.t,·m, .m,I d.llh' 111.ltl11't11.11l>r tlut 1111n, .. , th1.· 1.\!r~'' h·t\\t'l.'tl till' 

train ;11hl th,· m.11nh'n.11h·,· g.rntn.:,_ l 'n1h •'ll -'tth1.•r '''"' ,,f th,· "''ntwl 11n11 .tr1.' ''"'''ntl;1lh traikrs 

Iha! CllT~ ,·11h.·r fl\'\\ 1-.h ... 1r1lfl tub,· tlh'dttl," ,ir thP"' lhJt h;t\C f;11kd .md h;l\1.' h· .. ·n ft'lll\l\l'd. The 

train s~,r.,·n1 tlll>h"• .!(>\\ n ,,, ,.,1"!: ~.!lllr;. .111d ddl\1.·r-. "' 11 tli-· numb1.·r ,,f 1-.I~ ... 1r1'll tub1.•s r1.•quirt•d in 

that p.1rti.:11l.1r .1nkttt1;1 .-ti.11111\'I ..lunfl!.: •'Ile ,tJ1t't 1'1 •lfh' .I.I\ nt' "l'•'r.tlll'll ,kp1.·11d111g 1•11till'1:1i.111nd. 

1'111.· 1n-.1.1ll.1111m ln,-.1ti"n ,,f 11\,· m.1111tl'n.111.-,· ,·quipni.·nr 11 11 ;u1 .111kn1u hc111g r<"pa1rcd l'! tw1' ,-rcws 

j, '\lwwn Ill l1gm1.· I 3.3-l ll 

rt11.· lllllllh'r nl lll.llllk11.lll"l' \c:f11,·k-. I lll.1.-h111c,l tl1't.tlkd Ill 1.'.tdl ,·h.lllll"f 1>f Ill<· .llll<.'1111.1 is .I flll11." 

111111 nf the· 1.·st1m;1h'd numb1.•r 11f !uh· f.11lur1.·,. !'his\ .1h11.· I' 1.ng,•r t!l tlw m1ddk channds ,,f th1: 

,1111\'nna ... 11~"'' 111,· ,·cntl'r ,,( thl' .tn\,·nn.1 h.1, ,ub,1n.1\' ,·,,111.1111111g 31• .ind 30 1-.h :;tr,,11 tut"· lll1'duk' 
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• NO. OF MACHINES 3 3 2 2 1 
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Figure 1.3.3· 10 Antenna Maintenance System Installation 
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while near the edge of the antenna. the subarrays have 4 or 6 tut-es per subarray. Consequently it 

will be noted that the middle l·hannel has three maintenance systems consisting of J gantry and 

repair vehiue. 

With this equipment distribution and working 20 hours per da~-. the middle channels require slightly 

more time than previously identified for repair--3 I/~ days per satellite. The addition of I/~ day to 

the schedule. however. will not appreciably alter the prior analysis. 

It should also be noted. the outside channels require far less time to repair and kss equipment due 

to fewer failed tubes. Consequently when the aews assigtll'd to this partkular t'quiptllt'nt an.• fin

ished. they can then be used to repair other components on t111.· satellite such as the d1.>Jc cnnh~rters 

mentioned earlit'r in the discussion. 

Mass and Cost 

Mass and c1)st charactl.'ristics t\ lr thl· pem1ant'tltly installl'd atltl.'nr.a maintenalll'l' equipnll'nt is 

shown in T;1hk I .• ~ .. ~-~-

WRS LLU. ! Solar Array Annealing Equipment and Operations 

WBS Dictionary 

This element includes all hardwar,· requirl.'d to provide the capability oi annl.'aling radiatilm dcg.-.1da

tion :rom tht' solar (e\ls. Subl.'lements indudl' tht" annl'aling dl.'\·i,:l'. support stru1.:ttm.·. an1.I au'\il

liary l.'quipml'nt. 

Element Description 

Las.:'i ;illtll.':!ling. was chosen as the rdl-n.•1kl.' arrn';l(h to f1.'\.'\W1.'r radiation indu1.'l'd p1.·rfo11nan.:1.• 

1.kgraJati1.m of thl' l'nerg.y .:1.mv.:rsion syst.:m. Simulation Physi.:s. hh: .. un1.kr 81.11.•mg .;11b1.·1.1ntra.:t. 

has su.:1.·l'ssfully demonstrated l;1s1.·r annealing in th.: laboratory. T;1bk I .. ' .. ~--' lists th1.· l'.1si1.· a111w.1l

ing parJnwter- us.·,f in the laborator.• t.:sts. 

Th1.' 1.ksig11 assumpti1.1ns for the lasa Je\i.:1.· th;1t was ust•d in our analysis is g1w•l in L1bk I .. '··'-L 
With thl's1.· assumptions. Sl'\eral options Wl.'tl' in\·estig;:t.:d f1.'r the m1mhl.'r of ann1.•;11ing d1.·vi.-l.'s. 

method of annealing. and effr1.·t on system operation. 

Th1.• option d10s1.·n for this study was f\l us .. · 1.1ne ann1.·alin!! ,k\ic1.· g;intry l'1.'r s;1tdlit1.· llh'\iuk \ hg1m.: 

1.3.3-11 l. A typii.:al anrwaling dn11.·1. gantry is also slwwn using fort~ -four las1.•r :1nt1l·akrs. rlh' 

gantry woulJ i111.kx wits first p1.1si1ion. at tlw 1.·dgl' of the satl'llite. ann1.•a\ that s1.'l.'tinn \ 15 m\.'11.'r 

width x 660 m length) and thl'll nww 1.lll f\l tl11.' n.:xt s1.•ction. tn this m;1mwr. ii \\\1uld traw~,, tlw 

width l1f th,· satdlill' annl·aling \1th' bay wtdl· Sl'1.'tinns 1.1f thl· llll'duk. \\'hl'll ,11w l"l"' \,f bays 1S\ h.1s 

b,·,·11 an1wakd. tl11.· ~:mtry will inlkx t.1 till' 1wxt ww 1.1f bays and p1.•rform thl· ;11\!wa!m)! l't'1.·r.1ti\,n. 

ni.·s1.• san l' tlpcrations arl' 1"1.'l'l';lh'd 11111i: tlh' 1.'11111pk!1.• 111,,duk has b1.·1.·n ,11\l\1.'akd. 

175 



0180-24071-1 

Table 1.3.3-2 Antenna Built-In Maintenance Equipm'!ut 

PER UNIT 
EQUIPMENT ITEM NO. REQUIRED [}> \1ASS (KGI COST «S1o61 

o Maintenance Gantry 22 
& Manipulation 

o Crew Mod11le Docking Port 2 

o CrewBus 2 

o Crane/Manipu•.:tor 2 

o Component Transporter 4 

o Turntable 4 

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

Table 1.3.3-3 Laser Annealing (Spire !>ata) 

Laser Tyr - co2 

Pulse Power · 50 watts 

Beam Diameter · 0.5 cm 

Pulse Length .. 2 sec 

Tmax Cell -5500C 

Power Density 63.7 w/r.m2 (pulsed) 

5000 

12000 

3000 

1000 

Table 1.3.3-4 Design As.sumptions for Laser Annealer 

w-scc 
Annealing Energy Density - 127 2 

cm 

Power Den.ity - 63.7 w/cm2 

Pulse Length - 2 sec 

Beam Area - 500 cm2 

T.nu (Active Region) - 5500C 

Laser E ffo:iency - 0.15 
w·hr 

Laser Energy Consumption - 0.2355 z 
cm 

176 
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The gantry !!.')'slc."m travds on trad~s provid£"d on tlK· saldlik rruna11· str•..-tural mcm~rs. in Ilk· 

uprer wrta1..'\.' t.cams. nmnin~ ;.1..-ros ... the satdhtt." waJth. 

Within th..- gantry. lh<."ft" art." -t.i bs..-r systems. fa1.:h b~·r syst1..•m is gmlhalkJ to allo"' th< laSJ:'r to 

l>Can a 15 meter squan· ~lion. 11"· I~ mefc.•r se-:t1on was ~hos-:n to be- 1..·on-.isrenl ~·ith lhe arr.iy 

bbnkct !k't?ln-:nt width'i. Wirh all of th1..· la~r sysh·ms on a :-in~k ~;miry OJ".'tatm!!. 1t wiU tak<' 

ari>roxinut:ly ~ .5 hour.- to ann<"~l :t 15 ml'tcr ~\.'hon one f\a~ wide. This resuhs m .:1 llmc of l IO 

hours to annc-al (llk' t- y of soln array. 

Tabk 1.3.3-S lists thc pov...:r n.·quircnt. ... '• ;;: .. ~rink' allo.:allon of anf\l"3lm~ ltu: rd'-·r'-'"'"" photo

ullt.-m.· SPS. 

WBS l.J .. 1.! Mobik- Maintnunt."l" S~·srem 

\\'BS Dictionary 

This dem1.·n1 induJc.,. the nuin1cn:m1..--c aew rnoduks and '-'ompon..-nt palkt moduks that a«' trans· 

rorted to Of'C'r.lhonal SPS's from lhl' t;l·O "a .... · llll' .k,·l ltl OT\":- US4.'•' hl transport lh1..-x· mod

uk ... are lndudnl in S..•,·1i1ln I -t 

t·1nnm1 l~·ription 

~ malnr,·nan.x at·w m•lduk an,t tis .. :har.1d1..·n:-t; .. ·, an; .Jh'"" 111 h!!tm: I .'-3· I~ t 1l111 ~'f th1..·i.c 

moJuk:. .1n: trall'f"-'!"t1..·1..I hl <.'.kh SPS \\lwn 1lw "'·m1-.mn11..1I mamll..·run,y i. 10 "-· 1-...·rf,,ff11..·J. 

11'1..· :.'llmptmc.·nt ralkt m•>Juk .md 1h .-tur..td•·n-.11..-, .111..· ""'" n 111 I 1pm: I .i.J-1.~. i ••ur of th1..·"-'· 

moJuk .. .lf1..' (l.Jll'l'•'rfl•d ;I' a '<.'I .. , ''"''\)I\" "' <.';Kh srs \\ lwn 1h1..· m.·:llt."ll.llh:t..• ,, {,' ,,. pc.·rfvmwJ. 

WBS DM.·ricnu~· 

nu, ckm,·111 mdu'k' •h.: tuhl.tl' l,•r 111.- r1..·forh1,lm11..·:tt .-rn\ .. 1.1110111..·1..I JI th•· ( ;f 0 lm.11 ..t'"''lllhl'.' 

P.I"' Jilli tlw 1.1.-ihl\ .1• • .l <.'•llllJ'llh'lll fl.'<!lllll'.I t.• r-·rh•llll lh·: i.·foth,hnwnt •'t'<"f.tll<t!l' 

lk1nrn; l>~·riplion 

(h,· h.1l,1t.1t h•r th.· 1,-1:uh ''•'\\ '' ).".•'ll•r;1lh 1hc ... m1<: .1, 1h;1I 11'1..·,11,, th.- r1..·r.11r .-re\\ ••n 111.llllkn ... k,. 

sor1t1..·s h• 1h,· .,;1ldhh·., lh.: 111.-..tuk 1:- .1 fi,,. ,i.-, Ir. ' ' ,i.:m Uh hi.l111t· 1.1tl1.1fl••ll ,!J,:lh'r 
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WBS l.'.O Space Transportation 

This section of the document addresses the d'-'scription of the spae! transportation system. Both 

launch and orbit transfer vehides for cargo am.I rersonnd are induded. In addition. launi:h facility 

requirements. propdlant production and ddiwry systems. and operationslsupport ar"e Jiscus~u in 

the following sub-sections. 

Transportation Summary 

The space transportarion system indudes a h'-'avy lift launch whide c HLL VI. a mod!fi;.>J shuttle 

personnel launch \"Chide c PL v .. a (l<.'rsonnd and surrli'-'S high-thrust or~it tr.ms for whkk (OT\' I. 

and low-thrust orbit tr.msfer system tOTSI installed on the SPS moduks consrructed at LLO. The 

low-thrust 0TS moduks are reusabl.. anJ are r~·turne·I to LEO by a \ehid.: similar to the (lt.'rsunnd 

OTV. A vehicle :light utilization and .:o:>t summary is presented in Tabk 1.4.0-1. 

\\"BS i.4.1 Casio Launch Vehicle 

The laanch .. .-or.'i~uration of the SPS .:argu ,·ehi.:le is shown in Fi~un.· 1.-t. I-! with the on.·r;tll 

geometry notc-d. This se°'·-i; hum l'Orto:pt U!>CS ! o LCH4 ·LO~ engines 0.1 •he tioosh:r and 14 st.i.1J

ard SSME's on the orbik'L Th·· ltt14 L02 ~!osta enJ.!ines employ a ga." g~·11i:raior ..:};'k an•! ;•rt""' 

,·jJ,; ;i vacuum chrust of 9. 7Q x ic'' nn\tO'l'i ~·a..:h. Tht• SSMFs ~Ii the orbih·r rn)\·iJe a \a.:uum 

thrust of ~.CN x IO~ nc:wlons l IOO'; fl\.lw .. ·:- kwl I. Th .. • .am1inal I oo-·: power ln..-1 for th'° SS\lt":

was sele..:t .. ·J bas.:d on l.'n~in·~ lik ..:onsii.!.:r:ililms wfli..:h ir.Ji~·;.1h:J aoour a 3 fa..:io• rt•Judion in Iii\: ii 

tht' I ()Q· ; tx"'W<:t levd is us~<l . 

. "\n airbr.-ather propulsion sy.~?t·m has he~'!l prO\idL"J on !h .. • ho-1.lst.:r for tlyf\ad: ..::apahihf} to 

sim!'lif~· th\.' h1l0sk•r opaati\ma! modi.:. Tiw rd~ •-.'rh· .. • win~ .ll'~·a lor ho th st;i~,·-; is: 

Sw cOrhikn 

Sw 10rbitcr1 

.. 1-1..Jh~ll: t J 5 .5(,\) ft~ l .. ., 
"'° ~3.~0m- I _ .:l)\0 it-1 

tk.tt '.'link thc:nn;il rmt·:..:tilln 'YSklll is pr,n iJ1.·J t>!l th1.· i,...,.)Sh.°f am! !he: Shuttk" R~·u~:.ink ~.irfa~ .. · 

l.1sulation ~RSI) is usi:J on th.: ort>1tl·r. 

\\'BS 1.4.1. J launch Vehicle Ch3'Jctemtks 

WBS 1.4. t .1. I Vehick- I~~ Ch:iractf'risti<."I 

Tiw whidL" dl.'s1gn .. :l·a:-;1dai,.:i.::; a:-l· nr•t•:.I in Lhk I .i. J - l. Th,· nd ddi\n<-'d ra~ load i-. .t2~.i;n1~ ~;:. 

A rl·turn p;1yh,ad ,,f 15 Cn.•500 k!!l (l!. l!J,· tkh\;.'r•·,: payl,Md \\a" .1s-.un11:d f.>r thl· ••rb11l·r cntr:. 

;llld iatl\!i'l;? ~-ondilion' il1.· r.•,111111.;_· !11;1'' tr,1,·!inll l" ll :-<""\ f1'! lite hnt"h°r ;t!lli 0.S.i J f,,,. till 

\li i•1h·1. 
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fa~ 1.4.~ I Vti~ide Fli,t\t Utilil..ation Summ~ry -, PA,_OAD I MASS 

DEi l"..'EREO 
VEH!CLE AND DESTIJJ J..TION 

HU.V 

HllV 

~llV 

HLLV 

HLLV• 

TCTAL Hll'/ I 
' 

P~V· 
i 

I 
PVTV' 

OlS 

S?$ HAJ\DWA Rf.TOi..W 

SPSSP.\RES 

ORBITTMN 
-PARES 

SS:£R SYSTEM! 

lAP!l t.lSCE~T OTS PROPEi .. 
ANl>RETUR NJ 

\..EO ANO":£..) BAOE 
~ltES TC liO !:V"t~Y 
900AYS 

PRO"'&:.. ... ;.NT FQR G~O 

PE RSONNE L~ut'i' f..I E.:: 
DELIVERY 

FLIGHTS A.ND COST 

r-~wsTOLEO 

CR.,,NS :-o GEO I\~ 
ffETURN 

S...,Af!f~ ANQ 
REFUR8tPtMENT 

I 
I 

I 
I 

l 
TOTAL i':t4NSPORTATl0Nj 

•CAN BE CHARGED AS A CONSTRUCTION COST 

METP.;c 
TONS 

99568 

lSlt1 

24» 

S~o02 

375 

1960 

NO.OF 
FLIGHTS 

l 26 .. I I 4 t 
l I l 
i 

I 
I 

1 I f 

I 
I l 
f t3' I ' l I 

4 

6 

417 

32 

.t 

8 

COST. MILLIONS 

3486 

53 

'3 

1803 I 

S3 

80 

5568 

~ 

12 

407 

~1 

" 
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79.9m 
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TU J)()Jfl~ 
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(135 ftt 
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W.lf!>) 

F"tptt 1.4.1-1 Twa-Stage Winged ~PS !..lunch Vehicle (Fu~ty l!eusableCargo ~rriert 

Table 1.4. l· 1 Two-Stage ~iuged Vehicle Oesi111 l'lur~ :,•risti<-s 

I ORBf ttR I I BOOS1 E.ft 

GLOW 

Bl Ql"I 

800STER FUEL tLCH.$1 

lkX>STER OXIQIZER 1!..Q:l 

l.>J~TER INE~IS 

OLOlo'Y-lESS P~WLOAO 

ORBITIER FUEl !lti2! 

ORIBITER OXIO!ZEn (L02J 

ORBITER mrnrs 
• ASCENT PAY LOAD 

RETI.!RN PJ\ y LOAD - 1~~
MASS ffiAC:TION 

ENTRY \''E~HT-t.'t) PA \'lO•'O 

-WITH RE rur.N P/l 

START CllUIS!: w~·G~T -fJO P/L 
i ·-•·1nu r;r·1urm r/L 

2.740.700 

329,400) 
1.976;!00 • 

05.100 
.t24,000 

El.SOO 
0.841 

~.200 

45'.,CIJU 

-
-

391,SOO 

T 
, ,0~78.400 

. I 1.113.100 
1.708.900 
6.126.700 

918,100 
' I 

I 

I o.en. I 

l I lllO,C.00 

l 
I VJ2.00U 

-
846,700 

4.G7,G00 

-----
I .......,"·"' l',UGttT-•o rA. :~•o 
L __ --~:.~· n ... N P_;_t_ ....... ______ ._ 

(All MA$$ 01\ 1,\ Ii'> !.~I 

•MAINSTACr: t fl!GtfT PU1F0Rl.1ANCE RESrfivE 

11'3 

_,,,--;= ft?'~----~--~-~--~~ 
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WBS 1.4.1.1.2 As«nr Perfonnance Chancreristics 

The SPS laund1 \·.:hick ascent (X"rfonna1K.: char;.:ckristics are noted in Tabk 1.-t. I ·2. A •Jg· maxi· 

mum a.:cckration thrust profik was us\.'J Jul' hl the mann.:d carab1lit'.o anJ also to minimiz1.· tht.• 

load conditions on tht.• orbita. Thl' boostt'r st;!ging \docity of 2170 nLscl· is wl'll within thl' .. hi: at 

sink .. capability of tht.• aluminum titan111m airframe. 

WBS 1.4.1.1.3 Reentry Characteristics 

The reentry characteristics tor the booskr and orhita a'"I.' n ... )tl'd in T abk I A. I ·3. Th ... • maximum 

deceler.ltion for the hoostl'r is -t.2~ !!·sand lhl' suhsonK tra11:-iiillll altitudl' is 17 .1-\h km. llll" orhikr 

reentry has been iimitl·d to a nonn.il lc.lad f.idor of I A I g"s until the subsoni .. · transition which 

occurs at an altit.:Je of U.62 km. 

WBS 1.4.1.2 Booster Stage 

WBS 1.4.1.2. t System Description 

Tl>-' ht"oster stag1.· of the 2-stagl· wingl'd whick 1.·onsish of the following subsystems. 

jtrndUfl'S 

lnJH, :1! Fin l~nmn<-'ntal Proh·ction 

Lan<lil!!' •1Hl :\m.iliary Sy,t.:ms 

As..-,·111 Pn1pu hicn 

Flyhad;. Prorul"il111 

RCS Pwp:1hion 

Prim..: Pnw.-r 

H1·drn:.1I ( ·,,nh·r.;ion "ii.I D1,tn"ption 

H~dtJ!!lic !«•!l\as11'11 ;1;1d Di,tnbutiori 

Surf ..... ( ·1Hllr"I' 

i-ad1 (•f tht·,,· 'll'•''.· ... 1,·111, j, d1,1.·11_,,_.,1 ~n tlw fol11\\\ Ill!! ,,.,-l!•'lb indudm~ d:fimti1m uf th1.· rat11111Jk 

for th1.· 111.1,, .111tl ,,.,! ,·,11111a11.·, 

WBS 1.4.1.~. I. t StnKtun'"- rth· '''''''In ... 1a!!1.' ... 1ri:ct11r..-, ... ur'~'km ... 1•11'1''" .. r tl11.· \\ 111µ. h'rti.-.il 

t.iH. Jiid b11th ·~w1w lh· ?->.1.I\ ;=r(lup ,,,,,.,i,h 1lf th1.· n,.,,,,. ,,·d11111. ''"d11•r 1I\)~11:.;1t... infl.'rt.1111.. 

f:id 1 Lct1 4 11.ml. t'.:'" ,i.,11!. thrll'' .;1111,•u;·,·. 1ft b.•d). tl.IJ' .. 111.! !;11m1r ... 1ni,-:1n.-, .. \ p11."1!111in.1r~ 

s.nr.)! .l!l;1!y'" w.t' .-P1:.f11 ... ·h·1! lt1 1kt..-r.~1:111.· tii1.· !lldl' 1du.tl -.1rn.-:11r.1I 1.·l»·1:ll'l1I 111.;s ... ,·, ."\clll,l\l' nt' 

heat '"Ill rcqu1r1.·111,nt-- I h,· ;1dd1li1•11.il 1:1;11<.-ri.;i' rcq111rr:d In '"lt'f} ,_-.:! '1111. :1.'q11t:1.'t:11.·nh ;1r1.· 

ilV1'fp1·r;it.-J tllt11 \I!<' '.lhhi._\'d 1.'l1' 1flllll'1L'lll.tl 1'lll{",·f1,11~ ,Ill''~ 'h'lll. 
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Table 1.4.1-2 A..:ent Performariee Otaractemtics 

FIRST STAGE 

T/W AT IGNITION 

MAXIMUM DYNAMIC PRESSURE 

MAXll~UM ACCELERATION 

STAGE BURN TIME 

r.El.ATIVE STAGING VELOCITY 

DYNAMIC PRESSURE AT STAGING 

SECOND STAGE 

lfllTIAL T/V# 

MAXIMUM ACCELERA TICN 

STAGE BURN TIME 

• 
... 

• 

• 155.24sec 

2170 m/flllC 

1.16kPa 

0.94 

3.0f 

3S0.24sec: 

(7,120 fpst 

C24psft 

Table 1.4.1-3 SPS Winged Vehicle Reentry Characteristks 

BOOSTER 

APOGEE CONDITIOt~S 

h•80.82km 

V rel • 1955 m/MC 

MAXIMUf.1 DECELERATION CONIJmON 

q• 10.nkPa 

h • 32.61 km 

Vre1 • 1327 m/SflC 

'VORMAL LOAD FACTOR • 4.21 ~· 

MAXIMUM DYNAMIC PRESSURE CONDITION 

q = 13.29 kPa 

.. 12.96 km 

Vfel = 636 m/KC 

t.vRMAL LOAD FACTOR• 1.49 9'1 

SUBSONIC TAANSITION CONDITICIN 

h • 17.86 kn. 

a• 15 .. .ig 

185 

ORBITER 

MAXIMUM DYNAMIC PRESSURE CONDmON 

q. 13.17kP9 

!\ • 15.55km 

Vr91•361 mite 

NORMAL LOAD FACTOR• 1.41 

S'JBSONIC TRANSITION <.:>NDITION 

I • 13.62km 

a •6.4 dee 
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Wing The win~ box is 1:onstrno:ted of 70-'5-T73 aluminum and thi: li:ading edgl'.. trailing t"dge. and 

de\'ons are •:onstrn..:ted of hAL-4\' titanium. A 4g l.'ntry ..:omlition and a :!.Sg suhsonii.: maneuwr 

1.xmdition were ..:onsidt>r~'u in siting ilk· \\ill!'- ~tn11.:ture. :\..: •nstant t\.:"" to,.; was used. Tiil' wing 

mass is I :!l). 700 kg. 

Ver:ical Tail Thl' \'l'rti..:al tail was sized for a boost max q{l ..:on<lition uf 17 7 kpa. ll1e box strnc

ture is 7075-T73 aluminum and the rl"maining tail stni..:cure is 6AL-tV titanium. ·me mass of the 

wrtical tail i' 14.llOO kg. 

Nose Set.·tion The nost' St'dit'll 1.:onsists of a fixt•d shdl stnh.:iure plus a <kployahk llOSl' ..:ap. 111e 

shdl s1rudurl· experit'lll.'1.'S maxim urn l.'.LHllpres::i\1..' loadings of 35.:!00 N/..:m forward and :!4.000 

N ·l·n1 aft during till· boost 3g condition. Tht• snk·art•d thidness of till' 70""5 aluminum skin-stringer 

pands is O.~C on forward and O.tiS 1.:111 Jft. Thi.' snll'Jfl'd rhi1..·knt·ss' . thl..' 7075 aluminum nose cap 

is 0.38 t'lll. Thi.' nost' Sl.'1.::ion mass is :!n.800 kg. 

Oxidizer I LO.? I Tank The oxidil'.t'r lank is an all wl.'ld ... ·d 2:! 19-TS 7 :duminum pres:-urt> wsscl with 

integral s1d1.·wall :;tiffcning in !hi: qlindri..:al s1:dion. Th1.· smearl..'d thicknl.'ss of !ht• sidl.'wall pands 

\'aried fro111 0.79 ..:1:1 forwJrJ to 0.9.~ 1.'lll aft. Tlw dorn1.• memhranl' thid.111.·ss varil.'s betwl.'en 0.28 

1..·m ;1nJ 0.40 ..:ru for !hl' uppa Jome and ht>l\\l.'1.'n 0.4 7 ..:111 and 0.81 cm for tit1.· low1.·r Jornl.'. TI1c 

tank mass induJin!! slosh baf!lt'~ is 36. I 00 kg. 

lntertank The inkrtank is apiiroxirnatdy IX.5 md··rs l1mg and is construt'tl.'d of '075 aluminum. 

Thi.' intl'rtank 1.·xpl..'rieni:cs a maximum compr1.·ssih' lo;1ding of 30.1 llO :'I: .. :m Jt tht' boost Jg. onset 

..:onditinn. fh1.· smc:1r1.·d thid.rwss nf th1.· ... kin-... tring1.•r panl'ls is 0. ""h !.'Ill. Tlh' lllJss of !ht' ink:-1:1 '.~k. 

which in...-orpor:iks 1h1.' airhr1.·atlwr l'ngi1w support :-.tni.:tur1.''>. is Jl\.000 kg. 

Fuel I LCH4I Tank rht' fud ran!-.. is an all weld<:d 221 <>-rx- aluminum pr1.•ssure \l'ssd with infl'gral 

sid1.·wa'I s!t!ft'!l!!'g i!l the'' lindri ... ·;il stYIH•n. lhe' ... nw:m·d thi-:kn1.·s, of th1.• ... idcwall panels is 0.89 

.:rn. Th<' d(llJl1.' 1111.·r11branc 1hkkn1.•ss \ant's betwt·cn 0.2~ ,·m ;111d 0 -HJ .-111 for rhc upp1.•r donw and 

ht't\h'1.'rl O.:!X and 0.--lll 1.·111 for the f(l\\t'r 1.hnnc Th1.· t;ink mass in.-luding slosh baftks is 32.<iOO kg. 

Base Skirt l'h1.' h:t'<' ,kirt j, ,:rprll\imatl'ly l'l.- ml'tn-. Innµ ;1 l is ...-1.1rhtnrcr•d or-0-5 aluminum. 

The uppt'r 1--l.4 nll'kr' 1.·xpnit'l1C1.''- 111;1\inll1ill l·nmp1y.,,i\c 1,);iding' of --l0.000 \ ...-m fon, :ird and 

44.:'00 \ Clll alt at the b.i1.1-.t 3µ 011'1.'l ...-onditiPn. I he '>llll';m·d tlii..:krw.;s of tire .;j..jn-.,tri11g1.·r rands 

is O.XS l·m fon\.trd ;1nd 0.'l i cm aft. lhl· h1w1.-r 'i_3 mct::r' t'\J'l'n,·11,,,., a ma\imum comhirwd ..:0111-

prl..'s ... in· lo;1d1r1g of 31.100 \ _-r11 ;111d --.lrc.1r tlll\\ ll1 I ~.ll()() \ cm during the· t;1nk·:d pr1.·-ip1itinn con

d1tro11. The 'me·;11,·d thid.ne''-" ol 111,· --.1\in·,tring ... ·r p:1r11.·!' 1-. 1.:'0 dll in tht• sh1.·;1r-Pul rq.!.ion and 

\lll.t nn ou:,id,· th1.· 'h1.';1~-our n'µiPn Th,· ha ... ,· 'k1r1 m;i-;·. j, --l-.200 kg. 
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Thrust Structure -The thrust stru.:ture consists of i'our major beam as~mMies plus intl'rbt'~un stahi· 

lizing ntl'mbers. Sixh!..-n thrust posts are in.:orporated into the beam asst>mblies. 7075 aluminum is 

ust'd throughout. The stru1.·tural ekm..-nts are sill'J for the ignition condition using a dynarni1.· 

rnagnifo.:ation factor of I .~5. Shear tlows in the indi\·idual plates \al)' from 15.300 N/cm to 61.300 

N\·m and the Wl'b plate thicknes~s vary from 0.40 -.·m to 1.85 cm. -il1e awragl' 1.·ross area of a 

thrust post is 186 square centimeters. 111e thrust stnicturl' mass is ~3.QOO kg. 

Aft Body Flap--The 1.·onstant chord body tlap pro\'iJes the booster stagt' with pi!d1 trim nmtrol 

and thermally shields thl' main t•ngines during .:ntry. Thi.' tlap is constntl.'lt•d of <1AL-l\' titanium 

and has a mass of ~I 00 kg. 

Fairing Structures - Fairing structurt•s 1.·on.,is! of tht• win;!· to-body fairings ll1 .. ·ah'J both forward and 

aft of the box -.·arry-thru section. the tail-to-body fairin!!. and the t•ngint• shroud ·t-ast• rt•gion fairings. 

The fairings arl' construch·d of h..-\L--t\· titanium and haw an 1.·stimatt•d mass of ~500 kg. 

WBS 1.4.1.2.1.2 Induced Environmental Protl.'l·tion Thi.' inJuct•J em·iromnental prot1.·1.·tion sub

system .:onsists oi th1.· lwat sink additions ret;uirl·d h1 maintain thl.' airfranw outl·r skin within 

acc..:ptable tt•mpl.'rJtUrl.' limits. plus the base hl·at shidd. Rl·us;1hk Smfac1.· Insulation is tht• th1.•nnal 

prok'1.:tion systt'm on till' base lwat shi1.·ld. Thl' lwat sink ;tdditions \h'igh .•S.300 kg and 1111..• base 

hl.'Jt shi..'IJ 8100 kg for a total systt:m mass tlf -J(1.400 kg. 

WBS 1.4.1.:?.l.3 L'lnding and Auxiliary Systems- In addition to landing gt•ar. this subsystem 

indudt.'s a landing drag dc\·ict• and auxiliary sy:-.tems for uppa st:1gl' sl·raration and tll.lSl' ,·ap d,·pl<':, -

llll'nt. latching. The landing gt.'ar Wl'ight is l'stimall'd at 3.2': of dl·sign bnd:ng \\t'ight. ·fo1:1I s.1b

syslt'm mass is J-t.:'00 kg. 

WBS IA. I.:?. 1.4 As1.·ent Propulsion Th1.· ;1sccnt propulsion subsystem ,·,msists of thl· m;iin 

l.'11gi1ws. acc1.•ssoril'S. gimbal pn•\ isi1ms. and the ful'I and 11,idi1cr systt'llb. \lain prnpuJ,1011 '.s pr1>-

\ id1.•d l'Y sixh'1.'ll ( lc>l high 1'rl•sqm· LO: LCH-t gas gcnaat11r ,·~·:k ,·ngi111.·~ and the• assr1 .. :ia1t·d tanl-. 

pr-·ssuri1;lliPn and l'H'l't'll.1111 1.kh\ •'ry s~ ~ten.. rlh' folh'" ing c11gi1i.· ,·haractaistic.; \h'l'l' llSl'd in the 

.111Jlysis: 

Prnpl·llanl 

C 11ambt'r Prcssurl' 

.-\rc;1 Rati1i 

\lixturl' Ratio 

rt1rnsl IS I . \'.1c» I 

Sp1.·1.·ific lmpubc· t S. l . \'ac.) 

I 0 2 LCll-t 
.'-t.500 kpJ 

(l(J: l 

.' : I 

S.-li,101'\ lJ.c>S,J()I'\ 
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Tlw mass llf till' sixtt't'll l'nginl..'s anJ as~o,:i.1kJ ac'l."t'Ssoril..'s plus gimlx1l provisions \for 1.'k\.l'll 

t'nginl..'sl is 162.400 kg. 

Pressuri1ation iwst>s an• ht>all·d GO~ for tlw L02 tank anJ ht•alt'd (;CB4 for tlw LCll4 tank. Tht' 

total mass of thl.' t;mk prt•ssuri1:Hi•Jll and propdlant dd1vcr~ s~ stt·ms is 42.200 kg. 

WBS IA. t..:?.1.5 Flybad;. Propulsion rht· tlyb:11.·k pn•pul.;ion suhsystt·m consists of tlw airhrcath· 

ing t•ngint·s. a .. · .. ·,·ssorks. f:.id syslt'lll. Lrnkagl'. amt t'ngirh' in.;rallation na .. ·t.'lks. duds. and doors. 

Flyha1:k thrust is pnn-iJl•d by twdw 112) turb11jl.'t t'ngirws. t•adt having a S. L. static thrust ,~f 

356.000 '.'\. Till' tlyba .. ·k ful'I is l{I' I. rtt..- dr:- mass llf !ht• subs) S!t'lll is 5- .... 00 kg. 

WBS 1.4.1. :!.1.6 Otht'r Subsystems n1c rt'lllaining Slll'S) sh'Ill lllJSSl'S ha\ t' bt't'll t'stimalt'd using 

historic·al (lr Shuttk pn:dic'kd \H'ights. Thc~l' -.ub.;~ slt'ms in1:!uJc· RCS pwpul.;ion. prim<.' powl'r. 

1.'k1.:trk·al c'l)(lV<Tsion anJ distnl'lHi,>n. hyJ:·auli .. · ,·,mv.·rsiun anJ Jistributilin. Jl'Wsurfa.:t' ,;onlrols. 

avi(lni.:s. and 1.•1n-in11rni..·nt.1l .:1111trl1l. 

RCS Propulsion rill' rt';1t'lion .:t1ntr<'I syslt'm is rt·quirl·d for stagt' orit•nt;1ti1'll prior to 1.·ntry and for 

.:ontwl dunng t'ntr). rh .. · subsysll'lll dr~ ma's i.; 5100 kg. 

Prime Power \lajt'r ptl\h'r sour,·t•s l·o1isist of b:1tlt'ri.:s and airbrl·athcr <'ll~irw ,lri;,;; ~-·:~,·r;:t~1r'.; for 

..i .. ·,·tric·al p1>wc·r. .111d a h:-dra1inc l'l'"l'ft'd .-\Pl' for hydr;i1tli,· J'll\\<T !ht• subs~sr.:m m::ss is 

Ell'l'lri~·:il ConH'r,ion and l>istrihution l'lic· !'<'\\l'r ,-,,11, ,·rs11>11. c"1lllditi1>11ing. and .:.1bli11~ dc'llll'llh 

.m: 1n.:lutkd in thi-. .:.\k!-'.1'r~. Ilic· ... uh~ -.r-·m m.:-.s i-. -COO\,.~. 

Hydrau!k Comersion and Distribution .-\II -.u~,· furh:li<'l1' rl·qu1ri11g In draul1c· l'l'\\l'f ;m· Sl'I\ it"t•d 

b~ th' h~dr.utl1,· .:1>11\l'i''''ll .111d d1,trtbuti1>11 slll'"~"k111 1'11c ll\dr.iul1.: p<1\\cr for r<'.:k1:t 1.·nginc· 

thrust \t',·1<1r ,·,>11trnl .111d \·;tl\t' .1.:tu;1t11>11 j, in.:lu,kd in 1111, ,·.1t<'g\lr~. rill' sub,~ '"°111 111;1ss 1-. 

Surfal't' Controls Iii,· .1--iu:1ti1lll ,~ '"'111 t«1r the· .1c·r,1d~ n.m:i,· ,·\lntwl :-.urf:k<'" ,1 1-.: in,·ludt•d in this 

(:llt'g<'f'~ I !J,· sill's\ 'kill 111.l'' '' I 0.3thl kg. 

:\lio 1ic-. rill' ,(\ll'llk' ,uh,\ skill llh'll11k' <'klllt'llh 1«1r ).'.llld:11i-.-. ll.l\i).'..l(ll'll .111111."llllll1•:. tr;1.:king. 

i1l\tn:llll'lll.l[l\lll .. llld d.it.1 i'f<'<<'"lllµ .llhl -.pflw.1r.· l'ltc s[Jll,\ ... 1,·1;1 111.1 ...... ,, I .:'DO kµ. 

Fmironnwntal Control 111,· .-11\lll'llllh'llt.il ,_,,11tr11I 'li"'' ,t,:111 111.1i11t.1i11-. .1 ,·1'111l1tll111..-d thnm;tl 

,·m in11pn,·1H IP! till' .l\ 11111i,·, I lie ,llh\ ,1,·111 111.1,~ !' :1Hl lo.~ 

188 



018~24071-1 

WBS 1.4.1.2. 2 Booster Mas.~ Charal'teristks 

Tht' t1yba1.:k booster mass d1aradaistks arc ,hown in Table l.4. l·-t l'lw strudllt\~. in1.hi..:1.•d 

em·ir•"lnm,·nt prnfl·ction. as..:t'nt and auxiliary propulsion. :md landing subsys•l·ms aco.>Junt for !'\lJ', 

of tht.' dry 111.1~:-.. ·n11.· indt11.:1.·d t•m·ironment prolt'diGn subsystt'lll mass in.:ludt•s th1.· addition:1l 

structural thicknt'ss r .. ·quirt•d for tht• ''ho.•at sink capability" and the bas1.' lwat shidd. 

WBS 1.4.1.J Orbiter Sta!!e 

WBS I .4. I .J. I System Description 

Th1.· Orbikr of the 2-stag1.· wing1:d Yd1idc 1.·011sis1s llf tltt' foll1'\\'ing subsyslt'ms: 

Strudur1.·s 

lndth.·1.·J En\"ironmt'ntal PnH1.·1.·tit'll 

Lindino? and .-\11\iliary Sy ~h'ms 

:\s1.·cn t Propubit11t 

0\t S Propulsion 

RCS Pwpubion 

Prime l\1\\t'r 

H .. · .. ·crkal Clin\·l'rsi\lfl ;1nd Distributill!l 

lfydraulk c,1m1.·rsio11 and Distril'u!illll 

Su rfa1.·c• Cont fl'ls 

\\i,mi1.·s 

I· 11\ inll1nll'nLil C11111n1l 

P1.•rsp111wl Pnn·isi,ins 

l\·rsnnncl 

1':1y 1,1;1d .-\,·,·nm mPda '. j,1 n s 

i'.1.:11 11f thl'Sl' Slll'sy,11.'111' \\ti( h· dl,cll'"'d in th1.' fl'l111\\ ing '1.'1.·tinn' including 1kfinitiPt1 11f lih' 

r:tlllm:ih: f,1r !he Illa's and 1."lhl l''ti111;11l's. 

WBS 1.4. 1.3. I. I Stnll'tures lft,· Orb 1k1 , t ru,· tu r,·, ,u b'~ .;ll'n, ,., ,n si• ts , if I h,· '' i ng. \ crt i1.".1 I I .ti I. 

,llld l'Pd~ gll'lll' nw "''"~ gn1up c"1ll1'1Sh ,,(th<' !H',1.' ''""ll1'll. lT1.'\\ lll<•duk. fud fl II~) (;111k. inl1'r· 

Link. p l b;t~ lhl•lr'. \)\idi;,·r t Io~ l L1:1k. ,tf! 'krrt. thru't 'lr\11.'lllrl'. ;1t't bPd~ !lap. ;ind f.tirir.:~ 

,1rudt1!\'' .\ prd1min.•;:- si1i11i.: .111.11' sis \\;Is c"1 1ndlkll'd 11' d<'h'lllllll,' 1111' indt\ idu:tl stni-·tur.11 

l'kllll'tl( 111,!"•'S. 

\\in~ lh1.' ,,;ng j, ,·,,11,lrucl<'d fr1•111 <' \l--i\ !1!.rn\\1111 \ ~-~~ ,·,1{;\ ,·,"111it1P11 .md .1 ~.:'g slll".\ilh. 

lll.llll'll~l'l" 1.'Pllditi1111 \\l''.·1.• c'1lthi1kt\•d \ll Sl/111).! 11
'' \\Ill).! 'll"ll1.'llll\'. \ 1.\lll'>l.lll{ I,·" JI) '.\",!' ll,1·d 

Jl1,· \\Ill!' Ill.I" '' 5 ( .:-illl) i..g. 
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ASCENT 
PROPULSION 

26~ 

LANDING fl•m------' 
AtJXILIARY SYSH~.~S 

4% 

D 180.240: i-1 

Table 1.4.1-4 Booster Mass Statement 

STRUCTURE 
45% 

i::NVJRor:'..iUHAL 
PROTECTION 

6% 

MASS (kg) 

STRUCTURE 360 800 

INDUCED ENVIRONMENTAL PROTECTION 46400 

LANDING AND AUXILIARY SVST .:MS 34 &oO 

ASCENT PRC 0 ULSION 204 600 
AUXILIARY PROPULSION 60 €CN 

PRIME POWER 4 300 

ELECTl11CAL CONVERSION AND Dl~TF11BUTION 4 200 

HYDRAULIC COrJVH:!::rON AND DISTRl<>UTION 10 900 

SURFACE cmJTROLS 10 300 

AVIO:\:ICS HOO 

E1vVl:\ONl·F"JTAL cmnnot 200 

u;-:owm 68 500 

ORV t.1ASS • 796 900 

RESIDUALS AND RESEfWES 49 800 

LANDING r'.,\SS"' 846 7Ci0 

LOSSE:> DURING rl YCACK 86 2or 

ST AHT I L YCACK r.11,ss" 932 "l'G 

ENTRY l~Humn LOSS[S :' 7(ilJ 

ST f\fr UHl\Y t.'.t.~" 
IN-FLIGHT LOSSES Pr1h''.; TO nnr.Y 

ORV MASS BREAKDOWN 

ST AGING M/,&;, 

nmusT DECAY PROPELLANT 

INERT MAS.S ~ 

ti:G 6~,J 

27 coo 
9G3 600 

14 500 

978 100 



Dt•2407t-I 

Vertical Tail-The vertical tail was sized for a boost max qJI condition of 177 kpa. It is constructed 

of 6Al-4V tir..nium. The mass of the vertit.~ tail is 12.300 kg. 

Nose Section The nose ~tion is constructed of 6AL-4V stiffened sandwk.-11 construction. 

Included in the nose section are the exterior windshields and the nose landing gear support bulk

head. wheel well and doors. The titanium sandwich is 3 cm thick and ha:: a smeared thickness of 

0.13 cm. The total mass of the nose section is 9:?00 kg. 

Crew Module- fhe crew module is an all welded :?:? I 9-T87 aluminum pressure-tight vessel with 

integral stiffening. Included in the crew module are the interior (redundant) windshields. hatches 

for ingress and egress. and support pro\·isions for other subsystem elements located within the 

module. The module accommodates a 4-man night crew plus a 6-man passenger group. The crew 

moduk mass is .'.!800 kg. 

Fuel t LH2ff ank- The fuel tank is an all welded 6AL-4V titanium sandwich pressure wssel. The 

core thickn~s is 3 cm. The Slt!c-ared thickness of the sidewall sandwich is 0.41 cm. The dome 

sandwich smeared thickness varies betwl.'en O.:? I cm and 0.:?6 cm for the upper dome and between 

O.:!:? cm a!ld 0.28 cm for the lower Jome. The tank mass is.'.! l.:?JO kg. 

lntmank.-The intertank is constructed primarily of 6AL-4V titanium sandwich. It provides sup

port for second s:a~ payloads and the paybad bay doors. The smeared thickness of the sidewall 

sandwich varies from 0.13 cm to 0.:?5 cm. The intertank mass is :?5.?00 kg. 

Payload Bay Doors-1l1e payload bay Joor is ~4 meters long and has a surface area of 553 square 

meters. It consists of two panels that open at thl.' upper cenh!rline. Each panel c('nsists of four 

equal length segments. The forward 6-meter segment incorporates deployable radiato1s. The door 

primary 'itructure is of honeycomb and frame construction employing composite materials. The 

door mass is 5 I 00 kg. 

Oxidizer c L02> Tank-The oxidizer tank is an all welded 2:? I 9-T87 aluminum pressure vessel con

sisting of two elliptical domes. The dome membrane thickness varies between 0.53 cm and 0.63 cm 

for the upper Jome and between O.r.:? cm and 1.00 cm for the lower Jome. 1l1c tank mass includ

ing slosh baffles is :?0.300 kg. 

Afr Skirt The afr skirt is approximately I.'.! . .'.! mt·tcrs long and is constructed of 7075 aluminum. 

The skirt experiences maximum compressive loadings of 26 . .'.!00 N/cm forward and 33.800 Nicm 

~1ft during the booskr 3g condition. ·1111: smeared thickness of the skin-stringer panels is 0. 71 cm 

forward and 0.81 cm aft. TI1c aft skirt mass is 19.600 kg. 
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T'hnnl SlnK'tutt rhr: rhmsr stru.:lun· ~·on .. ish uf an 1111 ... ·mal \.'("\fl(' frustum \\1th a .:nu:1f''"" bt..-301 

system ar ilS knn-r 1.·~l\I kn thru.,r 1""1'" ;Jn' i1K1'fl'<'rJ1 .. ·d into tlh.' f,,w .. ·r ~,·lion ,,f th\" 1.-om' 

frustklffi and tt.\Ur thrusl r•""-h an· llK•\fJ\t.lrJt ... ·,I int.1 u,, . .-ni.:it(mn tx·am Slistr:1 A 1.·ombina1ioo 

707; alununmn.llAt-'\' titamum -.tm•rur.· '"' u~·.t. llw .. tni.:tur;il 1.·k·nwnt-. .1n· siuJ for thr: 

ignition .. .-,1nJitioo lhlll~ .I Jyn;mtK llU!-~Ju(i.;;st1on ra..·1<.1r tli L::'. Th\' ... 1.·ta~· .:omrfi"S-+\i\t' 11.•Jdin!! 

in ttk.· urrcr St-...·tion of the' 1.·,ln ... • lm .. 1mn h I ~.<>OU '.'\ . .:m and th1.· J\ 1.·ra~ ... • snwan·1.I 1hi•;L..1 ... ·ss of th\' 

alununum skm rand '' U.·N .:111 llw .1\,·1.i~,· ~·n•ss Sc.-...·1i1'n :tn•J of :t tat.mium thmst ;>t~I is :.l 
square i:r:nhnh·t ... ·rs. 011.· tl1msl stm1.·rur,· m~'"'" 1s 10. IOO L.;: 

Aft Bod~· Fbp Th1.· .,,-.11blant d1,1r1.I ~lt.I~ tl:tl' pnwi.i;.•, rlw <lrl,1t.•r \\1th p1td1 lnm .,,·,m11,\I :in1.I 

th("nn.dly sludo.b. 11t.,· m.1111 l·ngm.,·, ,furin1! ,·ntr~ 1111.· 1far '"' aa ;tlurninum .. rm.-tuff \\uh h• n ... ·~ -

1.·omfl .. lm f'Jnds 111,· tfar mas.''' h·lO l~. 

Fairintt Stllk·au~ I .111111~ 'tnadun·' ~-·'nsi"I tH .1 h•f" .1r,1 Wiil)!·' ,...t't,lily fa1rin~ ltlt,,«tk.! m th1.· tr:in

sihon n·~ion flt·rw1.·,•n lh•· •in:ulJr h:d t;ml. ;111,f rh .. · "l .... n.n ·· lllh rt.ml... ;t "uw h\·h11.I~ fainn~ 

to,:all·,1 1111\kr rh .. • low 1.·r h.ilf ,;f ll1t• .:trd1br .·It ,l,.a t. .1m.t J u1l-to·l\t.l<I!- fa1ri111! lltl' tauin~ an· 

a1 1m111u111 srru .. ·tun·s w11h ht11h.·~·,:oml't skm ; .m,·ls. llw hllal nu .... ,1f th .. · fa11 !l1!-'S rs _;<><.t> t..~ 

WBS 1.4. I .J. I.~ lndun-d 1:·n~ironmenlal Prolt"l.·fion lh.- mJu.:l·,I 1.·m m•ntttnll;ll proh·\i i. •n .. uh

sysh.·m .. ·01bists 1.•f c I l 1-kuS.thk S1111.1.-.. • ln-.ul.1tl••n (RSI l ,lfl th .. · "'h'n••I -.urLK•'"' ,,f th1.· \\ 1111!. t;1il . 

.iml httJ~. 1.: l .i b.1-....· h1.·.11 'ludd llh'<'fl't•r;itm~ RSI. 1.H mtanal msul.111on for rh .. ·nnal •••nln•I of 

1x·rt11wnt .-01111l\•1wn1~ .. m.! t·H pur}!•·. ,.,·nt, ~md .lr.1111 pr•''"'"''h llw m;1sS1.·s ,,f rlw h•rt'!-"'"'~ ar•· 

44.XOO t.~. 1-tOO l~. I I 00 I..~ .• md l 00 I..µ. h''l'•·,·1 "d'. \ 1ddm~ ;1 h•lal st1"s~ 'h'm 111;1s., ,,f 
-UUlK) k~ 

WBS 1.4. I . .l. I 3 LmJinit and Au,iliar~ s~ .. tt·ms l 111, suh' ,i.·m •••tt..1"h ,,f 1h,· 1.•ndm!! ~,·;11 .11hl 

p;t~ l••.1.l lundlani:;.111.1111pu:.1h•r .11111, lh,· L11i.l111r i."t'.11 \\ct!?!il '' .-s11111;1h-.I .11 3.~· ,,f ,ksi~n l.rn<lm1! 

w .. ·1~h1. rn1.1l suhs~ sh·m 11\.1 .. , ... I :'.~l)t) lq:. 

WBS 1.4.1. 4.1 A :\"'·,·111 Propulsion nw ,,.,,,-.·nt ph•1'11b1.m st1i''' .. 1,•m ,·,mw.i.. of th,· main ,·n~int.'"· 

;ll"<.'t.'S"'lflt'S. ~illll•.11 pn" ISl\\11"'· .111.f lhl' foci ;1Hil ''"th!"I °'" ,h.·m, \l.1111 1'!1•pt1btt\ll I' J'h'\llk.I \l~ 

fourh.· .. ·n ( 1-t I ... 1;11hl.1r,I SS\tl ·, .111,1 tlw •• ,,,,,:1.1h'.I t.1111.. pn-"11n1.1ti.•1• ;11\\I p1t•1'dl.11H dd1h·ry 

S~ sf\·ms rill' folltl\\ ill~! \'lli:,llll' <h;ir.1,·1,·n .. lllS \h'I\' 11'\\'d Ill lhl' .111.11~ "''" 

Pr. ipdl.1111 I O • I II ' 

l ·11.1mh1·r l'n''''"'' 

:\1 c.1 i.t.1111 ! 

''" t ll ,,. R.t I It I 

Sp,·.-i f11· h111•u !..c I \ '.1;: I 

~O. ~Otl ~I"' 

1• I 

l'ht• m.1 .. s 1•f fill' li•urt.-,·n 1'1\)!llll'" ;11~d ;i,,,,,·1.1k1I ;,,._.,.,.,,,,n.-, pill' p111b.1I I'"''''"':" C h•1 h'n <'ll~!llll",\ 

is 4.'.:'-W l~. 
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Pressurization pses are heated GO: for the LO: tank and heatC"d GH: for the LH: tank. The dry 

mass of the tank pressurization anJ propellant Jdivery system is 17 ,1b0 kJ. 

WBS 1.4.1.3.1.S OMS Propulsion The orbital maneuver system .:onsists of four (4) ASE engines 

and :k'.:essories. and as.'Ol:iateJ tank pr~s..~rirahon and propellant ddiwl'} and stOrJ#t' l'kmenls. 

The following engine .:har.1.:tcristi1."S we.-e used in the anal)·sis: 

Pro1~llan1 LO: LH: 

Ch.un~r Pr('S.Sllre 13 .1\00 kra 

Area Ratio :oo: I 400: I 

Mixture Ratio ~·I 

Thrust (\'a.:l ~N.000 N 

lank 1'r1.·s~uriJatit.m 1' prnn.k,! r~ a h1gh·1'r,· ..... ur,· '''" ·k·mp .. ·1;itur,· lwlimm ~a""~ .. 1,·111. 111.- ,ii} 

nus." ,,f rtw tat1k pn.·ssuri;atu•n and pn•pdl.1111 ,td1\l.'f1 an.I sh•r.1g;.· l'11.·m,·111s i" .is.~o k~-

WBS 1.4.1.J. I .6 Otht'-r Syslt'tns 111,· n.·m.11nin~ ... ui.s~ sll'm m.1ss..·s haw l'·"·n ,·stnll.Jh't.I u ... ing 

h1ston .. ·al 1.•r Shunk· pn·,fi..-ll·.t \h't~hh. lli.·s..· ... uhs~ ... 1,·ms mdu,k RCS pr.•pul"t••tl. prim.· p~•w,·r. 

d1.·dri.:al ... ,,!~\,·~1011 ;11hl ..l1stnl•uth'll. h\,1r.m1t,· ,-,•11\,·r-.1<•11 .111.! .l1 ... tnl'Ul1on. ;i,·r.•-.urf.1.:,·-. ,·,•11ln'b.. 

,1,·i1.'ni,:._. 1.'ll\lf\llllllt'll I.ti ,:1.•IU rnl. l't'f't'llll•'I J'ftW 1sit>ll'. !'l'fS••lllll'I. .lit.I p;1~ l1.>.1,t ;1,:,·,•mmt.•1.l.11 i••tb. 

Rl'S Pn•pulsion rill· n:.1..-ti••n ,·,•ntr..•1s~-.11.·m1'nn1,k" ft.'r ... 1.1~1.· ,,rn:nt.111,,n •llh'rhit .111..t pn,•r "' 

l'lll~ . .111\I f,•r ,·,•ntr .. •I dunn!! ,·111~ Jh,· ... uh ... ~ ... ll·m .Ir~ m.1ss I' _;•>oo I..!!-

Prime PO\\l'f M.11,•r l''''h'r ,.,,ur.·,•s ,,,ns1 ... 1 ''' ;!ll \ l ~ ti~ I'•'\\ ,·n:d tul'l .:di sul,sys1,·m h' rr•'' lt.k 

,·k<ln,-.tl f'\l\\l'f .• 111'1 ;I h~df,1/11\\.' l'<'\h'n;.1 :\l'l' "111'"\"h·m h' pr.n1,(\- ll\.if.llllt,· p\'\\l"T rf1,· .I~ 

m.ts..' ,,f th,• pmn,· l'•'\h'f -.u!,sy -.1..-m 1s ~ :'00 t..1! 

l:Jn·trkal (~onH•r;ion :md llistrihution n1,· l'•\\\\'f •'•lll\l'rsi••n. \\lllt.lilinnin~ an,! 1.·;1M111;: ,·km1.•nts 

.1r1.· m.:lu..t,·.I m thh .-.11<").!••ry. rlw 'uh~ ... 1,·m ma'" '' -Jl\00 I..!! 

H~·Jr.mlk ConH•noion anti lli.,.lrihution :\II ... 1.11!'' 11111'1 i•'ll" r,·q1111111~ In ..t r.nih.- l'•'\H'f .IH' ... ..-n 1.-.-.i 

"' th.- h~ dr.11111.- '"'11\\'f"h'll .111d .1i ... 1r1b11t1•'ll .. 111,,, '"'Ill. ni.· II\ .lr.mli.: f't.l\\l'I '"'f r.,-i.. .. 1 l'll)!itw 

ll1Tll'\I \\'\hlf \•lllln•I .111.! \al\,· .KIU.lllllll ... 111.-lu.t,·.1 Ill 1111 .. \.lh'!!<ll\ nw -.ub .. ~ -.i.·111 111.1 ...... , 

_;,,p,, !..)! 

Surfan• Control" 1'11<· .1d11.1lh'll '' ''-'111' f,,, 1lw .1,·1t••h 11.11111.: .:.mtn•I ,1111.1.-,· .... 11.- 111,·!11.t,-.I in !111' 

.-.11..-~.ir~ .. I, .111· 1h,· ''''"-1'•1 <'t'lllllll-. llh· "II"'' 'ill"lll Ill ...... IS t•SO\l i..~. 
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Avionics-- The avioni1.:s subsystem indude-s clements for guiJan .. '\:. navigation and i:ontrol. ..-ommun~ 

cations anJ tr3"k.ing. Jisplays and controls. instn1m..-nlation. and data pro•:('ssin~ anJ software. The 

subsystem mass is ~400 kg. 

Envifonlwntal Control -Th..- environm..-ntal control subsystt"lll maintains. a ha"itable t"lWironmt'nt 

for the cr~w anJ 11a~ng"·rs.. and a ..-onJitiont.•d th"•nnal 1.·nvironm"·nt for th"· i'.ionks. h prc.witks 

the basic lire support fun\."tions for the.> .. ·rew and rassen)?Crs. anJ tht'mtal .:onc.·lf for si:wrar sub

systems. It also provides for air lock pressuri.tation. 11tl' subsysti:m mass induJing doSt.·J loop 

fluids. is :-ioo kg. 

Pft'SOPDel Prowr.ions ·n, ... fo.eJ life support system and ll\:'rsonnd a..-1.·ommoJations for the 4·man 

flight crew are indu,fl'J in this .:ategol). lne -.ubs~·stl."m ma"s is 500 kg. 

Personnel The 4-ntan !light .. ·rew an.I rheir gear anJ a1.·l.'ess1.,ri1.·s ;.1r1.· indu,kJ in rhis 1,:akgo11·. tThc.· 

6-man passc.-n~·r gwup anJ their gear. a .. ·..-1.'s•-<>ries. ;Uhl "a~a~· ;m· ~·onsitkn:J fJrt of rfw pa~·loau. I 

Th\" subsystem mas_' is I ~00 L.g. 

Payload A"·commodation..' R1.·mo\";1hk payh,aJ -..upp\lrt l'ttuipn1t.·nt i-.. indulkd in rhis 1.:ak~ory. 

Thl' ma..'s Jlh.lwan..-'-' is ~•){)() L.g. 

WBS 1.4.13.:? Orbi1n Ma.~ Cbara<"fl"l'islic:s 

Thi." orllitl·r m;1-.s .:kir;1,·r..·risti..-s arl· -..hown in Liflk· 1.-t. 1-5. Srru .. ·run• a1.·1.:ounts for appwximardy 

50'~ oi th'-· st.1g1..· dry t11;1ss. Ille ;1-....· .. ·nl pn,pulsion and tlwrmal pror..·.-rion sufls~ si...·ms arL· an 

aJJiti(lllal ~<> : ,,f tlw ,ff} ma ... -... rh,· .lry 111.1-..s 1s ~'" of th1.· irwrl mass with fh1.· r1.•mairllkr induJing 

resillu;1ls ;uhl r''"'-'l'\l's. p1..·r-•onnd and payload "~·~·omnw;.1;111011-... and inlli~ht lt•s~·-... 
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STRUCTURE 
4ft 

INDUCED 
Ef'NIROf'JMENTAL 
PROTECTION 

13% 

ORY MA.c;$ BREAKDOWN 

WBS 1.4. l .4 Launch V ehide Costs 

WBS 1.4.1.4.I DDT.U: CuSts 

STRUClURE 
INDUCED ENVIRONMENTAL PROTECTION 
LANDING ANO AUX SYSTEMS 
ASCENT PROPULSK>N 
AUXILIARY PRC.ULSION 
PRIME POWER 
ELECTRICAL OONVERSION AND DISTRISUTION 
HYDRAULIC COtNERSION ANO DISTRIBUTION 
SURFACE CONTROLS 
AVIONICS 
Eel.SS.AND PERSONNEL PROV 
GROWTH 

DR\' MASS• 
PERSOtJtlEL AND PAYLOAD ACCOMMOOAT1o:Js 
RESIDUAL Arm RESERVES 

LANDING MASS .. 
ENTRY trl·FLIGHT LC!SES 

ST ART ENTRY r.1ASS .. 
IN-FLIGHT LOSSES PRIOR TO ENTRY 

INERT MASS• 

MASS(qt 

11ZIOO ··IOIOD 
1&00 
2&00 ... 
3600 
1100 
UGO 
2100 

32900 
373200 

4100 

14500 
~1800 

3400 
S95200 

38900 

435100 

The DDT&E cost for the !light hardware and its aSSl)Ciated ground support equipment is shown in 

Figure 1.4.1-2 for both the booster and orbiter stages. ll1e total development cost for both stages 

is S 11.28. Systems test. whid1 indudcs all the ground and !light kst hardware in addition to the 

test labor. acc\.lunts for in excess of 50'~ of the total development cost. The booster DDT&E cost 

induJes a new rocket engine and airbreathcr engine de\dopment. The orbih.·r DDT&I· reflects U~l· 

of the Space Shuttle "s SSMF"s and some of the other subsystems which were modified rather than 

new developments. All costs quoted are in 1977 dollars. 

Since .. System Test" is such a large portion of the DDT&E cost a further detail breakdown is shown 

in Table 1.4.1-6 for both th.: booster and orbita: 

The .. Sysh'ms Test Lahor .. t'ntry includes the labor for both ground and !light h'st. A fin· ( 51 

flight dt.>velopment test program is planned for tht.> vehick The labor incluJt'S all the effort to 

modify equipment. build kst fixturt's. install instnunentation and to l.'onduct tht• test program. 

Approximately 25'i- of thl.' systems test lahor l.'ntry is ;1ttributabk to tht• flight fl•st portion and tht• 

n.·mainder b asvc·iak·d with the ground test ai:tivity. 

Till' Parametric Cost Modt•I ·!~tailed results for both DDT&I· and tht' HT ;m· tahulated in Tahks 

1.4.1-7 and 1.4.1-8 for both th1: booster and orbiter stagt•s. 
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oi:sumANo 
DEVCLOPMENT 
~ 
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OTHER 
n 

SYSTEMS TEST 
56% 

BOOSTER DDTltE • $6,628M 
ORBITER ODT&E .. t4.674M 

e TOTAL VEHICLE DOT6E • $11.28 (LESS FACILITIESJ 

Figure I .4. t-2 SPS Vehicle DDT&E Cost 

Table 1.4.1-6 SPS Vehicle Systems Test Cost Breakdown 

BOOSTER ORBITER 

SYSTEM TEST LABOR $767M S626M 

GROUND TEST HARDWARE S1620M $1236M 

STRUCTURAL TEST ARTICLE IS170MI IS104MI 

PROPULSION TEST ARTICLE 1$72SM) l$566MI 

OYNAMIC TEST ARTICLE ($72SM) l$566MI 

FLIGHT TEST HARDWARE- $907M $708M 

TOTAL $3294M S2570M 

*INCLUDES REFURBISHMENT OF DYNAMIC TEST ARTICLE INTO A FLIGHT TEST UNIT. 
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NO NA"E 

l PI061AN COST ll£N£NT 

l Pl06 INT & MGMT 

J SPS IOOST£R-MING£D 

4 Flt VEH DES & OEV 

5 STRUCTURE 

' WING 
314600 us 

7 TAIL 
33990 LIS 

8 BODY 
LIS 

' HOSE 
6SIZO LBS 

DlS0.24071-1 

·Table 1.4.1-7 Booster DDTAE and TFU Cost Estimak 

SUI Ell"ENT "ETMOD SOUi- llENO SUPT OTS "OD "00 NUNIEI llN 
JO CES FACTOIS FWO" X X C"PlX X 

0 DOTIE SUBS 0 
OPCOH• 0 

UNIT SUBS 0 
OPCODE• 0 

l 0DTI£ FACTOR l 
OPCODE• l 

UNIT FACTOR l 
OPCODE• l 

l DOTIE SUBS • OPCODE• 0 
UNIT SUBS 0 

OPCODE= 0 

3 DDT&E sues 0 
OPCODE• 0 

UNIT SUBS 0 
OPCODE= 0 

" DDT&E SUBS 0 
OPCODE• D 

UNIT sues 0 
OPCODE• 0 

5 CDT&E CER l 
OPCCOE• 

UNIT CER 46 
OPCODE• 

5 DDT&E CER 
OPCODE• 

UNIJ CER 46 
OPCODE• 

5 DDT&E SUBS 0 
OPCODE= 0 

UNIT sues 0 
OPCODE• 0 

a ODT&E CER 
OPCODE= 

UNIT CER 46 
OPCODf= 

o.oo 0 

o.oo • 

..... • 
o.o. 0 

o.oo 0 

o.oo 0 

o.ou 0 

o.oo 0 

o.oo 0 

o.oo 0 

l.00 :so 

l.00 4S 

LOO 30 

l. 00 ltS 

o.oo 0 

o.oo 0 

l. 00 :so 

1.00 4S 

197 

0 0 o.o 

0 • 

0 0 o.o 

0 0 

0 0 o.o 

0 0 

0 D o.o 

0 0 

0 0 o.o 

0 0 

0 0 o.o 

84 

0 0 o.o 

8lt 

0 0 o.o 

0 0 

0 0 o.o 

84 

ORIGINAL PAGE 1S 
OF POOR QUALITY 



NARI 

II CHM MOOUU 

ll FUEl TANI 
78HD us 

12 IN\ERTAMl 
uaso LIS 

t.J A,I fUELDTANIAGE 
5060 LBS 

llt OXIDIZER TANK 
87450 LIS 

l5 AFT SICIRT 
114510 LIS 

u THRUST SUUCTUIE 
57970 LIS 

17 AFT BODY FLAP 
4950 LBS 

18 FAIRING STRUCTURE 
2057(1 LBS 

0180-24071-l 

Table t.4.1· 7 (Continued) 

SUI llE"lNT METHOD SOUi- ILEND SUPT OTS MOD MOD MUMIEI LIN 
TO CES fACfOIS flOM X X CMPLX ~ 

a DDT&E N/A 0 o.oo 0 0 a a.o 
OPCODE• a 

UNIT N/A 0 o.oo 0 0 0 
OPCOOE: a 

a DOT&E CEit al l.00 30 D D O.D 
OPCODE" 

UNll CER 82 1.00 45 Sit 
OPCODE• l 

a DDT&E CER 1.00 30 I I o.o 
OPCODE• 

UNIT CER "' 1.00 45 84 
OPCODE• 

a DDT&E CEI 1.00 10 0 0 o.o 
OPCODE• 

UNIT CEI 46 l.00 45 14 
OPCOOEs 

• DDT&E ClR lH J.00 30 0 0 0.0 
OPCODE= 

UNIT CCR 82 1.00 to 5 84 
OPCODEz 

a ODT&E CER 81 1.00 30 0 0 o.o 
OPt:ODE: 1 

UNlT CCR 82 1.00 45 l 8'-
OPCOOE 0 

a DDT&£ CER l.00 30 0 0 o.o 
OPCOD[• 

UNIT CER '"' 1.00 45 84 
OPCODE• 

a OOT&E CER 2 1.00 JO 0 0 o.o 
OPCODE~ 

UNIT CER 47 1.00 45 l 84 
OPCODE= 

8 DDTSE CER 1.00 30 0 0 o.o 
OPCODE• 

UNIT CER ,.. l.00 45 84 
OPCODt• 

COST 
<000) 

0 

0 

t\O.,lt2 

12.110 

63.060 

20.328 

4.5tl 

1.752 

-· -.. . ,,) ' ~ 

1 l.278 

57.314 

u.121 

41.581 

ll. 775 

17,158 

3. 96 7 

l6. 294 

5,7J6 



MAltl 

lt MISC SllUClUll 

H lMllttH l'IOT SYS 

n lllHG UTUMAl TPS 
1H 70 us 

:: Ull lXUIWAl lPS 
1810 us 

lJ IODV EXlllNAl TPS 
asu us 

24 UH NUT SMIHD 
lllO SOf 

:s lNT(INAl TU 

.a PUll~[,VENT,& DUIN 

H lANOING & AUX SYS 

Ot 80-24071-1 

T1~ 1.4.1-7 (Continued) 

'"' IUMfNf ttfTMftll SOUi• lllCND \UPT on ttu.. ttftf) ""'"'" ltN 
TO cu FAC fOIS Fl Ott " " CMPU " 

• Dlltl N'A a .... 0 0 a a.o 
OPCODE• • UNll IUA 0 o.oo 0 0 0 
OPCUDI:• I 

• DOf U SUH 0 o.oo 0 0 0 o.o 
OPCODC • 0 

UNIT SllllS 0 o.oo 0 0 0 
OPCODE• 0 

H DDltE cu ll O. lO lO 0 0 o.o 
Ol'COOE • 

UNll cu ll 0.10 0 S4 
OPCODE• l 

20 DDfU en 11 0. 10 JO 0 0 o.o 
Of'COOE• 

UNIT cu a: 0 .10 45 14 
OPCOIH • 

lO DDl&f Cflt 11 0 .10 30 0 0 o.o 
Ot'COOE • 

llN 11 CC II a: 0 .10 .. !> a~ 

Of'COOE• 1 

lO DDl IE cu 8l 2.00 30 0 0 o.o 
Of'Clll'£ • 

UNIT Cll 14 :.oo 45 l aft 
,1rca1n • 

0 DDTU ... ,. 0 o.oo 0 0 0 o.o 
OPCODE• a 

UNll N'A 0 o.oo 0 0 0 
orcooc• a 

0 DOlll N,.,, 0 0.00 0 0 0 o.o 
OPCOOl• a 

UNIT N/,\ 0 0.00 0 0 0 
OPCODE• a 

ft DDTU SUIS 0 o.oo 0 0 0 0.0 
Of'COlll • 0 

UNIT SUBS 0 o.oo 0 0 0 
OPCOt'lt• 0 

cosr 
(000) 

0 

0 

l4, St6 

•• ~6} 

...... 
l. 6 ~· 

6H 

21-. 

67~ 

~ .. a 

l.H• 

.. .I:} 

0 

0 

0 

ll 
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0 

ta HAIN lANDlN6 GEAR 
lltUO us 

29 NOSE lANDlNta GUI 
l.UOO us 

30 SEPARATION SYS 
000 l8S 

ll DltAG OE VICE 
7480 LIS 

ll HAIN PltOPUlSlOH 

H ROCKET ENGINES 
l .178£6 TH:l 

34 EHGlNE ACCESSORIES 
1513 LBS 

l5 PROP( l l ANT SYS 
6 3'1'. LBS 

36 AUXtlARY PROP 

0180-24071·1 

Tai* 1.4. l· 7 (Continued) 

SU8 ElEMCNf METHOD SOUi- 8l£ND SUPT OTS MOD HOD NUM8EI llN 
TO CCS FACTORS FROM I ' CHPlX I 

l7 DOTIE CEit 5 1.00 so 0 0 o.o 
OPCODE• 

UNIT CER 50 t.00 "5 " 84 
OPCODE• 

AGGREGATED VALUES 

n ODTU ('.£R 5 l.00 30 0 0 o.o 
Of'COOE • 

UNIT CER 50 1.00 45 81t 
OPCODE" 

l7 DOTIE CER 5 l.00 lO 0 0 o.o 
orcooc~ 

UNIT CER 50 l.GO "5 114 
OPCODE• l 

21 ODTU CU 5 l. 00 lO 0 0 o.o 
Ol'CODE • 

UNIT CEil 50 1. 00 'oS l\4 
OPCOOf• 

"' 
DOTH ~UBS 0 o.oo 0 0 0 o.o 

Ol'COl'lf• 0 
UNIT suns 0 0.00 0 0 0 

Ol'COD[o 0 

32 DDT!£ CfR 4 ... l. 00 lO 0 :J 0.0 
orcoM ~ 

UNI l (f R 80 l. 00 45 16 39 
OPCOOl• 

AGGREGATED VALUES 

l2 DOTH CER 5 1.00 30 0 0 o.o 
OPCODE~ 

UNIT ('.[ R 50 l.00 45 16 89 
Uf'COO(= 

AGGREGATED VALUFS 

l2 DOTH CUI 40 1. 00 30 0 0 o.o 
Of'Clll'f • 

UNIT CER 76 l. 00 <t'j 16 84 
OPCOO£• 

AGGREGATED VALUES 

" DOTH SUBS 0 o.oo 0 0 0 o.o 
OPCOl)l• 0 

UNIT SUDS 0 o.oo 0 0 0 
Ol'COM, 0 

~00 

COST 
(000) 

67,218 

21.064 

:0.557 

u.811 

n .1s2 

.!5,251 

'7,827 

JS,905 

l ~. l 20 

l\02.SOlt 

t". 234 

762.028 

t;!,l79 

14'1,0'12 

10.590 

J.248 

3'1 .I 21 

".11115 

I, 060 

11. on 

234.970 

107,078 



HO 

J1 RCS 
Jl08 us 

.SB FLVBACK PROPULSION 

J9 Pltl"E POWER 
5170 LBS 

too ELECT CONY & DIST 
10230 lBS 

4 l HYO CONY ' DlST 
26'o00 LBS 

42 SURFACE CONTROLS 
6270 LBS 

4! AVIONICS 

4'e G.N,& C 
957 LBS 

ltS COMM. & lRACIClNG 
517 LBS 

Dl80-2407t-I 

Table t.4.1- 7 (Continued) 

SUI tlt"tNT "CTMOD SOUi- 8LfND SUPT OTS hu~ HOD NUHnER lRN 
TO CES FACTORS FROH \ ~ CHPLX ~ 

H DOTIE CU la O. SC. .so 0 0 o.o 
OPCODE• ltO 0 ... , 

UNIT CER 7l 0.54 4S " 8to 
OPCODE• 76 

0 ·"' AGGREGATED VALUES 

u DDllE SUBS 0 o.oo 0 0 0 0.0 
OPCODE• 0 

UNIT SUBS 0 o.oo 0 0 0 
OPCODE• 0 

" DOT&E CER u 0.6l JO 15 75 5.0 
OPCODE• 12 0. l9 

UNI 1 CER n 0.6} 45 2 84 
OPCODE• 57 0. l9 

AGGREGATED VALUES 

" DDT&E CER 14 o. 21 30 0 0 o.o 
OPCODf• 13 0. 79 

UNIT CEit 59 0. Zl "5 84 
OPCODE= 58 0.79 

" DDT &E CUI s 0.75 JO 10 90 5.0 
OPCODE" <tO o.~5 

UN l T CER 50 0.75 45 84 
OPCODE• 76 0.25 

" DDT&E CER 5 0.75 30 10 90 5.0 
OPCODE• 40 0.25 

UNIT CER 50 0.75 to5 " 84 
OPCODE• 76 0.25 

AGGREGATED VALUES 

" DDT&E sues 0 0.00 0 0 0 o.o 
OPCOD£• 0 

UNIT SllBS 0 0.00 0 0 0 
OPCODE: 0 

ltl DOTI.£ CE II 18 1. 00 JO 25 75 5.0 
orcotH • 

UNIT CE II 6l l. 00 "5 84 
OPCOOl• 

to3 DDT&E c lll 16 l. 00 30 25 75 5.0 
OPCODE• 

UNIT CrR 61 l. 00 45 ~4 

OPCOOL• 

~01 

COST 
(000) 

l 7. 502 

S,634 

19. 543 

217.467 

87,sH 

13.741 

16.468 

30.50'1 

26.0ll 

~0.19~ 

48.689 

~8 t l l l 

15.882 

8.671 

29.046 

49.417 

lS,112 

;:'.3.640 

9,457 

14. 7;:'4 

1, 191 



NO 

44 DISPLAYS & CONTROLS 

47 INS TRU"ENTA HON 
594 LBS 

48 :>AU PROCESSING 
1452 LBS 

"' ENVIRON CONTltOl 

50 CABIN & PERSONNEL 

51 EQUIPMENT 
500 LBS 

52 AIRLOCK 

5l PERSONNEL PROV 

54 l IF E SUPPORT SYS 

Table l.4. l· 7 (Continued) 

SUB ELCHENT METHOD SOUR- BlEND SUPT OTS Mou HOD HUHDER LRM 
TO CtS FACTORS fROH ' ' CHPLX ~ 

0 DDT&E NIA 0 o.oo 0 0 0 o.o 
OPCODE= 8 

UNIT ti/ A 0 o.oo 0 0 0 
OPCODE: 8 

4! ODT&E CER lS 1.00 30 ZS JS s.o 
OPCODf:: 

UNIT CER 60 1.00 45 84 
OPCODE= 

43 ODT&E CER 17 1.00 lO 25 75 5.0 
orcooE= 

UNIT CER 6Z l. DO 45 84 
OPCODE• 

" DDT&E SUBS 0 0.00 c 0 0 0.0 
OPCODE• 0 

UN I l SUBS -0 0.00 0 0 0 
OPCODE= 0 

0 DOT&E NIA 0 0.00 0 0 0 0.0 
OPC00£= 8 

UNIT N/4 0 o.oo 0 0 0 
OPCODE= 8 

49 DDT&£ CER 9 l. 00 lO 0 0 0.0 
O!"CCDE= 

UNIT C(R 54 l. 00 45 84 
OPCOD£= 

0 Du TH NIA 0 0.00 0 0 0 0.0 
OPCOC1E= 8 

UNIT IV A 0 0.00 0 0 0 
OPCODE= 6 

4 DDT t.E SUBS G o.oo 0 0 0 0.0 
OPCODE= 0 

UN IT '\UBS 0 o.oo 0 0 0 
OPCODE= 0 

0 DDT&E N/A 0 0.00 a 0 0 0.0 
Ul'CODF = 8 

UNIT NIA 0 0.00 0 0 0 
OPCODE= 8 

COST 
(000) 

0 

0 

),)60 

2.c.21 

7.692 

5,54z 

z.szi 

73' 

0 

0 

z.5z3 

H6 

0 

0 

0 

0 

D 

0 



HO NAME 

SS PEISONNEl ACCO" 

56 A,8 ENGINES 
82500 THI 

57 A/B ENG ACCESS 
aao LBS 

sa NACELLES, DUCTS.ETC 
2750 LBS 

S9 FUEL SYSTEH 
3300 LBS 

60 OUHl'IV WBS 

61 DUl111V WBS 

62 DUl111Y WBS 

63 ASSEMBl.Y & CHECICOUT 

D 180-24071 • l 

ORIGINAL PAGE IS 
O~' POOR QUALI'I'Yi 

Table 1.4.1·7 (Continued) 

SUB ELEMENT METHOD SOUi- BlEHD SUPT OTS Huu HOD NUHRER LRN 
TO CES FACTORS FROH ' % CHPlX \ 

0 DDT&E •VA 0 o.oo 0 0 0 0.0 
OPCODE• 8 

UNIT N.tA 0 o.oo 0 0 0 
OPCODE• 8 

38 DDT&E CER 43 2.00 30 0 0 o.o 
OPCODE• 

UNIT CER 87 l. 00 45 12 89 
OPCODE• 

AGGREGATED VALUES 

38 DDT&E CER 5 l. 00 30 0 0 0.0 
OPCODE• 

UNIT CER 50 I. 00 45 12 89 
OPCODE• 

AGGREGHED VALUES 

38 DDT&E CER 2 l. 00 30 0 0 0.0 
OPCOIH = 

UNIT CER 47 l. 00 45 12 84 
OPCODE• 

AGGIHGA TEO VALUES 

38 DDT&E CEii 4:1 1. 00 30 0 0 o.o 
OPCODE 0 

UNIT CEil 76 l. 00 45 L' 84 
OPCODE= 

AGGREGATED VA l llE S 

0 DOTH N'A 0 0.00 0 0 0 0.0 
OPCODE• 8 

UNIT N/A 0 o.oo 0 0 0 
OPCODE• 8 

0 DOTH N/A 0 0.00 0 0 0 0.0 
OPCOOE• 8 

UNIT N?A 0 0.00 0 0 0 
OPCODE• 8 

0 DDT&E N/A 0 o.oo 0 0 0 o.o 
Ol'COlll: • 8 

UNIT N'A 0 o.oo 0 0 0 
OPCODE= 8 

3 DOTH ~l/ A 0 o.oo 0 0 0 0.0 
Ol'COI'(• 8 

UNIT r .\CT OR 4 0. 15 45 84 
OPCOllf = ;! 

~03 

COST 
<OOOl 

0 

0 

193,203 

4 .1'14 

'd.::s 

b .::11'> 

~. 0 78 

19.~Q= 

10 .471'. 

~.3:5 

}9,;'13 

6 t 9 6 9 

6 '!, 

5. 551 

0 

0 

0 

0 

0 

0 

0 

61. 4 65 



H TOOllllC 

'S SYSTEM UST 

'' S'fSTEltS TEST lABOI 

67 GtD Tl ST HOME 

61 STtUCT TEST A:.; ::LE 

'' OYN TEST ARTICLE 

70 PROP TEST AITIClE 

71 FlT TEST HOWE 

72 S E ' I 

Table 1.4.1· 7 (Continued) 

SUI E!~"(NT "(TffOD SOUi- llEHD sup• OTS ltUD "OD NU"ICI LIN 
TO C£S f ACTOIS FIG" ~ ~ CftPll ~ 

s DDl&E CU• .. 0.00 0 0 8 0.8 
OPCODE= 17 15 0.00 

UNIT N'A 0 0.00 t' 0 0 
OPCOD!= 8 

) DDl&E SUBS 0 o.oo • • • o.o 
OPCODE= 0 

UNIT SUBS 0 0.00 0 0 0 
OPCODE= • 

n OOT&E CU• " o.oo 0 G • o.o 
OPCODE= 12 SS o.oo 

UNIT "'" 0 o.oo 0 • 8 
OPCODE= 8 

'5 DOTIE SUBS 0 0.00 0 0 0 o.o 
OPCODE= 0 

UtHT tUA 0 0.00 0 0 0 
OPCOOE= 8 

67 DD TSE fAC UN 5 1.00 0 0 0 o.o 
GPCODE= l 

UNIT "'" 0 o.oo 0 0 0 
OPCOuE= 8 

67 DDT&E FAC UN " 1.00 0 0 Q o.o 
OPCODE= J 

UNIT '·'" 0 0.00 0 0 0 
OPCOOE= I 

67 DDT&E FAC UN 4 1.00 0 0 0 0.0 
OPt.:OOE= J 6 -1.00 

1 -1.00 
UNIT "'" 0 0.00 0 0 0 

OPCODE:= 8 

65 DOT&£ r llC UN 4 1.25 0 0 0 0.0 
0"C0D£= J 

UNIT .. ,. 0 o.oo 0 0 0 
OPCODE= 8 

J DDT&E Ctlf• 4 o.oo 0 0 0 o.o 
OPCODE= 12 32 0.00 

UN t f tUA 0 o.oo 0 0 0 
0"C.0DE= 8 

~04 

COST 
CHIU 

su.uo 

0 

s.2,s.a1o1o 

0 

766,961 

0 

l.62C.10lo 

0 

169,,ZfO 

0 

72!>.41(, 

0 

725,416 

0 

906.771 

0 

75.215 

0 



NO 

f\ "' VIM 0 • ' ' 

"' \Of tWAH ... ,. 

n ..... 

16 lllHl( Gn s.~s 

IUI llfMINf MllMOD sou•- lllND SU,, Ofl ~ MOO NUMlll llN 
lO CIS fACfOll ftOM \ \ fMt'lt \ 

• l\l'H U f AC101' ' l.OD D 0 • o.o 
(lt'( lll\l. : 1: l. 00 ,, I. 00 

lllt I I """ 0 ~t. OD a 0 0 
llt'(Ql'l .. a 

, OOUl Ct I• 1\ o.oc 0 • • ". 0 
\lt'OH't • u )\ o.oo 

UNll N,A 0 o.oo • 0 0 
1\1'\'lltll ~ • 

) IUHU Cll• ' 0.00 0 0 0 o.o 
urr tll\l - l! 1a o.oo 

UNI! nir• ' o.oo 0 0 0 
ON'llN • p '" D,\lO 

, PlllU i ... \. ... l'N f I\ .', llU (l 0 D o.o 
''"' \lt'l -

\ 
l'N 11 N • •' il. 00 0 0 D 

\lt'i; 11\H • 3 

COS. t 
( 000, 

:-1. O•• 

~ 

Jh.••> 

l\~.l'(H 

Jl'•. ou .. 

., 



MAit[ 

1 PIOGIA" COST ElE"ENl 

l PIOG INT & KG"T 

J SPS OlllTEl-MIM6[D 

4 HT YEH DES & DEY 

5 S1'UCTUIE 

4 WING 
llS400 us 

1 l A I l 
1i9l0 us 

8 BODY 
llS 

' NOSE 
llZZO LIS 

0180-24071-1 

Tahir 1.4.1-8 Orbita- DDTAF: and TFU Cost Estimak 

(SPS Winged Orbiter) 

SUI ElE"ENT "ETHOD SOUi- llEMD SUPT OTS "OD llOD NU"l[I LIM 
TO CES FACTOIS FlO" X X C"PlX X 

0 lH'~&E SUBS a 0.00 0 :I 0 o.o 
OPCODE" 0 

UNil c;ues " 0.00 0 0 0 
OPCODE• 0 

l COllE fACTOI J 0.06 0 • a a.a 
OPCODE• l 

UUl f AC101t J 0.06 0 • • OPCODE• ; 

l DOTIE SUBS a 0.00 a • • ••• 
OPCODE• 0 

UN11 ~UBS • 8.00 0 a • OPCODE• 0 

J DOTH Sll8S 0 0.00 0 0 • ••• orCQOE• • Utt IT SUBS 0 .... • • • orcooc • 0 

4 OD TSE SUB~ 0 8.00 0 0 0 o.o 
OPCOt'E • 0 

UNIT sues 0 0.00 0 • 0 
orcoo£ • 0 

5 DDl&E CEI 1.00 JO 0 0 a.o 
orcooE• 

UNIT CEit 46 1.00 45 1 IH 
OPCOO£• 

.. DtHll Cl R 1.00 )0 0 0 o.o 
OrCOOC• 

UNIT CEit C.6 1. 00 45 lilt 
OP".:ODE• 

5 ODTH SUBS 0 o.oo 0 0 0 o.o 
OPCODE 0 0 

UNIT suns 0 o.oo 0 0 0 
llPCOlll• 0 

~ OD TSE CfR l. 00 JO 0 0 o.o 
orcooE• 

UNIT CE R .. , 1. 00 45 84 
orCOOE• 

COST , ... , 
4. 614. I 1l 

764 .4 7J 

UZ.UJ 

JJ.4az 

40541.l:Sl 

uo . .,o 

loll5ol<o6 

SU.OJI 

Jlto.659 

IOJ,6to5 

u.su 

16.450 

2Z.862 

7,8 75 

na.zu 

69,H9 

17.471 

6. 11 J 



NO ...... 

•o CIEW NODUll 
'110 lH 

ll fUfl TANIC 
Sl41H llS 

u lN'ltfAMI 
•:•:• us 

I) '"'l BAY DOOIS 
1:J:o llS 

... OUOIZ<:I f ANI. 
.... 70 us 

u "'l SUIT 
416)0 UIS 

u THIU!.t SUUClUH 
itt .. :o lBS 

\1 U1 BODY HAP 
, .... 0 l&S 

18 fAUING STIUCTUH 
•!) 10 l&S 

0180-14071-1 

Tablt 1.4.1-8 (Continurcl) 

SUI lll9'[Nf "''NDD sou•- lllNI SUPT Ots ..00 "°' MU"''' llM 
10 CIS FAClOIS f tOft X ~ C~Pll ~ 

• ODlU Cll l 1.00 JI I I ••• OPCODE• ' UNf • Cf I "1 LOO .., ., 
o • .;:oot. 

• l"DlU CU .... JI • • • •• OPCODE• l 
UNll CEI .... l.90 .., I ., 

OPCOt'l• l 

I DDlU CU 1.00 H • • • •• 
Of"COllC * I 

UNll ~u ,, LOO 4'S I ,, 
OPCODE" l 

• DDt&l en l.DD )0 • • • •• 
Of"COOC• ' UNll CEI ... 1.oa (,\ 1 "' crcoDf• 

• nOUf Cfl ll I. 00 SD • • o.o 
OPCOC£• 

UN l T Cll a: LOO ·~ 14 
tWCOlll • 

• DtHU Cllt at I.OD lO 0 0 0.0 
nrc Ill'(. 

1.Uil 1 CUI 62 1.00 .. s ... 
orcODE• 

a lltll u ([If 1.00 )0 0 0 0 0 
Ol'C ll!ll • 

UNIT cu ... 1.00 0 tl4 
tH'COl\l" 

a or.tu (f R : I. 00 JO 0 0 c: .o 
f!PCOf'C• 

l)N It f[. ... 1 1. 00 ... s t\(o 
1H'COOl • 

• DtHlf cu I.Oil so 0 0 o.o 
ll?COl.lr • 

UNlf er It "'' LOO -.§ a' 
0f'l.Dll£ • 

COST 
COOO> 

ll. \'SO 

,.221 

n.s .. , 

1: .... 0 

..-..1&0 

, ... 76<. 

;o.:ss 

), 119 

: •••• o 

6 ..... 

:!, •• 04 

; • 39; 

u.0:1 

"·' J1 

.......... 
l. ~ 7• 

ti ... ~ 

.) • 0(1 J 



NAM 

19 ftlSC STIU~TUIE 

20 THEINAL PIOT SYS 

21 WING EXTEINAl TPS 
H462 SQF 

22 TAil EXlEINAl TPS 
_7282 SQF 

2J BODY EXTERNAL TPS 
(o2«.DS SOF 

Zlo USE HEAT SHIELD 
1697 SQF 

25 JNfEINAL TCS 
2860 SQF 

26 PU•G£,VENT,& DRAIN 
ZJlC LBS 

27 LANDING & AUX SYS 

0180-24071-1 

Tahir 1.4.1..S (Continued) 

SUI ELENEMT NETNOD SOUi- ILEMD SUPT OTS NOD ftJD NUftlEI LIM 
lO CES FACTOR!. no" " " CNPU " 

• DOTIE N,A 0 .... • • 0 ••• 
CIPCODE• a 

UNIT N'A 0 o.oe 0 0 • OPCODE• a 

41 OOTlE SUBS 0 o.oo 0 • 0 o.o 
OPCODE• 0 

UNIJ SUBS 0 IL 00 0 0 • OPCODE= 0 

H DOU£ CEI 8l 2.00 JO 0 0 o.o 
OPCODE% 

UN!T CEI Bio 2.00 ft5 I ... 
OPCODE• l 

21 DOT&E CU u 2.00 JO D 0 o.o 
OPCODE• 1 

UNIT CE:R 8lo 2.00 45 I 8ft 
OPCODE'" 

28 ODUE CEI 83 2.00 JO 0 0 o.o 
OPCOC£= l 

UNIT <;Ut '" 2.00 4S 1 ate 
OPCODE= 

20 DOTH CEI u 2.00 JO 0 0 o.o 
OPCOOf= 

UN IT ([I 8lt l.00 45 l a1o 
OPCODE• l 

zo DOTlC CEI 8 I. 00 lD 0 0 o.o 
OPCODE• 

UHi T CEii S:l l.00 lo5 8" 
OPCO!lE' l 

zo DDT&E CEit 40 1.00 30 0 0 o.o 
OPCODE• 

UH? T CE II 76 1.00 4S Sit 
OPCOu£z 

4 DDU.E Sll!IS 0 o.oo 0 0 0 o.o 
OPCODE• 0 

UNIT suns 0 O.O(I 0 0 0 
OPr0!1£• 0 

:!OS 

COST 
(000) 

• 
• 

u ..... , 

65.H7 

SB.HJ 

24.7J6 

16.707 

1.aJ: 

70.tJI 

2t.S7J 

5.065 

2 .611 

7.138 

116 

s.113 

526 

9Z.J76 

~5.977 



NG NAM 

:I MAIN LANDING SEAi 
_ lHS LIS 

lt NOS( LANDING GUI 
6680 lH 

JO S(PAIATION SYS 

ll P'l HANDLINS SYS 
UH llS 

12 "AIM PIOPUlSION 

ll IOCIET ENGINES 

lit ENGINE ACCESSORIES 
518 l&S 

JS PIOPEllANT SYS 
.ZU<t LBS 

J6 AUXllAIV PIOP 

0180-24071-1 

Table 1.4.1..S (Continued) 

ORIGINAL PAGE JS 
OP POOR QUAIJTY 

SUI tLtftENT METHOD SOUi• ILEND SUPT OTS MOD MOD NU"IEI LIN 
TO CU UCTOIS FROM 1' " tMPLX " 

11 ODTU Cll s a.eo H 0 0 0.1 
OPCOO(• 

UNIT t£1 51 l.H .. , 4 "' OPCOOE • l 
ASSIESATED VALUES 

l1 DOU( CU s 1.00 !O • • 0.0 
OPCODE• 1 

UNIT tEI so .... 65 84 
OPCODE• l 

0 DOTlE N'A 0 o.oo 0 0 0 0.11 
OPCODE• I 

UHU .. ,. • o.oo 0 I • OPCODE• a 

27 DDT&f Cfl s l.00 lO 0 • o.o 
OPCODE• 

UNIJ CS:I 50 l.00 45 a-. 
OPC'~»t E • 

.. ooru sues 0 o.oo 0 0 0 o.o 
OPCODE• 0 

UNIT S\JBS 0 o.oo 0 0 0 
OPCODE• 0 

Jl DOTI( • 0 o.oo 0 0 0 o.o 
OPCODE• 5 

UNIT • 0 o.oo 0 14 u 
OPCODE• 5 

AGGREGATED VAlUES 

12 ODT&E CU 5 1.00 JO 0 0 o.o 
OPCODE• 

UNIT Cfl 50 1.00 45 l <t 89 
OPCODE• 

AGGIEGATEO VALUES 

12 ODUE Cfl 40 1.00 JO 0 0 o.o 
OPCODE• 

UNIT CER 76 l. 00 «.S '" ato 
OPCODE• 

AGGREGATED VALUES 

" DDTU SUBS D o.oo 0 0 0 o.o 
OPCODE» 0 

UNIT sues D o.oo 0 0 0 
orconr· 0 

:?OQ 

COST 
COOO> 

31.l•~ 

11.us 

J8,e68 

n.t:u 

10.tll 

II 

0 

.... .., 
6,\7S 

<tl.OSO 

us: • 794 

l0,000 

l'S.060 

u1.s1 .. 

4,410 

l.l'<J 

.... 40 .. 

6.6:0 

1o:• 

... 117., 

~80.3'>4 

~l.608 



0 

u IC$ 
HU us 

H OMS 

lt '""( POWU 
SOH LIS 

,0 HECT CONV & DIST 
ollUO LIS 

"'' NVO COlllV & DIST 
aaoo us 

.. : SURF AC( CONUOlS 
ftl s: l8S 

.. , AVIONICS 

.... G,N.& c . .,, llS 

.... COP1PI. & tUCll ING 
l lt 1 l8'> 

DlB0-2..071-1 

Tablt l.4. l..S (Continued) 

$UI (Ll"(NT M(TMOD SOUi- ILEND SUPT OTS "OD "DD NU"lll LIN 
TO ClS FACTORS FltO" '\ \ C"PLX \ 

H DDTU cu 28 o.s, 10 0 " o.o 
OPCODE:• ltO O.lt6 

UNIT cu n O.Sft 0 " 
., 

OPCODE• 14 0.'6 
AGGllGAH.O VALUES 

H OOTU SUIS 0 a.oo 0 0 0 o.o 
OPCOOt • • UNlt ~URS • o.oo 0 0 0 
Ol'COOE- 0 

.. OlHU: cu 21 o.u so 25 n s.o 
IH'COlll • l: O. lt 

UNll Cflt 1.\ 0. 61 "" 2 .... 
Of'COL'l • 'H 0. 39 

&GG11£GU(D VALUES 

.. DDUE cu \<Ii o.~1 so • 0 o.o 
Ol'COIJ(• u 0. 79 

UNIT cu St 0. 2l ft'S ., 
orcmn • '>3 0.79 

... DDU£ Cll .. 0. , .. )0 10 to !LO 
OPCOOF• ltO o. :s 

UNIT (ll :.0 0. 7!> ltS ... 
OPCODE• 76 o. :s 

.. Oil I I.I CCR s 0. i!I lO 10 '° 'S. 0 
\\l'C('PI • <oO 0. ~!, 

UNIT Ct I !10 0. 1') .... ' 
., 

01' C ll!H • H. 0. ~'} 
&GGREG&HD V&lUlS 

' onuc SUBS 0 o.oo 0 0 0 o.o 
ore Cllll • 0 

UNI f '·VllS 0 0.00 0 0 0 
()!'\'. (10 I • 0 

0 ODUE c tll 11 1.00 so 25 75 !LO 
Of'COl'I • 

UNI I f[R 63 l. 00 It!> &lo 
(ll'('.1101. 

"l Ollt ll (I II 16 1. 0(1 30 : .. 1 !) ... 0 
urn>llt • 

UN I t CI ll 61 I. l10 .... ... 
tH'( 11111 • 

~ l (l 

COST 
(000) 

l'hl<ll'S 

'·~6S 

is •. nz 

2u.1n 

a. su 

... ~:• 
10.)06 

19.0U 

l9.077 

22.so 

20.646 

11. "'" 

l l.50 

6d91 

:o. ns 

l OQ.<o06 

.. , • 7l6 

: .l. 6<t0 

9. <,!) 7 

l1 • .. : .. 

17.8"9 



NO NAME 

te6 DISPUYS & CONHOLS 
l51t0 LIS 

41 INSTIU"ENTATION 
5tlt LIS 

41 DATA Pl!)CESS IN& 
ltt5l LIS 

4t ENVIRON CONTIOl 

so CAllN & PUSONNH 
5500 LBS 

51 EQUIP"ENf 
591t0 LBS 

51 AIRLOCK 
'110 LIS 

Sl PERSONNEL PIOV 

Sit LIFE SUPPORT SYS 
770 LBS 

DIS0.24071·1 

Tai* l.4.l-8 (Continued) 

ORIGINAL PAGE IS 
OJ.' POOR ~UALITY 

SUI ElfMlNT "lTHOO SOUi- ILEND SUPT OTS MOD "OD NU"lll LIN COST 
(000) TO ClS FACTOH no" • " CHPlX " 

41 DDT&E en 11 l .00 :so 25 75 5.0 :Sit. 087 
OPCODE• 

UNIT cu u 1.00 ltS 14 l1t.12S 
OPCODE• l 

41 DDT&E CU lS l .OI :so 25 75 s.o 1.160 
OPCODE• l 

UNIT CEit 60 l.00 45 1 14 2,ttll 
OPCODE• l 

41 DDTlE CEit 17 1.00 JO 25 75 s.o 7,692 
Cf'CODE• 

ur~1 T CEit 62 l.00 lt5 84 5.842 
OPLOOE • 

4 DDl&E SUBS 0 o.oo 0 0 0 o.o ]6,400 
OPCODE• 0 

UNIT SUBS 0 o.oo 0 0 0 10.508 
OPCODE• 0 

"' DDT&E CU ' l.00 10 0 0 o.o 17.0lt6 
OPCODE• l 

UNIT CER Sit 1.00 lt5 l 84 ". 851 
OPCODE• 

"' DDT&£ CER ' I. 00 JO 0 0 o.o 18. 125 
OPCODE• 

UNIT cc" 51t l.00 fo5 l 8fo 5. l 5lo 
OPCODE• 

4t JDT&E CEit J l.00 JO 0 0 o.o J,228 
OPCODE• l 

UNIT CEit 41 l.00 45 84 502 
OPCODE• l 

4 DDT&E SUBS 0 o.oo 0 0 0 o.o s. 370 
OPCODE• 0 

UNJt SUBS· 0 o.oo 0 0 0 1.565 
OPCODE• 0 

SJ DDT&E CER ' 1.00 JO 0 0 o.o 3,557 
OPCOOC• 

UNIT CER Sto I. 00 lo5 8lo 1. 0 34 
OPCOOE• 

111 



MO 

n PUSOMMEl AC COM 
uo LIS 

56 o"s UNUNS$ 

H OMS (MG ACCfH .... LIS 

H OMS PROP TANlS 
.701) llS 

n OMS PIUS UNIS 
4t00to ll~ 

u OMS PIOP SYS 
517 LIS 

" OMS PU.SS SV'!it 

"' LIS 

u l)UMMV MIS 

6) ASSlMllY I CH[CIOUT 

0180-24071-t 

Tat* l.'6.l-8 (Condnued) 

SUI EllMlNT MlTNOD SOUi- llEND SUPT OTS "08 MOD MU"IEI LIM 
TO CU UCTOH flOM • 111 C"Pll 111 

u DOTU cu ' l.00 H I I 0.1 
OPCODE• 

UNIT cu s .. l.00 0 ... 
OPCODt• l 

la DDTll • 0 1.00 0 • 0 0.1 
OPCOl!l • s 

UNtT • 0 O.OI a " 
., 

OPCtHH • s 
AGGI£ GAUD VALUfS 

.sa DDTU en 5 1.00 ,. I 0 o.o 
OPCODE• 

UNIT en so I.ID •s " It 
Ol'COOl• l 

AGGllGAHO VALUES 

sa ODTU CEI 11 l.00 )0 I I o.o 
orcoor· 

UNlT CEI a: l.00 to s 8fo 
OPCODE• 

)I DOTU Cll 81 l. Oii JO 0 0 o.o 
orconc~ 

UNlf Cl I a: 1.00 4'5 ... 
OPCOflE • 

)8 OlllU Cllt ... 0 l. 00 so • 0 0.0 
llf"Cl.10£ • 

UNll Cl. R 76 I. DO "s ... 
Ol'C(l('I( • 

.. a Ollt ll CIR <oO I. 00 Hl 0 0 0.0 
OPCOOE• 

UN11 er 11 ,. 1.00 .... l'l'O 
(ll'( !l{ll. 

0 llD1 U NIA 0 o.oo 0 0 0 o.o 
lll'Cl'IH • a 

IJN 11 N A 0 0.00 0 0 0 
llPClllll • a 

, Ot'ITU N.'A 0 0.00 0 0 0 o.o 
lll'(l)[IE• a 

UNIT I A.CTOI " o.u .. , , .. 
tW C 1111 r • : 

COST .... , 
l.IU 

SU 

l\H.110 

1.ase 

s.us 

5tt 

l 7' 

6Z6 

..... 1 

:.1•• 

:. 764 

•~o 

'""' 
HH 

I , fol!lfo 

a• 

0 

0 

0 

"'·:z-. 



NO NAftl 

"' TOOUNG 

6S SVStlftS TUT 

U S'ISUftS nst lAIOI 

67 GRD HST HON( 

H SUUCT t(ST UT I Cl( 

" O'fH TlST UtlCll 

70 PROP HST ART IClE 

1l HT TEST HOWE 

n s !: & I 

Dl80-!407l·l 

Tablr 1.4.1-8 (Contlnued) 

ORIGINAL PAGE 18 
01'"' POOR QUAIJTY 

SUI lllftENT METMOO SOUi- llENO SUPT OTS ftOO ftOO HUMBEi llN 
TO CU fAClOIS flON l 1l CMPlX \ 

s DDT&[ CER• " o.oo 0 0 0 o.o 
Of'CCDE• 11 u o.oo 

UNll ;1rA 0 o.oo 0 0 0 
Ol'C~DE• a 

s DIHU suss a o.oo 0 0 0 o.o 
Of'COO[• 0 

UNIT SUBS 0 o.oo 0 0 0 
llf'COOf• 0 

n DDUE CEI• " o.oo 0 0 0 o.o 
Ol'CO(l[ • i: H o.oo 
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WBS l.4.l.4.2 Production Cost 
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The initial unit production cost for both t!te SPS cargo vehicle booster and orbiter is shown in 

Figure 1.4. 1-3. The theoretical first unit cost fffU} for the booster of $82 I .4M and So38.5M for 

the orbitt'r were developed using the Boeing Paramt'tric Cost Model (PCM). 1l1e following is a 

breakdown of the TFU CtlSt hy major subsystem: 

Subsystem 

Stmcttm• 

TPS 

Main Propulsion 

landing and Au"'. Sys. 

Fly back Propulsion 

Other Subsystems 

Be .lSter 

24'~ 

13'-r 
11 •; 

l l)<;. 

Orbiter 

16'"'; 

Thi.' ground support t'quirmt•nt TFll '-·ost is l'Stim~iteJ to l'e SI t>2 .SM and S 12o.OM for tht• hoosta 

and orbiter n·spectiwly. 

WBS 1.4. L4.3 A\·erage Cost Flight I I Satellite Yearl 

Till' \.'ost tligh t hrt•akllt'Wll slwwn in Fig.tm• 1.4. 1-4 is th'-· ah'r;1g.: f1.)r till' 4l1ll l'l"r yl·ar Ln11h:h ratl' 

and 14 yl·.irs l'f opt:ration. Tlw ,·,,st tltght ill'llls foll''" tlL' Sh11ttk· l\t•r Ch.1rgc l\'li•y !:!Uiddincs 

with till' foll,,win~ ad di tillns. 

I. :\nwrti1ation ,,f thl· lkt•I pw.Ju,·til'll ,.l,Sh 

lndusion of th'-· rah· h'oling •t'st dul' hl tlw hanlwart' quantilil'S Tl'•Jllirl·d. 

Thl· follllwing assumptions .111J .:nh'ria n•ganling n·furhish111'-'nt anJ r'-'l'knishmt·nt sp;m•s was llSl'd 

to Jl·wlop till' awr;1~l' 'l'SI p~r tligh t for till' whidl': 

State Element 

.-\ i rfra nw 

Rod>.t'I 

h1gi1w:-

Design Life 

JOO !lights 

Refurbishment 

Lid1 I 00 !light ,.1 

3ll"; ,,f !'flldlll't i1'll 

,., IS 1 

Lid1 ~o !lights ~ 1 

.•o : ,,f pr1,d11.-1i1111 

115 

Replenishment 

o. 1 s·; rl·r !light 
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Figure 1.4.1-3 SPS Launch Vehicle Production Cost 

PROGRAM SUPPORT 3" 

FLIGHT HARDWARE 
PRODUCTION 

• lWO-STAGE WltJGED VEHICLE 

• PLACEMENT OF 1 SATELLITE 
PER YEAR 1400 FLIGHTS) 

• 14 YEAR PROGRAM 

•NO ATTRITION 

GROUUO OPS/SYS / I 
21% 

/ I 

AfJD SPAR~S 
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TOOLING I 
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Figure 1.4.1-4 SPS Launch Vehic'e Average Cost/Flight (One Satellite/Year) 
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ORIGl'NAL PAGE IS 
01'' POOR QUALITY 

Tht• ctll-1:t \'f 1.ksign lilt- anJ atttiti\)ll r;1te \'ariations an· s.twwn in Ht:mc 1.4. I·'· Basl·J \)I\ tlwsl' 

trends the l\'\.'l'tllfllt'lh.kJ gouts for Jt•sign hfr anJ attrition ratt: are :i(IO tli~hts ;md 0. I"" rr.-sr1.-.:t 1\ d~. 

Flight tfarJwaf\' pnxtuction and ~pares is the lar~t'st singk iti:m w1tl. th\.' b\'\'Sk'r .mJ \lrbill'r 

accounting for 55'·: anJ ~5'';.·. n•sp1.·cti\'d}. Prorl.'lfant 1.·,,st ;illH'llnts to 1.;•:. ,,f th1.· total r1.·r tlighr 

cost. 

WBS I. ... 1.4..t Etle'\.'I tlf laum.·h Rate on Cost:F!lght 

Fi.gllft' l .4. l-fl ilhistr.tlt's the t•ff1.•\.·t of tmndl r;1k• ''" thl.' J.h't.1~1.· 1.1.,st tlight an..I th1.· transp»rt 1.·,•st 

It' low L.irth orbit for tli1.' SP$ ,·.:r}!'' ,du,·k rl1.: r1.·q-.iirl'd l.1 ln11:h r.1h' ,,f .•n•rt>'lmutd~ :'nl) tli!!hts 

pl'r s:1tdht1.• n.•sults in the foU1.,\\in~. 

Ammsl laur.c.·h Raft" Ct)sr Flighr Tr.msport <.~osf 

$kg lSlbm) 

.JOO Flight:- s :.~. -l-l -'.\t .~ 1-1 I 1-l .~Sl 

I t>llO Flights S Ill. - :'·nt ' - ' _'.' .• •! \ 11501 

.-\.JO laund1 Pl'T ~ l'.lf r.1h'. ._:,1mp.1r.1l'k 11.' tih' pl.1111wd r.ih' for Shuttk i't\'111 ..:.st·. w,,u!,'. ,,·salt 1i1 

.111 .lh't".lt!t' ,·1.'sl l>f S:3'.I p1.•r t11~ht f,11 th1.· SPS ... -.11~,1 l.wn.-h 'Chi.-k .-\b,1 !h'h'<I 1'11 1h.- .-h.1rt. .11<' 

lh1.• :\.-\S.-\ .ISC in-11\ltlSl' 1..'\lSl ,·qm1.11l'S -l!<i 1.>f J.i!lU.11} , ,1-s. 

rll1.' :-st~l~1.· \\11\~t•,j \dH_-k ''\'<'!'.llll'lis pl.Ill m.-Ju,k" !'td.Hllh'h. l.nill•h .. Uhl n.','\l\1'r\ .1.-!1\ !111.'" 

.1ss1.x·i;1h·d \\ilh th1.· SI'S !.1111i-·h \dude l'l11.· l.nmdi s1h' 1>p1:r.1t11'm p!.111111.-lu,ks 

B1.1th h'l11'11.·s bmlm~ .11 tlh· l;n11h·h sit..• 

St;1~1.· m;11nt1.·n.1t1•1.· .md .-lwd..,>ur .t~ ,kdh:.111.·d 1~1»1lttks for i1 1.1 th th1: ''''''sin .m,I ·.1 tl•ii..·1 

.-\ lwrllt'Hl~ll llt;ltll\~ \11'1.'l.lll\ll\ I~ rLmn1.-.l 1•il ti'. !.mn.-h1.·r .:.1:-·r,· ti\;: {\\ \l s~.1~,·s \\ill I,,· l\'ln•'•i .l'>I 

th1.·n r1.1t.1h·d 111 th1.• Wrtk·.11 1'111s ,·,,11,,·pt 1~ ,kp1d;.'d in hi:.ur;' I 4 I - L1,· ill'\''-'· i"'t11•'!1 ,,r th· 

!.lml.:ih'f 1,'fl''"'' l~ H'l,1!1.·,1 .I\\.!) fl\\111 th .. · \1.'h1,·k arta tlh' \1:h1,·k IS l!l th .. · H'rlt• ··' l'''~lll\lll h' 

pr,1\ •\k .-k.n.1111.·1: f,w Lmn.-!1 

.: 17 
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Booster Tinwlinn 

l~h.: 1'uost.:r tuudinc from laui:~·h h• lh tn'-''-' m !ht.• mh·gr.1llou 1'•'"111011 1s sh•'" n 1n I 1~ur,· I .t I·"" 

l'h1.· ttmduh'' n.·tkd llw ;1h'r.I~·· lmid1111.•.,, h'r tlw 01•••r;.1ht•n.1l l.mn .. ·h n·h1.:l1: '~"t,·m ·\ h•l.il of 

o~ Imm ... '" <'Sl1111.1h'•I f••r th1 ... l'O; lum ''' 1h1.· lurnar.,un.t \\Ith th1.· s,:h1.·Juk,I .iii.I un .... ·h,·,lul1.·,1 

m.i111h·n.m.-1.· Jd1\·11~ r,·qmrm).'. 3,, h••ur,_ t )n-1'•'.lhl -.•nJ1ti,,11m.mih•r111~1:q111pm.·111 \\ 11l 1.·nh.11K1.' 

lh1.· op1.·1at1ons h~ 

I Pn.\\ 1.hn~ pat.mn.m.-.· 111ttn1h,1111~ ,,, 1lw ,IJJ.!" "''h"' ,1,·ms 

:\11.hng 111 f.iuh , ... ,l!Jt 1011 and 1.l1.·1,·,:tton. 

Orbiter Tim\'lilk'S 

'Th1.· orllu1.·r tim.·hth.' fr"m l.mn,·h h• ah 11l•'h' h' lh1.· mt1.·i:rat1011pos1t11.>n1s "h••\\ll on t:t)!un.· I _. ,.Q_ 
A tot;il llllh' ''' <>- h•'••rs h•r •'th1t,•r l'h"-.'"'lllJ.! m.-lu,hn!! ~-' h••lll <\ll·orhll ''·'~ llllh.' '' 1.•stim.111.·J. 

fh1.· maini.-n.111,·1.· l'••rlt••n ,,, tlw ;i.-ll\ 1h ., "'hm;lf1.•,f h• n.·.1mr1.· .is it•1un ,f111.· ro th1.· rht•nn;1I rr.-.rl·,-. 
111.•n ''"h'm .m.l 1h,· .1.l.l1t1t•n.1l '''"·n" ,·,1111r1:i.·111 n·,1u11.-,i h'' th,· m.11m,·,1 .. 1.1!!t· .\ h't;il ol I:. 

hour. lu' i.,-.·n ;11!,>.-.1i..·,! f,,1 I'·" 1 ... 1,I 111,t.11!.111<•:1 1n ;i p.11.111.-1 ''l'l"r;1hon \> 1lh 1h,· orl>i1t·1 

fl!Jllll<'ll.llk'•• 

lnCf'!tr:tlnl \'t"hid,· Timt"lin1." 

n1.· \ 1.·h1,·k lllh'~r.11.-.1 ,,r,·1.111<'!1' 1tmd11w ., ,jh,\\ lj •'I~ I l>'.llh' I .t I- Ill nw"'· .1.-ll\ Ill<'' .in· .ll till' 

l;iun..-11 'lh" .m,i i;;l,YI .11l 1li.· •'1'•'1.llh'll' fr;.;n \1.•111.-k Ill.Ill!\)! thh•U_!!h l.111nd1. llH' l't'rll•lll \lf rll\' 

laund1 np,·r.1lh'll' ''"llllr•'' _;-l li.•111, t.•1 till' '''''"""r .ind .~f• h"ur' h>1 th,· ,,rf,11<.·1 th,· 1t•t.1l lurn

an•mhl t111w" h•r t!w "'''''h'r .md »rhkr .ire --umm.111:,-.I 111 L1H.- 1.-l l ·Q Al"'' 'h''" 11 ,,n ltw !;1hk 

for 1,·frr.-11--.· '' ill.- .1!llidl'.1t.-d 111111.n,•mi.I 11111.-.. 1 .. 1 th,· :·,1.1~,· l'.11!1,11.- ''"'''•'r,;bl· ,·,•n.-q•I 

,(11,!i,·,f 1.•.iriKI 1lh' :-,f.1).'<' \\Ill~•".! \d11,-k l<'-.tt:h Ill lllfll.lh'llll<I !Ill\<'' \\l11~·h .11'' !, . .,., lil;Jll tlhh\" f\\l 

th,· l'.1111,!1, \dH,k 

lhc 1•.-1.,.•nncl •. tni.·i "·i11;k 1•i.•\i.k' 1,,, 11:.- t1.1n'l'•'ll.tlh'il ,,; 1h,· d•'\\' l•.-t\\.-,·11 r.111h .md h•\\ 

,·.1r1h ••tl•il Iii.- ,,·!11<k 1, .1 dc11\ .. 1li\<' ,,1th· .·1:t1.-111 St>.h.· S!ll!ltk '\'l•·n1 \\!11.h 111'•'11'•'1.lh'' .1 

liq111,l 1•1••1';!l.1n1 !••''''"'' 111 J'l.i..- ,•i th.- ""ltd l\.•.-i...-1B"'''"'''1Sl\B\1 ·\ , .. 11.-vh111i1,,,,.·1111111•.k 

''·'' ,,·k,r.-,1.m.I .; .... 11,·,1111 .11.-.h:..-.l I \!;111.il l.111t.. 11 I 1 l'"'l'•·!L1111 l,1.1d ,, 1.-.111n,-.! 

lh1.· p1:r .... •n11.-I L1111i.-h 'dtkk. ,)11•\\ n 111 I 1::111~· I -t . .' I 111••'ll'•'t.1h·, .1 l'h'f'·11:1.· 111dcd "''''""'!.I \h'f· 

n.11 I .1rtk .rn,1 ..; p.1"· Sh 1.11 k th 1•11.-1 I h ,·1.111 '.-lll.-lc r··· •11i.· 1 n .111.I .-h.1r.1.-r .-"'' h ' .1:1· ,11, ''' n 111 r he 

fi)!llr\' llw ,,,,·1.111 kn;:th ,•f l•ll •>.' 111 1, .luc h• th,· t.m.km .1t1.1t1!!1'itklll r.1tl1<·1 !h.111 l!ll· '"'-' 

llhlllllh'tl •••n•1'1'I 111 the d1111·111 Sh111tl,· '' ,i.·m 
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WIS 1.4.l.l VehideGe-onk-try 

The overall \"f'hidl' ~·,'\flldry of the (l<'rsonnd !aun.:h whidl' is shown on Fi1mre l .4.1-1. All major 

body SCi.:lion locations .ire noted in thl· boJy station numhl'ring sysh.·m. llk" lloost('r stage ts 
11.l) m in kn~th with a 8.407 m Jiamde-r at thl• l.-T intl'rfa..·c and a maximum Jiam\'ter of 

18. 7Q6 m. Four t .J) boost\'r l."ngin\"s are mounte1.I on a 7 .OOS m d; 'lllll.'ter. n, .... booster stag\' pro

p:llanf tank H>hJml.'s an- I OJ.5 m·~ fM LO: anJ :\4.l m·l for ()Its. 

The ~T oh•r.tll kngth ol .n.•>.l m r\'lk,:ts thl' -.horh.·r kngth "' .. :omparl."J to thl' .:llITl'llt Shunk· fT 

due to the: ttdu .. ·tion in propdlant loaJ th.\m 703 O~S L~ to s..i- 0.lS kg. 

WBS I. 4. !. 2 Booster Srage 

WBS 1.4.1.~J Buosler St• Systnn tles4.·ription 

Tht• boosfl"f sta~· \ubsysh."nh m.:ludt• thl· a-...-cnt pwpul'\ion. stnKfllfl.':o.. auxiliary pn.,pul ... ion systt•m. 

thennal pfl\h.·,:t1•ll\. prim1.· po\H"f. po\h'f •:l,O\t'rsion anJ Jistribution. a\·i•'lli•:'.'> and t'tWinlnnll·r.tal 

control. 

h"ml Propulsion Ttw h1.'<.hh.'r "'"'!!l' '' l"'w1..·r,·J h~ lour ()lls to.: cngm,· .. whi ... ·h pnw1JI." S:'.:'3 X 
Ill°!\ <'l \J.:utun thnht llw f,1lk'\\ Ill!-! ,·n~n ... • .-h.tr.i...-t ... ·nsti ... ·._ w.·r,· us1,.•,I in th;; :mah sis: 

Pn 'I'd l;m h 

rtnu't · \'.1dtt11ll 

\li\lun• H.1111' 

S1',·.-i11,· lrnrui..,· · 1 S l \ • ..-

1 ,,1.11 11,,,, R.1t.· t n!!11w 

C3tl:-; LO_:-
l'i :\ .:' 3 \. IO('\ 

.:'llt•:':' "''"' 

.:' t•S I 

Tht" rn·,,un1.1t1t•n ~.,,., .m: 11 .. -.11.·d (,fl, .. ind l ·l> .:' h•1 tlw m.un t.mk-. lndn1d11.1l rn•pdbnt dd1n·ry 

l11w-. .m.· pr.w1.kd "' ,-.1d11.'ll!!llll" 111,· hlf.11 m.1" of !111: .1:-..-,·nt pn•pub1on s\:o.km '' 4~ IJl'i kg. 
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Auxiliary Propulsion Tht' auxiliary rrurutsi.lfl S) s.ll'm \.'\llls.ists \lS lh·· lanJing systl.'lll anJ f\.'iKli\lfl 

l'Ontn~I systc-m. lllt' lanJing systl·m was si1,·,1 h' prmhL· tht• h·nninal Jl't..'dt•ration anJ IO pn.'S.'\l.trl'
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systt'm is .l ~.i kg. 

Other Subs)·stems l'lh.· rt·maining suhsy.;t,·m mas~s ha\t' llt·1.·n l·shmatt•J using histori1.:al n.·lation· 
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hoost.-r is "'ll'Wn in L1bk I -l. :.-.l ,.\ IO': m;N• !!H'Wth ;11!'''' .m.-.- h.is b,·,·n in,·h1,1 .. -.1 

WBS 1.4 . .:!.1.J 8om.rer Cost Estimate 
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WIS 1.4.2.l &lft'aal Tant 

W8S l.4.2.l. l S)"Sleta Destription 

The current STS External Tank cETl was mooitkJ for the serKs-bum applkation. In aJJition to 

the propellant 'o.td reduction whid' results in a smallerOl'erall ET. the boost loads are introduced 

into the aft l'()rtion of the LH: tank rather than in the intcrtmk region. The overall changes to the 

ET att noted on Table 1.-i.:-s and the estimated changes in mass are show"l. The mas:. u~ertainty 

of the 1..-hanges were aci."Otlnted for as follows: 

o S'X uncertainty on deletions 

o : <N uncertainty on additions (growth) 

WBS 1.4.2.3.2 Er Mau Characlftistics 

The mass characteristk.'S of the ET reth.'--t the results of ira-orporatini the changes noted in the 

ptn"ious ~~lion (I .-L:-3. I ). A mass summary fur the Extcmal Tank is shown in Table l.4.~-6. 

WBS l.4.1.J.J Ea Cost Estimak 

The DDT&f cost estimate for the •.• odifications to the External Tani.: ha,·e been estimah.-d to~ 

S60M. Tht" initial U unit cost was Jetem1ined hased on a re\·iew of the Shuttle l 1s..-r Chan~ Poli.:y 

cost esrimates. The Shunk l 1ser Chan~ Policy idt•ntifies an ET initial unit c<'St (lf SS . ..i%M 

( IQ75SbnJ suhse-tuent units ha~J on a 'll', imrroh·ment .:urw. lll<s-.- Jata wat' es~:alah.-d to 

1977 dollars anJ thl" .:ost imra.:b Jut' to th.: modifications as.~~d. Th'-" re~lt is a theot\.·tk:al first 

unit .:ost of S-UNOM. .-\ <>I 'c improwm\.•nt curw was u~d to Jdt"nnint• the cost oi aJJitional 

units required ro :;.atisf:~ tlw rro~ram requiremenN. 

WBS 1.4.2.4 Vdlide Pf'rformaoce 

The ~rsonncl .:arri1.·r \'ehi\.·k pafonn~:n,·~· was ,·;ikulatl·J haX',l t)ll the follow mg grounJ ruks: 

o Kennl"d)· Space Center t KSC') was the la.mch site: (l;atituJl" = .:~,SO) 
o 6V Rcs.:1ws = .85'; .6\'i 

o Dcli\'.:ry Orhit 

Altitudt' - -i 71 km dr1.:ubr 

lndination == -~I 0 
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KG 

Structures 21.146 

LO., Tank 4.446 ... 
lntertank 3.276 

LH., Tank 13.424 

Thermal Protection 1.631 

Propulsion 4 Mech. Sys. 1.710 
Ele\.--trical Sys. 66 

ORB Altachments 1.492 

Change un~crtainty 686 

ET Inert Mass 26.731 

Unusables 1.530 

ETMeco Mass 28.261 
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Tr'W (<11 ittnition"' l.~4 

Maximum Dynami.: Pressure 

Maximum Acl-eleration = .i,O g's 

Bum Timl" = 54 l. Q Sl"l"Onds 

Tilc personnel carrier pa)·kl3J pcrfonnance is summari1eJ in Tabk I A.:-7. A net rayloaJ ,,f 
7J 550 ktt is JcliwreJ to lht• ·F"' km orh11. fh,• orflatn ,·wrus in .. :fu,hnt: rh,· suhorl•rral jt'fhstm ,,f 
the ET anJ the resulting n•hkk ma~' by 1.·wnt an.· nokd on Tahk 1.4.~-7. Th1.• Shunk orb1h.·r O\IS 

system 1~rfonns the majority of the llrbital m.tn1.·un·rs. 

WBS IA . .2.S Pnsonnel Module 

A ,·n·w carryin~ m,l\luk l\lr transrorting 1x•rsonnd m th• Shuttk .-:1rg,, hay has lx•,·n 1.kfu1,·J h• 

estaMish the nt.JS!i ;md 1.'llSI of I his ,·km~·nr Ill tht• rr JllSl'tlftJti .. ,n Sysk'lll Th,· llh'llllk •'llll(•'l'l IS 

shown in Figure 141-1. :\ 1.·n.·w slit' llf 50 nwn pt•r tli~ht \\;1s h:tsdirwJ fi.•r puq•,,s,•s l1f rtus sltltl~-. 

Four alln.•ast s...•;1ting ''ll a smt:k k•\l'I was th,· sdt'd•'•I .irr:m~1.·nwnt. rh,· '''"'·r k\d \\ l'\tltl 1'.· u,,·d 

for liti.- supron cquipnwnl ;m,1 ll:t!!gJ~'\·. 

Ma~ Ch:tra1.·terislk-s Th1.· mass ,.-h:ir;1-.'h•ris1i,·s l,f th,· l'•'fSl'lllH.'I llh'-luk .m· th•l•'•' l'll LIM.· 1.4 :-s. 
Thl'Sl" ;m..• rn.·limmary \'Slim:ilt'S h;1~··I \\ll l'fl'\l\l\ls s(l1,1~ r.·,ults Jilli Ill h<'ll"' IKs.n .ldl\ Ill<'' 

Cost E~timatt' :\ prdrnmury ,.,,st .·,11111;11.· h:is h,·,·n 'k"·l;.1p1.·d fo1 tlw ,,.,,l,nnd llh>tlnk ll'-111~ llw 

ll'"-'IO!! Par;lllll'ln• (,',,,,\IP.kl tl't.'\ll I'll.: lllll.\l l·,11111.11.' .... SI'~ :'\l 11h·l11.I.·, .1,111~k )!h•lllhl 

h.'st Ulllt rll<' 1st umt pro,ludr<•ll '"''t '' 1:s1tm.11,•.t hl 1'.• S:-t <•'\I rt1,.,,. '''"'" \\l'I<' lkh·h•r•·d 111 

th"· s;im,· m.urnt•r .1s th,· l;nmd1 \d11 .. ·k (l''" 

n.,. J'l'fSlllllld h'hi.:k (\lSI P<'f 1·1~·ht IS '"''''" llll till' (llSl I'<' llt!!hl \\ ••rl.. brl·.1:.llO\\ II .. 1111.-llll•' 

shll\\ll in L1bk 1.4 2-'l nw ;lh'rl!!<' ,,,,t l11)!hl I' ,,a,,·'1 ''11 ;I l.;und1 r.1h· ,,f .:'~<· tlii.:hh pn ~-·.1r 

:mwrti11.·<I on-r 14 y,·ars ,,f ''l'l'l.llll'll. rnt.1l phl)!r.1111 ... l,sh kss tlw Dll r,\1- ;111.I fa, 1ht1,·s J'l'tlh'll 

.Ill" ui.:lud.-.1 m the .l\t'l'.l!!r ''"' J'l'f ll1}:ht n1.· 1.'l)lll\.1knt h.mh\.ll'l' 111111' "' ,.111,f\ llfr. n·fur!'1'h· 

nwnt an .. t l't'J'klll'il\llh'llt 'l'·•r,•s r-·qu1r,·n1'·nh .in· ;1s 1\•ll<•Ws. 
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ORV MASS SECOND STAGE SEQUENCE 

vtHIClE ElEMENT tolKG MASS AFTER 
EVlNT EVENT 

BOOSTER (11.UI) 1olKG 

StftUCTURE 80.12 STAGE ATMECO 117.29 

THERMAL PROTtCTtoN SYSTEM 10.41 liVRESERVE 183.98 

LANDING SYSTEM• RCS 5.• DROP ET 111.12 

ASCENT PROPULSION 47.14 PERIGEE BURM 154.17 

"'IME POWER .8Z APOGEE CIRcut.ARIZATtOlll 148.M 

POWER CONVIDlST 1.73 RCSTRM 148.GI 

ECS .. OMS TRIM 1•7.M 
. 

AVIONICS 2.7' DEPLOY P"VLOAD (P/L • n l&O Ile) 73.99 

GROWTH 14.98 OEORBITAV 71.21 

EXTtRNAL TAMC f 26.73} 

OMITIR ( M.56) 

ORY MASS• (259.17) 



EMPTY MASS 

MASS OF CREW (50) 

TOTAL MASS 

9,958 KG 

7,938KG 

17,896KG 

~------ ·--------: 

\, 
'··-,,...__::c:======:::::i------1--------:.....--" 

L_AIRLOCK L_ ESCAPE HATCH 

'---- LIFE SUPPORT EQUIPMENT Ar-'D BAGGAGE 

figure I .4. 2-2 Shuttle Penonnel ~.fodule 

= -
' ,.,. 
g 
"' -. -



CyimJcr and ,~ulkhcl!,h 

Slll'l'•'rl Sf1 Udlll\' 

Aulod;. .1n,i Fs-.·a1'\' llatdtcs 

Furn1,hm~~ 

Tl\\'Mll;ll Pt\'h'dl\\ll 

t1fr Surix1rt 

Cn·w ;m,t Fquipnwnt 

\;tl.'Wfh IO·j 

:5flS 

Mn 
L~!5 , , _~ .. 
IQ\15 

S05 

7038 

I :NO 

I ":Nfl 

COST BY W8S lEVil · $M (1977 $1 

WBS ElEMENl (~J ~) 0 0 - ---------~------------------__ .._ ___ _.. ___ __, 
TOTAL PRQGRAM OPERATING COST 12.619 

PROGRAM OIRECT 9.388 
PROC.RAM SUPPORT 
PROOUCTION & SJ"AAES 

ORSI TE R PHOOlK~Tll)N 
OtiBIHA SPA~US 
SSME--S 
HL)(lSTfR AltU RAMl 

00t'S TE I~ t N(ilNES 
CRfW RHAHf' GH 

lXPENOA~ll HAHOW.\Hl: · l.T. 
TOOLING 
LIROUNO OJ'S'SYS 

G~OUl\;D LlPS 
L~St Sf'ARl:S 
PROt'U LANT 
OTHFR 

~-·-'> ~ 

0.908 
J:-426 

t.536 
0.342 
0.325 
0.779 
0.280 
0.165 

1.8~ 

0.43i 
2.7S9 

1.473 
0.326 
0.886 
0.074 

----~~~---------~---· ~-------~--· -- --~~-~-- --~ ----- --~ -- --- - --~~--------..... 
OIREl~T MANPOWfR 

CIVll ~i RVlfr 
SUPPO!H l'.L1NTHA(fL)R 

INl'IRlCT MANP\1Wt A 

1,568 
0.861 
0.707 

CIVIL. Sl RVH_~l 0.765 

--~~~S-l_IPP_l~)Hl Ct~~__:'l'~0R~-~~___l~~~---'.._~~~..&.-~0.-90S~~..._~~·~ 



Hardwan: Element 

C3Hs Booster Airframe 

C3Hs Engint'S 

Orbiters 

SSME's 

ET 

DJ SC)..24071 ·I 

Equi' .iknt llnits 

~(l units 

175 units 

IO units 

140 units 

3584 units 

The averagt' cost of the.!' kn orbiter.. was estatilisheJ at SS SOM ead1. 

The average cost per flight of SI ~.(l 1 QM indudes Program Dit'\.'d t 75,-; \. Difl.'1.'l Manpower t I ~·:) 

and lndin.'l.'t Manpowl!'r { J .Y;) l.'att'gl,ries. Tht• Program Dirt'l.'t elt'mt•nt brt•akdown is ;1s folll'ws: 

Progr:1m Support 

Produl.'tion and Span:s 

Expt•ndahle lbrdwar.: 

Ttwling 

1-;round Opera1i,ms Sysh.·ms 

10': 

The Dir.:.:t and lndirt•.:t Manpow1.·r 1.'l)Sfs rl'lk .. ·t 1'oth n.traplllJti(lfl and modifkalillll of the Shut1k 

User d1argt· data for the: Personr.d Vehkk Clm.:ept. 

WBS 1.4.3 Chemkal Orbit Transfer Vehicle 

The: 1.:hemi1·al orbit transfrr whi,:k 1<.HV) is used in the sa.tdlite GFO .. ·onstrudion .-on.:q't. In this 

t'l"1t'1.'pt. s.11dlilt' 1.'tllll!'t'lh'llls ar· 1'.'liwrt•d Ill a LFO slagmg d1.·p1ll and th1.·n transfrrrt'd to d11.·mi .. ·al 

OT\ .. s for ,k!in·ry h' (;Fo wh,·n· th1.· ,·nnstni.·tit'll l'·xurs. 

\"arious typ1.·s llf dwn11,·al 0 r\'\ hah' \'1.'1.'n ill\esti~att·d in tlw FSTS study .md Part I ,,f th,· SPS 

systl'lll d.:finition study lht' results <lf tlll'st' studit'" have indi1.:alt'd a LO~ LH~ .... ,,mnHHl stag:l' l!Wt' 

sta)!d sysll'lll It' b1.• tlw 111t1st dcsirabk l'hi~ systt·m will bt• su111111ari1cd in th1.· f1ll1;1\\·ing s,·..-ti<'lls 

;llHI is appli(atik to t'ilht'r tht• photO\llltai,· or tlwr111.1! ,·ngitll' satdlih•s. 

WBS 1.43.1 Configuration 

Th1.• spa,·t•-bas1.·d t'tlllllll1'll :-t;1gc 01"\" is :1 two-sla)!t' s~ tclll \\ilh 1,,,th stag1.•s ha\ ill)! idcnti.-al pr<'!'l'l

lant ,.·apat'lty :I'; shown in l·i!,!.llrt• 1.4.3-1. m,• fir:-t sta).!1.' pf\nidcs appnY\im.1tl'!y ~ 3 tlf th•' lklta \" 

fl'qt1irt'lll1.'lll fo~ b;1ost 1Hll l,f lnw I .irth l1rbit .11 '' hkh p11inl it 1s .icttisi1.lth'd for 11.·turn Ill tlw [,,,, 

Farth orbit sta)!ill)! lkpot. 
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MAIN fNGINE (21 
\ 470 KN (105 K LBFI 

r DOCKING 8i SERVICE r MAIN CNGINE i4) 
/ - SECTION '70 KN 1105 K LBfl 

rr--~-----IC.ll"""'= ........ ~,....~~.i...--,r,..-.;.,_-7'-------.:::-~~~;;;;;;;;;;;;:~n-::::--+-"-T""" 

9.6M 

f- 28M 

56 M ----------------t 

------ STAGE 2 ------1----·-- STAGE 1 -----1 

• PAYLOAD CAPABILITY• 400,000 KG 

• OTV STARTBURf~ MA"'S ~ 890,000 KG 

• STAGE CllARACl ERISTICS (EACH 
• PflOPELLANT ~ 415,000 KG 
• INERTS" n.C•'.l!l KG 

(INCLUOl;~G NON IMPULSE PRv:>ELLANT) 

• 2SO OTV FLIGHTS PER SATEU.ITE 

Figure 1.4.3-1 Space Based Common Stage OTV GEO Construction 

:!44 
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The sc..:ond stage ..:ompktcs the boost frnm low Earth Mhit ;:~ \\di ;!s the rcmaindt•r •lf the llftlt'r 

delta V requirements to pla1.:e the payload at GFO and ,,!so rrovides the rcquirt:'d ddt:l V to rt'!t.rn 

the stage to th1..· LEO staging depot. Subsystems for t>a..:h stagi: an.• idcnti,·al in di:si~n .;pprna..:11. 

The prin,3,y 1iifforcn..:e is the us..- of fou; :;-11gines in the first st:•ge dut.' to thrust-to-\wight n·qu1rt.'

ment:; ALo tt.e set·ond stage requires aJoitiona! auxiltary pror1.1lsion dlle to its man·-uH•ring 

requir·~me.tt:~ including docking of tht• payloaJ tu the ..:onstm~·tion hase at GEO. Tht• \d1idt• has 

been siled to deliver a payll''1d of -40Ll COO kilo~rams. As a result. 1.111: stage starth1m m.1ss \\ ithout 

payload is arproximately ~NO 000 kilogr;uns '''ith the whi..:k having ;i;1 owrall lt>ngth of 5h 11.•'tl'rs. 

WBS 1.4.3.2 Suhsystems 

Structure and Mechanisms 

Main pn,rellant 1:nntainas arc •.vl'kkd aluminum with intt.'gr.11 stiffrni:lg as r1.·quirc·d h' ~·.1rry 11.,,.nt 

loads. lntertank. forward and aft skirts. and thmsi stru~·turt>s emrlo~ graphitt.', l'i''''Y 1.-.l1i1pt1•it1.·s. 

An Apollo S,lyu.t type do~·king systc:m is pnwidtd at thl· front t•nd of t'a..:h stagt• f'-'r J1.xkin~ wit!: 

pa~ loads. refuc:ling ~ankas and or~ital hasl.'s. Tht• stage-to-stage: Jo..:king ~;yst:tn pnw1,ks for J,1..:k

ing the stages togethl'r with !light loads ..:.1rri,·d through full"1.tiaml.'lt'r stm..:tures. Propl.'fbnt transfn 

..:onne..:tions allow either stagl' to be fuekti independently with tlw stag,·s l'ither s1.•p;irah·d or do~·k,·,1 

tt\gl'ther. Strlll:ture ,,f the twn stagt'S is id~·nti~·;1i to tht• exlt•nt pradi..:abk. 

Main Propulsion 

\lain engines art• based ,1n ~:huttk 1.·ngir.t· lt'..:h1ll1k1gy. or;.· rating "ith :1 ~tag1.·d-•·.1mbu~ti,,n ~·J de at 

~O Mn!m: 13000 psia~ ..:hamber pressure. J LO= LH= mi\tur1.· ratio of 5.5 t1.l 1.0 and ;1 r1.·tra.:ta!1k 

nonk with l'Xtcn~ion t.'Xp;ms11,lll art'a r;1tit1 of 400 ('W\idmg a sr;.'dfi..: impu!s,· ,,f 4-0 s1.·..:,1 nd~ 

AJvanct•d low l\PSH pt.mps an..• us,•d w mini111i1t· frt.'d pr,·ssurl's .. ·\ 6 tkgn·c squan: gimbal l'attnn 

is cmployt•,l. The 1.•npn1.·s ;1r1.· ~·ap .• 1'11.· tlf ,1paati11g in .1 tank ·ht•a,i td 1c ( Tlfl 1111",k (l'llllll'S 1wt turn· 

ing: mixl'd-phas1.· prnp1.·llants) for ~·hill-down ;rnd sl'lf-ullagin!~ at a ~l'l'i.'tfi,· impul.;, ,1f 3~1) Sl'i.'tlllds: 

bO se..:nnds H1ml.'\ in s1.·lf-ull.1gmg llhhk ts a~sumi:1. lll'l'1.kd prrnr Ill bOl'lslral'l'ln!! I•' full thrust. 

Throttling l'1.'IWt't'l1 tank-h·:ad 1dk and full lhn:st is not fl'quirl·d \bin pr,1p,·IL111t \·"·ssuri:.1t1t1n 1s 

deri\'Cd fr•>nt t.'llg.illl' tap l1ff ~llfrr JI\ \11lbllan\ ht.•lium \'rl'prl.'SSUl'l/atil'll. 

Auxiliary Propulsion 

:\u\iliar~ propulsi,,n 1s us ... ·d for attitudt' ... ·ontrtlf and ll''' ddta \' matll'll\t.'f' ,!uring .. ,,ast 1•1.·riPds 

and 1 taminal Jo1.:king mant•un·rs. :\n i11d,·p1.·111.knt LO 2 LU 2 systt·m 1s us1.•d ;md '.'fl'' id1.·s .111 Isl' 

1'f ,r:-5 st·~·,,111.ls .1h•ra~1·d owr pulsing •trhl sk.1.I~ stal1.' opl'rat111g mo·k~. Thrustl·r~ .Ill' 1lh'll!'ll'd · . 

quad pa..:ka)!1.'s anall'l!''lls t..1 the :\pt lilt' Sl•n i~'l' \h,duk install;t'll111. Fa..:11 quad has its 11w11 i'f1'1'd

lant suppl~ 1t1 !'a1.·i1it;1tl' d1a11g1.· out. :\ux;liary pn1puls11.m fl1r th ... · I\''' st;1gl'S 11s''' .,:,111111w11 1 ... ·..:h-

11nl11gy but ..:apa,·itil's .md thru;t L·\ ... ·ls arl' tailot'l'd. 
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Electrical Power 
Primary elecrric power is provided by f~I cells based on shut .ae technology. tailored to the OTV 

requirement Reactants are stored in vai."Uum-jacketed pressure vessels. Product water is assumed 

retained onho:trd to minimize payload contai.nination potential. Ni-Cad batteries are employed for 

peaking md smoothing. ~8 \IX' power is rough-reimlali.J and filtered with fine regulation pro

vided by power using subsystems as needed. A potential inert mass saving (not aSMJmed • would use 

l'l•· pressure reactants pro\·iJeJ from main propcllanl tanks. Electric power systems for the two 

st~i are id\'nti..:al except for reactant capacity and ham'!SSt'S. 

Arion~ 

Avioni\."S functions include O!l°'Oard autonomous guidance and navigation. data management. and 

S-banJ lekmdry and \."Ommand \."ommuuKations. Sa\i!?'ltion employes Earth horizon. star ani Sun 

scnsor5 with an advanced high periorman.;e inertial measurement system. Cross-strapped LSI ..:om

puters pro\·ide ri:quireJ computational capability including data mana~me"lt. controi and configu

ration \."Ontrol. The command and telemetry system employes remote-addressable data busing and 

its own multiplexing. Althou~ thl." 3\'ionks systems in the two stages are identical. scftware for 

each stap: is tailored hl thl." st:1p: functions. 

Thmnal/Em·ironmental Control 

Main propellant tanks an: insulate·· by aluminized mylar multila~·er insulations contained within a 

pufi?e bag. TI1e in .. ulation system is hdium rur~d on thl." ground and during Earth launch. Envi

ronmental \.·ontrol of the a\·ioni1c·s systems is ac .. ·omplished using S\:'mi-acti\'C louvered radiators :•nd 

c.>ld plales. Actih· tluid loop., and radiators are requtred for the fl.d c.:11 systems Sufl'.'ralloy metal 

base hear .,hidJ., arc- .. ·mploycd ro proh.· .. ·r th .. · haS\.' an·as from re\.·irndatint= t>n~ine plume gas. 

WBS 1.43.3 Perfonnance 

Perfc'mtanctc' chara··teri .. tics asso1.:iated with the common sta~ L02 LH2 OfV art· shown in Figure 

1.4.J-2. Propdlant requirements art• shown as a function of the payload return and ddivery C:ipa

t>!lity. Perfonnan1.:e ground mk:. u:.eJ in these parametrics arc as follows (vahu: .. are main 

propellant quantifies): 

246 



0 • IC a • IC 

§ _, 
5 
IC .. _, 

i 

a ~ ~ • * 
PAYLOAD RETURNED Uol Kg) 

CAPACITY LIMIT 

12STGSJ 



0 

0 

St~ I I 00 l!? rt•r start 

St"! : 50 L.~ 1"-'F i.lart 

:o L.g 

hH.tt 
o l~ hr l'.t,:h slap.· 

o Burn,,ut mas." scalm~ '-"luah.ms· 

Sig I J.i.;o L.~ + lHl55o, WP1 + 0 1- :.;;. WP' 

St~: .lSOO k~ + o.o~u .- \\'P1 + 0 17 :5 wp .. 

\\·h,·r,· WP I an,I WP: .tn· n•am .mJ au"hal) rrordl.mt ,-.1ra,:11i,., fl.'SJ"-'d1h·I~ 

,, St.1~,· :\. ,,f 0. •> 3 

(' Sra~ut,: t•aS\· al -r-; 1\.111. ,;i dc.·~n·,•s 

WBS l . .f.3.4 Ma~ 

Summa~ 1,·,~·I mai.s ,·,r1malt•s an· prt·~·nt1.·J m rahk I ·Ll-1 for lht• °"·k.-1,·,1 ~tdhh.· l l rv A 

~·l·i,:ht }!.fO\\ th f,1,·t.•r of I 0 . \\.IS lh<.'•' rat ha lh;m 15 ... , Ill FS rs h.ti.\.·,t on tilt' _llh.l}!.111'.'lll tlut thl· 

$PS l 0: 111: 0 r\· \\'tlllltl 1'1.• J ~·1.·t•llll )-'\.'llc.'f;lll<lll \ ,·hidl' \I.ts' l'SflllUll'' for lhl• s~·sf,•m, ~t•lkd 

Ilk- Jc-s1~n a1•1•roa .. :h pr1."\h'U'I~ ,ks.:nht·•I 

l\1•1,-.11 ,,rl•1r 1r.1n:-kr •'l"-'ralloth from l l·O h• t a-o f,,.- llw .-,•11111ll•n -.t.l}!.l' 0 r\- .ir,· 11111-.11.11,·d :n 

1 ·1!!11H· I ~ 3·3 111,· 111.1_1,•111~ t•f rh.· ,Jdt.1 Y f,,r t•.-..•,.fm~ fr"m I It l 1, I'll'' i.kd "' S1.1~~1· I St.1p· 

1h1.·n ... ·p.tr.lh'' .llhl n·turn' h• th.- ,l.1).:111~~ ''"'''' f,,11,,\\ Ill).: .m ;.·lltp11,-.1l r.·111n1 rh.1--··•n)!. ·•rl•tl SI.I)!•' ~ 

,·,m1rkt.- ... tlw 1,,,,,,1 .111.t ruh tlw p.1\ 1 ... 1,t 111h• .1 l;t ( l 11.111 .. t<t .m.l ph.1,111i:. ••rl•1t. ·"\\di .1, m1<·.-t111~~ 

th,· p.I\ l.>.i..I mi.• tall .111.l I'•'' h•1m111i-: th1.· 1<·1111111.1! r,·1i..k1'1'11' 111.11i.·11\l·r \\1th tlw ( ;1 l l ,,,11,(111.-

ll••ll ,, .... ,. I ··Ii••\\ Ill\! t\'llh•\.ll ,,, rh.- r.1) 1 ...... 1. ''··~c.: lhl'' l\\tl f'lllll.tr) hmn' Ill n-h1111111i:. "'th• 

I IO -.i.1~1111! ,kr••t -\ ,i.-1.11kd 1111 .. -.h'll l'"'hk 1n.l1.-.11m~ '"'nh. 1111w .111.1 ,klt.1 \' '' pr.· .. ,·nh·,f m 

l.tl>k 1.-1 .•-: 

:\ t.>t.11 nu""'" t1111d111-· for ,·.1.-h ,u~,· ,, rr..·"·nrcd 111 h~111,· I -I 3--1. .-\II•'" 111,: ·'l'l'"'"111.1i.·h n!!hl 

h1•11r' h•r 1.-!udm~ .111.t rdurl> n: .. ulh 111 -lll lh•tll'- d.11''"'' tmi.· l•1·f,,,, .• 1 ?'.'"·n St.ii:.•· I ,-.111 ''' n·u"·.t 

\ IH'''"'I St.II!•' .:. h,>\\1.'\l'T. h.1, .111 d.1p,..-.I 11111;.· ,,f ~:' h••111' !>,·f••n· r.·11"· ni..·hi.hn!o! lmw f1•r 

,,,.,,·mbl~ h<'h\<'<'11 'IJ)!<'' .ui.I ''•'l\h'•:n l l IY .m,I p.1\ '''·'" 



Tale l.4.3-1 Ol:emkal OTV Mall Smanuiry 

St~ I \KG) Sia~'.! O~.G' 

Struct and Mechanisms 13.300 14.780 

Main P:-opulsion 1.t.l90 4,0.:!0 

Auxiliary Propulsion 820 l.120 

A~ionics 300 310 

E!ect~ r ""-er 850 820 

Thermal Control 1.850 1JIO 
Weight Growth (l~) 2.410 2.340 

Dr}' 26.630 :!S. 7QO 

F~I Bias 640 640 

Unusable! ·~o ... /LH ... 1.810 l.810 

Unusable and RCSc!rvt: APS :')() 660 

Burnout 2<>.370 28.QQO 

Main Impulse Prop 415.000 407.000 

APS ~.700 <l.100 

Srartbum 4.i7.070 ..w~.OQO 

figure 1.4.J.3 Cllemical OTV Orbit Transfer Opentions 
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Tallie 1.4.J-2 Million Profilr 

UISSIOH 

fVENT Rf QUIRED PROf'Ut.SION 

NO.• 1lW DE.l.TAV IM1'1NOA 

NAME fHRI Mi"Sff: AlJ'C·UARY) REMARK 

MlSSION 

1. STANOOf'F 0 3 A PROVtOES S<\f E SE f'A.R AT ION otST ANCE BETWEEN 
FACILITY & VEHKll 

2. PHASE ,, :> A .WIS ATTITUDE CONTROL 

3. COAST .s nts .. OTV FIRST STAGE SEPARATES AFTER nus 'V 

4.. COAST 0 3 A ELLIPTIC REV 

5.. INJECT ·' 150 .. INCLUOES liO U.'SEC ACCUMULA TEO flNITE -
8URftl LO$S 

6. COAST ~- 3 A TRAlllSHR TO GEO 

1. PHASE llU ·' neo .. RE PR£S.ENTA JIVE f OR 1!>0 PHASlfllG 

a, PHASE 2l 3 A 

9.TPI ·' ~ .. INCl.UOES 15 MISEC ovtR tOEAl TO Al LOW FOR 
CTERMINAl PHASE. COf\RECTIONS 
INITIATION> 

1Q. RENDEZVOUS 2 IO A 1l'I ASSUMED TO OCCUR MTtON SO KM Of T <\~GET 

11. DOCK 1 IO A 

12. WAIT • • . ASSUMcu oocno 

13. ST ANOOFF ·' 3 A 

M. OEOR81T ·' 1820 M 

15.. COAST 5..4 10 A TRANSFER TO LEO 

16. ?HA."£ INJECT .1 2156 .. 
U.PHME 12 3 A OHBtTPERIGEE ATSTAGlfllGBASE ALTITUO£ 

1a.m ·' IO M 

19. RENDEZVOUS. 2 20 A 

20. DOCK 1 '10 A 

21. RESERVE . '130 M 2' OF ST AGC MAllll PROPULSION V BtJOGE T 

FIRST STAGE RECOVERY 

1. COAST 4..2 30 A :,v TO COARECT DIFFERENTIAL NODAL REGRESSION 
BETWEEN COAST OOSIT ANO STAGING SASE 

2. PHASE INJECT ·' 164S .. flllPTIC ORBIT· PERIGEC Af STAGING BASE ALT. 

4. TPI 12 3 A ALTIT\JOE CONTROL 

l.. PHASE ·' 50 .. 
i. RENDEZVOUS , 20 A 

6. DOCK ' 10 A 

1. RESERVE - 85 M 2' Of ST AGE MAIN f'OOf'ULSION V BUOGt: T 

2SO 



STAGE 1 
llOWERt 

0 10 
r 

20 
I 

0180-2-4071-1 

30 

STANDBY ·WAITING FOR NOOE CROSSING 

60 70 

_ ....................... .....,,.,..... 
:;:::: BOOST & COAST 
i ::::::::::;:::::::: INJECT INTO PHASING ORBIT 
I ;:; RENDEZVOUS & DOCK WITH STAGING DEPOT 
I REFURB & REFUEL 

80 

r-SEPARATE 
- - - - -f - STAGE 2/PAYLOAO 

STAGE 2 
(UPPERt 

r------. L-____ ::::;: COAST 
;:;:;::: INJECT INTO GEO TRAl'JSFER ORBIT 

::::8::::;:;:;':;8::;::::::::::.: INJECT GEO PHASING ORBIT . '" .................. · .. 
L, :::; RENDEZVOUS & DOCK AT CONST BASE 

-. BURN COAST ;:;:;:;;:;: UN\.OAO PAYLOAD 

F'l&Utt 1.4.3-4 Olmlical OTV Flight Operation Tundine 

:?SI 



With the inJi.:.itt'd tumarouud tlnll~ for t•;Kh ..... ~. of ;Ut \)Iv. tl IS rossiN\" to l'stabh.Jl the.· lotal 

St;&~ tl1.•et sir\" :t'i> shown II\ b~lft' 1.43-5. 11w fu~t two ha1' Jn: .l.'-~lo.:iakJ Wllh th1.• first 0 rv 
Ritbt. At thc.' 1.·nu of appnl'\imatd) l ~ ho• s till' "t'1.'lm,t or ur1lt.'r -.u~· t llH "-'rarah'" irom tht• fir.-1 
Oowerl slage f LI\. fhl' :·irst sta~ .:ompkks its oreratic.lns and ~ J\'3il.thk m limr for Ott• lhuJ 

OTV lli~t. The first uprer sta!!l' fim..,_l\,·:. 1b m.,,1on anJ is .1\a1latik frlr ant•thl't 1l1~u at tlw l.'nJ ol 

app1ox.imatdy S:' lwurs wtn.:h allows it t•' ~· lN'll m1 th1.• tl1¢\l ~·h1.·Jukd l\)f th;.· fifth •la\. With 

orer.alt-.MlS .:tlr..,1u.:t..·ll in this manna anJ the n:qum•1111.·nh f...,r .1t1l' 01 \' th~ht rn J.1) for fih· 

.:onse.:utin.· Ja~' p..·r w1.·d;. (..:Oril'sp..mJ, "' lamKt: \;;•h1dl' oj•aal1l•lls ~ ;i hllai off;,\ o low .. ·r ;inJ krur 

UJ'J'<'r '.'itag .. ·s ax "'•Jlltn.•tl in th,· tll.'1.'t m orJ,·r to .:onJu.:t tfa!o h• lia) •'P~·r.ilt\lll,. ( lJ'l.'r;1h.'J m this 

mann,·r. as man} Js '" mJcf'l.'thkntl} t>J'•'rat111~ ... ta~·s ,·;m ;.,. m rli~ht .ti ~~w tin11.• J•mn!! thi.· 

(t>nstm<:lh'll of l';a,:h "1tdhtl' 

WBS l..t.3.6 Co.st 

l>DlF ..-,,.,., for th,· ,·pnlllH'll stal!'' l () ~ I ti: 0 f\" "1rh .1 start hurn m •• s .. of <ltkl 000 l..i:. 1s ,·,rnnall·J 

at $450 nal!;.m 1 l·l-- ,1,,Uar..) h.1s..·d ,111 ,:,\ .. t 11;;r;inwtn.:s .k\1.•i••f'l.'•I Ill tu .. · I STSA .. tuJ~ lb.: 

;n·i:ra~· ITl' ... ,,,, for l111.· l\\t• o;f.i~, '' •• .. 111•1.11,·d .1t ss: •nilh,•n 1 l'r7 dolkn,1 ;i~~·mt thm~ ~SI 'A 

t. 
0

{lSl l'•'f fll~hl hlf th.· Ill.: l tf: '~ rv .... h;t~·J •lit till.' t(lll•'Wlil!! rwunJ mli.·, 

,, Sp.J1.· .. • Ha-.,·~! LO.:; l H.:; t tmunon St.1~ 

,, S1.n t ~urn St.1~·· \f.:.,, ,,f .i.i 5 K ~-!! 

(l StJ!!'' ITl' h1:1.1I ss.::M c ,.,-- llt•!l;ir.l 

•' :so Ol\' 111~·~11"- t'l'f S..tdii~: 

n J S..1tdltt.·, («m,:m.-il·d l\·r y,-.,r 

o l O: l It: Hnf" < ,,,t ••I 'tlltl pl'r k~ 

,, Sf'.lT•'' I qu.1! 50 •'' ( lp,·r.111<111.11 l n1h 

Thi.• m.tf\llil\ ,,f th,.,,. ~r<•llll<I mk' ,ire ,df.._.,,,l.m.1tt1r\. th'\\•''>'!. ,,,,·r.11:~•.:nl11:rth,·r c\rl.111.1-

11,m rti.· ~~li ll:,. 111' h•I th, ;•th 1 ""l'•!~·r \1.'llld<· I' lh<' IHlllll-•·;- fl'<lllirc,I f.•1 •'Ill' '"l."(ht.·. ·\ l.i

Y<';ll p1<•J!r.1111 i1.1' h·,·n .1,,11m~·d lor l!w ur1'1! t1.111sfrr \du .. ·k, ·Uh'<' l-..·\,11:.l t!· :t l'•'lllf Iii !rnw ti '' 

~"·n,·rall~ .1"1t111 .. ·d th.it .1 d1ff1:n:nt ~,·;wulh'!' 1•f "ri•1t l•;w..,kt h'lii.:1, \\<>uid I•,· ,kh·h•l""'•L A 50· 

l11~~ht d,·,::-'1 hti.· h;!' ,,,,.i1 .1-.,1111w.1 fp: th,· ... r.1; .. • l•a,~«l •;1t•H tr;tnskr Vt·i;!, k lhi'.• \,1h1,· '' l'.lSl'd •'11 

lh<' ~ISH · Ing S111.l\ wh1d1 ·''"lllnnl :'t' u,,., l~•r .1 ~r.•w1d "·'''"' '~ ,h·n1. ·\;..sumin~! th.11 th,· SPS 

(>I\ 1'> .1 ,,.,,,!Id ~·.'!h"l,1!11·n h·hrdc. 11 w.--. ~1-..;wncd 50 u .. .-, .:<•111<1 ''"' rn•!r\ld! f~,r a'!'·•_...''·'''"! 

''.""km 
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Figul"C' 1.4.J-S Flight Opttations-ch~ical Orbit Transfn 
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BaSc.'d on the abow t?round rules a total of h~4 sta~s \ ul'JX-r and lower) ar1..' rcquin.'d n.-sultir.g iri an 

avera~l' stage cost of aprroximatd}· s_ll million. Cost per tlight for a compktc tY-o stagt' OTV was 

estimated as S~-~o million with the following hfl'akdown. 

o Operation:tl Unit' SI .~4M 

o Propellant S0.40M 

0 Spares S0.62M 

WBS 1.4 . .\. 7 Crew Rotation/Rt"SUpply Transport3tion System 

lhe cft'w flltati<.lfl resupply OTV for a photon,llai .. : llr tlwnn.:11 t>ngirw satdlitc..' .. ·nnstrn .. ·11..·d in 1..·itha 

LfO or c;1:0 makt'S use of a common stage LO~/LH~ OTV. The system Jes.:ription of this OTV is 

essentially the same as for the GEO constmction OT\'. although the siu of the systl.'lll do1..•s \ary 

with its appfo:ation. 

·n1c: ,·ompkt1..• .:rt·w rotation"n·supply transportation systl.'lll rl.'quirl.'d for a photovolt;1k satdhk 1, 

presented in Figur1..• I A.3·6. In the .:ase of lfO .:onstru1.:tion. the aew rotation rl.'supply .:lln.:1..·rt 

involws wtation all llf th\.' personnel l ""5) at the GH> t'JSl' C\\. ry QO Jays and pawidin!! supplies for 

90 d;:ys. As a fl'sult. tia.• OTV has a starthurn mass llf ·N5 000 kg. 

Shoui.t the s;1tdlite hi.' (lll\Strtrc:tcd in (;Eo. the s:ime OTV as used to Jdiwr the satl'llill' (ompo· 

nents is cmpl''Yl'O. :\s a rcsull. a ..:rcw rotaliun rcsurply flight is tlown orKe a month in\l;hmg 

I (10 rersonnd ;Uhl supphl.'s for .t~O p~·,,rk and .~O d:1ys. .·k.:ordingly. the OT\. has a slarthurn mass 

of 8ll0 000 k~. 

WBS IA.4 SPS -lnstalied Orbit Tramfer Systems 

WBS OK:tionary 

SPS insfalkd orbit tr;,tnsf .. .-r sysk'llb indwk ;1ii h;trltw:irc softw;u1.·. and .:l'nsumabks instalkd on 

SPS mo,luks Ill l'quip tlh.·m for orbit transfr·r fh·•n LFO to (;Fo. Tht'Tl' are l.'ight st•ts llf this l.'quip

llll'llf in th1.· ~·tirr1.·nt pn:frrn"cl .:<nKl.'pt as the SPS is tr.111sfrrr~·d in 1.•ight moduks. 
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• CREWlOlEO 
• SHUTTLt GROWTH 
• 75/FlT 
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I 
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• CREWJCARGO TO oro 
• 2STAGE lO,t\.HzOTV 
• UO CONST OTV 

• W5•49&000K1 
• GEO CONST OTV 

• Wg•80 OOOKt 

• CARGO, PROP & OTV's 
• 2 STAGE BALLISTIC 

10 

LEO 

ORIGINAL PAGE 1$ 
OF POOR QU~ 

OTV"a -

CARGO TO LEO --

LEO GEO 

F1pre l.4.3-6 <..rew Rotation/Resupply Tnnsportation 

2SS 

TANKER 
(PROP) 

CARGO 



Description 
The 1..'llntiguration arrangt·n11.·nt :mJ .. :haradl'nsti .. ·s \lf th,• sysh·m l'kn11..•nh usl•..t in tlw transfrr of 

eai:h satdht1.· moJuk an: ~town in h~urt' 1.4 4-1. lk gl'nt'r.11 d1:1rad,·n ... t11.s in.li1.»ah' .1 :;·, \)\•:r

sizing of till' sah.·llitl' h' ,.l,lllf'l'rtsah· f,,, tltt' rad1a1i,,n J,·gradatlcn .. x·<11rrin~ durin!! ra".I!!•' thrl'll!!h 

tltt• Van Alkn lldt and thl.' inallility to :mnl·al out all of th,· d:1111agl' al'tl-r read1mg ta-o. 1) lus on

si1in~ is r•·tkd1.•,I in till' s,1tdlih.• 1,ksdil'ti,1n I. It sh,1111..t als,1 ll,· ,·mphasill'd at th1' ptlllll. ,1111~ tlw 

arrays lll't'lkd Ill prtwi,I .. th·· O:Qlllfl.'d r\)\\'l'f for tran.;fn :lft' lkploy .. ·d. Tlw n..•maindn llf ;irray\ an.· 

stow,·d w1thm r.1d1;iti,1n t'fl'''f '''llt.1111 .. ·rs. Cost ,1pt111111m tril' 1i11w' ;Ull1 I,!' \;thll'' .Ir•' Tl'Sl'l'dl\d~ 

180 da\'s and -; .000 .,,.,·onds. 

Thrust..·r nh1duks .II'•' 1,,,·at.·d "t f,,ur .-,inwrs ,if tlw nh1duk· : .. l'T'''jd,• th,· llllht df1.Yllh' th1u,( 

h'i:lOr a1•d s;1t1sf~ ,·,mtr.11 T<.'ljllll•'llk'llb. Furtlwr dl\•llsst.lll ,if th,· thru ... t.-r llhlduh: j., rr"\11,kd l.:h'r 

in thi.; s,·,·!i\lll. -\ t\\l' ;1\is !!11111';11 "~""'Ill ,,,n,·...il~ "''"iti,,ns th,· p;inl'I ln-.ull.1ti,,n ,,f th .. · thru,ll'r 

modull' aprrn\i111.11d~ 500 nwtas fwm till' ... atdltk 111 1:on.it111..-f1,111 with g.imhal lm11ts l'l•''<'llh l11gh 

,d,x·it~ i''"" frnm llil!'lll!!lll!! l'll th,· ,;itdht.· and .-aurnt!!, ,·n"1,lll Pr,lp\.'ILmt tank.. f,,r th,· thni-.fl•r., 

h;1H' ll<'l'll 1,,,:all'd .11 tlw ,·,•nkr ,,f Ilk· ';1tdh!<' mo.lull' .111.t at th,· lo\\l'r .;urL1,·,· to pnn 1.!1· .1 llh'f•' 

dt'sirabk in,·rt1.1 .. ·h.ir:1dn1,11..- tth,· "''min.1t:n:: f.1...i,,r tn th1.· ;1111,1unt of ::r.l\11~ !!,r:td1,·1-.c h'hlll''l 

Radiato~ .t1 ... sipak th,· wa ... tt· h,·at fr,1m th<' l'''"''r l'h''''"sit:g. tm1ts. 

Flight ._·,mtn'I ;1f tlw 111\1,luk wh,·n 11~ 111~ .1 PFP .1tt1tu,k ,lmin~ ir;m;;kr ''''tilts in tar:: ~raY1t\ 

gradkm h.irqu,·s at s .. ·wral !''''''''"'" 111 ,·;Kit ,,.,pfut1,,n. R;1th,•r 1h.m l'l\l\ 1.t,· th1.· ,·nt11 .. · '''lllll>I 

,·;1p~11l1ltt~ with ,·kdn• thru~t.-r-. "111.-h ar .. · qu1fl· ,.,,,,·n,1h'. 111,· l'f,·..-111..- "''"'Ill:' '>11,·d •'Ill~ f1.>r 

Ilk' 1.lptimum tr;uhkr tim,· with th.- ad.l1th>nal r,·qu1r,·d thru,t pnn1,k.t b\ l O~UI~ thru,1,·r, 

th,· pnf11rn1.111.- .. • l't'n;1lt\ f.11 tilt" ·ll'l'I•'·"·h I' .1du.!lh qlllh' ,111.111 b) th,· llllh' ~.5!ltl l..1h111i-·1,·r 

:iltitlak 1, r,·.i...lwd tli-· g.r.I\ 1t~ ;.:1.1d11:nt h'rljll<' I' 1w l,1ni:n .1 ,h1m1n.1tmi: f,,r.·c 

lh,· 111;1-., ..-h.1r;1,·i.·n,11..-, ,,f th,· d,·.-tn• l'f"l't1h1,1n '' ,1,:111 1:knh·111s :tr,· dir,·...ih l''''"''rlll'tl.tl "' tlh' 

m.1 ... s ,11 th1.· l'-t~ l\l.1d b..-111)! 11 •• n,f,·ir,·.t t'111 th,· ..-.1,..- ,1f f1'c,i trw t1m .. • .111\I 1,,1,. c,,p,,·qu,·1111\. th,· 

m,,Juk, !l;ltl'l'•'rllll~ th< .tni..·nn.1-. 1-.·qu11\· ,,,n-.1d,·rat'I' tlh'I•' l) lS h.11,h\ .111.· .uhl l'l•'l'•'ll.1111 I Ii..· 

t11t.1l m.1-., ,,, th.- ,,1tdli1,· 1-. .11'l'''''1m.1td\ lllll i;nll .. lll I..)! .. \n Ph'r,11111)! ,,f 5 !'•'r~·,·nt !ta-. 1,,.,·11 

1111.·hllkd t. 1 ,·,'llll'<'t1'.lh' l\ll the· 1:1.1bd1t\ i<' ,·,'111J'kld\ .llltll'.11 ''lit .ill th,· d.11n.1i:,· h> tlh' ,·.-11, ..-.llh•'d 

by r.1d1.1lh)ll ,-..·..-urnng. durtn)! tr.111,t~·1 ;md f..11 tit,· 1111,m.11..-!1 111 "'ILi)!<' \)lltl'Ul b1.'t\\ ,·,·n tli..· ,l;im.1)!1.'d 

.111.t und.1111.1!'.1.'d .-dh I lh' ,fllidur.11 d,·,1i:11 m,·lu,k' llh"l;il.ml\ .l!ld ')"•r,111ni: \,l,l1t"n.1I h'!lh-.il 

m,·mb,·r-. .it\' u-.,·d .11,,und th,· p.·111111·11.·r ,,f th,· 'ah'll1t.· lll•>duk. l.;h'ral "'"'m' .1n· u,,,f .11 tit,· ,·nd ,if 

lh1.· nhiduk' .11hl th.- 'lni•lllt.' I'"'' 11.k' fp1 th1: t1.m-.t',·r ,it' th,· 15 m11l1,111 i..g .mt.·1111.1 \111.-lud,·, 

!!'°'"'th l 'lll'l'•'th-,l u1hkni..·.1th th,· 111.,duk 1 It ,!J"u!d I•,· ll·'h'd 1h.1t .1ll nll>d11k 'tru..-tur,· h.1, ,,,.,·n 
'l/l'd h' th.It d1d.lh'll !'\ !ht' 111\ld\lk' U't'd {11 (1,111,frr tl\,· .ltlfl.'1111;1 l rJt<' p1Hh't d1,(n1'\1lll'l1 j'1.'ll.!ll~ 

1-. rd.1kd I\\ th,· .1.t.!111,111,tl length ,,f I'll' .-.111-.c"l I'\ th,· ''"'r,1n11g ,,f 1111.· .11~.1\ I h,· ll>l.il nu" 

l'•'ll.ill\ kr .I 11 0 ,,,n,1111..-kd ,.11,·lhh' I' ;tl'!'Tl'\1111.lt."l~ ~ ~ m11li11n I..)! fill tb..- ,,k\l•:d ,,·!'.'I'll\\ c'l 

tr.111'1'1.'r!.1!11>11 '~'kill It ,h, tld I,,. th>k,l th.11 tl11.· .11r.t\ ,,,,.t,1/111~ .111d i'''"•'I d1,tnl'<ilt<'ll l''ll.1h' 

d.-pn1.f 1'11 !th' J'.11 t k ti!.11 I'•' rfl't Ill.Ill••' d• .l Lid•' 1 l't I'' ,,·k..-t ,·d f, ll I fh' :-d f \'1 >\\ <'1 ' ' 't ''Ill 
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DEPLOYED 
ARRAY 

PROP. 
TANKS 

THRUSTER 
MODULE 
(41'1..ACESI 

NO 
ANTCNN/\ 

WITH 
ANTENNA 

PANEL SIZE: 24x38m 
NO. THRUSTERS: 560 

48x~7m 

1680 

OIUOINAL PAQli) ~ 
OF POOR QU~J,fJi~ 

GENERAL CHARACTERISTICS 

• ROVEASIZING (RADIATION) 
• TRIP TIME• 180 DAYS 
• ISP• 1000 SEC 

MOOULE NO 
CHARACTERISTICS ANTENNA 

• NO.MODULES I 

• MODULE MASS (1o6KG) 1.7 

• POWER REO'O Oo6Kw) o.3 
• ARRAY% 13 

• OTS DRY (1o6KG) 1.1 

• ARGON 11o6KGI 2.0 

• L02/Uf2 lto6KG) 1.0 

• ElEC THRUST (1o3N) 4.5 

• CHCM THRUST (10::'NI 12.0 

Figure 1.4.4- l Self Power Configuration Photovoltaic Satellite 
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0.81 
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Subsystem descriptions may be fol'nd in Volume 5 of the Part II final report. 

Mam 
Table 1.4.4-1 presents a mass sun1mary for th·~ orhit transfrr systems. 

Cost 

Table 1.4.4-2 presents a cost summary for the orbit transfcr system. This summary ;s bascd on the 

costing details presented in Volume 6 of the Part It Final R~port. 

WBS 1.4.S Launch Facilities 

The launch facilities and equipment require .. ll'nts for the SPS cargo ;md personncl \chide an.· 

identified in tile following paragraphs. 

2-Stage Winged Cargo Vehicle Launch Facilities 

An estimate of the laund1 fa1.:ility n:quirements to support th1.· Ollt' satdlite Yl'ar SPS installat,on 

rate (400 !lights/year) has been devdoped. Tllrl.'l' (3) launch pads are rt•quired to support the 

400 tlight per year launch rate. Potential locations of thl..'se launch pads at Kennl..'dy Space C'enh'r 

are shown on Figure 1.4.5-1. The areas shown are north of the currt•nt Pad Y>A and JC)B 101.·ations. 

This area was proposed originally ir1 the Saturn1Apollo program for additional laun1.:h pads. 

A preliminary estimJte of the launch sift' facility and equip1111.·nt ..:ost for th1.· SPS launch Vl.'hii: 

is shown in Table 1.4.5-!. Tlk' majr1r f<Kility itl'ms :m· i1knt1lkd and a "ROM'. ,w•t l.'stimatc 

provickd for ea..:h l'kmer.t. The cost of fa..:ilitics is <estimated to he S.~055M and the laund1 site 

unique;> ground suppurt ,·quipmcnt 1 t;sn is an additional SJ' :'I for a grand total of S33X ::i.1. 

The..' booster and orhitcr pro..:l.'ssing fadliti..:-. ar,· approx imah•ly ~ 3 of tht• total fa,·ility ,·ost. Thl' 

launch site (;SE is th..: additional ,·quipllk'llt n:quirc·d at th..: sill..' and docs not include stag1.' unique 

GSE. 

Personnel Vehicle Launch Facility 

The p..:rsonnd vchii:k ron..:..:pt is a Shuttlt' dai\ath..: \1.'hide. and as a result a larg,· portilm of thl' 

Shuttle facilitil..'s ,·quipnil..'nt can l'I..' us1.•J. n1,· 1111.lllifi,·ations additinnal r1.·quir,·d an· thus\..' associ

ated with the..' ballisti..: r,·...-maabk liquid boostt'r. Rl'tri1.·\al of the fi!'st stag'' liquid bo0stn is 

a1.:co111p!ishc..'d by rt'covering thl..' sta1,w onboard a spl.'..:iali11.'d ship for transit In Pl)rt. attad1ing pro

tcl'tive devices. and th<!n towing the· stage to the· V1.·rtic1I :\s:-;..:mbly Building (\'.·\Bl for 1'rocl.'ssing. 

In the first dork arc·a of the VAB. a ~00-h'll stiff kg dnrkk will b1.· instalkd to lift the stage from 

the watl'r and install it on till' transporkr. Thl· .1r1.·a Sl'kcll.·d fnr p1.•rfor111i11g maintcnancl' and 

checkout of thl..' liquid boostn st.igl' is in a V:\13 high b;1~. Wnrk storagl' s~ands will be rl'quirl..'d tl1 

process the boosters and thl'Sl' sl,lild~ will b,· lo1:akd SP that th1.' l''isting 2:\0 tnn cr;111.: c~111 lw used. 
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Table l.4.4-l Orbit Tnnsftt System Mass Summary 

ITEM 
6 l.'NIT NUMBER NUMBER TOTAL TOTAL ALL·UP 

Was# MASS (NO ANT) CW1ANTI (NO ANTI (W/ANT' TOTAL 

1.4.4 OTS (6 (2 2.377,942 6.268.784 
SYSTEM MODULES MODULES (2,844) 

1.4.4.1 THRUSTER 4 4 (1,078) 26,805 x 106 
PANEL (12.159) 

1.4.U.1 PANEL STRLIC 17 45 26,189 69,300 295,680 
11540 LB) (11.875) (31.431 (134) 

1.4.4.1.2 THRUSTERS 2.384 6,286 262.268 b91,510 2,957,000 
(110 LBI (119.0) (313.7) (13411 

1.4.4.1.3 PROCESSORS 34 90 620.928 1,637,200 7 x 106 
(18,230 LBI (281.7) (742.6) (3175) 

1.4.4.1.4 SWITCHGEAR 170 449 112.400 296,361 1,267,0or 
1660 LB) (51) (134.4) (574.81 

1.4.4.1.5 INTERRUPTER 2.384 6,286 119,213 314.323 1,Jd" ? 

(50 LBI (54) (142.6) (606.o· 

1.4.4.1.6 INTERRUFTER 2,384 6,286 4,769 12,573 53,757 
(2 LB) (2.16) (5.71 (24.41 

1.4.4.1.7 CABLING 25,546 67,355 287,983 
(1500 LB) (11.6) (30.6) (130.6) 

.. 

1.4.4.1.8 INSTR UM. 3.406 8,891 38,398 
(200 LB) (1.54) (4.C.., I (17.41 

1.4.4.1.9 PROP. SYS. 17 45 155.146 673,545 287,983 
(1500 LBI (11.61 (30.61 (130.6) 

1.4.4.2 THRUST 4 4 17.485 46.101 197,109 
FRAME (7.91 110.9) (89.4) 
(6, 160 LB)• 

1.4.4.3 GIMBAL 4 4 17.485 46. 101 197.109 
ASSV (7.9) :'.'0.9) (89.41 
(6,160 LB) 

1.4.4.4 COMPUTER 4 4 400 400 3,200 
(100 LBI \.18) (.18) (1.451 

1.4.4.5 COMMUN IC. 4 4 400 400 3,200 

1100 LBI ! 18) 1.181 (1.451 
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Tai* 1.4..1-1 Continued 
,_ ..... STANDOFF 4 4 28,384 74.838 319,981 

STR (12.87) (33.9) C1451 
ClO.-lBJ 

1.4 ... 7 ARGON TANKS 4 4 113.53& 299,355 1.279.925 
MO.ODO LBJ• 151.5) (135.8) (5811 

, ... ~ .. LOJTANKS • • C5,414 119,741 511,970 
tl&.OGO LBl• (20.6) 154.3) (232) 

1 ... 4.9 Ltt,TANKS 4 • 28,384 74,838 319,981 
no.ODO LB)• '12..87) (33.91 (1451 

1.4.4.10 PROPELLANT 4 4 l8,384 74.838 319.961 
SYS. C12..87J C33.9J (145) 

'10.009 LB)• 

1.4.4.11 CHEM. 12 12 8.515 22.452 :.-5,l!K 
THRUSTERS (3.86) (10.18) f43.5) 

1 ... 4.12 TCS/ 34 90 ai.648 719520 3,332.926 
RADIATOR (134) (353.61 (1.~121 

1 ... t.13 PWROISTR • 593,651 1.565.252 7.692.411 
C41.830J• f26!UI (7101 13.0361 

•VALUE IS BASEO ON 4 EQUAL MODULES.. 

•vALUE IS BASED ON 4 -=ooAL MODULES. 
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Tablr 1.4.4-2 Self-Power Orbit Tnnsfer Systnn Mahltt Industry Cost F.stimat~ (I SPS/YR t 

MATURE 
ITEM• NUMBERS INDUSTRY 
MASS OF UNITS • 1 SPSIYR 
CLBt PERSPS (80TS) $/KG 

OTSSYSTEM 1,458.160 

bl.436 

OTS 1.•.12• 

THRUSTER 790,432 
PANEL 
(13,532.00CIJ 

PANELSTRUC 192 17.583 $131 
(1540 LB) 

THRUSTERS 26.880 132,752 s 98 
C110 LBSt 

PROCESSORS 238,624 s 75 
(18,230 LBS! 

SWITCHGEAR 1,920 163,903 $320 

(660 LBSJ 

INn:RRUPTER 26.880 79,19'; $130 
<~ t.BS) 

INTERRUPTER 26.880 5,193 $212 
(2 LBSJ 

CABLING 192 95,901 S73C 
'1500 I.BS) 

INSTRUM 192 26,554 1524 
(200 LBS) 

PROP SYS 192 .0,725 82 
(1500 LBSJ 

:01 
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Tahir 1 .... 4-2 (C-0nlinuftl) 

MATURE 
ITEllli NUlmERS INDUSTRY 
MASS Of UNllS • 1 SflSIYR 
CLBI PERSPS 180!St S/KG 

THRUST FRAME 32 23.UO $260 
Cl11D LBS) 

G~ASSY 32 133,000 $1.U7 
111• LBS) 

COMPUTER 32 27,415 18.000 
(100 LBSI 

COllMUNIC 32 19,,240 13.000 
(100 LBS) 

STANDOFF STR 32 34.907 240 
(10,000 LBSt 

ARGONTKS 32 76,164 131 
f.0.000 LBSJ 

LC>iTKS 3, 34.784 149 
t16,000 LBSJ 

LH2 TKS 23.271 160 
(10.otO LBSJ 

TANK INSUL 16 15.159 2 

PROP SYS 31 16.160 111 

no.GOO LBS) 

CHF.MTHR 1,435 

'1000 LBS) 

TCS/f\AD 156.225 103 
t8'30 LBS) 

PWR OI :TR 160 37.362 12 
, .. '.830 l. iJS) 
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UNIT TOTAL 
COST COST 

ITBI QUANTITY * SM 

LAUNCltEMRECTOR 3 112 336 

LAUNCH SIT£ UISTALLATIONS l 85 195 

LAUNCH CONTROL CEllnR 1 151 159 

ORBITER PROCESSING FACILITY 1 M4 944 

llOOSTER PROCESSING FACILITY 1 1125 1125 

llAINTEllAlllCEADMIMSTRATION 8UILDIN\; 1 17& 17& 

PROPELLANT STORAGE UNITS 12 9 108 

RAILROAOS. ROADS. _.ARKING LOTS. ETC. NIA 12 12 

FAC'.tllTY SUBTOTAl J05!, 

TEST STA110NS-COMM. a INTERFACE EQUIPMENT 192 0.25 .. 
LAUNCH SITE GSl l 93 279 

GSE SUBTOTAL 327 

TOTAL (FACILITY Ill GSU .. S3382M 
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The f3'.'ilitics and equirmenl required to surll'.lrt I~ pcrsonnd whi\.'k laun1.:h orcr.illons an- 1Jcn· 

titkJ in Table 1.45-~ along with tilt- assodated .. ROM" 1."tlSI estimale. The total 1..·ost is S•P.oM for 

both the fa..-llihcs and equipment_ 

\\ .. S Dktioury 

This dc.>ml"nt mdudt"S all rr'-11"Cllant rroJudion and dchwr)" system dcmcnts t"\"'t"l'I th•lSl" c.'kmt•nb 

Jt"S<.·ribc:-d under WBS l...t.5. laun;;h fadlities_ 

Damprion 

No dl~'rt has bc:-en l''r<nJcJ ''" this ckmcnt unJcr this .:ontr;h.:t. 

\\BS 1.-a.7 Opttations and Support 

WBS llkriona..,-

nu,. dcmcc·ut IS mduJt•J Ill the WBS (\) J.llO\\' for an~ lfJ.tlS\'\\f(J.hon ""''·rall1..•tb .tnJ "'lll'\'••rt ll••t 

prO\ iJt•J unJa mJi\IJual h·hi.:ks ,n unJ.·r WBS l .O ~. S1'a .. ·\' h.1.ffi,: C1.•ntrol. llu!> ,·knwnl tu~ rli•I 

N-cn 1.kfincd. 

Tat* 1.4.S-2 Launch Facilitirsand l.qu~t ftWThe hrson~I Launch Vdtid~ 

AREAS OR ITEMS REQUIRED 

PORT FACILITIES ANO EQUIPMENT 

RECOVERY SHIP 

MOBILE LAUN\.'HER PLATFORM 

VERTICAl ASSEMBLY BLOG. 

LAUNCHPAD 

OTHER SUPPORT FACILITIES 6 EQUIPMENT 

TOTALS 

COST ESTIMATE-SM 
FACILITIES EQUIPMENT 

0.4 1.2 

30.0 

20.0 o.O 

10.6 13.1 

13.~ 0.4 

0.4 1.2 

75.1 22.5 
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?VXEDING !AGE BLAl« NOT FD..\fED 

APPENDIX A 
SIZE SENSmVJTY ANAL \"SIS 

A size sensitivity design model was constructed using the ISAIAH methooolcgy. The first run of 

the model optimized power transmitter and rectenna sizes at the nominal power level of approx

imately S .000 megawatts per link. Results are St'lown in Fif!Ure A 1-1. The new results. aithough 

executed in somewhat more detail than earlier f\..'Sl!lts. confinned the earlier estimates that the opt~

mum re;;etnna size is 3/4 of the transmitted beam J1arr.eter and that the optimum transmitter size 

is in the vicinity of 1.4 kilomete:s. However. transmitter :>izes la~r than on kilorneter violate the 

peak beam intensity limit of 23 miHowatts per centimeter sqvared. Therefore th .. m.-st system uses 

a 1 kilometer transmitter and a rectenna diameter 3/4 of the beam dia.-neter. 

Figure A I -2 shows a joint optimization of transmitter diameter and power levea holding the rec

tenna size constant at the optimum value. A~ the system power level is reduc.!d it is possible to 

employ somewhat larger transnaitting antennas without vioiating the 23 mw/cm2 limit. Transmitter 

diameters larger than 1.4 kilometers do not pay off; the minimum system co~t in dollars per kilo

watt fol!ows along the 23 mw/cm2 limit to about 2500 megawatts an<l then folloM up the l .4 kilo 

meter diameter transmitter curve. Note that comparatively little cost penalty is incurred goin1; 

down as low as 3000 megawatts of grid power. Below 3.000 megawatt~ the system cost in dollars 

per kilowatt begins to tum up rapidly. 

The model was also used to investigate sensiti\;ity of SPS costs to sol:lr cell efficie11cy and blanket 

costs. Results are shown in Figure A 1-3. The cost of power include-s capital ..:o.-.t arnortiza:ion with 

a IS'J: annual capital charge. and a 9'.:!'t plant factor. ~ass <tnt! cnsr values indu\•: .:!6':; growth 

allowances respectively. 

The size sensitivity model cor.sisted of 37 designer selected variables and 95 computed variables. 

A complete design point was gener.lted for eachsensifo-ity point anatyz.cd. 

Table A l-1 (7.:! pp. total) is a listing of design point parameters for each pvir.t investigated in the 

size sensitivity runs. 
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• TWO 1.U. TRANSMlTTtRS 
e ELECTRIC POWER• l,Z7t MWe 

PER TRANSMITTEll 

---·-----·------------•a--~ 

1.000 

e RECTENNA NORMALIZED 
RADIUS • 0.75 

e ELECTRIC POW£R • 1..271 •Me 
PER TRANSMITTER 

(231 \311 139) (41} (59) 11-=.;. ___ • 

VALUES IN PARENTHESES 
ARE PEAK BEAM INTENSITY 
INMW/crrt2 

1.4 1.1 

TRANSMITTER DIAMETER 

Hgun- Al-I Sile SrnsitMty Results Powtt Tnnsanission Optimilation 

J.000 

1.0 km T~UlTU\ ANTl.:mA 

u 

•OPTIMIZED RECT£NNA SIZE 
•1 SPSIYEAR 

\_ 23 mW/ .... LIMIT 

0z~oao:-=~--~.~~~4~,QOO~~~~~~~~~~C0-0:o--~~~~~-.~,LOOC)~~~~ 

DC POWER ACROSS ROTA~Y JOINT, IMEGAWATTSJ 

2,000 3.CJ3 4,000 6.000 
O£:.lV£RED GRID PO't'llEI\ 'Eft i..INK. tMEGAWAlTS) 

F~ul'f' Al-2 Sitt' St'n:titi.-ity Analysis Pow~r L~v~l and Transnlith.·r Diamekr 

(71) 

• 

u 
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CONSTANT BUNKl:T MASSIAllEA • 421tlnil 

EFFECT OF SOLAR CELL EFFICIENCY ANO 
BLANKET COST ON COSl OF OELIVEREn POWER 

•REF.PT.DESIGN 

20 30 40 50 
BLANKET COST. $IM2 

70 80 

SOlARCELL 
EFFICIENCY 

Figure A 1- 3 Busl>ar Cost of Power Relatively Insensitive to Solar Blanl·t't Cost and Efficiency 
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Tal*Al·l 
....,,.. ..... 2ll6Mepwaas 

--- tttTlllNA DIAltlTE2 YALU£ .. l.llH•H 
Siit.•ttotl atsultS 

1 U8t INPUT tfflCHMCY • g-.5711-tl 
i MU ~EU. iOtCHNn • l.6011 ... tl 

- l aASIC COHVHSIOM UFY • l.lUE-11 
" lllANllT U.ClUS • t.nn-11 
1 ns 1-so-1 • 9.asu-11 

- ' MT tMUG\' CONY '"" • 1.uu-11 
7 AIEMllS£ [fflCIENCY • t.J49E-lt 
• AN1£NMA Povtl DISTI IFFY • 9.HU-ll 
9 Ntf DC-If tff ICIEMCY ' a. JtoU-Ol 

11 IDlAl BEA~ EfFICIENCY • 9.650£-0l -
ll NIT aEAll EFFJCIEMCY • •• 955-E-ll 
l2 INTEICEPT EFFICIENCY • t.5U£-Ol 
l~ IECTtNHJ. IF-DC EFFICl£NC • l.75SE-Ol 
H NIT l'f UNI HU • a.itoae-u 
"IS DC·TO-DC EFFICUKC'f • 1.etn-11 
\' DC-lO-GRID (fCJ~tilKY • S.'14E-Ol 
fJ OYE~AlL PHYStt~l IFFY • 1.41tfE-Ol 
18 AIEA EFFECTIYl EFFY • 6.H4E-U 
lt IUNtET AREA • Z.501£+07 •2 ( 6.ltU+OJ ACRES ) 

H .utT£NNA DIA • 1. 81111£+00 ... ( 6.2l4E-ll IU ) 

21 HOUUC& SIDfl08£ SUPN • l.154HDl .. 
2: TAtEI R(QUltED FOR SL SV • -1.lOl-<-Ol D8 
lJ_ TRANS"ITTER P~~ER TAPER • l.HGE+ll DI 
l4 RECEIVER AYG,PEAt RATl8 • 2.161£-0l 
25 X"TI AVf,,PfAIC RATIU • J. H9£-0l 
l6 &£An SPREAD FACTOR • l.to50E+OI 
~1 RADIATED I, P~~ • 1. 782£ .. IJ M&AMATT 
18 &EA" OIAMETEI • l.318E+Ol tM ( I. lHE+OO Ml 
n aatt AREA • l.i64E+08 Ml ' J.l70E+04 ACRES 
JO AYEl•GE SEAM Pmll ~NS • l.l10E•H NV Cal 
l\ PEAK BEAft INT(riSll • 5.677£+00 INl'CMZ 
l~ rOWiR IN "AJN l[A" • l.596E•Ol ttEGAllATT 
Jl SATELLITE LENGTH c 7.650E+OC UYS 
14 NUftBER OF BAYS • 6.120E+Ol BAYS 
15 XHTR PWI OlSJR LOSS • 1.64'-E·-Ol 
36 ADJ BAY USEFUL AREA • ... 096E+OS M2 ( l .OUE+tl ACRES 
J1 BAY SIZE • f..600E+O~ HETEIS 
sa SPS AREA • l.UlE+Ol IC Ml 
Jl "EAN SOLAR INSOLATlON • l.f~8E+Ol 6W 
40 SOLAR CELL.OUTPUT • 4. :USE+OO GU 
41 ROTARY JOl~T CURRENT •4• l. 3f7E+04 AftPS 
42 ROTARY JOINT C~RIENT •1• • l. 98JE•04 ""PS 
4l TOT•L PROCESSED POWER • 6 .'•08E +02 HEGAW4TT 
<4 TOTAL ICLVSTROtt INPUT • 4.256£+01 HEGANATT 
45 TOTAL klVSlRON OUTPUT • 3.618E+Ol "EGAMATT 

"'' NUttBER OF KlY~TRONS • S.OZSe•04 
47 HAX KLYSTRON PACKING DEN • 8.719E+OO PER SUB 
fo8 HAX Rf POWER DENSITY 5.804£+00 ICN,ft2 

"' HUHftER OF SUBARRAYS • 7 .261E+Ol PER ANT 
so UCTENNA AREA • 7.672E+07 "l ( l .8HE+14 ACIES 
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TableAl·I {Coaai ... , •)RlGINAL PAGE • 
or POOR QUAilR 

n PIH ANT TlllllMAl ..... • l.IUl•H 111'"1 
SI DC OUTPUT POMH • t.3121+11 8M,l1NI 
SS 8110 POWU • 1.S17E+OO 811 TOTAL 
54 LANO AIEA PEI llCT • l.USE+ll Ml ( 4. 7aH+H ACIEI ) 

55 •y• ftOM 3F JNEITIA • l.tUE+aJ lt8-M1 
56 THRUST PEI COINEI • l l&lE+Ol NEWTONS ( 4.tHl+H ll } 

57 NUMIH!R OF THRUSTEIS • l.l&lE+ll PEI INST 
SI CONT~OL POMER • 2.7JIE+Ol ftE6AMATT 
St ANNUAL PROPELLANT • a. U6E+OO TONS ( l.t7H+G4 LIM , 
61 STRUCTURE flASS • l • 4'01E •IS TONS c J.l04£+H UM , 
61 CONTROL 5YS HASS • 4.&71E+81 TONS c l.174E+IS UN ) 

6Z SOLAR BLANKET HASS • l.0"."0E+04 TOlfS ( Z.360E+07 LIM , 
6J PlnlEI DISTI HASS • 1. 505E +OZ TONS ( J.UIE+IS lBM ) 

64 HECH & ELEC R'J ltASS • 1. 561E+Ol TONS ( 1.66l!f+05 LIM ) 

65 ANT STRUC "ASS • S.OOGE+O;> TONS ( 1.1oz£•H LBM ) 

66 ANl WAVEGUIDE HASS • 4.Jtt.E+OJ TONS c t.SllE+06 LIM , 
67 AHT KlY5TtON MASS J.fo,2E+OJ TONS ( 7.699£•06 LBM ) 

68 A1H CONTROL CKTS MASS • 2. 71 lE +OZ TONS ( s.tazE•OS LBM ) 

" ANT PWI DISTii KASS • J. 79SE+OZ TONS ( l.J67E+OS LBH ) 

70 ANT PMR PIOC&TC MASS • l.259E+OJ TOt<S ( Z. 776E+06 LBM ) 

71 ANT MASS • 1. 022£ +04 TONS ( z.2sn+o1 LBH ) 

72 STIUCTUIE COST • 7.GJ9E-OZ BILLION 
73 CONTROL SVS COST l.1,2E-OZ BILLION 
74 SOLAR BLANKET COST • 8.774£-01 BILLION 
7S POUU OISTI CGST • J.91SE-OJ BILLION 
76 ftECH&llEt t'J COST • 1.589£-02 llLllON 
77 ANf STRUC COST • ).48SE-Dl BILLION 
1a AttT WAVEGUIDE COST • 2.saaE-Pl BILLlGN 
7' ANT KLYSTRON COST • l.589E-Ol BILLION 

'° ANT CONTROL CKfS COST • 5.,90£-0Z BILLION 
al ANT P'°I OISTR COST 4.099E-02 BILLION 
u ANT PMR PROC&TC COST • 8.688£-02 BILLION 
U UH COST • 9.540(-01 BILLION 
14 NO OF FREIGHT FLIGHTS • 9.9!.8£+01 
I~ CREW SERVICE NO OF FLTS • 5.696£•00 
8' OTS COST • 2.674E-Ol BILL ION 
87 TOTAL TVAHSP COST 2.61!4£+00 BILLION 
88 RECTENNA COST .. lo.lo51E+OO IHLLIOH 
89 CONSTRUCTION COST • S.ctl8E-Ol BILLION 
JO INTEREST DURING CONSTI • 6.876£-0l BILLION 
91 LATlTUOE AIEA FACTOR • 1. lo l9E +00 
92 TOll.L MASS • 2. 845£ + (J't TONS 6.279£+07 Lf\" 
9J TOTH COST • 1.101£+01 BILLION 
94 COSUICl.IE "· 356E+OJ $ 

95 tOSUKWH • 8.097£•01 ftlllS 
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Table Al-I (Conliltr,d) 

Rotary Joint Power• 2136 Mepwatts 

AMTEHMA OlAft(Tli VALUE • l.20H•IO 
SOLUTION l[SUlTS 

. l llSMT INPUT EFFICIENCY • l.SHE-01 
2 NET CELL EFFICIENCY • l.HU-01 
S IASIC CONVEISION IFFY • l.HGE-01 
4 ILANIET F'ACTDIS • t.JHE-01 
s BUS I-SQ-I • t.asu-u .. 
' Ifft iMEIGY CONY EFFY • l.ZHE-01 
1 AIEAWISE EFFICIENCY • 9. SOE-01 
a ANTENNA POWEi DISTI IFFY • 9. 9UE-Ol 

' MET DC-RF EFFICIENCY • 8.lltDE-Ol 
l8 IDEAL BEAM EFFICIENCY • 9.650£-0! 
11 NET BEA" EffltlENCV • 8.95SE-Ol 
u INTERCEPT EFFICIENCY • 9.SUE-01 
u IECTEHNA IF-DC EHICIENC • l.860E-Ol 
lft NET If LINIC EFFV • 8.31,8£-0l 
lS ~C-10-DC EFFICIENCY • 6.l69E-Ol 
16 DC-TO-GRID EFFICIENCY • S.981oE-Ol 
l1 OVEllll PHVSlCAl EFFY • 7.537£-D~ 
18 AREA EFFECTIVE EFFV • 7. Olt6E-OZ 
1' &Utan OU • Z.S07E+07 "' ( 6.Uitl+U ACIES 
lO ANTENNA DIA l.ZOOE+OO ICN ( J."571-81 NI 
n REOUlrED SlDElOBE SUPPi l. 9UHC1 DI 
u TAPER REOUllED FOR Sl SU • Z.512£+00 DI 
u TRANSCITTER POWER TAPER • l.OOOE+Ol DI 
Zit IECEIVER AVG,PEAC IATIO • Z.061£-01 
ZS XMTI AVG,PEAk RATIO J.909£-0l 
26 BE~h SPREAD f ~CTOI • l.f<SOE+OO 
Z7 RADIATED RF POWER • 1.78ZE+03 "EGANATT 
za BEA" DU"ETER • 1.naE+o1 IM ( 6.IZftl+OO "I ) 

29 au" uu • 9.47ZE+07 "2 ( 2.l40£+01t ACRES ) 

30 AVERAGE BEA" POWEi DENS • l.684E+DO MW/C"2 
u PEAK BEAH INTENSITY • a.1ne+oo "~vc"z 
J2 POWEi IN "AIN BEA" • 1.S9SE•Ol "EGAWATT 
:n SATELLITE LEHGTK • 7.650£+00 BAYS 
34 HUMBER OF BAYS • 6.1.?0E+Ol BAYS 
35 XKTI PWR DISTR LUSS • 3.8S8E-03 
l6 ADJ &AV USEFUL AREA • fo.{)96£+05 HZ l.OlZE+OZ ACitES 
S7 81.Y SIZE • 6.600E•OZ "ETERS 
38 SPS AREA • Z.681E+Ol Kl12 
:u HEAN SOlAll INSOL.\TION 3.6Z8E+Ol GW 
40 SOlAR CEll OUTPUT • lo. HSE +00 GW 
4 l ROTARY JOINT CURRfHT •A• • 3.377E•04 AMPS 
loZ ROTARY JOINT CURRENT •a• • i.•n:;i:+o4 AHPS 
lo 3 TOTAL PROCESSED POWER • 6.408£+0;! MEGAWATT 
44 TOlAL kltSTRON INPUT 4.ZS6E•Ol MEGAWATT 
ltS TOTAL KLYSTRON OUTPUT • 3.617£.+0l "!EGAWATT 
46 NUMBER OF KLYSTRONS 5.0Z4E•04 
,. 7 "AX KlYST~ON PACKING DEN • 6.0BE+OO PER SUB 
'<8 HAX RF POWER DENSITY • lo.OJOE•OO kWl'MZ 

"' NUMBER OF SUDARRAVS " 1.046(+04 Pi:R ANT 
50 RECHNNA AREA • S.3Z8E+07 "z l. Sl 7£+04 ACRES 
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TableAl·l (Continued) ORIGINAL PAGE JS 
or POOR QUAIJ'i'Y 

ll PIAK AMT TMllMAL PM9 • 1.use-11 IOVMI 
51 DC OUTPUT POWH • l.Slll•DD CW,ltNl 
H CllD POWEi • 1.ss•r•DO cw TOTAL 
54 lAND AIEA Pll llCT • l.1441•01 "' c S.HH+l4 ACIH > 
55 •y• M01' OF INUHA • it.16U+1 l lCi-"l 
56 THRUST PER CORNER • it.l$lE•Ol NEWTONS ( 4.toH•H LI 
57 NUMIEI OF THIUSTllS 5 it.lllE•Ol PEI INST 
SI CONUOl POWU • it,JJIE•Ol MEGAWATT 
59 ANNUAL PROP~ltiNl • l.U6E+OG TONS ( l.t70E•l4 Ult ) 
60 STRUCT~«t MASS • 1.ftO&E+OJ TONS ( S.lOU•H Ult ) 
61 ~~NllOl SYS MASS • 4.171E+Ol TONS ( l.D7U+DS lBM J 
•l SOLAR BlANl£l MASS • l.070E+04 TONS ( 2. 360E•07 UM ) 

61 POWER DISTI MASS • l.SOSE+U TONS c S. SlH+OS UM , 
64 MECH & ElfC R'J MASS • l.907E+Ol TONS ( l. H•E•05 l8M , 
65 ANT ~TRUC MASS • 7.lOOE+02 TONS ( l. 517E•04 UM ) 
66 ANT WAVE&UIDI HASS • 6.llU+U TONS ( l. S70E•01 'BM ) 

67 ANT KLYSTRON MASS .. J.4t:E•01 TONS c 7.UU•06 lDlt , 
61 ANT CONTROL CITS MAii • l. 713£+02 TONS c S.981E•OS lOlt ) 

6t ANT PWR DISTR ltASS • ... 582£+02 TONS ( 1.0lOE•Oi lBN ) 

10 ANT PWR PIOC&TC HASS • 1.259!+01 TONS c l.77U+06 lBH J 
71 ANT MASS • l .2'>1E•04 TONS ( 2.73'E+01 lBH ) 

1l STIUC1URE COST • 7,U9E-Ol B ll l ION ,., CONTROL SYS COST • Z.lUE-O: BllltON 
14 SOLAI BLANKET COST • 8.114£-0l BllllON 
1S PONEI DlSTI COST S.9UE-Ol Bill ION 
16 HECH&ElEC l'J COST • l .810E-02 BILLION 
11 ANT S TRUC COST • ).,l8E-Ol BllllON 
18 ANT WAVEGUIDE COST • 3. 727E-Ol BtlllON 
19 ANT KLYSTRON COST • l. 589E-Ol BtlllON 
ao ANT CONTROL CllS COST • 5.989E-02 Bl ll ION 
61 ANT PWI DISTI COST • ,..90E-02 BILLION 
12 ANT PHI PIOC&TC COST • a.uae-02 BJlllON 
81 ANT COST • l.09lE+OO BllllON 
84 N~ OF FREIGHT Fll&MTS • l.OHE+02 
as CREW SERVICE NO Of flTS • 6.25lE•OO 
16 OTS COST • 2.9361:-0l Bil LION 
81 TOTAL TRANSP COST 2.798E+OO BllllON 
H IECTENNA COST • 3.160£•00 Bill ION 
19 CON$TiOCTION COST • l.7SlE-Ol BllllON 
to lNTlREST DURING CONSTR 6. lOtE-01 BILLION 
9l LATITUD~ AllU FACTOR 1.(ol9E+OO 
92 TOTH MASS • l.l~6E+04 TONS 6.192£+07 LB" 
9l lOU.l COST • l.OlOE•Ol Bill lON 

'" COST J'l\IH. S.'50E+Ol • 95 COSl.rkWH • 7.l4lE+Ol HlllS 



0180-24071-l 

TableA1-I (Continued) 
Rotary Joiat Power= 2136 Mepwatts 

ANTENNA DlA"ETEI 
SOLUTION IESULTS 

VALUE • l.400E+OO 

J LIGHT INPUT EFFICIENCY • a.s1n-81 
I NET CELL EFFICIENCY • l.HlE-Ol 
:t IAStC CONVERSION EFFY • 1.:S60F-Ol 
4 ILANkET FACTORS • '. 399E· Ol 
5 IUS I-SQ-I • ,.asu-01 
6 NET ENERGY CONV IFFY • 1.UOE-01 
1 AREAWISE EFFICl~NCY • 9.349£-0l 
a ANT~NNA POWER OISTR EFFY • t.972£-0l 
t NET DC-IF EFFICIENCY • 8.3491-0l 

II IDEAL 2EA" EFFICIENCY • t.650E-Ol 
II NET BEA" EFFICIENCY • 8.tsSE-01 
ll INTERCEPT EFFICIEN~~ • t. Sl2E-Ol 
lJ IECTENHA RF-DC EFFICIENC • B.87lE·Ol 
14 NET RF LtNk ~FFY 8.34 .. E-Ol 
15 OC·TO-DC EFFICIENCY • 6.l&JE-81 
16 DC-TO-GRID EFFICIENCY • 5.99BE-Ol 
17 OVERALL PHYSICAL EFFY • 7.554(-02 
18 AREA EFFECTIVE EFFY • 7 .0UE-02 
lt ILAtHCET AREA • 2.507E+07 M2 ( 6.ltU+U ACRES 
20 ANTENtlA DIA .1. 401!£ +00 IN ( a.100E-.i1 NI 
21 IEQUIRED SlDELOBE SUPPi • 2.047£+01 DI 
22 TAPER RCQUIRED FOR Sl SU .. 4.665E+OO DB 
21 TRANS"tTTER POWER TAPER l.!!:iOE+Ol DB 
24 RECEIVER AV&,PEA~ RATIO • 2.0UE-01 
25 X"TR AVG/PEAk RATIO l.909E-Ol 
26 BEA" SPREAD FACTOR • l.4SOE+OO 
27 RADIATED Rf POWER • l. 783£+03 NEGAWATT 
28 BEA" DIAMETER • 9.413£+00 k" s.aUE+OO NI 
29 BEAM AREA • 6.959E+07 N2 l. 720£+04 ACPES 
3D AVERAGE BEAN POWER DENS • 2.29SE+OO "W'C"2 
31 PEAK BEA" INTENSITY • l.ll4E+Ol f'IWl'C"2 
l2 POhER IN HAIN BEA" • 1.S97E+Ol HE GAW" 1 T 
3l SATELLITE LENGTH • 7.6SDE+OO BAY', 
34 NUMBER OF BAYS 6.lZDE+Ol B. fS 
l ... XHTR PMR DISTR LOSS 2. 761E-Ol 
36 ADJ BAY USEFUL AIU - 4.0,6E+OS "2 1.0l2E+02 ACRES 
37 BAY SIZE • ~.600E+D2 HE TE RS 
38 SPS AREA • 2.681E+Ol KH2 
n "EAN SOLAR INSOLATION • 3.628E•Ol GW 
40 SOLAR CELL OUTPUT • 4. 3lSE+OU GW 
41 ROTARY JOINT CURRENT •A• l.374E+04 A"PS 
42 ROTARY JOINT CURRENT •a• • l.981E+04 AMPS 
43 TOT4L PROCESSED ~owER 6.408E+02 "EGAWATT 
44 TOTAL KLYSTRON ,NPUT • 4.260E+03 MEGAWATT 
45 TO~AL KLYSTRON OUTPUT • 3.621E+O~ I-IE GANA TT 
46 NUMBER OF KLYSTRONS • S.029E+0'4 
47 HAX KLYSTRON PA~K!Nu CEN 4.4S2E+OD PER SUB 
4& MAX RF POWER DENSITY Z. '64E+OD KW/112 
49 NUMBER OF ~U6ARRAYS • l.423E+04 PER ANT 
50 RECTENNA Air.A " 3.914E+07 "2 9.672E+03 ACRES 

274 

) 
) 



51 P(H ANY llll•llAl ... s.c.e•E-•l ... ,..l 
Sl DC OlllPUJ l"Olll• • I. JlH•ea CIUllNC 
SS CHD POWU • Z.SUE•H Cll TOTAl 
SC. lANO A•£A Pl• lfCl • 9.87l£•07 Ill ( Z.(iJ91+8(i ACHS , 
n •yw lt()lt Of IN(IJIA • l.Hl£•U KG-HZ 
56 JH~USf PE• COINH • l. lall•Ol NEllTOllS ( (i.taSE+H 1• , 
57 NUNB(ll Of IHIUSl(IS • l.l&IE•Ol •£• INST 
sa CONHUl POM(I • l. 7U£•0l N[GAllAJT 
St &NNUAl PtOPElLAIH • a.UU•H TONS c l.t71E+8' l8" > 
68 STIUCTUI( N•SS l.40JIE•OS TO~fS ( J.leC.(•06 L811 , .. ClltHIOl SYS NASS C..87:C:•Ol TONS ' l.07C.£•0S LDll , 
u SDl&I BLAN,(T NASS l .870(•04 IONS c z.UG£•87 LIM , 
6J FCT>lf I 01c;.r1 NASS l.S0'-£•02 TONS c J.JISf•OS LBN ) 

64 NECM ' El(C l,J HASS 1.c:sc •OZ TONS ( Z.ZS,E+OS LBft ) 

6S &Ill s.••uc "ASS • t.800~•02 TONS ( l.Ul£•06 lBft , 
6fo ""' MA\'fbUIO( "&SS 8.4SSE•OJ TONS ( l.864(•07 l8ft ) 

67 Aiif lllY-.JllOll ft&SS ).4,SE•OJ TONS f • .706(•0• lDN ) 

u ANT CONTROL CITS NASS 2.716[•02 JONS ( S.987E•OS lift ) 

1-9 &NI ...... DISTR NASS ,.lS0£•02 TONS ( l.J62E•06 l&N 
10 ANt Pl!ll PirOC&lC NASS l.2S9C•OJ TONS ( 2.776(•06 lBft 
71 ANI NASS • : .su.U•04 JONS ( ).324£•01 lBN 
72 Sfl!llCtURE COST 7 .1119£-01 Bil c.ION 
7J COHllWL SYS COST Z.192£-01 BllllON 
1 .. SOl&I 8LANUJ COST a.11 .. E-111 BllllON 
7S i'Owla DISH: COST J. 90'iE-11 J &llllON 
16 "£CttSCllC .,J COST 2 .1s:c-02 Bill ION 
11 ANI S!IWC COST • J. 791£-0l BllllON 
16 ANT WOE GUIDE COST S.O;J£-Ol BllL&ON 
Yt ANT ltLY!.TRON COST l. !>90£-01 Blll ION 
ao UH COtH llOl Cl.IS COST s.,., ... c-02 Bill ION 
81 ANf PwR IH'>lll COST • ,.,74£-02 BtlllON 
ai ANT Pl:lf PRUCSTC C.OSJ • 8. •aM -02 8llllON 
u .\NT COST l..:'6')[•00 8HllON 

""' "40 OF FllO. lGHl FllGHIS l~Z!~E•02 
3• Cflf W :.tf;VICE NO OF FUS 6 ...... ,5! •00 

:S• Ol"> C!JSI J . .7!>ll-Ul Bill ION 
'47 101Al Tiit.NS• COSJ !.O:SE•OO BILL ION 
113 REClt~na l-l!S f 2 :,J~U•CO Bill ION 
89 CO~SlllUCllO~ COST 4.l!>7l-Ol BILLION 

'° INT(ll{c;.T CURING CONSTiil ,. l4JE-Ol I Ill ION 

" l.' fl IUO( Al(A F AC T!?ll l.4l'l•OO 
•: lOTU l'H.SS J.464E•04 TONS ( 7,6)1(•11 LDll > 
u TOU.l cost t.&BE•OO Bill ION 

''" CllSl/l(U[ :S.tHSC•Ol • , ... COST ·11;j,,jH 7.IBE•Ol IUllS 



Tal*Al-1 (Con.._., 
..._, Joint Power• l I .J6 ~-,,.waits 

AMJlllMA •IAWlflt VAlll( • 1.611£•11 

$0lUJIOM alsutlS 

l LICHT INPUT lff ICllllCY • 
~ ll(t Cf l (fflCtlllCY • 
J IASIC ~DHVCISION lffY • 
4 ILAMrCt fAClOIS • 
S IUS l-SQ-1 • 
6 Ntf (NflG\ COHV fffY 
7 AIEAWlSf (ff lCltNCY • 
I ANlENN& POWfl OISJt Cr~t • 
t Nlr OC-tf EFFICIENCY • 

18 IDEAL IEAft CFFlCICNCY • 
II NET 8EAft ffflCllNCY 
ll INfttC[Pl lff ICllNCY 
ll tEC'CNNA tf•OC ffflCl(llC • 
1~ N{l Rf llNI (ffY • 
as cc-10-oc £FflCltN~Y • 
l& O':-lO-GtlD EffJCllNCY • 
l7 OVltAtl PMYSIC&l lffY 
18 Al(A Eff(CllV( (ffY • 
lt ILAHC(l Al[A • 
?0 &NIENN& DIA • 
ll tEOUIRlO SIOH08l SUPPi 
22 l&f Et llOJlllD FOR Sl 5U • 
lS T~&NSnltl(R POWtl 1AP(t • 
l~ IEC(l~lt AVGrPl&I 1&110 • 
lS xntt AVGrP[Al RATIO • 
26 DE4n SPR(&D f &CfOI • 
11 RAOUIED IH P•lWll 
za SEAM Dl&HEJEI 
l9 9lAft .UHA 
)9 &YllAGl BEA" POW(t DENS • 
St P[AI St.la INlENSllY 
Sl POklR IN ftAIN 8£&" 
JS SAIClllTE llNG!H 
14 NUr.8ER Of BAYS 
SS XHfl P~R PIS1R lOSS 
)6 ADJ ~~y USlfUl AllA 
'1 IUY :>llE 
sa srs AllfA 
Jt "[J~ SUl4R lNSOlAllOH 
~O SOt&R C£ll OUJPUJ • 
41 ROfllV JOINT CURRENT •A• 
4l ROfAI~ JDIHI CUIRlHt •9• 
41 tOlAl PKOC~SSi~ POWEi 
44 lOlAl Klv~JRO~ INPUT 
ftS lOlAl KlYSIRON OUTPUT 
46 NUM8lR Of rtYSJRON~ • 
41 tt~X ltYSlVON PA=klN& r£M 
ft& rux Rf !'OW{ R f'lttSI lY 
49 NUft8ER nf SUB&RRAYS 
SO RfCl(N~~ AR{A 

8.Sltl-H 
l .,.l(-81 
l.lH(-H 
,.:SHE•Ol 
9.&~U-OI 

l .2HE-Ol 
9. JOE-GI 
9.t0£-Gl 
a. SftU-01 
9.6SOE-Ol 
t.tSSE-Ol 
9.St:E-01 
0.91i£-Ol 
a. S<.ISE-01 
6.~oa-01 

6.o:u-01 
1 Silfo£-OZ 
1. 090(-02 
: . son: •07 
~1.600£•00 
~.U:t•Dl 

6.4tSE•OO 
l.1!00(•01 
:.O.H-01 
S.ttl'tl-Ol 
l.4~0E•OO 

l.i.:>:E•Ol 
a.:.H-C•OC 
S. 1:Sl •Cl7 
Z.9"H•OO 
l ...... l •lll 
l.S'JH•IH 
1.6Sllto<Hl 
6.1.'0l•Ol 
l ... l ~(·Ol 
I,. O<Jt.l •OS 
6.60Cl•c:: 
Z.6'.\ll•01 
J.6;'«\f•iH 
... ll'·l. 'h1 
l.li{,{•!l<. 
t. 91\ H •04 
'.4G;'l •O." 
.... :~7[•0} 

l.6l'>t:<lH 
S.0."H•O<, 
l. '-'l6l •Oil 
~~:t~5£•0i1 

l.;'\'>'1[•0 .. 
Z.99'£•01 

Rl 
l(ft 
08 
08 
DB 

"EGAWAfT 

"" "l 
ftlUCftl 
MiUCftl 
HlGAWAfT 
BAYS 
BAYS 

P.: 
~! lEilS 

"": 
~-W 

(;W 

AMPS 
&!'H'S 
ftfGAWATI 
"lG&WAlT 
l'UG&tiAfT 

Ptll SUI 
ICW/ft: 
l'fll ANI 

": 

( 

( 
6. 191t£ +IS AtlfS 
9.t(ol£-Ol RI 

S. l l&E•OO "l 
l. SI 1£ •0'< &CUS 

l .012£•02 ACIES ) 



Sl HH MIT tHUN.l ..... 
Sl DC OUTPUT POMEI 
U GllD POllU 
S~ lAND Alf A Ht ttCT 
SS •y• RO" OF INEITlA 
~. tHl~ST PEI COIN(t 
$1 llUftlEI OF TMIUSJEIS 
sa COHUOL POWEi 
St ANNUAL PIOP(llANT 
60 STRUCTURE NASS •l CONllOl SYS ftASS 
•l SOLAR BlANlEf ftASS 
•S POWEi DISTI NASS 
•4 ft[CH S ElEC l/J NASS 
4S ANl ~tlUC NASS 
•• ANT WAYE\.Ul0£ NASS 
67 AMI KlYSllON ftASS 
68 ANT CONIROL CllS NASS 
69 ANT PWI DlSTI MASS 
70 ANT PWR PIOC&TC NASS 
71 .\Nl ftASS 
11 STIUClUIE cost 
71 CONTR~l SYS COST 
74 SOLAR BlLNl[l COSJ 
7S POWEi DISTI COST 
76 ftECH&fl£C k/J COSJ 
11 ANl SlRUC COST 
78 ANf WAVE&UIDE COS! 
7• ANT llYSTRON COST 
ao ANT .::OtPROl tins COST 
81 ANT P•I OtSTI COST 
az ANT P~• tWOC&TC COST 
al A~T CO'iT 
84 NO Of fi(ICHJ fllGNTS 
as CR£U SlRVICl NO Of flTS 
tH, 01'> COST 
67 101Al !iANSP COST 
as l[CTENNA COST 
59 COGSlRUCflON COST 
•o lMtlRlSf DURING CONS!I 
91 l4TlfU0£ •REA FAClOI 
•z lOl ll l'U.SS 
<,) lOl U COST 
•4 COST.11ti.o.: 
95 COSf/lWtt 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• .. 
• 
• 

• 

• 

• 

• 

• 

• 

.. 

Dll0-24071-1 

" • 156£ - .. • .. ,..l 
l.)l6£•00 Cll'lllltl 
l.S7ll•ll Gii TCTAl 
1 SSa£•17 "l < 
2.HU•U IG-"l 
2.lalE•Ol llEllTOMS C 
1.lalE•ll PE• INST 
2.736£+01 "EGAWATT 
8.916£•08 TONS C 
f.40SE•ll TONS ( 
4.871£•11 TONS ( 
1.070£•04 TOMS ( 
J.S05E+Ol TONS ( 
1.159£•02 TONS C 
l.280E•Ol TONS ( 
l.104[•0~ TONS C 
J.49l£•0l TONS ( 
l.714f.•02 lONS ( 
7.104£•02 TONS C 
l.259£•01 TONS ( 
l.80>[•0<, TONS ( 
1.039£-02 lllllOM 
l.19:£-02 BllllOM 
a.774£-01 BILLION 
l.91:£-0l lllllON 
2.4llE-OZ BllltON 
J.992£-01 lllllON 
6.62•£-0l lllllON 
l.559[-0l BILLION 
5.991£-02 BllllON 
7.780£-02 BILLION 
a.6~SC-P2 BILLION 
l.445£•00 BILLION 

7.655£•00 
l.605£-0l llllJON 
J.250£•00 lllllOM 
l.876E•OO BILLION 
4.6llE-OI BILLION 
6.195£·01 BILLION 

l.8<,;'f 04 TONS 
9.916l•OO BILLION 
l.555E•O) t 
7 .165E•Ol "lllS 

l.t7H•D' lB" 
). 114(•16 L8N 
l.074E•IS LIN 
l.JHE+07 LD" 
). ll7£•GS l8M 
l. 5!>4£ •IS LB" 
l.BUE•H lift 
z • .;.)5£•07 LB" 
7.701£•06 lBft 
S.98U•:;S lBft 
l.S88C•06 lB" 
l. 776£ '86 l8M 
).983E•07 LB" 

) 

, 
, 
) , , 
) 

) 

> 
l 
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Tal*A1-l (C ..... md) 

a...,hWhw•ll3'M111n1t1 

MITIMllA •IAllllll 

S9lUTIOtl llSUllS 

YAlUI • ......... 
l UGllT ...... , UilCUllCY • 1.snr-11 
l llU cru UJIC:HICY • l. 61U-ll 
l al.SIC CCINVHSIOM un • .. Jfoll-ll 

• IUNUT fACTOIS • t.~Hl-ll 
I IUI 1-s•~• • t.a~H-ll 

' •n (NilfGY CONY IFfY • l.lHl-tl 
1 AIU.WIS( HflCllNCY '· )4'{· .. • ANUNH.\ l'OWU OISTI UfY • t.t~4£-H 

' NU OC-lr HFICUllCY • a.u·n-11 .. IDEAL BE&lt lHICUNCY • t.UH-ll 
u Mll llAM Uf ICUNCY • 1.nu-11 
u INlUClPf HflCUNCY • t.Sllt-tl 
u llCHNNA tf-OC Hf ICHMC e.t1lt-U , ... MU H l lMI: (ff\' a. l,_aE·U 
u DC· HJ-DC UFICUMCY .. •. :ut-H 
l6 DC·· .>GllD IHICUNCY •. o:u-01 
u OV(RAll PMYf.IC&l HFY 1.SU£-Ol 
ll Al(& lfHCHVl un 1.o•oc-0: 

" ll ANI(( l AREA :.S07£•1!7 ftl c '· , ..... , 
lG ANUNtO. on. l .SOtH:•OO ltP. ( 1.un•ot 
ll llQUUIO SIDllOll 'lUPPI • :.~6'(•81 D& ..... .... l&Fflt UQUllED FOtl Sl SU • 11.170[•00 D9 
n l !1 At.ISM I l HI! >OW(I l&P(R 1. (IQ()[ •81 .. 
lit ll(C(IV(t AVC!'f'l Alt UHO l.hH-Ct' 
2S ·unr A\'f.Ef'l Alt UYIO J.9119£-tH 
l4 l(Ut Sf'U AD FACTOR l. .,._OE •00 
l1 R&OUHO Rf f'OWU l.7SOE•8J Ml SAMA fl 
:a 

(1£ '"" 
!'! !.11l 1 ltl • 1. Ull•l!O I(" t\.S4H•80 

:• ...... Allf 4 •.lltlf •!17 Ml l. lt\Ol •Ot\ 
JO &V(RAla It AM f'OWE I D(NS s. ""1( ·00 RWJ'CMl 
H f(U lH Att INHNSll'f • I. &Hf•Ol MW1tMl 
Jl PO"E ll IN MAIN HA" I. ,-t·,(•<ll tUC&WAll 
u SUHllfl UNG TN ?.6'.>0l•OO l!AVS , .. NU"l'( It Of IU.V ... • •. l:Ot •Dl 8&VS 
JS UHll ,.,,.. OISU toss .... 1:t-0J 
u AOJ B.t.Y USlfUl AR(A • C..O•i>E•O!:; .... l. ll:l•OZ 
H 11.t.V Sill •. 6i10E•Dl Ni UIS 
1a sr-. AiH& :.6:-.H*\H .... ~ 
n Ml AN Sill AR INSOlAtlON J.•.'.'SlOIH GN 
40 SOtAll CHl O.itt"Ul ... J~'>E•OO GW ., 101411\' JOINT CUlllUH .... !.1511l•ll-< "'"'s •: ROl&llY JOHil CUUENT ••• l.tt'!>t•O" ""'s 4.l HltAl f'iWCl S~f!) f'OW£1 • •• <.OSl•il.! IHG&WUt .... hllll t.l V<;tl!ON iNf'IJl <..:'>:l•tl} NlGUiAll 
4!; lOt .U ll YSlllON OUH'Ul L•l"t•Dl "tGAWAlt ... fliU~:IH II: Ot ll \'SllHlNS s.o:r1:•0<. 
47 ""'" llV'>TllAi r.a.c~ ING DEN : -•~~ldlO f'fll SUI ... ""' IU '~'". Pl N'> 11 Y 1 .. .,.,r •on , .. M: , .. , NUfUlt It o~ SUIUllRAYS : - J'.>H •t!<t Pt R un 
so RlC ttNNl Altl l : - J•:H •Ci' ": s.aSU•OS 

ACHS , ... , 

"I 
ACUS 

ACHS 

&CU§ 



Tallle.\1·1 (C'etin el) 

SI NH AllT TIIHllAL .. • J.SISf·H Ctlnll 
H DC •tPUT Hiiia • l.Jl6E+ .. ..,Lllllt 
SI UID POllH .. 2.512£+99 8tl TOTAL 
54 L.uut &IE& Pll RECT • s.t1n+11 .. : ( l .... HE+M AC•ES ) 
SS •y• llOft Of tMEITll • Z.HlE•U 15-lll 
SI TMIUST PEI CD1Hltl • z.1a11+el NEWTONS ' 4.teJE+ea L8 ) 

51 llUHOEI CW TMIUSlfRS • z.1a1E•ll PEI INST 
sa COMTIOl POllll • Z.7JaE+tl "E&lllATT 
St AMNU&l PIOPELLAtll • a.nu•tt 10M!' ( l.f11l+H llll J 
68 STRU,lURE MASS • l.408£•11 TONS ( 1.U4E+Of. l8K ) 

11 CP'ITIOL SYS MASS • 4.871£+11 TONS ( l.e74E+H Liii ) 

U SOlH llAlllU llASS • 1.llOE•Olt TOMS ( l. JHE+l7 LB• ) 

61 Pm&~I DISTI •&SS • l .~06£•12 lONS ( 1.UlE•05 l91t ) 
64 "ECH & ElEC R,J llAS~ • l.ZUE•ll TONS ( Z.859£+05 lift ) 

6~ ANT $TIUC KASS • 1.62DE+Ol TONS ( J. 571£•11 LB• ) 

' ' AN: ~AVEC.UIDE ftASS • l. J98£•04 TONS ( 1.0&1£•87 l9ft ) 

67 AtU l:LYSTION ftASS • J.489£•01 TONS ' 7.692£+ft6 ..... ) 

f.& ANT COMTIOl CITS BASS • 2. 711£•02 TONS ( 5. t:'6E•es ilft ) 

6t ANT Pl.ii DISTR ftASS • 7 .170E•Cll TONS ( l.U5E+H LB ft ) 

71 ANT PWI F•OC&TC NASS • 1.259£•01 TONS f l.176£••• ur: • 1l AMT KASS • 2. ll5E•O'- TONS ' 4. 781(•'17 lift , 
72 STRUCTURE COST • 7.U9E-GZ 81Lll9" 
7J COHTIOl SYS COST • 2. uu-02 81tllOll 
74 SOlAI 8lANl£1 COST • 8.17U-81 lllLl ION 
75 P011£R OISTI COSl .. :S.9l6E-O:S. &llllOll 
76 ftECHSEiEC l'J COST • Z.715£-02 Pill !ON 
11 ANT STIUC COST • 4. 21 lE-Ci ,~ION 

18 ANT MAVEGUIDE COST • a. J86E·"• .:.LION ,, ANT kl ye: TRON COST • l.567(-01 lllllON 

•• •NT CONflOl CITS COST • 5.tSU-02 BILLION 
ll ANT PWR OISTR COST • 7.959£·02 BILLION 
az ANT PW! P~~ClTC COST c a.,aae-02 BILLION 
a:s ANT COST • l.645E•OO BllLION 
64 )IQ Of FREIGHT FllGNTS • 1.490E+02 
85 CREW ~ERVICt NO OF fllS • 8.SUE•OO ., ors COST • J.993E-Ol Bill JON 
47 TOTAL TRANSP COST 1.SSOE+OO 81 LL ION 
aa RECTEUt~A cost l.SZ9E+OO 8llLION ., CONSTRUCTION COST • s.110e-01 BILLION ,. lNTEli~T DURING CONSTI 6.J82E-lll 81LLI0!4 
91 lAlll~OE AREA FACTOR f .t.UE•DO 
92 TOTAL HASS "'.2S3E+04 TGNS t.J87E+l7 lift , 
tJ TOTAL COST • .• 0~2E•ii1 BILLION 

''" COSf /KWE • J.972E•Ol • ts COST/KUH • 7.182E•Ol NILLS 

~79 



Dla..2407l-l 

T.w.Al·l (C..n II) 

...., ..... Power• 2ll6 ........ 

MITEW& •JAllUllri VAUll • z.eHE+H 
setVtlDN aasvtlS 

l tlSllT lltPttT IFFICilllCY • 
2 ttlT CEll £JF1Cl£MCY • 
I aASIC C8MV£1SlDK EFFY • 
'auun ucras • 
S -~ 1-M-I • 
• llEl kNEIGY COlrl £fJY • 
1 AatAMISE EFFICllNCY • 
a AHTENMA PCIKI DISTI IFFY • 
9 M£T DC-IF EFFICIENCY • 

la IDEAl IEAN EfflClftfe\' • 
11 NET IEAJI EFFICIEllCY • 
12 lKTEICEPT EFFICIENCY • 
IS IECTENMA If-DC (FFICIEMC • 
14 NET Rf llNI EFFY • 
15 IK-to-ac EfflCICNCY • 
16 DC-T0-&119 EFFlCIEMCY • 
17 OY£RAll PffY$ICAl IFFY • 
18 ARtA EFFECTIVE !FFY • 
19 llANXET Al£A • 
ae ANT(KMA DIA • 
~I REOUJIEO SIDEl68£ ~UPPI • 
ll TAPER REqullED FOi Sl SU • 
ZS TIAhS"tTJEt POWEi TAPEI • 
l4 IE~EIVER AVG,PEAI ~<TIO • 
ZS XHTI AVG,PEAI kATIO • 
l& 9£A" SFR£AD FACTOR • 
27 RADIATED IF PONEI a 

28 IEAH OIAffEfER • 
29 IEA~ AREA • 
10 ~¥CRACE BEl" FOWER DENS • 
ll PEAi BEAH INTENSITY • 
ll PO~EI :~ MAIN 8EA" ~ 
13 SATElllTE LENGTH t 

)4 NUffBE~ o- BAYS • 
3~ ~"TR PWR DlSTI lOSS • 
J6 A~J BAV U~_cul ~IEA • 
S7 IAV U.?E • 
38 SPS AREA • 
39 HEA~ ,vlAR ?N~O~ATIOM ~ 

'-0 s,,,, :.c:! ; ll OUTPUT 
41 ROTA~Y J~!~T C"RIENT •A• 
42 ROfA~V JJINT tUR~EMT •9• 
43 TOTAi PROCl~SiU POW~t • 
44 101Al ll V1TIDH INPUT • 
~$ TOTAL KLVSTION OUTPUT a 

4' NUMB(R r· KLV~TROMS , 
47 "AX llY~TRO~ ''CKtNG DEN • 
~ ~AX RF POWER OEN~IT• • 
49 Hur.st• OF ~UdAIRAYt ~ 

SO lECTENNA AIE4 • 

••• 1~1 
l.HH-91 
l.JHE-11 
t.JHE-ll 
t.asae-11 
l.ZtaE-Ol 
t.)0£-11 
9.946£-11 
a.szn-11 
•·•"£-01 a.nu-11 
t.SlU-81 
a.uu-01 
e.s1oae-01 
,.207£-tl 
6.t2DE-IU 
1.san-02 
1.oan-u 
2.so1E+e1 "z ' 

.2.800£•11 Cit C 
z.:USE+Ol D9 
t.4,U•OO DB 
l . 801£ +II DB 
2.061£-01 
l.909E-Ol 
l.450£•00 
l.719£+03 ttEGAllATT 
'-~~9~+00 lft ( 
l.•lDE•07 RZ C 
4.672[+00 ftti'CRZ 
;.267£+01 "w'c"z 
l.59JE+Ol ftESANAJT 
7.6!>0E+OO BAYS 
6 • I ~ 1)1,; • 0 l n.i. Y~ 
<: 2llC-Ol 
4.096E•OS M2 ( 
6.600E+02 H£Tf.IS 
2.6~HE+Ol 11'."2 
3 t.2U+Dl QI 
4.H'<t•OO GW 
l. )~h; +04 i.ft~S 

l.9&H•Oft Al'WS 
6.lt~~E+02 "EGA~ATl 
~.;~OE+Ol ~tG~lt 
3.612£+0J ft!G~NATl 
!>. OJ7E +(lft 
2.l71E+OO PE2 SUI 
1.ftft<;( •Oil 11'.W.''Mt 
l.905E+U~ PER ANT 
t.916t+07 Hl 

280 

6. lt4E+8J ACIES 
1.~4:u+ie "' 

4.HU+H "I 
8.42"+83 ACRES 

1.812£+12 ACIES 

4. 71'E+U A.:1£S 

) 

I 

J 
) 



11 •• .. ~ .. n ·.e11t1Al Na • l.&IH-H ltVttl 
5l DC OUTPUT POMU • l.Jl6£+11 ~llNI 
51 CHD POMEI • 2.512£+11 CM TDTAl 
54 LAND AREA P£1 1£CT • 4.IJ1E•07 "l c l. ltSl+M ACllS ) 

55 •y• ttoft OF INUTIA • l. 8U£•U IS-"l 
56 THRUST PER COINEI • l.latf•Ol NEWTONS c 4.HH+ll LI , 
57 NU .. 8H OF THRUST EIS .. l. UHE•Ol PU INST 
sa CONTROL POWEi • l.7J8E•Ol MEGAWATT 
5' ANNUAL PROPELLANT • a.tH£+IO TCNS c l.t7H+l4 lift , 
60 STRUCTURE "ASS • l.408E+OJ TONS ( J.ll4E+H lift J .. CONTROL SYS ftASS • 4.811E+Ol TONS t l.CUU+IS Lift ' 62 SOLAR BlANkET MASS • l.070£+04 TONS ( l· HOE•l'7 ta ft , 
63 POU£R DlSTR HASS • l.507E•Ol TONS ( J.JHE•OS lBft ) 

64 ftECH & HEC Rl'J MASS • 1.427E•02 TONS ( J. l4SE•OS l8" ) 

65 ANT S.TIUC "ASS • l.DOOhlU TONS ( 4.409E+H LI" , 
" ANT W4YEGUIDE MASS • l.726[+04 TONS ( J.801oE•07 LB" , 
67 AHT KLYSllON tlASS • J.487E+OJ TONS ( 7.61HE+06 LB" , 
68 ANl CONtROl CITS MASS • l. 1on+o: TONS ( S.9HE•OS LB" ) 

" ANT PWR DISTI "ASS • a.477E•D2 TONS ( 1.8'9[•06 LI" , 
70 ANT PWR PROClTC "ASS • l. lS9£•0.S TONS ( l. 776E•C6 lBft J 
7l ANT "ASS • l. Sllt +04 TOHS ( S.SJaE+GJ l8ft ) 

72 STRUCTURE COST • 7.0l9E-Ol Bili.ION 
7l CONlltOl SY'!t COST • 2 .192E-02 BllllON 
74 SOlAI BlANkET COST • a. nu-01 BlllIOll 
7S POWER DISTR COST .. J.919£-IU IUlllOM 
76 HECllS:: LEC Rl'J COST • l. t~6E ~Ol BILLION 
11 ANT snuc cos1 .. 4.lo60E-Ol BllUCN 
-:a ANT \;:.VfG\HM COST • l.ClSE•llC BHllOM 
79 ANl Kl YS lRON COST • 2. S56E-CJ BILLION 
ao I.NT COtHtrOl cu~ t;OflT • S.9811(,-o; BllllGN 

•• .1.1n PWI UlSU t0!.1 '. l!'.!Jl ··Ill BllllOM 
82 Mn fo:.lt.: PROUTC CO~T • a. &t>.SE-02 8Hl10N 
13 ANT CtJST • l .818E•il0 !!llllON 
&4 ftO ('F flEl&;HT HIGMfS ~ l.65!E•D2 
as CREk $£11\flCE NO OF HTS • ~. <o e.H: •\13 
66 OTS C!>'lT • 4 .4:,u-tn B '.tt ION 
at lOTAi. Tt,\NSf" COST • }.e;H+OO BllllOI.: 
a~ IECH.ritlA i.llS T • 1.:olE•'.111 DILLION 

'" CONST~UCTION COST S.6JlE-l'l Bill ION 

'° INTrttST ou•ING CONSTI • 6.UH:-6l Ulll09' 

" lAl l TUOE AltU fAtfGI • L"\tEtilO 
9.1 fOU.1. tlA~S .. 4. 7lfof•i)<. T \"'"S I.C4U+oa I lit 
0 lOTAI. COSl • i.07a•Ol l!lllON 

1 •• COST /Jt;i.o[ • ". u.,,, •. a ' •s cosr.-t(:m • 7.7<tl"•Dl hltl!i 



T8Me.\l-l (Cwt' rd) 

a...., hW Pow.• 3418 M1pwatb 

MITUlti DIAllETH 

SOLaTIGll •fSUllS 

l LISMT lliWVT IFflCIEllCY • 
2 MET C£Ll EfflC1£MCY • 
J IASIC COHVEISIOIC EFFY • 
4 M.ANU T FACTORS • 
!t £VS 1-SO•R • 
• MET Ut£16Y CONY EfJY • 
1 &1£MilS£ EFflC~lMCY .. 
I ANT£NHA PC~[I DliTI £ffY ... 
t NET DC-RF f "flCIENCY • 

JO IDEAL 3EA" £rf1CIEMCY • 
U Ntl BUH EFFICU.-t\ • 
ll IMTE~CEPT Efrlti£MtY • 
lJ ~lCIENNA Qf-DC E~f1Cl£1CC • 
14 Mlt Rf llVk FFFY • 
IS Dt-TG-OC (ffl;ltNCY • 
16 DC-T~-S-ID Eff ICtEMCY • 
17 GVflALl f'}t'fSfCAl CFFV • 
18 AREA £ff(CllV£ Ef~~ • 
lt 8lANttfl At~A • 
ZO ANTSNN.\ DIA • 
ll t£QU!IED ~·~~O~ ~Uf>'~ • 
22 lAPEI REQUIRED ~050 S~ SV • 
Zl flANSftlllEI POUtl TAPEI • 
l4 REC£1YEa •vG,l"\:ll JATJO • 
25 xnr• AVG;l£Al IATlG 
l' IEA~ SPIEAO r~crot • 
27 lAD!\T!D •F POWcl • 
za BEA" ulAftETEl • 
lf IE.\M &VU. .. 
lO AYERA~E BEA" POWER 1~1115 
31 PEAK BEA• fNTENStlY s 
U PemU lH "AIM MM • 
)1 SAlElllTf t£HGJH " 14 ~U~~El O!' BAY~ • 
J~ XffTR PM- DtSTR lCSS • 
)6 ADJ BAY USf YUl A1EA • 
l7 8AV SIZE a 

la SI'S AU" • 
:n "£"" sou• tHSOLATlOk • 
u sou.a tHl n•HPUT • 
4a •oTARY JOINT CURRENT •A• • 
42 ICTAIY JOl~I CUltEkT •a• : 

43 TOTAL PROCES$EP POWER • 
t,4 fOTAl klV~fRO~ INPQo .. 
~S TOTAt ll~~lR<.tJ OUT~Ul • 
tot. N' :l!lEll flF Kl VS TR OHS It 

41 "AX llYSTtGN PACrlNC OEN • 
45 K:.>C IF fO!iEI DENSITY # 

4t Y.UMB~R OF SU9AP~AVS .. 
50 t£ClEN~\ AREA > 

WAlUl • l.eHE+H 

a.S?u-u 
l.HlE-H 
l.He£-H 
t.UtL-ll 
t.UJE-ll 
l.24~E-ll 
t.35tE-ll 
t.Hlf-81 
&.Zt9£-0l 
'·'fff-01 
&.tSSE-Ol 
t.SlU-01 
6.867E-Ol 
4.l48i-Ol 
6.143£-Gl 
s.nn-01 
1,4lbE-Ol 
6,961£-0Z 
4.C41EHJ1 Rl ( l.lllE+l4 ACIH 

-& .Ot'E•IJO CR ( 6 .214£·-til "I 
l.,SSE+Cl DI 
l.ZCUE+OO DI 
l. osuu: •al DA 
2 to.lE-01 
~."GU-tu 
J.4Sf£+08 
l.11!6E•Gl 't{~Tf 
l.lUE•Ol '" ( 8 .169E +Cl fll 
l. H<-£ •oa flt ( :S.370E•Oft ACRES 
1.56.t~•OO tttVCtt? 
9,014£+08 tUUC".Z 
2.~4H+A3 "E6Atu.TT 
l. l3SE"OI BAVS 
9. lolE~ t>t 8AVS 
'l. &.? lE-Ol 
4.lt'h>E+Oj 1'2 l .811f+U2 ACUS 
•• ,COE•Ol l'tErus 
... ;=4£•01 ICttZ 
5.f;li;+OI GW 
6.~9ae.iu; GW 
S.'-:.11'+04 ""'s 3. l!S9~.+:14 1-1\l'S 
1.ozs~+o3 "EG,.WAT?' 
6 .. 775'Ei'C' ffEGAWATT 
~ • .,~9E:+Cl l't{G.\!>!ATT 
,.~'J5Et0(o 
1. 36,hOl PU SUh 
1.2i3E•O!'I K';UK1 
7.261E•O: PU A.M 
7 .67Zf•tJ7 M2 ( 1 . at'-: .. e;,. 1.cau 

282 

> 
) 

) 
) 



0180-24071-1 

51 PEAi ANT TNllftAL Pttl • l.75H•ll l.lliftl 
51 DC DUTPVT PDllH • l.lttl+ll 8MJ'Llltl 
SS GllD POllH • 4.17lE•OG Gil TOTAL 
S4 LAND AREA Pll RECT • l.USE•H 1'2 ( •.?11£+04 ACIH ; 
SS •y• lfOtt Of INERTIA • 4.UGE+U 16-ftl 
56 THRUST PEI CORNER • J.$21E•Ol NEWTONS 7.f15E+80 u ) 
57 NUHBEI Of TNIUSTEIS • l.52lE•Ol PEI INST 
58 COHTIOL POWEi • 4.419E+Ol "EGAWATT 
St ANNUAL PROPELLANT • l. 44 3E •Ol TONS ( J.lHE+O(i Ult 
61 STRUCTURE NASS • 2.270E•Ol TONS ( 5.005£•8' Lift ) 

61 CONTROl SYS HASS • 7.863£•01 TONS c l.7J4E+l5 ~ '" ) 

62 SOLAR BLANKET ftASS • l. 7lflE+04 TONS ( s 810£+17 lift ) 

61 POWER DlSTR MASS • l.908£+02 TOMS ( 8.USi+OS Lift ) 

64 MECH & ELEC l'J MAS~ • I. lOOE•Ol TONS ( 1.786£+05 LIN ) 

65 ANT S)IUC MASS • 5.000E+02 TONS ( 1.102£+06 UM ) 

66 ANT WAVEGUIDE MASS • 4.llioE+03 TONS ( 9. 511E•06 Ult ) 

67 ANT llYSTROM "ASS .. S.559E+OJ TONS ( l.2l5E+07 LBP'I ) 

H ANT CONTIOL CKTS MASS • 4. 3 l9E+02 TOMS ( 9.S22E+OS LIU! ) 

'' ANT PWR DISTI NASS • 4.61t6E•02 TONS ( 1.024£•06 l8N 
;o ANT PWR PIOC&TC NASS • z.01sE•o:s TONS ( lt.442£•06 lBN 
7l ANT "ASS • 1. l28E+Oio TOMS ( 2.,2U+U7 LBM 
72 S TRUC JURE COST • 1. l3SE-Ol BILLION 
7J Cllt>TROL SYS tOST • J.538£-02 BllllON 
7'o SOl~I BLANKET COST l.417E+OO BILLION 
75 POWER DlSTR COST • l. Ol6E-02 BILLION 
76 NECH&ELEC R,J COST • 1.701E-02 Bill ION 
77 Affl STRUC COST • J. '•85E-Ol BILLION 
78 ANT WAVEGUIDE COST • 2.saaE-01 BILLION 
79 ANT KL YS tllON COST • 2.529£-01 BILLION 
80 ANT CONTROL ClTS COST • 9.534E-02 BILLION 
81 AHT PWR OISTR COST 5.0?8E-02 BHLJOtl 
az ANT PWR PROC&TC COST • l. l'fOE-01 BILLION 
83 ANT CCST • l.145E•OO Bill ION 
84 NO OF FREIGHT FLIGHTS • l .472E+02 
as CREW SERVICE NO OF FLTS &.4llE•OO 
86 OTS C!l~f .. 3.950E-Ol BILLION 
87 TOTAL TUNSP COST J.Sl7E•OO BILL JON 
88 RECTEtul.\ COST • 4.52SE•OO BILLION 
H CONSTRUCTION COST • S.048E-Ol BILLION 
90 INT£REST DURING CONSTR 8.loZOE-01 IHlllON 
91 LATITUDE AREA FACTOI • l .419E•OO 
9;.' 10T Al HAS~ • lt.207E+04 TONS 9.27ltE•07 LI" 
9! TGTAl COST 1. 3.,~E •01 BllllON 
~ .. COS lJ'KllE J.309E+03 $ 

9S COSUKIJH • 6. lSlE•Ol NlllS 
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Dl80-2407i-l 

T1111eA '-I {Contiaued) 

Roary Joint Power • 3418 Mep""atts 

lMTEHtfA DIAftETEI 

SOLUTION lfSUlTS 

VAlUE • l.?HE+H 

l llGffT INPUT EFFJCllHCY • l.S1tf-IU 
! ttlT Cfll EFFICIENCY • 1.Hl£-U 
S BASIC CONVfRSlON EFFY • 1. HOE-01 
~ llANltET f ACTOIS .. '· 199£-81 
s IUS I-so-• • t. ?61£-01 
6 MET rHERGV CONt EFFY • l. Z48£-lll 
1 AIEAWISE £~f IC1£HCV • t.lS'>E-111 
8 ANTENN~ Ptr~£R DISTI IFFY • t.91 IE-01 
' NET oc-RF EfflCIENCY • a.2'8t-01 

10 IOfAl qEAM EFFICIENCY • t.6SOE-Ol 
ll NET 8£AM EFFICIENCY • 8.955E-Ol 
12 lWT£RCEPT EFFICIENCY • t.SUE-Ol 
ll IECTEHNA IF-OC EiFt=rcHC • 8. 904i:-\l1 
14 NET Rf llNK EFFV • IS.S48E·el 
IS DC-TO-bC EFFICIENCY 6.UM-Ol 1, DC-10-S•lD EFFJCIENry • 5.t8lE-01 
17 OVERAll t~YStCAl fFFY • 7.lo68E-O.? 
(6 AIEA EFffCTIVt EFfY • 6.9&9E-OZ 
u BlANltt T AREA • lo.047£•07 M2 ( 1.tOOE+O" ACRES 
20 ANlliNNl DIA .. .} . 200E+OO !(ft ( 7.07£-Ch ftl 
n 1£QUIRED SJDElDIE SUPPi • 2.UloE•C!l DI 
22 lAPER REQUIRED FO• Sl SU • S.724E+OO DB 
u llANSHlllEl POWEi TAPER • l.OOOE+Ol DB 
lit RECEIVER AVG,PEAK RATIO • 2 .OUE-01 
25 XH1R AVG~PEAK 14110 • 3.909E-Ol 
l' BEAN §GJ£AO FACTOR • l.lrSOE+OO 
2~ RAOlATEO RF P~~EI • Z.IUH+Ol ME&ANUT 
28 BEA11 DU.HETER • l.098£•01 !(ft ( 6.12U+OO •n 
z' SEAM AREA • •.it7ZE+07 "~ ( 2.lftOE-+Oto ACRES 
30 AVER~~E SEA" POWER DENS • 2.681£•00 HW,CH2 
ll PEA«i 8E4H lHTENS!TV & l.lClE•Ol MIUCft2 
u POWE.I lN HAIN BUM • 2.S40E+03 ME GAMA Tl 
H Sl\TElt JTE l ENGTM • 1.H5HOl 8A\'S 
)It NIJtlBCll .,f BUS • 9.8BU>•Ol BAVS 
15 XIHR PWR DlSTI lOSS 8.950£-03 
36 ADJ UY USEFUl OU • lt.096E•05 H2 l .OUHOZ ACRES 
37 sn sru: • 6.600E+OZ H£l£RS 
~8 SPS AREA • 4. 3<'4E•Ol KM2 
39 tlE AN SOl 41 JNSOUTlOM • S.&SlE+Ol GW 
t,11 so~~R ~tll OUlPUT • C.. H!IE+OO cw 
"l ROTARY JOINT CURRENT •A• • s. 43lE •0'< AMPS 
4l ROTAiY JOINT CURRENT •t• 3. UOE+04 AHPS 
43 TOTAL PROCES<;EO POU£R • l.O~!>E+OJ "fGAWATI 
44 TOTAL KlVSTROk INPUT 6.774E+OJ tlf GA .. A Tl 
ltS l01Al KlYSfRON OUTPUT S.7S8l:+O; "£GANA TT 
46 NUHIHR OF Kl Y~TRONS ~ '7.997£+()4 
"7 HAX KlVSf~ON PACKING DEN • 9.6HE•CO PU SUI! 
48 t!AX RF POWER DENSITY • 6.4l4E+~O ICW,.,.2 
49 NUMBER Of SUBARRAVS a t.046E+ll4 PER :.ifT 
so RlCTENHA AREA • S.3~8E•07 "'~ l. ll 7£+04 ACRES 

> 
> 
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) 



51 PlAK ANT TffllMAL PMI 
Sl DC OUTPUT POWEi 
SJ CtlD POUH 
54 LAND AREA PEI IECT 
SS •y• MOM OF INEITU 
56 THRUST PEI COINER 
57 NUHIEQ OF THIUSTEIS 
Sa CONTIOL PONEI 
S' ANNUAl PROPEllAMT 
60 STRUCTURE NASS 
6l COtlTROL SYS PU.SS. 
62 SOlAR BLANKET MASS 
61 POWER DlSTI NASS 
64 MECH & ElEC R;J MASS 
65 ANT $,,llUC MASS 
66 ANT W>.VEGUIDE MASS 
67 ANT Kl VS TRON ltASS 
61 ANT CONTROL CCTS MASS 

" ANT PWR Dl5TI HASS 
70 ANT PWR PROC&TC HASS 
71 ANT HI.SS 
72 STRUCTURE COST 
7J CONTROL SYS COST 
74 SOLAR BLANKET CO\T 
75 POWER OISTR COST 
76 MECH&ELCC R/J COST 
11 ANT STRUC COST 
78 ANT WAVEGUIDE COST 
79 ANT K~VSTRCt4 COST 
ao ANT CONTROL CKTS COST 
81 ANT PWR DISTt COST 
82 AtlT PWR PROC&TC COST 
8J AIH COST 
84 NO OF FREIGHT FLIGHTS 
as CREW SERVICE NO OF FLTS 
86 OTS COST 
87 TOTAL TRANSP COST 
88 REC TENN A COS l 
89 CONSTRUCTION COST 
90 INTEREST DURING CONSTR 
91 LATITUDE AiEA FACTOR 
9Z TOTAL MA!i.S 
n TOTAL COST , ... COST /Kl~E 
95 COST/KWH 

DlS0..24071-1 

TableAl·I (Continued) 

• l.UH+H KtVM2 
• 2.lOH+H GWIUMK 
• 4.llH+GO CW TOTAL 
• l. J44£+11 M2 
• 4.UIE+U KC-M2 
• J.S2lf+Ol NEWTONS 
• J.SZlE+Ol PER IMST 
• 4.419£•11 HEGAWATT 
• l .44JE+Ol TONS 

l.270E+OJ TOt~S 

• 7.HJE+Ol TONS 
• l. 728E•04 TONS 
• J.908E+O~ TONS 
• ,.4'tOE•Ol TONS 
• 7.200£+02 HiNS 
• 6.21ZE+03 TONS 

S,558E+O:S TONS 
• 4.318£•02 TONS 

5. 729E•t'Z TONS 
2.0lSE•l>l TONS 
l.SSlE+Olt TONS 
l.llSE-01 Bill ION 

• J.5!6E~ilZ BILLION 
• : ,4\ 'iE•OG BILLION 
• 1.016~-02 BILLION 
• l.982£-02 BILLION 
• l.628E-Ol BILLION 
c J. n1E-Dt BILLION 
• 2.529£-01 BILLION 
• 9.SlJE-02 BllllOi'C 

" 6.188£-02 BILLION 
l.390E-01 BILLION .. l.28SE•OO BILL lON 
1.SilE+n2 

• 8.978E•OO 
• 4.21SE-Ol BILllON 
• l.698£•00 BllllON 

l.ZHE•Oli Bl LL ION 
• 5.387E-Ol BILLION 
• 7.84SE-Ol BILllON 
• l.4l'H+Oa 
• it. 41l'JE •04 TONS 
• l.2S6E+Ol BILLION 
• 3.071E+Ol $ 

• 5.708E+Ol MlllS 
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Table Al-I (C~ntinuod) 

Rotary Joint PoW« = 3418 Mepwatts 

ANTENNA DIAftETEI VALUE • l .~OOE•OO 
SOLUTION RESULTS 

l LIGHT INPUT £FF1ClENCY • 
l NET CELL EfflCIENCY • 
S IASlC CONVERSION EffV • 
4 llANllT FACTORS • 
S IUS l·SQ-1 • 
6 NET ENERGY fONV EFFV • 
7 AIEANISE EFFICIENCY • 
a ANTEN~4 POWEi DISTI EFFV 
t NET DC-Rf EFFICIENCY 

10 IDEAL BEA" EFFICIENCY 
ll NET 8EAH EFflClENCY 
ll INTERCEPT EFFICIENCY 
ll RECTENNA Rf·DC EFrlCIENC 
1' NET RF llHl EffY 
15 DC-TO-DC EFFICIENCY • 
l' DC-TO-GRID EFFICIENCY • 
11 OVERALL PHYSICAL EFFY • 
18 AREA EFFECTIVE EFFV 
It BLANKET AREA • 
lO ANT€~NA DIA • 
21 REQUIRED SIDELOBE SUPPi 
22 TAPER REQUIRED FOR SL SU • 
21 TRANSMITTER POWER TAPEI • 
2• RECEIVER AVG/PEAK RATIO 
ZS XMTR AVG/PEAK RATIO ~ 

2' BE~M SPREAD FACTOR • 
27 RADIATED RF POWER • 
28 BEAH DIAHETER • 
29 BEAH AREA • 
30 ~VERAGE DEAH POWER DENS ~ 

31 PEAK BEAM INTENSITY 
ll POWER IN HAIN DEAH 
ll SATEllliE lfNGTH 
}4 NUMBER OF BAYS 
35 ~HTR PWR OISTR LOSS • 
36 ADJ BAV USEFUL AREA 
37 BAY S llE 
38 SPS AHA • 
39 HEAN SOLAR lNSOLATION 
40 SOLAR CELL OUTPUT 
41 ROTARY J01NT CURRENT •A• 
4Z ROTARY JOINT CURRCNT •a• 
4l TOTAL PROCESSED POWER 
44 TOTAL KLYSTRON INPUT • 
45 TOTAL KLVSTR~N OUTPUT 
46 NUMDlR OF KLYSTRONS 
47 H~X KLYSTRON PACKING OEN 
•a MAX Rf PO~CR DENSITY 
49 N~MDER OF SUBARR&VS 
50 RECTENNA AREA 

8.S7t£•U 
1.uu-01 
1. HOE-01 
9.399£-0l 
9. 167£-0l 
l.2•8E-Ol 
9. 3S9E-Ol 
9.tl'JE-01 
8.lllE-01 
9.&SOE-01 
a.tSSf-01 
9.SlZE-01 
a.tlOE-01 
a.348£-0• 
6. UlE-01 
,.OCSE-01 
7 .•9'£-02 
7.0lSE-il2 
•.047E+07 Ml 
.l .400E+OO IM 
2.Z49E+Ol DB 
7.'Jl4E+OO DB 
l.GCOE+Ol DB 
Z.061E-ol 
l.909E-Ol 
l.4SOE•OO 
2.8~1E+03 "EGAWATT 
9.4llE•OO KH 
6.9S9E•07 HZ 
l.656E•OO MW/C~2 
l.774E+Ol MW/Cl12 
Z.S44E•Ol HEGANATT 
l.llSE•Ol BAVS 
9.8SlE•Ol BAYS 
1.oac.t-os 
4.0HE•OS HZ 
6.6QOE+OZ METERS 
4.3:'4E•Ol KHl 
5.8SlE•Ol GW 
6.'19SE•OO GW 
5.t.ZlE+04 AHPS 
l.lll4E+04 AMPS 
1.0~SE+Ol MEGAWATT 
6.757E+Ol MEGAWATT 
S.769E+03 MEGAWATT 
~.OL'E•04 

7.Q93E•OO PER SUI 
4. 7 :' lE + 00 IOUMZ 
l.4~5E•04 PER AHT 
3.914[•07 HZ 

l.OOOE•O" ACRES 
a.1ooe-01 Ml 

S.8'>9E+OO Ml 
t.720E+Olt ACRES 

l.Ol2E+02 ACRES 

9.'72E+03 ACRES 



TableAl·I (Continued) 

51 PUil ANT THHMAl PMI • l.HlE-81 IM,MZ 
H DC OUTPUT PONU • Z.lUE+OO IN,llNl 
53 GllD POWER • 4. lOSE+OO GW TOTAL 
S4 LAND •REA PEI IECT • 9.81Z£+07 MZ z.4HE+04 ACIES 
SS •y• MOM OF INERTIA • 4.UOE+U ICG-MZ 
56 THRUST PER CORNER • J.521E+Gl NEWTONS 7.tlSE+OO l8 
5 7 NUttBER OF THRUSTERS • l.521£•01 PER INST 
sa CONTROL POWER • 4,4l9E+Ol MEGAWATT 
59 ANNUAL PROPELLANT • l .44lE+Ol TONS ( J. UOE+04 LIM ) 
60 STRUCTURE ttASS • 2.270E•OJ TONS ( S.OOSE+06 UM ) 
61 CONTROL SYS MASS • 7.8'3E•Ol TONS { l. 734£•05 lBM ) 
62 SOLAR BLANKET ttASS • l.7Z8E+64 TONS ( J,810E+07 LBM ) 

6l POWER OISTR ttASS • l.901E+O.? TONS ( 8.600£•05 lBtt ) ,,. ttECH & ElEC RIJ MASS l.Oi8E+02 TONS ( 2. l76E+05 LBM ) 
65 ANT S,,TRUC ttASS • f.800E+02 TONS ( l.161£•06 lBM ) 

" ANT WAVEGUIDE ttASS • 8.455£+03 TONS ( 1.864£+07 LBM ) 

67 ANT KLYSTRON ttASS • S.568£+03 TONS c 1. 228E+t\7 lBM ) 

u ANT CONTROL CkT~ ~!SS • 4.l27E+02 TONS ( 9.Sl8E~.is ~BM ) 

H :.NT i>Hll DISTR ttASS • 7.837E•02 TJNS 1. 7211£+06 LBtt ) 

70 ANT PWR PROC&TC ttASS • 2.0lSE+O:S "•ONS 4.442£+06 !.BM ) 
71 ANT ttASS • l .8.?~E+04 lONS 4.02:;~+07 lBM ) 

72 STIHJClURE COST l .1 ljE-01 BltlJON 
73 CONTROL SYS COST • 3.SlSE-02 BILLION 
74 SOLAR BlANKfT COST l.417E+OO Blll ION 
H POl.:ER OISTR COST l .Ol4E-OZ BILL ION 
76 ttECHSElEC RFJ COST • 2.264E-02 BILLION 
77 ANT STRLIC COST • l. 797E-Ol BlllIOU 
78 Atll WAVEGUIDE COST 5.073E-Ol BIL t ION 
79 AllT KLYSTRON COST • z.SllE-01 Bl ll ION 
80 ANT CuNtROl CKTS COST 9.SSOE-0..' OlllION 
81 ANT PUR 0 IS Tll COST • 8.464E-02 B!lllON 
sz ANT PilR PROC&TC COST • t.HOE-01 BIL LION 
83 ANT COST • 1.460£+00 BILLION 
84 NO OF FREIGHT flJGHTS • l. 69.lE+O~ 
85 CREW SERVICE NO OF FL TS • 9.66SE+OD 
86 OTS COST • 4.SHE-01 B Il LION 
87 TOTAL Tlit.NSD COST 3.91H+OO 8 ll ll ON 
8S RECTENN.\ COST 2.455£•00 BlllION 
89 CONSTRUCTION C~ST • S.801E-Ol BlllION 
90 INTEREST DURING CqNSTR 7.676E-Ol BILLION 
91 LATITUDE AHA tACTOR 1.419£•00 
92 TOTAL l'IASS • 4.834E•04 TONS 1. 06f.E+08 LBM 
93 TOUL C:JST l.229E+Ol BILLION 
94 COST/ICWE 2.99H+03 s 
H COSTIKl<H • S.564E•Ol MILLS 

:?87 



Table Al-1 (Continued) 

Rotary Joint Power = 3418 Megawatts 

ANTENNA DIA"£TER 
snLUTION •ESULTS 

VALUE • l. 600£+00 

l llGHT INPUT EFFICIENCY • 
2 NET CELL EFf lCIENCY • 
S IASlC CONVERSION EFFY • 
4 BLANKET FACTO~S • 
s BUS 1-so-• • 
6 NET ENERGY CUNV EfFY • 
1 AREAWlSE E~f ICIENCY 
8 ANTENNA POWER DlSTI EFFY • 
~ NET DC-IF EFftr•eNCY 

10 IDEAL BEAM EF~ .ENCY • 
l! ~ET BEAH Effl~ •. NCY • 
12 INTERCEPT EFFICIEHC~ • 
ll RECTENNA RF-DC EFFICIE~C • 
14 NET RF LINK EFfY 
IS DC-TO-DC EFFICIENCY 
16 DC-TO-GRID EFFlCIENCY 
17 OVERt'L PHYSlC#L EFFY • 
18 AREA EFFECTIVE EFFY 
l9 BLANICE T AREA 
20 ANTENNA DU 
21 REQUIRED SlDEl08E SUPPi • 
22 TAPER REQUIRED FOR SL S~ 

23 TRANSMITTER POWEi TAPEI 
i. RECEIVER ~VG/PEAK RATIO 
25 X"TR AVG/PEAK RATIO 
26 BEAH SPREAD FACTOR • 
21 RADIATED RF POWER • 
28 BEAM DIAMETER a 

29 iEA" AREA • 
30 AVERAGE DEA" POWER DENS • 
31 PEAK BEA" INTEN51TV • 
32 POWER IN HAIN BEAH 
33 SATELLITE LENGTH • 
34 NUHDER OF DAYS 
35 MTR PWR DISTR LOSS 
36 ADJ BAY USEFUL AR'A 
37 BA'( SIZE • 
38 SPS AREA 
39 M~AN SOLAR l~$0LATION • 
40 S~.AR CELL OUTPUT a 
41 ~OiARY JOINT CURRENT •Aw • 
42 kOTARY JOl~I CURRENT w9• • 
43 TOTAL PROCESSED POWER • 
4~ TOTAL KLYSTRON INPUT 
45 TOTAL kl YSTRON C'UT-'•lT 
46 NUMBER OF KLYSTRONS • 
4/ MAX KLY~TRON PAC~ING DEN • 
46 MAX Rf PO~ER DENSITY 
49 NUMDER OF SUBARRAYS = 
50 RECTENNA AllEA 

&.579£-01 
l .HU-01 
l .360E-01 
9.199£-01 
9.767£-o. 
1.248£-0l 
9.359£-01 
9.9l5E-Ol 
8.318E-Ol 
9.&SOE-01 
8. 955E-el 
9.512E -Ol 
8. 92&E-Ol 
8.l48E-Ol 
6.19'JE-Ol 
'i.OUE-01 
7.SOSE-02 
7.024E-02 
4.047E+07 "2 
.l .600E+OO It" 
2.l65E+Cl DB 
9.58t.E+OO DB 
l.OOOE+Ol OB 
2.061E-Ol 
l.~09E-Ol 

l .450E+OO 
2.843E+03 HEGAMATT 
6.236E+OO ICH 
5. 328E+07 1'!2 
4.779E+OO HW'C"2 
2.l19E+Ol Miol/CM2 
2.546E+Ol MEGAWATT 
l. 235E4Jl BAYS 
9.881£+01 BAYS 
6.464E-03 
4.096E•05 M~ 
6.oOOE+02 MElERS 
4.3~<tE+Ol kM2 
5.651E+Ol GW 
6.99f'F•OO uW 
5.418£+04 A:-IPS 
3.182£+0<+ AMPS 
l.025E+OJ MEGAWATT 
6.791E+Ol MEGA~ATT 
5.772~+03 ~EGAWATT 

6.017[+04 
5.4J4E+OO P:R SUB 
3.617£+00 ICW/M2 
l.8S?E+04 PER ANT 
2. 99/E.+07 1'12 

:?88 

l .OOOE+Olt ACUS 
9,9tt2E-Cfl HI 

S.118£+00 "I 
l.ll7E+Oft ACRES 

1.012£+02 ACRES 

7.405E+03 ACRES 



T_.. At.a CC. ti r'l 

SI NU UT 111HMI. ,_ .. 6.JHE-91 &IUlll 
52 llC •TNT .... • Z.llaE+ee Sllll.lllK 
SJUHPGllER • 4.111£ ... Sil TOTAL 
54 I.MID UH PER HCT • 1.SME+e7 IQ ( ........ ACalS I 
SS •r - OF l•RTIA • 4.6Zl£•1J 1(5-llZ 
S6 fdUST PER C8R11£R • J.SZIE•el 11£MTGllS t 7.HSE ... l8 I 
57 ..... H Of lRhST£1tS • J.SZlE•el PEW lllST 
M CmlflOi. PC111£R • 4.4lt£•Dl llfGAllATT 
59 UIHUAl PaOPEllAllT • l .C.l{olf+H TOllS ( J.IHE+M Ull ) 

6e ST•UCfUIE ftASS • z.z7•E•DS TOllS ( S.eeH+e6 Ull ) 

H CGllHOl SYS llASS_ • 1 .86Sf•H 10ll5 ( l.7~tC5 Ull ) 

IZ SOLAI BlANCE1 llASS • l.72&E•DC. TOMS ( J.&11£••7 lBll J 
6S POllEI DISTI llASS • s.ataE•IZ TONS ( 8.5tl{of•IS Ull , 
IC. RECH I ELEC l'J llASS • I .ZIZE•IZ TONS ( Z.67ZE•15 Ull , 
'' ANT ~·•uc ftASS • 1.ZUE+IS TONS ( z.azZE••• Ull ) 

'' AllT llAVEGUIDE RA.SS • 1.11 ... E•IC. TONS ( Z.4SSE•l7 l811 ) 

67 ART ILYSHGll llASS • 5.S7lE•DS TONS c l.ZZH•IJ llll J ,. AIU CONTROL ens llASS • to. 329£ •ll TONS ( t.Stotof+OS Liii , ,, ANT Piii DISH llASS l.D2ZE•IS TDHS ( Z.ZSJE•H lift ) 

10 ANT Pill PIOCITC llASS • l.H5E•DJ TONS ( to.tot.ZE•H LBll ) 

11 ANT RASS • l.U7E•l4o TONS ( (o. 711£•17 lU , 
72 STIUCTURE COST • l.llSE-Dl llLllGM 
7S CONl•OL SYS cosr • S.SJ&E-12 llLLIGM 
7C. SOLAI BtANEET COST • l.tol7E•ll lllLION 
75 POUEI DISTI COST • l-llC.E-12 BILLION 
76 ftfCH&ElEC l,J COST • 2.SC.SE-12 BILLION 
77 ANT STIUC COST • J.t92E-ll BILLION 
78 ANT WAVEGUIDE COST • 6-626E-ll BILLION 
7t ANT ILVSHON COST • 2.SJSE-11 BILLION .. ANT CONTROL CKTS COST • t.SS6E-12 BILLION 
al ANT PHI DISH cosr • l.IOJE-01 BILLION 
az ANT Piii PIOC&TC COST • l.JtOE-01 llLLIO~ 
ll ANT COST • l.660E•OO BILllOd 
ac. NO Of ftEIGHJ FLIGHTS • l .&JOE•Ol 
as CtEU SERVICE NO OF FLTS • l.OC.U•Ol 
86 OTS COST 4.911£-01 lllllON 
&7 TOTAl TtAMSP COST • to. UU•OO lllllOM 
81 tECTENNA COST • l.,50E+Oll lllllON 
89 CONStlUCTION COST • 6.276£-01 BILLION 
91 INT£1ESt DURING CONSTI • 1- 736£-01 DILLION 
91 lATITUO£ AIEA FACTOI • 1.C.l9E•OO 
92 TOU.l HSS • S.230£+04 TONS ( 1.15JE+l8 Liii ) 

9J T07Al C3ST • l .23&E•Ol lllllON 
tto COST,KWE • l.OUE+CJ • '5 COS1'1UH • S.HIE•ll RILLS 
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TallleAl-1 (Coadlu4) 

a...,w.ar.w.•341811tp ... 

AllJEllllA e1Aa£t£• VALH,. l.aME•H 
SDl•ll• IESULfS 

I ll&llf l• .. f EFFICIEllCY • &.S'ftt-H 
2 llll CELL EFFICllHCY • l.6HE-tl 
I a&SIC CGll¥£•SIGll (FFY • l.HH-el 
4 alAllCEl fACfOllS • t.J99E-tl 
s aus 1-so-• • t.767£-01 
6 Mtf EIKRCY COM¥ EFFY • t.Z'a8E-OI 
7 AIEAUIS( EFFICIEllCY t.JSH-81 
a AMJENN& POllEI DIStl EFFY • t.tltE-81 
t lltt DC-If EFFICIENCY e.sin-H 

ta IDEAL IEAft EFFICIEllCY • t.Hf(-81 
II •Cf BE&ft EFFICIENCY 8.'91(-01 
12 l•tEICEPT EFFICIENCY • t.S4U:-ll 
IJ lttlENN• IF-DC tFFICIEllC • a.H:"E-11 
14 KET If llMlt EfFV • &.407£-81 
IS DC-TO-DC EFFICIE-CY • 6.lllE-81 
16 Dt-TO-GllD EFFICIENCY • 6.145(-ll 
17 OVERALL PMVSICAL EFFY • 7.SUE-81 
I& AIEA EFFECTIVE EFFY • 7 .il63E-OZ 
19 8lAKICET AHA • ft.847E•87 NZ ( l.Hec•84 ACIEi ) 

20 &NT!;HHA DIA • l.&OGE••• ltll ( l.lltE••• "' ) 

Zl ~EQUltfD StDEl08( S~PPI • Z.461.:•81 •• ll t&PER IEQUllED FOi SL SU • 1.163(•81 .. 
21 IRANSHlf TEI POWER TAPER • l.G6<)E•Ol 08 
l'- IECEJYEt AVG,PEAI 14110 • 2.0Z3E-Ol 
2S XnTI AVG,PEAI IATIO • J. 71U-Ol 
26 &£Aft SPtE&O FACTOR • ..... 74£•00 
27 RADIATED If POWER • 2.8'.lE•O.S nEGAllATT 
za IUM DUnETU • 7.44SE•OO '" ( 4.U6E+89 RI ) 

Zt BEAn A.RlA 4. 3SlE•07 ftl ( I. 876£•84 ACRES ) 

so AVERAGE BEAN POWER DENS • 5.SS&E+OO nw,cn2 
ll PEAK 8E~n INTENSITY • l.883E•Ol "W.fCMZ 
ll POUEI IN nAIN BEA" Z.555E•Ol ttEGAWATT 
n SATEllllE LENGTH • l .215£•1.H B&l'S 
34 Hunnu Of BAYS • 9.8SlE+Ol BAYS 
JS xnu PWR DIS TR LOSS • 7.058£-Ul 
S6 ADJ BA\' USEFUL AREA ....096E+OS nz 1.012£+12 ACRES 
l7 an SIZE • 6.600E+OZ "ETEIS 
la SPS &l!~A .... 324£+01 l'ft2 
H ft[AH 50lAlt INSOLATION 5.851E+Ol GW 
41 sou• CELL OUTPUT • 6.9<)S[•OO GW 
41 ROTARY JOINl CURRENT •a• 5. 421 E •O#t ..... ,s 
42 ROTAR't JOl~T CURRENT •a• • J. l..,4[•04 AHPS 
4J TOTAL PROCESSED PONEI • l.025E+03 "EGANAfT 

"" TOTAL klYiTRON INPUT 6.787E•03 ..EGAWATT 
45 TOTAL UYSTROtl OUTPUT • 5. 7'9E•03 nEGAWATT 
46 hUttBER Of ILVSTRONS • 8.0l!E+04 
47 HAX llYSfRON PAC~ING DEN • 4.529[•00 PER SUI 
48 HAX RF POWER DEN~:TY • 3.015£•0!1 UV"l 
49 NUHBER Of SUBARqavs • Z.3SlE•04 PER ANT 
50 RECTENNA ARCA 2.449[+07 NZ ( 6.0SOE•Ol ACRES 

290 



SI PIH Ml TillllllAI. ._ 
H IN: GHNJ fl811(a 
SJCU8P911(• 
5" L&llO &a(A P(a aECJ 
SS •y• ROfl OF INEHI& 
56 JRIUST Pl• co••• 
51 MU1t8EI Of TRIUSTEIS 
S8 COllTIOL POMEI 
Sf ANNUAL PIOPEllANT 
60 STIUCTUIE ftASS 
61 COllTIOl SYS ftlSS 
6Z SOLAI aL&NIET RASS 
6J POMEI DISTI ft\SS 
, .. ftECH & ELEC l'J ftASS 
65 ANT STIUC H!.S 
66 ANt WAYEGUIDi NASS 
67 AIU ll YSTIO"f nass ,. &NT CONTIP~ CKTS ftASS 
69 ANT Pw• r1sn "ass 
71 ANT PWI PIOC&TC ftASS 
1l ANT ftl.SS 
7Z STRUCTURE COST 
7J CONTIOl SYS COST 
74 SOl&I BlANIET COST 
7S POUEI DISTR COST ,, ft£CH1£~£C R'J COST 
71 ANT SJIUC COST 
78 ANT WAVEGUIDE COST 
79 ANT Kl YSIROM COST 
H ANT CONflOL CKTS COST 
11 ANT PWR DISTI COST 
82 ANT PWR PROCSJC COST 
u ANT COSJ 
alt NO OF FREIGHT fliGHTS 
as CREW SERVICE NO OF FlTS 
&' ms cos' 
87 TOT Al ftANSP COST 
as IECJENNA COST ., CONSTRUCTION COST ,. INTEREST OUllNG CONSTI 
91 lA ll TODE &IEA FACTOI 
92 lOlAl HASS 
tJ TOTAL cosr 

'" COSPICWE 
95 COST.t!CWH 

TallleAl.t (O+atl. 111) 

• s.•sn-ea K""'1 
• 1.1ser• .. 81ULl1111 
• ... ISZE•ee Cll TOTAL 
• &.17SE•e1 Rl 
• ... 6ZH•U ICG-RZ 
• S.5ZlE•ll MEWIOllS 
• J.SZl£•1l PEI INST 
• 4.419£•11 ft~GAWATT 
• l ... U,(•ll TONS 
• Z.Z78E•U TONS 
• 1.16JE•ll TONS 
• l. 72aE•O't TOMS 
• J.981E•IZ TONS 
• l.S<.U+IZ TONS 
• l.'21E+OS JONS 

l.J98E•I'> TONS 
• S.S69t•IJ TONS 
• ... 3Z7£•0Z TON5 
• I. lS9£•1S TONS 
• Z.OlSE•IJ TONS 

Z.'>77E•I'> TONS 
J. I J5£-ll BllllOtl 

• l.SJaE-02 81Lll0M 
• l.'>17E•OO BlUIOM 

I .Ol'-E-U BllllOM 
• 2.6:7E-02 BllllON 

'>.2UE-Ol BllllON 
• •• 336£-01 81lll0N 
• 2.SHE-01 Bill ION 

t.SSIE-02 BJ ll ION 
l.ZS~E-81 Bill ION 
l. l'JOE-01 Bil LION 

• 1.anr •OO BlllION 
• l.~8H•02 

l.1Hf•Ol 
S.316l-Ol 8llll0N 

• '>.'-2Sl•OO BILLION 
• l. ,.,')[ •00 81lllON 

,.7'3E-Ol Bli..LION 
• 7. 9UE-Cl Bill ION 
• l .«.1'E•OO 
• 5.Ult•Ole TONS 

1.27'-E•Ol BllllON 
• J.OS#eE•Ol • • S. 7llE•Ol "ILLS 

c 

c 

( 

( 

( 

( 

c 
( 

( 

c 
c 
( 

c 
( 

( 

l.SHE•M ACHS , 
7.HH•I• La , 
s.1a1u1., Lall , 
5.115£•16 l ... , 
l .1l .. E+l5 L ... ) 

J.818(•07 l ... ) 

e.Hl(•l5 l8N ) 

z. 967(•85 l8ft J 
J. 571£••• l8ft ) 

J.l&U•l7 l8N ) 

1.22&£•17 l8ft 
9.SJtE•IS lift J 
Z.S55£•1• l8ft , 
't.'>leZE•86 lift , 
S.'-UE•l7 l8ft ) 

l. Z4&E. • H l I" ) 
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TallleAl-1 (Coadnud) 
...., ..... ,....341111......-

&llTlllllA •IAllETfl 

SOlUTIGll IESUlTS 

l ll&llT INPUT EFFICIENCY • 
Z NET CEll EFFICIENCY • 
l IASIC CUNVflSIOll EfFY 
" IU.lllET fACTDIS • 
s aus 1-so-• • 
6 NET ENCl~Y CONV EFFY • 
7 AIEAWISE EFFICIENCY • 
8 ANTENNA POU(I DISTI EfFY 
9 NET DC-If (fflCIENCY • 

ll IDEAL IEAft EFFICIENCY 
ll M(l BEAN EfflClP•CY 
ll IMlCICEPT Efft~IENCY • 
lJ ltCIUttt& If-DC EfFICIEllC • 
14 MET Rf LINK [ffY 
IS DC-TO-DC Eff ICIE~CY 
16 DC-10-GllD EfflCIENCY • 
17 OV[R&ll PNYSICAl EFFY 
I& AIEA EFFECTIVE EffY • 
19 ILANIET AltA • 
lO ANTENNA DU 
ll IEQOIRED SlOELOIE SUPPi 
22 TAFEi REQUIRED fOI Sl SU • 
lJ llANSNITTEI POWEi TAP(I • 
24 IECEIVEI AVG,PEAI IATIO 
2S XNTI AVG,PEAI IATIO • 
16 8EAN SPREAD FACTOI • 
27 RADIATED If POWEi 
2a BEAN DIANEfEI • 
29 IEA1' AREA • 
10 AVERAGE BEAN POWEi DENS 
JI PEAi BEAN INTENSITY • 
ll POUEI tN MAIM BEAN 
JS SATCllll£ lEMCTN 
l~ NU~B[R OF BAYS 
JS XNTR PUR DISTI LOSS • 
16 &OJ BAY USEFUL AREA • 
l1 BAY SIZE 
18 SPS AIU 
19 MEAN SOLAR INSOlATION 
40 SOlAR CEll OUTPUT 
41 IOTAIY JOINT CURRENT •A• 
42 ROTARY JOINT CURR£NT •a• 
4) TOIAL PROCESSED POWEi 
44 JOJAL KLYSTRON INPUT • 
4S TOTAl KLYSTRON OUTPUT 
46 NUnBER Of KLYSTRONS • 
47 "AX KLYSTRON PACKING DEN • 
46 "AX Rf POWER PfNSITY • 
49 NunBER OF susaRRAVS • 
50 RECTENNA AREA • 

VAlUE • 

a.snr-a1 
l.681E-8l 
l.J61E-8l 
9.JHE-tl 
9. 767E-8l 
l .248E-Ol 
9.159(-81 
9.924£-0l 
1. JotE-01 
9. 7l6E-Ol 
9.0lSE-01 
9. S90E-Ot 
a.9'>9'"-01 
l.4tlE-Ol 
6. lZlE-81 
6.132(-81 
7.65'-E-82 
7. U:sE-OZ 
4.847£+17 RZ C 

.l.GOOE•DO lft C 
l. 544£ •Ol DI 
1. lSaE+Ol DI 
l • l SIE •Ol DB 
l.933E-Ol 
).4UE-Ol 
l. 50.U•OI 
l.840E•O! "EGAMATT 
6.&SIE•OO t:ft 
J.687E•07 ft2 
6.9SSE•OO "W'Cft2 
l.496E•OI "W'Cft2 
l.S66c•Ol ftEGAMATT 
l.ZlSE•Ol IAVS 
9.85lE•Ol BAYS 
7. 559[-0S 
4.096E•05 PtZ 
6.600£•02 METERS 
4.324E•OI 1"2 
S.851£•01 GW 
6.99SE•OO GW 
S.42<t£•04 &"PS 
3.lS5E•04 A"PS 
l.02SE•03 "EGAWATT 
6.783E•03 MEGANATT 
S.766E•03 MEGAWATT 
a.oo..>E•o4 
l.9l<tE•OO PE~ SUB 
2.6JS£•00 IW/"Z 
2.90~£•04 PER ~NT 

l.074[•07 "2. 

l.Hlt+H ACIES 
l.l4JE+H RI 

4. 2S7E+OI "I 
9. U9E +U ACIES 

l .OllE+Ol ACRES 

S. l24E+Ol ACIES 

) 

) 

) 

) 

) 



SI PEAi utf fNllflAL .... 
H DC DUf PUf POMH 
SJ GRID POY(I 
54 LAND AIEA Pll IECT 
SS •y• llOlt Of IMllTIA 
56 THlbST PEI COINEI 
57 NVttBEI OF TNIUSTllS 
58 COHTIOL POWEi 
St ANNUAL PROPELLANT 
6• STIUCTUIE MASS 
61 COMTIOL SYS ftASS 
62 SOLAR &L~NKET HASS 
6) POUER DISTI MASS 

'" "ECH & ELEC R,J MASS 
65 ANT S.TIUC ftASS 

" AN1 W~VEGUIDE HASS 
67 ANT KLYSTRON MASS ,. ANT CONTROL CITS HASS 
69 ANT PWR DISTI HASS 
70 ANT PWR PEOC&TC NASS 
1l ANT MASS 
1l s TIUC HIRE -:as T 
73 CQMTROt s~s COST 
74 SOLAR Bl~NkET COST 
7S POWER DtsTI COST 
76 HECHlElEC R,J COST 
11 ANT S TIUC '-OST 
78 ANT W1VCGUl~E COST 
1' ANT ILYSTION COST 
ao ANT CONTROL CITS COST 
11 ANT P>IR O"iTI COST 
82 ANT PWR PPOC~TC COST 
ll ANi COST 
I.ft NO Of FREIGHT ~LIGHTS 
85 CREW SERVICE NO &f flTS 
86 01s cost 
87 TOTAL TRANSP COST 
aa RECTENNA COST ., CONSTRUCTION COSl 
to INTEREST DURING CONSTI 
u lATITUDE AREA FACTOR 
92 TOlAl 11ASS 
u TCTAL COST 

'" COST/KUE 
ts COST,KWH 

Dll0-24071-1 

• ... H51-H ...,.., 
• t.HOE•ll GIUUa 
• 4.UH•ll H TDTAL 
• 5.IHE+87 "l 
• 4.UIE+U IG-"2 
• J.SllE•Ol NCIHONS 
• S.SUE•Ol PU INST 
• 4.4UE+ll MEGAWATT 
• l .443£+01 TONS 
• l.270£•0) TONS 
• 7.SUE+Ol TONS 
• l. 728E+Oto TONS 
• J.tOJE•Ol TONS 
• l.tt80£•0l TONS 
• l.OOOE+OJ TONS 
• l. 726£•04 TONS 
• S.5UE+OJ TCNS 
• '·. J2t.E •02 TONS 
• l. J£5£+0J TONS 
• 2.0l5E•OJ TONS 

l.1£JE•04 TONS 
l. lJSE-01 BILLION 
J.5laE-Ol BILLION 
l.'-l7E•OO BILLION 

• l.Ol!">E-02 BILLION 
• J.108E-02 BILLION 
• 4.460E-Ol BILLION 
• l.OJ5E•OO BILLION 
• 2.5llE-Ol BH.LION 
• t.546£-02 BILLION 
• l .t.74E-Ol BILUON 
• l.l90E-Ol BILLION 
• 2. lUE+OO BILLION 
• 2. l 52C•02 
• 1.210£•01 
• 5. ltt.E-01 BILLION 

oft. 71BE•OO BILLIOJt 
• l.<ftio5E•OO 81 LL ION 
• 7.H.'E-01 81lLION 

a. :soa-01 BILLION 
l .4l9E+OO 

• 6. IOE+Ott TON!IO 
1. l29E•Ol BILLION 

• J.l71E+Ol s 
• S.894E•Ol HILLS 

' 
( 

c 
( 

( 

( 

( 

( 
( 

( 

( 

( 

( 

( 

( 

( 
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l .HH+M ACIH , 
J.tlSE+91 L8 ) 

S.HIE+84 L8M ) 

S.88SE+06 LU > 
t .1JftE+IS LBM ) 

s.a10e+11 LB" ) 

l.60ft£•05 LB" ) 

S.2'S£•05 LIM , 
4.409£•06 lBH > 
J.104£•07 LIM , 
l.2l7E+07 LB" > 
t.5HE•05 LBH , 
J.009E•06 lBH , 
4.4.ftl£•06 lBH , 
6. JUE•07 LBH > 

1. JS6£+18 LIR ) 



......, .... Power. 4700 ....... 

ANTENNA llAlllT£a YAlUI • l.llH•tl 
$0\UllDN atSUlTS 

I LICHT INPVJ £Ff1Cl£11CY • a.S7n-•1 
l 11£T Clll £ff1ClltK'Y • J.HIE-ll 
I IASIC COMY£1SJON EFFY • l.HH-tl 
4 tlANl(T FACTORS • t. HH-01 
s aus 1-sQ-t • t.6771-ll 
6 Nit £N£tGY CONY IFFY • l.UJl-tl 
1 AIE 0\IUSE UFICUNCY • t.uu-01 
8 ANT£NNA POM£t OISTI lFfY • 9.asn-11 
t NET OC-lf EfFlCl£MCY • 1.zsu-01 

IG IDEAL BEA" £FFIC1£NCY • t.6S8£-0l 
11 N(l IEAM EFFICIENCY • a.nst-Ol 
u INlEtCEPT EFFICIENCY • t.512£-tl 
IS IECTENNA If-DC EFFlCIEMC a.au£-01 
14 NET Rf LIN• (ffY •• )#o8£-0l 
lS DC-to-oc EFFICIENCY • •• lta[-Ol 
I A BC-TO-GRID EFFICIENCY S.92Sf-8l 
l1 0\1( Ull f>NYSlCAl UfY 7. Jl7£-0l 
u Al(\ Eff£CTIY( EffY • 6.16U:-Ol 
lt lll.ttlET AREA • 5.'17£•07 Ill c l.HH+t4 ACIES ) 

ll ANTiNNA l>U .l .000(•00 111 ( 6.114£-il IU ) 

ll REQUIRED SIOElOBE SUPPi • 2.H.?£•01 DI 
2l TAPER IEOUIRED FOR Sl SU • 5.HU:•OO DB 
u TRANSHlllER POWER TAPEI l.0011(•01 DI 
llo RECEIVER AVG/P(AC IATIO • 2.06JE-Ol 
25 X"TR AVG,PEAI RATIO • J.909£-IU 
26 BEA" SPllAD FACTOW l.4SOE•OO 
l1 WADlAlED RF PON£1 • J.&78E•OJ ftf&AMATT 
za flUM DU.HETER • l.Jl&E•Ol I(" 8.lHE•H IU ) 

29 8EAl't AREA l • .UU •DIS lt2 S.SlOE•Olt AUtS ) 

so A~EIACE BEAlt POWtW 0£NS • Z.'>46E•OO MlUCllZ 
Sl PEAi BEAH INTENSITY • l.HSE•Ol ftW/C"Z 
Jl POUEI IN MAIN IEAft • ).41lE•0) MEGAWATT 
u SAlEllllE lENGTM • l. 7Jt,£•Ol BAYS 
l'o NUMBER OF lUVS • l. lHE•02 eus 
n X"TI PWR DISTR lOSS • l.4}6£~02 

l6 ADJ BH USEFUL a.REA • 4.0'6E•OS "1 ( l.OlU•OZ ACIES ) 

l7 BAY SlZE • 6.600E+0} METERS 
~s SPS ARfA • S.99:U.+01 IOU 
)9 tlEAN SOlAR lNSOlAtlOM G.IUE•Ol GW 
40 SOlAR CEll OUTPUT • 9.712£•00 GN 
"l ROT~IY JOINT CUIRENT •4• 7. 5ildE•04 AttPS 
lol R01AIY JOINT CURRENT •a• 4. Cd 0£ •Ofo AMPS 
0 TOTAL PROCESSED POWER l .folOE•Ol MEGAWATT 
44 TOTAl KLYSTRON INPUT 9 • .;'64E•Ol H(GAWATT 
45 TOTAl KlVSlRON OUTf>Uf 7.IH'>E•Ol "EGAWATT 

"' NUMBER Of KlYSTRONS • l.094[•05 
47 l'tAX ClVSTION PACKING DEN l.IS?SE•Ol PEI SUB 
48 "AX Rf POWER DENSITY • l.~63E•Ol KMt"l 
0 HUMBEi Of SU84RIAVS • 7.2'1£•01 PER ANT 
50 UCTENN4 AREA 7.67.;'[•07 ft2 1.&HE•04 ACRES 



ll NH AMf fMllMl ..... 
U IC DUf PUf "*ti 
U &Ill PCMIH 
St. lAM9 &•I& Ptt •ltl 
H •v• "°" Of IMttU 

" lMIUU PH CGtNU 
U N\mHI Of fMIUS1UI 
SI COMTtOl POWU 
st Atlt4Ull t'tOPILUMl 
H $TRUCfUH. l'l&H 
•l ~ONllOl SVS ttl.$1 
tl SOL41 llANltf MAS$ 
&) l'OWCI DlSll lt&\S 
0 ttl'CH l rue IJ'J ltAIS 
U l.Nl \UUC l'lA$fo 
u ANi W4V£CUtDt ltll$ 
u ANT kl VS UON I'll.SS .. ANT CO!-:Ulll ens ttu; 
U AMT ..... nun 1t•ss 
lO AMT l'Wll UOU1t l'&U 
lt ANT l"'lSS 
1: sttuc:tuu cou 
u CONfltOl S\'S COST 
11\ $0lU lllANlll COST 
n PONU onu COS1 
16 "ECMUU:t a;J cou 
n .\IH Slit\!\' COST ,. ANT W.\VlGUlDl COSl 
1t •tu U. VS llUlM COST .. ANT COtifltOl ens ..:HT 
11 AN1 rwtt lHSU cost 
u ANT PwR l'li:OCITC CQ$f 
u ANl co~t 
h NO Of fll1GHT HIGMTI 
n tl(W URVICE NO Of HTS ... Ol!. t\l!.'f 
t1 lOlU uaM~tt can .. ur ttNtu COST 
at CDN~lRUCllON C05l 
90 ltHUt'J.l DUUNIO Ci.lNSU 
tl l&l llUDl uu FACfUI 
t: 10Ul IUSS 
u HH ll CO~l 
h CO~l!ICW( 

tS fO!.lt'U.m 

• l.t.eH+ll ll...,.. 
• l.8fll+ll IM,llMI 
• 1.1.tl+OO 8't fOlAl 
• l.UH•H ltl 
• •.t.lll•U H-ltl 
• t..HH+Ol NIWlONS 
• ... HU•Ol PU lMU 
• &.UU•Ol l'ltil.WUl 
• 1.eon•H TOMS 
• S. lOt•U TONI 
• l.OtU•ll fClNS 

• :.1tU•Ot. fONS 
• l.OH•U 'fl>NI 
• 4.UHHU ~ONS 
• l.M<.lhU 1UM$ 
• ... u .. r.n 'fOMS 

• 1.UU•Ol HlNS 

• I. 90U'•O: l ONt. 

• S.UU•H TONS 
• 1.not•Gl 10NS .. 1.t.)0(•11' lONS .. l.!,'f~l-0\ IH ll'"' .. ... ,1u-o: 8HllOM .. l.hU•OO lllllOM 

" l.HOl-U llUIUM 

" L!UE-o: lllllON .. l.,3H ~ot 81llt0M 
• :, uu$ot IHUON .. s ... sn-ot ltll lOM 
• l.lh£~Ol IHUON .. s.011-0~ lllllOM .. l. •1 U:-01 lHH H'IM 
• l.HiPOO llU ICM .. a.,~~ho: .. l. l UHOl 
• ~, ~"lf-01 Bll 1. lON 
• o\,)~UHUI llU. lOH 
• t., U'H:•QO IHI. lQM .. ..111.n-01 I Ill ION 

t.ua~o1 llUION 
• l.•1U•OO 
• t.S9!(•0.- hlNS .. l.Ull+Ol llU.IOM .. :.a,.t•U • • S. l\lte•O\ tU\l\ 

OIUGINAL PAOB 18 
OF POOR QUALITY 

c t.. Hll•l4' &CHI 

t l.Hll•tl la 

c 4'.~UU•I" LIM 
c 6.9'ShH l•" 
• 1 ........ , l ... 
( S.HH•lf lift 
t 1.&UhH ltM 
c 1.tOSl•H lift 
c l.HUHU "'" c t.'1U•H ''" ' c l.& 1U•01 lift 
c l. H:lHli lt" 
( l.l'U•H UM 
c 6. HHl•U ll" 
( S.UU•Of ll"' 

& .UH•H llM 

) 

) 

' , 
' • l 
) 

~ 
l , , , 
) 

) 



n111t Al·l (C1ualll91•) a..., JoW Power• 4780 M•walts 

AMllMMA 81Altlltl 
IOLUllON lllUllS 

VAUll • l.HH•OI 

l UClll INPUT CFFICHNCY • e.ntt-H 
l Mil Clll IFFICltNCY • l.Hll-Ol 
S IASIC tONVllSIOM ffFY • t.SH£-Ol 
• llAHlll fACTOIS • t.UH-11 
S IUS I-SQ-I • t.un-•1 
6 NET lNEIGY CONV (ffY • 1. lJJE-11 
7 Al(AMl\l lff lCIENCY • t.Utol-01 
& ANllMMA POW(I DISTI IFFY • t.UH-11 
t MET DC-IF £ff ICl£NCY • a.nu-en 

ll JD£Al &£AN lff lCltNCY • t.uu-01 
ll NIT llAN £ff ICl£NCY • a.nse-a1 
ll IHT£1C£PT (fflClENCY • t.SUE-01 
11 1£CTENMA IF-DC £FFlCltNC • 1.t:oe-01 
I~ NtT If llNk £FfY • a. Stoat-ll 
ts Dc-to-oc tffttt£MCY • 6. lf\7£-01 
16 DC-TO-GRID EFFICIENCY • s.uu-01 
11 OVEIAll PHYSICAL lffY • 1.nu-02 
ll AIEA (fF£CTIV£ tffY • '.90,E-Ol 
lt BUNCU AIU • S.611E•07 Ml c l. Hll+I~ ACIES 
H ANTPfNA DU • .l.200£+00 It" c 7.UH-IU Ill 
ll 1£0Ull£D SIDllOlt SUPPi • 1.:50£+01 DI 
ll TAPER IEQUllED FOi Sl SU • 7. 91oU•OO DI 
lS 11ANS"l1TEI POWEi TAPEI • 1.000hOl DI 
l4 IECEIV(I AVG/PEAi lAllO • l.061£-01 
2$ XMTI AVG,PElk RATIO • 1.90-.£-01 
l6 BEAM SPREAD tAC101 • l.fiSOE•OO 
21 IADIATED IF POWER • 1.anE•Ol MEGAWATT 
ll aui. OU"(TEI • l.09SHOI '" 6.llU+OO Ml 
lt IEA" AUA • 9.Cii'Zh07 Ml l.S-.0£•04 ACIES 

'° AVERAGE BEAM POWER DENS • J.66H•OO rtWl'Cftl 
JI PEAi BEAM INfENSllY • l. H9E•O\ MIUC"l 
u POWEi IN HUN IUM • 1.,7U:•Ol HE GAMUT 
u SUUlllE UMGTM • 1. 7lC.E•Ol BAYS 
14 NUl'tDER Of BAYS • l.l7U•Ol Bl.VS 
n XtUR f'WI DISTR lOSS • I .fil 7E-02 
36 ADJ BAY USHUL AUA • -.. 096E•05 ": l .8llE•OZ AClES 
l1 DAV SIZE • 6.600E•O~ METERS 
JS srs 1.11u. 5.998E•Ol 1"2 
n HUN SIJlAI JNSOLATION • 1.1 UE+Ol GW 

"'" SOllt Ctll OUlPUT 9. H2l•t10 GW ,. IOTARY JOINT CURRENT •A• • 7.!>08t•04 AMPS 
42 IOTlRY JOINT CU~RENT •a• • 4,fi09C•Olt """s fiS TOTAL PROCESSED rowu • l .''10E•Ol MEGAWATT ,., lOTAl klYSllON INPUT • 9,265E+Ol l'IEGANATT .., 1'0Ul lllYSfltON OUTPUT • 1.8HE+OS MEGAWATT 

"' NUl'l!)(fl OF Kl VSUONS l.O')t.E•OS 
"1 HAX llYSllON PACKING DEN l.ll8E•Ol PER SUB 
toa "AX RF rowu OENSl TV • &.77U•OO klol?M2 

"' tl\ll'lll[ll Of !.Ul\UUYS • l.046E•04 PER ANT 
so REC HtUIA AREA • S.3~5£•07 M2 l. J11£+04 ACUS 

• ) 



Sl PUil AMT THIMl NI 
H IC OUf PVT PttMH 
SS CllD POWH 
54 LAND AllA PEI llCl 
SS •y• ltOtt Of INtlllA 
56 lNIUST PEI CDINll 
51 NUMIEI OF THIUSTEIS 
sa CDNtlDl POMll 
59 ANNUAL PIDl"lll&NT 
61 STIUCTUIE MASS 
61 CDNTIOl SYS IASS 
62 SOlAI 8l&NlET MASS 
61 POllEI DISTI NASS 
64 MECH I ELEC 1,J NASS 
'' AHT \TIUC NASS 
,6 ANT WAYEGUIOE KASS 
61 ANT KLYSTRON MASS 
61 ANT CONTROL CllTS MASS 
6t ANT PWI DISTI MASS 
71 ANT PWt PIOC&TC llASS 
1l ANT MASS 
1l SltUCTUIE COST 
13 CONTROL SYS COST 
14 SOLAR llANIET COST 
7S POUER ~ISTR COST 
76 "ECHIElEC l'J COST 
77 ANT STIUC COST 
71 ANT WAVEGUIDE COST 
n ANT IL VS TRON COST 
H ANT CONTROL CkTS COST 
11 ANT PWR DISTt COST 
12 ANT PWR PROC&TC COST 
ll ANT COST 
14 NO OF FREIGHT FLIGHTS 
as CREW SERVICE NO OF FLTS 
16 OTS cnsT 
11 TOTAL TRANSP COST 
aa RECTENNA COST 
It CONSTRUCTION COST 
90 INTEREST DURING CONSTR 
tl lATITUDE AREA FACTOR 
tZ TOTAL tlASS 
ts TOTAL COST 
'" COST,ICWE 
9S COSUICWH 

T.weAl-l (Conte.lad) 

• l.7Hl•ll lltl,MI 
• J .... E+ll Sllil.IN& 
• S.6111•11 CM lOlAl 
• 1.144E•H M2 
• 6.4llE+U H-Ml 
• 4.116£•01 NEWTOW.. 
• 4.816£+11 PEI INST 
• 6.lllE•Ol MECANATT 
• 2.HU•Ol TONS 
• S.14'E•U TONS 
• I .HU+Gl TONS 
• l. S91£+04 TONS 
• J.4'1E+Ol TONS 
• t. t8U+lll TONS 
• 7.200£+02 TONS 
• 6.lllE+U TONS 
• J. 6UE •U TONS 
• S.toJE+U TONS 
• 6.39SE•Ol TONS 
• l.HOE•U TONS 
• ! .151£+04 TONS 
• l.57SE-01 llLllDN 
• 4.tllE-02 llLllDN 
• 1.966£+00 BllllON 
• 1.t4,E•02 lllllOH 
• l.Ot6E-02 lllLION 
• l.6Z8E-Ol lllllON 
• l.727E-Ol IIllION .. 3.459£-01 BILLION 
• l.lO~E-01 lllllON 
• 6.906£-02 llLllON 
• l.9llE-Ol BllllON 
• l.472E+OO BllllON 
• 2.0SU+02 
• l.l7SE+Ol 
• S. Sl7E-Ol lllllON 
• 4.SSU+OO BllllON 
• S. S06E+OO BILLION 
• 7.0SOE-01 Ill LION 
• t. SSSE-01 8llllON 
• 1. 4l 9E •00 
• 5.17SE+04 TONS 
• l .497t:•Ol BILLION 
• 2.672£+01 • • 4.967E+Ol MlllS 
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ORIGINAL PAGE JS 
OF POoR QUALITY 

1.SHl+M ACIH ) 

l.H&E+ll ll , 
4.ftl1Ul4 llM ) 

6.94H+H LIM , 
2.406f•05 Ult ) 

S.Hlhl7 LIM ) 

l.iSU+H LIM ), 

2.Hll+IS lift , 
i.san+H UM ) 

l. S10E+01 LBll ) 

1.616£•'7 UM , 
l.IOU+H lllt ) 

l .UOE+H llM ) 

6.107E+H l3M ) 

4.0l4E•01 UM ) 

l.lHE+H laM > 



Dl80-l<I07l-I 

Tablt Al~1 (C~) 
toary Joint tow.• 4700 Mtpwatts 

AMflNHA DIA"Etll 
SOlUllOM ICIUlfS 

l ll'9tl lMPUT l'FlCllNCV • 
l Mil C(ll lFflttlNCV • 
S IAStt ~ONVllSION IFFY • 
~ ll&N•I~ fACTOIS 
s IUS 1--so-• • 
6 Mlf IN116V tOMV IFFY • 
1 AllAWlSf fff ICllNtY • 
& ANllNNA POWfl DISTI lffY • 
t N(T DC-If (fflCllNCV • 

ll IDfAl at&N tFFlCltMCY • 
ll Nll lfAN lFFltllNCV • 
ll INftltlPt lffltllMCV 
lS lfCTtNNA lf-OC lFFICllMC • 
14 Nll If llNK lfFV • 
15 DC·tO·Dt lFFICllMCV • 
l• D~-TO~bllD lFF<tllNCY • 
l~ ovtt4ll PNVSltAl (ffV • 
ll AllA lfFlCllVl (ffV • 
lt llANK(T All& • 
lO AtUUl»A DIA 
ll llQUlllD SIOltOlt SUPPi 
ll TAtll llQUlllD FOi Sl SU • 
lJ TIANSNlllll POWll TAPll • 
l' llCEIVll AVG/P(Al IAtlO • 
lS l"lt AvCrPlAC tAflO • 
l6 1£1N ~rttAD FAClQI • 
l1 IAD1All0 If POW(I 
ll DEA~ OtAH(T(t 
lt HAM AU A 
so AVltAGt BEAN rodtt OCNS • 
Jl PEAK 8lAH lNl(NSllV • 
JI rouct IN HAIN DfAH 
~' Sll(ll\ll l(NGlN 
J' NOHOEt OF aavs 
JS XHll rwt OlSll lO\S 
J6 AOJ DIV USEfUl AIEA • 
H BU Sill • 
JI srs AHA 
19 HlAN SOlAI :NSOLAllON 
40 SOlAt Ctll ~JTPUT 
'l IOlARY j01Nl CUlllNf •a• 
,z ROTAIV JOINT CUlllNl •1• 
4) lOTAl P•OClSS(O POW(t • 
' ' TQlAl klYSTION tNrUT • 
45 tOTAL kLV!>ll~N OUIPUl • 
46 NUMBER OF Kl~StlONi • 
41 MAX KlVSttDN PICKING OEN • 
•& "'X IF PUWtl 0£N5llY • 
49 NUN8Et Of SU8AIRAVS • 
SO IECTENNA AllA • 

VAlUl • 

&.UH-ll 
t.Hll-01 
l.HH-01 
9.lttE-01 
9.U1£-0l 
1.un-01 
t. h'Ot~Ol 
t.arsc·ot 
e.:uc-01 
t.00£-0l 
a. t'>!>t-01 
t.st:i-01 
&. t:U:-Ol 
(l.lt>U~lll 

,.UH-ill 
S. HU~Ol 
1. noe-o: 
6,HOl-U 

'.' l 7£. 0? "' 1.-.Ulll•OQ IN 
l.S8U•U DI 
t.8::£•00 08 
1.iHlllPOl DI 
l.hU-01 
l. 90'9'-t'll 
l ... Slll•tlO 
l.60.,l•Ol NtGAMAll 
f.<olH•QQ IUt 
6.'t'>'H•iP I'!: 
~. lhll,IE • lhl l'!W,.CNl 
:.<;:•£•01 K~VC"l 
l.4~~\•D' l'!EGAWATT 
l.11 .. l»ll ~.li.'I'!. 

1.Jl'\i•ll: llAVS 
t.:'-.'l~O;' 

<t,C\IH•O:, I'!: 
6.~DDC•O: l'!ll£1S 
~,.t'l~\l•ftl --.M: 
IS . l I 6 l • ll l GW 
9. H:f •UO GW 
1 ... "'>l•tl .. Al'!f'S 
,.-.o:c•o .. u1rs 
t ... lOt+O) NlCAWATT 
9.:~1£•0) l'!lCAWAlT 
1.3~9[•0) l'!lGAWATf 
l .OhtHlS 
9.t,~l•OU PlR SUI 
6 ..... l•l.lO 011": 
l.<i: l•O"" PlR ANT 
},'ll{•071'!: 

l. SHE •8' t.ttU 
a. l'Oot-lh Ml 

S. IOE+OQ Ml 
l. 1:0£•0" ACU:S 

l .l'lll•Ol ACIUS 



51 PIAK ANT TNEl"AL tNI 
52 DC OUTPUT POWEi 
5:S HID POWER 
54 LAND AICA PEI llCT 
55 •y• "O" OF INERTIA 
56 THRUST PEI CORNER 
57 NUHOER OF THRUSTERS 
58 CONTROL POUER 
59 ANNUAL PROPELlANT 
60 STRUCTURE "ASS 
61 CONTROL SYS ~ASS 
62 SOLAR BLANKET NASS 
63 POWER DISTR "ASS 
64 HECH & ELEC R'J "ASS 
65 ANT ~TRUC "ASS 
66 ANT W~VEGUIDE HASS 
67 ANT Kl VS TRON HASS 
68 ANT CONTROL CKTS "ASS 
69 ANT PUR DISTR NASS 
70 AtH PWR PROC&TC HASS 
71 ANT HASS 
72 STRUCTURE COST 
73 CONTROL SYS COST 
74 SOLAR BLANKET COST 
75 POUER DISTR COST 
76 HECHIElEC R/J COST 
77 ANT STRUC COST 
78 ANT WAVEGUIDE COST 
79 ANT KLYSTRON COST 
80 ANT CONTROL CKTS COST 
81 ANT PUR DISTR COST 
82 ANT PUR PROC&TC COST 
83 ANT COST 
84 NO OF FREIGHT FLIGHTS 
85 CREW SERVICE NO OF FLTS 
86 OTS COST 
87 TOTAL TRANSP COST 
88 RECTENNA COST 
89 CONSTRUCTION COST 
90 INTERtST DURING CONSTR 
91 LATITUDE AREA FACrOR 
92 TOTAL tlASS 
93 TOTAL COST 
94 COST/KUE 
95 COST,llWH 

TableAl·l (Continued) 

• l.HSE•OO 1 • .,,., 

• l.t"SE•OO 6'.,LINK 
• 5.6UE+OO GW TOTAL 
• t.17ZF.+07 "l • 6.41 U.+U KG-Ml 
• 4.aau+"l NEWTONS 
• 4.H6E+Ol PER INST 
• 6. lllE+Ol HEGAWATT 
• 2.002E+Ol TONS 
• 3. llt9E+03 TONS 
• 1.091E+02 TONS 
• 2.398E+04 TONS 
• 7.485E+02 TONS 
• l.13ZE+02 TONS 
• 9.800E+02 TONS 
• 8.455E+03 TONS 
• 7.61H+03 TONS 
• S. 916E+02 TONS .. 9 .18SE+02 TONS 

2.770E+03 TONS 
• 2. l llE+04 TONS 
• l.575E-Ol BILLION 
• 4.911E-02 BILLION 
• l.966E+OO BILLION 
• l. 9'of.E-02 BILLION 
• 2.378E-02 BILLION 
• 3.797E-Ol Bill ION 
• S.073E-Ol BILLION 
• 3.464E-Ol BILLION 
• l.306E-Ol BILLION 
• ·t. 920E-02 Bil LION 
• l.911E-Ol BILLION 
• l.65'oE+OO B!lL lON 
• 2.180E+02 
• 1.246E+Ol 
• S.849E-Ol Bl LL ION 
• 4.766E+OO BILLION 
• 2.528E+OO BILLION 
• 7.47SE-Ol BILLION 
• 9.187E-Ol BILLION 
• l .419E+OO .. 6.229E+04 TONS 

l .471E+Ol BILLION 
• 2. 6l8E+03 • • 4.867E+Ol HILLS 
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ORIGINAL PAGE IS 
01•" POOR QUA.LITYJ 

z.•:SH•H ACIES ) 

l .OHE+Ol LI 

4.4UE+04 LI" ) 

6.tOE+06 LIN ) 

2.406E+05 LIN , 
5.288E+07 LIN ) 

l .650E+06 LIN ) 

Z.496E+05 LIH , 
l.1UE+06 LBH ) 

l.864E+07 LIN ) 

l.679£+07 LIH ) 

l.304E+06 LIN ) 

Z.02SE+06 LON ) 

6.l07E+06 LB!t ) 

lt.703£+07 LBlt ) 

l.J7!E+08 LI" 



T1• A1·l tl'onttnu~.n 

Rotary loint l'oWtt "' 4 700 Mqawatu 

•MTlttMA Dt•Mlll• VUUI • t.UDl.+00 
lOlUTtON 11$Ulf$ 

t llGNT INPUT IFFlCllNCV • 
: Nff Cflt tFFICllNCV • 
I IASIC (ONV£1SION IFFY • 
' lllNitT tlCtOtS • 
s eu~ t·~Q-1 • 
• NET ENlQGV CONY tfFV • 
1 l1(4WJSE lFfltllNCV • 
a ANT[NN& POWlt DlSTI IFFY • 
'~El nc~tr lff ICllNCV 

\0 lDlAl ~lA" lfflCllNCV 
ll N[l ftflM lffltlCNtV 
t: INl{~CtPl tfrlCtlNCV 
ll tlCllNNA ~•·Pf ltflClCNC 
I• N[t Rt tlN~ lf~\ • 

' ' nc lD nc llflCllNCV 
l to Of • f 0 It l 0 l ff t C l t NC V 
lf Ovf•AlL PHV~lCAl lFfV 
l3 Att• ltflCllV[ ll~V 
lt IHAtlltU Altl& 
:o AIHU<Nl Ol.l 
:1 t[QUIRID stD~lOftf SUPPi • 
2: l&Plt ~[QUIR(O ro• Sl SU 
ll lRA~~MlTllR PCWtt llPtR 
l• llCElV(t lVGrPlll altlO 
:s XttlR &VG~Pl&l 14110 • 
26 l['" SPR140 FACTOR • 
:1 RaDlAltD If POWER • 
:a SllH Dl•"llll ' 
:• DUK ur A 
SO AV(llAUi BlA" POWE• DENS • 
ll PlAl P\'N lNllNSlfV 
ll PQ~lR lN "AlN DfA" 
)J 5Alllllll l(N~lH • 
l• N~NDiW Pl Bl\~ 

l~ l~l~ r~~ PISll LUSS 
l• ArJ a~v ~"l~Ul lllA 
H f\H '>l:t 
lt\ S!'" Oll 
,~ Ml~N soi•~ lN~OiATlON 

,_tl '>t'l \ll ,-fl! CVH'ill 
61 ROIAllt JOINI CUllRlNf 'A• 
.. : IOlAIY JOlNI CUll!NY -a• 
•S 101aL r~rcts~to rowra 
46 lOT&l llY~lwON INPUT 
41 tOIAL AlYSTIOH OUTrUT 
66 NUNPll d~ kl~STllONS 

'1 "~~ llYSlRON PA\llN~ OtN 
43 ~'x Rf raw11 DlNSITV 
&t hPHSER O• ~u8All~lYS 

SQ RCCllNNl AllEA • 

1.un-u 
l.UU-ll 
\, UOi-Ol 
t.UU-0\ 
't.Ul'l-IH 
l. :HE-tH 
t.h•E-01 
'.aan-01 
a.:1a£-01 
t.10~(·01 

t.0031-01 
t. '!!"> H ·01 
" ....... ('{I l 
•. <o31\t ·Ill 
l.::"'"E·Ol 
t..Ot-rt--01 
1.s.n11>n: 
.., - l'~•l --0~ 
S. • l -'t •il1' Ml 
\ .601H•l!ll k" 
:.<o'!ll•Ol 08 
l . llL' l • O l DI\ 
l.lv.'f•Ul OB 
.!.illU·tH 
l.6lt1!-0l 
1. -.;>rl • 00 
l.~~CE•Ol MEGAWATT 
a ..... ·.t••''' "" 
~~-ll:f•O# ": 
6.: .. tl•OU MW/CMl 
.).0"'41 •l1l H1UCH: 
.).<,o .. t·~~ l'llGAWAll 
l.fi .. l•tll BAYS 
I .. \ • I I • •': ll A¥ S 
l . l \ 't_) l i..'" .. "' 

... ll'1~l. ,, .. I": 
e. . 1- ,, <' : • ,, : Ml l I It S 

., . l l <>1 • ,l l t:W 
9: - .. l ... • t • \1J t..~W 

' .. ;\~I •l'-. .\l'l!'S 
<t.l~ .. t.•<l .. .\l'll'S 
l . <. I t' l • ll:> l'l Ha M U l 
9.:~:t•Dl l'lt~.\M4TT 

1.~'93(•0) MlGANATT 

lLi',,-l! •O\l t'lR SUB 

"."""I • o: uv": 
l -~"-H •04. PEii ANT 
l.l'>H•o: H.' 

.tllO 

l . Hll •0' ACIU. $ 
t. f4U+Ol Ml 

S.l'<SE•OO Ml 
l.18 .. E•O" ACRtS 

7.1Hf+Ol lCUS 



Tlblt At-I {Continued) 

9l PIH un U.IHU ,. .. .. \.UU•H UVt'I 
H DC OUlPUT POMl-t .. l.tS'fl•OO GM/llNR 
n HID POWU • l. fOlhOO GM TOTAL 

'" l.-lNO uu PU HCT • ,,,,1[•07 .. , l.tOl+04' ACHS 
n "Y" l'tOM Of INU'U 6.-.llEHl KG-Ml 
u THRUST PER COIUUI • -..&86(•01 NEWTONS l .0911•01 LI 

·~ N\ltnll I Of THRUST US • 4'.83U•Ol PEI INST 
5a \:ONTIOl POWEi • i. U.H•Ot "EGA.,..\ TT 
u ANN\!Al PllOl'H l ANl l.l'J:E+Ol H'NS ( ". 4'1 u+o-. llM 

'° SUUCTlllE IU.SS • Ll<;tE•Ol TONS ( 6. ''lE +U lBM , .. CONTROL SYS M\SS t .UH+Ol TONS ( :.-.oH+O'.\ lBM 
•l StHU Ill.NUT MASS • l.HSl+o.;, IONS ( 5.183£•07 U!PI 
0 POWllt DISTR ""'' 7~1\1'6(•0: TONS ( l .$48l•O. lBM 

•• ttECli & HEC t/J """ • 1.HH•O: lONS ( l.'l't1E+O~ lBM 
•it ANT S, TRIJC HASS • l.l80E•Ol TONS ( :.a?:C+\16 lBH 
u ANT W-'lllG\llOE ""'' 1.1ll4l+O<o TON'!> l.(ll'>P07 lBH 
•1 ANT ta VS U:ON HASS • 1'.60:4E•iH TONS l.681£•01 l9H 
u --·~ l CONH< '1l CKlS !US$ .. S ~ •L~-..E •G: lN~S l.lOU+06 lBH ,, ANT PWR OISTI MASS • 1. llOE •05 TONS l.668£•0• llll• 
70 ANT Pl<I PIOC&lC ..... ,, • l.HOE•Ol TONS 6.liFE•06 l8!'1 
11 ANl l'U.SS :.<t'>:E•O" TONS S.<t06£•01 lBM 
n Slll'UClURl COST l.!>1~£-0l Bill ION 
1l CCNlltl)l SYS COST to. •l H-O: 81 l llDN 
1'0 SOl lil Ill .\NUT COST • 1. •~"l •00 8llllON 
rs ro .. ut l'IS TR COST 1.9 .. .,E-a: B ll l ION 
76 tlH!llflEC lt/J COST • Z.6SQE-O: llll llON 
11 .t.Nl STIWC rosT l.9i:l-~l 81 ll iON 
1ll ANt WH'h;U l L'l COS! 6.t'H-01 BllllON 
1' A~T Kl VS>IWN COST • }.<;bH-1.'1 \H l l lON 
l!O Al<ll C,lNHOl ens COST l. ll':H · 01 lll ll lON 
lll ANT Pwlt l'ISTll COST l.~07t .. ,. Blllll)N 
3l ANT f'i.111 PltOCSTC COST l. •l ll-i.ll !lllllllN 
lH UH COST l.:H-lE•Oi.l ill l l :ON 

lilt NO Of fq!GHT fllGHTS ~.~:ll•J: 

8'> Ctl W Sf It\' IC£ NO OF f lTS l. ~:~Hi.l l 
h ors COST 6.~:~l-Jl 111 l ~ l ON 
ll 1 TOTAL TllANSP COST !>.co .. t>Jo 8 ll l ll'N 
88 RlCHNNA. CO\T • l.lllE•CO BllllON 
&9 CONStlWCTIO"i COST 7.•<>H-01 81 ll IO!I: 
90 \IHlltlSl DllltlNG CO .. 'l.Tlt 'Lh"E-0\ Ill l 1. lON 

" lAllTUDt uu f AC Hut • 1 <o:9l+OO 
9: lOlU fHSS 6.6l:£+v<o TONS 1 OH+OI lll" 
H T 01 A.l COST : .'t90E>Cl Bili.ION ,, cos T naa: • Z.•IH.•Ol • tS CO .. f /l(lolH • ' &~H•Ol Mll lS 

.lOl 



Dl-~1-1 

Tll!lleAl-1 (C11 ll nit ...., ..................... 
~ a1a11uu ¥Alft • l ....... 

SOlDll• USUl H 

I llSll! llfPUT Eff ICIEllCY • a.sn1-11 
Z ll(J ~Ell EFFICIEllCY • l.••JE-'tl 
J e&SIC CDllWE•SIUll £ffY • I Mft-H 
4 •u•n F&etas • •.J9tE-el 
S ns I-Ma-a • ~.471€-H 

6 llET Ut£KY C...,, fffY • l.HlE-01 
7 &aEAMISE ffflCIEllCY • 9.HU-11 
a AllTEllNA POllEt e1s1a EFfY , •• t4f-Ol 
9 11£1 ec-aF EfflCIEllCY .. 8.Zl(tf-ll 

18 18l&l BEUi EFFICIEllCY • 9.75lE-H 
11 11£1 BEAii EFFICIENCY • 9.eSGE-H 
IZ l•tEEr~PJ EfFICIEllCY • .... JE-81 
IJ aECTlllllA .,_ac EFFICIEllC • a.Klt-H 
14 11(1 Rf llllk fffY • a.s2a£-•1 
IS 8C-T0-8C EFFICIEllCY • &.UZE-11 
16 ac-to-ca•• lFflCIEllCY • '142£-11 
17 DYfa&ll PllYSICAl fFFY 7.596£-H 
18 AtEA (fflCJIV£ EfFY • 7.1 Uf-8Z 
19 8l.'Unl'.Ef AH& • S.617£•87 llQ c a.JUE*84 aca1s J 
ze AllTUlllA DIA • l.188E•88 n ( l.llff+ea Ill J 
Zl UOUHED SIDHD8E HPN • 2.585£•81 .. 
ll fAP[t tf0Uttf8 FOR Sl Sii • l.lHE•ll .. 
ZJ TtA~ftllfft POllEt TAl'tt • l. l90E•U .. 
l4 tECEIVEI AYG,PEAl RATIO • 1.'74£-11 
ZS Xfttl AVG,PEA« t&JIQ • J. SHE-II 
z• •tan SPIEAD FACTOR • l.SZOE•OO 
l1 IADl&TED If POMEI • J.8'1£+8J llECAllATT 
a BEAii DIAftETH • 7.67.:.E+OG &II c (t.7't£••• Ill ) 

2' BEAft Alf A 4.626£•07 Ill ( 1.141£•8'\ &CHS , 
JI AYEIAGE BEAii l'Gllft DfllS • 7.SHE+88 IW.l'Clll 
JI PEAi BEAii IMTEllSITY • J.841tf•U lllUCllZ 

~· •OWEa IN NAiii BEAii • J.S2SE•l!J 11£CAMATf 
JJ SATfilltE l(NGTH • l .114E•Dl IAYS 
)(t 11Uft&f8 Of BAYS • 1. l7lE+02 BAYS 
JS XftH PNt DISH UJ~S • l-054£-02 
36 ADJ an UStfUl AIEA • 4.096£+15 H2 ( 1.81ZE+8l ACtES ) 

J1 IAY SIZE • 6.600E•Gl llETERS 
Ja SPS AIU • 5.tt8E•'ll ICH2 
U llUN SOLAR INSOUTIOM • 8.116E+OI GU 
41 SOlAR Cfll OUTPUT 9.1l2E+80 .... 
41 ROTAtY JOINT CURRENT •a• • 7.480£+04 AHPS 
42 ROTARY JOINf CUllEMT •9• • 4. JUE +O<o Aft PS 
45 tOTAl PlOCESSED POUEI l.410E•8l MECAllATT 
.. 4 TOfAl IClYSTIOH INPUT t.2t9E•Dl ftfGAil&TT 
45 TOT~L KLYSttON OUTPUT • 7.904E•OS ft£GAUATT 
46 NUftBEI Of KlYSTRCNS • l.098E•OS 
4 7 llAX ICLYSJIOM PACKING DEM • 6.74lE•DO PER SUI 
48 HAX If POWER DENSltY • 4.S02E•ro KN,Hl 
49 NUM8EI Of suaaRRAYS • l. l5lf•O"i PEI ANT 
50 IECTEHNA AREA • 2.602£+87 Hl ( 6.ltJIE•IJ &CIES ) 
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T.w.Al·I (CMf"gg I) 

ltellrJ w ..... .,. ......... 

AtlTE191A al.MllTEI 
SOl•lllM HAUS ···-· . 2.ltlf•H 

l ll811J IN9'Ul lfflCIEMCY • a.sn1-H 
I llll Clll IFFICllllCY • l.HH-H 
I 9ASIC CQNVUSIOll (FfY • l.Uat-H 
4 8lAMC(f f'AClOlS • 9.stn-H 
5 IUS 1-so-1 • •.nn-ot 
6 Ml ENU6Y COM¥ EffY • l.ZS7£-H 
7 AllANISl tfFJCllllCY • 9.J64E-H 
a ANlEtP.tA. PCll£1 DlSTI IFFY • 9.891£-81 
9 H£l DC-RF EFFICIENCY • a.alE-11 

le JDt&l atAlt lfflCl£MCY • 9.7&S£-H 
11 HET Ill.II lFFJCllNCY • t.ealE-H 
tz INlCICEPl fFFICIEMtY • t.U9£-H 
ti llClENM& Rf-DC EFflCl!MC • a.nu:-01 
14' MIT IF llN1t EFFY • •·••st-n 
IS DC-l0-9C EFFICIENCY .. 6.H~E-Ol 
16 9C-TO-GIJD tFFICIEMCY • 4.:0ll-Ol 
17 8Vt1All PMY~ICAl EFFY • J.Uot-H 
16 Al[A Ef ffCllVE EfFY • 1.1an-e2 
H 8l.ud£l HE& • S.6l"E+l7 lt2 c l.Jaaf•M ACHS 
28 ANllMHA DIA • 2.988£•80 ... ( l.24'Jt•ll ... 
ll IECWlltD SJDtlOllE SU,... • 2.6UE•H H 
22 TAFEi IECUIRED FOi Sl SU • 1.2S9E+Ol .. 
ZS TIANSftlJTEI POUEI lAPll • l.2StE•H •• 24' IECEIYEI ~YG,PEAI IATIO • 1.946£-11 
25 x"'' AVGJPEA& IAT·O • S.2521-81 
26 BEAN SPREAD FACfOI • I. S4 7E+OO 
21 IA~lAJEO If POKEI • s.a91E•CU "EGAllAlT 
la ll.ilt D!AHETU • 7.tl2E•OO Ut ( 4'.JHE•ll ftl 
lt 8EAH ARU • l.&UE•07 "2 ( t.5'5E+U ACl£S 
10 AVEIAGE BEAN POWEi DENS 9.071£•88 llll.l'Cft2 
JI PEA& 8f AH INTENSITY • 4.61ll•OI NVCll2 
12 POWEi IN "AIN ltAft • l.5l"tE•Ol HEGANATl 
SJ SAlELllTE LENGTH • I. 71U•Ol BAYS 
14 NU"8ER Of SAYS • l. l7lh02 BAYS 
JS kHfl PWI DISll LOSS • l .Ot<oE-02 
16 ADJ BAY USEFUL HU • 4.096E•OS ft2 1.112£•12 ACHS 
Jl' IAY SIZE • 6.600E•02 MET US 
S& SPS AllU • S.99SE+Ol &"l 
J't HUM SOlAt IN5~lUlU 8.IUE+Ol Gii 
41 SOLAR CEll OUtPGl • t. 712£•00 &If 
41 ROTARY JOINT cuta!Nl ·A· • 1 Jt83E+O'o AHPS 
~l IOTAIY JOINT CURRENT •a• • 4. J9SE•O'o A"PS 
41 fOTAl PROCESS£~ POWEi • l .4lOE•OJ ftEGAWATT 
44 TOTAL KlY~TRON INPUT • 9.296£•01 "EGAMATT 
45 TOTAL KLYSTRaN OUTPUT • 1.90IE•Ol HEGAMATT 
46 HUHBER Of KlYSTIONS • 1.097£•05 
41 ~AX llVSJRON PACKING DEN • 5. 7ZOE•OO PU SUB 
46 NAX Rf POWEi DENSITY • l.808£•00 r:wr"z 
49 NUHBEI Of SU8AIRAY~ • 2.~0Sf.•04 PU ANT 
50 1£CTENNA AREA • 2.18'-£•07 "2 S.1'7E+Dl ACHS 
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9.1.V S.lll 6.Hhlf•u: Mil lltS 
VS AllA .. 1. Hl'>t •Ol '"! 
"u.~ SOlU INSlllAllON .. l .. il .. Jl•*«! GW 
SOL .\It CHl OUH'Ul l. :4~: .. E•Ol GW 
UH.t.ltY JOll'H CUllUNT ••• ,_ 6l0l-.i)i0 """' IOT I.II,- JOHH CUlllNl ••• s.~-..;,t•n'> .t.itl'S 
l01.\l ritOO'>'>li.l l'OWll l. 19.;,{ dH MtGAlitUf 
TOHl ll to.llON INPUT l.t?:l•O• Mt GAWA 1T 
10l.\l kl \'SUON mnrut t.•e.i>t>OS l'U:C:..t.WAJT 
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St PlAI ANf tNll ... l PMtt • 
S: DC OUtPUf POtlU • 
U HlD POMll • 
5\ lAN8 AltA Pll C(Cf • 
SS •y• ftON Of IMllTIA • 
16 fMIUSf Fii COtNlt • 
17 Muh9ll Of fMIUSTllS • 
SI CONTIOl POWfl • 
It lMMUAl PIOPlllANf • 
61 STIUCTUI( HASS • 
61 CONflOl SYS NASS • 
61 SOlAI llANlll MAS$ • 
6) POWll 31Sll NASS • 
6\ HfCM I (l(C f;J MASI • 
6S ANt 'llUC NA\$ • 
•6 ANf NAV(GUIDI NA~S • 
11 ANT llVSllOM NASS • 
61 ANf CONllOL CCIS MAI$ • 
It AMI PWI DlStl MAIS • 
18 ANl PUI PIOClTC NASS • 
7l AMI NASS • 
1~ Sftuctutl cost • 
,} tON\IOl SYS cost • 
,, SOlAI llAN•ll cost • 
71 POW(t DlSlt COST • 
14 "f~NlflfC l/J CO~l • 
11 ANl SIRUC cost • 
11 ANf NAV(GUJD( cost • 
11 ANf llYSltaN COS? • 
II ANl CONJIOL C&lS C0$T • 
., ANl PWI DISll cost • 
a: ANf ,w. PtOC&fC cost 
IS ANt COSf • 
I• NO O~ Jl(IGMf fllGMtS • 
as Cl(W SflVICl NO Of flt$ • 
14 OfS COSf • 
17 lOf Al tlANSP co'' • 
aa l((l(NNA COST • 
It CON~1•UCllON COST • 
tO INllltSf DUIJNG CON,tl • 
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t.? lOIAl "ASS 
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l.fHf•tl IU 
a.UH•U IS-1'1 
6.1111•01 NfNlOMS 
6.l11l•ll Pit INST 
1.110£•01 "£6ANAff 
l.U.?hOl TON\ 
4.84H•U TONS 
\. O:l •0: TONS 
J. lllf •H lONS 
l.UH•U TONS 
t.l•H•Ol JONS 
S.OOH•Ol lONS 
•· 1141 •0> JONS 
t •• :0£•0) JONS 
J.4i~t+O: 10NS 
6.0HhU TONS 
J SlU •0) IONS 
l.tS.?(•0' 10M$ l 
1.8.?Sl·Ol tllllOM 
6.SlOE-0! lllllON 
l.S:•l•OO 9tlll0M 
>.:0•£~0! lllLION 
t.tJll~t: lllltON 
l.,a\C-Dl lllllON 
l.~aat·Ol lllllON 
4.)11l~Ol lllllON 
l.6~Qf-Ol lllllON 
6.,~T(•Ol lllLION 
!.4))(-0l lllllUN 
l.Sltl•OO llLlluN 
l.4'U*Cll 
I. toO:f •Ol 
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s.::,l•OO lllllON 
,.663(•00 lllllON 
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I ANJINNA POW(I DlStl IFFY 
t Ntf OC-Rf (ffltllNCY • 
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ll Nff BlAN ffFICf(NCY • 
ll INtlRCtPt £fflCl(MCY • 
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l~ Nit Rf llNK IFFY • 
!I Dt-to~oc [fFICllMCY • 
16 DC-lO-GRtD ff~lCltMCY 
11 OVftAll PMVSICAl IFFY • 
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II ANf(NNA DIA • 
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ll fAP(I RlQUtllD FOi Sl SU • 
ll T•ANS"ltfll PON(t TAPtl • 
l~ RfCtlVER AVG/P[AI iATlO • 
lS X"T• AVG/PlAI RAllO • 
l6 llA" srttAD FACTOI • 
~1 IADIATEO If POWll • 
ll BlAM 01Aft(l£1 • 
2• llAM AR[A • 
JO AVfRAGf DEA" POWf I DlN$ • 
Jl P(AK BEAM lNTtMSITV • 
Sl POWll lN ftAlM llA" • 
)\ SA1£ll1lf llNGTH 
)4 NU~8(1 Of BAYS • 
SS •ftTR PWI OlSTI lOSS 
J6 AOJ BAY USCfUl ll(A 
S1 &AV SUE • 
JI SPS All& • 
Jt ft(AN SOlAI lMSOlATION 
40 SOLAR C£ll UUfPUT • 
' ' 101AIV JOIN! CUllENT •A• 
42 IOfAIV JOIN1 (URl(NT •1• • 
4) TOTAL Ph0C(SSEO POWEi 
' ' TOTAL llVSllON INPUT • 
~S fOlAl llVSTION OUTPUT 
'" NUMB(I or klVSlRONS 
41 MA\ ll¥Sfl0N PACllNG D(M • 
43 KAI If POWER DlNSllV • 
49 NU"Bll OF SUBAIRA\S 
SO ICCf(NNA Al(A • 

1.1111-11 
l.HH•et 
\.Hit-el 
•.nn-H 
t.HU•Ol 
a .z:sr-e1 
t.)611-81 
t.606f-Gl 
a.iun-H 
t.6'HE-Ol 
l.USE-Ol 
t.Sl2l-Ol 
I.UH-et 
I. ltost-01 
6. lllt-Ol 
S.U•l-Gl 
1.:19(-Gl 
•,aon-o: 
1.ilat+D1 "' C 
J.lOOE+OO tN ( 
l,JSU+Ol DB 
t.c.:n•oo DI 
1.00llE•OI DI 
l .06lE-Ol 
J, totC-01 
t ,4 .. tH:•oo 
4.910E•OJ "E~AMATT 
1.otaE•Ol KM c 
t.47~{•07 "l c 
~.64ll•OO "N/CMl 
l,:Sl[•Ol MN/CMl 
... )97f•Q1 MEGAWATT 
:,:OH•OI IAVS 
\.H:t•O.? BAYS 
I .. ''-lC-o: 
4.096[•0!> ft.? 
6.600E•02 M[l(RS 
7.70:'.[•0I KM2 
1.0 .. H•O.:' GW 
L~"'lll•Ql GW 
t. UH •Olft AIU'S 
S.6 .. H•04 AMPS 
l.79 .. l•O} M£6AWATT 
l.l7lf•04 "fGAWATT 
9.9lOE•O) M(GAWAlf 
l.ltlH•o5 
1.6651•~1 P(t SUI 
l.lllf•Ol lW 00

".:' 

l.046l•Olft PlR ANT 
5.3:3(•01 "~ 

J08 

l.1Hl•e4 lCHS 
1 ... sn-•1 •n 

6.llU•H Ml 
l. J40(•0 .. ACHS 

l.OUl•Ol ACRES 

) 

) 

, 
l 

) 



'1 Hatt AMT tMIHA\ Ptll 
SI IC OHNt PCMlll 
SS &UI POtlH 
,, lANI Al(A Pit ltcr 
SS •y• "°" Df 1.atlfA 
SI fMIUST Pll CDINlt 
51 ft~~•ll OF lMtUSllll 
SI tONtl~' f'OMU 
St ANNUAl P•~PlllAMT 
•• S11UCTUI( ~:ss 
61 CONTtOl SVS tt~~s 
ll SOlU ILANUT ft,.'t$ 
6) PONll ~l\11 ltASS 
64 ftlCH & lllC IJJ llASI 
&S ANt ,11uc Mass 
66 AN1 NAVICUIDI MASS 
67 ANT ltlVSttOM ftASI 
61 ANl tOHllOl CITS ltASI 
It ANT PWI OlSTI ftASS 
ti ANl PWI PIOC&tC NASS 
1l ANl MASS 
11 STIUCfUll COST 
JS COHllOl SYS COST 
1' SOlAR llANtlT COST 
JS POWEi DISTI COST 
16 "lCM&lllC t/J COST 
11 ANl STIUC COST 
71 AMT MAVlGUtD£ COST 
7• ANl ILYSflON COST 
80 ANT CONTIOl Cit& COST 
ll ANT PWI DISlt COST 
1: ANf PUR PROC&lC COST 
IS AH1 COST 
8" NO Of Fl£1GNT FllGMTS 
IS CllW S£1VlCl NO OF FLTS 
h OlS CO\f 
17 lOUl fUNSP COST 
•• tlCllNNA cost 
•• CONSTIUCflON ccst 
to INTlllSf DURING CONSTI 
fl lAllTUOl Al(A FAClOI 
U l01Al 10.S\ 
U TOlAl COST 
'' COSt,.an 
U COSVltWN 

'faWIAt .. t (c.ondMaed) 

• l.HH•H tlt.IMI 
• s.•str••• sti'llMtt 
• t.ttll•ll ltt lOfAl 
• a.su .. 11 tt.t 
• l.UH+U H•ltl 
• 6.111£•tl "'"'°"' • 6,1111•01 Pll IM,T 
• 1.ISll•ll ltlGAMATf 
• I. S1U•8l fOMS 
• ft.O .. Sl•U lONS 
• I • 40U •Ol TONS 
• l.OIH•O\ TONS 
• 1.UH•U lONS 
• l. H"l•U TONS 
• 7.HOl•U TONS 
• 6.UU•OJ TONS 
• t.U .. HU TONS 
• t.ti1?£•H TONS 
• & • tsU •U lONS .. ).52'H8) TONS 
• I. UH•04' TOMS 
• 2.tlll-Ol lllllON 
• &.SlOl-01 lllllOM 
• l.526£•08 lllLIOM 

J.UH-02 lllllON 
• 1. u u-u lllllOH 
• s.uu-oa lllllON 
• ). 7211-01 llllJON 
• ,,)11(-ll 81lll0N 
• l .UU-Ol lllllOtl 
• 1. SOH-0: 81lllON 
• z.ou-01 lllllON 
• l.UThOO llLllON 
• l.SS21•02 
• 1 .. ua1+01 
• • .ao1-u IHllOM 
• 5.3061•00 lllllON 
• S.HH:•OO IHllON 
• a.101-01 Ill LION 
• l.GaH•OO lllllON 
• L'Ut•OO 
• 1.l'1£•0" TONS 
• t.7la£•0l ltlllON 
• l,4tUE•Ol • • ft. UU•O) RILLS 
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l.Hlh14 UIH a 

'·"' ll•tl 
ll 

1.6711•14 lift ) 

3.ttal•H lift , 
J.Hll•IS Liit ) 

6.?tttUU Lift , 
l.fllHH lift ' l.JUl•OS UN , 
l.Sl?l•H UN ) 

1. 1101•01 UN ) 

l.UH•01 llN , 
1.UIE+H Liit ) 

l .SUl•O& lDM ) 

1. HU•U l8M , 
"· 7(t51.+11 u" , 

l.Hfl•ll UR 



Dt8N4071·l 

'fablrAl,I (Coadntatd, 
a..., Joint hw.• 5980 M.,..ua 

AMllMMA llAMllll 
$0\UtlOtt tll\tlll 

l llGMT IMP\ll lff ICllNCY • 
I MtT Clll lfflCllMCY • 
1 l4SIC CDMVllSICIH IFFY • 
' ILAMllT FAC\01$ • 
I lttl l•Se·t • 
t Mll 1Nll$V CONY IFFY • 
l Al\AWIS£ lfflClfNCV • 
4 ANtlNNA POWll Dl$1t Iffy • 
t Nit DC~IF lffltllMCV • 

ae 10tAl lfAM lff1Cl£MCY 
ll Nil l'AM lff ICltMCV • 
lt INTtltlPf ffflCtfNCY • 
ll lfCt{NNA ··~nc lff lCllMC 
I~ N(l If llNI lfFV • 
lS DC~to~Dc lff ICIENCV • 
14 QC-tO~GllD lfflCtlNCV • 
11 OVllAll PMVSltAl (ffV • 
ll AltA (~fltllVI Iffy • 
U IUNO: f AH A 
10 AN1UtNA lHA 
II tf~UillD SlbllOll SUPrt • 
ll tAP(I l[QUll[~ rot Sl SU 
l) TIANS"ltl(I POWtl lAPlt • 
l~ tlttlVlt AVG~P(Al IATIO • 
lS l~tl lVG#P(Al IAflO 
l' 1£A" SPttAD f ACfOI 
:1 IADlllf P IF POWll • 
lf lfAM DJA"(flt • 
lt llAM AllA • 
JO AVllAGt ltA" POWll DINS • 
Sl P(Al l[A" lNflNStfY 
ll POWll JN "AIN 9tAM • 
11 ~Al(lllf( llNGTN • 
l' NUM~tR OJ IAVS • 
lS X"l• rw• Dl~T• LOSS • 
16 ADJ 9AY USlfUl AtlA • 
11 BAY Slll • 
l& H''\, UtA 
11 HfAN 5Dlll lN\OlAllON • 
40 SOL•~ f[lt UUTPUf • 
,, ROla~v JOlNl CUttlNl ••• 
41 IPfAIV JUlNl CUlttNf •9• 
,, lOlAl raocr,SlD POWtl 
'' lOfll •tV,TtON lNPUf 
'' lOlAl ~LVSllON ~UTPUT • 
' ' ~UN8fl Of klV$110NS • 
' ' hAX k~V5ll0N PACKING DEN 
413 MAX tf FUWll O!NSITV • 
4t NUND(I Qf SUIAllAYS • 
,0 tl~l(NNA At(A 

l.UH-H 
l.H'8-1' 
&.UH-ll 
t.UH-01 
t.HH-ll 
1 .HH-01 
t. un-t1 
t.IOtf-U 
1.uu-u 
t.un~u 

t.oou~u 

t.un~u 

• nn-01 
'·'''{~lit 
6. lt'l-U 
6.H'tl-Ol 
1, :s.o~ -t: 
-..u,r~n 

1. :u1 •or ": 
. t .<r.tHH •00 lft 
:.-.Ul(•U DI 
\.DUf•Ol Da 
l .03:\l*Ol Da 
1.01•t~u 
1.u•t-u 
l.•HHf•OO 
,,tllt•O) M(GAMAtT 
t.•l1l•OO IM C 
1.H<oE•01 "l 
6.Q1lC•OO ftMl,ftl 
1.00•l•Dl tt.VC!jll 
,,,llt•01 ft(CAWAtt 
: • .?OH• ll 1 IA YS 
l.7•ll•Ol IAVS 
l. 'l H ~o: 
'O.Oh1E•O'i ft.? 
6.600[•0l "llltS 
1. 11.l'>l •Ill k.l'tl 
l .O<ol(•Ol GW 
l.ll03{•0l GW 
t.60H•O,_ A"PS 
~ •• -.01 •O<o A!'tl'S 
l.1t .. C•Ol "[GAWAtT 
l.lf)l•O' ftlGANATt 
t.'t1j(•Ol "EGAWATT 
l. 13H •0~ 
l.llll•Ol Pl• SUI 
l\.hll•lHl Ul.lftl 
l.4l)i•O .. l'[t ANf 
". lHU.t • 0 t Ml 

J10 

\.?IH•94 ACIH 
a.100E-cil "I 

s.nH•H Ml 
1. 1tH•D4 ActlS 

l .Ol0l•0' ACIU 

) 

> 

) 
) 



Sl PIAI ANT TNllNAL MCI • 
SI DC OUTPUT POtlll • 
H GllD POMH • 
54 lAND AIEA ''' llCT • 
5' •y• KOK OF IMttTJA • 
56 TNIUST PEI COINll • 
SJ NUKIEI OF TNIUSlEIS • sa CON!IOl POMEI • 
St ANHUAl PIOPlllAMT • 
61 SllUClUIE MASS • 
61 CONTIOl SYS KASS • 
62 SOlAI ILANllT NASS • 
6S PC»1£1 DlSll MASS • 
64 KtCH & lLlC llJ "4SS • •s AMT STIUC KASS • 
It ANT W'VtGUIDE KASS • 
67 ANT llV\TION MASS • 
68 ANT CONTROl ClTS MASS • 
0 ANT PUR OlSU "ASS • 
JO AN1 PMR PIOC&TC KASS • 
1l ANT HASS • 
Tl STRUClUIE COST • 
1S COtHIOl SYS COST • 
T4 SOlAI BLANKET COST • 
TS POWER PtStl COST 4 

16 KECH&£l£C l'J COST • 
lT ANT STIUC COST • 
Tl ANT WAVEGUIDE COST • 
19 ANT KlYSTION COST • 
10 ANT CONTROL CITS COST • 
It ANT PWI DISTR COST • 
12 ANT PWI PIOC&lC COST • 
II ANT COST • 
84 NO Of FREIGHT FLIGHTS • 
as CREW SEIYltE NO OF FLTS • 
86 ors COST • 
17 TOTAL llANSP COST • 
as RECT£ttNA COST • 
19 CONSllUCTION COST • 
90 lNTEREST DURING C6MSTI • 
91 LATITUDE AREA fACTOI • 
9l TOTAL "ASS • 
U TCTAl COST • 
94 COSTIKU( • 
9S COSf.'kWH • 

l.17H•ll IM'itl 
1.1151•11 8'11LIMI 
1.1111•11 CM TOTAL 
l.IHl+ll Kl 
a.UH•U KC-Ml 
,.2111•11 MEMTottl 
6.l78E•Ol PEI INST 
1.1801•11 KEGAMATl 
Z.S121•0l TONS 
4.145£+0l TONS 
l .41l£+H TONS 
S.O&H+04 TCNS 
l. l UhU TOMS 
l.lHE•Ol TONS 
t.aoor+n TOMS 
l.4UE•U TOMS 
t.U1f•Ol TONS 
J.t.IO&•H TONS 
l.OOE•OS TONS 
S.SHE•U TONS 
l.418£+04 TONS 
2.0ll£-Ol lllllOM 
6.llOE-02 8llll0M 
2.S26E•OO 8llllON 
l.l04E-Ol lllllOM 
l.494£-0~ BllLlON 
}.797E-Ol lllllON 
S.lllE-01 BILLION 
4,)80£-01 lllllON 
l.tSll-01 llLLION 
1.121£-01 BILLION 
l.4llE-Ol BILLION 
1.&4iE•OO llLllOM 
l.'18£•0Z 
1.SHE•Ol 
1.uu-01 lllLION 
S.S92f:•OO IHLION 
2.'93£•00 lllllON 
t. lUE-01 Ill LION 
1.016£•00 BILLION 
1.4l9E•OO 
7. lSli. •04 TONS 
l. TUE•Ol lllllON 
l. J96E•Ol • 4.toSlE•Ol KlllS 
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l.,lll•ll LI ) 

s.nu•" LU ) 
a.tHl•H Lift ) 

l.HU•H UM ) 

6. ltU•OJ UM ) 

l. ll11•H UM > 
l.UIE•H LIM > 
1.uu•H UM ) 

l.HU+IJ LIM ) 

l.UU+07 UM ) 

l.UH+H UM ) 

2.SOOE+Ol llM ) 

1.11n+H UM > 
s.nsr+01 LIM ) 

l.H11+11 UN ) 



TallileAl·I (~) 
Rea.ry Joint Power• 5980 Mepwatts 

AMTlllMA llA"ITll 
SOlUflOll llSUllS 

VALVI " , ........ 
' tlGKf IMPUf IJFICllMCY • t.nn-ll 
I MU Clll lHltltMCY • a.nu-u 
S IASIC CONYUSION. IHY • L )60i-Ol 

• tUMUf Utt OH • t.nn-01 

' IVS 1-.-,.Q~t • t.san-01 
l MH tHUG'Y CONY lff'f • i.uu-01 

' UfA.~lt.( fHlCUMCY • 't.iur-01 

• AhftNHA PO en DIUR nn t.&UE-01 

' r.u OC-RF EHlCUNC'Y • a. 22n-01 .. lDUl IUft HFICUNCY t.nu:-01 
ll NH au." hfltUNtV • t.ouc-cn 
u lttHRCEPf EHICltNC;Y • t.6llE-Ol 
u lltCUNttA 111'-0C tHlCUMC • a. un-01 
l' HU H lHll( Hf'f • a.s.:ot:-01 
u DC-lO-OC HF ltUNCY • 6.:3U-O\ 
u Dt-'tO-GtlD lH lttEttU • 6.0UE-Dl 
U OVUAll f'ltYStCU tFfY • 1.t.11£~0: 

ia uu. l HlCllYE nn 6. tH[-0: 
n llANU: f AHA • 1.:lSE•07 "' ( l. Hlt•O(i 
n lHllHNA DlA l.UOE•OO lft ( t.t,ll-dl 
u UQUUEO SHltltllf SUf'Plt • Z.!Hl.,E•Ol DI 
u uru HQUUU fOI Sl SU .. l.139£•01 DI 
n llUNSl'll lf'.I POWU UPU " t. lUE•Ol DI 
:tt lt£C£lVCR AVG/PEAK UllO l 9 ."'>(-() l 
H lll'ITR Av(;;!'( AK RAllO J. HH-lll 
26 llt A!1 sr~tAo FACTOR 1. 5101: •00 
:1 R.\DU ltO RJ POWER 'o.9\M:•IJ) l'UGAMATT 
.l& l'I( A!1 OIJ.l'lt:Hlt {L6l:l•OO "" !>.SU£•00 
n 8J.AM AHA 5.a!.:£•01 M2 l .(i(iU+O<tt 
lO AVHAI>{ l\EAM POWE• 0£HS • 7. 5 i<tf «Hl MWrC"1 
u f'Hk l\[A,l'l lHTEHStTY ~.l'\PE•Ol l'lW/CM2 
u POWER IN MUN 8UH ' 'o50l+03 MEGlMATf 
u SAf£UIH LENG Ttt • 2.:'0H•Ol llAVS 
Sto MUtlUR Of BAYS l.H<'t·O~ lHVS 
u XMU f'Wlt OISTR lOSS • l.19H-02 
S6 Al>J UV \JSHUl AHA .. to.09H+05 M2 l.Ol.?E+Ol 
l1 UV Slll 6.600£•0~ HUUS 
sa SI'S uu 1. 'i'O~E•oi kM2 
lt HUN smo tNSOllllON • l.O<d(+02 GW 

"° SOlAlo CHL OOlPUl l.;'45£•01 GW 

'' IOlU\I JOlNT CUH[NT .,. .. .. 9.591C•O<o AMI'S 
•1 ROH.ii\' JOINT CllUUU .. , .. 5.6Bl•O" AMPS 
u lOUl t'ROCC SSC l\ f'OWCll l.7<l4f+nJ l'IU~.\WATT 

'" HHAL llVSHON INPUT l.175f•O'o IHGAW#.rf 
0 HlU.l Ja YST !HIN OUfPUf 9.985[•0.\ MCGMIATT ,, NUMB CR or Kl VS lllOl'CS l.~5![•05 

41 MAJ; U \ISHHlN PACKING DEN • l.OlHf•Ol l'l SUB 
ft& HU If f'OWlll DENS tTY • 7.19'>£+00 kW H;: 
119 tmttDU or ">UOUROS • l.8'-'H•ll4 I'~ UH 
so U:CTENHA uu • l . .'9:[•07 "'~ a. U5E+OJ 

lCIU 
Ml 

"I 
ACIU 

J.\:RU 

ACRES 



DllJ0.24071·1 

TaWeAl-1 (Ceadau•d) 
<IUGJNAL PAGI l8 
OP POoa QUAUrr 

11 PIAI AMT TMllMAL PMI • l.44H•H IW,M~ 
S2 DC OUTPUT POWEi • S.75!1+00 8W,llMI 
Sl GllD POWU • 7.2t2E+OO GW TOTAL 
54 LAND AIEA PEI IECT • 1.1121+01 MZ Z.HlE+14 ACIH , 
55 •y• "D" CF INERTIA • a. Z38h U KG-HZ 
56 THRUST PEI CORNEI • 6.Z78E+Ol NEWT~NS l .4111+01 LI ) 

57 NUMBER Of THRUSTERS • 6.Z78E+Ol PEI 1NST 
sa CONTROL POUU • 7.880E•Ol HEGAWATT 
st ANNUAL PROPELLANT • 2. 512E+Ol TONS ( 5.6711+04 LIM ) 

60 STIUCTUtE HASS • 4.045E+03 TONS ( a.tlH+06 LIM , 
u CONTROL SYS HASS • 1.402E•02 TONS ( 3.0911+05 llM , 
n SOLU IUNKET "ASS • S.OS2£+04 TONS ( 6. 7t4E+07 LIM ) 

u POUER DISTR "ASS • l.231E+03 TONS ( 2. 713E•06 lift J ' 
64 HECH & ELEC 1,J MASS • l. 322E+02 TONS ( 2 .914£•05 LIM ) 

h ANT \TRUC HASS • l.280£+03 TONS ( Z.822E+06 LIM ) 

66 ANT NAVEGUIDE HASS • 1.104£+04 TONS ( 2.435£+07 LIM ) 

67 ANT ICl YSltON MASS • 9.6UE+OJ TONS ( 2. USE+07 LIM ) 

H ANT CONTROL CKTS MASS • 7 .489£+02 TONS ( 1.651£•06 lift ) 

69 ANT PWR DISTR HASS • l.2HE+03 TONS ( 2.U6E+06 LIM ) 

70 ANT PWI PROC&tC "ASS • S.SZ6E+OS JONS ( 7.771£•06 LIM ) 

71 ANT MASS • 2.752£+04 TONS ( 6.168£+07 l8M ) 

72 STRUCTURE COST • 2.023E-Ol BILLION 
n CONTROL SYS COST 

; 
6.310£-02 BILLION • 

74 SOLAR BLANKET COST • Z.526E+OO BILLION 
75 POWER DISTR COST • 3.200E-02 BILLION 
76 HECH&ELEC R'J COST • 2.775E-02 BILLION 
77 ANT STRUC COST • 3.992E-Ol BILLION 
78 ANT WAVEGUIDE COST • 6.626£-01 BILLION 
19 ANT KLYSTRON COST • 4.385£-01 BILLION 
80 ANT CONTROL CKTS COST • l.653E-Ol BILLION 
81 ANT PWR DISTR COST • l.389E-Ol BILLION 
82 ANT PWR PROC&TC COST • 2.433E-Ol BILLION 
u ANT COST • 2.048E+OO BILLION 
84 NO Of FREIGHT FLIGHTS • 2.818E+02 
as CREW SERVICE NO OF FLTS • l .6lOE+Ol 
86 ors COST • 7.559E-Ol BILLION 
87 TOTAL TRANSP COST • 5.817E+OO DllLlON 
aa RECTENNA COST • 2. 266E+OO BILL ION 
89 CONSTRUCTION COST • 9.660£-01 811 LION 
to INTEREST DURING CONSTR • l.085E+OO BILLION 
91 LATITUDE A•fA FACTOR • l.419E+OO 
92 TOTAL HASS • a.o5oE+04 TONS l. 71SE+H LIM 
93 TOTAL COST • 1. 7l7E+Ol BILLI OM 

''" COS UK WE • 2.382E+03 • 95 CllSUKWM • 4.lt27E+Ol "lLLS 
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Tal*Al·t (Continued) 
Rotary Joint Power • 5980 Mepwatts 

ANTENNA DlAM£T£1 
SOLUTION R£$~lTS 

VAl llE • l.8Hl•H 

l lUUn INPUT UflCUNCY • a.un-tl 
I NET CHL £HIC:lENCV • l.Ul£-IH 
s IU.. CONVUSIOK £HY • 1 • .)60£-01 

" ll. I.ET fAClORS • •. St9£-0l 

' 8'1"3 1-SQ-t • 9.58'\C-01 
6 NET EHUu\' CONV EfFV • l. nsc-01 
7 U:U\.llSE £ff lCHNCY • ,.:ua-01 
8 ANTENNA POWER DlSTI EFFV • 9.851£-0l 
9 NEl OC-Rf HflClHICY • 8.248£-01 

10 tOEAl l\E AH HF tC lENCY 9. 787"-0l 
ll NET Bf.AH EfflCHHCY • 9.034E-Ol 
u INHRCU'T tHICICNCV 9.PH-Ol 
ll R£C ll!HU. u-oc HFIClENC • ll.914E-01 
l" NET RF llNK EHY • IL6lSE-Ol 
l5 DC-TO-DC HF 1c1rncv • 6. H6E-Ol 
U DC-fO-GlttD EFFICIENCY • 6.U'>E-01 
11 OVUAll PHYSICAL EFFY .. 7.SHE-Ol 
1a uu EFFECTIVE EHY • 7 .QhE-Ol 
1' llAHH T AREA • 7.;?1BE+07 Ml ( 1. 71)£•04 
20 ANHNNA OIA • .t.801){•00 KM ( 1.' 1t£•00 
u REOUUEO !'I OE LOBE SUPPi • l. $30£Hll DI 
u TAPER IHQUIREO FOR SL SU • l.Z.>7E•Ol oa 
ll TRANSi'\ if fER l'OUER TAPER • l.Zf.1E•lH DB 
l4 RECliIVER AVGl'PUI. IUTIO • 1.9 .. :l-Ol 
lS \'.Hllt AVG/l'[AI( RAf HJ .. l.~lH-01 
lo 8EAH srltAD FACTOR .. l ,S51E•OO 
27 RADlHEO Rf POW£R .. 4.'ilBF•Ol HEGAN.UT 
za SEAM D!Al'lfHR 7.8~9[t\)Q KH lll.86SE•OO 
29 I! E AM Al!EA .. .... 814[•07 "l l .190E•04 
lO AVEOGl lllAM POWEil DENS 9. ,a9~£ • ~'0 l'!IUCHZ 
.H P[Ak ll t AM lNfCNSilV 4 & ;::;_ti.t .. 0 l 11WICl12 
l2 PO>HR l N HA IN llEA" • t. .4/il£•0l l'IEGAWATT 
H SATElllTE t ENGH! : . JH •01 BAYS 
)4 NJ!'t!lfR Of OA~"- L. 76.Zl •O.; ;\AYS 
3S X!HR f'Wlt DlSlK LOSS • l .49:E-o: 
36 A.OJ 8.\V USEFUL .uu • ft,\l<IH•OS H: 1.012£•02 
l1 UY SIZ( 6.1\00E•~:- HE TE RS 
la SPS ARtA 7. !OSE•Ol KHZ 
l9 HON SOlU JNSOlATlON " l.04H•O;' GW 
l'tG SOLAR CHl OU I PUT l. ~4SE • Ol GW 
"l ltOTUV .IOINT CUUE'H .... 9.5t.~E•04 AHPS 
42 ROT UV JOINT CURRENT "B" • s. 616E •04 AMPS 
0 TOUl PROCl SSED POWER • 1. 7'14£ •Ol "EGAWATT .... lo·: 4 l HYSUOH lNl'UT l.l15E•04 HEGAWA TT 
"s lOTAl KLYSTRON OUTPUT • LOO.'E•Ot+ HEGAWATT ... NU11BER Of HYSHONS • 1. HH •OS 
lt1 "'"" kl YS fR(lN PACl(ING DEN • IL<J'l>E •00 rn SUB 
•& l'IAX llF PCWEll OENSlh' .. 5.985£•\\{l KW.tHl 
49 NUMl.'E R OF Sll!lHUVS ~ Z.3''3(•0<. PER AH• 
50 RECfENNA AHA Z.'i0dl•07 HZ 6.6'1E•03 

ACHS ) 

l'U ) 

"I 
ACRES 

ACRES 

ACRES 



ll PIAI AMT TMll ... l ~Mt • I. lllhOO ltl/"l 
H QC OUTPUT POMH • s.eaaF.+tt aw,L1M1 
n GUD POW£R • 1.l~~[+DO SW TOTAL 
5' lAND A.RU PU HCT • &.8~\£•07 IU l.He£+9' ACHS 
55 •y,. ftOM OF INHTU • l.UH•U KG•"Z 
H THJUST PU CORNU • •.nae+Dl NEWTO"S l .~lU+Ol LI > 
Sl NU~8U l.'lt T"IUSTUS • 6.278(+,l PEI INST 
sa COIUROl POWEi • J,'\fOE•Ol "EGAN.UT 
~~ ANNUJ..l PROPElU14f • 1."72£+01 lON$ S.'71E+04 LIM ~. 

•O S UVC TUR£ tO,S!: to. lH!-£+03 TONS l.'18E+U LBM 
61 CONUOl SYS ltASS • 1.lit0.!E+02 TONS 3.0tlE•05 L8M 
6.;' 'SOLU 8lii1NK(T ltASS • ~.C8.:E+Oto TOHS •• 7ttot•07 Liit 
61 f'OWU DISU tU!>S • l.niE•Ol TONS 2.1rsH06 lBl'I ... MECH & HEC R.IJ ltASS • l ... SH+C.;> TONS 1.:0•£•05 LB" 
•S A.NT ~UllC MA.SS • l.620E•Ol lONS ). !PlE•06 l BM 
66 A.NT WA.VE GUIDE ""'' 1.}9~(•04 TONS !.08lE•07 l!Ui 
61 A.NT Kl VS TllON tO.SS • t.••ol•Ol TONS ( 2. llH•l'l7 lBM 
u ANT CONTllOl ClOS MASS • 7.SUt+02 TONS ( l.6SU>06 lBlt 

" A.NT f'WR DlSTI ltA.SS • l.73QE+Ol IONS ( ).t21itE+06 LB., 
10 ANT PWR PROClTC MASS • ). S.H.l•Ol TONS ( 7. 773£+06 Ull't 
11 ANT MASS • l, HH•Oto TOHS ( 4.t05E+07 lBl'I 
ll STRUCTURE COST • 2.o~n-01 8illlON 
7l CQHtROl S'i COST • 6, stoE-02 811.llON 
71it SOLAR lHANUT COST • Z.526£+00 BILLION 
Ho l'OWtR l'IS Hl COST • J, 190£-02 BllllOH 
76 '4tcH&EllC R/'J COST • l.OSH-o: BllllON 
'11 ANT S HlUi'. COST • ,.:ne-01 Blll lON 
78 ANt WJ.VCGUIDE COST • 8. J:IH-01 BllUOH 
19 ANT H \'S TRON COS f ... H<IE-01 Blll lON 
ao ANT CONTROl CkTS COST • 1.6S8E-01 Ul LION 
31 U.1T P<<ll OlSU CO\T • 1. •::£-(ll 81 l l ION 
82 ANT Pwll PROCl TC COST • 2.<.lJE-01 BllllOH 
(\ l A"fl COST • 2 • .}Ol(•OO Blll lON 
8"o NO Of fl<ftGHl H IGNTS ~~986£•0~ 

as CREW SEl!VlCE NO OF HTS 1. 70t.l•l!l 
u OTS COST • 8.010£-0l BllllON 
87 lOHl UJ.NSI' Cll'H • 6.0:!t.E•OO llll l ION 
68 REC£NNA COSl l. <!.:.5£•00 81lll0N 
a9 CONSTRUCllON COST • i.0: .. £•00 Blll toN 
90 INHU:S! lWRtNG COMSU • l. l10ltf10 8llllON 
t\ lAH lUl'E AREA FACTOR • l.4lH+C() 

·~ TOUl f'U.'.>S a.SlOE+O<t TONS l. HlE+H llM 
t1 lOTAl COST • 1.718(•01 8HllON ... COST.!KWE • ~.litOH+OS • n COST,KWH • (,.(,66£•0l MlllS 
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TallleAl-1 (Co f .. ) 
....,, Jeillt .... = 5980¥ ....... 

MfT~ 81AllETH 

$81.UTl8" HSUl TS 

\fAUfE • z ........ 

I llCllT l ... T EfFlCIEllCY • 
Z llET CEll EFFICIENCY • 
J USIC C811ftKl81l EFFY • 
' 9L&llCET f ACT..S • 
s ..s 1-so-• • 
6 llET EMUGY C9ln EffY • 
7 AtEAlllSE EfFICIEllCY • 
a Aln(NllA POUIR DISJR EFJY • 
9 MET DC-If [FflCIEllCY • 

1e IDt&l BEAR EfflCIEllCY • 
ll 11£l atAll lfflCIEllCT • 
lZ IMfEICEPT EFFICIEMCY • 
II •ECTENMA tF-9C EFFICIEllC • 
14 :.ET •F ll .. EFFY • 
IS iK-TO-DC EFFICIENCY • 
16 DC-TO-GRID Eff ICIEllCY • 
11 01f£WALL PllYSICAl EFFY • 
18 &IEA Eff£CllVE tfFY • 
19 8l&N1Ef &REA • 
ze &NliHMA DIA • 
Zl REQUIRED SIDEL09E SUPPa • 
ZZ TAPEI IEQUllED FOi SL SU • 
Zl TtANSftlT!EI POllEt TAPE• • 
24 at:EIYER &YG,PEAK IATIO • 
ZS XftTI AVG,PEAI l'TIO • 
Z6 8f&ft SPRE&O FACTOR • 
27 IADl&TED WF POWEi 
za !!Aft DIAft£TEI • 
Z9 Di&n AREA • 
JI &wtlAGE BEAR PONEI DEMS • 
JI PE&I BEAft INTENSITY • 
JZ POIC(I IN n;IN BEAii • 
JJ S£TE~tlTE LEJr;TM • 
J\ NUHBEW OF BAYS 
JS Xftfl PWI DISTI LOSS 
16 ADJ BAY USEFUL &IEA • 
17 BAY SIZE • 
Ja SPS AIU 
Jt HEAN SOLAR IHSOLAtlON 
~8 SOLAR CELL OUTPUJ 
41 ~OTARY !OiNT CUll[NT •a• 
42 lOTAIY JOINT CURRENT •g• • 
41 TOTAL PROCESSED POYER 
44 TOTAL KLYSTRON INPUT 
45 TOTAL KLYSTRON OUTPUT 
46 M~"BEI O~ F-LYSTRONS • 
~1 ftAX KlYSTIDN PACKJHG OEN • 
41 "AX RF ~OWER DENSITY • 
4t "~"a:a o~ SUBARi&YS = 
St IECTEMMi AREA • 

a.SJH-•l 
l.&HE-81 
l.J&H-11 
9.JHE-81 
9.585£-81 
1.llS£-H 
9.JUE-81 
9.84H-8l 
a.zt.JE-11 
9.816£-H 
9.lH£·H 
9.7.ME-Ol 
•. ,•'£-•• 
8.6. ·E-11 
6.4HE-H 
6.ZS7E-ll 
J.6t.8E-IZ 
1.1su-a: 
1.ll&E•01 112 ' 

.Z.830£•88 IR C 
2.765£•11 -
l.UIE•tl D8 
l.JSIE•ll H 
1. '15E-DI 
3.117£-Gl 
J.576£••• 
4.t30E•8S 11£5.UIATT 
7.194£•18 IN ( 
4.8SlE•l7 NZ C 
l.114£•01 ....,Cftl 
5.417£•81 ftU,CNZ 
4.4tlE•8J ftECAKATT 
2.lOlE•Ol BAYS 
l. 762E•Ol BAYS 
l.54JE-8l 
4.096£•85 "z c 
6.600£•02 NETEIS 
7.705[+01 Kft2 
I .fl43E•82 GW 
l.l48E+Ol GM 
t.567£+04 &"PS 
5. 619E +.l4 &"PS 
1.794£+03 "EGAUATT 
l.178E•84 "EGANATT 
1.00lE•04 REGAUATT 
1.390[•05 
7.564£•00 PEI SUI 
5.035£•00 llUftZ 
2.905£•04 PEI AMT 
2.267E+87 "z < 
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l.JBJE+M ACHS 
l.Z4JE+d8 Ill 

4.4521+81 111 
9.961E+8J ACllES 

I .llZE•H ACIES 

5.HlE+8J ACIES 

, 
J 

) 

) 

) 

) 



SI HAit Altl lRlllAl PU • 
SI IC OUTPUT PGllll • 
SJ CllO P-1 • 
54 lAllO Alf A Pit lfCT • 
SS •y• llOtl Of IMEIJIA • 
S& TM•UST PEI co•MI• • 
Sf MUlllll Of THIUSTllS • 
58 COMHDL PDUH • 
St ANNUAL PIOPILlAltl • 
•I STIUCJU•E llASS • 
61 COllJIOl SYS llASS • 
ll SOlAI 8lAllltll llASG • 
6J POWEi DISTI llASS • 
64 llf.CH & ILEC t'J ftASS • 
IS AMT \TIUC llASS • 
66 AHJ MAVEGUIDI MASS • 
61 AHT ILVSJIOll llASS • 
68 AHJ COMflOL CITS llASS • 
69 ANJ PWR 015fl llASS • 
11 ANT PMI PIOC&TC llASS • 
11 ANT llASS • 
7l STRUCTURE COST • 
1l COHUOL SYS coc;r • 
74 SOLAI BLANKET COST • 
75 PO~EI OISTR COST • 
76 llECH&ELEC R/J COST • 
11 ANT STRUC COST • 
78 ANT WAY£6Ut0£ COST 
79 AMT ILYSUON COSY • .. ANT CONTROL CITS COST • 
81 ANT PUR DISH COST • 
az ANT PWR PROC&TC COST • 
IJ ANT COST • .... NO Of FREIGHT FLIGHTS • 
as CREW SERVICE HO Of FLTS • .. ors COST • 
87 TOTAL TRANSP COST 
aa REC Ti:.NNA COST • 
89 CONSTRUCTION COST • 
91) INJERESJ DURING CONSTI • 
'1 LATITUDE AREA FACTOR c ., TOf.Al HASS 
9l TOTAL COST • , ... COST/KUE • 
95 COST/INN • 

9.HJl-91 alUll2 
J.8461••1 _,,LIMI 
1.4fef+ll Cll l8lAl 
S. 7H£+07 112 
8.lJSE•U CG-Ill 
6.l78£•0l NtMTOMS 
6.218E•ll PEI INST 
1.aaOE•Ol ll(CAlilATl 
2.51U+Ol TOMS 
4.04SE+OJ TOMS 
&.ltOlE+Ol JONS 
J.082E•l4 JONS 
l.22aE•OJ TOMS 
l.5911•81 TOMS 
2.lllE:+U JONS 
l.1l6E•Clt TOMS 
t.66Jl+Ol T!>NS 
7.SlaE+U TOMS 
2.121£•03 lONS 
J.526£+01 TONS 
J.SJ2E+04 TONS 
z.o.nE-01 lllllOll 
6.JlOE-OZ llLUON 
Z.526£•00 BllllOM 
l. l9ZE-OZ Bill ION 
l. H8E-02 lllllON 
C..4UE-Ol BllllOH 
l.OJSE+OO BILLION 
4.l96E-Ol BILLION 
1.657£·'1 lllllON 
l.2UE-Ol BILLION 
2.41)(-0l bill.JON 
Z.S59E+OO lllllON 
3.1'2£•12 
l .&07f•!ll 
a.C.ME-01 Ill LION 
6.365£•00 BllllON 
l.708i•OO lllllOH 
l.084(•00 BllllOH 
l. lC'oU+OO HLllON 
l .C'ol9f+OO 
9.0lSE•04 TONS 
I .&29E•Ol dllllON 
2.C'oSlE+Ol ' 4.557(•01 "ILLS 
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(IUGINAL PAO! iS 
OF POOR OUALfrY 

l.4Ul•M A~HS ) 

l.4lll+.a &.• , 
S.6711+9" lM • ......... Lall , 
J.Otll•8S lall , 
&.7'U•l1 lall , 
l.101£•8' lall ). 

J.SGltE+IS L811 ) 

4.ltltE•H llll , 
s.aou•o7 La" ) 

2.UIE•U llll , 
l.6SSE+H Liii ) 

4.681E•H lBll ) 

7.IHE•H lBll , 
1.1AH•l1 LBll , 

l.HU+H LBft ) 



Tallie Al-I (CollliMted) 
Rosary Joinl Power • 7261 Mcpwatts 

AMftllMA DIAltftfR V&&.UE • l.lot£+H 

soun10M HWU$ 

I ll81tl INPUT lFflCllMCY • 
2 Nil Clll EFFICtfMCY • 
S 9ASIC CONVEISIOtl EFFY • 
- alAMltt ractoas • 
s aus 1-sQ-• • 
l Nit lNE•GY CONY EFf Y • 
1 AREAWJSt lFflCllNCY • 
8 ANTENNA POW(• D!Stl (FFY • 
' HEl ee-t~ ffF!Clf!IKY • 

ta lDtAl 9tAM lFflCIEMCY • 
ll ME~ lfAM lFFlCllNCY 
ll fNfllCEPl lfFIClf"CY 
ll IEClENMA tr~oc EFFICl(MC 
14 NIT RF llNK EFFY • 
IS De-TO-DC Cff ICIENCY • 
•• oc-lO-GllD lfflClENCY 
17 OVEIAll PHVSICAl IFFY • 
14 Alt& (Jf[CllVE (ffY 
lt BlLNK(f ARCA 
lO AHHNNA DIA 
:1 RfQUJRCO SlDElODE SUPPi 
ll TAPER REQUIRED FOR SL SU 
ll TRA~SHl1TER POWER TAPEI * 
l4 RlfEIV£R AVG/PEAK IATIO 
15 l"lR AVGrPfAK ~'TIO 

l6 8EAH SPREAD FACTOR • 
l1 RAOIATlD Rf POUCR • 
:I 8£AH DIAH[l(~ 
lt 8lAH AREA • 
10 AVERAGE 8EAH POWER DENS • 
ll PCAk BEAM INTENSITY a 
ll POWER IN "AIN 8CAN • 
l) SAl£lllTf l£NGTK • 
14 NUHBlR or DAYS 
J5 XHtR PWR DISll ~oss • 
l• ADJ IAY USEf Ul AREA • 
11 BAY Stlt • 
ll SPS ARfA • 
S9 HlAN S~lAR IN~Ol&JION • 
40 SOLAR Clll OUTPUT • 
41 R01&RY JOINT CURRENT •A• • 
41 ROIARY JOINT CUIRlNT •a• • 
4l tOT&l r~oCESSfD POWER 
4~ TOT&l KlYS;RQN INPUT • 
45 TOTAL klVSTRON OUTPUl • 
4• NUMOER OF klVSlRONS • 
41 "AX KlYS1RON PACKING OEN • 
-a ftAX Rf POWER DENSITY 
49 NUHOtR OF SUBARRAVS 
50 REClENNA AREA 

8.S?H-11 
l.Ulf-ll 
l .Hll-11 
t.HH-ll 
9.4tlf-81 
l.llU-11 
•.lU(-81 
'· 747l-ll a. Ulf-01 
t.6SH-Ol 
a.tSSE·Ol 
t.Sl:E-31 
a:t::r 01 
a. H&E-t!l 
6.01'£-0l 
s.a" a-01 
1. I !>Z£-Ol 
6.iOOl-Ol 
1.ll~IE •07 
.\ .000(•00 

.:' . .:'7H•Ol 
8.H\C•OO 
l.OOOE•Ol 
2.0UE-01 
J.totE-01 
l.•SOE•OO 
5.9;'.7(•0) 
~.3l!H•Ol 

1.1' .. t:•OS 
J.~'IH+OO 

l. tUl:![ • 0 l 
S.lCHlE•Ol 
l. 701£•01 
l. l61E•Q.;' 
z .. 5~s£~oz 
C..09H•OS 
6.600£•01 
9.ft .. H•Ol 
l. <' 73l •OZ 
l.~30£•0) 

l.11H•O!> 
6.~9:£<04 

2.}J9f•03 
l .'ol6£•0 .. 
l. 20 lHO .. 
l.671E•O'> 
Z.'9110t•Ol 
1.9lOE•Ol 
1 . .:'6H•Ol 
1.6i:E•o: 

Ml 

"'' D" 
DB 
08 

HEGAWATT 
KM 
Ml 
MN.l'C"..: 
HW.l'CMl 
MEGAWATT 
UYS 
8AVS 

Ml 
"llERS 
II.HZ 
GW 
GW 
AMPS 
.ll'IPS 
M( GAWATT 
IH GAWAtT 
HtGAWATT 

f'ER SUI 
kW/"2 
ru ANT 

"~ 

c 
( 

l.111£•1 .. ACIES 
6.UU-01 "' 

1. lHE•GI NI 
J.UOE•O.. ACHS 

1.0lU+ll ACIES 

I .HU+04 A(IES 

) 

) 



0180-24071-1 

Tallle Al-I (Ceadae 1•) 

51 HAS AllT TIIHlllAL ,,_ • 4.HJl•H llVlll 
52 DC GUlPUT l'OllEI • 4.41Sl•ll SIULllltt 
HCHDl'OllEI • 8.S65£•11 811 lOTAL 
54 lAll8 AllA PEI llCT • l.HSl+H 112 ( 4.7aH•M ACHS ) 

SS •y• llOft OF IMllTIA • l.IHE+l4 IC-llZ 
56 lRIVSl PEI CU.MEI • 7.6tt£+81 NEMTONS c l.JJIE•ll &.• ) 

51 NUftlU OF TllRUSTUS • 7.6tt£+tl PEI lllSl 
sa tOHTIOl POU£1 • t.,,S£+tl 11£SAllATT 
St ANHUAl PIOPfllMll • S. IS4E•ll TONS ( &.'541•14 lP , 
H STIUCft'IE llASS • 4. tHE+IS TONS ' l.ltst•l7 l ... , 
'' CONTIOL SYS tu.SS • l.7ltE+H TOMS c S. Jtll•IS &.• • 62 SOLAI llANKfl •ass • S. 779£+04 TONS ( 8.Jll£•17 lM > 
&S POWEi DISll HASS • l .&ft7£+8l TOMS c 4.17U•H ll" > 
,. •ECH l £lEC l'J NASS • t. 761E+Ol TONS c z.15ZE•IS lBlt , 
65 AMT \TIUC MASS • S.IHE+U TONS ( l.18ZE•06 l8ft > 
'' ANT MAYEGUIDE MASS • 4.llfoE+ll TONS ( t.Sllf•H .... ) 

61 ANT ILYSTION HASS • l. U2E+04 TONS ( 2. 5'1£•07 Lift ) 

68 AMT COMTROL CITS MASS • t.0~5~•82 TONS ( l.ttOE•06 UM ) 

,, ANT PUR nrsr• ftASS • 1. 686E+C2 TO!CS ( 1.695£•06 LB• ) 

70 ANT PWR PROC&TC HASS • to.zalE+OJ TONS ( t.O&E+06 lift ) 

71 ANT ftASS 2.218[•84 OHS ( fo.tJlo[+07 UH ) 

72 STRUCTURE COST l.440E-Ol a1Jll10N 
7l CONTROL SYS COST • 7. 7)1£-02 8lll10N 
14 SOLAR BLANKET COST J.098E+OO lllllON 
75 POWER DIST! COST • 4.SOIE-02 BILLION 
16 ftECH&ElEC l,J COST • 2.050£-02 Bill ION 
11 ANT STRUC COST 3.4oSE-Ol 811 llON 
7a ANT WAVEGUIDE COST l.588£-01 BllLION 
1t ANT llYSTION COST • S.285E-Ol Bill I Ott 
H ANT CONTROL CITS COST • 1. t92E-Ol Ill LION 
11 ANT PWR DlSTI C05T • I. JOIE-OZ BllLIOH 
82 ANT PMI PROCITC COST • 2.t54E-Ol lllllON 
IJ ANT COST • l. 7lJC•u0 BILLION 
Ito NO OF FREIGHT FLIGHTS • 2.t'6E+82 
as Cl[U SEIVICE NO OF FLTS • l .695£•01 
16 OTS COST • 1.957E-Ol BILL 10.'I 
87 TOTAL TRA~SP COST • 6.051o[+OO BILLION 
18 IECTENNA COST • to. 71tOE +OD Billi ON 
89 CONSTRUCTION COST • l .017[•00 Ill LION 
90 INTEREST DURING CONSTI • 1.298£+00 BILLION 
91 LATITUDE A•EA FACTOR • l .419E•OO 
92 TOTAL ttASS • 8.471,£+04 TONS c l.161E•H UR ) 

93 TOTAL COST • 2.077E+Ol 8llllON 
94 COST/KUE • Z.'oZSE+OJ • 
'5 COSUICWH • "· 507£•01 "ILLS 
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ll .... .... 
u 
lo\ 
lS 
h 
l1 
H 
l't 
so 
H 
Jl 
H 
~ .. 
) .. 
li 
H 
1a 
.>• 
410 

.. ' , .. ,., 

.... .... ... 
lit] 
,.~ ... 
so 

,-.... Al·I (C ...... ) 
• ...., ,.. .... '"'7262 ...... ... 

&lltltlMA Dl&Rllll 
SOlUllOll llMtltt 

ll811f INPUT lfflCUMCY • 
NU CHl lfflCUHCY • 
IA\IC COttVIHIOM un • 
IUNUf f'ACJOI$ • 
IUS 1-'H-I • 
MU lMllGV CONY un • 
AtUWIH lffltUMCY • 
.t.Mff.NNA f'OMll DISH IFFY 
Ntl DC-If IHICHMeY • 
lDUl a OM HflctUICV • 
N(l l(Ut tH ICUNCY • 
lMHIUf'f lHlCUNCY .. 
ttCHNNA H-OC Hf ICllNC .. 
Nll If l Utl tffV 
DC-hi-DC Hf lC UNC'f • 
DC- fO-&ltllt Hf lCUNt:Y 
ovt 1.u t l"H't!-tt U £HY .. 
.up • tff~L{l\,.;, UH' 
BlANkE ~ •.till A • 
ANI uo1;. Ot.t. .. 
tEQUl•'i !' !.IDhUBi SUPPi .. 
f Af't It ,(l QUlltlll FOi Sl SU 
ttirnsi.111f1 f'tn:t It Uf'll • 
tHtlVti 4.Vl~ft•(.t.l IUIO 
'l!Hll: AVG!f'[oll UflO 
HAi. <;.f"!H AD f ACI Olt 
t4Di lllD Cf POWEi 
IUM OUMl!U .. 
flf Al't AIHA 
AvtlA(~f Df4" t'U..llt DINS 
P£A1. Bf"" INUNSITY 
rma1 IN It>. IN If AM 
SAHll l H lOtblH 
NUM!\l lt llt l'\AYS 
ll'.l'tlll f'Wlt Ill'.' It lOSS 
AD I BAY U'>lt lll AllA 
BU .. 1:1 
sr·~ Ali.\ 

l'lt "-N 'i.lH Al lN'>Ol AllON 
SlH "-ii ct l l OOf l'UT 
I'll 1 A It Y .JilllH CUlliHNl ..... 
£tli .\il'f .h'lNl (\lllltl "'' 

... ~ 
Hll H P!WCl .-.-.1 0 POWEi 
HHU Kt\' ... UllN INPUl 
::Hll kl v .. llll1 >< OUll'Ul 
l"H!M!!{ It iH ~ l Y'> I IUNS 

l'IA\ !<.l Y'. llo?t!N !'old.ING DlN 

""'' Rt t'OWt I! lll N'd 1 Y 
tlUr!i.Hlt (l j. SUllAKRA't'S 
llC ltNfU uu 

VAUfl • 

l.Hff-ll 
l.HH-H 
t.HH-H 
t.st't!-Dl 
t.-.•u-~u 
a.:ut-tt 
t.101-•t 
'l.10f-ll 

•· U:t-ll 
t.UH-Ol 
a. 'tN•l-tl 
... ,:u-oa 
l.tlll>Dt 
8.HU-Ol 
i. U!t ,.Ol 
5'.'1'H-Ol 
1.n·tt-0: 
,.1:u-o: 
a.&Uf •01 111 ( 

1. :act •OO ... ( 

: .. ~~lf•Ol DI 
l.OH.l•C!l DI 
l.Oh>l•:ll DI 
:~o~.-.i..-Ol 

J. Cll'li)(- ill 
L'oe.H •00 
~.•.':li•O) "UiAMATf 
l. ll.HH. •01 '" ( 

t. 6 l ~E •IH "l c 
\.\hf •00 "w"c"l 
l.69ll(•Ql l'tlil/Cttl 
~. l.'lH•Ol l'tUaw.ul 
:.10lt•Ul B4YS 
l.UH•Ol BAYS 
l. :-O!St - o: 
•0ol1~ .. t:•O~ .... 
6.600t•Ol "lHIS 
._ .... ·t •Ill ..... : 
l~:l'~l·~l: l·N 
1 . "lllf oi.'11 GW 
l. I: H • ll .. Al'tl'S 
• . ~., 1 i_. ~-- .t.ttl'S 
l.ltH•iH l'l~&AWAfT 
1. .. U£ •04 "IGANAH 
t.:O .. (•O .. IHtawut 
1. 6 r~t •0' 
l. 0 ':t • u ! f't II SU9 
l.Jl\1!:•01 1.w~ "" 
LO-.H•il4 PU ANT 
,, .. ll(•01 ~~ ( 

l.1811•141 ACll$ ) 

1.<UJE-ll ... ) 

4.llU•H "' ' l. S&U•U &CHS ) 

l .Glll•U ACIH ) 

l. )lU•lo\ ACIU 



Dll0-24071-1 

TallleAl·l (C..._..) 
ORIGINAL PAG! 18 
or POOR QUALITY 

" HH &Mt ........ l NI • •.• u .... .., .. 
H IC ""'"'' ...... • 4.,Ul•tl Ul'llMlt 
SJ 8UD POMU • •.•n•••c fHI lOlAl 
S4 UMD AIU PH ••ct • l.Ufl•ll ,., ( 1. 1191•14 ACIH ) 

SS •v• ltOtt Of UtHfl& • l .IUl•l4 u~t.: ,, IMtUU PU CO .. IU • 1 ... 9H•Ol N(Ml6N$ l. JUl•U ll 
11 ff\lftBU Of lNtUSTll' • 1.UH•ll PH INST 
51 t'QNUOl PO'.OU .. t.UU•ll ttHAWAll 
H Attm.IAl f'tOl'lllAMl • S. U'-l•ll TONS t 6.t$4hl4 Ult ) 

H SUUCTUH ttlSS • 4. Hot•O TONS c l.HH•tJ u .. ) 

" cm.uoi. SYS MUS • l.7ltl•Ol TONS t S.1'll•H Ult ) 

6l SOL&t 8UNUJ MASS • ) . 1lt[.04 lONS ( l.Ulhl7 UM • u POWU DHfl MASS • La•n•u TONS ' t\.11ot•H ll" ) ,, MfCH ' HlC t/J ftASI • l.llH•Ol lONS c l.441UOS ll" ) 

n ANl \UUt NASS • !.lOOhOl TONS ( l.\87(•06 lBM ) 

u ""' WAVEGU1Dl MASS • '. :ut:•os TOH$ ( l. l10(•01 l8M ) 

'1 Afff llVSllDN ftASS l. hlt•D' lON\ c :.:.U£+01 UM ) 

•• AIU CONUO\ C't.;lS MASS • t50!1l•Q: TONS ( l. ttOt•U lift ) ,, ANT ..... lllSll Ml$S • l.4)0l•O: lON$ ( a .ant •O& Litt ) 

10 UH PUI PCOC&fC MASS • <l.Z5U•O) lONS c t.l!Jaf•H lBM ) 

H un "ASS l.'"H•O._ IONS S.'•Ut•07 lBM 
1Z SUUCtultl cost • : • "o30f-tll BllLlON 
H tONTROl svs COS1 • 1.na-0: •Ill lON ,, S•lt .t.lt IH-'Nltf COSf l.093i•OO 81lllON 
n f'OL:tl IH\11 COST • ... 300[ - Q,! •llllOM 
1' M£Ctt1HH ltrJ COSl • l. lHE-o~ 8lll lOM 
11 ANT 'i 1Rl!C CO">t 1 ... ::n ~01 Bill lON 
ra ANT W.lVtl>UIM COSf • .). 7:H-OJ !HlllON ,,. ANT UVSlllON COST • ,.UU-IH llll lON 
ao AIU CtlNllWl CklS COST l. HH-Ol 8HllON 

fl' ANf PW!t tHSU cost t.lOH-0.! Ill ll lON 
ll Al'H PW it PIOUJC C;)Sf • 2,t.,<ol·Ol BILL ION 
u ANf COST \.l\SOE•OO BHl ION 
8«\ NO Of t U IGHl Hl&HTS • i.o•U•oz 
Ii CtlW SUVltl NO .>f FllS l.HlH•Ol .. OlS CO'!\l a.:!.'\l-Ol 8 ll l tON ., lOl.\l UANSt' CO\t 6.:o•t•l'IO IHI l lON 
u llttHNNA COST • l . .. O.'E •00 Blll lOIC 
a• fl'N'> t ltl!C I I 014 CO'il l.O'>Of•OO Bill lON 
90 INHU-.l (Hiii \NG CONSU l ..... ll • tlll lH ll ll'N 
91 l.\ll1UDl Alll A t ACl 01 \."ol'il•OO 
•: HHAl tU~S a. 1-.:r •tt-. lON'> l.Utl•OI ll" 
t.) l Ut .\l ((l'>l L•l'a•O\ BllllON 

"' CO'>l!lWl l.HH•OJ • 
•'!; co~ t ;u.111 ft.:• .. tHll MlllS 



TaWe Al-I (Coatilmod) 

Rotary Joint Power • 7262 Mepwatts 

AllTEMNA DIANETll 
SOl•TlOtt lfSUlTS 

I U811l INPUT lFFICIENCV • 
I MET CEll lFFICIENCY • 
I l&SIC COttVEISIOtt. EJfY • 
~ ll&Nl(f F&CTOIS • 
S BUS l-SQ-1 • 
6 NET (NEIGY COMV EfFY • 
1 AIEAWIS( EfFICIEMCV • 
a ANTENNA POWEi ftlSTI EfFY • 
t NET DC-IF £fFICIENCY • 

II IDEAL IEA" EFFICIENCY • 
11 NET &FAN (FFICIENCY 
12 INTERCEPT EFFICIENCY • 
IS 1£Cl£NNA IF-DC EFFlCIENC • 
l~ NET RF llNk EFFY • 
lS DC-lO-OC ffFICIENCY .. 
ll DC-TO-GRID EFFICIENCY .. 
17 OVERALL PMYSlCAl EFFY • 
18 4REA EFFECTIVE £FFY • 
U •UNkET AREA • 
:a ANHNIU DIA • 
ll REQUIRED SlDll01£ SUPPi • 
u TAPER IEQUltEO FOi Sl SU • 
2S TIANS"lTt£1 POWEi fAP(I • 
lit RECEIVER AVG/PEAK RATIO • 
25 XHTR AVG,PEAI IATIG 
2' BEA" SPREAD FACTOI • 
l1 RADIATED Rf POWER • 
za BEA" OIAMlltl • 
n BU" AREA • 
JO AVUAGE BU" POWEi OEMS • 
ll PEAK 8EAM INTENSITY 
sz r<~WEI IN "AIM IU" • 
u SAlElllTC LENGTH • 
34 NUHOU OF BAYS 
35 Xl"lllt PWI OISU LOSS • ,, ADJ llAY US':FUL AIU • 
l7 UY SIZE • 
l8 SP~ .\REA • 
H tlEAN SOlU INSOlATIOH • 
40 SOl.U CHl OUTPUT 
"1 R0f4RY JOINT CURRENT waa • .. : ROTARY JOtNT CURRENT •9• • 
0 lOlAl PROCESSED POWER 

"It TOTAL KlVSTRON INPUT • 
45 lOTAl Kl VS TRON OUTPUT 

"' NUf'IBEll Of kl VSTllONS 
"1 l"l~X KLYSTRON PAC~lNG OEN • 
48 11.U IF f'OWllt O{NSITY 

"' NU1'18£11 OF SU BAR RAYS 
50 REC TENNA AREA 

VALUE • 

•• 5111-11 
l.HU-Ol 
I. S.0£•01 
t.399£-IU 
t.ou-cu 
1.llU-81 
t.3't£-Ol 
'. 748£-111 
a.uu-01 
t.137E-Ol 
t.Dl6£-0l 
t.St:E-Ol 
8.'60£-0l 
a.t,96£-0l 
6.UU-01 
6.0lU-81 
7. )OH-OZ 
6.81o8E-Ol 
a.as1E+o1 ftl 
.l .4(10£+00 1'.ft 
2.SSlE•Ol DI 
l.UOE•Ol 01 
1.161£•01 08 
l.'41E-Ol 
l.°'6JE-OI 
l.509£.•00 
5.tZ7E•Ol MHAMATT 
t.79'tE•OO lft ( 

1.5J'tf•07 HZ ( 

7.090£+00 MW.l'Cft2 
1.568E•Ol MN.rCMl 
5. l5H•Ol l"EGAWAfT 
l, 70lE+Ol BAYS 
z. 16 lE•Ol llAVS 
2.S22E-Ol 
lo. 09'£ •OS MZ ( 

6.61lOE•02 METE IS 
9.4471: •01 Kl"IZ 
1.275£•0.< GW 
l.SlOE•Ol GW 
1. l1H •05 AMPS 
6.8'f2E•\li. Atlf'S 
2.JJ<J[•Ol '1EGAWATT 
L'-J6E•U4 HE\,AWAlT 
1..Z03l•04 l"IEGAWUT 
l.67lE•05 
l.670E•Ol PER SUB 
1.111£•01 l(W.1"2 
l.4.;'lE•04 PER ANT 
't.2l5E•Q1 "z 

2.187£•14 4CIES > 
8.711E-dl ftl > 

6.88H•OO ftl 
l • 162£ •14 ACl£S 

l. 8121•12 ACRES 

l. OOf+Oft ACIES 



51 PlAk ANT TNllMAl Piii 
SI DC OUTPUT POtlH 
U CllO POli&U 
5" LAND Alf A PEI llCT 
SS •y• MOl'l Of INHUA 
S6 THRUST PEI COINEI 
57 HUMBEi Of TMIUSTUS 
sa CONTIOl POWtl 
59 .omUAl PIOPlllANT 
ao STIUCfUlf MASS 
61 CONJIOl SYS MASS 
6l SOlAI lllNKfT "ASS 
6S POWtl DISTI MASS 
'" MECH & ElEC l/J NASS 
6S ANf ~tRUC HASS 
66 ANT WAVEGUIDE MASS 
61 ANT KLYSTRON MASS 
6a ANT CONTROL CKTS MASS 

" ANT PWI OISU l'lASS 
71 ANT PWR PtOC&TC l'lASS 
1l AMT "ASS 
71 SftUCTuRE COST 
71 CONTROL SYS COST 
1to SOLAR BlANICEl cost 
1S POUEI OISTR COST 
76 MECNlElEC R/J COST 
11 ANT SlRUC COSJ 
13 AtH WAVEGUIDE COSf 
19 ANT kl VS TRON CO:O l 
eo ANT CONTROL CklS COST 
81 ANT Pt.II DlSU COST 
az ANT PWR PIOC&lC cost 
u ANT COST 
&C'o NO Of: fltf!r..n FLIGHTS 
as CREM S[RVlCE NO Of fLTS 
8' OTS COST 
81 T01Al tUNSP COST 
ea RECHNtlA COSJ 
Ii CONSTRUCTION COST 

'° lNtERfST ou•l~G CONST• 

" lATITUPE AREA rACTOI 
92 TOTAL "A~S 

93 TOTAL COSJ 

''" (OST/ICWE 
'5 COSl,KWM 

Dl80-l4071·1 

• l.UH•H IUVltl 
• .... SlZE•ll CMILIMk 
• a.JSSE•ll CM TOTAL 
• 1.IUE+ll Ml 
• l.OlOE+l<ll ICC-Ml 
• 7.6tt£•0l NIMTOMS 
• 7. UH•Ol PU IMST 
• t.66JE•Ol MEGAWATT 
• J. lSU•Ol TONS 
• 4. '60E+U TONS 
• l. 1l 9E+Ol TONS 
• S.119E+O<ll TONS 
• l.IHE•OJ lONS 
• l .lV•E+Ol fONS 
• t.IOOE+Ol TONS 
• l.'l55t+OJ TONS 
• 1. lUE+OC'o TONS 

t.0.?6£•1Jl TONS 
• l. lUE+Ol TONS 
• <II. 2t\1 E •Ol TONS 

l.1t.OE•O._ TONS 
• l.<1180{•01 81lll0tl 
• 1.111£~02 81lllOM 
• s. 0~8l +00 8lll ION 

te.80U-02 BILLION 
• :.•tH-o: Bill ION 
• l. 7'iC-Ol Blll lON 
• s.one-01 Bill ION 
• s.:ssc-01 Bill ION 

l .'ftH-Ol 8 lll lQN 
• l .2UE-Ol Bill ION 
• 2. tSloE-01 8HL lON 
• 2.0l6[•00 BILLION 

s. 188£ •02 
1.8;2[•01 
a.ss<.c-01 !.Hll ION 

• 6 .'tOU•OO BllllON 
• 2.8'>7£•30 Blll lllN 

1.ll9H+OO Bill ION 
• \ .:HE.•00 BllllON 

l .t.l9E+OO 
9.110(•00, TONS 

• l.9iH•01 BHllON 
• 2 . .:054E•Ol • to.1119[•01 "lllS 

t 

( 

( 
( 

( 

( 

c 
c 
( 

I 
( 

( 

( 

ORIGINAL PAGE IS 
OF POOR QUAUIY 

z.Ull•I' AUH ) 

l.UU•ll l• ) 

a.U,E•t4 laM ) 

l .OU£•11 lift , 
J. '1'1E+IS lift , 
l.SUE•l7 LIM I 
".81U:•16 l81'l ) 

1.1-.u•as lift ) 

z. Ul£+04 UM ) 

l .HU+01 l8N ) 

l. SUE+U l8N ) 

1.UOE•H LIM , 
z.snt•14 LIM ) 

t.C.S8£•116 LIM , 
6.h:E•07 ll" , 

Z.OOH•H UM 



DISO.MO?l·I 

Table Al-1 (C..ontinuecl) 

Rotary Joint Power ': 7262 Megawatts 

ANTENNA DIAMETEI VALUE • l.HH•H 
SOLUTIOM RESULTS 

l llSHT INPUT EFFICIENCY • 1.nn-11 
I NET Cfll EFFICIENCY • l.Hll-11 
S BASIC COMVEISlO~ tFFY • l.HH-11 
4 BLANKET FACTORS • t.nn-u 
S BUS I-SQ-I • t.4'1£-01 

' NET ENERGY CONV EFFY • 1.21n-01 
7 AREAWISE EFFICIENCY • t. JUE-01 
I ANTENNA POWEi DISTR £ffY • '. 158(-01 

' NET DC-Rf EFFICIENCY • I. l 70E-01 
ll IDEAL BEA" EFFICIENCY • 9. 781£-01 
ll MET IEA" EFFICIEMCY • t.077£-01 
u INTERCEPT EFFICIENCY • t.662£-01 
u RECTEHNA IF-DC EFFlCIEMC • 1.972£-0l 

" MET If LINK (ffY • a.snE-01 
lS DC-TO-DC EFFICIENCY • 6.301E-Ol 
16 DC-TO-GRID EFFICIENCY '. lllE-01 
11 OVERALl PHYSICAL EFFY • 7 .ftllf-02 
ia AREA EFFECTIVE EFFY • 6.t45£-0Z 
l9 BU.NUT UU • 1.151£+07 "2 ( Z.117£+04 ACHS , 
H ANTENNA DIA .l.600(+00 "" ( ,,,42£-Gl "' ) 

Zi IEOUIREO SIDElOBE SUPPi • l.659£+01 DB 
ll 1APER REQUIRED FOi Sl SU • l.251£•01 DI 
n Tlt.\NSrtlHU f>OWU TAPER • l .251E+OI DB 
24 RECi,VER AVG;PEAl RATIO 1.949£-01 
25 XHTR ~VG;P£Ak RATIO • 3.267E-Ol 
26 8EArt SP~CAD FACTOR l. sv.e +oo 
27 RADIATED if POWEt • 5.9HE+03 "ECAMATT 
28 8EA1t DIAl'IE iU • I. 772£•00 ICN ( 5.451(+00 "' ) 

29 80tt AREA • 6.043E•07 Hl ( 1.4'3£+04 ACRES , 
JO AVERAGE BEAN POWEi DENS • 8. 90H+OO NWJ'Cftl 
31 PEAK BEAM INTENSITY 4. 56t.E +O 1 ltW/CN2 
32 POWER JN ltAIN DEAit • 5.356E•03 ME GANA TT 
n SATHllTE LENGTH • 2.701£+01 BAYS 
34 NUtlDER OF BAYS 2.UlE•O~ BAYS 
35 XMTll PWR OISTR LCSS • 2.421£-02 
36 ADJ 8AV USEFUL AREA lt.096£•05 HZ l.OU£+12 ACRES 
37 BAV Sflf 6.600£•02 ltETEIS 
~8 SPS AIHA 9 .44 IE•Ol u•z 
39 MEAN SOl AR JNSOLATI\lN 1.278£•02 GW 
40 SOtAR CELL OUTPUT 1.530£•01 GW 
"l ROTARY JOINT CURRENT •A• l.17lE•OS Al'IPS 
lol ROTARY JOINT CURRENT •a• • 6 .aa.-.£+04 Al'IPS 
"3 TOTl.l PROCESSED POWER Z.179E•03 HEGAWATT 

"" TOTAL KLYSTRON INPUT • l .417£•04 ltEGAWATT 
45 TOTAL KLYSTRON O~TPUT • 1. 20SE+04 ltEGAWATT 

"' NUMBER OF klVSTRONS • l.6HE+OS 
47 l'IAX KLYSTRON PACKING DEN • l.l56E+Ol PER SUB 
48 "AX RF POWER DENSITY • 9.02H+OO KW/NZ 

'"' NUMBER OF SUBARRAvS • l. 859£•04 PER ANT 
50 RECTCNNA AREA l.l99E+07 "z 1.400£+03 ACRES 

324 



" HAI AMT lMH"AL NI 
H DC GUfNf PCNlt 
H a•H t"Owtt 
' ' LAND AttA Ptl ltCT '' • .,. "°" QI' lMllUA 
16 lMIUST Pil COIM£1 
11 MUftlU Of lMIUlTHS 
H COMtlOl POMl:I 
It AMttUU PIOPlU.AN'f 
&I STIUCTUll MASS 
ll tONfHl sn HH 
u SOlAt ltANltf MASS 
0 POWU IUSTlt MAIS 
lft MltM & Hit 11'.I UIS 
U ANT \tlUC MASS 

" ANl •u•·n•u1ot IUSS 
11 lNf llV~ltON MASS 
•I ANt (fi,.~~Ol ua ltASS 

" .un Pl{I( '1iSf!t IUSS 
lO Atll Pml ""''.'.UC .... ,, 
ll ... , "''' ., , .. '£ flHIC TUI£ ((15t 

u CONllOl s '" (t'~; 

'" SOLAR IH.AN~[t cost 
1!1 f"Y!>il R lH!-lll COSl 
h MHHlHlt R .. ~ cost 
11 •t<T sttuc &:;.1ST 
11 ANT WAVll.>UIOt con 
n .UH kl\'StlON tDU 
IO ANT CONTROL tns COST 
It ANT PNR OlSll COST 
a: ANT Pi:t f'ltOCltC cost 
I) ANT COST 

•• NO OF FRltGMf H lGMlS 
n CltlW SlRVltl ttO OF Hts 
•• OTS COST 
81 H.lUl lRANSP COST 
aa UCUNNA COST .. CUNSTRUCtlON COST 
90 l!UlUSt DUUNG tl!NStl ,, lAT l lUlll AHA fAClOI 
t.? TQUl MASS ,, HlUl COSf 

'"' COSl.tlWE 
u COSt;um 

D180-2407l·I 

• l.llH+ll 1"'911 

"" 
,,,,,, ...... , ..... 1 

• 1.8111•01 GW lOlll 
• l.SUE•U "' 
• l. tltl•l' H~I" 
• J.&ttl+tl NUITONS 
• J,Utf•ll PU INST 
• t.UH•Ol MUAMUT 
• S.lS,htl TONS 
• •.tUt•ll lDN$ 
• l.1'\H•H lONS 
• s. nu .. , TONS 
• l.1,!>hU TONS 
• l.Uat•U TONS 
• l .JHf•iU TONS 
• l. IOU •O.\ lONS 

" l. UU•O' TONS 
•.on1•0: 1'CNS 

• l.UH•Ol lONS 
• c;.:3U•01 TONS 
• S.O'SHHI<\ TONS 
• 1.-.sot-01 Blll lt'N 
• 1.7)1£~0.Z 8llllON 

" ).098(•00 IUlllON 
4. H6£··0.Z 1H l llON 

• z .&HE-02 IHllON .. s. on: -01 llU.lON 
6. •:H ·Ol lllllON 

• s. ;'Ht>Ol lllllQN 
• L 99,.t·Ol lllllON 
• l.'>oaE-ol llll lON .. .?.HU·Ol lllllON 
• :.nn:•oo llll lON 
• 1. l.?H+O.? 
• l. Ull+Ol 
• a. •:u:-01 IHllON 

6.•2.?t•OO 11 ll lON 
• .?.toOOE•OO lllllON .. i.1-.u+oo lllllON 
• l. HH•llll 8llltON 

l.toltt:tOO 
• t.!IOU•04 TONS 
• l. 't3tot•Ol llll ICN 
• .? • .?l">E•Ol • • Ci. lStoC•Ol "lllS 
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t 
( 

l 
( 

( 

t 
c 
l 
I 
( 

OlJQINAL PA.GI • 
()i'. f(10R QOAIJft 

l.llal+I' ACllS • 
l.JUhll ll ) 

.. ,, .. , .... ..... l 
l.OtH•l1 "'" 

, 
S.HlE•IS "'" 

, 
a.UH•IJ Ult ' \,IUhH Ult ) 

s.cuat•n "'" ) 

l.&UhH UM ) 

l.,SU•Of llM ) 

l.HfihU \BM , 
1.tur.u Ult ) 

).IHH•O• ll" , 
t.,ltn•H llM , 
6. Hlh01 ll" ) 

l.ot6E+H "'" ) 



Table Al ·1 (Coadn\ted) 

Rotary Joint Pow1.'f • 7261 Mepwat1a 

lMTtttMA Dlll'lUU 
SOlUllON alSUlfS 

VAlUt • l.HH+H 

l llGNI INPUT lfflCttNCV • 
I Mii till :JJICllNCY • 
S ll$IC COMVll~lOM lffY • 
4 •lAWK(T f4ClOt$ - • 
s •us 1-sQ-1 • 
6 NIT (N(IGY CONV (fFY • 
1 Atl&WISE fff1Cl£NCY • 
I lNf(NNl POWft Dl$lt IFFY • 
t Nll DC-If lff lCtlNCY • 

11 IDEAl IE&M tfflCllNCY • 
ll Ntl lflM lffl(llNCV 
ll lNTlttlPl ffFICltNtY • 
IS lfCTfNNA •r-oc (f'ICl(NC • 
t4 Nil tr ~INI fff~ • 
ll DC•to~oc [ff l(t(NC~ • 
la OC-fO-&MlD ttfltlENCY 
11 OVfRAll PNYSICAl fffV • 
ll AIEA (fF(CllV( (Ff¥ • 
It lH 4Nlt l U(A 
20 ANT(MNA OlA • 
ll llQUll(O SIOf lOBE ~UPPI • 
ll lAPll llQUllCO FOi Sl SU 
lJ flANS"ffJll POWEi lAPEI • 
l• llCllV(I AVGIP(AK RATIO • 
lS XK?i AVG/PfAK RATIO • 
:• BEA" srRtAO fACTOI 
l1 IAOIATlO If POWEi 
l& 8(Al'I rtAMEt(t • 
lt 8t.t.l'I Al<lA • 
)a AVftAG{ BEAi'! PDW(t DINS • 
JI r£A( 8£4" lNlENSlTY 
ll POWER IN l'IAlN Ill" • 
ll SAflllll( lfNGfH • 
1' NUH8(R Of BAYS • 
l~ Xl'llR PWR DISfR lOSS • 
l6 ADJ BAY USEFUL At(A • 
H DAV Silt " 
ll SI'S A>:l A • 
Jt l'l{AN SOlAR INSOlATlON 
40 SOlAR Clll OUTPUT 
•I ROlARV JOINT CURRENT •A• 
'l ROlARV JO!NT CURtENl •a• • 
4) lOfAl PRUCl~SCD POWEi ~ 

'' 101 Al kl VSUO!' 1.,_P'.ll 
4S TOTAL llYSfRON PulPUl • 
46 NUHOER Of KlVSlRONS • 
' ' l'IAX klY§lRPN PACklNG DEN • 
48 l'IAX Rf PO~lR DENSITY 
49 NUl'IP[R OF SUDARIAVS 
50 RlCllNNA •~CA 

• 
• 

e.nu-11 
l.Hll-tl 
l.HH-ll 
t.UH-Ol 
t.OU-tl 
LUU-I\ 
t.Hn-Ol 

'· nu-01 
I. ltat--Ol 
t.&l U-Ol 

'· to1l-Ol 
t.nh-tl 
l.tU£-ll 
e.un-01 
•.latE-Ol 
•• lUf>Ol 
1.s1n-01 
1.l#o:E-U 
a.asu•o7 
\. OOOl•OO 
l. HU•Ol 
l.l~U•Ol 

LlHE•Ol 
1.tlSl>Ol 
l. l,''fE-01 
l. ''>!'4[. 00 
!>.,'>'tE•OJ 
1.hH•OO 
fo.9!>9[•01 
l .09lE•Ol 
S.698E•Ol 
S ... l.'E•Ol 
l.70H•O• 
:.lUEH\l 
Z.OllH-02 
4.0hl•OS 
6. t.00£•02 
t ... <.H•Ol 
l.2HH'•02 
l. !>HlE•Ol 
l.UlH•O'> 
6.hOl+O.:. 
2. l 7'•E•IH 
l.4:H•J4 
L2\l9E•Oit 
l.679f•:l'\ 
l.l.'H•O\ 
7.«.;Ftt\0 
: . l '> .H. o .. 
.'.H\H•07 

Ml 
ll'l 
N 
oa 
DB 

IUQAMATT 
KM 
Ml 

"'"C"2 MWl'C"l 
ME GAMA TT 
BAYS 
DAYS 

"l 
H£TUS 
K": 
GW 
GW 
AHPS 
AHPS 
'1fGAWUT 
HlG.\WATT 
MEGANUl 

rlR SUB 
..;W;Ml 
PER ANT 
H.' 

c 
( 

I. ll1l•8' &CHS 
l. llH.•8' IU 

ft.'11£••• "l 
l .llSl•Oft ACUS 

1. 11 H•U ACIES 

6.Hll+Ol ACUS 

, 
) 

) 
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ll PIAI ANT lMf l"Al PWI • l • IHI •H lUl#"I 
II DC OUTPUT ~OWll • ,.64tl•tt IM,LIMI 
U 1110 POMH • t.llll+OO CM TOTAL 
S4 lAND Alf A Pll llCT • 1. 0S"hl1 "' ( l.UlhM ACHl 
SS •y• "O" Of INHTIA • l.Ol0£•l4 11•"1 
SI TMIUST Pil COINlt • J,tttl•ll NEWTONS ( i. n1 .. 11 u ) 

S1 NUHltl Of' n11usn1s • 1.ttt£+0l Pll INST 
H COtHltOl POMU • t.ttll•Ol "iGAMATT 
St ANNUAl PIOP(llANT • s. U"hOl TONS c t.HU•H u" ) 

61 STIUCTUIE "AlS • ,.'6H•01 TONS c l.1Ul•t1 LU ) 

u t0Nno1. sn "'-''· • l. lUHU TON$ c l.ltlhH llM ) 

6Z SOlAI llANlfT MASS • J. H'thU TONS ( l.UH•lf ll" ) 

tl POWfl OlSTI MASJ a l.ll8E+Ol TONS ( 4.Ulf.•06 UM ) 

'' MECH & lltC l'J "ASS • l.Ull+Ol TONS ( 1.U,l•OS lH a 
61 ANT 'TIUC NASS • l.UHHU TONS t 1.SlU+H LIM > 
11 ANT WAVEGUIDE MASS • l. ltH •0" TUNS ( l.HU•07 ... " ) 

u ANT 11. \'STltON MASS • l.UU•O" TONS ( l.SUh01 u" ) .. A'tl tONlROl tlTS MASS • t.hlt+O? lONit ( l. HH•H LI" ) 

" ANT PWI DtSTI MASS .. l. '1 7£+0) TONS ( 4. l.!6E+H LIM , 
10 ANT PWt PIOClTC MASS • ,,:8U:•Ol TONS c t.Uat•H lBN l 
71 ANl HASS • S.,Hi•O" lONS ( Y.Ull•OJ l9M l 
1l STRUCTURE COST • l.00(-01 8Hll0N 
71 CONlROl SVS COST • 7.H1E-Oi 8HUON 
14 SOLAR DlANKEf COST .. l.Ot8E•OO II Ill ION 
75 POWfw DtSTR COST • ,. nte-o~ BILLION 
1' tlCClllELH' RIJ COS.T l.lHE-0~ Blll lON 
71 ANT S TROC COST ... :llE-01 Bil llON 
1a un W.\\1(1.~Ull)( COs.1 8.llH>E-01 BllllON 
19 ANT l(l VS fllON COS l S.lOH-01 BllllON 
ao ,UH CONlROl CKTS COST .. l.oou-01 BHllON 
at AIH PWR DIS.Tl COST .. l .010£-01 Blll ION 
a: ANT PWR PROC&TC COST • l. HU -0 l Blll lON 
u ANf COST • l.OH+OO BllltON 
84 NO OF FREIGHT fll6NlS • S.07£+01 
85 CREW SERVICE NO OF HTS • 1.993~•01 

H OlS COST • t.ll!lf.-01 BIL lJON 
11 TOT Al TUNSP COST • 6.l\8<1E+OO lllllON 
aa UCltNNA COST • ~. 070i:•IHl 81 LL ION 

" CONSlROCTlON COST • 1.1991+00 BHUON 

'° INHl(ST D•lltlNG CONSU • l. l6'>E HlO 81Lll0N 
tl lllt\ul.lt A.llU rAClOI • \.fol'tPtiO 
9l lOTAl t!ASS a t. '90E+Oto TONS l.HH•H LI" 
u TOTAL COST • l.02H•Ol BllllON 
94 COSl/Kll[ • l.lHE+Ol • n CllST/kWH • <.. l 1H•01 MhlS 
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Table At4 l (Condntaed) 

Rotary Joint Power • 7262 Mepwat11 

ANTIMNA DIAMETER 
SOlUTIO" lESUlTS 

YAlUE • 2.HH+lt 

1 LIGNT INPUT £ff ICtENCY • a.nn-01 
I HtT CILL EFFICIENCY • l .601E-Ol 
l tASI~ CONVERSION. £f FY • l.UOE-01 
4 &LANKfT FACfOtS • t.nu-11 
S IUS l-SQ-l • t.01£-tl 
I NIT ENERGY CONV Ef FY • l .21 lE-ot 
l AIEAWJSE fFFlClfHCY • t. UtE-Ol 
a ANTENNA POWEi OISll IFFY • '· 190£-01 
t NET .le-RF tFFlCIENCV • 1.197£-01 

lt IDEAL IEAM EFFICIENCY • •• ~lttl-ll 
ll NtT IEAH EFFICIENCY • t.uu-01 
12 lNlERCEPl EFF~~IENCY • '· ';65£-01 
Ii IECTtNHA IF-DC EFFICtENC • 1.uu-01 
l~ NET Rf llNK ffFY • a. 711£-CU 
lS oc-10-oc Eff lClENCV • 6.tolSE-Ol 
16 DC-TO•GllO IFFICIENCV • 6 .21tU:-U 
17 OVERAll PMYSJCAl EFFY • 7.S11E-CtZ 
18 AREA EffEtTIYE EFFY • 7 .093£-02 
U ILANU:T AIU • 1.151£+01 lt2 ( 2 .1an+a1o ACHS 
20 ANTUINA DIA • .z .OOOE+OO lft ( l.Z4H+it HI 
21 lEQUIREO SlOElODE SUPPi .. 2.Mlt•Ol DI 
22 TAPER REQUllCD FOi SL SU .. l.l87E•Ol DI 
Zl TRANSHITTER POWEi TAPER .. L l87E+Ol DI 
24 RECElVlR AVG/PEAK RATIO • l .8~6E-Ol 
2S X"tR AVG/PEAK RATIO • l.OlDE-01 
26 BEAH SPREAD FACTOR • l.600E•DO 
27 RADIATED RF POWER • 5.9SH•Ol MEGAWATT 
28 BEAH DIAHETER • 7.212£•00 KM 4.519£•00 Ml 
l9 BEAH .UEA • It, lS'oE+Dl' "z l .OZU+04 ACRES 
lO AVERAGE BEAH POWER DENS • •• ,.090:+01 H•VC"2 
31 PEAK BEAH INTENSITY • 6. 9l8E+Ol "W/C"2 
12 POllU IN HAIN BUH S.ltl6E+Ol HEGANATT 
ll SATELllTE lENGTH • 2.701E+Ol BAYS 
)4 NUHBEi OF BAYS 2.UlE+Ol BAYS 
)5 XHlR PWR DISTR LOSS • z.uu-u 
36 ADJ 8AY USEFUL AREA • lt.096[+05 M2 1. 012£+02 ACIES 
37 8AV SIZE • 6.600[+02 HETUS 
11 SPS Al!U • t.4"7E+Ol KH2 
lt MEAN SOlAR INSOUTlON • l.27&E+02 GW 
40 $0lAR CELL OUTPUT • l.SJOE+Ol GW 
41 ROTARY JOINT CURRENT •a• • 1. l68E+05 AHPS 
42 ROTARY JOINT CURRENT •1• • 6.861£+0/t AttPS 
~S TOTAL PROCESSED POWER • 2.17H+Dl HEGANATT 
lt4 tOTAl kl VS TRON INPUT • l. 4t'ZE +O<t HfGAWATT 
45 TQfAl KLYSTRON OUTPUT • l.2ll9E+Ot, HE GAMA TT 
46 NUH8£R OF klVSTR~NS .. l.679E+OS 
0 HA~ KLYST~ON PACKING DEN • f.lo56E•OO PER SUI 
48 HAX RF POWER DENSITY • 6.2'15E+Oil kW/I'll 

"' HUMBER Of SUBARRAVS • 2.905E+04 PER ANT 
~o RECTENN~ UU • 2.:UH+07 tt2 5. 773E +OJ ACRES 
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5l PEAi ANT THll"AL PMI 
H OC OUTPUT l"ONU 
SJ GllO POWU 
Sft lANO AIEA PEI IECT 
55 •v• "o" oF INUTJA 
56 THRUST PEI COINEI 
S1 NUtt8ER Of TNIUSTUS 
sa CONTROl POWEi 
59 ANNUAL PROPELLANT 
n STRUCTURE IUSS 
u CONTROL SYS MASS 
62 SOlAI 8lANK£T MASS 
u POWER DISTR MASS 

"" MECH & El.EC R'J MASS 
65 ANT SJRUC HASS 

"' ANT WAVEGUIDE MASS 
n ANT llVSTRON MASS 
u ANT CONTROL CITS MASS 

" ANT PWR DISTR MASS 
70 ANT PWR PRDCl!C MASS 
71 ANT MASS 
72 SUUrTURE COST 
73 CONl ~ )l SYS COST 
14 SOLAR BLANKET COST 
75 POWER D!STR COST 
16 "ECH&£LEC R'J COST 
71 ANT SUUC COST 
78 ANT W~VEGUIDE COST 
79 A'IT Kl VS fl<ON COST 
80 ANT CuNTROL CKTS COST 
81 ANT PWR DI~TR COST 
82 ANT PWR PROC&TC COST 
8l ANT COST 
e" NO OF FRUGHT Fl lG14TS 
85 CREW SE~VlCE NO OF HTS 
86 OTS COST 
87 TOTAL TRANSP COST 
88 tECTENNA COST 
a• CONSTRUCTION COST 
90 INTEREST ~U-iMC CONSTR 
91 LAT IT UDE AllEA FACI _'R 
u TOTAL HASS 
9l TOT.Al COST 
94 cost n:we 
95 COSUKWH 

Dl80-l4011·l 

Table Al·l ~Continued) 

• l .2Hl+QO '°""2 • ft.nst+oo GM,llNI 
• t.066E+OO GW TOTAL 
• S.19l£•07 IU 
• l .OlOE+l4t IG~M2 
• 7.UH•Ol NEWTONS 
• 7.U9E+Ol i>Elt INST 
• 9.Uli•Ol MEGAWUT 

S.lSt;E+Ol TONS 
• ft.UCE+Ol TONS 
• 1.719£+02 TONS 
• J.119£•0fo TONS 
• J.8l8E+Ol TONS 
• 1.6461:+02 TON'S 
• 2.00i:"+Ol TONS 
• l. 72H+u.;. TONS 
• t.Ui"E+04 TONS 
• 9.0Ut+02 TONS 
• 2.Z76£+03 TONS 
• It, ~SlE+Ol TONS 
• l.839E+O"t TONS 
• 2 ... 80E-Ol BILLION 
• 1. 737(-02 BHLION 
• 3 .081::.•0D B ll l ION 

4.750E-02 Bll llON 
• l.t.57""-·0Z Bll L tON 

4.460E·Jl Bil LI ON 
1 .OlH+uO BllllON 

• 5.lOSE-01 BILLION 
2.00lE-Dl BllllON 
2.'-S8E-Ol Bild ON 

• 2.954E-Ol BILLION 
• 2. 75JE+OO Bll ll ON 
• 3.6i'4E+02 
• 2.lOOE+l11 

9.851£-01 BlllJON 
• 7.lSH+OO BllllON 
• l. 'l2lE+OO Bil LION 
• l.260E+OO BILllON 
• 1.29SE+OO ~ llllON 
• 1.fol9£+00 
• l.050£+05 TONS 
• 2.0HE•D! Bll l lON 

~.2li6E+Ol • • lo.2SOE+Ol IUllS 

( 

( 

( 

c 
( 

( 

( 

( 

' ( 

( 

( 

( 

ORIGINAL PAGB 8 
or POOR QUALIT11 

l .06(+04 ACIES 

l. Ulf+Ol LI 

6.9SU+Oft ll" ) 

l.OUE•07 l8M ) 

s. 791£+05 LIM ) 

a.nu+o1 1.IM ) 

4.05?".•36 LIM , 
l.6;:9E+05 lBM , 
4,4otE+06 LB" , 
J.801;£+07 LB" , 
2.s12i::+o1 l8M ) 

1.999[+06 Ll'M l 
5.011E+06 LBM ) 

9."38E•06 LBH ) 

a.463£+07 LBH ) 

z.stu+oa UM 
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T8WeAl-I (CMtitwe&I) 

ltotaly Jeiat hwcr =ISM tilegawat1s 

AllfEllll& DIAllElt• VALUE • 1.Het+ee 
SOlefl ... •tSULTS 

l LIC.f lllf'ttf EFFICIEllCY .. e.S7t1:-e1 
Z llEI Cfll [FFICIElltY • l.681E-11 
I DASfC CDNV£9518M IFFY • l.H8l-81 
4 DlAU(T fAClDttS . .. t.St9l-ll 
5 HS 1-~-I .. t.HSE-H 
6 MET ENERGY COlft EFFY • 1.zeu-01 
1 A•lAUISf (FFICIEllCY • 9.J7H-ll 
8 ANf(llllA POUfl DISfl EFFT .. t.61tf-Ol 
t NfJ DC·•F EFFICIENCY • e.uu-11 

ID IDEAl IEAH (fflCIENCY • J.UH-H 
ll MEI IEAft lfFICl(NCY • a.HSE-11 
lZ INTERCEPT Eff lClfMCY • •.s12£-a1 
IS 1£CfENNA IF-DC [fflCIEllC • a.uu-11 
14 NET •F llNI EffY • .a. Slo&E-01 
IS DC-TO-DC EFFICIENCY • 6.1(,5£-11 
l' DC-10-GllD CfflCIEHCY 5.a,u-11 
11 0V£1All PHYSICAL ffFY • 7.840E-IZ 
11 &•EA EffECf IVf (ffY • 6.5'1(-12 
It llANIC[J AREA • 1.152£ ·•• "z c z.sttl•M ACHS , 
20 &1n~NN-. DIA l .IODE•OI llft ( l.U4t-et ftl ) 

u IEQUIRED SIDELOIE SUPP• • Z.JC'tloE•ll D• 
Zl lAP[I IEOUllED rot Sl SU • t.Jl8E•OD DD 
lJ flANSnlJTEI POUE• T&P(I • 1.000[•01 •• 
l4 •ECEIVEI AY6/P(AI IATIO • Z.IUE-ll 
ZS Xft!I AVG,PEAK RATIO • J.'JUE-~l 

Z6 IEAN SPREAD FACTOR • l.450E•OO 
21 RADIATED If POUER • 6.t31£•1S ll(SAllATl 
la BEAN DlANElE• • I. JUE•Ol 1[11 c 8.189E•ll Ill ) 

l9 IE&N AREA • I. l44ET08 Ill ( S.S11£+M ACllS , 
JI AVERAGE BEAN POUEI HN"i • ._. 5S2E+OO lllUClll 
ll PEAK BEA" IMTtNSITY 2.lOBE+ll NU,Clll 
Jl POMEI IN NAI" BEAN • 6.l07E•OJ NEGAUATT 
JS SUElllTE lEN.OTH • J.ZIOE•Ol BAYS 
J4 MUtt8EI OF l'AYS • 2.568E•02 BAYS 
JS XllTI PUI DISTR LOSS • J. !1!7E-02 
16 ADJ BAY USEFUL AREA • lt.U6E•05 llZ ( l. I UE +IZ ACIES , 
11 BAY SllE • 6.601lE•02 NETEIS 
18 ~PS Atf.A • l.12lE•OZ Kiil 
:u l'IEJ.N SOLAR lNSOUTIOtf • 1.519£+02 Gii 
40 SOLAR Cfll OUTPUT i.alH•;l Clot 
41 ROTARY JOINT ClllENT •a• l.l59E•05 A=tP5 
C.Z ROTARY ~OIHT CURRENT •B• • t. l'i7E•04 AMPS 
43 TOTAL PROCESSED PO~EI L56Sf•03 llEGAllATT .. ,. TOTAL KLYSTRON INPUT • t.656E•04 llEGANATT 
-.s TOTAL KLYSTRON OUTPUT • I ..r,o 7E • t>lt llEGAllATT ,,, NUtt8ER OF KLYSTRONS • l. 9SSE+05 
47 llAX KLYSTRON PACKING OEN • J. HlE+Ol PEI SUI 
fo8 llAX If POWER DENSITY .. 2.258E•Ol lWl'llZ ,., NU"BE~ Of SUBAll&YS • 7.261E+Ol PEI ANT 
50 R£CTENNA AREA • :'.672£•07 112 ( l .8tH+l4 ACRES ) 
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" HU Altf tltHMl .... 
U IC 0.fPVf Nllll . , .......... 
" lANI All& Ptl llCf 
SI •y• 1t01t Of IMHTIA 

" fMIUlf PH COitMll 
11 NUMIU Of llllUSfUI 
st CONUOl "*" ,, ANNUAL PIOPHlAMt 
H snuctuH "'" u COtUIOL 

SYS ""'' u SOUi IUMlU ... ,, 
u rowu DU.ti ""'"' ... ltlCM & IUC 1.-J MASS 
u ANT \ftUC MASS 

"" ... , iiAV{<~\!lilf ttAH 
61 AN1 llV~UON ttASS 
u ANf CONl!ltll UH NASS 
0 ANl rue DISH NASS 
70 AIH Pt.:\.' ··•ocuc: RA$$ 

" Utt .... ,:. 
1: !oftll(Hllt( (0Sl 
1 _, CONUOL U!. cost 
1.\ $0\AI UANUt COST 
1\ POUll 1\1..,U cost 
1' IUCH&llh • ,J cou 
n un S HllJC COSf 
18 ANT W.t.VlGUIDl COST 
n UH ll\'S JIOte COSf .. ANT CONUOl cus con 
ll AIO ""' OISU COSf 

·~ 
ANf PWll f'IOCUC :ost 

u ANt co~t ... NO OF Jtil&Nf HICNTS 
es CllW UOICl NO OF nn 
•• on CO".! 
u TOfU tUNSP Cf)Sl 
H llH!fNNA co.-.i 
•• ~~N~tlu<tlON COSl 
ta rn;"cnr OUllNG CONSTI 

" LAtl1llDl AllA FAC101 
tl fOUl MASS ,, tofll COSf 

'' C'1"'1'KW[ 
n C0:>1'UIM 

Dll0-24011·1 

T.-.Al·I (CotdiHN) 

• <\ ........ .. ,., 
• •• ,,,, ••• ltVlllttt 

• . .. ., ... , ... 'fOfAl 
• l.tHt+ll Ml 
• l .Hll+&4 H-ltl 
• t.UH•ll ..... , .. 
• t. UH•ll Pll I Qt 

• l. l#tH+H "lGAMAtl 
• J. fOf•U lON$ 

• S.SHE•OS lQNS 
• :.o .. n+o: fONS 
• 4 . .\tH •0.\ '°"' .. .t.SHl•O lONS .. l. CU.\( •Ol lOt.IS 
• s. oaot •Ol TONS 

<ft. H<ltf•O) ':ON\ 
• l. l!!.llC •C.\ H1NS .. 1.0.,U•\I) tONS .. l .CIC.'l•OS HlNS 

\.OHt•O> lONS 

• l.\iot(•Oio TONS 
• :.••a~o1 Ill l IOM .. t. uu ~o: 1U l llOM 

S.6a:l •Oil IHLIOM 
• 6.71\)(·~: Ill LION 
• l.l1U·l'I." BHUON 
• J.iloa!tl·U llLl ION 
• :.sau~oa lllllOH 
• &.uu-01 lllllON 

• l.UOl•U Ill LION 

• 1.n:r-01 llll ION 
• s.on-01 llll ION 
• l.tlio(•OO lllllOM 
• ).Ost•O: 

l.ttt.(•Ol 
• t.sr:t-oa Ill l l()N 
• 6.tHU•OCt ltll IOM 
• .\.&tU•JO I Ill ION 
@ l.lt&l•OO lllllON 
• l,.\~lt•OO IHllON 
• l ... t•(•QO 
• t. ta Of oli.. TONS .. :. J:•tt•C!l 2Hll0N 

l.U•ttOJ • • .\.Jlll•U MILLS 

t 

c 

c 
t 

' c 
c 
l 
l 
I 

( 

c 

ORIGINAL PAGE IS 
OF POOR QlTAIJn 

4.1tll•l4 ACIH I 
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l.H'H•tl lllt • .\.HH•OS Liit I 
t.HH+lf lllt • S. J:U•O& LIM , 
l.l7•l·I~ LIM I 
l. lOll•H l ... , 
t. $l U•06 llN , 
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~L 6l0l •07 l lil1 , 
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Table Al-I (Continued) 

Rotary Joint Power• 8544 Mcpwatts 

&•TEMNA DIARETEI VUUE • l.HH+H 
SOLUTION IE!.UlTS 

l LICHT INPUT EFFICIENCY • 
l NET CELL EFFICIENCY • 
J IA.SIC CONVERSION. EFFY • 
4 IL&N•Et FACTORS • 
5 IUS I-SQ-I • 
6 NET ENERGY CONV EFFY • 
1 AIEAUISE EFFICIENCY • 
a ANTENNA POUEI OISTI EffY • 
9 NET DC-Rf EFFICIENCY • 

ll IDEAL BEAR EFFICIENCY • 
11 NET BEAn EFFICIENCY • 
ll INTERCEPT EFFICIENCY • 
IS RECTENNA If-DC EFflCIENC • 
l~ NET RF ll~~ ~FFY 

15 DC-TO-DC EFFICIENCY 
16 DC-TO-GRID EFFICIENCY 
17 OVERA~l PHYSICAL EFFY 
IS &IE& fffFCTJVf EfFY ~ 

19 BlANICCT AREA 
ll ANHNNA DIA 
21 REQUIRED SIDELOBE SUPPi 
ll TAPER IEQUllEO FOR SL SU • 
2J T,4ttSnlTTEI POWEi TAPEI • 
24 RECEIVER AVG,PEAK RATIO • 
ZS XnlR &VC,PE&IC RATIO 
z• BEAn SPREAD FACTOR • 
l7 IADIAlEO Rf POMEI • 
28 BE•" OIAnETEI 
29 BEAn AREA • 
10 AVERAGE IE&n POWEi DENS • 
ll PEAK BEAH INTENSITY 
12 POUER IN "AIN BEA" • 
ll SATELLITE LENGTH 
34 NunnER or BAYS 
JS xnTR PUR DISTR LOSS 
l• ADJ BAY USEFUL AREA 
31 BAY SIZE 
38 SPS AREA • 
19 HEAN SOLAR INSOlATION 
40 SOLAR CEll OUTPUT 
41 ROTARY JOINl CURRENT •A• • 
42 ROTARY JOINT CURRENT •9• 
43 TOTAL PROCESSED POWER 
44 TOTAL KLYSTRON INPUT • 
~5 TOTAL KLYSTRON OUTPUT 
46 NUnBER OF KLYSTRONS 
47 HAX llViTION PACKING DEN 
48 "AX RF POWER DENSITY • 
49 NUnBER OF SUBAPRAYS 
50 RECTENNA AREA • 

8.57H•Dl 
I .HIE-DI 
l. JUE-11 
t.HH-11 
t.USE-11 
l. lllE-81 
•• 170£-Dl 
9.692E-Ol 
8.llSE-l:l. 
9. 707£-Dl 
9. 009E-Dl 
9.556£-01 
8.9SSE-lll 
8.43'E-Ol 
6.112£-01 
S.948£-01 
7.142£-02 
6.U2E-02 
l.052£•08 NZ C 

.1.200£•00 ICN 
2. 492E•Ol DI 
l. lOlE+Ol DI 
l. lO!E+Ol DI 
2.012£-01 
3.608£-01 
I .487E•OI 
6.93lE•OJ "EGAMATT 
1.126£+01 K" ( 
9.96JE+07 "l C 
6.~53E•OO ttW'C"Z 
l.lOSE•Ol "W'CR2 
6 246E+OJ "EGAWATT 
l.210£+01 BAYS 
2.568£+02 BAYS 
J.076£-02 
4.096(•05 "l ( 
•. 600E+02 nETERS 
l.1ZlE•02 r"2 
1.519£•02 f,W 
1 .81 H +01 GW 
l.l38E+OS AnPS 
a.1s4£•04 A"Ps 
2.56lE+Ol nEGAWATT 
l.656E+04 "EGA.MATT 
l.40DE+04 "EGAWATT 
l.9'>!>(•05 
2.552£+01 PER SUI 
l.699E+Dl ICW/"2 
1.046£+04 PER ANT 
5.~04E+07 "2 

33:? 

Z.5HE+l4 &CHS 
7.C.57E-dl RI 

6.HH+ll RI 
Z.4'2E+l4 ACRES 

l.ll2E+Gl ACRES 

l.S8SE+04 ACRES 

, , 

) , 



TaWt Al·I (CoatlMted) 

" HAI un fMHttAl .... • 1 ........... ,.., 
H IC OUfPUt POllll • s.:Stl•te .. ,lltltl 
U HID POMH • l.llll•ll .. lOl&l 
'' lAMO All& Pit llCf • l.\Uhll Ml t l ... tH+H ACll• ) 

SS •y• MM OF lllHTI& • l .HU•l\ H-MI .. tlllUSt PU COIMH • t. lHl•H MIMYoa c .... .,. ... ll ) 

U INMIU OP tHUStUI • t. UH•Ol HI llftf 
SI COMtlOl POWU • l.l,ll•ll MIGAVATf 

" AMHUAL. PIOPllUllT • S. 7,H•ll "*' c l.Hll•H l ... • H \llUClUH MAH • s.atu•n TONS c 1.Htl•t1 UM ) 

u CONUQl SYS ltAS'5 .. :.a•Ul•U TONS c ..... , .. , LIM ) 

61 SOlAI llAMllt MASI • \.OU•I' TONS c t.HH•lf UM ) 

61 POMll DISTI MASS • l.U?t•OS IONS c S.UU•H llM ) 

'" MUM & fUC llJ MAIS • l. hal•Ol tOMS c l.SJ•l•OS ltM ) 

n AMT \,taUC MAS$ • 1. :oOl •Ol fONI c l.581(•06 UM ) 

"' ANT ii.\VfGUIDI MASS • 6.lUl•OI TONS c l.UH•l1 UM ) 

•1 ""' llYSllhJN NASS • 1. nn•o" TONS c :.ttU•OJ llll ) .. ANf COMUOl CITS MUS • l.OSU•IU TOMS c l. JlH•D6 lDM ) 

0 ANt PWI Dl'HI MASS • l .OIH•U TOMS c l.:11£•06 UM , 
10 ANf ..... r•GCUC NASS • J.OHl•O) TONS c l. llOi •01 lBN ) 

:a "'" MASS • l. hSl•O" TONS 6.0tU•07 llN ) 

1l St•UCfUU cost • l.9"it-Ol lllllOM 
7S (OMUQl svs cou • 9. ltU·Ol llll lmt 
1" SOlAtl BlAMlll COST .. l.61.::£•00 llll IOM 
n fOlUI IHUI COST .. •. nu-o: lllllON 
76 MHMIHlC .,J COST .. :-., ... :l-1.? I Ill ION 
11 ANT S ttl\,C COS t ,, •• :1u-01 llll lON 
ra ""' WO(GUlllt con • >. r.nt-Ol lllllON 

" A~T ll YS l ION cost .. 6. UH ~Ot I Ill ION .. ANT COMTIOl cats COST • l Ull-Ol llll ION 

•• ANf .. ... DlStl COSt • Lll\t~Ol lllllON 
a: &Mt ..... l'IOCUC CO$T • l."7\l-Ol lllllON 
u ANf COST • : . 0 .. 6£•00 llLL ION ., NO OF tllUGNT HIGNtS • ).~Stl•O: 

H UlW SU\'JC( NO OF nn • 1.0'llf•Ol ... o•~ cor.t t.•:nt-cn Ill LION 
a: tOUL tUNSP COSt 1. O:tt HlO llll ION 
aa !t[CUNU& COST .. ). '~3t •00 llll!Nt 
u CON5ltlUC11dN cost • l • .?H'll•OO Ill l 1011 
to IMtlttst OUIUNG CONS Tl • 1 .-.o.a•oo lllllON 

" lUltUl'll uu FACTOI • l .#tlU:•OO 
t: 10tAl nA\S • t.(l,;''(•0') TOMS l.HH•H llM 
u 10lAl co.;.t • z.: .. n•Ol llll ION ,., CllST,kWl :.:oa•os • n COS1;kWM • '. toa•ot ... u.s 

.H.l 



Tallie A1·1 (C-0ntilmed) 

Ro1111y Joiat Powa •ISM .......... 

ANTENNA llAREtEa Vl.lUE • , ........ . 
SOlUTION llSUlTS 

1 llGMT INPUT EFFICIENCY • 
Z Mtl Clll EFFICIENCY • 
J BASI. CONVEISIOM. EFFY • 
~ 9UMt.£l FAClOtS ., 
; •us I-SQ-I • 
6 MET {MEIGY CONY IFFY ., 
1 AIEANISE ffFJCllllCY • 
I ANT(H'*A POwtl DISTI IFFY • 
t NET DC-IF EFFICIENCY • 

11 IDEAl aEAft EFFICIENCY • 
ll NET BEAM EFFICIENCY • 
lZ lNTEltEPT EFflCllMCY • 
lJ RECTENHA RF-DC EFFICIENC • 
l' NET If llHK tFFY • 
lS DC-JO-DC EfflCJtlCCY • 
l6 DC-10-GllD lfFICltMCY • 
17 OVERAll PHYSlCAl IFFY • 
16 AR£l EffECllVE EffY • 
19 8lANKET AREA • 
21 AMTiMttA DU 
21 REOUJR£0 SIDEl08E SUPPi 
Z! 1AP£1 IEQUlllD fOI S~ SU • 
2J TIANS"lll£R POUEI TAPER • 
24 RECEIVER AVG/P~AK lATIO 
ZS X"TI AVG/PEAK RATIO • 
26 IEAft SPREAD FACTOR • 
l1 RADIATED Rf PD~EI • 
za &EAft OlAMETlR • 
29 BUH AREA • 
JO AVERAGE BEAN POWEi DENS • 
JI PEAK BEAM INTENSITY • 
JZ POWEl IN HAIN BEAM • 
JJ SATELLITE LENGTH • 
)4 NUMBER Of BAYS • 
JS XHTR PWR DISTR LOSS 
3f ADJ BAY USEFUL AREA 
J7 8AY SIZE 
)8 SPS AREA 
39 HEAN SOLAR INSOLATIOH 
40 sntAR CELL OUTPUT & 

41 ROTARY JOINT CURRENT •a• • 
42 ROTARY JOINT CURRENT •1• 
43 TOTAL PROCESSED POWEi 
44 TOTAL KLYSTRON INPUT • 
4~ lOTAt klVSTRON OUTPUT 
46 NUH9ER cf KLYSTRONS 
47 "AX KLYSTRON PACKING DEN • 
48 HAX RF PCM£R DENSITY 
49 NUMBER OF SUBARRAYS 
SO RECTENNA AREA • 

1.nn-11 
l.'91£-tl 
l .lHE-ll 
t.Hn-11 
t. HSE-ll 
l .ZOU-ll 
t.)71£-tl 
t.•aat-11 
I. ll IE-11 
t. 7'4E-ll 
t.06l£-ll 
1.un-01 
a. H6E-Ol 
a. ssu-01 
6.l22E-Ol 
6.0l6E-Ol 
7.247E-02 
6. 790E-02 
l.OS2E•OI NZ C 

.l .400E•OO ltN C 
2.615E•Ol DI 
1.l1St•81 DB 
1.Zl!iE•ll DI 
l.H4E·Ol 
J.)40(-01 
l.S10E+OO 
6.tl0E•03 ftEGANATT 
9.9llE•OO ltH l 
7.748E+07 NZ l 
I. 09;;,. • 00 ftll.ICNZ 
4.llOE•Ol ftW,CftZ 
6.280E•Ol ftEGANATT 
3. 2ilC•01 BAYS 
2.S6&E+Ol &AYS 
J.1 l8E-OZ 
4.096E+05 rtl 
6.600E•OZ HETElS 
l. lZlE+OZ ICftl 
l.Sl9E+Ol GW 
I. I 19E • 01 GW 
1.389[•05 lHPS 
I. l 53E •04 At'PS 
2.56lE+Ol HEGANATT 
l.6S6E+04 HfGAWATT 
l.407E•04 HEGANATT 
l.9S4E•05 
2.024£•01 PER SUB 
l.347E+Ol ICWIH2 
l.~:3£•04 PEI ANT 
It. 3SfiE•07 Hl 
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2.Stfhl4 ACIES 
1.711£-il NI 

6.111hll ... 
l -fl5hl4 ACIES 

1-llZhOl ACllS 

l.117E+Olt ACIH 

> 
) 

, , 

) 



Dll0-24071·1 

ll Pl&K &Mt tM~lttAl ... • . ......... ..,.. . 
HKHfPUlP<dlll • 1.sa11••• ..,,llM• 
II Pl• ._., • l.ll&l•ll .. tOlAl 
5' lAlie &II& Pit llCf • : .......... c l.JH .. M &CHI ) 
II •y• MOit Of IMllTI& • l.Hll+l' H-tll 
H lMIUSl PH Cettlll • t.lStl•ll llfMTOMS c 1.ttJl•ll ll ) 

' ' """''' Of , •• ~,,, •• • t.lSll•tl Pit INST 
SI CONtlOl POMll • l.l\ll•ll MIGAMAtl 
St ANMUAl ~tOf'lllAMT • I. lOl •11 TONS c l.HH•I' ""' ' II SllUCtUtl ltAIS • s.ett.1•u '°"' c . ....... ., lift ' ll CON110l $¥$ ~All • l.8•UHH lONS c ,.HU•ll l ... ) 

II SOl&I llANlll ltASS • ,,UH•O' TONS I t.t8Sl*01 Ult ' II PONll Dl$fl Ital$ • l.UH•IU TONS t S.U1hH UM ' 6\ ltlCM l lllC t1J MAii • l. Hll•H TONS c l.81H•U Ult ) 

6S AN1 \ltUC NASS • t.HH•U TONS c l.U.1.•H Ult ) 

66 ANf WAYIGUlDl "ASS • a.UHtlS TONS c .... , .. .., ll" ' If ANl llVSltON NASS • 1. S\H•8' TONS c l.HH .. 1 lllt , 
61 AN1 CONftOl CltS NASS • l.HH•U JONS ( l.SHl•H Ult ) 

It AMf PWI DlSlt NASS • l. SlH•U TOMS c l.llH•H ll" ) 

JI ANT PWt PtOC&tC ltASS • 1.U1l'•U TONS c l.lUl•Of UN , 
JI ANT IU\S • 1.0,ll•G' TONS c 6.1111•01 llN ) 

fl SflUCfUI( COST • l.tUl-H llUIOtl 
JS ~ONftOl ~YS CO\l • 't.UH-U lllllOtt 
,, SOlAI llANl(l cost • S.U:t•H lllllOM 
JS POWct D1Sll COST • &. Jh(-ll IHllOtt 
fl MICM&lllC t1J CO$t • i. n,1-1~ Ill llOtt 
H AN\ ~nuc cost • S.1'11-0l lllllON .,. ANT WAVlGlJ191 COST • s.eru-11 lllllON 
lt A Ht ll V\ TIOM COST • 6. UH-11 lllllON .. AN\' CONTIOl tltS COST • l.HH-Ol lllllON .. AN\' PWI OISU COST • l."U-ll 91lllON 
H ANT PWt PIOC&1C COST • ).UH-Ol lllllON 
IS ANf COS1 • :~l.!1£•00 lllllON 
I' NO Of flll6Nt fllCMtS • !. JUhO: 
IS Ct(W Sf tVlC( NO o• HT$ • l.UU•OI 
•• ots cost • 9,9'1.H ·lH lllllOM 
87 HHAl TIAMSP cost • 1.:1 )(•00 llll ION 
11 l(CflHHA CO\l • 1. 9'8( •00 lalllOM 
It CONStlUCflON (0$1 L:Hl•OO Ill llON 
•o l!ltHH~t l'Ull!ttG CONSll l. )Ul •00 11 ll. ION 

" Ull1UOi AIU U.CtOI .. l .folH•OO 
•: tou .. ""-:.s • 1.060(•0'\ tONS l.SHl•ll ll" 
u , dUl CObf • :.::u•ot Ill l ION 

'" COSf!'Oll • :. Ull•U • 
"" C0~1JlW~ • •.GOH•C:l NlllS 



Dll0-24871·1 

rd) 
Rotary Joint PoW« •ISM ......... 

ANTEllllA DIAllETER 

SOlUflOll RISUlTS 

I ll$11T INPUT IFFICIENCY • 
Z MET CEll lfflCllltCY • 
J 8ASIC CONWEaSION EFFY • 
4 8lANIET FACTORS • 
5 aus I-SQ-I • 
6 NET ENERGY CDMW IFFY • 
1 AREAWISE EfFICllltCY • 
a ANTENN.t. POYER DISTR EFFY • 
t NET ot:-IF EFFICIENCY • 

10 IDEAl BEAN EFFICIENCY • 
11 NET at"" EFFICIENCY • 
12 INTERCEPT tFFICIENCY • 
IJ tECTENNA If-DC (FFICIENC • 
14 NET IF LlNI EffY • 
15 DC-TO-DC EFFICIENCY • 
16 DC-JO-GRID EFFICIENCY 
17 OV(RALL PHYSICAL EFFY • 
II AREA EfftCTIVE EFFY • 
19 BLANKET AttA 
ze ANTENNA DIA • 
21 REQUIRED SIDELOBE SUPPi 
22 TAPER REQUIRED FOR SL SU • 
2l TIANS"ITTER PONEI TAPER • 
24 RECEIVER AVE,PEAI RATIO • 
25 X"TI AVG;PEAI RATIO 
26 BEA" SPREAD FACTOR • 
27 RADIATED If POllER • 
28 BEAM DIAMETER 
29 BEA" AREA • 
lt AVERAGE BEAM POWER DENS 
ll PEAK BEAM INTENSITY • 
32 POWER IN "AIN BEAM 
3J SATELLITE LENGiff • 
34 NU"BER OF BAYS • 
l5 X"TR PWR DISTR LOSS : 
36 ADJ 8AY USEFUL AREA • 
37 BAY SIZE • 
38 SPS AREA • 
l' "EAN SOLAR INSOLATION 
41 SOLAR CELL OUTPUT 
41 ROTARY JOINT CURRENT •&• 
42 ROTARY JOINT CURRENT •a• • 
43 TOTAL PROCESSED POWER • 
44 TOTAL KLYSTRON INPUT 
45 TOTAL KLYSTRON OUTPUT • 
46 NU"BER OF KLYSTRONS • 
47 "AX KLYSTRON PACKING DEN • 
48 "AX RF POWER DENSITY • 
49 NUHBEI OF SUBARIAYS • 
SO RECTENNA AREA • 

VALUE • 

a.579£-ll 
1.611£-•t 
1.JHE-81 
9.Ht£-01 
,.HSE-01 
1.au-01 
t.l70E-ll 
t.HaE-01 
1.11 u-01 
t.aue-01 
9.197£-81 
9,70ZE-8l 
a. 979E-Ol 
8.651£-ll 
6.)00E-81 
6.lllE-01 
7.H7E-02 
6.175E-GZ 
l.852£+01 ft2 C 

.1.600£•01 '" ( 
2.122£+81 DB 
1.znt+o1 D• 
l .l99E+Ol DB 
1.929£-11 
J.176£-11 
1.S6lE+OO 
6.930£•03 ftEGAMATT 
a.aaoe+oo '" c 
6.194£+07 ftl ( 
l.Ol7E+ll ftW~ftZ 
5.271£+01 ftW,Cft2 
6.304E+03 ftEGAWATT 
J.llOE+Ol BAYS 
2.568£+02 BAYS 
J.12lE-02 
4. OHE +OS "l 
6.600£+02 ftETEIS 
l.12lE+OZ K"Z 
LSl'IE+OZ GW 
l.61'E+Ol GW 
l.389E+OS AHPS 
8.158£+04 A"PS 
Z.S63E+OJ "EGAWATT 
l.655E+04 "EGAWATT 
l.407£+04 "EGAWATT 
1. 954E+OS 
l.6lDE+Ol PEI SUI 
l. C85E +Ol KW/Ml 
l.859E+04 PER ANT 
l.484E+07 "2 < 
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z.stH+M ACRES 
t.t4ZE-el ftl 

S.SHE+OO Ill 
l.SJH.+M ACHS 

l .Ol2E+l2 ACUS 

8.609£+13 ACRES 

, , 

, , 

) 

) 



Sl PIAI AMT TMllllAl ... 
H DC Rf PUT POMa 
H 8al8 PORa 
M UND AHA Ha HCT 
IS •y• llOll W l•an& 
SI fllaUST Pia C .... 
$1 NU"811 DF THauStlll 
S8 COMTIGL PGllta 
St AIUIUAl PIGHllAMf 
II STIUCTUI£ llASS 
H COMTIOl SYS llASS 
12 SOlAI •l&NllT llASS 
IS POWEi DISTI "ASS 
14' ftECH & llfC l'J llASS 
,, AMT \llUC RASS 
II ANT WAVEGUIDE ttASS 
11 ANT ILYSTION ftASS 
&8 AMT COHTIOL CITS tlASS 
It ANT PWI DISTI NASS 
18 ANT PWI PROC&TC KASS 
1l ANT NASS 
11 STIUCTUIE COST 
1:S CONTROL SYS COST 
1to SOLAR ILANIET COST 
75 POWEi DISTI COST 
1& MECN&ELEC 1,J COST 
11 ANT STIUC COST 
71 AMl WAVEGUIDE COST 
1t ANT llVSllON COST 
81 ANT CONTROL CITS COST 
81 ANT PMI DISll COST 
82 ANl PUR PIOC&lC COST 
as ANT COST 
llt NO OF FREIGHT FLIGHTS 
as CIEW SERVICE NO OF FllS 
• , ors COST 
17 TOTAl TRANSP COST 
aa IECTENNA COST 
et CONSTRUCTION COST 
to INlERESl DURING CDMSTI 
tl LATITUDE AREA FACTOI 
92 TOTAL "ASS 
ts TOUl COST 

'" COS.,KWE 
t5 COST,ICWH 

Dll0-24071·1 

TaMeAl·l (Coatl11111d) 

• l.HH•H 0'911 
• S.18Sl•OO StllllNI 
• 1.1441+01 8M lGTAl 
• a.JIH•Ol RI 
• l .lllhl4 IG-ttl 
• t.ISOl•Ol MIMTONS 
• t.lSl£•11 Pll INST 
• l.1411•11 "E$AllATT 
• S.7'91+11 TDllS 
• S.ltU•O:S TOMS 
• l. 14U•IZ TON$ 
• 4.<HH•l4 TOMS 
• 2.staE•H TOMS 
• l .4Hf•tl TOMS 
• l.Htl•IJ TOMS 
• l. lilt£ •04' TOMS 
• l. :SSH• 04 TONS 
• l.OS5E•l:S TONS 
• l.451E+U TONS 
• S.IHE•OS TONS 
• :S.:S45E•ltt TONS 
• l.t47£-01 llllJOll 
• t.lt6E-02 llLLIDM 

J.6&ZE•ll llLLIOM 
• l.7S4E-IZ lllllOll 
• S.015E-02 lllllON 
• S.tt2E-ll llLLION 
• &.6Z&E-Ol llLllOH 
• &.110£-01 lllllDM 
• l.:SSIE-01 llLLIOM 
• l.566E-Ol lllllON 
• S.lt75E-9l lllLJOM 
• l.ltl7E•OCI lllLJON 
• :S.81t6E•02 
• l. lHE<Cll 
• l .OllE•OO BILL ION 
• 7.toUE•OO lllllOM 
• 2.522E+CIO BILLION 
• l.SltE•OO lllllON 
• l.StsE•OCI lllllON 
• l .4ltE•OCI 
• l.Ot9E•05 TONS 
• 2.UOE•Cll lllllON 
• Z.135E+Ol • • S.'6tE•Ol "ILLS 
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c 
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OUllNAL PAOI • 
or toOR QUALITr 

1.1111+14 ACllS > 

1.1111••• l• , 
8.HH•M lM ) 

l.Htt•l7 lift ) 

4'.SIH•IS lift ) 

t.tHh11 LU , 
S.127hH lift ) . 
J. l&Sl+H llll I 
z.azu•H llll ) 

2.4:SSl+17 l8" ) 

2.tt4E+G1 LIM ) 

2.Sl1E•H LIM , 
1.1 t11•06 lift , 
l. llCIC.81 UN ) 

1. S1"iE+81 l ... ) 

2.ftUE•H UH 



MltlMMA 81Alttlll 
SDl•ttOM •ISUlTS 

l llSMl lMPUl lfflCllNCY • 
I 11\l Clll lf•ICllMtY • 
~ a&$lC cOMV£1S1QM lffV • 
~ au.tt&U JlttHS . • 
S MIS l-S--1 • 
' Nit fMtlSY COM¥ lffY • 
1 AllAWtSl lfflCltMC\ • 
a ANfEMMA POUtl DlSll tffY • 
t Mtf DC-If lfftClltiCY • 

II IDEAL l(Aft tfflCllMCY • 
ll Mll lfAft (ffltllNCY • 
ll lNTflC£PT tfflCltNtY • 
lJ l(CffNHA IF-DC lff tCllMC • 
14 Nlf If llNl tffY • 
lS DC-TQ~DC £FFICllMCY • 
16 ec-tO-GllD (Ff lttENCY • 
11 OVllAll PHYSICAL EffY • 
l& AIEA ffflCTIYE Eff Y • 
lt llANllT AltA • 
ll ANf{HhA DIA • 
11 IEQUlllO SlDllOll SUPPi • 
ll TAPft Rf0Ul1£D FOi Sl SU • 
lS TIANS~llf(t POwfl TAPEI 
l4 IECEIV(t AV~iPEAK IAYIO • 
15 XHT• AV&rPEA& IATIO 
16 BEA" SPREAD f ACTOI • 
17 IAOIATED IF POWEi • 
11 HAft DI,.ftETU 
19 MAl't AltfA 
)8 AVllAGl BEA~ POWEi DINS • 
Sl PlAK DEA" INTENSITY • 
Jl PONll lN "AIM BEA" 
lJ SATEllllE llNGTH • 
)4 HU~8EI Of 8AVS • 
SS X"ll PWR DlSll lOSS 
1' AOJ BAY USlFUL AREA • 
H IAY SUE • 
Sil SPS All A 
!9 HEAN SO lA. ll l N!.>lll A fl ON 
40 SOlAR CEll OUlPUl • 
41 IOTAIV JOIHf CURRENT •a• • 
4l IOlAR~ JOlHt CURRENT •1-
4) TOTAl PROCESSED POWEi 1 

44 lOlAl ~lYSllON lNPUf • 
45 TOlAl ~lYSlRON OUTPUT • 
46 NU"8£1 Of KlYSlROMS • 
41 HAX llVSllON PACllNG DEM • 
48 "-'X Rf POWER OlNSllV • 
4t NU"8Et or SUdAl~AVS • 
50 RECit~NA ARIA • 

VAlUI • l.llH•ta 

1.1n1-11 
l.HH-Ol 
I.UH-I! 
t.nu-11 
t.HSl-ll 
1.nu-11 
t.HH-11 
t.UU-Ol 
a.uu-11 
t.aut-tu 
t.un-01 
t.lUl-11 
e.tau-01 
a.nu-11 
6.HU-01 
'·nor-cu 
1.41:£-U 
,.u-.t-U 
l.O~~l•OS Rl t 
t.aoo£•OO c• t 
2.llH•Ol DI 
LHOhOl DI 
l. HOE•Ol DI 
1.uu-01 
S. 04 H-01 
LSBhOO 
6.t58E•OJ MESAMAll 
&.045[+00 '" ( 
S.O~ll+Ot "l ( 
1.249£•01 MM'C"Z 
&.Stl£•01 MW'C"l 
6.5•9E+OJ "EGANAtT 
l.llObOl llAVS 
l.!>6t1£•0l BAYS 
l.lJ~E-OZ 

4.096(•05 Hl ( 
6.6ft0f•Ol HETEIS 
1.1.'H•Ol It".? 
l.Sl9t+01 GW 
l.8l9t•Ol GW 
J.3S'o£•05 Aftf'S 
a.l.'.'6E•04 A"PS 
l.563£•01 "EGANATT 
1.66~£•0• ME&ANATT 
l.4llE•O• ftEGAWATT 
1.9'1E•OS 
l.l~Ol•Ol PER SUI 
l.9'HH.•OO KN.IHZ 
l.JSll+04 P(R ANT 
z,~S9l•01 Ml 

.\38 

z.Htl•I• ACHS 
l .lltUll Ill 

•.HU•ll IU 
l.l~U•I• ACUS 

l .tlU+H ACIH 

f.HU+U ACHI 

) 

) 

) , 

) 



JI PIAK ANT TMltMAL fltfl • 
II K OUTPUT POMU • 
SS lllD POMH • 
S' lAND AtlA Pit llCT • 
SS •y• "°" Of IMllTIA • 
16 TMIU$T Pll COIN(I • 
51 NUNtll OF TMIUSTlll • 
SI CONt•OL PO~tl • 
St ANNt•Ai. PIOPH UNT • 
It SttUCTUll NASS • 
&l CONTIOl SYS MASS • 
11 SOlAI lllNltlT NASS • 
&I POWEi DISTI NASS • 
I<\ MlCH & lLIC l'J MASI • 
&S ANT STIUC NASS • 
,, ANT MAVlGUIOt MASS • 
11 ANT ltLVSTION NASS • 
&I ANT CONTROl CkTS NASS • 
6t ANT PWI OISTI NASS • 
70 ANT PWt PIOC&1C MASS • 
11 ANT MASS • 
1l STIUCTUIE COST • 
71 CONYROL SYS COST • 
'" SOLAR BlANICtT cost • 
JS POWEi DISTI COST • 
1' "~CH&ElEC RIJ COST • 
11 ANT STRUC COST 
18 ANT WAVEGUIDE COST • 
79 ANT KlVSTtON COST • 
10 ANT CONTROl CkTS COST • 
81 ANT PWR OISTt COST • 
8l ANT Pwt PROC&TC COST • 
IS un COST • 
14 NO OF rtttr.Mt FllGMTS • 
as CREW SERVICl NO OF FLTS • 
16 OTS COST .. 
11 TOTAL TRANSP COST .. 
aa RECTENNA COST • 
., CONSTRUCTION cost • 
tO INTEREST DURING CONSTt • 
tl LATITUDE Al(A FAClOI • 
9l lOUL HASS • 
u TOTAl COST • 

'" COSltlCWG • 
tS COST/llWH • 

a .tUl•IO IM'9tl 
1.,111•11 9'1,LIMIC 
l.1511•11 9'I TOTAL 
J.Hll•IJ Ml 
l.HU+l' lt8•NI 
t.1511•11 NtMlONI 
t.llll•Ol Pfl INST 
l.l,lt+Ol NEC4MATT 
S. 1,H+Ol TOMS 
S.HU+U TOMS 
l.OO£+H TONS 
,.,t.U+Q<\ tONS 
1.saat•es TOMS 
l. S 70E +OZ TONS 
l .Uat+U TONS 
l. HH+°' TONS 
a. u-.1 •04 TONS 
l .HOE+Ol TONS 
l.OUE+OS TONS 
5.0HE+Ol TONS 
S. 7HE+O'> TONS 
l.t .. 1t-Ol BllllOM 
t.l9U-O: lllllOM 
l.UU•OO ltlllON 
'·nu-oz BILLION 
S.297£-0l ltlltON 
4.213£-0l 81 LllON 
I. J86£-0l lllllON 
6.lOftE-01 lllllON 
1.nu-01 lllllON 
z.un-Ol Ill LION 
l.HSE-Ol lllllON 
z.uae.oo BllllON 
'·Ol 1t•Ol 
l.2UE•Ol 
l.07U•Otl lllllON 
1 .• ~U•OO BllllON 
l· UIU•OO lllllON 
J,HJl•OO 81 l llON 
l.417[•00 IUlllON 
l .UH•OO 
l.lft8C:•llS TONS 
l.lUE+Ol lllllON 
2.llrtloE+OJ • J. 985E•Ol MILLS 
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S. HShH UN ) 
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Table Al-1 (Continued) 

Rotary Joiat Power• 8544 Mepwatta 

ANlllllNA DIAMETll 
SOLUTION HSUllS 

l LISllT INPUT EFFICIENCY • 
l MIT Cfll EFFltlfMCY • 
I llA$1C COMVEISI°"- tFFY • 
4 llAMIET FAtTOIS .. 
S IUS I-SO-• • 
6 NIT lNERGY CONY IFFY • 
1 AllANISf lfFtCIENCY • a ANTENNA PONll DISTI IFFY .. 
t lllT DC-Rf EFFICIENCY • 

lt IDEAL IEAM lfFltlENCY • 
11 NET 1£AM EFFICIENCY • 
12 INTERCEPT EFFICIENCY • 
ll IECTENMA IF-DC EFFICIENC • 
14 NET IF LINK EFFY • 
IS DC-TO-DC EFFICIENCY • 
16 DC-10-GRlO EFFICIENCY • 
11 OVEIAll PHYSICAL EFFY • 
11 AREA EFFECTIVE EffV • 
U IUNICH AIU • 
H AHTlNNA OIA • 
21 REQUIRED SlDElOIE SUPPi • 
22 TAPER IEQUlRED FOi Sl SU • 
2S TRANSMITTER POWER TAPER • 
24 RECEIVER AVG/PEAK IATlO • 
25 X"TR AVG/PEAK IATIO • 
Z6 &tAM srlEAO FACTOI • 
~1 RADIATED ~F POWEi • 
u IU" DUftETU 
z' &UH AIU • 
10 AVERAGE BEAft POWER DENS • 
)I PEAK &EAM INTENSITY • 
u POWEi IN "AIM 8Uft • 
n SATELLITE LENGTH • 
lfo MUMBEI ~f BAYS • 
lS XIHR P~R DISTR lOSS • 
36 ADJ 8AV USHUl AIU • 
S1 8AV SIZE • 
sa SPS ARO • 
l9 PIEAN SOLAR INSOlATION • 
"o SOLAR CEll OUTPUT • 
"l ROTARY JOINT CUklENT •A• • 
It:! ROTARY JOINT CURRENT •a• " 
"' TOTAL PWOCESSED PON£R • 

"'" TOTAL KlYSTRCH INPUT • 
ftS TOTAL IClVSTION OUTPUT • 

"" HUMBER OF KlYSlRONS • "., MAX KLYSTRON PACKING DEN ,. 
lt8 HA~ RF POWER DENSITY • 
0 HUHOER OF SUBARRAVS 
50 REC TENHA AIU • 

VALUE • 

a.ntE-11 
l.HU-ll 
1.160£-81 
t.stH-Ol 
t.S'5E-01 
l.20lE-OI 
t.UH-Ol 
9.122£-Gl 
1.utt-01 
t.asn-01 
9. l OE-01 
t.191£-01 
a.uu-11 
•• 717£-0l 
,.420[-11 
6.227£-01 
7.lo76E-02 
7.0GSE-02 
l.05lE•Oa .. , ( 

.2.000[•00 lM c 
2.'JO!'>E+Ol 08 
1.ltl3E•Ol DI 
l.434E•Ol DB 
l .at.OE-Ol 
2.923E-Ol 
l .'21E+08 
6.9SltE•03 ftEGAMATT 
7. lt.4E+OO KM ( 

4.259E+01 "z ( 

l .lt94E+Ol "WICtU 
&.OUE+Ol ""'c"z 
6.HlE•OS MEGAWATT 
1.210E•IH !lAVS 
2.568£•02 8.\VS 
2. nue-o~ 
lt.096h0S H2 
6.UOE•02 l'IETERS 
1.12.5£•0Z IC"Z 
1. 519E+Ol GW 
l.819E+Ol GW 
Ll8ltE•05 AMPS 
8.ll9E•C4 AtlPS 
2. !>63E•Ol HEGAWATT 
l .661E+O<t MEGAWATT 
l .ltllE•Olt MEGAWATT 
l.961[•05 
L 1 l8E+Ol PER SUI 
7.S7;":E+OO KWl'H2 
2. 'J05E•04 Pl'R ANT 
2. l96£+07 .. ~ 

. " 
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2.5Hf+l4 ACIH ) 

l.24U•il ft! ) 

lt.51H+OO Ml ) 

l.OSZhU ACHS ) 

l .OlU+OZ ACRES 

5. tZOE+OS AtlfS 



Sl PEAK ANT THUNAL .... 
52 DC OUTPUT POWll 
SJ CUD POWEi 
Sit LAND AREA PEI IECT 
SS •v• NOH OF INERTIA 
SI TMIUST PEI COINEI 
sr NUHBEI OF TMIUSTEIS 
51 CONTROL PONEI 
St ANNUAl PROPELLANT 
60 STRUCTURE "ASS 
61 CONTIOL SVS HASS 
62 SOLAR ILANIET "ASS 
6:S POUEI DISTR MASS 
64 t:ECH & ELEC l/J NASS 
65 ANT STRUC "ASS 
66 ANT ~AVEGUIDE NASS 
67 ANT KLYSTRON MASS 
68 ANT CONTROL ClTS NASS 
69 ANT PUR DISTR NASS 
70 ANT PUR PROC&TC NASS 
71 ANT MASS 
72 STRUCTURE COST 
73 CONTROL SYS COST 
74 SOLAR BLANKET COST 
75 POWER DISTR COST 
76 HECH&ELEC R,J COST 
77 ANT STRUC COST 
75 ANT WAVEGUIDE CO~T 
79 ANT KLYSTRON COST 
80 ANT CONTROL CKTS COST 
81 ANT PWR DISTR COST 
82 ANT PWR PROC&TC COST 
U ANT COST 
84 NO OF FREIGHT FLIGHTS 
85 CREW SERVICE NO OF FLTS 
a6 OTS COST 
87 TOTAi TRANSP COST 
aa RECTENNA COST 
89 CONSTRUCTION COST 
90 INTEREST DURING CONSTR 
91 LATITUDE A~EA FACTOR 
92 TOTAL "ASS 
93 TOTAL COST 
94 COS TJ'KWE 
95 COS TJ'KWH 

Table Al-I (Condnued) 

• l.UH+OO KMJ'M2 
• S.485£+80 SlVLJNI 
• 1.06"1£•11 811 TOTAL 
• 6.0UE+07 "' • l .201E+llt IC-MZ 
• t.lSOE+Ol NEWTONS 
• t.lSOE+Ol PU INST 
• l. lft8E+82 "EGAWATT 
• :S. 71t9E+Ol TONS 
• 5.894E+OJ TONS 
• 2.0lt3E+02 TONS 
• It .49lf+Oft TONS 
• 2. SHE+OJ TONS 
• l. 704£•02 TONS 
• 2.000E+Ol TONS 
• l.726E+Olt TONS 
• l. lUE+04 TONS 
• l .059E+Ol TONS 
• 2.2'9E•Ol TONS 
• S.Ol7E+Ol TONS 
• ft. l28E+04 TONS 
• 2.tlt7E-Ol 8HLION 
• t. l 96E-02 llLLJOH 
• J.U2E+OO BILLION 
• 6.HlE-02 BILLION 
• J.578£-02 BILLION 
• ft.lt60E-Ol BllLIOll 
• l .OlSE+OO Bil LI OM 
• 6.201E-Ol BILLION 
• 2. l38E-Ol BILLION 
• 2.48lE-Ol BILLION 
• 3.'t75E-Ol BILLION 
• 2.9l1E+OO BILLION 
• 4 .192E+02 
• 1.395E+Ol 
• 1.125£+00 BILL ION 
• 7.934E+OO BILLION 
• 1. 9l;:f+QO BILLION 
• 1.#oHE+OO BILLION 
• l .ltlt6E+OO BILLION 
• l .1tl9E+OO 
• l.l98E+05 TONS 
• 2.Jl~E+ti: BILLION 
• 2.17SE+03 • • ft.043E+OI "ILLS 
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1.UH•04 ACllS ) 

2.011a+ll LI 
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l. HH•l7 lBM ) 

lt.SOSE+OS LIM ) 

t.tO:SE+07 LIM ) 

'· 707f•06 LIM > . 
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,. • 409£ +06 LI" , 
:S.804£+07 LIM ) 

J.005£+07 LIM ) 
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APPENDIXB 
STAGING COST omMIZATION 

1.0 INTRODUCllON 

An optimization of the average operating cost as a function of staging velocity was perfonned as 

required by Task IV of the Part Ill work statement. The aim of this optimization was to utilize the 

mass, perf onnance and cost data of previous launch vehicle point designs to develop parametric 

trends. These trends were used to detennine the staging velocities that ·;.vuld result in minimum 

costs per flight for both winged and ballistic two-stage vehicles. In addition. a launch vehicle with 

a winged upper stage and ballistic booster was evaluated using the parametric trends. 

2.0 METHOD OF ANALYSIS 

In order to simplify the analysis and reduce the number of independent variables certain perfonn~ 

ance characteristics were fixed. Initial thn..st to weight ratios for the first ar. :l second stages were 

set at l :30 and .95 respectively. High chamber pressure LCff4/L02 engines in the 8.9 x 106 

newton (2x I o6 lbf) thrust class were used for the booster and standard SSME's were used for the 

orbiter. 

The vehicles were sized to deliver a payload of 400 metric tons to a 477 km altitude low earth orbit 

(LEO) inclined at 31°. All cost calculations were based on a 14 year operational program with a 

400 flight per year launch rate. 

The method used to detennine the vehicle sizing and cost per flight for a particular staging velocity 

is ilJustrated in Figures l and 2. Stage ideal velocity requirements for the given staging velocity are 

determined from parametric equations. These equations were derived from the loss data of previous 

vehicle point designs. 

The ideal velocity requirements are used in conjunction with the groundrule engine lsp's and initial 

assumed mass fractions to calculate the propellant masses for each stage. Mass fractions are then 

developed from parametric equations using the staging velocity and calculated propellant masses. 

The new mass fractions are used to re-calculate the propellant masses. The sequence is iterated until 

the solution converges. The parametric equations for mass fractions were developed from the ballis

tic and winged launch vehicle point design mass estimates. 
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~ * propellaat quantities and mass fractions are detennined tbe cost/flight c~n be developed. 

The quantity of engines anti airf~ come from life and refurbishment criteria listed in Table I. 

11ae t~tical fust uniC costs are generakd from the parametric relationships based on Boeing 

Parametric Cost Model results for the rrevious point design launch vehicles. When the appropriate 

~ Cttft"fi a'" .J applied ro the TFU costs and the flight requirements. tne rroduction and spares 

costs il?t pfO(.-..ed for t!te vat!v'US hardware elements. The propellant cosb .ue calculated using tl•e 

burden faclon IPd ~l costs as shown in Table 2. 

Ground ')~hoM ~ild systems cost trends were dc,-elo~ as a function or the numbe1· of engil\es 

from the r<<.:vioo~ srs ballistic and winged vehicles rost per flight data. The~ costs are combin~d 

•·ith lhe ~~Jw-.ue and propellant costs and :tddt"d to those overhead costs which are essentially 

Oi&ht rate dependent. to give the total average cost per flight. 

l.O omMIZATION RESULTS 

The staging ,·elocity optimization runs were J'l.·rfonned for the following :!-stage '-ehide options: 

Option #t) 8allistk ra~erabk booster and orbiter with a LC'f4/L01 booster and SSME pow

ered orbiUr 

Option#~) Same as #I except wingtd recovtrabie booster and orbiter 

(Jption #3l Same as #I except baUistk recowr.ible booster anJ wingnj orbiter. 

The resulrs of the staging velocity optimiLation for a 400 llight/)«~ar !..J year J'rogram are shown in 

figure 3. fhe options with ballistk rc\."o\Crallk l"loosters tenJ to optimizt' in the I0.000 to 11.000 

fps staging velocity (relative \dodty > range. Thl' wingeJ ,·ehil.'.k optimum staging \elod•y apf"ars 

fo be in the 6000 to 7000 fps staging \do.:ity ran~c. Thi.' ~1.·nsiti,·ihl'S to proi~llant .:o'it \'ariations 

were evaluakd for a+ ::s,o; anJ +50'~; \."han!!I.' i11 the liquiJ ml.'rhan.: anJ liquid h) Jrogcn .:osts as 

stated in Table:!. The impa..:l of LH:: i.·ost 'ariahons on thl.' Option ::1 and#: '-'<mct'l'h are ihown 

on Figun· 4. The locus of the optirnum sta~ing wlt)\."itit's shows a slight in..:rease in lht.' optimum 

velocity as LH:: costs inc~ase. Thi.' impa.:t 1.1f LCll4 cost "ariations. shown in l-1gun: 5. ha:- a slight 

reve~ cne\·t as ..:om1,ar1.•J to incn·a~-.t LH:: C~lSh, nw lo\.'U:- of lhl' optimum staging wlo.:iti~s for 

incre..sed methane cost shows a slight tka1:aSl' in the optimul'l \·do..:ity. 
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AIRFRAME 

• 300 FUGHlS DESIGN LIFE 

REFURBISHMENT • 305 OF UNIT COST EACH 100 FLIGHTS 

REPLENISHllENTSPARES • 0.18'0F UNITCOST1"FL1GHT 

ROCKET ENGINES 

DESIGN LIFE • INDEFINITE 

REfURBISHMENT = ~OF UNIT COST EACH 50 FLIGHTS 

REPLENISHMENT SPARES 0.!iO'!' OF UNIT COST/FLIGHT 

AIRBREA THER ENG,J~ES 

DESIGN LIFE "' INDEFINITE 

REFURBISHMENT 15% OF UNIT COST EACH 500 FLIGHTS 

REPLENtSHMENTSPARES .. 0.10%0f UNITCOST/FUGHT 

Tablr 2. Unit Paopelaat Costs 

UNIT 
BURDEN PROPELLANT 

PRCPELLANT FACTOR COSTS/kg 

LCH4 1.05 $0.395 

l~ 1.05 $0.037 

LH2 1.05 Sl.534 
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AlftNDIXC 
I.OW THRUST ORBIT TRANSFER SDIUIADON 

A six-ctepee.of-freedom orbit transfer simulation computer code was used to simulate the self. 

powered orbit transfer of SPS modules from low Earth orbit to posyr.chronous orbit. The import

ant featwa of this simulation include run tluee axis calculation of armty padients., detennbwtion 

of occultation when the vehicle passes tbrougb the Earth's sbaclow, an optimal plane change/altitude 

chanlC tluustina law and incorporation of a joint Jlemical/elcctric thrusting orbit tnnsfer per

formance. A summary block diagram of the integrating algorithm is shown in Figure C-1. 

Earticr studies employing simpler orbit transfer simulation codes had indicated that the optimal trir 

time for the self-poweret: orbit transfer is about 180 days. The electric thrust required to acc0m
plish a transfer in this lcngd1 of time is. in the case investigated, not sufllCient to control the vehicle 

attitude when the orbit altitude is less than about 2500 kilometers. Accordingly, it was neces:;ary _ 

to supplement clcctric thrust with additional chemical thrust during the early phase of the transfer. 

Preliminary analyses were conducted using the orbit transfer code before the thrusting aJgorithm 

was incoq>orated. These showed that the amount of total thrust required to control gravity gradi

ent was sensitive to various parameters including the (1) seasonal sun-Earth geometry. (2) the rela

tive orbit position compared to the sun position, and (3) the spacecraft clock angle with respect to 

the orbit geometry. (The clock angle is an angle of roU around the sunwan:l looking line.) These 

earlier results were reported in the Part II final report voll!ll'e S. 

The results discussed here considered a combination of sun geometry and orbit geometry that is 

nearly a worst case for gravity gradient problems. 

The selected calendar date was January I, 1990, when the sun has just passed solstice. The orbit 

inclination was 300 with the orbit line of nodes oriented such that the angle between the orbit 

plane and the Earth-sun vector was nearly maximized. This causes the vehicle to fly tilted with 

respect to the orbit radius vector such that the gravity gradient is at its maximum value, as illus

trated in Figure C-2. The moments of inertia .of the spacecraft are such that lhe gravity gradient 

torques about the x and z axes are large. The gravity gradient torques about the three axes are 

plotted for the fir J .-ev of the transfer in Figure C·3. Note that the x and z peaks are separated in 

time such that L. .. gravity gradient torque is high during most of the orbit. 
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The thrust and pcrtormance law llsed establisht>d a .. 't'iling vahl(' on total thrust. Ete..-t"'=' thrust is 

always operattd at the nuudmum 1vaiiahte valu..- (for this analysis ~000 ~utons per .:Ofll\'Il, t.'X'-'~Pl 

during shadow !'""riod~ when no e~trk thrust is ~mlilablt. Cllemkal thrust is used to au~nt tM 

total thrust up tl' the ttilinJ value. Ourin.tt shadow ~riods dtemicai thr.iSt is tL~ as reQUittd to 

maintain \~kie attitude. but no tmnslatiunal impol~ is .ipplk"lt The a~,;.Ution of .. ·hemtc.l thrust 

at a ~r ~fae impulse (400 ~'Oftds) r1piJty l!il.ut~ the ~t ave~ tl'ltal s~dfie impulse as 

illustrat\"!d tn fi..-re C --4. The tti&l\Sf~r simulation oode ""Olnrutes a net inle8fateJ 3\t'~'\' tffective 

Sl-te\-'ilt~ in\PUbe. This ind\kks the chi:mkal and cft<ctri(' mh:ins 1.·il~ts and the '°"~of ell\'\'tive 

thmst bec4U$1C of lf"'\ity lfldients and wn °'-'"'CWtahons. ·This .:umulati,.,. a-v\' ... ISP ~ a sensihw 

indkator of the dlecti\~ flt'rfonnance a.:hteW\\ hy the system under these trnn~t'-'r l'Onthlit•ns. 

Gravity ,..ad~l\t to111ue 1."an be alttred by l'hanl\ns the s1'a~·ran dock angle. 1nefi· are prubahly 

variahle-cl\X'k-a.np 01nimal strate1tks, but these wen· not inwsti~.ih.•d. Simulations wer\' run for 

•Prn~xitnalety 16 re,,-s. to inW!tigatl.' tht' tll"«"ts of spa ... ~ ... ·raft dod.;. an11k and thl' \·alue of thnist 

ceiling. These r1.-suhs are sho~11 in Figure ('-5. for the r.-rtt...'ular sun an,t orllit gnlm"•tfy "·onsid· 

l'ttd. •he ht-st dl~k anr.lt' was bOO .. Usin# this do .... k anttfl' th"• thntst ... cilin# was v~ried to detcmnine 

the optimal nht~ of the thNst 1.'"t"iling. l'his was found lo \x• oUOO newtl.'ms P\'f ..-on\l't. \ ~000 

newtons ek~tril' thntst and 4000 nt>wt\ll\s ... hemical thmst). 

·rn\' s~-..·ifi..- impul .... • lustl'I) for the first I'\'\ is illustr:ih.•,t 111 Figtm.' C'6. This hil't\"'I) sh\'lws the 

etlectivt• Sl)\'dfk imt'Uls;.• ( thl· instantam·ous ,·ah1,· of translattt'll thrust di\'\JeJ \ly h'tal t'n.'pdl~mt 

llt.)W.} It als,, sht1ws the 1..·umulat1w J\l'rag\' 'l'°''-'ilk \mpulS\'. N\'1tl' that th .. · dh:di\\' s1x•dfi .. · 

im1'ulsc !?tlt's to ztn1 whrn all thmst is n'•1Uir.:-.t fot t:r<l\lty !?f~hh'-'nt .. ·ontn,I tlf tluring th.Yuhation 

peri"\\ls. fht' thmst .. ~lhn~ law is U!il' .. i t\l s.:t maximum thrust unks.' mor\" thru'\t thJn th:lt i" 

requit\•J tn .:untrol J!ra\·\ty ~ra.Jknt. In flws..· ..-aS\'s. thl' thrust 1.:dli~ is \folat,·J a1l\.t h\t;d thnist ili 

made e'lm•I Ill tht• amount r...-.1uin'\i "' \'.\ll\\f\ll attitu.1-.-. Al~'· if tit.' thrust ~·1.·ilintt 1s k''\s th~m tht• 

a,·~1ila~k d1.•ctrK thmst tlh.'ll th1.' a\>Ul;1M,· de .. ·tri .. · thn"t i.; u ..... ,1. 

Usin~ th"· ,,phmum d,, .. ·k ;rn!?k ;m1.I thnist .. ·,·ilin)!. ,, sinluklti,,n ";\s rur frnm Ln l h' ( ;ro. ·r11 .. · 
n'Slllt~ ••f this SilllUlalitlll 31\:' Sh\l\\ll ii\ h~Uft.' {'- 7. ml' \\Wf;tll ll\J'\.S rati•' WilS I .. l I 1.'tlfrt'Sf'tllhlill!? 

to th1: cumulatiw a\cra~ lsp ,,r =ooo s1.'•'. Ahlh'u~h ttw propdlmll n-.1tm,·m .. ·nts an_· "''"wwh;•t 

)treah'r than carlkr \'Stim:\t\'s. tlus 1s "'t'Sh:omp1.•nsah·d hv tlw n•,h1.:t•,i trip hnh' \ t It• ,fays \'s. I SO 

da)·st 

This f\."l'Ult 1.1\l\'S 1\l.ll h'pl\'~Ot an '-'l'fitnUltl tr.tnsft'I'. ffll\' opl11ni1ah1.lll ,,f tins sysh.'lll IS ;Ill \'ll\lf~ 

mously .:ompk\ rf\~blem. tfl\'tlMn,: at k~1st Ow lt'"''" ll\)l t':\f;\ll\\'h'IY 
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