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FOREWORD 

Phase llI of the Solar Po •1er Satellite System Definition Study investigated alternati'•es to the ref~r­

ence SPS systems defined in earlier phases. Three principal altemat1ve technologies were investigated. 

The first was laser power transmission; laser systems and satellite configurations were developed and 

analyzed to assess the viability of this power transmission technology as either an al temative or sup­

plement to the reference microwave power transmission system. 

The second investigation included three transportation issues: (a) investigation of a shuttle-derived 

transportation system intended to rceduce non-recurring costs for SPS transportation development; (b) 

examination of a sma!Jer, heavy-lift launch vehide with the same end in mind. (A significant part of 

the smaller, heavy-lift vehicle investigation was assessment of the operational penalties that might 

arise because of reducing payload bay size and lift capability.) and (c) a sensitivity analysis of the ~lec­

tric orbit transfer vehicle with particular attention directed to effects of higher solar cell tempera­

tures in lower Earth orbits and also to the eventuality of having to operate the EOTV without solar 

array annealing. 

The third investigation was an update of a previous analysis of solid state power transmiss:or. with 

attention to the design details of the solid state transmitter and further analysis of the power distribu­

tion system. 

The study effort included two subcontracts. Grumman analyzed space construction co'1siderations for 

each major task area. Their results are included in each task presentation at the appropriute location. 

Their conclusions and recommendations are included at the end of their solid-state SPS construction 

analysis. Math Science Northwest assisted in laser power transmission analyses. Their results were 

incorporated into the laser task results. 
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LASER POWER TRANSMISSION 

Laser power transmission for the solar power satellite offers a number of potential advantages. In 

addition to the possibility of providing small power blocks because of the relatively short wave length 

of lasers, this transmission means provides an option to the reference microwave system which avoids 

microwave environmental issues. One of the laser options investigated even offers the possibility of 

eliminating the solar array from the reference system by direct conversion of sunlignt into laser 

energy. The known disadvantages and problems with the laser system include a lower efficiency than 

the microwave system, a perception that lasers are weapons systems, concerns over weather and atmo­

spheric absorption of these short wave lengths and in many instances a complexity that is comparable 

to the old thermal engine sateJJite options involving complex configurations, with large fluid loops and 

pumping machinery. 
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LASER POWER TRANSMISSION 

______________ _._ ______________________________________ .. ,, .. -----
SPS-3145 

ADVANTAGES 

• SMALL POWER BLOCKS - 10 - 100 Megawatts 

• NO MICROWAVE ENVIRONMENTAL ISSUES 

• NO IONOSPHERE HEATING 

• SYNERGISTIC TECHNOLOGY 

• POSS IBLE ELIMINATION OF SOLAR ARRAY 

DISADVANTAGES 

•LOW EFFICIENCY(?) 

• "WEAPON" CONCERNS 

• WEATHER /ATMOS PH ERE ABSORPT ltJN 

• COMPLEXITY 

9 
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LASER Ci-IARACTERJSTICS 

The characterlst~cs of lasers are summarized on the facing page. The free electron laser, although in 

some senses it can be considered as a normal laser, is different in that the extremely low entropy of the 

relativistic electron beam offers a system which in principle should be able to reach quite high eo'fficien­

cies of conversion of electron beam power to light power. 

10 
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LASER CHARACTERISTICS 
__________________ _. __________________________________________________ """'''"""' ____ __ 

SPS-3373 

NORMAL·· LASERS 

, CHARACTERIZED BY CREATION OF A NON-EQUILIBRIUM EXCITED STATE 
WHICH DECAYS BY EMISSION OF RADIATION, 

, OPTICAL RESONATOR CAUSES STIMULATION OF DECAY EMISSION AND 
FORMATION OF COHERENT BEAM, 

, LASANT OPTIONS: GASES, LIQUIDS, SOLIDS 

• PUMPING OPTIONS: ELECTRICAL, OPTICAL, CHEMICAL, GAS DYNAMIC 

FREE-ELECTRON LASER 
LIGHT EMISSION BY INTERACTION OF A RELATIVISTIC ELECTRON 
BEAM WITH AN ALTERNATING MAGNETIC FIELD, ELECTRON BEAM CAN 
BE CONSIDERED A "NON-EQUILIBRIUM EXCITED STATE," 
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LASER OPTIONS - FIRST SCREENINGS 

A wide variety of laser systems exist. In fact it has been said that almost anything can be made to 

laze. Of the better known types of lasers, three were selected for analysis and several others rejected 

for the reasons stated on the facing page. 

12 
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LASER OPTIONS FIRST SCREENING 

------------------~-------------------------------------------.. ,, .. ----­SPS-3374 

OPTION SELECTED BECAUSE REJECTED BECAUSE 

GLASS OR RUBER LASERS LOW EFFICIENCY; MASSIVE 

CHEMICAL LASERS NOT SUITED FOR STEADY-STATE 
OPERATION 

EXCIMER LASERS LOW C:!=FICIENCY 

SOLID-STATE LASERS LOW POER-PER DEVICE; 
LOW VOLTAGE; COMPLEXITY 

GAS DYNAMIC LASERS LOW EFFICIENCY & MASSIVE 

GAS ELECTRIC DISCHARGl POTENTIAL FOR HIGH POWER 
LASERS AND FAIR EFFICIENCY 

GAS OPTICALLY-PUMPED EU MI NATI ON OF SOLAR ARRAY 
LASERS 

FREE-ELECTRON LASER POTENTIAL FOR HIGH POWER 
-AND GOOD EFFICIENCY 

13 
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GAS LASER OPTIONS 

Carbon dioxide and carbon monoxide ga.s lasers may be pumped either direct!)' by sunlight or using an 

electric discharge. Gas dynamic pumping is also possible, but was eliminated from consideration as 

stated on the previoi.ls chart. The CO lasers operate on a series of lines in the ' m wavelength range. 

The bare efficiency of CO lasers, i.e., the light output divided by electric discharge power input to the 

gas, can be quit£· high. System efficiency estimates include parasitic Joads, such as gas pumping, tt.~r­

mal radiator fluid circulation, and other penalties. A further discriminator exists in propagation 

effects. The CO laser suffers substantial absorption by water vapor bands in the atmosphere. The C02 

laser wave length is long enough to escape most of the absorption. If an isotope laser is used to shift 

the wave length away from the C02 atmosphere absorption band, quite high pro,,agation efficiencies 

can be achieved in dear weather. A final consideration is lasing temperature. For fhe CO laser 

to reach high efficiency, it must operate at a low lasing temperature whereas the C02 laser can 

operate at near room tempt!rature. 

14 
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GAS LASER OPTIONS 

------------------..... --------~---------------------------------.-11111111-----SPS.3378 

• SOLAR PUMPED OR ELECTRIC DISCHARGE 

co C02 

WAVEL.ENGTH ... SiiM ... 10 i.i M 

li-FIClENCY (BARE) ... 501 ... 251 

ELECTRIC DISCHARGE ... 851 .... 85% 
SYS EFF'Y 

SOLAR-PUMPED SYS EFF 1 Y ~ 60% ... 301 

PROPAGATION ... 55% ... 901 

LASING TEMPERATUR~ 60-80 K 3CO K 

15 
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LASER POWER LINK CHARACTERISTICS - CO VERSUS COz 

The facing page provides additional information on the transmission effectiveness for var~ou11 locatJons 

and for varjous numbers of receiving sites. The statistics for numerous receiving sites assumes that the 

sites are far enough apart such that the cloud cover is not statistically correlated. 'fhis ordinarily will 

require separation of well ovP.r hundred i<iJometers. The average transmission given is for vertical trans­

mission. For the typical slant range of the SPS, the transmission will be on the order of 10 percentage 

points Jess for the 6096 efficient CO laser lines and J-2 percentage points less for the high efficiency 

isotopic C02 Jines. 

16 
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LASER POWER LINK CHARACTERISTICS: CO vs C02 ____________ .;.. ______ .._ _______________________________________________ _,,""" ____ __ 
SPS-3298 
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CLOUD COVER NUMBER OF RECEIVING SITES' 
1 
2 
3 
4 

ATJ()SPHERIC TRANSMISSION 

Vert1ca1 
Laser L111nt R1cefv1r Year1y Avy. 
Type .A1t1tudt Transm111 on 

Non·lsotop1c co2 N.A. 2.6 km .5& 
Isotopic co2 N.A. 2.6 km .95 

• N.A • 1.3 Ian .90 
co 60 K 2.6 km .68 
co 70 K 2.6 km .67 
co 80 K 2.6 km .56 

sect 

AVEBAGI YEAB~Y AYAILABJLITY 
.es 
.871 
.117 
.985 

Isotopic co2 Y11r11 Avg • fr! 1.00
1
___________ .ts 

!~ 
~::;; -~8 
!I;; 
~~ .so 

I 

3• 
-1 

='° ~N 
OJ FMAMJJASOND 

MONTH OF YEAR 

o PATH INCLINATION DERATING T ( 0 ) = [ T (0)] 
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ELECTRIC DISCHARC.£ LASER SCHEMA TIC 

The electric discharge laser requires a gas loop to circulate gas and provide some refrigeration, a laser 

cavity including optics and the electric discharge equipment to pump the gas, a heat exchanger and 

thermal radhtor system for waste heat removal, a solar array and power processor to provide power to 

the !liystems, an'4, finally, an accumulator and makeup gas supply to supply any makeup gas required due 

to leakage. In • .ie schematic shown on the facing page, it is assumed that the gas flow through the 

laser cavity is supersonic. Subsonic lasers can also be constructed. 

18 



ELECTRIC DISCHARGE LASER SCHEMATIC 
____________ ...;.. ______ ..._ ________________________________________________ ,,.,. ____ __ 

SPS·3371 

THERMAl. 
RADIArOR 

HEAT 
EXCHANGER 

l.ASER CAVITY 

DI f:'FU'SER 
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ELECTRICAL DISCHARGE LASER CONFIGURATION FOR SPS 

The illustration on the facing page sliows how the lasers would actually be grouped together and com­

bined to form a single beam of the desired power level. Jn this configuration, the gas flow through the 

multiple laser cavities is radially outward. 

20 
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ELECTRICAL DISCHARGE LASER CONFIGURATION FOR SPS 

-----~S~PS--326_5 ___ ~...._r _________________ -------- llllllN• _--

~~ 
'. j~ ~ Ci 82 

~~ DIFFUSER 

CAVITY I! 
WINDOW 

~------R_E_s_oN_A_r_oR _____ a ____ yA-____ ___ 

GAS FLOW 

I 

R \\4-~ GAS INJECTION 
SUPPLY GAS 

LOCKING SUPPLY 
- I 1-
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CO REFRIGERATION 

Because of the severe radiator mass penalties associated with low temperature radiation, it is impor­

tant to provide a degree of refrigeration, especlaUy for the CO systems or the Jasent must be in the 

range 60K to 800K. Two options exist: first, a supersonic flow laser as illustrated earHer; and second, 

the use of a refrigeration machine to provide a Jow circulating gas temperature in a subsonic laser sys­

tem. 

22 
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CO REFRIGERATION 
--------~S=PS~-32~75 ______ ...._ _________________________________________ •6llNIJI ____ _ 

o SUPERSON!C FLOW 

o REFRIGERATION MACHINE 

23 
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1 GIGAWATT ELECTRIC DISCHARGE LASER - MASSES VERSUS MACH NUMBER 

The various Jaser flow option system masses were parameterized as a function of Mach number in the 

laser cavity region. Subsonic C02 lasers may be reasonably competitive because of the relatively high 

l.::.sant temperture. For CO lasers, supersonic flow is essential. The tradeoff between pumping power 

and radiator temperature reaches a minimum at a Mach number slightly in excess of 3. 

24 
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1 GW EDL LASER SPS MASSES VS MACH NUMBER 

____________ ....; ______ ~------------------------------------------------,.,.,,HWll'------SPS-3362 
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LASER REFRICERA TION OPTit.'IZATION 

For the CO laser, if one uses a refrigeration machine with subso11ic flow, one finds an optimum at a heat 

reject temperature of about 500°K. Because of the refrigeration power, the heat rejection system 

actuaHy rejects about 10 times as much heat as is generated in th<' laser itself. Thus the refrigeration 

option is more massive than the supersonic flow option because in the supersonic flow instance the 

... ituation in the laser cavity is not an equilibrium thermodynamic state and one does not actually 

pump heat from the low lasant temperature. 
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LASER REFRIGERATION OPTIMIZATION 
SPS-3254 

! ~ I 
~ -~ --l-- +·-- ·---l---·----1·--

: ~\\ I I i I 
~ ~ ~~~\ ---1 t-. ---+-----
~ E ' ' ! I 

~ 1il8 • ' ~~ , - J ------1--- _I _____ ____. ~ ~ . '-J:::::: ..._ :_ - - - I r 
U,J t' I - --- - - .- - - - -ex: RADJATtlt -- .::-- - - - - - - - - - - - -.... -· -- ._ .... __. ,._.......-.---
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ELECTRIC DISCHARGI! GAS LASER RESULTS 

A summary of the findings for the electric discharge gas lasers is presented. The main finding is th.Mt 

because of their generally low radiator temperatures they have large and massive radiator• that com­
pound the mciss and cost multipliers caused by their low (circa 20'16) efficiencies. 

28 
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ELE~TR!C DISCHARGE GAS LASER RESULTS _____ ...;... __ _._ ___________________ .. ,,,,,,,,,.--
SPS·3378 

• VERY MASSIVE 

• LOW EFFICIENCY 

• PUMPING MACHINERY & OTHER COMPLEXITY 

• STRONG TECHtU CAL BASE 

• LOW ABSORPTION WITH C02 ISOTOPE 

• COULD IMPROVE MARKEDLY WITH NOVEL THERMAL RADIATOR 

29 
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INDIRECT OPTICALLY PUMPED LASER PRINCIPLES 

Optical pumping of lasers occurs on relatively narrow resonance lines at which the lasant absorbs 

energy to raise it to the excited state. If s1Jn1ight is concentrated directly upon a Jasant, the laser 

absorbs the solar spectrum only on those resonant lines and the eff iclency of utilization of sunlight is 

ve.ry low, typically Jess than 1 <J6, Selective concentrators have been suggested as a way to make a rea­

sor1able directly pumped optical laser, but with realistic concentrator masses, this option is quite 

unattractive. By employing a cavity absorber to rethermalize the solar spectrum in the infrared range, 

a ;r...;,re efficient match to the ibsorption Jines of CO or C02 may be provided and because of continu­

ous energy exchange between wave lengths in a thermal cavity, eff iclent absorption of the solar energy 

by the lasent is possible. This is called the indirectly optically pumped laser. 

30 
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INDIRECT OPTICALLY PUMPED LASER PRINCIPLES 

--------~S~Ps~.3~22~3------....11-.------------------------------------------------.. ,, .. ------

c 

1 THE SOI.AR SPECTRUM, 
A POOR MATCH TO LASER 
MEDIUM ABSORBTION 
LINES, 

2 IS CONCENTRATED ON 
A CAVITY AT A LOWER 
TEMPERATURE 

31 

3 TO PROVIDE A MORE 
EFFICIENT MATCH 
AND Al.LOW 
SPECTRAL ENERGY 
REUSE BV 
RETHERMALIZATION 
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CO SOLAR PUMPED LASER 

A cycle schematic for the indirect optically pumped laser is illustrated here. Like the electrically 

discharged laser, a circulating gas loop is used with a laser cavity, a heat exchanger, and a pumping 

system. Pumping power may be derived either from a solar array ~r from a thermal powered loop. For 

the ~unii~uration selected, it makes sense to use a therma• power loop to avoid a rotary joint system 

for getting electric power to the laser system. 

32 
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CO SOLAR PUMPED LASER 

I 

I 
I , , 

I 
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RECEIVER 
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BRAYTON CYCLE 
TURBINE POWER SYSTEM 

' , 
'LASER 

/tAVtrV 

BLACIC BODY 
CAVITY 
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INDIRECT OPTICALLY PUMPED LA.SER CONFIGURATION OPTIONS 

As is the case for microwave systems, a rotary joint between the sunlight collected by the SPS and the 

powered beam sent down by the SPS is necessary. In the case of the optically pumped laser, this rotary 

joint may be an optical/mechanical rotary joint. The two options are use of an optical rotary joint for 

the incoming sunlight or for the outgoing lasf!r power. Geometric considerations limit the number of 

laser:: to two for a case using a laser optical rotary joint. Since the solar pumped lasers may be limited 

in power to a few megawatts, the concentrator optical rotary joint was ~.!lected since this aJJows as 

many lasers as one may wish to have attached to the cavity which ls tht'n fixed with respect to earth 

pointing. 
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IOPL LASER OPTIONS 
(NOT TO SCALE) ----~!_ __ _;;;;:~ ____ .J. ________________________________________ ,.... _______ "'"'''"'"' 

SPS-3202 

LASER OPTICAL 
ROTARY JOINT 

---RADIATOR 

/ I , 

/ ~ "::::= __ _ 
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INDIRECTLY OPTICALLY PUMPED LASER SPS GENERAL ARRANGEMENT 

Based on the preceding considerations, a general configuration \\'3S developed as illustrated in order to 

carry out a construction analysis. This configuration was sized for a light input to the thermal cavity 

of approximately 1 gigawatt with an estimated output of between 100 and 200 megawatts of laser light 

power. The concentrator itself is a segment of an off-axis parabaloid. It is made of a tetrahedral truss 

graphite structure with the length of each truss member selected to provide the required curvature. 

Based on earlier studies of achievable mechanical precision of such structures, it appears that the re­

flector surf ace of aluminized kapton could simply be stretched between the structural elements so that 

individually adjustable pointable facets are, strictly speaking, not required. However, for a conserva­

tive approach to the analysis here individually controlled, hex faceted reflectors like those proposed for 

the earlier Boeing solar thermal power satellite are baselined. 
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INDIRECTLY OPTICALLY PUMPED LASER SPS GENERAL ARRANGEMENT 
____________________ .._ ______________________________ .._. ________________ •1111A111------

SPS·J240 

966 .6 M 

T 
2 7 5 M ~ClCIC:ll::cz:s::l:ll:Klirafz:cazac1Z:11:1c:::c1:1~ 

,7 
/ 

RADIATOR r389.3M__, 

CONCENTRATOR STRUTS 
MAY BE SMALL TRIBEAMS. 
LENGTH TOLERANCE ON 
INSTALLATION IS 

± 1 CM 
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CAVITY SOLAR IMAGED VIEW FACTOR AND WALL TEMPERATURE AS A FUNCTION 

OF CONE ANGLE 

As one increases the sunlight concentrator cone angle of sunlight concentrated into the caivity, the 

apparent view factor from the cavity of the solar surface temperature increases to a figure 

approaching 1 or a concentrator cone half angle of 900. Given"' view factor, one may calculate an 

adiabatic cavity temperature one which would be reached if no energy were extracted from the cavity. 

Efficiency considerations dictate an adiabatic cavity temperature on the order of twice the operating 

te:nperature with heat extraction. Math Science Northwest has estimated a desirable operating tem­

perature of about 1750K. This leads to an adiabatic temperature of about 3500K and suggests a 

concentrator half angle on the order of 30 to 350. A figure of 0.6 radians, approximate 3_,o, was 

selected for configuration analysis. 
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CAVITY SOLAR IMAGE VIEW FACTOR AND WALL TEMPERATURE 
AS A FUNCTION OF CONE ANGLE ____________________ .... _______________________________________________ .. ,, .. ------
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INDIRECTLY OPTICALLY PUMPED LASER SPS CAVITY AND LASER ARRANGEMENT 

On the fa.cing page is illustrated the contemplated arrangement of lasers and laser telescopes in order 

to provide multiple laser power beam transmission from the optically pumped laser satellite. It is essen­

tial to keep the laser gas circuit and cavity assemblies as close to the aperture as possible in order that 

lasant pumped in the cavity can be circulated immediately to the optical laser cavity before it 

depopulates. 

The telescope assemblies use turning mirrors to turn the laser Hght toward the Earth. The laser tele­

scopes must be articulated in order to accommodate the seasonal movement of the Sun as the laser 

satellite with its concentrator must be flown perpendicular to the ecliptic plane rather than perpenc.4icu-

1ar tc the orbit plane as is done with the reference microwave ::.ystems. 
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. INDIRECTLY OPT!CALLY PUMPED LASER SPS CAVITY 
I A~D ~SER ARRANGEMENT ----------.. -----------------------... , .. ---

SPS-3241 

'-?GHT APERTURE 

41 

/~1~~~~ARY _...,...._ 

....__,p:.:;.._- COOLING RADIATORS 
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:\PERTUR!: OPTICS 

SET 



Dt 80-25969·2 

~NDIRECTI. Y OPTICALLY PUMPED LASER SPS CAVITY AND LASER ARRANGEMENT 

The other view of the arrangement shown on the previous chart is presented here. 

42 
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INDIRECTLY OPTICALLY PUMPED LASER SPS 
CAVITY AND LASER ARRANGEMENT 

----------:SPS~.3=~~2----...1.---------------------------------------------- ..... ,..-----

INDIRECTLY 
ILLUMINATED 
REGION 

LASER ASSEMBLIES 

I 
..--~ - 50 M --.I 

RADIATOR ASSEMBLY 
(CIRCULAR, 275 M DIA,) 

};::<:L5 M -50 M~I 
---j-73 M , -1.....----i- BEAM c;_ 

-85M--.. 

SOL.AR 
FLUX CONE 
(:D~ALIZED) 
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INDIRECT OPl'ICALLY PUMPED LASER SPS CONSTRUCTtON REQUJkEMFNTS & ISSUES 

The I 00 MW Indirect Optic;1lly Pumped Lasl'r llOPL) Solar Power Sat•~llitc fSPS) is to be constructed entirely in 
(ilO and is tn h·: ;1-;~l·rnhkl.I in al·l·ordann· wi•h thi: rn:ijor t!roundruks ancl .:onstraints for the rc·fercnc.:c construction b:ise 
whcH:vcr possible. That is, to use ~ontiguous asscmhly flldlities, opt~rutc two JO-hour/shifts/day at 75% effidency, ond so 
on. aJlp-..:ars rcas.i:1ahlc. The 10 GW annual production goal however. may be inappropriuh~ for the 100 MW pov1cr caft'&Ory. 

The IOPL·SPS l'caturcs an off·axis rarnbolic ~·onecntrator with a black body cavity. radiator, and .:igh: laser reflec· 
tor~ a:> defined tiy recent Bodng daf:i. The sol:i:t conccntrntor is desi!!.ncd with u tetrahedral structure and is assumed to be 
covered with adjustable reflective f:lccts simih1r t•i those ust·d on early solar thermal SPS concept (Refer to Report DI~(). 
:?06R9-3). 

As in the n:ferencc SPS, a broad rnntte of :cchnology issues (most of which 1u~ beyond the scop· ~f thisstudy) must 
bc auJreS))CO to ~over all aspct'li, ur lilc laser ~PS cun~lntl.'llUll prn.; ... ~:i~. Ii lhb .;on.;cpl I~ 10 be studied rurtltcr. the satt.'llih' 
construdion approach must be rcex•1mineJ for the solar cmH·t•ntrntor. last!r power transmission, and interface systems. In 
Jddition. the structural assembl!' ml.'thods ~houlll be wcll unckrstood to the level <If beam fllhrication, handling and joinin1 
TcdmiqLIL'S for assembling and inst;illing thc mi1jor suhsystcms li.c .. facets. hsers, buse~ rclkctors and radiators) must be 
furth .. ·r dcwloped and the requirements for construdion cquipmcnl!I need further refH11:nicnt. In addition. the structural 
dynarnk. thermodynamic and control interaction'> between the base and the sutclllte should be invcstiaatcd and defined. 
Othl'r areas to be cxumined include methods for berthing or mating of lartzc system elements, techniques for in-process 
inspedion and repair. and concepts for implcmc11tin~ satellite final test and 1.:heckout. 
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INDIRECT OPTICALLY PUMPED LASER SPS 
CONSTRUCTION REQUIREMENTS & ISSUES 
• 10 GW ANNUAL CONSTRUCTION GOAL 1 

1441 m 

8-50m DIA 
REFLECTORS 

0580·036W 

20mBEAMS 

• IOPL-SPS CONCEPT INFORMATION (BOEING DATA FAX No. 24 ON 
3/14/80 & NO. 39 ON 3/18) 

• LASER SPS CONSTRUCTION ISSUES 
- SATELLITE CONSTRUCTION APPROACH 
- STRUCTURAL ASSEMBLY METHODS 
- SUBSYSTEM INSTALLATION TECHNIQUES 
- CONSTRUCTION EQUIPMENT REQMTS 
- SATELLITE SUPPORT & BASE INTERACTIONS 
- HANDLING & MATING LARGE SYSTEM ELEMENTS 
- IN-PROCESS INSPECTION & REPAIR 
- FINAL TEST & CHECKOUT 
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INDIRECT OPTICALLY PUMPED LASER SPS CONSTRUCTION TIMELINE 

Th\· 1 iml·lini: i"o1 1. '"'s 1 ru .. ·1111g 1 h .. · I 00 M'.V 1011 Lm.·r SPS is shown 01 '·c fucins puge. As in the reference system. 
it f.:;11m\·" ·· :;ilh:I a,,,,.m,,!~ of till' sohir i:on"·cntratl1r ~ystcm •ind thc h1s"·r pow.:r trnnsmission sy~tcm. The interface 
sysll'lll is .,·oihtni1.·11:d as ni:,·dcd for final -;ystcms 111:1till1?. The 1i111I.'~ fur int.• .. i-1.' 1.1:.~l.'mbly, :.):>t.·ms m;itini;. ;111d tinal test 
1.11111 d1 .. • .. ·ko111 ;;r1.· ;issu11wll to bl' till' s;1ml' as thi: rdi:r1.·1h·c systl'lll. lloWl'YCr. tht• longer time shown for assembling thl' two 
major ~yst..: llh w a~ dl'l.:nr. i 1wd t r,rn1 ;111:.I~ ,j), tif l'Olh'<.'111 rat or ilSS\.'lllbly op1.•r:11 i •'11S. 
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INDIRECT OPTICALLY PUMPED LASER 
SPS CONSTRUCTION TIMELINE 

ASSEMBLE SOLAR 
CONCENTRATORSV~TEM 

• PRIMARY STRUCTURE 
• FACETS 
• ATTITUDE CONTROL 

ASSEMBLE LASER POWER 
TRANSMISSION SYSTEM 
• CAVITY/LASERS 
• RADIATOR 
• LASER OPTICS 
• REFLECTORS 
• SUPPORT STRUCTURE 
• AVIONICS 

ASSEMBLE INTERFACE SYSTEM 
• TURNTABLE 
• SHUTTER 

MA TE ASSEMBLED SYSTEM 
• TRIBEAMS 
• OTHER 

FINAL TEST & CHECKOUT 
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LASER SPS CONSTRlJt.TJON OPERATIONS ANALYSIS 

Construction of the I 00 MW IOP Laser SPS follows the same sequence as the reference 5 GW Microwave SPS. The 
construction operations for thl' solar concentrator system rccciwd the major emphasis and were analyzed from the top 
down. 

A breakdown of the assembly operations for the Laser SPS Solar Concentrator system is shown by the abbreviated 
flow illustrated on the lower half of th\! fodng page. This assl!mbly activity includes the fabrication and assembly for the 
fir~t row of primary structure (3.1. I). It also includl'S the parallel installation and inspe,'.tion of other subsystems ~urlng 
the construi.:tion process. These subsystems include the installation of facets (3.1.2) attitude control, etc. When each row 
is assembled, the concl.'.ntrator is indexed (3.1.6) away to allow the second row to be added. 111e remaining rows of the 
concentrator are constructed in a like manner. 
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LASER SPS CONSTRUCTION 
OPERATIONS ANAL VSIS 
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IOP LASER CONCENTRATOR ASSEMBLY OPTIONS 
• 

This SPS systl·rn (ktinition calb for ;1 concentrator with the shapl.' of an offset paraboloid segment. To build this 
shape with maximum n:pl·atahility r~·quir::. '1 facility imh:xing ;1lonµ a paraholic curved track, building as it goes a row of 
''tr) ing geomdry strw.:tural hays assembled from beams of varying kngths. At comph.·tion of a row, the structure b 
in,kxed outboard. ready for assembly of the next row. Each row is repeatable but owing to the variation in beam lengths. 
a.; mm:h as 50'} abovt' or bdow the .!O m nominal, the assembly facility must be large enough to handle beams up to 
30 111 long. Indexing the paraboloid sh;.ipc stn11:ture as it is built. requires curved support arms, each of which is a diffcr­
cnt radius from another. Skerabk f<ICl'ts. which provid~· the rel1ectivc sL1rface, art• mounted to primary structure node 
poinb but. due to the varying. geonwtry of structural units, tlw nodes <lo not provide a regular pattern. Therefore, to 
mi:1imiz1.· ~·orh.,·ntratm surfa..:c. the facds must vaty in sizl.' to match the node llaltt•rn. An alternate is to provide a second­
ary ~trm·wn: whi1.:h provides n:gular pattern mountin)! points for constant size focc:ts. Concentrator area is the minimum 
lll'Cl'S).ary. 

Since steerable facets will ht• used in •lllY l.'wnt to l'rovi1.k the parabolic n.•nct.:tivc: surfac1.•, then a more simply 
built structure on which to mount them can be considered. A segment of a sphere which approximates the paraboloid 
sq?mcnt can b1.· built hy a ra~·ility indexing along a dn;ular track to follow the same construction procedure as the paraf>.. 
oloid. ~frri.:. howt.•vcr. support arms for the indexing cunccntrntor lww the same radius. Variation in l'rimary structure 
hcam length is :t lO'L much k-.), than the parabolic 'itnicturc. The structure hay varies progressively in geometry over half 
of olll' row th1.·n rewrscs the variation over the remainder of the row. This total variation is repeated for t~ach row. Spher­
i1.:al concentrator ... 1ructure area must bl' about I (Y;I, larger than a tailorl'd parabolic area since.• the facets must be spaced to 
icJlcL'I into h.: par•1boloid forns. as shown on the following chart. To keep thi~ area increase to a minimum requires, 
again. a secondary structure on whh:h to mount constant sit.e facl'ts or no st•condary structure but facets varying in size to 
suit primary s1ru..:turc g.eonh·try. An alternall' is to use constant sil.l' fai:ds but increase the concentrator area to provide 
tl!e neces~ary facet mountin!! points. Th1.' construction timeline is affected by the size as well as the variation in struc· 
ture unit geometry. 

Simplif:- ing the construL'lion has1.· even furtht•r k•ads to tlw other two structural shape options shown on the chart, 
a par;1boh\.· tr1.>u~h uml a !lat ~urface. Thl'sc rl·quire up to 40% lari?cr conl.'entrator areas with little reduction in base com· 
plcxity. One other option is to dispc1h\.' v.ith the separately mounted, stl'l'rable facets and mount rencctive sheet directly 
to the primar:i. strudurc. This greatly inneases the: accuracy with which the stnicturc must be built and dictates that it be 
a segment of a parabola. a mud1 more complcx ,·on..;trtKtion opcratitin. This opti<'n rcquir<.>s further study. 

The sdected option is the sphcri~·al segment rnnccntrator which uses l'Ollstant sizc fai:ets but no secondary struc­
ture. Its small area penalt}" has little imp<KC on production. 

so 
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IOP LASER CONCENTRATOR ASSEMBLY OPTIONS 

PARABOLOID SPHERE PARABOLIC 
SEGMENT SEGMENT TROUGH FLAT 

• CONCENTRATOR () () j} fl, STRUCTURE SHAPE 

• CONCENTRATOR INDEXING c F 

)) fl (F = FACILITY 1} ~ C =CONCENTRATOR) 

• CONCENTRATOR SUPPORT MULTI-CURVE SINGLE-CURVE STRAIGHT STRAIGHT 

• PRIMARY STRUCTURE 
- BEAM LENGTH VARIA· -± 50% -± 10% -± 10% NONE 

TION (20 m NOMINAL) 

• SEPARATE FACET SIZE SAME VARIED SAME SAME VARIED SAME SAME VARIED SAME SAME VARIED 

• SECONDARY STRUCTURE YES NO YES NO NO YES NO NO YES NO NO 

.CONCENTRATOR AREA NORM NORM <10% 10% <10% <20% 20% <20% <40% 40% <40% 
INCREASE 

.,,, 
0580-060W 
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PARABOLIC CONCENTRATOR SURFACE MOUNTED ON SPHERICAL SEGMENT 

A parabolic surface for the concentrator is provided by separate steerable facets mounted on a spherical seg­
rm:nt struL·turc This figure shows thc pJraboloid shape <dotted lines) superimposed on a comparable spherical surface 
t SL)lid linl.',.,J. In a ,.,,·ct ion through thl.' prini.:ipal axis of the paraboloid, the surfaces arc fairly close in form but in a section 
normal to lhl' prini.:ipal axis. they diverge quite a bit eithl'r side of a common ccnkrline. This divergence in surfaces re­
quirL·s that the sphl.'rical surfo<:c be brµc L'nough to mount the facets at a spai.:ing whkh i..rovides unrestricted reflective 
paths to the parabola focus. The area of the spherical surface is, therefore, larger than the corresponding parabolic surface. 
Tl11: additional area is. of course, a function or the l;'-'lllll..:t. ;,·~. 
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PARABOLIC CONCENTRATOR SURFACE 
MOUNTED ON SPHERICAL SEGMENT 

FACETS REPRODUCE 
PARABOLIC SURFACE 
- SPACED FOR UN· 
RESTRICTED PATH 
TO FOCUS 

\ 

. 'ARABOLOID 
L ..... t>RINCIPAL r AXIS 

I ~PARABOLOID 

I 
/,,~"-- SEGMENT 

PARABOLOID /""°'~ 
FOCUS I / ..... ~I. /. :.f. A 

\ i ~ /-SPHERE K~ ~ SEGMENT ....... ... 

-\:- -
FOCUS , 

f I 

SECTN A·A 

SJ 

FACETS SPACING 
REQUIRES SPHERE 
AREA 10% >PARABOLOID 
AREA 
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INDIRECT OPTICALLY PUMPED LASER SPS CONSTRUCTION BASE 

rl1.: L.irg~·st constrw.:tion job in this SPS systL'rn is to build the corll·,·ntrator. which has to providl' a surface with the 
~lupl' of an off~.:t par:1h0lo1d .;,·gpJt•nl. Tc, providL· thi~ surL1cc, stecrabk f<h'cts aro: mounkd to a primary stmcture which. 
for l'J'L' nl l..'l)J:,tn11:tion. is a spheri1·al segment This concentrator is simil:.ir in size to the solid state SPS antl'nna and it 
;'ca1u;c·s h'tr~1h.:dral c:onstrudion. The con~tru.:tion philosophy for building this con1:entrator is similar to that of the 
~olid-,tak <ll1h:n11;1 in as much as an assembly facility 1mkxc·~ across a platform. building rows of structure and installing 
!'~1-.'L'h .1~ it g1 '. • -\t compktior. of each row. the i:omplctcd ~trudtm.· is index,·d outboard ready for assembly of the 
111:xt row. Thl' as~,:mbly f<Kiliry rtliiS on ;1 curved trad.; to provicc th•: splwri1:al !>hape of the structure. Arms, to support 
th.: growing -.Cllk'ttir~'. providt• curVc·d tracks for indexing supports. 

The ,·nl'rgy 1..·onversion and transmission equipment is built in a facility which is mounted on the concentrator con­
stru1..·tion ba'>I..'. Hl.'rl.'. the ]Jst'r c;rvity. radiator. turntable. shutter assembly and the 50 m diameter reflectors with their sup­
~)ort structures. :.:r.: assembled. 

For final ass.:m bly. che laser power transmission assembly is localt'u in its correct operational position, relative to the 
1..·0111..·.:ntrator. by an arm pivoted from tlw hase. Struts tu join the concentrator to the transmission assembly arl t!1en fab­
ri1..·;.ited and installt•d. 
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INDIRECT OPTICALLY PUMPED LASER SPS 
CONSTRUCTION BASE 
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CONCENTRATOR ASSEMBLY FACILITY 

lh1.· ·< · ,h:qwd mohik L.1dlity. 94 m high x I 00 m witk x I 00 m lonit. is shown mounted to the cnnstructi<;n base 
\i;1 all :'.1tk\i!1!! tr;i1.·k syslL'rn which allows lht• fai:ility lo irakx frolll 'itk I<' -i1h• to h11ild !ht• row" of ~trndural bays of 
till· 'l'il,·ri1.·al .1l.1p,·d l.'t1111.:1:11lr•1tuL T/1·: assl'lllhly f'adlity rowrs four hays of tlh~ 1.·oncc11trntor :-tructun.· <1111.l builds in two 
d1r,·dio11s. Th1.· inho;ird low h:.iy <lrl'a uf lhl' fal'ility provirll's four .~<1lions fur building thc com·c11trator structure. Lo­
l'ah'd at thcs1.· st•1tiull' ar1.· 1.5 m hcam 1nad1i11cs l'or the fabrkati·111 of lh\.' strul.'tural lwams and JO 111 ch1.~rry pickers for 
rli-· ali!,!11111t·111 and assembly of till' beam:-. In paralkl with Ille h11ildip1~ of thl' strudurc. the 1:1.·· <;cntrutor n:flccting 
la1.·,·t-; <ll'I.' as~l.'111hk·d 111 till' la1.1.'l ,1s~..:111bly sl<1l1u11 lu1.•1ll:d ill th1.· outboard upp1.•r high bay of the fadlil>. The f;ll.'.1.'I •IS· 

.,,·rnbli1.·s .m· ihcn in:-ralll-d on lhl' ,;ompl1.·1L'd slrnd11rnl h;1ys. 
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CONCENTRATOR ASSEMBLY FACILITY 
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CONCENTRATOR CONSTRUCTION SEQUENCE 

Shllwn on th1.· ra1:ing pagt• is the overall assembly ~1.·qu1.·11n· whkh is to t-.uild the concl.'11trator in repeatable rows 
o\ ..,trudural bays. The focility 1ndc~c~ ac.:ros~ the 1:011struction base via a trai.:k system to fabric,1tc anJ as!tcmhlc the first 
ruw as it goes. The rnmpkkd row, supportnl hy two liolding fix tun:~ mounted to a track on the construction base, is 
then imk'<cJ forward for one row width. The fodlity is then indexed bi1ck aloNg llw tn1t·k buihling the second row onto 
!ht• first row. durinµ t Ii j, 'crnnd Lonst rw.:tion r ass. This process is rcpcal1.;<l unt ii the co11cc11trator is completed. 

T:1ki11g a mort· dl'taih:J look at rlw SL'lflll'l'l..'e as ii builds the first rows, th~· t'adlity starts by buildinii primary strut:• 
tur.: for the l'ir,;t four hays of till' first row. ·1 he fo;:ility lh1.•11 i1Hkx1.•s tour hay l.:nglhs, then bL;ilds the structure fN the 
next four h:.ys. Thi-. b rcp~·atcd until till' first row h complctcti. 'I Ill' first row JS then inJt~xcd fo1 ward one row. Tlic 
fa~·rlity then builds four hays of thl' second row on to the first row, it i-. tt1l'l1 indl'Xl'd ha1,;k four bay lengths to build that 
qrudun" Th~· pnxc·~:, i., rq1c11tt•d, with t•ad1 completed ro·,y ind.:xl·d forwilrd on the constrnction base and the facility 
huilding as it is indexed from sitk tu .,ide, until th1.• -;tart of the tl1ird row. With the start of thi: third row, the reflecting 
fa1.·1:ts. whid1 have hl'l'll as•:.:mhlt·d in lh1: high bay area uf till' fa1.·ili1 v. arc installed on the completed rows of the con· 
c.:ntratur. ·1 WO or till' hl'Xilgon shapl'd facets ;ire in~talkd l'or l'ill'il of the following fo1•r stn1<:tutal bays. This pro1.ess 
i ... repeated until th.: conn.•ntrat•>r strudmc is complcl1.d and appruximaldy 1500 fm.:l'ls installed. 
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CONCENTRATOR CONSTRUCTION SEQUENCE 
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CONCL·NTRATOR ASSE\IBLY f'IMH.INE 

I lw Ll(lll~'. paµl' 'ilHl\llS lhl' tinwli1ll' lur :1'is1·111hli11µ tlh· lir,1 !111\'l' rn,v•; ol lh·: '>Ol::r 1.0111x.11tr;1tor ~y,l .'m. :\~ rr1.•\;. 
llu,1~ t.L",lrilic-d. till· l·o11n·11lralor ,,..,..,,·1111\lv L1<."ilit~ huild.., till· ,tn'l:t 111\• in pn>t,Ut.''>'IVl' '>ll'ps an,I \1.•1p1,•11tia1l~ in,t:ill.; thl' 
l'l''ltllh'd '('h'~ ... 1 ... ·111'. Thl'l'l' al'l' 44 ktr:d1cdral li;1y.., in thv t'ir't 1ow ol coc:-.trnctio11, whid1 arc l1uilt :·our al•' time. The l~ll· 
111\· 1.·onl·l·11tr:1t1>r h.1s •lti)(i k1ra:1l·dral h.iy' By building "I h:1~' .11 :1 lillll'. fahrivaling ~ h1.·a111:-. with ,·ad1 twarn hu:kllr at 
l.'i 1n p111. and _.,m..,idl'ring rdakd opnati:>ll'> ll'.)!. '>dllp. joi11i11).~. imk"ling. de) this u1111 11kll'd slni1:turc i' l'Stimat1.'<l to 
Lll-l· I 4S day,, 

S1.·q11l·11t1;il 111stallat1011 •ii tll1: r•·lkdl\v lai.:1.'h and ulhcr 'tlh~yst..:ms parnlkl'> llw as\l'l1ihl;" nfthc third strn1.·1mal row 
lll':11 1hl· '>tart nl ,l;iy 3. as ..;hllwn 111.·111.·1.· lltv t11lal ;1,w111l·I~ ti1111.· 1.., 151 d:1ys. 
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Ct.Jr!CENTRATOR ASSEMBLY TIMELINE 

1 
OAVS 
2 3 4 

FAB & ASSEMBLE PRIMARY STRUCTURE ( ROW 1 II ROW 2 fl ROW 3 JCf 
INDEX CONCENTRATOR FACILITY 1111111111a11111111 1101111111111 a 
ASSEMBLE & ATTACH FACETS ROW 1 l(J 
INSTALL OTHER SUBSYSTEMS _I o---Jf 

ORUfllil ... A .. ---,,-
0580-067W 

61 



I.) 180-25969-2 

CONCENTR.·\TOR STRlJCTURE FABRICATIO~ & ASSEMBLY 

rJi..· .l"1.'lllhiy Lt,;jlit~ l'l,1Vid,, t°PUJ' l'llll.i 'laliol1' f11r till.' l';ihri,·;1ti1>1l .111d .l,,l'llthll or lhl' l'Olll'1.'llll'itlOf pri111;1ry 
,1rudur,·. l 11,· 1.·11111x11tr.1tm -:1111si'h 1>f .ippn1\i111atdy -+~.lllHJ ( J .::. •n \ ~O 111 111orni11al11 h1·ams assi:mhkd lo form th.: 
1,·:r.ilh·,lw11 ,\rn\.'lur1.· ul till' 'ph1.'r1'.!l 1.·111i.-.·:111.1tor. l'lh· f;1l'ill!-? p.1;!1.' illu,tr.iliun idl·11tifi1.•s lhl' cquiptnl'nl lll'l'1kd for tlh.' 
l.1bri1.'.tll\\ll .llld ;1.;,1·111bly of the• 'trtti'tllh' .ti Ulh' 11( th,· rom h111ld slatiPll' :h ,f10Wl1, l'<IL'h hl'all\ ma\.'lliiW fahtkah.'S (WO 

,,f tlh' I.~ Ill\ 20 Ill h,·anis r,·quir,·d .11:d tlh· d11.·1-r~ pi1.·kns ;11·1.· u,1•d for lhl' ali!!llllh:nt and ;"si:111hly of tlw hl'<lllls. 

I i~!h•·:1.·11 I :' 111 b,·;1111 1l1.1d1i1h·,. t111.·11ty-1Hn1.· 30 111 d11:1T\ p1d;1.·:·-; and h111r 10 111 i11dl·x1.·rs ar,· r1·q1iirl•d to 'llf1port 
tlh· f1llll' btttid ,t,ttioll' l(lf' tlh' f.d1rj,·ati1ll\ .tlld ,1,-.,·111hl~ or f1>Ur -.ll'\ll'\ll!'.Ji 1'.t~' Of fh1• l'Olll'l'llll':t[OI'. 
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CONCENTRATOR STRUCTURE FABRICATLON & ASSEMBLY 

TOTAL EQUIP. REQD FOR 
(4) BU I LO tT ATIONS 

1.5 m BEAM MACHINES = 18 

30 m CHERRY PH':KERS = 29 

10 m INDEXERS = 4 

\ 

------

\ 
\ 

\ 

,­----

42,000 BEAMS ( 1.5 m x 20 m NOM) 

0580-050W 
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CONCENTRATOR FACET INSTALLATION REQUIREMENTS 

The concentrator reflecting surface is provided by the use of approximately 1500 reflecting facets a" shown in the 
fa.:ing page illustration. The hexagon shaped facets are assembled in the facet assembly station located in the high bay 
area of the concentrator facility. The operations at the assembly stations consists of assembling the three radial support 
am1s. edge members, tension bridles and the pre-cut reflecting film. The completed facet assembly is then attached to a 
central mounting post which has been attached to the tetrahedron structure of the concentrator. 
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CONCENTRATOR FACET INSTALLATION 
REQUIREMENTS 

........::::::: 1500 FACETS 
;----

CONCENTRATOR 

MAJOR ASSY TASKS 

EDGE MEMBER 

RADIAL ARM 

> 
19.34 m 

STEERABLE FACET~ 
"-. FABRIC 

- "" ROLLS A=-=======t ' 
' \ ~. ' 

• ASSEMBLE SUPPORT STRUCTURE MANIPULATOR 
• ATTACH REFLECTOR SHEET ASSY 

• INSTALL CENTRAL MOUNTING POST 

• ATTACH FACET ASSEMBLY TO POST 
FACET ASSEMBLY STATION 
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IOP LASER POWER SATELLITE ASSEMBLY FUNCTIONS 

In considering the complexity of laser power satellite assembly operations. this chart opposite lists the gross 
elements comprising a satellite and identifies the assembly functions necessary for each. The functions are classified 
as structural. mechanil:JI. electrical. fluid and optics. 

All ekments require structure assembly and, with the exception of basic structural subassemblies, they all require 
electrical assembly. Many mechJnisms are involved in these elements, and each must be assembled and installed. Fluids 
are expected to be in self-contained subunits which need no open fluid connection5. Optkal assemblies will require 
alignment by adjustment as they are assembled. or during checkout. 

These op<!rations are diverse, and in some cases, require rledicated equipments which have yet to be defined. 
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IOP LASER POWER SATELLITE ASSEMBLY 
FIJNCTIONS 

FUNCTIONS 

IOP LASER SPS ELEMENTS s '5 
s\-"" "'-" ~f.tlos o 

S~ :t\O~E'-~~ 
SOLAR CONCENTRATOR "f.~ ~~~f.fO 
- PRIMARY STRUCTURE • o' oP ~ ~~ 
- FACETS • • • '{OS 
- ATTITUDE CONTROL • • • TANKS 

LASER POWER TP.ANSMISSION oo 
- CAVITY • • ~s - LASER UNITS • • • SEALED • 
- SUPPORT STRUCTURE • §~ - RADIATORS • • • SEALED 
- LASER OPTICS • • • • ,0 ~ 
- LASER REFLECTORS • • • • ;; ;: 

ELECTRICAL POWER • • t:-- C) 

- AVIONICS • • - l'.%2 

~Ia 
INTERFACE 
- TURNTABLE • 

~· - SHUTTER •• • 
- TRiBEAMS • 

GRUMMAN , 
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LASER REFLECTOR ASSEMBLY REQUIREMENTS 

As presently configured, the laser power transmission system has eight reflectors transmitting to the ground. 
This chart $hows the main subasscmblies of a reflector and identifies gross assembly operations for building the reflectors 
from gound-fabricated components. The primary mirror is 50 min diameter and is an as:.t:mbly of s .. .:;ments, each of 
which has a primary structure, supporting adaptive optics. A secondary mirror is supported from the primary mirror by 
struts. 

Assembly should be done out of the sun and, to ti~is end, a shading facility is provided on the construction 
base. Contamination control during assembly is necessary to ensure satisfactory operational performance. 
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LASER REFLECTOR ASSEMBLY REQUIREMENTS 

SECONDARY 
MIRROR 

REFLECTOR ASSY OPERATIONS 

• PRIMARY MIRROR SEGMENTS 

SOm DIA 
PRIMARY 
MIRROR 

I 
• SECONDARY MIRROR/STRUCTURE ADAPTIVE \""""'---" 
• OPTICAL SENSOR SUBSYS OPTICS ~· 

• POINTING/TRACKING SUBSYS 
• CHECKOlJT 8t TEST 
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LASER CAVITY ASSEMBLY REQUIREMENTS 

Th.: laser 1.:;ivity ass~·mhly i.:ornpriscs a 1:avit1 .v;1ll lincd with a pyrnlitic material and assembll!d from sl!gmcnts. 
h!!ht l:1sl·r units an' 11llHlllfl•d :1ro1111d tlw L':1' itv OJ'l'l1inJ!. A rndiator. frd from the lasers. is mounted to the cavity unit 
by support struls. c;ross assembly operations arc listed for building lhl' cavity and its appc11dagcs from ground·fabrh.:atcd 
su bassl.' 111 bl ics. 
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LASER CAVITY ASSEMBLY REQUIREMENTS 

RADIATOR (275 m DIA) 

c::::=4 ~==:::::w;;;~=====;:~ s­
r;;=~==i'l/ 

50 m DIA 
CAVITY_..,;, 
WALL 

1 

RADIATOR 
FEED LINES 
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CAVITY ASSY OPERATIONS 

• CAVITY SEGMENTS 
• LASER UNITS (MODULAR OR WHOLE) 
• LASER HEAT PIPES 
• RADIATOR SEGMENTS 
• RADIATOR SUPPORT STRUCTURE 
• CHECKOUT & TEST 
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LASER SPS ·· fONSTRlJCTION C'>MPLf.TEI> 

I Iii.;, illustration shows the two rnain sys1<:11h ;,,,,•mhli~·s or llh· SPS ( lh1.• 1.·1u11.·~·11trator and the laser JlOWcr transmission I 
111 !ltl'ir ~·,•11str11dio11 fadlitks. ready for final :t~'ii:rnbly 11111.·rations. The 1:m11.·c11trator a-~cmhly fa1.:ility i~. indcxi:1g back trJ its 
sto\\l'd lo •. 1tin11. 
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LASEF't SPS-CONSTRUCTION COMPLETED 

CONCfNTRATOR 

~ ·--·---·--···-···· ...•.. ..,.. .. ·-
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LASER SPS - FINAL SYSTEMS ~tATING 

Bdore m.1ting the lw;er pow1:r trnnsmission system to the concentrator, it must nrst be located in its operational posi· 
lion. Thi~ is accomplished hy a support arm. part of the constnit·tion system. which first attaches to the the transmission 
at 1:s .,,,utter as!>cmbly mmrnts, then pivot!'> lo pu~ition it at the opcra1io11.u 1u1.:atiu11, "~ ~hown on this illustration. 

t\ .,mall platform. mounting a 7.5 m beam, is located al the tip of the support arm where it attaches to the transmis· 
sion. \\ith the hcam nwd1inL' aimed at one of the four intl·rface beam attachm~nt points on the conc1·ntrator, a beam is 
fohril:<1tcd to arrive at thb attachment point where it is mated to the concentrator. The other end of the beam attaches to 
lhe transmi..,sion ass~·mbly at the shutter mount. This process of beam machinr aligr.mc11t, beam fabrication, and installa· 
lion is n•peatcd for the three other interface beams. 
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LASER SPS-FINAL SYSTEMS MATING 

CONCENTRATOR/TRANSMISSION 
INTERFACE BEAM (41 

CONCENTRATOR 

~ 

0510·062W 
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IOP LASER SPS CONSTRUCTION EQUIPMENT 

This ,·!>;1rt lists !ht• rn11strudio11 l'quip111c11t. idcntifkd to date, for huilding the IOP Laser SPS concept. A break­
down of till' l'ljlllpml.'nt usl'll to as~•l.'mbh.: till' solar l.'oncentrator is shown toµc:lher with related mas~ and co'it estimates. 
Thl' J:ir,µe numlwr 1)1' I. S m hl•am buildl.'rs ••nd ~O m d1l.'rry pi.:kers ll~flclls the impad of building 4 bays at oncc to short· 
c11 lhl.' OVl'rall ;1s:-.c111bly tillll'. The 7.5 m hcam huildcr whid1 fahrica~c" thl.' interface trib'!am supports is also included. 
llow .... ver, ;1vailabk study rl.'sourccs preclLHkd cquivulcnt a1rnlysis to dctinc the full urruy of l~quipmcnt nct•<le<l to assemble 
llil· laser powcr tr<insmbsion system and the demcnts or the int,·rfacl' system. As prl'Viously .•hown. many diverse con· 
-;truction opcrations mu~t be performed to <1SSl'lllhk all of the ekmcnls in thcsl' sy:;tcms. Although u breakdown of the 
power transmission/inkrfac.: :1sscmbly equipnwnt remains to be developed, it is believed that the total mass and cost of 
these itl'nl!I will be similar to those for building the concentrator. 
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IOP LASER SPS CONSTRUCTION EQUIPMENT 

t 
R~E~f1 

aMf 
• ... 2 5soPA 
• +$1 

MASS, COST, 
CONSTRUCTION AREA/EQUIPMENT QTY MT $M 

• CONCENTRATOR ASSEMBLY 
- BEAM BUILDERS 

1.5 m GIMBAL MANNED 18 72 724 
1.5 m MOBILE MANNED 2 8 79 
7.5 m MOBILE MANNED 1 11 58 

- CHERRY PICKERS 
30m 29 72.6 621 
45m 6 18 128 

- INDEXERS 
10 m } 8 8.7 26 
45 m SINGLE SUPPORT 6 7.8 21 
60 m MUL Tl-SUPPORT 2 16 14 

- FACET ASSEMBLY STATION 1 3 21 

SUBTOTAL 217MT $1692M 

• PWR TRANSMISSION/INTERF~CE ASSY 
- UNDEFINED EQUIPMENT FACTOR (100%) TBD 217 1692 

TOTAL 434MT $3384M 
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IOP LASER CONSTRUCTION BASE CREW COMPARISON 

Thi-; 1.'hart shows J comparison of l'l"l"W t)j'l'Tations ~taffing for lh\.' rl"frfl"lll"l' ca~:o bas1.• and for the laser i:onstruc­
t!1w 1' ''"-' Lkl h.h•' 1)J'1.'r:11l's 1111 t\\O 10 hour shifts pl"r da~ and hav1.' ... i111il;1r nrga11i1ations. 

< \lnstrnL·t1011 of the solar 1.·0111.:~·ntrator r1.·quircs nearly three ti1111.·s as many people as for asscmhlinp. thl' rcfC'rl'nct: 
,·nn~y ..:on\l'r'>ion system bcc;1usc it has a dL·ns1.·r strn1.·turl" and requir1.·s more conslrul'lion ·:quipmcnt. The diverse con· 
'tru1.·tio11 opc•rations for asscmhlin~ 1li.: l.1~vr pc>l\1.·r l.l'Jlbillh,i•'ll syslt'm. how1.•11.·r. have not hl.'t'll analyh·d to the point 
1\l11.·r.· tlw ')1.'llllt'l1l'1.' ofop1.·r;.;io11s •ll1d rcquin.·d 1.'tp1iprrn:nts arc dcfirwd. At thisjunctun: it is hclic\'cd that the cn.·w needed 
ro as'>1.' rn bk t 111.· L1s1.·r power t r;11N11 ission sys11.•m \\ill li1.· son11:whcr1.· betwc1.·n 501.:! and I 00',t or the total l:r\.'w for solar 
..:on..:~·ntrator .iss1·mbly. Thl· rl"11wini11g construcrion opl·r~ition!'I (i.~· .. subasst:mbly factory. maintcni1nce, logistks and test/ 
<).C. l ;m· assuml'd to h~· the saml" for both concqHs. In addition. tht' baSl' opt'rations and has1.• managl'ment crew opera· 
tit>n~ Jrl' ;ifso thl.' sam.:. lfoWl'h'r. th1.· largn constrndion cr1.•w for tlw fa.;l'r SPS :ilso requirl'~ morl' people for hast• support 
'• ·: .. ::tilitics. hotd. food sl'rvil.l'. d..: >. 
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IOP LASER CONSTRUCTION BASE 
CREW COMi ~RISON 

CREW OPERATION 

CONSTRUCTION OPERATIONS 

- ENERGY CONVERSION SYS 
- SOLARCONCENTRATORSYS 
- ANTENNA 
·- POWER TRANSMITTER 
- SUBASSEMBLY FACTORY 
- MAINTENANCE 
- LOGISTICS 
- TEST/QC 
BASE OPERATIONS 

BASE SUPPORT 

BASE MANAGEMENT 

0580-046W 

TOTAL CREW 

f:l CREW 

REFERENCE 
GEO BASE 

258 - 42 
-
42 
-
48 
40 
44 
42 

84 -
84 -
18 -

444 

79 

LASER 
CONST BASE 

377 -

84 --
108 -

18 -
587 
143 

-
116 
-
87 
48 
40 
44 
42 

75% SOLAR CONC 
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IOP LASER SPS CONSTRUCTION BASE IMPACTS 

Thl' impact of IOP Lasn SPS rnnstrw . .:tion is summarized on the facing page b1 term~. of penalty (or gain) to the 
rl·frrl·ni:c GEO base mass, cost, and prodt.ctivity. 

The rekrenu: base is not suitable for building this small Laser SPS concept. An entirely different and much small­
,•r construditvi hasl' is needed. Howl'ver, there are many diverse laser satellite assembly t<1sks to be performed on this 
smalh:r basl'. which leads to a larger crew "-i7e t <;87 vs 444 l. Henr:e. morl' ha hi fats art' required than for the reference 4 
ha~ l'IHI builder. Although, tht• total mass of thl' laser base is significantly less, the net effect increases the GEO base in-
• ..::-tmrnt cost ant.I annual operations ccst as shown. For the lOP Laser Construdion base defined, it was not practical to 
Jl'Cl.'ll'rak tht' concentrator assembly operation further to complch' construction in less than 176 dayi>. Consequ'-'ntly. 
productivity of tht• laser construction base is 2~1r of the n:fcrl'nce. It is possible, however, that an alternate structural 
ccncl'pt and another more highly automated construction facility could build the entire satellite a great deal faster. 
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IOP LASER SPS CONSTRUCTION BASE 
IMPAC.TS 

6. MASS, 6. COST - 1979 SM 
G".) BASE ELEMENT MT DDT&E UNIT COST 

• WORK FACILITIES 
- STRUCTURE -2167 -34 -250 
- CONSTRUCTION EQIJlPMENT - 26 0 1580 

• CREW SUPPORT FACILITIES 
- 2-17 m DIA HABITATS 486 770 

• WRAPAROUND FACTORS 
- DEVMT 127% -43 
- PROD.47% 987 

TOTAL -1707 MT -$77M $3087M 

$3010M 

ANNUAL OPERATIONS INCREASE: 
SALARIES & TRAINING (+143) 212 
RESUPPLY +363MT/YR 204 

$416M/VR 

..... ,,. 
0580-G47W 
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OPTICALLY PUMPED GAS LASER Rf.SUL TS 

A summary of the optically pumped laser results is presented here. 
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OPTICALLY-PUMPED GAS LASER RESULTS 

__________ _.;.. ____ __. _________________________________________ .. ,, .. -----
SPS-3379 

• LESS MASSIVE THAN EDLS 
• ELIMINATES ~OLAR ARRAY 
•EFFICIENCY UNCERTAIN; NE~~S MORE· DETAILED ANALYSIS 

AND EXPERIMENTAL WORK 
• COMPLEX AND EXPENSIVE TO CONSTRUCT 
• SOME PUMPING MACHINERY 
• POTENTIAL FOR MARKED IMPROVEMENT IF TECHNOLOGY 

BREAK~ rAVORABLY 
• TECHNOLOGY EMBRYONIC BUT BASED ON WELL··UNDERSTOOD 

LASANTS 
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rREE ELECTRON LASER CANOIO".TES 

\,,iny concepts hd'.'C b('t:n dcvd0p ·d for I r1.:t:' 0lectron lasers. Three of the upti.:,ns arc $hc~wn on the 

L1un~~ pdg ~. The "C<it.il.lc" laser u;,es a one and a hdlf pass system thro1;gh the wiggler magnet to 

:rnprwP etficiency. The doublt' fn~1.! eJC'ctr1Jn laser uses a long wave i1mgth fret~ electron laser to cre­

ltc' ;1 virtual wiggler 1nagn<'t which then ('Xtra': ,s energy and short wave len~ths from the high power 

('lc•ctron be<ir11. This concept ·,1,·a'> viewed .1s un11eCt'S!ia1 y for pursuit in the present st•Jdy because it is 

>u1tecl :11ainly to extracting •1ery short wavelengths (approximately I micron). nally, a storage ring free 

r·lel. t nn laser uLI iz<.>s a simple rnagne t ir.iJJ y cc ntained ~torage ring to recirculate the electron beam 

thrr.Jug the wigg.ler magnet :,o that a relatively small extrac.:tion of energy per electron beam can still 

providr: rt'~so1iablc efficiencies. 

Th" sirnp'est fret' ' !ectron laser cor· :ept is a straight through concept in which the electron beam is 

acceler.ited inw a high t-xtraction · ·iggler rn.ignet which extracts as much laser energy as possible in a 

~.ngle p.tss. The spf'nt bear'1 is then collected by a coltector from whkh the waste t"lectron beam 

energy m·isL 'le collected as thermal energ; and dissipated to space through a thermal radiator system. 

indications <.~re tha~ the s :raight through s;stern may achieve efficier1cies as high as 50% without the 

co 1plexities of the recirculating systems. Furthermor~, recent study of electron beam thermalization 

has r<.ltsed c;1 curr•·nt controversy regarding achievable cfficie. cies of recirclllating bearr, FEL's. 
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FREE ELECTRON LASER CANDIDATES 

______ ...:::;;..;. ______ ~l .... ______________________________________________________ 11111111"'"' .......... 

SPS.J:>.68 

CATALAC HL 

aa 

DOUBLE FEL 

STORAGE RING FEL 

' LIMC 

85 
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SINGLE PA~ FREE ELECTRON LASER 

The facing page present; a summary efliciency chain and mass estimating rationale for the single pass 

free electron laser SPS. 
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SINGLE PASS FREE-ELECTRON LASER 

___ .....;;;,.... __ ..._ ___________________ ••11A1•--
SPC 3335 

.. 
• 

EFFICIENCY ESTIMATE 
POWER AT EFFICIENCY 
1 GW GROUND 
1.25 GW 01~ RCVR .·so IR/ELECTRICITY 
1.3158 INTO ATM .95 
2.6315 E-BEAM .SO E-BEAM/LtGHT 
3.289 EL. PWR .8 ELEC,/E-9EAr. 
3.46 ARRAY OUTPUT .95 UNCONDITIONED·CONDITIONED POWER 

2t.;,73 SUi~LIGHT .14 SUNLIGHi - .. · r~u:IDITIONED ELEC. 
• 4% vs 7% FOR MICROWAVE 

MASS ESTIMATE 
ITEM - FACTOR BASIS ESTIMATE (MT) 

OPTICS 3 KG/KWTH 
LASER & CAVITY OPTICS 0,1 KG/KWL 

RAD I ATOR & COO LI NG 0,4 KG/KWTH 
HOUSING & MOUNTING 25% 
K 1_YS'.qQ!~S & :-OPTICS l KG/KWE 

POWER PROCESSI~G 2 KG/KWE & 15% 
POWER CONDUCTORS 0,125 Kt;/KWE 

SOLAR ARRAY 3,3 KB/KWE 

STRUCTURES 19 KM2 

87 

100 KW1H 30 

100 
1.3 X 106 KWTH 520 

160 
3,289 X 106 KW 3,289 

E 
3, 280 X 106 i<WE 987 . 
3,289 X 106KwE 411 
3,46 X 106KWE 11,418 
19/50 REF 1,768 
(4,654) 

:8,683 TONS 
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FREE ELECTRON LASER RESULTS 

A s1;mrnary of the free electron laser result£ is pre,ented on the facing page. Th~ free electron Jaser 

appe;:irs to be the most attractive of the options inve~tigated to date. However, the technology is very 

embryonic and its attni::tivenes!'> depends on achieving high P.xtractlon of light energy from the electron 

beam. Experiments to valiaate t!1e possibility of high dlkiency ~houJd be reJativeJy inexpensive to 

conduct. 
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FREF-ELECTRON LASER RESULTS 

_______ __.. ___________________ •• ,,Al.-....-

FREE-F.LECTRON LASER 

• NO MOVIUG PARTS CEXCEPT OPTICS> 
• NO FLUID CIRCUITS 
• EFFICIENCY Ui~CERTAIN BUT BELIEVED POTENTIALLY 

FAIR TO GOOD 
• LEAST MASSIVE OF THE LASER OPTIONS IF 

EFFICIEr:cv ESTIMATES VALID 
• SCALir~G UNCERTAIN BUT HIGH POWER BELIEVED POSSIBLE 
• TECHNOLOGY EMBRYONIC 
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LAlER SPS OPTION MASSES COMPARED 

The masses in space required for .5 gw of dellvered electric power are composed for the 4 major laser 

SPS concept,; assessea in this study. The free electron laser Cwith .50% extraction assumed) is clearly 

the best SPS laser option. However, due to its power convers:on efficiency penalty of a factor of 2 

\\lith respect to the microwave reference SPS, it is also that much more massive. 
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LASER SPS OPTION MASSES COMPARED 

NOTEt 

80% EFFICIENT <OPTICAL RECTENNA) 
RECEPTION ASSUMED FOR LASERS 

-~ 
I I 

221 GROWTH 

-~ RADIATORS 

EM TRANSMITTER 

POWER 
COLLECTION ~1 I 

___ J ___ t_J.__.__l_.i_._ 
MICROWAVE FREE ELECTRON IOPL SUBSONIC C02 SUPERSONIC 
REF.. SPS LASER SPS SPS EDL. SPS CO EOL SPS 

I, 
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LASER SPS OPERATIONAL FACTORS 

Thf following two charts summarize laser SPS operational factors. The factors for the EDL's and 

FEL's are extrapolated from th~ reference system data base; specific construction analyses were 

no conducted. 

Jue to the facts trat the laser SPS's are more massive per unit power and have lower power per link 

than the microwave refarence system, more of every component of the SPS system will be required. 
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LASER SPS OPERATIONAL FACTORS 
___________ SPl-3380 ________ _. ______________________________________________ .. ,, •• -----

900 

60 

RECTENNA SITES 

51 
48 

18 

247 

I 
30 

DI 2 

b~OUND RECEIVING RECTENNA SITE 
STATION AREA (KM2) CONSTRUCTION RATE 

(SITES/YR) 

18 19 

7 
8 3 

MIXING FEL EDL REF 

HLLV LAUNCHES/WEEK 
Ml XI NG FEL EDL REF 

HLLV LAUNl:H PADS 

93 

36 38 

14 

6 

Ml Xl NG FEl. EDl. REF 
HLLV FLEET 

132 
141 

90 
22 

Ml XI NG FEL EDL REF 
EOTV FLEET 

~g 
~o 

~~ 
.0 r--
c: :: 
?! '"' 
~; 
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LASf.R SPS OPERATIONAL FACTORS (CONT) 

The greater construction effort required for the more massive laser SPS's is iHustrated. 
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LASER SPS OPERATIONAL FACTORS 

--------------------.a..--------------------------------------------... MNlll-----

2 2 

D 1 

D D 1 

I 
MIXING FE~. EDL REF 

NO. OF LEO BASES 

50 

4 

2 1 

MIXING FEL EDL REF 

NO. OF GEO BAS~S 

3 3 

1 1 

MIXING FEL EDL REF 

NO. OF EOTV 1 S STATIONKEEPIN6 
W/EACH LEO BASE 

1800 
29350 o 900 

450 

MIXING FEL EDL REF 
GAS 

CONSTRUCTION CREW 
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LASER SPS OPERATIONAL FACTORS 

On the following pages, the operational factors by which the various ~PS la~~r concepts differ are listed 

by category. 
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• M!X~NG GAS ---------
o INDUSTRIAL COMPLEX/SURFACE 

TRANSPORTATION 

P rirnary Industrial 
Capacity Needs 

Kap ton 
Graph~ te 
Fibers 
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FEL 

~olar Array 
Graph1 te 
Fibers 

I EDL 

Solar Array 
. Graphite 

Fibers 

' 1. 

.. . , 

Laser Cpti cs I· Klystrons 
L?:;~r ".;~~.;cs 

. Laser Opti.:s,_ 

. Surface Transportation 

c RECIENNA CONSTRUCTION 

No. 0t 1 GW sites 

Size of Sites 

No. of Site5 to Bring 
On Line Each Year 

• (ADDITIONAL ASS OF MATER ALS TO SE 
TRANSPORTED WILL NOT STR IN YHE 
CURRENT TRArSPOPTAT!ON S STEM) 
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~olar Array 
. Fre!>nel Lens 

or 
Optical ,.. . _._,,. 

.· . "'t 

300 

(1 x 1 km?) 
320 x 320 m 

+ 
Ra~i ~~0rs 

+ 
Switchyard 

+ 
Exclusion 
Boundary 

10 

ms 

POI '!:"? T"' "'.:"? .,,.,. _" .... -\- . 

300 

(1 x 1 km?) 
320 x 320 m 

+ 
Radi a~~---~ 

+ 
Swi tchyard 

+ 
Exclusion 
Boundary 
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LASER SPS OPERATIONAL FACTORS 

LASER SATELLITE CONCEPTS LASER RECTENNA CONCEPTS 
CPERATIO~AL FACTOR 

MIXING GAS FEL EDL PHOTOVOLTAIC POWER TOWER 

o RECTENNA CONSTRUCTION - Cont. 

I 
I 

. Construct1on Complex1ty • Lens and • Need portable Factors support helfostat 
structure 1111. factory. 
could be • Power tower II aut-ttd. does not 

• ~ay need lend itself 
1 superconduc- to h1gh-rate 
; tors. 

i 
construction 

0 LAUNCH AND RECOVERY SITE 

• Mass Laser .. SPS 
• M1crowave-to-Ref- 6 2.25 6.4 Mass Ratio 
. No. of 400 MT HLLV's 36 14 38 

in fleet 
. No. of Launches per Week 48 18 51 
. No. of Launch Pads 18 7 19 
. Location of Launch Site (NONE OF THESE COULD BE SUPPOF PED BY KSC·· 

~o 
WOULD HAVE TO GO TO OFFStiORE JR EQUATORIAL 
SITES) 

....... 'j 
c" cy 

0 $:? 
:fJ .A 

-0 ~ 

{°"" 0 

~: 

' 
I ! 99 
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LASER SPS OPERATIONAL FACTORS 
____________________ ..... .__ ___________________________________________________ •111111111------

5p5.3353 

OPERATIONAL FACTOR 

0 LEO BASE 

EOTV Fleet Size 
. Time required to construct 

EOTV fleet at 8 vehicles/ 
year rate 

. No. of LEO Bases required 
to construct EOTV fleet 
within 9 years (vehicle 
1 i fe) 

. No. of HLLV docking ports 

No. of EOTV's in 
stationkeeping positions 

~ o· 
I ::::J 

~ .2} 0 . 

I 0 ;_') 
J;;j ;i..." 

-0 "'"' 

tl I 
' 

~ t::1 .. ! ~ t;; 

LASER SATELLITE CONCEPTS 
MIXING GAS 

132 
16.5 yrs 

2 

18 
(9 on each 

base) 

(HAVING HLLV 01 
SIDES OF THE I 
APPROACH/DEPA 

6 
(cou1d pose an 
ooerationa1 

... . . . . "'"'~ ,.. .... 
. ~ . -... .... 

I 

FEL EDL: 

50 141 
6. 25 yrs 17 .6 yrs 

1 

I 
2 

7 19 
{lo on each 

base) 

CKING PORTS ON ~UL TIPLE 
ASE WILL PRESE~ SIGNIFICANT 
TURE OPERATION' ~ PROBLEMS) 

2-3 6-7 
(could pose an 
operationa1 

proJ1em) 

I OJ 
I 

LASER RECTENNA CONCEPTS 
PHOTOVOLTAIC POWER TOWER 

' I 

I 
I 

I 
' . 

., 

.I 

,. 

I 

l 
I• 
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LASER SPS OPERATIONAL FACTORS 
__________ ..... ;.... ______ ..._ _____________________________________________________ 111111/1',Alll ____ __ 

SPS-3354 

LASER SATELLITE CONCEPTS · LASER RECTENNA CONCEPTS 
OPERATIONAi. FACTOR . MIXING GAS FEL EDL PHOTOVOLTAIC. POWER TOWER . 

.. 
0 SPACE TRANSPORTATION 

• No. of (QTV's 1n p1pel1ne 132 50 141 
. Uo. of POTV's in pipeline 120 4 8 
. No. of Cargo Tugs 12 @ LEO 6 @ LEO 12 ~ LEO 

12 @ GEO 6 @ GEO 12 @ GEO \ 

0 GEO BASE 

. No. of Construction Bases 50 2 e Req'd to Bring 10 GW 
Capacity On-Line Each Yr 

. Construction Crew Size 587 450 900' 
at Each Base 

. Total Number of 29,350 900 1;aoo 
Construction Crew 

Oo 
."ij :.v .......... 

c:5 ::: 
o~ 
~:;;;.· 

ID t'°" 
,<-:: ~ 

"':.... ,,..... *Penalty 1s small compared to Mix ng Gas IOPL t: C') 
-3 t>'J 
~~ 

' 
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--------------.....;--------....ii....-----------------------------------------------------------JllllJTIAlll ______ _ SPS-3356 

. LASER SATELLITE CONCEPTS n LASER RECTENNA CONCEPTS 
OPERATIONAL FACTOR MlXING GAS FEL ..... .'~ 

?tJQTOVOL TA!C POWER TC~:::R ~ i::...,_ 

I~ 

0 MAINTENANCE r• 

. Primary Maintenance . Lasant fluid . Klystron . Cathode . Lens Cleaning • Reflector 
Tasks changeout changeout changeout cleaning 

. Radiator (30 tubes) . Makeup gas Turbo-system mai nt. Optics rep1enishmen . . machinery -Pumps cleariiny • Waste gas 
-Fluid Leaks . Radiator removal ma1nt. 

. Lasant system maint 
intercavity -Pumps 
tube cleaning -F1 ur c'. ~ea ks l 

• Optics 
cleaning 

Significant Operational . What to do . What to do 
Problems with with waste 

degraded gases? 
oo 1 as ant gases? 

i -.; :;o • How much t1me "'; 0 ,. ...... , -.... must be 
~ z allowed to ~> 
~ cool system 

£ "O before mai nt. 
;i,:' ~ crews can ...... :;J 
..... tr2 work? 
'"-:! 
t< fil Maint. access 

to interior 
of cavity. 

JOS 
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______________________ ,,,_,1i---------------------------------------------------------,,,11.1111111------­
SPS-3357 

OPERATIONAL FACTOR 

o UTILITY GRID 

. Input to Grids in 
"Small" Increments 

, Intermittent Input 
Due to Weather 

(Other Power Input 
Interruptions Essentially 
The Same as for 
Microwa'./e SPS) 

Rectennas will be 
Predominantly Located 
in Arid Locations 

Sma11er Unit Size Allows 
Rectennas to be Located 
Near to Population 
Centers 

. Tolerance to Winds, 
Earthquakes, Ice, Snow, 
Etc. 

LASER SATELLITE CONCEPTS 
MIXING GAS FEL EDL ... -.:.,. __ _ 

I 
107 

LASER RECTENNA CONCEPTS 
PHOTOVOLTAIC POWE~ TOWER 

100 MW + 1 GW 100 MW + 1 GW 

I 
t • Fresne 1 Lens 

1 

. 
wi11 be 
susceptible 
to damage 

Should be 
easier to 
protect 
'1e1iostats 
from 
damage. 
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LASER SPS OPERATIONAL FACTORS 
______________ ...;;. ________ .._ _______________________________________________________ lllllllAllJI ______ _ 

SPS-3359 

LASER SATELLITE CONCEPTS LASER RECTENNA'.CONCEPTS 
OPERATIOi:,".~ FACTOR , 

MIXING GAS FEL EDL PHOTOVOLTAIC . POWER TOWER 

I 

0 COMMAND CONTROL 

. Increased Number of 
Space Vehicles and Bases 
Will Demand Much Mor~ 
Complex C&C System. 
(Space Traffic Control, 
Tracking and Comm, 
Base Support C&C, etc.} 

. Will Require 10 times the 
Nunberof Orbital Slots 

"" _;;::; 0 
-~ - ~ <0 

,... ~~ 
.... .. .. J 

;~~· - -"" 
.0 (-.. 
c:: "1 

;i;.' ~ 

CfJ '"'i -
l$1;] 
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LASER POWER RECEIVER TYPES 

The types of laser power receivers considf-red in that study and their anticipated efficiencies are listed. 
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LASER POWER'REtEIVER TYPES 
______ ._,_.. ____ _. ____ _... ______________________________ ••llN•-----

SPS-3422 

...... 
.;,:··.; 

' :. I . ' ... 
.. 

LOW INTENSITY <LESS THAN ~ SUNS AVERAGE POWER/AREA> 

PHOTO CELL 
EFFICIENCY .._ 40% 

POWER TOWER 
EFFICIENCY N 601 . 
HARDWARE CURRENTLY: UNDER CONSTRUCTION CAN. BE USED 

OPT l CAL RECTENNA r 

MUST BE PULSED FOR EFFICIENCIES UP TO > 901 

HIGH INTENSITY COVER 5 SUNS, DANGEROUS) 
PARABOLIC CONCENTRATOR 

EFFICIENCY ... 601 

J JJ 
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PHOTOCELL RECEIVER 

Mass produced pJastic FresneJ Jens couJd t,e used to concentrate laser power on strips of water cooled 

photoceUs underneath. 

I 12 
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LASER 
RADIATION 

COOL AHT---.:.tm1. 
PASSAGE 

D l 80.·25969·2 

PHOTOCELL RECEIVER 

PHOTOCELLS 
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POWER T01'1!R RECl!JYl!R 

This concept is almost identical to the solar power towers now under lnvestlgatlon by DOI! and belna 

constructed at several desert locations. The laser power from the ~PS has a smaller divergence angle 

than sunlight, ls of ' times th4! lnten.sJty and J.t constant ov~r the courH ol the day. 
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POWER TOWER RECEIVER 

--------------:S:PS~-3:3~=-------'--------------------------------------------------------l/llltl'"'"' ______ _ 

REFLECTED 
LASf:R 

RADIATION 

' ' ' ' ~~~ 

11 S 

HELi OST AT 

,, 
\\ 
\ \ 
\ \ 
\ \ 
\ \ 
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SINGLE HIGH INTENSITY RECEIVER 

This concept, not a recommended option for beam safety reasons, is a data point representing what a 

high intensity laser beam receiver might look like. 
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SINGLE HIGH INTENSITY RECEIVER 

----------~S~Ps~.3~39~,------'"'------------------------------------------------•llllNl/I ____ __ 

117 

CAVITY RECEIVER 

SUPPORTS AND HEAOEP.S 

FIXED PARABOLOID 
DISH CONCENTRATOR 

It 
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SCHEMA TJC CROSS-SECTIONAL VIEW 

The power head at the focus of either thf" high intensity receiver or the power tower is expected to be a 

design similar to this. 
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SCHEMATIC CROSS-SECTIONAL VIEW OF ABSORPTION CAVITY, 
ENERGY EXCHANGER/TURBINE LASER DRIVEN HEAT ENGINE ________________________ .... _____________________________________________________ •lllllVll ______ _ 

SPS-3382 

CYLINDRICAL 
RECUPERATOR 

ENERGY EXCHANGER 

DlATlON 
ABSORPTION CAVITY 

(Transpiration Cooled Walls) 

119 

MDlATORS FOR 
lNTERCOOLlNG 
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OPTICAL RECTENNA CONFIGURATION 

The op::cal rectenna is a microminature 10 micron wavelength dipole receiver and rectifier diodE" en­

tirely 2'!"lalogous to the microwave rectenna in principle of operation. The method of fabrication is ',y 

semicc1ductor processing and lithography on silicon sheets. The sheets are mounted on water cooled 

plates 2. t the base of a factor of 30 paraboJic trough concentrator and connected to positive and nega­

tive pc-xer busses that run alongside. 
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OPTICAL RECTENNA CONFIGURATION 

------------------------------------------------------------------------... , .. ------SPS-3267 

PARABOLIC TROUGH 

--Y--CONCENTRATORS 

OPTICAL 
RECTENNA 
SHEETS 
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OPTICAL RECTENNA PRELIMINARY CHARACTERISTICS 

Preliminary optical rectenna diode performance based on the constant forward voltage diode drop ap­

proximation is shown. Neither concentration or pulse factor alcne will suffice for high efficiency - a 

concentrator ratio of 30-100 wit1, a pulse factor of 1000 to 10,000 ls needed. However, the result is the 

most efficient laser receiver concept proposed to date. 
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I OPT! CAL RECTEllNA 0~~~!M!NARY CHARACTERISTICS 

-------...;;..---~---------------------- • •llNll ---SPS-3 ?84 

o DIODE OUTPUT VOLTAGE 
v • ( (P/A) zo )"i A 

}f t ~ 
Power/Area Free Space Wavelength 

Impedance 

0 APPROXIMATE RECTENNA EFFICIENCY DUE TO FORWARD DIO~E r~0° ~OSSES 
n forward • ( v - v forwa .. d ) v-l 

for S111con diodes Vforward • .6 volts 

o RESULTS OF CONCENTRATING Otl DIODES AND PULSING LASER 

CONCENTRATION PULSE FACTOR V (VOLTS} nFORWARD 

1 1 .014 0 
20 1000 1.94 .69 
30 1000 2.38 .75 

100 1000 4.34 .86 
300 1000 7.52 .92 
300 lQ020 23.8 .£75 
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LASER CONCLUSIONS 

Our conclusions on use of laser for SPS power transmission are listed. 
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LASER ~ONCLUSIONS 
________________ .._ _____________________________________ ,,#.----

SPS·33:M 

• liEST LASER OPTIONS ARE WITHIN A FACTOR OF 2 OF REFERENCE SYSTEM 
SPECIFIC MASS & COST. 

• CAN PROVIDE SMALL < < 100 MW) BLOCKS OF PbWER WITHOUT LOSS OF 
COST-EFFECTIVENESS. 

• GROUND RECEIVER CAN BE EFFICIENT WITHOUT DANGEROU~ INTENSITIES. 
• AVAILABILITY BETIER THAN GROUND SOLAR BUT, NOT AS GOOD AS 

MICROWAVE. SPS. 

• DOES!~ 'T SH~: ~~F AT NIGHT, BUT 
, CAN'T GET THROUGH !~CLEMENT WEATHER 

• SMALL RECEIVERS POSSIBLE <HUNDREDS OF METERS DIAMETER AT 1 GW). 
• MOST PROMISU~G AREAS FOR RE.~SEARCH 

I FREE-ELECTRON LASER 
• OPTICALLY-PUMPED LASER 
• MICRO-RECTENNA 
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LASER RESEARCH RECOMMENDATIONS 

Because it js the most promising SPS laser candidate, the FEL deserves a more detaUed study, particu­

larly with regard to achievable beam power extractions. 
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LASER RESEARCH RECOMMENDATIONS 
__________ ..;;... ____ ..... ____________________________________ .. ,,.,.----

SPS·3338 

FREE-ELECTRON LASER 
• DETAILED TRADEOFF OF SINGLE-PfSS VS S70RASE RI~3 

KEY ISSUES: 
I MAGtJET WEIGHTS 
• BEA~1 RECONSTITUTior~ 

. POWER FROCESSING (LASER IS PULSED> 
I BEAM LEAKAGE 
. HIGH-EXTRACTION WIGGLER 
, POWER PROCESSING <LASER IS PULSED> 
, SPENT BEAM DISSIPATIO~ 
• SCALING & POWER LIMITS 
• OPTIMIZATIOtJ 
I OPTICS SURVIVAL 

• HIGH-EXTRf\CTION & POWER PROCESSH~G EXPERIMENT PROGRAMS 

127 

STORAGE RING 

SINGLE-PASS 

BOTH 



DI 80-25969-2 

LASER RESEARCH Rl!COMMl!NDATIONS (CONT) 

Despite the generally unfavorable prellminary results in this study, the Indirectly optically pumped 

laser still has potential for improvement. To realize this a more detailed Investigation of the laser 
cycle needs to be done. 

The optical rectenna ls a good candidate for a small experimental program, u are band-pp matched 

photo vol talcs. 

Finally, a laser SPS grid Integration study 11 needed to asse11 compatlblUty wlth electric utlUtle1. 
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LASER RESEARCH RECOMMENDATIONS ________________ ._ ___________________________________ ..., ____ __ 
SPS·3331 

OPTICALLY-PUMPED LASER 
• DETAILED PHYSICS, THER~~DYNAMICS & KINETICS MODELING: 

DESIGN TO OPTIMIZE LASER CIRCUIT & ASSESS SCALING. 

• PUMPING & GAIN EXPERIMENTS 

• SEARCH FOR BETTER CATALYSTS 
GROUim RECEIVER 

• ANALYZE & TEST MICRO-RECTENNA WITH CONCENTRATION 
& PULSING 

• ANALYSE & TEST MATCHED PHOTOVOLTAICS 

GENERAL 
• DETAILED SCENARIO ANALYSIS TO ASSESS LOAD-CARRYING 

CAPACITY FOR VARIOUS REGIOUS. 
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TRANSPORTATION ANALYSES 

Three separate transportdtion analyses were conducted. A study was made of a shuttle-derived heavy 

lift and orbit transfer system, attempting to make maximum use of existing or mudified space shuttle 

hardware. In addition, a significant effort was invested in the definition of a small heavy lift launch 

vehicle, sized to roughly one third the liftoff mass of the present reference SPS HLLV. The third anal­

ysis, still in progress, is a sensitivity study of the electric orbit transfer vehicle, examining its sensitiv­

ity to thermal effects in low Earth orbit, radiation degradation, and use of alternative propellants. 
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TRANSPORTATION·AHALVSES ________ _.;. ____ __. ______________________________________ ..,, ____ __ 
SPs-3438 

• SHUTTLE-DERIVED SPS TRANSPORTATION 

• SMALL HEAVY lIFT LAUNCH VEHICLE 

• ELECTRIC ORBIT TRANSFER VEH! CLE'·SENS'ITIVITIES 
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SHUTTLE-DERIVED SPS TRANSPat.TATION 

The goal of the shuttle-derived SPS transportation system was to minimize transportation development 

cost. The question related 10 this goal was determination of the recurring cost for SPS production if 

this transportation system were adopted. The concept involves use of shuttle orbiters and external 

tanks both for Earth-to-orbit and for orbit-to-orbit transportation. In order to reduce costs and increase 

performance, a new booster is to be designed and developed. 
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SHUTTLE-DERIVED SPS TRANSPORTATION 

GOAL: 

APPROACH: 

MINIMIZE DEVELOPMENT COST 

o USE SHUTTLE ORBITER AND ET 

o PROVIDE NEW BOOSTER TO INCREASE 
PERFORMANCE AND DECREASE COSTS 
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PROBLEMS WITH THE ORIGINAL CONCEPT 

This concept was developed by the Johnson Space Center. An initial configuration was provided as a 

part of the Phase Ill task state·nents. The configuration had certain known problems. First of all, very 

little volume was available for SPS hardware payloads. These hardware payloads are relatively low in 

density and require a Jow density payload bay to achieve efficient transportatioo operatioos. Further, 

the original concept included a redesign of the satellite, fairl'." complex construction operations, and 

raised certain questioos as to whether the large sections of satellite buili at low Earth orbit could be 

transported to GEO. Thirdly, accommodations for crew delivery from LEO to GEO were not provided. 

Finally, the system included a ballistic booster. Earlier studies of ballistic versus winged boosters had 

indicated that winged systems would provide lower transportation costs di.Mt 1D more rapid turnaround 

operations. 
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PROBLEMS WITH THE ORIGINAL CONCEPT 

--------.....;,----.....1--------------------------------------••llN6----Sf'S.3272 

.. 

o NO VOLUME FOR PAYLOAD. 

o SATELLITE MUST BE REDESIGNED AND PARTIALLY 
BUILT AT LEO~ PARTIALLY AT GEO. 

o NO VOLUME FOR LEO-GEO CREW. 

o BALLISTIC BOOSTER WITH HIGH STAGING 
VELOCITY REQUIRES EXTENSIVE SEA 
RECOVERY OPERATION • 
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WORKAROUNDS 

A revised configuration was developed that included a redesign of the external tankard the use of a fly­

back booster. It had also been suggested that the orbiter be redesigned to provide increased payload 

accommodations. Tt-ais, however, appeared to be in conflict wi1h the desired objective of minimizing 

development costs. If one were to redesign the orbiter and provide a new booster, one would, in effect, 

have a small heavylift launch vehicle. That option was studied as another part of the transportation 

task. 
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WORKAROUNDS 

------------------.a-----------------------------------------•a11No-----SPS-3291 

o REDESIGN ORBITER 

[) o REDESIGN ET C REQUIRED IN ANY EVENT) 

o USE FLYBACK BOOSTER 

1J9 
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MODIFIED SHUTTLE SPS TRANSPORTATION SYSTEM 

Sh0·vn here are the principal features of the modified system. Cargo space ls provided in the exti"rnal 

tank. The shuttle cargo bay provides sufficient volume for personnel accomrnodation. The flyback 

b..:>oster and interstage structure provide for launch of the shuttle and extemaJ tank to the proper 

staging conditions. 

Cargo is launched to low Earth orbit with the configuration illustrated. Some of the external tanks with 

cargo space are to be used tor orbit-to-orbit transportation. These are.provided wlth better thermal 

insulation for roughly two weeks' stay time in low Earth orbit. Additional launches with relatively con­

ventional external tankc; bring propellant to low Earth orbit to fill the orbit transfer ET systems. The 

relativiely high performanc~ of the large flyback booster allows the system to arrive in orblt with sub­

stantial prope.llant remaining in the extemal tank. This is then transferred to the orbit tran&fer ET's 

until they are fully loaded with propeUant. 

In order to provide an adequate mass fraction for orbit transfer and allow the shuttle orbiter to go 

along as a pro..,ulsic-n system and crew transfer system, several external tanks are docked together end­

to-cnd to provide a very large orbit transfer system with great propellant mass. 
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MODIFIED SHUTTLE SPS TRANSPORTATION SYSTEM 
CARGO LAUNCH CONFIGURATION 

SHUTTLE CARGO BAY FOR r ADDE~ CAAGO OR PERSOllNEL 

~Yfi. CARGO SPACE 
, , 

<. ~· L02 ')( I LH2 •.. . . ,/ 

,- ~NEW L02 UPPER DOME 
\ ORIGINAL LOz UPPER DOME 

'-FLO' 'ER PETAL NOSE FOR 
TANK·TO·TANK JOINING 

141 
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. . I ... , 
I' 11 

1 I' II ~ 
\ I f ' ...... . 

'-DOCKING HATCH FOR\__ FL YBACK BOOSTER 
PROPELLANT TRANSFER 
(TANK-TO-TANK OR 
ORBITER-TO· TANK) 
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FEATURES OP REVISED SYS1'EM 

The principal features of the revised system are tabulated here. Note that three types of external 

tanks are required. AU cargo for launch from Earth to orblt is housed internally to the external tank 

payload bay. For orbit transfer, this ls not necessary and cargo brought to Earth orbit by those external 
tanks not configured for orbit transfer wiU be stored externally to the orbit transfer ET's for the orbit 

transfer. 

142 
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FEATURES OF REVISED SYSTEM 
______ _.;.. __ .:;;..;;. ____ ..._ ____________________________________ ••llN•----

o CARGO SPACE IN ET ALLOWS DELIVERY OF 
CARGO TO GEO & ALL CONSTRUCTION AT GEO, 

o ADEQUATE VOLUME CAN BE PROVIDED, 

o ORBITER BAY AVAILABLE FOR PERSONNEL 

o THREE ET VERSIONS 

(1) •REGULAR• • PROPELLANT DELIVERY TO LEO • 
MODIFIED ONLY FOR PROPELLANT 
ACQUISITION AND TRANSFER 

C2) CARGO TO LEO - CARGO BAY ADDED 
(3) LEO·GEO 

o CARGO BAY 
o FLOWER PETAL NOSE 
o BETTER INSULATION 
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OPTIMIZATION QUESTIONS 

A number of questions have been raised as to how to configure thls system for mlnlmum cost. The 

three principal variables are the booster size and attendant staging velocity, booster flyback optlmlza· 

tion, and the number of external tanks to be provided for .!l', h transfer fUght. Crew accommodatlon1 

in the orbiter were a secondary questlon. 
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OPTIMIZATION QUESTIONS 
______________ _. ____________________________________ ._ .. ,, .. ----

ll"l-M21 

• BOOSTER SIZE/STAGING VELOCITY 

• BOOSTER FLYBACK OPTIMIZATION 

• ET'S PER TRANSFER FLIGHT 

• CREW ACCOMMODATIONS 

• COST 
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ISAIAHI WHAT IT IS 

In order to conduct the optimization analysis, the Isaiah Systems Modeling Software System was em­

ployed. The Isaiah software, in e1f ect, allows one to very quickly develop a computer program to ana­

lyze a complex systems model by standardizing those things that normally cause molt of the dlfflculty 

in developing computer motiels. 
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ISAIAH - WHAT IT IS 

• STANDARDIZED, STRUCTURED PROCEDURE AND SOFTWARE SYSTEM FOR 
INTERRELATIONSHIPS AND SENSITIVITY ANALYSIS 

. • MODELING METHODOLOGY 
• INPUT LANGUAGE 
• INTERNAL LOGIC 
, DIAGNuSTICS 
• OUTPUT FORMATTING 
I PLOT ROUTINES 

•NINETY PERCENT OF THE CODE.AND 951 OF THE TROUBLE IN A LARGE 
COMPUTER PROGRAM IS INPUT, OUTPUT,· LOGIC STRUCTURE, AND FILE 
HANDLING. THE RATIO IS SOMEWHAT WORSE IF COMPUTER GRAPHICS IS 
USED. WITH THE ISAIAH METHODOLOGY ALL OF. THIS STUFF IS Al.READY 
THERE AND DOESN'T NEED CHANGING. 
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ISAIAH COMPUTE.It HOOKUP 

The Isaiah System operates with the computer network at the Boeing Kent Space Center. The system is 

accessible through remote terminals and all card image files are maintained on disk files to avoid card 

deck handling. The software runs Or"l a large IBM mainframe and plot files are transmitted to the inter­

active computer graphics facility for rapid plotting of results. 
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ISAIAH CCl1PUTER HOOKUP 

MODEL 
DESCRIPTIONS 

Q) IBM 3032 
ISAIAH PROCESSING 
AND OBJECT CODE FILES 

PLOT FILES. 

/ 

D 
~ 

~ 

~ --

__ 1.1 

AND JCL 

© INTERACTIVE COMPUTER 
GRAPHICS FAClLlTV 

149 
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B 
@MTS SOURCE CODES AND 

INPUT FILES ON DISK 

FILE MAINTENANCE 

<D REMOTE TERMINAL 
FILE EDITING AND 
JOB LAUNCH CONTROL 
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SHUTI'LE DERIVE.D SYSTEM OPTIMIZATION (BOOSTER) 

The systems model is summarized on the facing page. This segment of the model includes the boos1e1' 

flyback optimization with principal variables being the booster wing area, dry inerts, and the 

booster propellant load and staging velocity. The iterations implied in the network are handled auto­

matically with the Isaiah software. 
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SHUTTLE -DERIVED SYSTEM OPTIMIZATION <BOOSTER> 

--------------------.... ------------------------------------------------... ,..------........ 
BOOSTER BOOSTER 
PROPELLANT WING 
LOAD AREA 

1 r I I 
l .L • ... 

BOOST BOOSTER - BOSTER BOOSTER PROPELLANT DRY WET c.. 

- L/D COST INERTS ,. INERTS 
1 

' 
I 

l • J, •• - -
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SHUTTLE DERIVED SYSTEM OPTIMIZATION (UPPER STAGES AND TOTAL) 

The analysis of the upper stages is diagramed on the farJng page. As the ideal staging velocity in­

creases, the upper stage injected mass increases thus increasing the cargo mass and the propellant 

deliverable. However, as the ideal staging velocity increases, larger and larger boosters are required so 

one would expect a minimum cost point. 
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MODl!.L INPUTS 

Plo' .ed here is the estimated relationship of booster wing mass to the booster man and booater-wing 

area. This is a key relationship for Htabllshing the flyback optimization. 
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MODEL INPUTS (CONTINUED) 

The staging relative path angle decreases with increasing staging velocity; the path angle ls important 
in establishing flyback range. 
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MODEL INPUTS (CONT'D) 
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MODEL INPUTS (CONTINUED) 

Shown here is the relationship of relative staging velocity to ideal 1tagln1 velocity. 
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MODEL INPUTS CCONT'D) 
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MODEL INPUTS (CONTINUED) 

The flyback range is cor'i.posed of two principal components: the range at staging and the coast range 
after staging. Shown on this chart ls the range at staging as a function of ideal staging velocity. On 

the next chart, the coa.st and flyback range as a function of path angle and inertial staging velocity is 

shown. 
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MODEL INPUTS CCONT'D) 
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MODEL INPUTS (CONTINUED) 

The booster theoretical first unit cost ls modeled as dependent upon the booster wet inert weights 

(booster inerts including residual ascent propellants but not including fJyback propellant). The model 

included learning curve relationships to allow the booster average unit cost to be computed from the 

theore deal first unit cost. 
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MODEL INPUTS ~CONT'D) 
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MODEL INPUTS (CONTINUED) 

ET costs were computed based on the theoretical first unit for the basic ET and on a delta theo­

retical first unit for the additional mass of payload bay which in tum depends upon the payload 

deliverable per flight. 
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MODEL INPUTS (CONTINUED) 

The propelJant transferrable is dependent upon the propeJlant remaining at staging. For relatively low 

valut"S of propelJant rem::tining, very little prooellant is transferrable since most of it will be vaporized 

by the tank vapor residuals and the tank wall mass. 
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WING AREA EFFECTS 

The first rim of the model examined the importance of booster wing area. Wing area was found not to 

be a very important parameter. For further investlgatioii,, wing arf!a was fixed at 1,000 square meters. 
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' BOOSTER START PL YBACK INERTS 

The larger wing areas actually reduce booster start 11yback inerts as the improvement and L/O ls 

more important than the increase in wing mass. 

' 
\ 
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TOTAL ANNUAL COST 

Displayed here is the total annual cost for construction of two SPS's per year as a {unction of booster 

propellant load and number of ET's per or!Jit transfer. It is evident that large boosters are important 

and that using .tt least sjx ET's per orbit transfer is desirable. 
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TOTAL ANNUAL COST 
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TOTAL COST PER KILOGRAM 

The same data are displayed here in terms of cost per kilogram. 
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TOTAL ANNUAL COST FOR LARGE BOOSTERS 

The previous case was rerun for larger booster propellant loads showing some additional reduction in 

total annual cost up to 6,000 ton boosters. The total annual cost here is about twice that for the small 

HLLV whereas the booster size is approaching the booster for the large HLLV which had a propellant 

load of about 7 ,000 metric tons. 
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TOTAL ANNUAL COST FOR LARGE BOOSTERS 
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SHUTTLE DERIVED DEVELOPMENT REQUIREMENTS 

A number of developmental requirements are necessary in order to implement the shuttle derived sys­

tem. Several changes to the external tank are requked and orbiter crew accommodations of up to 30-

40 crew are needed for the orbit transfer. These crew accommodations can be provided in the payload 

bay •. I\ new large booster is required and the orbiter/external tank flight operations technology 

involv-ed in transferring propellant and flying LEO to GEO orbit transfers must also be developed. 
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: SHUTTLE-DERIVED DEVELOPMENT REQUIREMENTS 

--------------------------------------------------.-------.... , ...... --
• ET CARGO BAY (CARGO ET'S ONLY) 
•-ET IMPROVED J.NSULATION CORBIT TRANSFER ET'S) 
• ET DOCKlNt~ ~ORBIT TRAN<\FER ET'S) 
• ET PROPELLANT TRANSFER E~1 JI PMENT 

CPROPELLANT ET'S AND 
ORBIT TRANSFER ET'S) 

• ORBITER CREW At:COMMODATIONS = 30 TO 40 

• NEW BOOSTER 5000 TO 6000 TONNES GROSS BOOSTER MASS 
• ORBIT ~r:.·::r FLIGHT CPERATIC": 
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RESLLTS 

The dominant results are summarized hereo. The recurr.ing cost ls estimated as about twice that of the 

.. n 011! heavy Hft Jaunch vehidc anci the DDT&E, including the large ~ooster and the ET mods is 

estimated at 60 ~o 70 percent l'f the !lmalJ heavy lift launch vehidf' The shuttle derived system opti­

mizes with payload to orbit per flight in the range of 300 toni>. This payload capability is too large for 

mnny other applicntions, a criticism also directed at the large SPS reference heavy lift launch vehicle. 

ft is re~ommcnded that the smaH heavy lift launch vehicle should be selected as the SPS reference 

system. That small vehicle is described in the following briefing material. TI1e shuttle derived con­

cept, however, should be retained as an option for further consideration and reexamined in light of 

stiut1 le ope,.ating experience after a few shuttle flights have been accomplished. 
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RESULTS 

--------~;.._ ____ ..._ _______________________________________ llllN•-----

• NEED ABOUT 25 ORBITERS TO HANDLE LAUr~CH RATE 

• RECURRING COST = 2X SMALL HLLV 

• DDT&E = 60%-70% OF SMALL HLLV 

• RECOMMENDATION: SELECT SMALL HLLV AS SF~ 
REFERENCE SYSTEM 
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SMALL HEAVY LIFT LAUNCH VEHICLE 

Disc•Jssion of the small HLLV considers the vehicle design aspects, then the operations analyses assess 

the effects of the small 1-fLLV. 
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5p5.3:,79 

SMALL HLLV 

o SIZE AND CONFIGURATION SELECTlON -
o VEHICLE ANALYSIS 
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SPS LAUNCH VEHICLE CONCEPT EVOLUTION 

The ear Ji est studies of large launch vehicles were conducted in the mid-1960's durine the development 

of Saturn V. With the initiation of shuttle development, such studies were for a time dropped. As con­

cP.pt "velopment for the solar power satellite began, there again developed an interest in large launch 

vehicles. Boeing developed a concept of a .500,000 lb. payload single stage-to-orbit baJlistic vehicle in 

J 974. It used dual-fuel propulsion with oxygen-hydrocarbon and oxygen-hydrogen engines. A later 

study, funded by NASA-JSC and MSFC, examined heavy lift launch vehicles and concluded tha~ staged 

ballist!c configurations would have a cost advantage over single staged systems. At that time SPS pay­

loads were thought to ha .. ·e very low dt:nsity, on the order of 20 killograms per cubic metre. Conse­

quently, the configurations of that time period employed very large expendable shrouds. 

f)evelopment of spac~ fabrication concepts improved ttw i:;,ayload density to about 7.5 killograms per 

cubic metre and the launch ve:1icles were resized in responst .• JSC, in 1977, developed a wiriged vehicle 

concept for horizontcsl land landing. A comparative assessment of this versus the sea-landing baUistic 

system showed that the la11J lander would be operationaJJ~· perferable and about equal in cost to the 

ballistic system, but that the specific configuration had inadequate payload volume. It was 

subsequently reconfigured to increase payload vo:um~ and became the refe:ence system. Later studies 

have examined parallel burn vehicles, as well as a smaller heavy lift system for SPS application. The 

smaller heavy lift vehicle is the subject of this presentation. 
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SPS LAUNCH VEHICLE CONCEPT EVOLUTION 
__________________ .... _____________________________________________________ ,, ______ __ 

WINGED 
2-STAGE 

THE "REFERENCE" 
SYSTEM 1978 

L-.--1-~,.___, 900K PAYLOAD 

WINGED 
2-STAGE 

PARALLEL BURN 

SOOK PAYLOAD 
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LAUNCH SYSTEMS - SIZE COMPARISONS 

The small or alternate HLLV is shown to ccrrect scale on this figure with the shuttle, the Saturn, the 

rPference SPS HLL V, and thP. 747 commercial aircraft. As is evident, the small HLLV is much nearer in 

size to large airframes tliat have been built. 
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LAUNCH SYSTEMS SIZE COMPARISON 
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SPS LAUNCH VEHICLE TECHNOLOGY ASSUMPTIONS 

Tht: technology assumption used for the SPS HLL V studies are summarized on the facing page. In gen­

eral, thes,. represent evolutionary technoJogy growth from space shuttle. The last item, on-board built­

in ·.est and fault is')lation test, is intended to provide rapid assessment of vehicle maintenance require­

me"lts to minimize turnaround time. 

•. 

190 



D 1 so..is969-2 

SPS LAUi,CH VEHICLE TECHNOLOGY ASSUMPTIONS 
_______ ..._ ____ , ___________ ,...... ___ lllllllAlll--

SPS-3318 

o ENGINE TECHNOLOGY CONSISTENT WITH SPACE SHUTTLE MAIN 
ENGINE SPECIFICATION 

o CRYOGENIC ORBIT MANEUVERING PROPULSION 

o IN SOME CASES1 CONTROL-CONFIGURED AERODYNAMICS 

o STArE-OF-THE-ART ALUMINUM TANKS: TITANIUM WHERE 
WARRANTED FOR AERO SURFACES: MODERATE USE OF 
COMPOSITES IN UNHEATED1 DRY STRUCTURE 

n SERVICEABLE SHUTTLE-TYPE THERMAL PROTECTION FOR 
ORBITERS 

o REUSABLE LH2 INSULATION 

o SUBSYSTEMS GENERALLY CONSISTENT ~ITH SHUTTtE STATE-OF-ART 

o EVOLUTIONARY IMPROVEMENTS IN SUBSYSTEMS SERVICEABILITY 

o ONBOARD BIT/FIT 
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INERT MASS SCALING 

The small HLLV was initially sc?' 0 d using an inert mass scaling technique that represents the inert 

mass oi each stage as a function of a fixed value and a proportional slope. The inert mass increases 

with propellant load, but because it starts with a fixed value at zero propellant load, we find that the 

propellant fractkm or "lambda-prime" improves as the vehicle becomes larger. 
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INERT MASS SCALING ________________ _. ____________________________________________ ..,,,.,.-----

INERT MASS 
B - PROPORTIONAL SLOPE 

INERT MASS + A • BMp 

A - FIXED VALUE .. 

IMPULSE PROPELLANT LOAD 
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"A" PARAMETER SCALING 

Exa.nination of a number of earlier vehicle desjg:ls indicated that the so-called fixed value "a" is fixed 

only for a constant tank diameter and that~ the vehicle tank diameter ;"creases, the value of "a" 

should be scaled proportionately. This scaling approximation w.-c; used to select an "a" value for the 

small HLL V of approximately 140,000 killograms. 
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"A" PARAMETER SCALING 

-----------~----------.-.----------------------------------------------... ---.. ,, .. -----­Sf:\:-3324 
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SERIES BURN GLOW = 4E6 

Given the inert mass scaling factors for each stage, it was possible to carry out simple parametrics to 

ascertain the variation of payload and other important parameters with ideal staging velocity. This 

analysis assumed the total ideal delta V to Jow earth orbit to be 9200 metres per se-cond and examined 

the variation of vehicle parameters with staging velocity. As indicated, the maximum payload occurs 

with relatively low velocities. 
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SERIES BURN - GLOW 
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VARIATION OP PROPELLANT LOAD WITH STAGING VELOCITY 

In order to geometrically configure the vehicle, it is essential that the first stage propellant load be 

approximately twice that of the second stage propellant load. This result is obtained because the pro­

pellants for the booster are comparitlvely dense and the booster does not include a payload bay. With 

first stage propellant loads less than twice than those of the second stage, the booster tends to become 

too short to be a reasonable aerodynamic configuration. 
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VARIATION OF PROPELLANT· LOAD WI'TH STAGlNG VELOCl'TY 

PROP&.LANT 

----...LS'I ADE 2 THRUST 

-...... ---

1------------"-----i..----~----J~---'---__;L----....1 x11• 
1. S 2 2. S I 1. S 

STAGING VELOCITY 
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MASS TRENDING 

Parametric stud:es, such as shown on the previol1S two charts, were developed for a range of lift-off 

masses. The result was tt!e trends illustrated here. The series burn configuration offered sllghtly 

better performance th11n par<lUel-burn without crossfeed. The use of crossfeed with parallel burn 

improves vehicle performance. Two point designs from the recent Langley study of "Technology Re­

quirements for Earth-to-GEO Transportation," are shown for comparison with implied trending lines. 

The improvements attainable through crossfeed and accelerated technology are Ulustrated. 
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MASS TRENDING 
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SMALL HLLV REFERENCE TRAJECTORY 

With propellant loads and lift-off mass selected, a variety of t~ajectories were run in order to sete . .:t a 

reference trajectory. The selected reference case employed injection at 90 kilJometers and a real stag­

ing ve:0city of appr0ximately 5,000 ft/sec. 
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STAGING POINT VARIATION AND INJECTED MASS 

Shown here is the parametric study that resulted in selection of the reference trajectory. The most 

important parameter is the booster tilt angle. The tilt point occurs at approximately 60 metres/sec 

vertical velocity. This effects the staging path angle and attitude. The maxi:num occurs when the 

combined losses for the two stages are minimized. 
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STAGING POINT VARIATION AND INJECTED MASS. 
_______________________ _. ..... __________________________________ ...,. ________________ """'"'"'"' ____ __ 
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BOOSTER AERO SUMMARY LAND~ SPEED 

A further parametric study was conducted to select the ref ere nee wing area. Wing area was dictated 

by landing speed with a desire to maintain landing speed at no more than 16.5 knots. The result was a 

selection of a reference wirig area of 8200 ft2 with a canard for subsonic trim. 
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BOOSTER AERO SUMMARY LANDING SPEED 

----------------------.... ----------------------------------------..... ----------..,,,,,All/JI ____ __ SPS-3755 
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BOOSTER AERO SUMMARY HYPERSONIC TRIM 

A hypersonic trim investigation showed that the vehicle could be trimmed between 30 and 40 degrees 

angle of attack with reasonable aileron deflections. 
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BOOSTER AERO SUMMARY HYPERSO?I IC TR IM 
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EFFECT ON REF WING AREA AND ASPECT RA TIO ON SPS ORBITER LANDING SPEED 

The orbiter wing area was aJso selected for landing speed of 16.5 knots. Again, a canard was userl for 

subsonic trim to avoid Jarge wing areas. 
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EFFECT OF REF WING AREA AND ASPECT RATIO 
ON SPS ORBITER LANDING SPEED ____________________ ..... ________________________________________________ .. ,,IWl/1 ____ __ 
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SUMMARY OP RESULTS OF INITIAL ITERATION ON SPS BOOSTER/ORBITER AERODYNAMICS 

The next four charts summarize the results of the aerodynamics investigations. 
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,, BOOSTER 

DJ 80-25969·2 

SUMMARY OF RESULTS OF INITIAL ITERATION 
ON SPS BOOSTER/ORBITER AERODYNAMICS 

, tNJTIALlY DEFINED CONDITIONS 

• WEIGHT AT START OF FLYBACK 
320 TONNES • 704,000 LBS 

• FLYBACK RANGE 
250 KM + 20 MINUTES RESERVE 

• C,G, 
Xc,G,/BODY LENGTH• 0.7 

• DRAWING OF CONFIGURATION 

, ADDITIONAL CONDITIONS DEFINED 

• LANDING 
, ANGLE OF ATTACK • lSO MAX 
, SPEED • 165 KTS MAX. 

• HYPERSONIC TRIM 

I RESULTS 

, TRIM ~ETWEEN 3QO & SQO ANGLE OF ATTACK 
, TRIM WITHOUT POSITIVE ELEVON DEFLECT~~N 

- LANDING SPECIFICATIONS CONTROL WING AREA 

• ORIGINAL WING REF AREA FROM DWG = 6C~~ FT2 

, REQUIRED WING REF AREA ';i 8000 FT2 
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o BOOSTER 

0180-25969-2 

SUMMARY OF RESULTS OF INITIAL ITERATION 
ON SPS BOOSTER/ORBITER AERODYNAMICS 

(CONT'D) 

I RESUL.TS 

- FLVBACK 

• Coo = .032 (BASED ON WING REF AREA) 
• ASSUME FLVBACK OCCURS AT l./o)MAX AND 

10,000 FT Al.TITUDE 
, ASSUME TSFC • 0,8 FOR FL.YBACK ENGINES 
, CONCLUSIONS 

0 L/D)MAX • 6,73 
0 67,000 LB FUEL REQD, (INCLUDING 20 MINUTES 

RESERVES) 
0 VEL.OCITV. SOO'KMIHR 
0 WING LOADING AT START OF FLYBACK a £5 L.B/Fr2 
0 105,000 l.B THRUST REQD, A: STAR1' c~ :··-'f~ACK 

- HYPERSONIC TRIM 

BOOSTER WILL. TRIM AT 350 ANGLE OF ATTACK 

WITH 0 ELEVON DEFLECTION 
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SPS-3302 
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SUMMARY OF RESULTS OF INITIAL ITERATION 
ON SPS BOOSTER/ORBITER AERODYNAMICS 

(CONT'D) 

o ORBITER 
0 INITIALLY DEFINED CONDITIONS 

- LANDING WEIGHT • 230 TONNES - 506,000 L.B 
- XcalBODY LENGTH • 0.7 
- DRAWING OF CONFIGURATION 

0 ADDITIONAL CONDITIONS DEFINED 

~ LANDING ANGLE OF ATTACK • lSO (MAX) 
- LANDING SPEED • 165 KTS (MAX) 

0 RESULTS 
- ORIGINAL WING REF AREA OF - 5600 FT2 WAS A LITTLE LOW FOR LANDING 

- RECOMMENDED WING/CANARD CONFIGURATION 
• REF WING AREA • 6180 FT2 
, REF WING ASPECT RATIO • 2,25 
, REF WING TAPER RATIO • ,186 
• WING L,E, SWEEP • 550 
I WING T.E. SWEEP • 12°2 

CANARD AREA • 500 FT 
, l.ANDING TRIM CL • 0.88 
, ELEVON/WING RATIO • ,l?. 
, ELEVON DEFLECTION • llO 
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. SUMMARY OF RESULTS OF INITIAL IT!::RATION 
ON SPS BOOSTER/ORBITER AERODYNAMICS 

o BOOSTER 

(CONT'D) 

, RESULTS 

- RECOMMENDED WING/CANARD DESIGN 

REF AREA = 8200 FT2 
ASPECT RATIO • 2.32 
L.E. SWEEP • 550 
TAPER RATIO = .15 
T.E. SWEEP = 9,20 
CANARD AREA • 400 FT2 
LANDING TRIM CL = .83 
ELEVON/WING AREA • ,12 
ELEVON DEFLECTION. 7.6° 
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SMALL HLLV WING RESIZE 

Illustrated here are the revised wing areas as compared to the original wing areas, shown on the origina' 

configuration. Revised wing areas are shown as dotted lines. 
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SMALL HLLV - WING RESIZE 
______________ ....;;._ ______ _. ________________________ _.. __________________________________ ,,,"'"'"'"' ______ _ 
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SPS HLLV SELECTED CONFIGURATION 

The small HLLV final configuration is shown here. The orbiter includes a swept-back delta wing with a 

small subsonic foldout canard. The payload bay is aft of the propellant tanks and is 11 metres square by 

14 metres long. The orbiter uses six space shuttle main engines with extended exit beJls. Four e>f the 

six engines are gimbaled; the center two are fixed. The upper stage also uses a small yaw ventral for 

head-end steering to improve controllability in yaw. 

These vehicles are control cortfigured ir, yaw, thus eliminating the large vertical tail. Elimination of 

the vertical tail assists in balanci'lg the vehicle and makes practical an aft payload bay on the orbiter. 

The booster employs a "flower-petal" opening nose with a truss structure as an interstage structure. 

This approach avoids expendible interstage hardware and allows the second stage t·ngine start sequence 

to be irn tiated during the first stage tail-<:>ff as the open nose allows room for gas ver.ting du. :ng the 

start sequence. After stage separation, a simple hinged actuator mechanism closes the 'lose to a 

streamlined, aerodynamic configuration. 

The booster employs six oxygen-methane engines of approximately 18.35 K/lb thrusts. Four high thrust 

air-breather engint:s are mounted on top of the wings for fly-back. The air-breather engine inlets are 

closed by a blow-off cover until subsonic transition at which time the engines undergo start sequence. 

Engine location was selected to avoiJ flow attachment to either the wing 0r the body as a flow attach­

ment will result in higher drag during the fly-back. 
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SMALL HLLV UPDATED CONFIGURATION 
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SMALL HLLV MASS PROPERTIES 

The next five pages present the mass statement for the smaJI HLLV, based on the flnaJ conflguratlon. 

The estimated payload based on the detaHed mass statement is 126 metrk tons as compared to a 

parametric figure of 120 metric tons. 
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SMALL HLLV MASS PROPERTIES 
BOOSTER P.l 

________ .....;:;_----'----------------------~----~~------... .,.----KG 1.D!1 SPS·3331 

STRUCTURE-AEROSURFACES 
WING 
CANARD 
TIPLETS 
YAW VENTRAL 

STRUCTURE - BODY & TAf~KS 
NOSE 
NOSE GEAR SUPPORT 
METHAUE TANK 
OXYGEN TANK 
IIHERTANK 
AFT BAY & FAIRINGS 
THRUST STRUCTURE 
BODY FLAP 
FAIRIUGS 

TPS 
MECHANISMS 

LA;mING GEAR 
DRAG DEVICE 

MAIN PRuPULSION 
ROCKET ENG I ~·~ES 
Ei'G WE ACCESSORIES 
PROPELLANT SYSTEMS 

225 

-28,235 ~ 
25,509 ~236 
1,452 3,200 
1,020 2,249 

254 560 
69,107 152,357 

9,761 21,519 
693 1,528 

9,684 21,349 
13,610 30,006 
10,592 23,353 
10,513 23.178 
8,130 17,924 
1,360 4,100 
4,264 9,400 

0 0 
9,043 19,936 

8,090 17,836 
953 2,100 

68,750 151,596 
50,000 110,229 
6,250 13,779 

12,500 27,588 
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SMALL HLLV MASS PROPERTIES 
ORBITER P.l _____ .;_ __ ...._ __________________ .,.,, .. --

sr-:;.3330 
STRUCTURE-~EROSURFACES 

WING 
CAiMRD 
TIPLETS 
YAW VENTRAL 

STRUCTURE-BODY & TANKS 
NOSE 
NOSE GEAR SUPPORT 
LH2 TANK 
L02 TANK 
INTERTAtJK 
PAYLOAD BAY BODY SECTION 
PAYLOAD BAY DOORS 
AFT BOm 
THRUST STRUCTURE 
BODY FLAP 
FAIRINGS 
CREW CAB STRUCTURE 

IHDUCED THERMAL PROTECTION 
WP~G RSI 
BODY RSI 
TAf~K SiiJEWALL PA~IELS 
WING TIPLETS RSI 

22,552 
20,135 
1,560 

635 
222 

66,328 
2,440 

529 
10,928 
11,719 
6,231 

10,282 
2,255 

10,979 
3,390 
2,270 
2,137 
3,168 

19,923 
4,799 

10,136 
1,571 

386 
2,169 

862 
LH2 INTERNAL INSULATION 
PROPELLANT PURGE., VENT., & DRAIN 

227 

49,720 
44,390 
3.,440 
1,400 

490 
146,211 

5,380 
' 1,166 
24,093 
25,835 
13,737 
22,668 
4,971 

24,204 
7,473 
5,000 
4,700 
6,984 

43,922 
10,580 
22,345 
3,465 

850 
4,782 
1,900 
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SMALL HLLV MASS PROPERTIES 
ORBITER P.2 __________ ..;_ ____ _._ _____________________________________ .. ,,"""----

SPS-3333 

MECHANISMS 
LANDING GEAR 
DRAG DEVICE 

MAIN PROPULSION 
SSME's 
ACCESSORIES 
AFT BODY PROPELLANT SYSTEM 
DELIVERY LINES & PROP.MGT 

AUXILIARY PROPULSION 
OMS PROPULSION SYS <DRY) 
RCS PROPULSION SYS <DRY> 

SUBSYSTEMS 
FLIGHT COf JTROL 
AVIONICS 
EC/LSS 
ELECTRIC POWER 

CREW & PAYLOAD ACCOMMODATIOiJS 
PERSONNEL PROVISIONS 
FURNISHINGS 

GROWTH 

PAYLOAD PROVISIONS 
CREW & ACCESSORIES 

TOTAL DRY WITH CREW 
229 

7,198 
6,439 

759 
,1,694 

19,336 
2,077 
7,008 
.3~273 

4,090 
2,548 
1,542 

9,960 
1,270 
L.978 
1,339 
5,373 

3,652 
305 
411 

1,380 
1,556 

14,519 
179,916 

15,869 
14,196 
1,573 

69.,873 
42,630 
4,580 

15,450 
7,213 

9,018 
5,618 
3,400 

21,958 
2,800 
4,360 
2,952 

11,846 
8,053 

674 
907 

3,042 
3,430 

32,009 
396,633 
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SMALL HLLV MASS PROPERTIES 
BOOSTER P.2 

----------..;...,----..a...-------------------------------------1111N•----SPS-3329 

AUXILIARY PROPULSION 
FLYBACK ENGINES 
FUEL SYSTEM 
RCS 

SUBSYSTEMS 
AUXILIARY POWER 
ELEC. CONV. & DISTR. 
FLT CONTROL ACTUATION 
FLIGHT CONTROL SYSTEM 
AV10NICS 
EC!LSS 

GROWTH 
TOTAL DRY 
FLUIDS 

BL~S PROPELLANT 
PRESSURANT 
RESIDUALS & TRAPPED 
FLYBACI< FUEL 

NET INERTS 
IMPULSE PROPELLANT 
BOOSTER LIFTOFF MASS 

30,615 
25,000 
3.,039 
2,576 

7,aoq 
703 

2,667 
2,073 
1,111 
1.,000 

250 
21, 355 
234,909 
61,466 

11,300 
11,300 
8,475 

67,495 
55,115 
6,700 
5,680 

17,205 
1,550 
5,880 
4,570 
2,450 
2,205 

550 
47,083 

517,917 
135,506 

24,911 
24,911 
18,684 
67,000 30,391 

1296,375) 
2,260,000 
2,556,375 

~53,4231 
4,982,396 
5,635,819 
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SMALL HLLV MASS PROPERTIES 
ORBITER & INTEGRATED VEHICLE ____ ......:;;;.... __ .__ ___________________ •••11t1•--

SPS-3332 

FLUIDS & GASES 

OMS PROPELLANT 
OMS RESERVES & RESIDUALS 
FUEL CELL REACTANT 

41,734 --

TRAPPED MAIN PROPELLANT & PRESSURf\NT 

28,263 
2,826 

254 
10,391 

TOTAL ItlERTS 221,650 
ASCENT PAYLO.~D 126,260 
TOTAL ORBITER INJECTED 347,910 
IMPULSE PROPELLANT 1,130,000 
ORBITER AT LIFTOFF 1,,477., 910 
BOOSTER AT LIFTOFF 2,556,375 
VEHICLE AT LIFTOFF 4,034,285 
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92,008 
62,3C? 
6,2:: 

s~"' 

22 C"'i ' .. -~ 

488,641 
278,,359 
767,000 

2,491,198 
3,258,,198 
5,635,819 
8,894,017 



SMALL HLLV INERT MASS DATA 

The pie charts show a summary of the inert mass of the two stages. The pie chart areas are propor­

tional to the total inert mass of each stage. 
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SMALL HLLV INERT MASS DATA 
SPS-3320 

MECHANISMS 

MAIN 
PROPUL­
S!DN 

BOOSTER INERT 
MASS O!STR!BUTION 

SUBSYSTEMS 
TOTAL• 296375 

STRUCTURE 
(BODY & TANKS) 

STRUCTURE 
<AEROSURF ACES> 

FLUIDS 
<INCLUDES 
FLYBACK 
FUEL> 

GROWTH 

235 

ORBITER INERT 
M~SS OISTRIBUT!~~ 

1T'S 

MECHAN­
l SMS 

AUX. PRtlP. 

STRUCTURE 
(SOOY & TANKS) 

STRUCTURE 
<AEROSURFACES) 

Ft.lJIOS 
<INCLUDES ON-ORE 
PROPELLANT> 

GROWTH 
SUBSYSTEMS ~W & PAYLOAD ACCOM. 

TOTAL• 221650 



HLLV FLEET SCENARIO 

The SPS transportation and construction system interrelated transportation operations scenario mate­

rial presented in the rekrencc system dt: .. cription report from Phase II has been incorporated into soft­

ware so that trade stunies can be run. Shown here is the HLLV fleet scenario for the small HLJ. '!. 
Note the increased numbers of flights and the increased producticn rate. 
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Vl!tOCL! QUANTITIES 

Vehicle quantities were derived from the scenario data on the preceding page. The scenario analysis 

establishes the number of vehicles required for the initial fleet. Spares were added to this. Engines 
and auxiliary propulsion were independently estimated. Since the engines follow a different learning 

curve than the airframes, it is necessary to discretely estimate engine costs. The scenario results also 

determine the number of n~w vehicles rf'quired for life cycle operations. An additional set of equiva­

lent vehicles is required to maintain spares and maintenance. The figures used were based on the same 
assumptions as u~d to cost the reference HLLV. 
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VEHICLE QUANTITIES ______________ _... _____________________________________ ... ____ __ 

INITIAL FLEET & SPARES SQDSIEB ORBITER 

AIRFRAME 17 22 
MAIN ENGINE 102 133 
AUX. PROPULSION 70 22 

LIFE CYCLE 

Nl:W VEHICLES 
AIRFRAME 173 179 
MAIN ENGINE 1041 1077 
AUX. PROPULSION 694 179 

SPARES & MAINTENANCE 
AIRFRAME 174 174 
MAIN ENGINE 27q4 2744 
AUX. PROPULSION 101 174 

239 



SMALL tu.LY INHERITANCE 

It was estimated that the small HLLV would inherit several subsystems and technoloSies that could be 

used with suitable modWcations. The principal ones are Indicated on the facing page. 
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SMALL HLLV INHERITANCE ________________ .._ ____________________________________ ••l~N·-----

FROM SHUTTLE 

o ORBITER MAIN ENGINES 
o THERMAL PROTECTION SYSTEM 
o AVIONICS & POWER 
o CREW SYSTEMS 
o REACTION CONTROL SYSTEM 

FROM OTV 

o ORBIT MANEUVER ENGINES 

FROM MILITARY OR COMM~RCIAL AIRCRAFT 

o BOOSTER FLYBACK ENGl~ES 
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SMALL HLLV COST SUMMARY 

Cost estimating factors are summarized here. The top part of the table indicates the DDT&E costs. 

The center part shows the commonality credits from the shuttle and OTV, and the bottom summarizes 

the theoretical first unit costs and !earning slopes for vehicle production. 
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SMALL HLLV COST SUMMARY 
________________ ..._ ___________________________________ ••11N•----

AIRFRAME 
MAIN ENGINE 
AUXILIARY PROPULSION 
SUBSYSTEMS 
GROUND & FLIGHT TEST VEHICLES 

MAIN ENGINE 
OMS 
RCS 
ELECTRIC POWER } 
AVIONICS 
EC/LSS 

AIRFRAME & SUBSYSTEMS 
MAIN ENGINE C6 PER STAGE> 
AUXILIARY PROPULSION 

TFU -178 
32 

4.5 

BOOSTER 
1977 
1619 
151 
316 
704 

DDT&E 
ORBITER 

3120 
215 
26 

381 
525 

ORBITER COMMONALITY CREDITS CDDT&E> 
0,95 CSSME> 
0.8 COTY> 
Q,5 <SHUTTLE> 

• 

0.7 CSHUTILE> 

PRODUCTION 
BOOSTER ORBITER 

SLOPE TFU SLOPE 
,85 187 .85 
.90 18 .90 
.88 5.1 .88 

(4 REQ'D) 
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SMALL HLLV DEVELOPMENT COSTS 

The development cost figures from the previous chart arP shown in pie chart fashion here. Note that 

totals are also indicated. The reJatively smaJJ main engine contribution for the orbiter results from the 

assumption that the space shuttle main engine is to be used essentialJy as is. 
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SMALL HLLV DEVELOPMENT COST 

BOOSTER ORBITER 

AtRFIWE 
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COST PER FLIGHT 

The principal contributors to cost per fUght are enumerated on the facing page. 
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COST PER FLIGHT (1500/YR) 

•OllNll 
SPS:-3411 

ITEM COST IN MILLlONS (79$) 

PROGRAM SUPPORT .113 
FU GHT HARDWARE 2.359 
GROUND SYSTEM & OPS 0.35 
TOOLING SYSTEMS 0.18 
PROPELLANT 0.617 
SITE MANPOWER 0.612 

4.231 
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SMALL HLLV COST PER FLIGHT 

The scenario indicated a nominal launch rate of 1.500 flights per year. The program average cost per 

f1ig'rt is shown here in pie chart fashion. As was true for the referer.ce HLLV, flight hardware for 

amortization of vehicles and spares and maintenanr:::e dominates the total. Ground system and opera­

tions include those people directly involved j~ vehicle turnaround operations. Site manpower and pro­

gram support are indirect people chargeable to Jaun(;l1 operations. Tooling sustaining reflects a 10% a 

year figure based on initial tooling costs. Finally, propellants were costed as they were costed for the 

reference HLL V. 
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EFFECTS OF SMALL HLL V ON PAYLOAD PACKAGING 

The next ~Pction of this presentation discusses the effects of the small HLL V on the SPS operations. 

Twn kinds of dfects were investigated. First, those on the systems operations that could influence 

system cost, and sei:ondly, environmental effects a~ c0mpared to the large HLLV. 
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___________ ...;;.. ____ ........... __________________________________________ .. ,,,,.,.---

THE EFFECTS OF A SMALL flLLV ON 

PAYLOAD PACKAGING,, SPS CONFIGURATION, 

GROUN~ A~~ SPA~: ~ACILITIES, AND 

OPERATIONS. 
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SMAtL HLLV PACKAGING PARAMETERS 

The nominal sma!J HLLV payload parameters that were given are as follows: 

Cargo Bay Envelope 

\1 

120mT 

Following the guidelines established in previous packaging analyses (Reference: Section .5 in the Phase 

II Operations and Systt:ms Synthesis document, Dl80--25461··3), we have dlscour.:ed these parameters to 

allow for packaging and pallets. The working pararneters become the following: 

.\!lax. Envelope of Components 

:\ifox. Payload Mass 

(Without Pacl~af(i:'lf() 

1uc:fd 
10.I 

10I mT 

This table lists the total payload tk•c nec:Js to be deJiverl?d t•:> LEO for each year of the SPS commer­

cial prop.ram. This total payl1x1.J incl~idcs i.:ornponents, spare parts, crew supplies and propellants used 

at both LEO and GEO. This table also lists the corrf:'.spondinl\ number of mass-limited launches required 

per day and per week to deliver this payload. 
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SPS 
PROGRAM 

YR 

1 

2 

) 

• 
' ' 
7 
g 

' N 
CA 10 w 

11 

12 

1l 

23 

33 

TABLE 1 

THEORETICAL QUANTITY OF MASS-LIMITED LAUNCHES 

THEORETICAL NO.OF D> 
TOTAL TOTAL NO.OF LAUNOIES 

PAYLOAD[!> LAUNCHES B> PER PER 
01n {MASS-UMITED) 2 DAY WEEK 

150}9 1'0 • .31 2.fi6 

170'8 15& .#fl 3.01 

4709, 07 1.20 8., 
107633 m 2.73 19.!l 

lJ&n' 1281 3.52 2•.6' 

13706, 1270 3.lfl 24.~ 

1339'0 1217 3 • .5.5 24.85 

llf0104 1297 1.n 24.3' 

141661 1312 3.59 
-5 __ o 
~ ·"G; 

U.5249 1438 3.9' 
0 

27 .}I~ 
\JI 

156457 1449 3.97 27.7''#. 
'° 1.58804 1471 4.03 28.21 ~ 

148352 l371f 3.76 26.32 

162564 1.506 11.12 28.8' 

179013 1658 4.5' 31.71 

Refer-ence: 0180-2.5"61-2, Table J.3-16 (p. 216) 

Based on 10& MT net payk~d per launch (120 MT payload capability 
d!:.ccJr·t~{.1 i0% to a!!, .. >' <. f <k,;.; ing) 

• ·I 

Based on I day per week launch s.::hedule 

ORIGJ:-<.\r I)\('" 
~- •• n:.. 1.) 

OE ~OOR Qt:ALIT¥ 
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EFFl'.!CTS ON SPS PROGRAM E:LEMENTS 

The constraints identified in the previo1.1s section were used to define the effects on the various SPS 

program elements. 

The interactions of tlie-;e effects are shown in the figure. It is seen that there are eight primary 

effects. It should be evident from this rnap that if any of the 8 primary e.ffects can be alleviated, the 

secondary effects linked to thmn can also be eliminatNl. The possibilities for aJl(~viating the primary 

effects are rllscl1ssed in the f0!1owinp, t.1blc. 
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SMALL HLLV OPERATIONAL EFFECTS TREE· 

__________ .:,. __ ...;;:::;:~----.l. ... ------------------------------------------------------'1Nl'Jl,Allll._ ....... 
SPs-3387 

1.IM 
IOU.II 
Al'IRA'I' 

11.ANKITI 

*"""'" ION 
"Hl'IUITHI 
'ANILI 

MOOUl.All 
IL" 

!ilNO 
All'V 

IMALl.111 
AND 

MOlll 
NUMlllOUI 

CAl'IOO 
l'AlUTI 

Mott lln1w,,.y """''*' 
llnhld 

l'll'llMd C.11n11y .. llPOl'I -- Type A 
llftlelll 

-- TypeA 

Adclhlefttl .,.., 

AJtWy Ot91oym1n1 
E qvijllllen1 

111111 '""' "'""· 

Moll Crtw _ (T;'\ 
.......... Sublte'y "'" < \.V 
Al lto ltM 

"'°'' ... """"" 
Mot1Cr1W ~ 

lll'flMd .. lllll'y ""' < ' ~ 
ArGtollN 

Mort l41111pmeft1 

---© Adclhlonel TnVCh1clu1111 
Feclll1Y •Ope < Mort IC1111pmef\1 _ IT:\, 

Addfllollll ~ 

llwlMd IOTV Catto"•"•"' 

Addlllllllll 
----- c.r .. T..., l:

E:- . 
AddlllOllel .. .... 
Htndllfll 

J111 Addll­
lnu••­
'•Jiii 
HIJMllnt 

Addi IMll ,,..,, (To\ 
------ Tr...:_.,.,, - CtM ~ 

°'" 
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SMALL HLLV OPERATIONAL EFFECTS TREE • CONT. 
________________________ ... _______________________________________________________ "'"'"''"""' ____ ... 

SP:>-3388 

IMALLl"I 
CllEW' 

MOOULI 

IMALU:l 
ON 

IMALLlll 
OlllllTAL 

"AlllHGlll 
MOOULI 

...,, ........ 
M1in1 Ctow 

H11>i111 
Moel,,\" 

Addltionll 
Miwloft Conuoi 
Otlertliont 
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0 

0 

0 

SPS-3293 

EFFECT 

7 • .Sm Solar Array Blankets 

Smaller Ion Thruster Panels 

Modular Slip Ring Assy's 

Smaller and More Numerous Cargo 

Palle~s 

Dll0-2,969-2 

TABLE 3 

ANALYSIS OF PRIMARY EPPl!CTS 

0 

0 

0 

0 

0 

0 

ANALYSIS 

Anything less than 1'm leads to problems. 

11 car go bay could be in excess of Um long and !f '!'i~ ~lanketa could 

be shipped on end, then there would be no impact. 

The thruster panels were to be assembled from 2 su~t.:i-.sembllea 

anyway, so having to assemble from II subassemblle! ls of only minor 

Impact. 

Anything less than 16m diameter. ls a problem. 

The assembly could be knocked down into cylindrical quadrants. 

Smaller size units offset some of cost associated with having more 

units. 

o There is some quantity of additional units that could !:>e tolerated 

before exceeding the capabilities of the presently defined set of 

handling equipment and crew. 
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SPS-329<1 

EFFECT 

0 Smaller Crew Modules 

0 More HLLV's 

0180-25969-2 
TABLE 3 (Continutd) 

ANAL YSJS OF PRIMARY J!PFl!CTS 

0 

0 

0 

ANALYSIS 

The smaller HLLV leads to a 20 man aew habitat see Figure 2. 

Wl1..'I c~~Y 3 !aunch pads anc! a 7-c!ay/2-st-l!t !a'J.""''· :.'1edu!-::, on!y 

1 or 2 more lal.J'lches per week could be realistica'.' :·scheduled. 

Each launch pad can support only 2..5 lall'lches pe!' week (on a 7-

day/2-shi.ft schedule). 

o Going to a 3 shift sdledule, 7 days per week, each 'aunch pad can 

support 3.7.5 launches/week. 

o 6 pads will be req.iired. {2 alternative arrangem~~s of 6 HLLV 

laU"lch pads at KSC are c!escribed in Appendix 9~ 

o A 7-day/week, 24 hr/day launch schedule will pro".'?.':>!y be environ­

mentcJ.!y unacceptable (noise level). Therefore, 2 . .. emote, equatorial 

launch sl te would probably be req.ii red. 

o The largest o:>st associated with launch pads is t~ ·~xiwa)'S and 

offshore causewa)'S and break waters (over 70% o! cc: '. 

o The LEO Base will have to have at~ 3 additio~a! HLLV Docking 

Systems. 
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SPS-3295 

EFFECT 

0 SwalJer OTV 

0 Smaller Orbital Passenger Module 

D 180-2..5969-2 

TABLE l (Continued) 

ANALYSIS OF PRIMARY EFFECTS 

0 

0 

ANALYSIS 

Redesign OTV to be shorter and larger diameter and "<::~! keep baseline 

performance capability see Figure .3. 

Could redesign to a st-orter, larger cHameter stag'! v:~+· .... double deck 

to keep 75 passenger capacity, see Figures 4 and'· 
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CARGO PACKAGING ANALYSIS 

The primary objective of the cargo packaging analysis was to determine the configurations of the pri­

mary payloads for the small HLL V. 

The cargo packaging data developed in Phase II of this study was used as the refer~nce (see Table 5-1 in 

Section 5.0-Cargo Packaging, Volume III, Phase ll Final Report, Operations and Systems Synthesis, 0180-

::5461-3). This data was examined to find the compon~nts that 1) would be affected by the smaller 

cargo bay ~nvelope, and 2) those that are either the most numerous, the most massive, and/or the 

largest (the so-called "primary payloads"). These components are identified i'"l the following figures. 

The only components that are repackaged significantly are the solar array blankets, the ion thruster 

panels, and the electrical rotary joint (slip ring) assembly. 
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1.l..2.1~t 

U.2.1.2 
1.1.6.1 

1.1.1.3 

t.1.1.4.1 

1.1.2.2 

1.1.2.6.1 

ITE~.1 

FIGURE A·1 
PRlr.tARY PAYLOADS 

SPS 
PRllAARY PAVLO~ 

SHIPPING UNIT 
CON FIGURA TICN 

~ 7.7m--1 

.. ~ 48.SMT 365 

Solar Array Blankets 

Power Busses 

Ant Maint Systems 

Cherrypickt!J 

Carriages 

Annealers 
:·•v· , .. .; ;> 

IJoclcifli 
Cherryoi<:l(ers 

(8) 

(4) 

(11) 

Cargo Handlers 14) 

Crew Bus (0 

51/SPS d 

::~[ lD.3 ::1 
ft-1.5 ~ 124MT 

-r 
10.4 

1 
,..___ 10.4 

I ....... ..;.'1 
' /~ 

·1' ~ • 4 "1 ,~ 7 . ,... 

8.t4 MT 

I 11111 

I uc'•""' 
,a !! 

1 
~13.2 

56.6MT 

365 

46 

2 

102 
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nBS ITE'J SHIPPING UNIT 
CONFIGURATION 

1.1.&..2.:u Slip Ring Au'~ 

t~ 5MT 

l-a V 

1.1.4 Thrust«,... 

T 5.6MT 
7 

l ~ ... ~ ~ 
1-6 --r· 

EOTV PRltlARY PAYLOADS 
.75 4.8MT 

1.3.2.1.1 Beam Maic::hine feed Stock 

39 01) 
1.3.2.3 Solat Array Blankets ·~ 

,if·~ 18.3 MT 

Tt- 1.s ----r3·3~ 
Thruster Panek 

~~T 
1.3.2.4 

I~ 
1-- 9.5 

,... 11.5 
I 

Crew Supply ~ 'iodules 

··02 17 
I 

' -'.': 't ':' ' - ( .. ,. , 
, *P.., r> ,,- ~ 

QTY 
SHIPPU.G 

UNITS/ 
YR 

8 

1 

120 

345 

8 

48 (YRH . 
to 

160 (YR331 

"' "Q .. 
w .., .., 
0 

0 
00 
0 • N ..... 
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ORBITAL TRANSFER VEHICLE CONFIGURED TO FIT WITHIN A SMAU .. HLLV 

The reference personnel orbit transfer vehicle employs a propellant loading of 200 metric tons. It Is 

intended to be launched empty to minimize structural mass and refueled in space. In ordP.r to provide a 

200 metric ton propellant volume within the payload bay envelope of th<' small HLLV, it was necessary 

to chang~ to a short orbit transfer vehicle configuration with m•.Jltiple liquid oxygen tanks. The config­

uration shown maintains the desired propellant loading and fits \\lithin che payload bay. 
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ORBITAL TRANSFER. VEHICLE CONFIGURED· 
TO FIT WITHIN A SMALL HLLV 

______________ ...;:;_ ______ ..L--------------------------------------------------------"'"'"'lt/11/1 ____ _ 
Si>S.3214 

10.5m 

L02 TANK 
(typ of 4) 

I 
I 
I 

-
.I 

·---- ·-·--- 14.0 m ---1 
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ORBITAL PASSENGER MODULE CONFIGURED ·ro FIT WITHIN A SMALL HLLV 

.A. sjmilar problem exjsts with the passenger module in that the earlier referenced passf:nger module was 

approximately 20 metres in length. In order to fit the smaller payload bay, it is necessary to employ 

the wide-body configuration. The wide-body configuration :-irovi1es an advar<:::.;c: the C"argo carried 

-:'.''>ternaJJy in the earlier configuration can now be stowed internally in a manner similar to the cargo 

co:np~rtment of commercial jet airr.raft. 
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ORBITAL PASSENGER.MODUt.E"'"CONPlGURED' 

------::. __ i __________ ~TO:_:FI~T~W~l~TH~I:_:NA~S:MA:L:L~H~LL~V------------•••iN• 
SPS 3216 

FLIGHT 
DECK 

A 

L 
DOCKING 
FIXTURE 

WASTE -
MANAGEMENT 
COMPARTMENT 
{2 PLCS) r----:-- 13m 

I ~
8

• - , CARGO 
. ('HATCH 

: "-CARGO 
I : HATCH 
• - ·- • - J 

' '-- B SECTION A·A 

78 PASSENGERS 
+ 

2CREW 

G.~Ll.EV 

,._ __ 10m e ......; __ ""'"'! 
f 

SECTION B·" 

271 
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PERSONNEL ORBIT TRANSFER VEHICLE (POTV) 

The passenger module and OTV propulsion stage must be launched separately, thus requiring tww HLLV 

launches to deliver the entire POTV to low Earth orbit. 

1.72 

I 
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PERSONNEL ORBIT TRANSFER VEHI:LE CPOTV) 

----------------------... ----~---------------------------------------------••111t1•------
SPS-:S215 

Qo o o o o o o 

ORBITAL 
PASSENGER 
MODULE 

OTV 

273 



D 180-2.5969-2 

SMALLER HLLV PAYLOAD EFFECTS ON GEO CONSTRUCTION BASE 

Smaller !ILLY payload cai)"ability rnvcrs a n:duction in allowable cargo size and mass that can be delivered into 
low earth orbit. At till' (IEO Construction Baw. however, the reducti1Jn in f1'..LV payload size will be important. The 
11x11x14 m cargo bay limitation leads to alternate SI'S constrP·:tion requirements and impacts GEO baSl' systems as 
shown on the facill!! pagL'. Wht>n more 1:onstrndiun tasks an Ji:d, extra equipment and.tor work areas are needed. The 
smalkr 1:argo bay also limits thl· sit.l' and hencl' thi.: number 1 required pressure vessels for habitation and work support 
functiom. A greater number of small (.:argo containers must be handled and distributed through the intra-base logistic 
network. All of the above h:alh to a larger <.:Tl'W. additional housing, mon: base support structure. etc. 
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0180-2.5969-2 

SMALLER HLLV PAYLOAD EFFECTS ON GEO 
CONSTRUCTION BASE 

• SMALLER HLLV PAYLOAD CAPABILITY 

- 11 X 11X14 m VS 17 m DIA X 23 m CARGO BAY 

- 120 MT VS 400 MT 

• ALTERNATE SPS CONSTRUCTION REQUIREMENTS 

- 7.5 m VS 15 m SOLAR ARRAY BLANKETS 

- MODULAR VS ASSEMBLED SLIP RING DELIVERY 

• GEO BASE SYSTEMS IMPACT 

- ADDED EQUIPMENT/WORK AREAS 

- SMALLER HABITATS & WORK MODULES 

- MORE INTRA-BASE LOGISTICS 

- LARGER WORK FORCE 

- ADDITIONAL BASE STRUCTURE 
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GEO CONSTRUCTION OPERATIONS -- IMPACT DUE TO SMALLER HLLV 

The· srn:ilkr H L LV .:argo hay ( l l 111 x I I m x 14 m) ;1lll·cts GFO base orerations for satdlitc: construction and 
i11tr.i b.1~1.' 1,1gi~t1,·'· Rc•\·isc·d ':itdlitc con'>trnctinn rcquiri.:'ml·nts indude smaller solar array blankel cannisters t 7.5 m \S 

15 111 I. modifi1.\Jtions to solar blankd intert'a..:es (t:.g .. support stru.:turt:. a.:quisition buses. etc). and modular versus 
prcass..:mbkd slip rings. Thcst· opcratitms. which impose auded equiprrn:nts for the: GEO baSl'. an: shown on the facing 
page. To 111ai11t:1in the 6 month n~fcrenn: construction sd1eduk. twi1.'c as many dlt:rry pickers Jr..: 11\?l'(kd to install 88 
versus 44 solar array blankL'ts in cal'h bay of th1.· l'fll'rgy convl.'rsion systl'm. No additional equiprnl'nt is needed to 
handle the other subsystems which interface with the smaller ~ular array hlankl'ts. The level J subassembly factory 
must be exp;111lkd to a1.·cornrnodatl' the equipment needed to support the assembly and checkout of the modularizc:d 
slip ring. Finally. it is estimated that four tinws JS many t:Jf!!O pallets 111ust bl' dockcd/unloadc:d and handled. The 
~·qu1p111cnt whkh must be added to the intra base logistic !>ystcm is shown on the chart, together with total impact in mass 
amt cost for all added l'l)llipmcnt. 
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GEO CONSTRUCTION OPERATIONS IMPACT DUE 
TO SMALLER HLLV 

GEO BASE SYSTEM IMPACT 
REVISED OPERATIONS ADDED EQUIPMENT D. MASS 

tt INSTALL 88 - 7.5 m SOLAR ARRAY 
BLANKETS/BAY (TWICE BASELINE) (4) 30 r.i CHERRY PICKERS 10MT 

@ LEVEL H ANCHORS 

• ASSEMBLE & C/O MODULAR SLIP (2) 30 m CHERRY PICKERS, 15MT 
RING RACKS & TOOLS, 

TEST & C/O EQUIP. 
@ LEVEL J FACTORY 

• DOCK/UNLOAD & HANDLE MORE (2) CARGO TUG DOCKING 22MT 
NUMEROUSSMALLCARGOPALLETS PORTS 
(FOUR TIMES BASELINE) (2) CARGO PALLET 

HANDLING JIG 
(80) TRANSPORTERS (SMALL) 

@LEVEL J 
-

47 MT 

0580-029W 
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/.J. COST 

$ 87.6M 

$ 97.6M 

$ 78.SM 

$264M 



0180-25969-2 

EFFECT OF SMALLER HLLV ON GEO BASE CREW OPERATIONS 

CfO bas'-· \.Tl'\\ 011..:rations also inal·ast•s to support the added tasks for satdlitt: construction and intra base 
ln!!i,ti'-·s. It is \'stimat'-·d tl 1 ~1t 56 .:n'\\111,·n will he ni:i:d·:d to .:ova the i:xtra workload and furnish the re<1uired h.Jb1tat 
and .:re'\\' supnort s.:nx.:s. A br\'aklltn\ n of thc'S'-' added .:r\'w operations is shown on th.: facing page together with the 
c'•Jst tor ;.innual operations. 
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EFFCCT OF SMALLER HLLV ON GEO BASE CREW 
OPERATIONS 

• BASELINE GEO CONSTRUCTION CREW 

• l\DDED CREW OPERATIONS 

- SOLAR ARRAY INSTALLATION 

-- SLIP RING ASSEMBLY & C!O 

- C~RGO HANDLING & DISTRIBUTION 

- HABITAT & CREW SUPPORT 
(UTILITIES, HOTEL, F JOO MGT, 
l\·,J\!NT, ETC) 

8 
e 

12 
28 

ADJUSTED BASE CREW 

• OPERATION!) COST IMPACT 

·-~.ODED CREW S~.LAAIES 

- ADDED CREW SUPPL.I ES ($1.43M/MANYR) 
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CREWMEN 

444 

56 

500 

ff3.3M 
$80.1 

$163.4M 



0180-25969-2 

1.\1P \Cl OF HLL V SllL O~ c,[Q UASI:: \-tODLUS 

0111.· i11q·,1d u1· lh\· ~11i.1llcr 111.1.V j, lh1.· r1.·du..:\·d -;i11.· of thl.' 1.·r: .~ -.upport fadlith:s for habitiition and work-related 
a;ti•ili1.·~. la thl.' Plrns1.· II analysis of 1.·r1.·w hahit;ition r1.·quir1.'llh.'nts. it\\ a' judged that 0111.· 1t10dulc. si1.1.·d for the lar~l.'r 
Ill.I.\/ ( 17 Ill di;i x :3 Ill), 1.·m:l,J .-o,11fortabl~ hm1w 100 men. On ;1 dit\.'l.'t volumi: basis. fivi: of the srnalkr moduks 
t IO.:· 111 di;i x I J.S m I W<,uld provid1.• apprnxi111a1i:ly thi: 'a1111.· vol111th' j\ (lll1.' larger mr)1h1k. In f.H.:t. the cquivulcnt volume 
ratio i• prohahly gr1.·all.'r th.m ~ to I, ,1111.·I.' 1'a1.·kaging µlvcn ik•111s inro ;i snrnllcr volume j, h:\s i:ffo 1. 11< than pin:ka~illl.! the 
.. anil' ifl'ms 11110 a larg1.·r voh1111,·. This 1wld:-. for all 1.·r,·w 'itipport l'adlittcs where the i11itial allocati~·1 'Jf functiona! :1reas 
'' 1.·i1h1.·r bdi1.'Vl'd to h· 1.·nrrv.t Ill' is p1.•rh:1ps 11111 well dl'l'irwd. Th1.· liFO h:is1· work modull'\ for l~ornr~.and and control. 
fla~l' 111ainkni11\1.'I.', l.'ll' haw~ l'I ro he a11aly1...:d. Wl11.·n till' f'<11H.:lio11;tl 1 •• 1uircmcnts for thc;c adivitil'S arc developed. the 
arl'a nl'1.·d .... d for 1.:rcw aml l'f'lllP111l'rtl cmild l';!hi:r m1.•d or l'Xn'L'd thl' .. ;11rrc11t assumpli•.lll'. llencc the 5 to I ratio is used 
to t·slabli'ih t•quivalcnt work moduk~ for tl11: ~malkr Ill.LY. 

C'rl'W habitat inn rl',illil'l'llll'lll~. howl·vcr. Wl'fl' 1.·xamim·d in Ph:1~1.· II to the lcvd of l'Olllp:trtmcntal pal'titionlng 
of 11wjor l'f1.•w ;in•as. 1.onsidl·rin).! f11rriishi11t-ts and 1~quipnwnts. The l:1rgl..'r cn·w moduli: provided about 17.44 m3 of free 
··olum1· for 1.·ad1 l'IL'W rna11. Thi' is ahout •. 5 tinw-. ('l·kntano's rccomnh'tH.lcll fr1.·c vol~1rn1.• per man (7.08 sn31 for a..:ccpt· 
ahk 1."r1·w p1.·rformann 1;vl·r 1m d;iys. ·n L'r1.·for1.-. a hrid' study was pcrfornwd to tuk1.• anotltL•r look at the crew u1.·cornmoda-
1ion pada)!ing arrangl.'fl11.•nts for thl' smalll'r 1·r1·w module. By reducing the frl'C volurm· cn.•w allo..:ation to 10.35 m3, we 
llH1g~ thoir I 00 1111.·11 l':lll bl' ,1dl'quakly ho11\nl in thrn· of !hi.' sm;d!l.'r m·1dulcs. The di,lribution of crew quarters a id ocher 
fal.'iltti\'' .1r1· ,flown in the followin~ \·h;irt. 
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IMPACT OF HLLV SIZE ON GEO BASE MODULES 

• MODULE SIZE 

• FREE VOL/MAN* 
• MODULES/100 MEN 

• FREE VOL/MAN* 
• MODULES/100 MEN 

0580-0JlW 

REFERENCE HLLV 

17 m DIA X 23 m 

17.44 m~ 
1 

281 

'SMALLER' HLLV 

10.5 m DIA X 13.6 m 

17.44 m3 

6 

10.35 m3 

3 
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<REW MODULE SIZI:. FOR "SMALLER" HLLV LAllNC:H t3 .\fOUULES HOUSE 100 MEN) 

L1~ out ul lhl· tl!Tl'•' hahit;itit•n 1noduh:s to lto1M' I 00 111rn is 'ho\\ 11 ll.·n.· . .'\llowi11µ for w;dl thkknc~.s. insulation 
.~nd r:1.I '.! 1 i >n pl oti.:dion. th1: insid1• diarnl'tcr of l'adt dl'l'k is I 0 m anll floor to l't•iling la eight h ~.15 m. One module pro· 
vitlvs qu.irtc"r.., !or hO m1.·11 and l'a1.:h uf th..: tuur lkL·k.., has the same layout uf 16 C<Jmparanly liil.l'll quartl'T"i; eXCl'IH 1hat on 
twu ul till· dv.-ks. two qu.1rt1:r' ;11T diminat.:d 1.111 L'ad1 lo provi11c hygivnl.' anll wast-' 11wnag1'Jlll'llt. 

Iii,· ·l'd>llll moduh: has OllC dc.:o.:k or 14 q11art1.'l'S plus toikt~ .. laid Ulll JS the lirst moduk. lhl'll two decks with I: 
Li µ,·r qt1.trl•'h 1:.1d1. !\fourth 1k1.k pru\1lk' m,·dio.:al Lil·iliti1.·s. a library ;111d tw1, -.1akr1>01ll'> tor lhl· 1wo mmt s('nior of· 
Ii l 1.' I"'· 

I Ill· I Ii ird 1111>1.l uk· provi1ks ~:.·n ll'l'S on two ol tl1•: !'our 1k1:ks. Olll' dl.'"'k p1 ovidl·., a µy .1111a.,iu111. a recreation lounge. 
a thin\ ,,·.;f llwatrc for movil'S, dlllrd1 'L'rvil'l''i and llll'.:tings. a 1au11dn· and .1 hygil•nciwao;;ll' 111:.inaµL·mcnt fodlity. Till 
utbcr '''[\k,' dl·l;k ha ... th.· )!alky. fond .. i.~r:t).!L' ror t'tlll'fµl'Jl\.°il'S and Calinµ '1L'L'011111'<1llation for 1Wl't1ty-dµht. \bin food 
~r,>ra1!L' '' 11. ;111 ~- rt;idll'd lo!,!istics r:wdu 1L'. This d<'L'lo.: also scrVL''i as the slnnn shl'lkr with suitahk distribution of l'qUip· 
ni-·nh anJ "';di thi1:knL',~l"i lo provi1k protL'l·tion. la kin~ lhl' frl'l' a1l·a available for l 00 llll'l1 duri1111-;olar storm condi· , ' 
t1un~. ar.:;,i pL·r 1mm is 0.54 111·1S.8 It-> l'Xh:nd111g from lloor tu L:ciling. Thi: remaining two Jc1.:ks in this module house 
'illhsyst1:m~ anl: FV ;\ pri:par< tiPn. 
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CREW MODULE SIZE FOR 'SMALLER' HLLVLAUNCH -
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HLLV l\11'A< r 01''. GEO BASF CREW SUPPORT FACILITIES 

A \.'0111p.1rh,rn of lhl· c.sti111ah·~ 011 < i HJ B;1sl' l'l\'\'. ·:up port f;il·ilitil'S is shown on till' Ll•111µ pa)!c for thl' baseline and 
sw ilkr Ill.I'..~)''~ !o:id llllld.ilc~. rlh· numlw. of ,·rl'W habit.1h and rd<tkd work modules arc d·:fit,l'd for support of CEO 
,.,,n~trudi1111 .ind SI'S 111;1inll'llatll.'l'. Whl·n th1 •. ipropriah· s111;1ll rnoduk t hasd.nc: moduk ratio is appti.:d (i.l' .. 3: I habi· 
1;1h .ind 5.1 Wllri-. ! 33 small moduk, I 10.5 m di;,) ;11\: rl'ql.ir,,l fo!' initial c .i:o l·o11~trul:tic.n ''' 81·• 1 ·1 m dia). Lata in th,· 
pr11;•r;1111 \.h,·n hO ,,tkllih.'~ lrnvl' to bl• 111a!11t<11" ·d. 99 of the -rn;tlkr mod~tks will lh· lll'l'lkd for habitatilll1 and work ~up· 
11,1r, 1u11d11111'. ( 1•:.1paratiw ma'~ and ,·ost dat,1 arl' shown 011 thl' drn•t. It should lw noted tl1at thl' cost pl'nalty attributed 
lo till' 'll1<1lk. prc'"l:T\.' \'l''iSd is probably too hi~h ~illl'l' thl''>,' ,·ost d;Jt;t dn not ind11lk the full bl'IH.~fit of production quan• 
tit~ k~1rniil~'. 
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HLLV IMPACT ON GEO ~ASE CREW SUPPORT 
FACILITIES 

BASELINE SMALLER HLLV PAYLOAD 

17 m DIA X 23 m 10.6 m DIA X 13.5 m !::. MASS, MT 
GEO CONC:TRUCTI "N SUPPORT -
• CREW HABITAT': 5 18 

- TOT AL (UNIT) MASS, MT 1215 (243) 1710 (95) 494 

- TOTAL (AVG UNIT) COST, 1979 SM 1923 (384.6) 4451 (247.3) 

• WORK MODULES 3 15 
- TOT AL MASS, MT 413 807 393 
- TOT AL COST, $M 631 2028 

SPS MAINTENANCE SUPPORT ' 
(20 TO 60 SATELLITES) 

• CREW HABITATS 4 TO 1~ 12 TO 36 
- TOTAL MASS, MT 972 - 2916 1140-3420 168 TO 504 
- TOTAL COST, SM 1538 - 4615 2967 - 8903 

• WORK MODULES 2T06 I 10 TO 30 
-·TOTAL MASS, MT 354 -1062 692 - 2076 339 TO 1014 

- TOTAL COST, SM 646 - 1938 2077 - 6231 

TOTAL L\ MASS 1393 TO 2405 MT 

*EXCLUDES FULL BENEFITS TOTAL~ COST 

OF LEARNING 

28S 

. 
', . 

!::.COST, S 

2528* 

1397* 

1429-4288* 

1431-4293* 

$ 6?85M TO 
~12506* 
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GEO BASE: LEVEL J FACILITIES - IMPACT OF SMALLER HLLV 

T!J,· _'L'llkr of haw actl\1ty nccuh at th,· !<>p d.-L·k. k1'\.'I .I. '\1at\.'riaf and pt•r..,•mnt:I ar\.' brought to this kwl from 
th,· LIU h•1,v: SI'S sl..'rvicL' .. ·rev.~. with their malL'riah. lkp.irl from hl'rL'. In aduition, num\.'rou.., wrtically muvin)! lran~-
l'• •n .. ·: ·11 d1.·,·icv' intdf.i..:\.' h.11. »iil1 ''ippli.·-. .111,J pcr'>Ullll•:l for lkli\'•.·ry : .. ,r 1-'vd,. llw hasclirn: kvd .I has not 
,·l1.1n'..'cd from tlut rl.'porti.:d in Phase~ of th\.' study. 

I 11 1.:011sid1.·ri nµ t fw im pal'! of a -,mailer fl LL V. ih ri:duct·d pay lo:1d , .t pa hility rc~ulh in :i 13. 5 m Jiam\.'ter rnod­
uk. ·:1,1,·;id 11f tlJL· hasdinc 17 111 diamctn. to provid·: l'l'L'W quarkr' and <>!'.'rations ccntn. A" di'ieuss\.'d in pn:ci:ding. 
,·1t.1n'. the· ratiu-. of ~malkr module-' to h;1wlillL' nwduks is 3: 1 for cri:w h<1hitats and 5: I for work mouuk.,. thus needing 
n111r, '111alkr 111oduk.., to provide th\.' samt· basdinl' tadlities. For exurnpk. at the enu of the 30 year rcfcrenl·e scenario. 
th.: crc·w quarkrs.'opnations compkx could grow to 99 modules. The chart. illustrates lhat lcvd J ha) ample area to 
mount <1, many small modules ;.is n~·\.'dcd. 
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NET IMPACT OF Sl\1ALLER HLLV ON GEO BASE 

Th1.· rll't imp:.11.:t of the Situlk·r HLLV <Jn Cll-0 hase mass and cost is summarized. The reference work facilities must 
h1.• r1.'' i:'c'd p:·imarily to support the .iuLkd new support facilities, accommodate extra construction equipment. enlarge car­
go handling dist1 ibution. and expan,l the subassL·mhly fad or). One benefit of the smalkr crew module is that it provides a 
->1gnifil'.~tnt reduction in DDT&r t'\!'l.'nditurcs which Ol'CUr at tht• outset of the investment phase. It also provides a pro­
grammatil' option that would mak<' one new moduk· size scrvt• 111~1.'ds for both the Jemonstration and investment phases of 
lh1.· progr;i111. In that l'\L'nt only 01k' muuuk would be dcwloped and fundl.'d to meet earlier demonstration phase ohjec­
ri,·es. Thi~ option would then a\oid S3.8B (with wrnparound factors) for developing another small crew module for the 
lll\'1.'Sfn; c'l1 t p\W<;e. 

It should be noted again that the new mnduk· production costs are probably too low since they exclude the full 
1l.:ni 1.1b ut high proJudion karning. In addition, th.: ran!?l' of en:~ modules costs cover an expenditure over 30 years with 
no disl'.ountmg indud:d. 
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NET IMPACT OF SMALLER HLLV ON GEO BASE 

!>.MASS, !>. COST 1979 SM 
GEO BASE ELEMENT MT DDT&E PROD. 

WORK FACILITIES 

- STRUCTURE 17 4 2 
- CONSTRUCTION, EQUIPMENT 10 0 88 

- CARGO HDLG/DISTRIBUTION 22 0 79 
- SUBASSEMBLY FACTORIES 15 0 97 

CREW SUPPORT FACILITIES 

- CREW QUARTERS (0 TO 60 SPS) 494 TO 998 -613 2528 TO 6816 
- WORK MODULES 393 TO 1407 0 1397 TO 5690 

WRAPAROLlNDFACTORS 

-· DEVMT 127% -773 

- PROn. 47% 1969 TO 6002 

TOT~.L 951 TO 2469 MT -$1380M $6160 TO 18770M 

$4,780 TO $17,390M 

ANNUAL OPERATIONS 

SALARIES & TRAINING (+56 CREW) 83 
RESUPPLY 142 MT/YR 80 -$163M/VR OAUMMAN , 

0~80-D34W 
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ALTERNATIVE LAUNCH ANO RECOVERY SITE CONCEPTS 

In the analysis of the effects of a small HLL V on the SPS program elements, :t was found that the most 

significant effect would be on the launch and recovery site. 

CALCCLATION Of THE NUMBER OF LAUNCH PADS - It was shown that at year l2 (when 20 SPS's 

are in orbit, per year) that 1471 mc.ss-limited flights would be required. Multiply this by 1.05 to 

account for non-optimal packaging and we get 1545 flights per year. The pad time per vehicle is 34 

hours. This leads ":o the capability of each pad to support 2 57 flights per year (assuming 24 hours per 

day I 36 5 days per year opera tins). This results in a requirement for 6 launch pads for the small HLL V. 

LAUNCH PAD LOCATIONS - If we assume that it w~ll be environmentally acceptable to launch up to 5 

vehicles per day every day of the week at KSC, then we are given the requirement t::: find space for 6 

HLL V launch pads. In task 4.21O111, we found that for the small HLL V that the minimum pad separa­

tion distance required is 8000 ft. 

We examined 2 possible arrangements of 6 HLLV launch pads at KSC that rr.eet the 8000 ft separation 

requirement. This figur':! shows an off-shore arrangement similar to the baseline concept for the large 

HL L V. The next figure shows an arrangement where the 6 pads are located on-shore. In this arrange­

ner.t, 3 of the HLL V pads will be at the 38C, 39D, and 39E pad locations (shown to be in locations pre­

'v ious1y reserved for thern). The 3 additional HLLV pacis are shown to be located at the 37, 40 and 41 

pad loc2tions. Ot is assumed that the current user of these pads will no loi1ger Ix -:>perational or that 

they can be moved to other pad Jocatjons. Jn addition, pads 34, 20 and 19 will have to be decomissioned 

to provide the 8000 ft clearance). 
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ON-SHORE ARRANGEMENT OF SPS LAUNCH AND RECOVERY SITE 
FACILITIES AT KSC CDrffIGURED FOR A SMALL HLLV __________________ ..,...._ ____________________________________________ lllllNO ____ _ 

SPS-3217 
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SPS LAUNCH AND RECOVERY SITE· ARRANGEMl:MT AT KSC CONFIGURED· FOR A SMALL HLLV 

SPS·3218 Ht.l,.V LAUNCH PADS 
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COST ANALYSIS HIGHLIGHTS 

The cost estimates for the alternative launch and recovery sites are summarized jn this table. The 
.5 alternative concepts are described below: 

o Large HLLV Reference 
o This is the reference concept for the large HLLV, described in the Ref'-rence System Descrjption, 

WBS J.3.7. 
o Large HLL V Piers 

o This concept substitutes a 200 1t wide steel pier system in lieu of the rock causeways. 
Brown and Root estimates this steel pier arrangement to cost $50,000 per lineal foot. 

o Small HLLV Causeways 
o The causeways are 100 ft wide and .50 ft high. 
o The launch pads are scaled to be 3.596 as large and expensive as that required for the large 

HI LV, 
o The HLL V Orbiter and Booster processing facilities were scal"d down to the smaller vehicle 

sizes and additional bays were provided as required. Scaling down the vertical clearance 
height and the stre!"lgth required resulted in substantial cost savings. 

o Small HLL V Piers 
o This arrangement for this concept was identical to that described above. 
o The only differer.ce is that 100 ft wide steel piers are used in lieu of the rock causeways. 

Brown and Root estimated the cost to be $42,000 per lineal foot. 
o Small HLLV On-Shore 

o The arrangement for this concept was shown in Figure B-2. 
o The ship a11d barge basin were eliminated. 
o The scaled-down orbiter and booster processing facilities were also used here. 
o The cost ·:)f the new causeway was included. 

It is obvious that the so-ca!Jed "on-shore" pad arrangement is substantially cheaper than the "off-shore" 
alternatives. These cost estimates were fairly crude, so it is suggested that a task be provided in fu­
ture studies to derl ve more detailed cost data. 

The environmental effects of a 24 hour per day, 7 day per week launch schedule cannot be ignored. t. 
rnore detailed study is required to define the maximum launch rate that could be tolerated ~t K~i:. 
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~A~!..~ B-1 

COST COMPARISON OP AL Tf!RNATJVf! LAUNCH AND RECOVERY SIT! CONCEPTS 

SPS·32~7 

CO.'§T, $M 
LARGE HLLV SMALL HLLV 

was ELEMENT REFERENCE PIERS CAUSEWAY PIERS 
I...:.7.J.J Hl..LV Launch Facilities (3222) (3.34,) (382!) ( .... \ 

' 

I 
0 Causeways & Taxiways !727 18'0 19.50 .., ... ,. .... 
0 Breakwater 673 67.3 1109 11 ~ ') 

I 
Launch Pads 336 .3.36 234 214 0 

0 Equi p/utiJi ties/etc. 486 486 '" "' l.3.7 .2 Recovery Facilities ( 1770) (1770) (676. ,, (67'.). ') 

1.3.7.2.1 0 Landing Site 20 • .5 20,, 20,, 21" ~ '" .. 
l.3.7.2.2 0 HLLV Orbiter Proc. Fae. ! 114 1114 26.5 2(.~ 

1.3.7.2.3 0 HLL V Booster Proc. Fae. 44.5 44, 201 ....... 
"·- .. 

1 • .3.7.2.4 0 other facilities 190 190 190 19') 

1.3.7.2.10 

1.3.7.3 Fuel Facilities TBD TBO TBD T~:: 

1.3.7.4 Logistics Support (40) (40) (40) ( ... 

I .J. 7 • .5 Operatior.s (78.3) (78.l) ( U6, 6) (l.56.6) 

INVEST. TOTALS $.S .11 B $.5.238 $ 4.78 $ ~ .. ., 
• • J 
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ENVIRONMENTAL EFFECTS OF THE SMALL HLLV 

The object;ve of this task was ~o 3ssess the environmental effects of the smaller and more numerous 

HLLV. These environmental effects include launch and reentry overpressure (sonic boom), launch facil­

ity noise, launch pad explosions, and effluent deposition in the upper atmosphere. 

These environmental effects have been assessed for the baseline HLLV. The authors of these analyses 

were as:.-ed to make judgments as to the delta environmental effects when comparing the smaller HLLV 

to the baseline HLL V. This report presents the results of these assessments. 

/) 
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ENVIRONMENTAL EFFECTS OF THE SMALL HLLV 

-----------------'---------------------------------------•OllNO ____ _ SPS-3277 

o LAUNCH AND REENTRY SONIC OVERPRESSURE 

o LAUNCH NOISE 

o EXPLOSIVE HAZARD 

o EFFLUENT DEPOSITION 
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LAUNCH PAO SEPARATION AND ADJACENT HABITABLE AREAS 

This iigure snows the rninirnurn pad separation required based 0!'1 an on-pad explosion. The pads can be 

over 4000 ft. closer together than was required for the large HLLV. This figure also shows that the 

minimum distance to habitable areas can be 12000 ft closer, based on human noise exposure limitations. 

298 

\ 

'• ' 



D 180-2.5969-2 

Figure 6-3. Minimum Distance From Launch Pad to Adjacent Habitable 

Areas and to Adjacent Launch Pads 

----------------------------------------------------"!!!!!!!!!!!!!!!!"' __________________________________ "'llllAllJI ______ _ 
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LAUNCH NOISE AND BLAST 

The launch noise levels for the small HLLV will be substantiaJ1y less tiici.rl ti1at ivr Liit:: lJr5e HLLV. The 

:1gure shows that adjacent structures can be 6096 closer t..:> the small HLLV launch pads when noise level 

s:r:.ictura1 damage is considered. 
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Figure 6-2 MlnJnnm Distance Prem Launch Pad to Adjacent 

Structures Based on Noise Level. Criteria 
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SONIC BOOM 

The second stage vehicle reentry will be the source of the most severe sonic bo(.'lms at the launch and 

recovery site. The recommended sonic boom overpressure at the boundary of the governm,ent reserva­

tion is 2.0 psf. This figure shows that this 2.0 psf boundary for the small HLLV is sor.;ewhat less than 

that required for the large HLLV. 

UPPER ATMOSPHERE EFFLUENTS 

The small HLL V wilJ deposit 1.71 times as much effluent into the atmosphere per week ac; the large 

HLL V. However, this increase may be substantially offset by a slower rate of diffusion that will allow 

the effluents to be chemically decomposed into non-harmful constituents. 
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Figure 6-1. Minimum Distance From an Launch Pad to Adjacent Structures 

Bused on Noise Level Criteria 
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DELTA COST SUMMARY SMALL HLLV 

The delta costs between the smaU HLLV and the large reference system are summarized on the facing 

page. Satellite design changes resulted in increased costs for the space construction systems that were 

reflected as nonrecurring investment co~ts in hardware. The necessity to use smaller crew modules 

results in a DDT&::E sa·:ings, but an investment increase from the need to buy more of the smaJler 

modules. Transportation includes direct DDT &E savings on the smaller launch vehicle, savings resulting 

from less complex facilities and increase in the fleet investment and in the HLLV factory and savings 

resulting from less development activity on shuttle derivatives as a result of having the smalJ heavy lift 

launch vehicle. It may be noted that the large increase in HLLV factory and tooling costs probably, in 

part, reflects an underestimate in tooling for the large HLLV. The cost model has been updated since 

the original fig1•res were developed and now reflect higher tooling costs. Jn the recurring column, 

results include the cost of SPS hardware under SPS, the cost of transporting !he additional SPS mass 

under Transportation, and the cost of construction operation in the third column. Recurring cost for 

the smaU HLL V is higher than for the larg~ one, but the small HLL V also accomplishes crew rotation 

from Earth to low Earth crbit, resulting in a savings. The net recurring result is 887 millions per year, 

about 440 millions per SPS, or r:>ughly 3"" increase per SPS. 

304 



0180-2.5969-2 

DELTA COST SUMMARY - SMALL HLLV 

----------~------.._ ________________________________________ IOllNO ____ _ 
SPS-3403 

NONRECURRING 
RECURRING 

SPS TRANSPORTATION CONSTRUCTION 

SATELLITE DESIGN CHANGES 230 (BASECHANGES) 16.3 90.4 4.12 
CARGO LOGISTICS 250.1 5.2 

SMALLER CREW MODULES 132.1 
DDT&E -2521 [}::> 
INVESTMENT 3925 + 34.4 

TRANSPORTATION 1040 (HLLV) 

DDT&E -3075 
-400 (PLV) 

FACILITIES INVtSTMENT -3049 
FLEET INVESTMENT 790 [}> 
HLLV FACTORY 1619 
LESS SHUTTLE MODS -3204 
TOTAL -5000.6 16.3 730.4 141.42 

TOTAL = 887 
[;::::> INCLUDES CREDIT FROM DEMONSTRATION PHASE 

(}::::::>- TOOLING UNDERESTIMATED FOR LARGE HLLV? 
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SMALL HLLV NET EFFl!CTS 

In su1nrn1 !'y, the srnaU HLLV has positiw fea.'ures and some negative foatures. In general, the positive 

features outweigh the n~gative fodtures and it is recommended that the srnall HLLV be adopted as an 

SPS reference system. 
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SMALL HLLY NET EFFECTS 

POSITIVE 

NEGATIVE 

o LESS NONRECURRING COST: MORE COMMONALITY WITH SHUTTLE 
o REDUCED NOISE & SONIC OVERPRESSURE 
o LESS FACILITIES COST: OFFSHORE PADS NOT NEEDED 
o SIZE APPROPRIATE FOR ALTERNATIVE MISSIONS 
o CREW AS WELL AS CARGO DELIVERY 

o SLIGHTLY HIGHER RECURRING COST 
, GREATER NUMBER OF CONSTRUCTION CREW 
, MORE PROPELLANT CONSUMED 

o MORE FREQUENT FLIGHTS 

o MORE EFFLUENT DEPOSITED IN UPPER ATMOSPHERE 
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SOLm STATE SPS BACKGROUND 

The present soHd state report builds on analysis and experimental work conducted ln earlier phases. "'• 

synopsis of the background is presented on the facing page. 
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SOLID-STATE SPS BACKGROUND 

____ .....;;;......_....1~------------------... MN1--
SPS-3318 

• INTEREST IN SOLID-STATE STEMS FROM ORDER-OF-MAGNITUDE RELIABILITY ADVANTAGE, 
• SOLID-STATE DEVICES ARE LOW-VOLTAGE A~D LOW-POWER. 
• TWO CONFIGURATION OPTIONS IDENTIFIED: SEPARATE \CONVENTIONAL) ANTENNA 

AND SANDWICH. 
• SANDWICH IS THERMALLY-CONSTRAINED: SEPARATE-ANTENNA REQUIRES INNOVATIVE 

POWER DISTRIBUTION IN VIEW OF LOW VOLTAGE. 
• SOLID-STATE POWER COMBINER ANTENNA ELEMENT EXPERIMENTALLY DEMONSTRATED 

UNDER TECHNOLOGY CONTRACT. 
• DIRECT DC AT 4 KV WITH SERIES-PARALLEL POWER SUPPLY TO POWER AMPS 

SELECTED IN PHASE II. 
• PHASE III EFFORT ADDED DETAIL TO AMPL!FIER DESIGN AND IMPROVED POWER 

DISTRIBUTION. 
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SPS RP DESIGN OPTIONS 

Integration of the transmitting aperture with the solar array represents one of the fundamental deci­

sions to be made in an SPS design. The basic choices are: 1) to construct a separate transmitting 

antenna and bus power to it from the solar array, or 2) to have local DC-RF converters on the solar 

array. Note that in (2) the basic two-vector geometry of a solar power satellite requires at least one 

RF or soJar mirror. 

In the interests of conservatism and to allow the ability to make fair comparisons of solid state and the 

NASA/DOE reference SPS designs, an antenna-mounte"i approach was chosen for the solid state refer .• 

ence satellite. 
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SPS RF Design Options 

ANTENNA 
MOUNTED RFCONVERTER. r:::::c> 

--...:...~~~--------___;f------------------,,....-----------------1 

SOLAR'CELL MOUNTED 
(CONCENTRATION RATIO• 3) 

SPS DESIGN 

KLYSTRON 
SOLtD OR 

CFA STATE 

POWE H OUTPUT saw 2GW 
TO GRID 

SPACE ANTENNA 1km 1.6km 
DIAMETER 

RECTENNAf IAMETEA 10km 8.7km 
023mw/cm 

ANTENNA · 10dbTAPER 10db TAPER 

( 
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OPTICAL 
REFLECTOR 

SOLID STATE 

. 
0.7GW 

2.7km 

3.8km 

UNIFORM 

RF REFLECTOR 

SOLID STATE 

0.2 OW per km2 
SOLAR CELLS 

HIGH POWER 
WAVEGUIDE 

NOT DETERMINED 

ADVANCED 
HORN FED 
PARABOLOID 
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SPS COST TRENDS 

We have empirically observed that cost projections for various SPS designs tend to fall on broad trend 

li'les that are primarily power dependent. The solid state SPS design is very close to this trend line and 

projected improvements should bring it down to or slightly below the line. These projected improve­

ments are mainly aimed at increasing power distribution efficiency. 
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SPS Cost Trends 

------------...;--------a..------------------------.... -------------------------"'"''"""' ____ __ SPS-2696 
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2., GW SOLID STATE SPS CONPICURATJON 

The selected configuration for the solid state SPS is illustrated here. It is similar in layout to the .S-GW 

Klystron reference system described by the DOE/NASA reference system report. There are, howev'!r, 

significant differences. First, the transmitting antenna consists of 10.4 x 10.4 meter subarrays made up 

of solid state RF amplifier modules. Secondly, pentahedral truss structure is used throughout the satel­

lite. Finally, the yoke-type mechanical interface has been replaced by a direct actuator interface using 

linear electric motors. 
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2. 5 GW SOLID STATE SPS CONFIGURATION 

______________ ...;;;... ______ ..... __________________________ --------------------------------111111111'111-------
SPs.3342 _,,_, fu""''"'-__ ....... _ ... 

~/\/\/ .1. -· .. ·-·-. 1420 m 

Tr. 
, .... T 

5340 m 

_l 
~ 6007.5 ~ 

lfRUCTURIO•ORAl'Hn'I 
COWOlfT! Tllll--HAMI 
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SOUD STATE TRANSMITTING ANTENNA QUANTIZATION mERARCHY 

The hierarchical organizdtion of the transmitter from the entire array down to the solid-state radiator 

unit is HJustrated in this fjgure. Subarrays are somewhat arbitrarily sized at 10 X 10 metres. Panels 

are sized at slightly Jess than 5 wavelengths in order to facillitate phase distribution. The panel size is 

selected on t.he basis of judgment as to the degree to which open loop phase distribution can be used. 

FinaUy, the individual radiator modules are sized to be .6 of a wavelength square. The high power re­

gions on the transmitter use a cavity module which has excellent heat rejection capability. The low 

power eler.1ents of the transmitter use a dipole type radiator which has a much lower mass per unit 

area. 
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SOLID STATE TRANSMITTING ANTENNA QUANTIZATION HIEARCHY 

--------------------.._---------------------------------------------LZ'l!.1'E'P~/li1'-----SPS-3370 

TRANSMITTING ANTENNA 

1. 42 KM 

DIAMETER 

CENTRAL RING 
SUBARRAY 

~ 
- , 

(18 PANELS) 2 

318 

PANEL 

I 

(4.8 ~) 2 

____... 
,. 

__.. 

, 

CAVITY 
MODULE 

rn 
(. 6 A ) x (.SA} 



D 180-2.5969-2 

2.5 GW SOLID STATE SPS TRANSMITTING ANTENNA 

The quantization of the 9.54 c:!b gauss1an taper is shown here. 
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2.5 GW SOLID STATE SPS TRANSMITTING ANTENNA 
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SOLID STATE TRANSMITTING ANTENNA QUANTIZATION 

The solid state transmitter is quantized into a 10 step approximation of a 10 dB Gaussian taper much 

Jike the reference system. The table on the facing page summarizes the quantization and summarizes 

the mass estimate for the transmitter. 
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TABLE ! ! ! . SOL!D STATE TRANSMITTING A~JTENNA QUANTIZATION 
SPS·3292 

NUMBER OF MODULE (P/A)RF RADIATED STEP STEP STEP SUBARRAVS MODULE TYPE POWER 
(kwm· 2, POWER ~ASS '") \ ,, {MW) (T) 

1 472 it1 gh Power 4·FET • 28.7 5.50 282.4 345.5 
Cav1ty Radiator 
(6.73 kgm• ) 

2 1392 II 24.0 4.~s 673.9 1019.1 

3 1208 Reduced Power 19.2 3.56 417.8 848.9 
4·FET Cav1t1 Radiator 
(6.46 kgm-2 

4 1296 II 16.0 2.97 418.7 tl0.8 

5 1761 2-FET cav1~r Radiator 
(5.50 kgm· 

12.8 2.37 455 1055.4 

6 1860 2-FET 01noi, 12.8 1.78 360.2 544.3 
(2.69 k~-

7 1136 II 9.6 1.33 164.4 332.4 

a 840 II 8.5 1.18 107.8 245.8 
9 2208 1-FET Dipole 6.4 .89 213.8 646.1 (2.06 kgm•2) 

10 2476 II 4.3 .59 158.9 724.5 
TOTALS 14662 6673.0 
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SOLID STATE COMBINER RADIATOR MODULE 

The main features of the combiner radiator module are illustrated on this chart. The antenna circuit 

itself is capacitively coupled to the radiator patch through a ceramic dl.,lectric. The radiator patch 

functions as a double slot, emitting linearly polarized RF radiation. The antenna circuit is driven by a 

pair of push-pull power amplifiers employing .5 watt gaJHum arsenide FF.T transistors in each of the 

final output stages. DC supply connections are routed through the center of the antenna along the zero 

potential line. Output from the radiator is compared to the input RF drive signal by a phase 

c.:omp.~rator circuit and the phase of the RF drive to the amplifiers is adjusted accordingly to maintain 

phase control of each individual radiator. This compensates for through pha:;e variations in the power 

ampJifiers and antenna circuitry. The antenna is covered by a resonant cavity which provldes fiJterins 

at the amplifier outputs. The entire assembly is mounted to an aluminum baseplate and ground plane. 
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Solid State Combiner-Rad.iator Module 
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e ~ . t'1 
~ a; ' 

RS ~ ... ~ POWER AMPLIFIE ---.. ____ ....__ ----• ~ 

CAVITY---

RADIATOR ----
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64 MODULE PANEL LAYOUT 

IJJustrated on the facing page is the layout of a basic panel including 64 solid-state combiner modules. 

A fiber optic phase-feed goes into the center of this panel where a pre-amplifier convens the fiber­

optic phase signal to a microwave signal which is then distributed by the phase distribution netwi>rk 

shown. This network at this level is presently conceived as open-loop. Further analysis and experiment 

will be necessary to ascertain to what degree open loop phase-feed can be employed with solid-state 

systems. 
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· .. 

SpS -·--
64-Mo·dule Panel ·Layout 

-~---------11111N11-
SPS-2860 
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SOLID STATE POWER MODULE CONCEPT 

The high power solid state cavity radiator power module is illustrated. Push/pull gallium arsenide FET 

power modules drive the radiator module through four coupling patches in the cavity. These couple to 

a radiating element which in tum drives the cavity slots. 
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SOLID-STATE POWER MODULE CONCEPT 

----------~SPS-338~~1--------a....--~RA~Dl~A-T-ING __ E_L_EM_E-NT __ pg_W_E_R_C_OM_B_l_Nl-NG----------------------"""''"'" ____ __ 

GaAs FET POWER MODULE _;I 

• 30 dB gain 
• 10. watts output 
• H,ybrtd technology 
• Sapphire, 11fcrostr1p 

INPUT 

•Antenna exciters (4) 
• low loss combtntng . 
• Ceramtc 1ub•tr1t1 

Metallized both sides (thick f11m) 

(

FAIL SAFE FEATURES 
• Optn ctrcutt protectfo~ 
• Heat rldtatld to 1pac1 

·-~-

DC float allows standoff 
for series-para11e1 chain 

1 PHASE ERROR CORRECTION 
•• 
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FOUR FEED POWER COMBINING MJCROSTRIP ANTENNA 

The electric field patterns inside the cavity radiator module are shown. 
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FOUR FEED POWER COMBINING MICROSTRIP ANTENNA ____________ ;... ________ .... ______________________________________________ ..., ___________ ~~IANlll-------
AH1ENNA GROUND fl.AHi SUBSTRATE DIELECTRJr..--.. .... 

¢e 

¢t> 

¢e 

Alf'JZNNA GROUND fLAMI 
MICROS'DUP 1DD LINI 
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BOTTOM VIEW OF PHASE DISTRIBUTION NETWORK COUPLING LOOPS 

A key aspect of the Phase III cavity radiator module design is the coupling o.f the microwave signals 

across the approximately ±_4 kilovolt supply potentials. This is to be done with stripJine coupling loops 

such as those shown here. 
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BO"iT0M VIEW OF PHASE DIS1RIBUTION NETWORK COUPLING LOOPS 
________ __;;;..... ____ ..... _______________________________________________ •••1••-----

SPS-:S392 
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SOLID ST,.. TE CAVITY RADIATOR MODULE-EXPLODED VIEW 

This exploded view cf a cavity radiator antenna panel illustrates the sequence to the word for auto­

mated construct' m. Starting with the radiator face sheet at the bottom, the interior components are 

added layer by layer and covered with the cavity cover sheet. The last step is the adding of fault load 

resistor panels which are crimpPd to the de power feeders that stand off through the cavity co\.ers. 
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SOLID SlATE CAVITY RADIATOR MODULE • EXPLODED VIEW 

---~-~~---'------------------------... ~---Sl-S-3287 

FAULT LOAD RESISTORS 

........ ---- -----------=- - -~.-- . ...::::-----=-~ __. .. -- ----~· .- ... - ....... '_:.A.__.-~ . ~ 
-::~ •. "'1"m''"'"'""··. - - ~.t:._ .. ---c.=:::-· ...-: ... ,-·:& ., - . CAVITY COVERS 

f ·-· I . • t,; ::::-:-::-:: r - - , ,.._......... 

- ~~:_ :-:-:~C~,.. 
PHASE DISTRIBUTION STRIPLI$#~ . ..:.:...._ , 

INSULATORS ~ 

RADIATOR FACE /I" 
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FAULT LOAD RESISTOR CONFIGURATION 

The fault load re·· ,;tors are to dissipate a module's no:ninal power in casf' of module open circuiting. 

The resistors are fabricated by printed drcuit methods on a ceramic substrate that it held behind the 

panel ba<::k surface by standoffs that protrude through the cavity covers. 
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FAULT LOAD RESISTOR CONFIGURATIOS 

--------~SP~S-3~288~----....i-----------------------------------------------.. ,,..-----

-- ·-
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POWER HOOKUP DETAILS 

The configur'1~io11 -.ind crimping sche1ne for the fault 1Qad resistors is shown. 
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POWER HOOKUP DETAILS 
CERAMIC COATED .020 AL. 

·~-·- --~ "iri=>·-=-- - .. 

t ~-:. .. ' 
,.-~::.:,.... , .. , 
.... .... ""~' "" ' ... · .. ' ' ' .... ' ', ' ' ' ..... ' ' .. ' ' .. ' 

CERAMIC COATED 

,050 RIVET 
TERMINAL PIGTAIL 

SKETCH NOT TO SCALE 

~~YPJCAL SLOT TERMINAL, BEFORE BENDING 

r---i 
0 1" 
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MASS STATEMENT- HIGH POWER DENSITY FOUR-FET SOLID STATE CAVITY RADIATOR 

The facing page presents a mass estimating rationale for arriving at the mass density for the high 

power section of the solid state transmitter. 
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MASS STATEMENT: HIGH POWER DENSITY 4-FET SOLID STATE 
CAVITY RADIATOR COMBINING MODULE DESIGN 

ITEM 

FACE SHEET 

BeO SUBSTRATE 

POLYSULFONE INSULATION 

AMPLIFIER MODULE 
(W. FAULT LOAD TOWERS) 

SHIELD CAN 

TOP SHEET AND FAULT 
LOAIJ RESISTOR 

PHASE DISTRIBUTION STRIPLINE 

MODULE TOTAL 
x 64 

PANEL STRUCTURE 
PANEL TOTAL 
x 324 

SUBARRAY STRUCTURE 
SUBARRAY lLECTRONICS 
SUBARRAY TOTAL 

COMMENTS 

• 6). x • 6). x . 010" x PA 1 
. 5). x . 5 ). x . 040" x P BeO 
2 x . 5). x . 1 ). x . 015" X Pps 

2 x .003 m x . i" x . 2 x (3000 

. 6 .>- x • 6). x , 020 II x PA 1 

. 6 A X • ~). x .01° x PA 1 

. 1 >- x . 6). x . 020" x ,:; A 1 

·c ,•• 

~ • .. .. 
!·-·~ 
c:) 
0 •, t· ;:;; ,,,. 

~-

.c ' 
c-: ""::" i:: :·; ...... ., 

.~1 :_. 

.~ <.n 

340 

MASS 

• 3.70 

• 7.61 

• 1.14 

kgm- 3) • 5. 39 

• 7.40 

• 1.85 

• 1. 23 

28.32 
1. 81 

.20 
2.01 

651. 2 
68.3 
12.0 

731. 5 

( g) 

g • 5.25 kg/m 2 

kg 
kg 
kg 
kg 
kg 
kg 
kg • 6.73 kg/m 2 



MASS STATEMENT - REDUCED POWER DENSITY FOR FET CAVITY RADIATOR MODULE DESIGN 

The facing page presents the mass estimating rationale for a reduced power density cavity radiator 

where some mass reduction can be accommodated in view of reduced thermal loading. 
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MASS STATEMENT: REDUCED POWER DENSITY 4•FET CAVITY 
RADIATOR MODULE DESIGN 

ITEM COMMENTS 

FACE SHEET 

BeO SUBSTRATE 

POLYSULFONE INSULATION 

AMPLIFIER MODULES 
(W. FAULT LOAD TOWERS) 

SHIELD CAN 

TOP SHEET AND FAULT 
LOAD RESISTOR 

PHASE DISTRIBUTION STRIPLINE 

MODULE TOTAL 
x 64 
PANEL STRUCTURE 
PANEL TOTAL 
x 324 
SUBARRAY STRUCTURE 
SUBARRAY ELECTRONICS 
SUBARRAY TOTAL 

.6Ax .6Ax .0075" x PAl 

.s Ax .~ >. x .040 11 x "seo 
2 x .~AX .~AX .015 11 x PPS 

2 x • 003 m X • ~ .X x • 2 >. x ( 3000 

.~AX .&AX .020" x PAl 

• ~AX .~:>.x .0075" X PAl 

.~>.x .~>.x .020 11 x PAl 

342 

kgm- 3 ) 

• 
• 

• 
• 

• 
• 

• 

MASS (g) 

2.78 

·. 7 .61 

1.14 

5.39 

7.40 

1. 39 

1.23 

26.94 g • 5.00 kg/m2 

1. 72 kg 

.20 kg' 
1·. 92 kg 

622.1 kg 

68.3 kg 
12.0 kg 

·702. 4 kg •6.46 kg/m 2 
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MAM STATEMENT - TWO PET SOLD> STATE CAVITY RADIATOR MODULE DESIGN 

Further mass reduction is possible as one moves outward from the center of the transmitter and is able 
to employ a cavity radiator using only two FET's. The rationale is presented on the facing page. 
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SOLID STATE DIPOLE RADIATOR MODULE 

For the lower power/area periphery of the transmitting array, this dipole radiator module design allows 

a 62% reduction in mass/area. Note that these modules are also somewhat larger (.6). x .SA instead of 

.6). x .6).). 
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SOLi o STATE DI POLE RADIATOR MODULE 

__ ....:!.::_~::._ __ .J.. __________________________________________ 611111Afll 

SPS-3093 

.8 ~ -I 

40 mil Ceramic 
GaAs I C's /Radiation Shield 

--======:::~~-===:::a-...lQ mil Al 

40 mi J Dielectr;c PJu]s 
Dipole 

Adhesive Backed Fiber 
Flat Tape Power Pigtail Optic 

Cable 
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DIPOLE RADIATOR MODULE MASS STATEMENT 

Dipoie radiator w.odules have a mass per unit area of 2.7 Kgm-2. Over two thirds of this mass is alumi­

num and much of the rest is dielectric. 
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DIPOLE RADIATOR MODULE MASS STATEMENT 

.6A x .BA MODULE SIZE 

ITEM 

10 MIL Al GROUND PLANE 

CERAMIC SHIELG 

DIPOLE AND SUPPORT, 10 MIL Al 

DIELECTRIC PLUG(S) 

CHIPS, METALLIZATIONS, BONDING, ETC. 

TOTAL MODULE 

x 48 

PANEL STRUCTURE 

TOTAL PANEL 

x 324 

SUBARRAY STRUCTURE 

SUBARRAY ELECTRONICS 

SUBARRAY TOTAL 

348 

MASS 

4.93 g 

• 7 g 

3.75 g 

2. fl g 

. 5 g 

12.68 g 

608.6 g 

150.0 g 

758.6 g 

245.8 kg 

35.0 kg 

12.0 kg 

l92.8 kg 

• 1. 76 kgm 002 

• 2.69 kgm· 2 



l'RIVING RE.SISTANCE IN AN INPINITE ARRAY 

Dipon 1 adiator antenna arrays of the type desired for the solid state SPS are well understood. The et· 

fective resistance that the dipole presents to the power ampJlfier may be varied io l'T•iitch the amplifier 

by changing the dipole standoff distance and spacing. 
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!JRIVING RESISTANCE IN INFINITE ARRAY 
___________ .._ __________________ ..... ____ ..,,111111---

160 

< 
I 

~ 120 
z ;: 
(I') ..... 
~ 80 a:: 

40 

IN A VARIABLE 
SPACING DESIGN. 
OR EDGE.EFFECT 
COMPENSATED 
DESIGN 

0.1 0.2 0.3 
S/X 

L.ENGTH OF SLOT 
COMPENSATES FOR VARIABLE REACT/.'.~'':E 

OFFSET OF SLOT 
COMPENSATES FOR VARIABLE RES1s~·~cE 

o.s 
0.6 
0.7 D/X 

0.8 

0.4 

-'-
Dv 

--f Dx f- s 

R. 120 

"' 
SI N2(2 1" 2/ A ) 

DxDv 

HEIGHT ABOVE G~:~~' ?~ANE Ref. 

350 

L. Stark 
Hughes Tech. Doc. eL60·230 
May 1 60 



ARRAY MISMATCH LOSSl!S 

When solar array strings are connected rn paraUet along a constant-width bus v.·ith significant voltage 

drop along the bus, a power loss occurs due to operation of cells away from their maximum power point. 
This may be compensated by using variable length strings to match to local bus volte~•· For the pre~• 

ent solid state SPS definition this was not done. The assessed loss as a function of bus conductor 

operating temperature is shown. This loss is negligible for the Klystron reference SPS design. 
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SPS-3137 ARRAY MISMATCH LOSSES AS A FUNCTION OF TEMPERATURE 

2. 5 GW SOLID STATE SPS CONFtGURATION 
:E 
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12 z~ -o 
t- t-< u 10 0::: ::::> 
Y.J Q 
0.. z 

8 00 
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0 
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zo 6 
0::: I-
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POWER BUS SIZING 

Parametric analyses of passiveJy-cooJed flat plate power buses in space undernP.ath the SPS solar array 

yield the result that the bus temperature is a function of the parameter IW··lr-1/2, where I is the bus 

current and W and Tare the plate width and thickness, respectively. 
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SPS·3140 

800 

700 

~ 600 
0 

s 
LU 
0: 
:::::> 500 .... 
< 
0: 
l.LJ 
0.. 

~ 400 I-

300 

200 

50 100 150 

POWER BUS SIZING. 

200 .250 300 

f/WVf -- AMPS/CM 312 
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. W ··Plate Width In cm 
t • Plate Thickness f n cm 
I •Current in Amperes 

ASSUMPTIONS 
Aluminum Plate 
£. 0.9 
Solar Panel Temp. • 321°K 

350 450 500. 



PHASE m SOLID STATE SPS POWER DISTRIBUTION SYSTEM PARAMETERS 

The data on the facing page summarize a tradeoff of power distrubt1on parameters as a function of 

power distribution conductor temperatures. Unlike earlier tradeoffs of thls nature, the tradeoff illustra­

ted here emphasizes minimizing cost rather than minimizing mass. 
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TABLE I. REVISED SOLID STATE SPS POWER DISTRIBUTION SYSTEM PARAMETERS·AS A 
FUNCTION OF TEMPERATURE 

• Subarray Voltage • 8640 V 
• Subarray Power • 4200 MW 

MASSLCOST (Metric TonsLSM} 

Conductor Temperature (OC) 0 25 50 100 

Non-Pmax Power Loss 

Power Busses 
($37 kg-1) 

4517.4/167.2 2630.6/97.3 1997.5/73.9 1585.2/59.3 

Array Power (Megawatts) 4507.9 4806.5 4955.1 5747.1 

Array Area 25.00 26.85 27.68 32.11 
(km2 @ 179 w m- 2 

Array Mass~Cost 
.425 kg m- , $40 m-2 

10683.3/1005.5 11412. 0/1074 .1 11764. 9/1107. 2 13645.3/1284.3 

Switchgear i.0273 kg mw-1; 
6.53 $ kw- ) 

123.1/29.4 126.8/31.4 125.2/32.4 133.3/37.5 

Number of Bays (Smeared 65.0 69.3 71.5 82.9 
@ 69. 34 MW/Bay) 
Bay Structural Mass/Cost 2097. 2/138. 5 2240.5/147.9 2309.2/152.4 2678.6/176.8 
(Smeared @ 32.3 T/Bay, 66$ 
kg-1) 
Total Mass/Component Cost 17421.0/1340.6 16409.9/1350.7 16196 .8/1365. 9 18042.4/1557.9 
Transportation & Constr. 1306.6 1230.7 1214.8 1353.l 
Cost ($75 kg-1) 
Total Cost Involved in 2647.2 2980.4 2580.7 2911.0 
Tradeoff 
Cell String Voltage (V) 9273 9888 10193 11823 
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POWER LOSS (Megawatts) 

0 25 50 100 

56 .1 84.1 112.6 302.0 

251.6 522.4 642.5 1245.1 

307.7 606.5 755.1 1547.1 
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COST AND MASS VERSUS CONDUCTOR TEMPERATURE TRADI! P0R SOLB> STATE SP5 

Res~lts of the conductor temperature tradeoff are shown on the facing page. The cost tends to mini­

mize the slightly lower temperatures than the mass as solid state conductors are less expensive than 

solar arrays. The selected operating point was .3.50C. 
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COST AND MASS vs. CONDUCTOR TEMPERATURE TRADE FOR SOLID STATE SPS 

------------S-PS--3-2-85 ________ ..__,.._._. __ _._. __________________________ ._._ ..... ._. ............. 611//1~#ANlll ......... 
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2.j GIGAWATT SOLID STATE~ .tAIN BUSING ARRANGEMENT 

The busing arrangement is illustrated on the facing page. Be -"'use the strlng voltage is only about JO 

kV as compared to 40 kV for the reference system, buses are required to collect string currents and 

route these currents to the central main buses down the centerline of the SPS. Bus widths and arrange­

ments are mustrated. 
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2.5 GW SOLID STATE SPS ~:A!N BUSS!~:s A~RA~:GEMENT 

--------------------..a..'-------------------------------------------------llNllllA"1' ____ __ 
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SOLID STATE SPS EFFICIENCY AND SIZING 

A summary efficiency chain for the solid state SPS is presented on the facing page. This efficiency 

chain does not include the solar cell efficiency itseJf. Principal improvements over the solid state con­

figuration are reductions in array, mismatch losses, and reductions in main bus 12R losses. This effi­

ciency cha~n represents slightly more than 1096 greater loss than is the case for the reference system. 
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TABLE II. SOLID STATE SPS EFFICIENCY~ SIZING 

SPS-3087 
... , .. 

tTEM EFFICIENCY MEGAWATTS 

Array Mls mat ch 
Array Mismatch .975 5033 Ideal Array Output 
Main Bus 12R pr4 4907 I ' 

Antenna Distr .985 4191 Total Antenna Input 
DC-RF Converston .8 4128 
Waveguide 12R N/A 3303 Tota I RF Radiated Power 
Ideal Beam • 965 3303 
I nter-Subarray Losses .976 3187 
· :itra-S ubarray Losses .N/A 3110 
Atmosphere Loss .98 3110 
Intercept .95 3048 
Rectenna RF-DC • 89 2896 I ncldent on Rectenna 
Grid Interface .97 2577 - 2500 Ne·, to G rld ,497 

TOTAL AR RAY OUTPUT 5033 MW 
TOTAL SOlAR ARRAY AREA • 28.1 km2 
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SOLID STATE TRANSMl1TER INTERFACE SYSTEM STRUCTURE 

Because of the relatively large diameter of the solid stote transmitting antenna, an end-mounted inter­

face configuration was selected instead of a yoke. The f"nd-mount employs telescoping structure to 

reposition the interface from the most convenient assembly position to the most pl'actical operatin@ 

positiC1n with the centerlines adjusted to the center of gravity of the structure. Thia intertace adjust­

ment mechanism serves only to reposltion the antenna from the assembJ~ position to the operatin~ 

position. 
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INTERFACE SYSTEM STRUCTURE 

____________ ....;;;;.... ____ ....JL...--------------------------------------~i!-IJ!'-----••11~------

s= 
SPS-3245 

~.!\RGER THAN 
7.5 m BEAM 
THIS SIDE 
OF LINEAR 
ACTUATOR 

TELE~COPING 
STT?UCTURAL 

BEAM 

.... 
7.5 m 
BEAMS THIS SIDE 
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INTERFACE SYSTEM BUSES 

The solid ~tate transmitter uses a very wide set of buses as prepared to the reference sy8tern to ITlini­

mize losses. These buses are brought into a staging area prlor to f inaJ routing to the e1ectricaJ slip ring 

assembly. The convergence of t'1e buses into the staging area i'S illustrated on the facing P•I•· 

f 
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INTERFACE SYSTEM - MECHANICAL ROTARY JOINT Mn ACTUATOR 

The me<"' .anicaJ rotary joint and actuator system employs a mechanical turntable drh1e for the diurnal 

rotation and a Unear actuator system to accomplish elevatkn drive. 
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INTERFACE SYSTEM MECHANICAL ROTARY JOIHT AND ACTUATORS 

ELECTRICAL· 
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INTERFACE SYSTEM - ELECTRICAL ROTARY JOINT 

Ulustrated on the facing page is the feed-in of pigtails from the flat sheet conductors to the rotary 

joint itself. Because of the higher current, the electrical rotary joint for this configuration is larger 

than that for the reference system even though the power is less. 
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INTERFACE SYSTEM ELECiRICAL ROTARY JOINT __________ .... _______________________ ..,,,,"".--
SPS-3248 

---- -----·-

135 m WIDE BUS 
(TOTAL OF 18) 
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2.' GIGAWAn SOUD STATE SPS TRANSMITIING ANTENNA - MAIN a:IS ~URATION 

Ma.:-. ::...ises are routed on the back of the S:PS soHd state transmitter through a main switch yard that 

distributes the DC power to the subarray sections. 
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2., GIGAWATT SOLID STA TE SPS TRANSMITTING ANTENNA - MAIN BUS CONPIGURA TION 
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SOLID STATE SPS CONSTRUCTION REQUIREMENTS&. ISSUES 

The ::!500 MW Solid State Solar Power Satellite (SPS) is to be constructed entirely in GEO and is to be aaembled 
similar to the 5000 MW refercm·e satt>llite. To fadlitate comf :irison with the reference SPS program sceAario, the smaller 
c;ipac.:ity solid-state SPS will have to be produced at a faster ratt . That is. to meet the reference program goal of I 0 GW annual 
,;;ipacity growth, one ::!500 MW solid state SPS will have to be fully assembled and checked out every 90 days. 

Thl' solid state satelli11.: has a !'>ingle ant...:nn.i located at <'ne end of the 8 x I I bay photovoltaic energy conversion 
s~ stem. as shown on the facing page. The microwave antenna is designed with the reference pentahedral primary structure, 
where;is the energy conversion system uses the reforence hexahedral structure. The interface system retains the reference 
rotary joint design with its solar arr:1y support structure. However. the reference antenna support yoke is replaced by an end­
moun~,ed linear actuator. 

To achieve SPS microwaw power transmi..,sion perfonnance requirements, both solid state and reference klystron 
antenna concepts must be constructed to mt-ct similar flatness design goals (i.e., ::! arc minutes rms with a maximum of 
3 arc minutes). Hence. to cover all aspects of the Solid State SPS construction process. a broad range of technology issues 
1 which an: beyond the scope of this study) must be addressed. For example, as the Solid State SPS system matures, the sat· 
ellite construction ap, roach must be reexamined for the energy conversion, power transmission and interface systems. In 
addition. the structural assembly methods should be well understood to the level of beam fabrication, handling and joining. 
Techniques for installing the major subsystems (i.e .. solar arrays, buses a11d subarrays) must be further developed and the 
rc-quirements for con'itruction equipments need further refinement. In addition, the structural dynamic, thermodynamic 
and control interactions between the base and the satellite should be investigated and defined. Other areas to be examined 
include methods for berthing or mating of large system elements. techniques for in-process inspection and repair, and con­
cepts for implementing satellite final test and checkout. 
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SOLID-STATE SPS CONSTRUCTION 
REQUIREMENTS & ISSUES 

• KEY PRODUCTION RATE TO BASELINE 10 GW ANNUAL GOAL 

8X11 0 
BAYS -

MAIN BUS 
~ , 

.. .. 
S/A BLANKETS 

• PH-2 REF STRUCTURAL SYSTEMS (0180-25461-2) 

• 4 BAY ENO BUILDER REF GEO BASE 

- 2 PASS LONG ENERGY CONV ASSY 
- 11 ROW LATERAL ANTENNA ASSY 

........ ........... 
• MPTS FLATNESS -2 MIN GOAL: 3 MIN MAXIMUM 

• SPS CONSTRUCTION ISSUES 

- SATELLITE CONSTRUCTION APPROACH 
- STRUCTURAL ASSEMBLY METHODS 
- SUBSYSTEM INSTALLATION TECHNIQUES 
- CONSTRUCTION EQUIPMENT REQMTS 
- SATELLITE SUPPORT & BASE INTERACTIONS 
- HANDLING & MATING LARGE SYSTEM ELEMENTS 
- IN PROCESS INSPECTION & REPAIR 
- FINAL TEST & CHECKOUT 

0580-025W 
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SPS GEO CONSTRUCTION TIMELINES- S G" BASELINE&. 2.S GW SOLID-STATE 

Comparative tirneline!' for constnicting the 5 ~;w rdcrence SPS and the ~.5 GW solid-state SPS ~·oncept are shown 
un th..: facing page. Buth timelines follow the ~anie construdion approach. That is. where the energy system conversion 
assemhly is .imed for simultant'ous nw1pletion and mating with the !:atellite's power transmission and interface systems. The 
-t Bay End 9uilder also assem'ules the sJlid-state 8 x 11 bay energy conversion system during two successive passes. as pre­
"iously defined. However. the pro'luction nte tc ~cmplete final test and checkout of the 2.5 GW solid-state SPS is slow1.:r 
than the hasdine 5 GW SPS with klystrons. The 5 GW klystron satellite is fully constructed and checked in GEO in six 
months. The production rate for the reference system is :7.7 MW/day. In order to match this production rate, the 2.5 GW 
~olid-state SPS wvuld have to be completeo in one-half the time (i.e .. 90 days). At this juncture, the solid-state SPS con­
-.trnction operation appears to fall short of the I 0 GW annual production goal. 111e present design and construction approach 
ust'd for the solid-~tate SPS !;as slowed the production rate to 24.03 ~IW/day or I 04 days to IOC. 
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SPS GEO CONSTRUCTION Tl!M:EL.INES 
- 5 GW BASELINE & 2.6 GW SOLID.STATE 
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·0£Q,BAIE:ENE:IOY COWSltmN~·1CM'~' ,, ·.: 

Tht• inhcrt'nl rroduction cap11bility of the 4 Boy 1End luilder"Cen1tmctian ,lfflf.,fti fHutf,,._,,,.,. :tlN f,'1JC.btl'P•· 
This lisurc shows how the total sPtellite construction time ''an be nltered by either chanpn1 the tabdcatie1n irnte for48Mm· 
uo;1s lon1ttitudinal beams. redudn1 the length o.-: .. number of rows) of the eneiiay ccin'\lel'lion 1yn~m.~ or both. for exa1nple; 
1lw b•1sclinc SPS. which has a I() row em:rsy convl!rsion system. is ~onstrucied In 180 da1ys by limit.ins 1yngh1oni:zed lcnqi· 
tu1hnal beam fabrication to 0.5 m/mi&• 8)' increasinti the beam !atbrica:tion r11t11 to 3 mlnaln the entire SiPl~tncl•l"',"'oloe 
<ilisy. sy tems mating. h~'.'it and check~) ·~ould be constructed in 140 days. A simUa·t precl1uction advar.t111e cati'bf .achieqd 
w11h t11~· shortt•r solid-srare c1w11y conversion system which;, only 11 rows Song. However, hu:rcasing ,the oi:-.:rattn1 att ·Of 
'"~ lontititu~li\lal beam t-uilde.s is not 11ufficient 10 achieve the sotid-sta·tc SPS c1.:.1nstruction 1011eithor90 or 104 days. fo 

"ii:w tht•si· 11m1ls. additior:•I d\lmy pkkers must be provided t.o speed ·UP the inttaUatJan of Nlaun;r•t'·blanluu. Nepcc 
~· solar ~olle~ t•>r asaentbly :~cility 011 the refcn:nce GEO base can be revised as r"luittd to meet either conttruction aoal 
,· . he soli<l·stalt' SPS com:epL The time 4:rilkal constru,tion operation, therefore, Uo with the UNmltl1 o~ the NIW«ate 

SPS antenna. 
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SATELLITE POWER TRANSMISSIO.N CONSTRUCTION OPl:.'W'ATfONS ~'NA:tYl·fS · 

During Phase 3. thl.' major 1.~nnstruction opt· rations or thc Solid State SPS antenna \\<ere anal>·t.ed from the top down, 
.is previously done for the reference system. A:> shown on the facin1 pa3e, construction Of ~hc 2~~·f:.iW solid-state SPS 
follows the same sequence as the reference 5 GW Klystron SPS. ·· , 

A breakdown of the assemhly operations for the SPS power transmission system is. 1hown by. the abbreviated llow 
illwHrnted on the lower half of th1. page. This assembly activity includei the f11brication and assembly for the first row of 
primary and secondary structure ( 3.2.1 ), It :1lso includes the paraUel installation and inspection of othtr subsystems during 
first row construction. These subsystems include the installation of RF subarrnys (3.2.::!), pl.>wer distritiuticn, phase control. 
and so forth. When nrst row constru1.:tion ill complete, the ant.:nna is indexed (J.~.7) away to allow the second row to he 
added. The remaining rows of the antenn11 arc constructed in a like manner. 
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SPS BASELINE A.ND SOLID STA;t~i AAiTOfNA C01CEPR 

Jn Plut~e I of' lie study the antenna pro ided a trans1nitting area. I km in diameter, made from 98 b.ays of A-frame 
prim;11·:- ~tJT, Hll\.'. t..i..:h bay has ten u iangufar ~li:ams. 7 .S m deep, produced in spaceo "Y beam machint!I operating at 
5 m/min. Sctondary structure, moun1 i:d to the primary stru1.·ture, supported l.!ncrgy tranlfft:ittina eq1.dpment. There was . 
cighty-l'i,ht, J 04 m square, bays oft t < strut·ture. 

At the e11d of Phaf>\: II, the l km diamr t1.•r reference antenna wa11 changed to a mo• efficiau pe1:1tahedraJ structure 
h;iving 88 bays of primary strul.!rnre. Each bay had 9 or 11 members, dcpenJent upon whether .it rtquirod cloong beams or 
not. wt kh wen· 1.5 m deep beams. Constructi-'11 of this structure was never analy1.ed, therefore ·ltO t.am prt'iductior. rate 
·qs asst1nicd. Agilin. secondary SLructure supp•>rt~d RF 11ubarray equi1 ,ment on 88 bays. 

The solio-state SPS system in Pltase Ill requires an antenna whose area increa~s to 1420 m diameter, effecrl.-el,y 
h. ice that of Phases I&. II. Primary structun: uses the same pentahedron bays, as defined in the Phase 11 refere1.ce 9Y1tem 
dt·~ription (0 ! 80..:!5461-2). Fabrication of the l .~ m ~eep triangular beams is limited to.a beam production rate of 
about 1 n,/min. Being larger in area, 172 bays of I 04 m secondary 1.rructure are required to .support tran1m,ttin& 
equipment. 
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SPS BASELINE 8t SOLID-STATE ANTENNA 
CONCEPTS 
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ANTENNA CONS'IRUCFION OVFIQN& 

The 1.0 km diaml.!ter reference S GW klystron antenna is constructed at the GEO base by progressive buUd·up of 
its 11 row plan form. The untcnna is assembled, onl.! row at a time, as it is indued back and forth throuah the antenna 
construction fadlity. As a result, tte untcnna must be supported during this process on a platform at least twice as tarp 
<ts the antenna is widt~. 

The area of tht.! SPS, I .4 km diameter, 2.5 GW, solid-state antenna is nearly twice that of the 11.0 km diameter 
r..:fcr1:ncc ant.:nna. Hcn1.:e if th..: n.:f..:rcn1.:e ,mtenna consuu..:tiun approuch was simply adapted to the solid-state antenna 
r\.'tluircment. the large antenna support platform would !'>imply grow in proportion. As a consequenee. other asumbly IP" 
proachcs wcrt: considered to reduce the overall size of the antenna construction f'adlity. Three GEO base anttinna assem· 
blv options are shown here for the solid-state concept. The 4 Bay End Builder solar collector assembly fa~iHty is common 
ro all concepts. The first option uses the S GW baseline method to build the new antenna in an area approximately 65% 
greater than the S CW antenna area, also shown. This method caters for parallel construction of a yoke support for the 
antenna, as wc:ll as for the current cantilever support basclined for these options. 

The second construction method is an edge builder in which the antenna indues ln one direction only. The con­
struction facility is now much longer since it must cover the width of the antenna to provide many machinn for building 
all l0ngitudinJl beams simultaneously. Arca for antenna construction is about 25% less than that for the flnt opt.Ion but 
needs the longer facility for the increased number of beam machines. An antenna yoke support could be built on this 
facility but it would be a sec1uen"-e operation which extends the tim~!ine. "" 

The third option retains the unidircction indexintt of the antenna (Option 2) but relocates the sm1ll .wons\riictiN 
fadlity of Oprion 1 and allows it to movt· lateraUy to ~·0\'\;'f the width of the antenna. Constru<:tion area is ndnimum for 
this mdhod und is. in fact, less than 5 GW baseline area even thou~h the· antenna is larger. This b reflected in the hHhaied 
\l.dl!ht for thl! base. To accommodate construction of :i ~ oke support for the antenna would require added platfQl'm 1111 
an.' .• •cilitic:s and would extend the timeUne. Thii. thmJ option was selected for preliminary design work to dedH wcit,hit 
and costs. 

., ' 
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SOLID-STATE SPS CONSTRUCTION BASE 

The configuration of this Solid State SPS Construction Base closely follows •he reference GEO buse described In the 
Phase II Study. The energy conversion system is built in the same solar collector assembly facility, while the rotary joint i-: 
assembled on a facility very similar to that of rhc previous base. 

flw main differences arc in the antenna construction facility. It is smaller in area than that on the reference li>it~e;,!1 

:.incc the wnstruction method can now be simplified due to the change in support of the antenna from the rotary joln.t. 
Instead of a fixed anknna assembly facility and birnteral i;1dexing of the growing antenna, the antenna assembly facilitr 
now indexes laterally across the antenna platform as it builds the antenna in rows. The platform is a frame of.open truss. 
members which provides tracks along which tht! antenna indexes a'.; it is built. 

Facilities for mating the antenna to the rotary joint ore similar to those in the Phase II Study. 
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SOLID-STATE SPS CONSTRUCTION BASE 
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~"LID STATE ANTENNA ASSEMBLY FACILJTY 

The as:>embly facility shown here covers four bays of the antenna structure and builds in one direction only. At 
one rnd. th,· fat:ilitv huilds prim;:ry structure 011 the lower and upper levels. Mainknance gantrii:S are installed in the next 
lowe- facility, followed J>y fabrication and installation of the secondary structure to the primary structure. In the last 10W· 

er level facility, subarrJys are installed on the secolid·uy stiucture. At the upper level, following primary structure fabrica· 
tion, power distribution buss-.::s and switch gear ne ;nstalled. 

Following charts discuss in some detail primary and secondary structure fabrication and assembly, as well as installa· 
tion of subarrays. 
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SOLID-STATE ANTENNA ASSEMBL V FACI LITV 
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SOLID ST ATE ANTENNA CONSTRUCTION SEQUENCE 

Prcn:din~ ..:h~·.rts haw disrnsscd thl' ante.ina ..:onstru.:tion 1:1ml·ept and its assembly facility. This chart shows the 
'-'fall a-;scmbl\ scqucm·c. whKh is IP huild tlK· ,,ntcnna in rows of repeatable bays. The fac~lity indexes across the cor.­

'tn11.:t1on base to fabrKall' and assl·mblc the lirst row as it goes. it then indexes back ;:i!ong the tra1.:k while, at the same 
time'. tit,: cornpktcd row indl·xes forward fer one row width. The St.'i:Ond row is now built onto the first rnw by the 
1,1J,·x;1H~ f.icilitv on it<> sl.:'cond construction l'ass. This proct:ss is repeall'd until the antenna is completed. 

Taking a more detailed look at the scqucm:e ~' '~builds the ftrst rows, the fadlity st·•rts constructio11 by 
huiiltrn~ primary .;tructun: for the fo,,t bay of the first row. The facility then indexes for one bay kngth, then bu;lds 
primary strul'tur,, for tht' second bay \Vhik·. at the same time, installing maintenance equipment in the first bay. Fol· 
lo»\ in)! another one bay index of th\'. facilit;. the third bay primary strw.:ture is built while secondary structure is assem­
hkd to tlw first bay primary structur~· in paralki. Another one bay indt•x of the facility is followe1\ by construction of 
th~· ·ourth bay primary strw.:ture while, at the same time, secomlary stru.:turt" is added to the second bay and subarrays 
i1~stalkd on the first bay secondary strncture. This prm:css continues to complete the first row. Jt should be noted that 
maintt'nance g.intrit's 'ire installed or.:y on the first and last b.,ys of this and all subsequent rows. Thus, two parallel main­
tena111:-;.• operatiom ca11 bt> performed ale>ng. each row. 

At completion of the first row. the facility irdcxes back along its track while, at the s:une time, the completeJ row 
is indexed forward for one bay width. fhe sequence i~ now repeated for the second and subse<ciut it re.vs to completion of 
the antenn• builo. 
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SOLID-STATE ANTENNA CONSTRUCTION 
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2.S GW SOLID STATE POWER TRANSMISSION SVSTP.M Ass8.t'at1' ~ .:~· ttdw!r.MEU'NE 

The timclinc for assembling the 1st row of th1.• solid·!itatc power tra11smissk1n antenii'\ is lihown on the oppo•iite 
pag\,· . .-\s previous!~ dcs.:rib..:d. the antenna fadlity builds the structure in progressive st~JJS and s.equ~ntlally installs the 
required subsystems. There are 8 primary pcntahedral structural bays in the l st row •if cunstruction. At each primary 
pcntahedral bay is built. the antenna facility moves sideward to allow the next pentahedrul bay to b' addiJ. Maintenance 
equipment is installed in the lirst strnctural hay before th~ secondary structure is attached. Benet the se.que11tial installa­
tion of RF subarr.1vs mul power distribution subsystems parallds the assi:mbly oft.he 4th struct1.1ral bay at the start of 
Day ~. This one day Jag in subsystem installation is common to each row or antenna construction operations . 

.. 
' . 
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2.5 GW SOLID-STATE POWER TRANSMISSION 
SYSTEM ASSEMBL V - 1ST ROW TIME LINE . 
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SOLID STATE ANTENNA CONSTRUCTION TIME 

The 2.5 (;W ~n!id-staf\· .111ll'nrrn 1.·onfiguration .:ontains 172 pcntahcdral b<1ys which ;1re arrangl•d in rows of 8, 10. 
12 and 14 bays per ro\\. Th1.· ti1111.· ;llfow,·d to full~ as.;crnhk the 14 rows of structure (primary and secondary) and install 
th1.• r1.•quircd subsyst1.·rns I RF subarrays. power distribution. i.:tc) is shown. As 1.~a..:h row is constructed, thcri.' is a one day 
1:1~ in rh1.· sn1u1.·ntial inst<ill;1tion of sut'~~1stcm h•in.lw••rc. Tlw cumulative effect of thill sequential process results in a 14 day 
dd;1y in th1.• totnl antenna construction ti1111..· that may be used for either structural ;uisembly or subsystem assembly. 
Th,·rdon·. only h6 days arc avail:ibk for dedicated m~scmbly operations from the tot·\I construction time scheduled (80 
days l. In light of the 14 d:iy 1.·omtrainl. it is qu1.•!Hionable tlml any further reduction can be made in construction time 
without imp:11:ti11g tltt· assl·mbly fodlity. constrn~·tion equipment and n•hltcd work crews. II' faster antenna construction 
tillh.'' ar~· rwt•ckd. it is rl'l.'01111111.'tllkd that the as:.i.:mbly sequence be rc .. l·xamincd with an eye toward implementing a greater 
dt'gri:~· of autonrntion. 
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SOLID-STATE ANTENNA CONSTRUCTION TIME 
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ANTENNA PRIMARY STRUCTUPE ·-FABRICATION&. ASSEMBLY 

(IST DAY: JST ROWJ 

Equipmc1.t types and quantities for huilding the antenna within the prescribed timeline are dicated by baseline con­
strw:tion scenarios. Considering the first row of the primary structure, three beam machines and six cherry pickers will 
build all structural clements. Except for the I st structural hay, each beam builder substation fabricates 3 beams in the re­
quired orkntation and location. During the ass~·mbly of the first bay in each row, 4 or 5 beams may be fabricated from these 
fixed hl.'~1m builder substations. As shown in the illustration, the outboard edg'~ member is transferred to its assembly loca· 
rion by cherry pickers, afkr it is produced by :1 beam nrnchinc located on the same level. The other beams in this struc-
tun· art' producr:d and located by pointing the pivot mounted beam machines in the required direction. Cherry pickers, lo­
cated at node points, then align the beams :md join them. An arrow on each beam member shows its direction of fabrica· 
tion and indi1.:ates the beam machine which produced it. 
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ANTENNA PRIMARY STRUCTURE FABRICATION REQUIREMENTS 

Rcquin.:ments on segmented bl·am design <1nd automated bc11m building operations affect the assembly rates 
;11.·hi.:v;ibk for the antenna primary stnKtur1.•. For (•xampk. automatcu fJb1i,..itio11 of the segmented beams for the 
pl.'nt<1lwdral str111..:tur1.· rl.'quircs that four basic operations must be performed as shown on the facing page. A typical 
b1.·am building cyck includes about 30 minutes for handling each I 04-m long beam. This time is over and above beam 
fobrk.at i•.in t illll' and •1llows for alignment of the beam builder and attaching end fittings. The actual fabrication time is 
a fund ion or beam length and beam batkn spacing design. Achievable composite beam fabrication rates are shown in 
the lower kft cortH.~r oC the chart for different beam batten spacings and beam cap forming rates. (These data were 
dcvl'!opcd by Grumman in support of ifs Phase I SPS studies for Boeing-DI 80-::?5037-2). For the required beam batten 

· spacing of I .5 m. a fabrication rate of I. 7 m/minute was selectl'd since the l.'Urve quickly becomes asymptotic above this 
rate. Using the foregoing data and a productivity rate of 75%, primary structure requires at least 62 days to be assembled. 
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ANTENNA PRIMARY STRUCTURE FABRICATION 
REQUIREMENTS 
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ANTENNA FLATNESS & SUPPORT CONSIDERATIONS 

To achieve the required SPS microwave power transmission performam·e, the solid-state antenna must be con­
structed to meet similar flatness requiremdats to those defined for the reference klystson antenna. The basic alignment re­
quirement for the subarray surface is ±3 arc minutes in the operating environment. This includes all manufacturing errors, 
all s1ati..: and Jynamil.: movt•ment due to consrruction fliglH attitude loads. and all related thermal distortions. A recent 
stuJy on achievable flatness in Large Microwave Power Antenna (NAS9-J 5423) recommended a design goal of 2.00 arc 
minuks rm-; for the subarray slope ·~rror. T~1:s ~.00 (ksign slope error was budgeted betwet•n manufacturing tolerance 
( 1.50), maneuvering tolerance ( 1.10), thermal allowance (0. 70) and attitude control syster.1 (0.00). Attitude control errors 
only become important for the completed SPS when linl~·of-sight puinting accuracy must be maintained. At that point any 
built in manufacturing bias should be detei:table and correctable by electronic beam offset techniques. 

During space assembly. the antenna is supported by indexers which run on a flatbed outrigger structure. Deviations 
from 1liltness of the bed will be reflected in the flatness of antenna structme. Other sources of misalignment during fabri­
cation arc tolerances of the structural beam lengths and of ass1!mbly jigs. A proposed solution for this problem is to locate 
Eiectro Optical Distance Measuring Equipment 01. the base and optical reflectors at suitable points on the emerging 
antenna. Thl' equipment will sens•· misalignments and call for adjustments of structure beam lengths to compensate. 

The firing of attitude control thrusters will impose ine;rtia forces on the antenna, resulting in distortion of its struc­
ture. These distortions can be minimized by the number of indexers tying the antenna to the stiffer base. 

Thermal distortion effects, due to differing thermal coefficients for dissimilar materials and to thermal expansion 
variation with sun/shad(~ changes, require ,·areful materials selection and a constant attitude to the sun. 

While plausible techniques have been identified to meet the Pntenna flatness requirement. a great deal of additional 
analysis and technology development work remains to be accomplish1· J b.:forc we can be confident in the achievable flat· 
ness. For example, future dynamic analysi~ of the satellite construction process should investigate the effect of base inter· 
actions on the surface flatness of the emerging antenna. 
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SECONDARY STRUCTURE ASSEMBLY REQUIREMENTS 

A se.:ondary strll':ture is Jh.'..:essary to provide mounts for the JOO subarrays located within each pentahedral bay. 
Thi.; eggcrak structure is assc·mbkd with 2.5 m deep beams which are. paced to support the 10.4 m-wide subarrays and 
provide lateral stability at 20.8 n' tntl;'rvals. The longitudinal and laten.1 beams are joined to form a grid work having 50 
ct'lls ~ 10.4 m x 20.8 m). The following charts consider the options for Jssembling and installing this structure. 
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SEco:mARY"STRUCTURE INSTALLATION CONCEPTS 

Thi.' sc..:ondary :;trndurc can be built as Sl'gP1cnts to 1:0\ crone bay of the primary structure. or it can bl!! built as a 
.-0111im1olh structuH' cmning thl· wlwk antenna. Sq,m1cntcJ stru..:tur~ is easier to assemble, handle and in$tall since it can 
l'c built in the I 04 m square units then i11divid 1 1all~· mountl'll ;1t thrc1..• points to the primary structure, thus minimizing 
.:-ff,·..:ts of primary stnu.:tuH.' opcrntiunal distortions A dis;11.ha111;1gc is that, b.:ing separate squares. closiur; members arc 
nt•n•ssar~ .111d t:1l"il' add to the total f,,.,1111 knµth and antenna mass. 

,,,· 

Continuous secondary stna:1ur,· adds to antt'l11HI owr:ill stiffn1..•ss, which helps to minimize subarray flarncss dis· 
tortions during op1..·ration. Installation to the primary structure is more complex since it would be built in s1•ction11. which 
.11,· then ;JI t ad1t•d to the primary structun' and to l'ach other by moment carrying joints. 

Tlw st>gmented sc~·ondarv !ii ru~· 1 ur~· approach is th>.' pr.-!·,. rrcd opt ion since it simplifies cons<ruction. 
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ADVANTAGE 
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SECONDARY STRUCTURE INSTALLATION 
· CONCEPTS 

SEGMENTED SECONDARY 
STRUCTURE 

• SIMPLER ASSY & 
INSTALLATION 

• MINIMIZES EFFECTS 
OF PRIMARY STRUCTURE 
DISTORTIONS 

CONTINUOUS SECONDARY 
STRUCTURE 

• ADDI TO ANTENNA 
STl'=FNEl8 

DISADVANTAGE • ADDITIONAL BEAM 
LENGTH 

• MORE DIFFICULT 
ASSY •INSTALLATION 

• RHARES PRIMARY 
STRUCTURE DISTORTIONS 

'?" 
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SECONDA.RY STRUCTURE ASSEMBLY OPTIONS 

Options for building the I 04 m2 s~·comlary unil arc presented on thi~ chart. The basic building ckrm:nt is a 
·2.5 m deep beam which m;1y bi: prcfobricalt.lf on the ground for high density ne~Hl'lble space tmnsport or produced in space 
by automated beam machini:s. The beams form an e1uH:rnt~· puttern. made up from I 0.4 m x ~U.8 m rectangles. 

One ortion is to assembie the unit completely from I 0.4 m long beams. This would be done by a facility weavln[! 
•1aoss a support bed, assembling in series as it goes. Many joints llHl'it be made to assemble two, three and four 9eams 
at a time. 

Second option is to build from 20.8 111 long beams. This involves a sirnilar operation to the l 0.4 m beams assembly 
but reduces the number an<l complexity of the assembly joints. 

Third and tourth options use the end builder prindplc by produ~ing synchronized continuous beams In one 
direction, joined by segmented beams to form the.• cggcratc structure. In one case, I 1 beam machines fabricate continuous 
beams which arc intcrjoined by sixty I 0.4 m beams. Tht• other case uses six beam machines to produce continuou5 
beams interjoined by fifty-five W.8 m beams. 

Selection of" preferred option requires consideration of equipments and timelines, which ~ire reported on the 
next chart. 
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SECONDARY STRUCTURE ASSEMBLY O.PTIONS 
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SECONDARY STRUCTURE ASSEMBLY OPTIONS cOM'PANlSON 

The two prc1:l·ding l·harts di..;cl1sscd concepts for building the secondary structure and opt1u:l11l ways of assembling 
the sdcctcd cmH.:l·pt. l he tom a!>scmbl> up lions t I 0.4 m or 20.8 m b1.·..-n buildup and 6 or 11 beam au~0f1h 1 are compared 
on the facing p;igc in terms of their structurnl assl;'mbly ml'thod, total u•scmbly rime. rl.!<jl1ircd cons\ructiun 1.•quipment, c<m­
strurtion base impact, and number of cr~·w operators p1.·r shift. 

As previously noted. thC' secondary stru.:turc nni:.t be cumpll.'!cd and installed in par:illt'I with the a"Ssembly of pre· 
ceding prhm1ry stnu.:turi..'. Dtrt' to the primary structure assembly time limit I 308 minutes). only the two -.1u1ofab methods 
l'Jn meet this rcquir1.·m~·nt. Both nwthod.;, rcquir1.· four 1:rcw op1.·rntors and have t.hc same impact on the hasc. The discrimi· 
nator is, thcrefor1.·. the numbd of lw:.im mai:hincs and displ•nscrs. This lt•iuJs to the six beam autofab method as the preferred 
opt ion. 
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SECONDARY STRUCTURE ASSEMBL V OPTIONS 
COMPARISON 

10.4m8EAM 20.SmBEAM 11 BEAM 88EAM 
BUILDUP BUILDUP AUTOFAB AUTOFAB 

ASSEMBLY METHOD SERIES SERIES SYNCHRONIZED SYNCHRONIZED 
BAY·TO·BAY BAV·TO·BAV FRAME·TO·FRAME FRAME·TO·FRAME 

ASSEMBLY TIME, MIN 930 720 226 306 

CONSTRUCTION 100m GANTRY 100m GANTRY 11 BEAM SUI LDERS 8 BEAM BUILDERS 
EQUIPMENT 2 BEAM DISPENS 2 BEAM DISPENS 10 LAT DfSPENS 6 LAT DISPENS 

(10 m LAT a LONG) (20 m LAT a LONG) (10m) (20m) 
JOINERS JOINERS JOINERS JOINERS 

BASE IMPACT MOBILE SUBSTA MOBILE SUBSTA FIXED SUBSTA FIXED SUBSTA 
SUPPORT SUPPORT UTILITIES UTILITIES 

CREW OPERATORS 8 8 4 4 

PRIMARY STRUCTURE ASSEMBLY LIMITATION• 308 MIN G~eFE~ 

0!110--0UW 

408 



SECONDARY STRUCTURE AS~EMBL Y STATION 

Thi' -;tati1)n is lo1:atl.'d in lhl· antenna assembly facility which imkxl.'s across the construction base to build the 
anh:nna in succ~·s.;ivl.' '">ws. 111.'r~. sl.'..:ondary strnct1m: is f.tbrk:ttl.'d. ass1:mhh:ll and inst;llk•d. 

Thi.' Sl'COP,fary :-.trn1:llirl.' ;1ssl.'111bly station is i40 m x 118 rn x ~5 min size. A large bed, sii.ed for the 104 m per 
~tll..: stni..:turl.' unit. pro\iJi:s ;1 llat surfacl' for its :1ssl'lllbly. This assembly station operates like a mini end builder which 
opt·ratl.'s six hc;1111 111.1..:hincs to fohri1.·u1~: conti:lllolls lont?itlldinnl. two-di111t•nsional. ~.5 m beams in unison. At thl.' same 
tirnt•. two similar bc;1111 mad1incs loc;1tcd at an uppl.'r level produce ~0.8 111 b..:am!I. Tiles.: segmented beams arc collected by 
tlw Litl.'ral Member Installation gantry for assembly to the cor.dnuous beams. Continuous b1ra111 fabrication proceeds in 
10.4 m steps to •11.·commodatc synchr,mizcd lntcral mcmhl.'r <ittachmcnt opl.'ralions. Till' gantry. with five :?0.8 m beams 
mounh:d on it. positions and joins th\·sc beams to the continuous longitudinal beams. The g;.mtry then returns to its 
orii.!inal position to colkct live 1·,10rc short bl·ams. As this process is rcp1.•ated. the asscmbkd structure is indexed outboard 
••cross th~· bt'd. Indexers guide th~· k:1ding ~·dgc of the structmc t0 mainttiin the n·quircJ geometry and provide structural 
support. 

~ 

On compi~tion of this I 04 111- unit structure. two ell.'vating cross beams lift and support the secondary structure 
for its attachment h' the primary structur1: positioned overhead. 
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SECONDARY STRUCTURE ASSEMBLY STATION 

BEAM MACHINE (2) 
-LATERAL MEMBERS 

BEAM MACHINES (6) 
CONTINUOUS LONGITUDINAL 
MEMBERS 

0510·0!4W 

ELEVATOR (2) 
-ASSVTO 

PRIMARY STRUCTURE 

LATERAL MEM~ERS 
INSTL TN 81 JOINT 
GANTRY 

~140m 
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SOLID-STATE SUBARRAY INSTALLATION REQUIREMENTS 

Once the se,ondary structure is attached to each bay of primary structure. 100 preassembled solid )fate subarrays 
must !·,, '".;;talkd a~ ~lh)\\ non 1h,: f.11.:ing p<igl.'. Fa di I 0.4 !~' ~ rnl'array has m~chanical and electrical connections to be 
made. The method for automath:ally dispensing and installin"1 each subarray is br.1sed on the equipment concepts defined 
in Boeing's earlier System Definition Study (document D 180-.::4071-1 ). Subarray 1.ll:plo)-'ment was esti•natl.'J to be about 
10 mim1tes. Therefore. the numlh.'r of deployers needed for the subarrays is a function of the installation time. which must 
match thr timt· allotted to the building of primary stru~·ture. At k·ast thret> dcplo)'er.; arc needed to meet this requirement. 
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V INSTALLATION SUBARRA S SOLID..STAT~EQUIREMENT v 

SUBARRAY ASS 100 SUBARRAYS 
PER BAY 

ir 
- _7~/ ;I 

~ 

PIGTAILS 

•POWER 
• PHASE CTL 

MENT CYCLE AUTOMATED DEPLOY [i!.!j] 
&ATTACH. GJ 

POSITION --....... ] 

/~ 4, 
CONNECT ELECT. 

ALIGN 

INDEX 

0580.016W 

/ -

J 
D 

~-10MIN~ 

~~PLDYERS 2 --- ,, 
I 

I 12 
8 R INST:LLATION TIME, H 
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ANTENNA CONSTRUCTION OPERATIONS 

These figures show the construction base and illustrate antenna construction operations as described in some detail 
in earlier .:harts. The antenna is built in one direction, bay by bay, with an assembly facility which indexes acrnss the base. 
As the antenna is progressively built, the completed rows arc indexed outboard and the assembly facility tracks back to 
start building the next row. The antenna assembly facility and the rotary joint assembly facility are able to operate inde· 
pendently and index across the hase as needed. The rotary joint, which prol(ides electrical and mechanical interface 
between energy conversion and power transmission systems, is built in parallel. 

~13 
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ANTENNA CONSTRUCTION OPERATIONS 

ANTENNA 

• BUILD FIRST ROW OF ANTENNA BY 
INDEXING ASSEMBLY FACIUTY 

• START ROTARY JOINT CONSTRUCTION 
IN PARALLEL 

0580.Q56W 

• CONTINUE ANTENNA BUILD, ROW-BY-ROW, TO COMPLETION 
- INOEX.ASSV FACILITY FOR EACH ROW 
- INDEX ANTENNA OUTB'D AS EACH ROW IS COMPLETED 

• CONTINUE ROTARY JOINT CONSTRUCTION TO 
COMPLETION 
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FINAL SYSTEMS MA TING 

When the power transmission system is fully constructed, the antenna assemb1y fa ,,,1ty is moved away and the 
rotary joint facility is positioned to build and attach the interface end-mounted linear actuator support structure. The 
electrical bus is fed across this structurt: to connect the rotary joint slip ring with the antenna systems. 

Final mating of antenna :.ind solar collector assemblies is accomplished, similar to the reference approach, as shown 
on the facing page. First the base is indexed to the solar collector ant~nna support strut pickups, then the antenna assem­
bly is indexed to align with the collector and the rotary joint facility is positioned. Two mobile 7 .5 m beam builder sub­
stations, mounted on the joint facility, initiate fabrication of the outboard support struts. These stations align the beam 
fabrkation with the collector-pickup point areas where cherry pickers mounted on the collector facility wait to <.;apture 
and attach the fabricated struts to the collector attach fittings. The joint facility mub1le cherry picker perform this same 
operatil'fl in attaching the strut end to the rotary joint pickup fitting. This procedure is repeated ur.til all five outboard 
struts arc installed. Next the base is re-indexed and the joint facility is repositioned to fabricate and install the four center 
struts. A ft.~r the struts have been installed the solar collector power buses are routed along and attached to these struts and 
final powt>r t.us hook-up is made between antenna and collector. With the power bus installation completed, the base and 
yoke facility a1 ~ again relocated to align w.ith the five remaining strut pickups and the operations are repeated for the fabri­
cation and install..'tion of these antenna support struts. The remaining operations are those for final satellite checkout. 
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ANTENNA 
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FINAL SYSTEMS MATING OPERATION 

ROTARY 
JOINT 

• INSTALL ANTENNA/ROTARY JOINT INTERFACES • RE-INDEX BASE 8t REPOSITION ROTARV JOINT FACILITY 
• INDEX BASE TO 501.AR COLLECTOR PICKUP TO FABRICATE 8t INSTALL REMAINING SUPPORT STRUTS 

• INDEX ANTENNA TO ALIG!'.' WITH COLLECTOR 
• POSITION ROTARY JOINT FACILITY TO FAB 8t 

INSTALL ONE SET OF SUPPORT STRUTS 

0510-057W 

• INSTALL POWER BUS. 
• FINAL CHECKOUT 

.......... ,, 
416 
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SOLID-STATE SPS CONSTRUC1 ION EQL'IPMENT COMPARISON 

This 1.."hart id1:ntif1l'S dwngcs in basdin1: 1:quipmcnt when going to a solid-state SPS. Redesigned primary structure 
affl'(h numbers •md sill's of hl•am huild.:r\. Thl' hravy inn»:!~l' in tlw numher of cherry pickers is due to the slwrtcr 
time av,iilablc to huilJ l'ai.:h SPS when striving fN production goal of I 0 GW per year. In addition, due to the 
lower Ol'l'r<iting \'Ollagl· of thl· solid stall' sysh~m. tht• power l'us in the energy 1.:onversion system is much wider t1SO m vs 
7 5 1111 ;ind rl·quires more blls df.'ployers. A~ a n•:.ult. the total equipmi.-mt used for constructing the Solid State SPS is heavier 
than 111'' rl'fl·renl."e l'quipmi:111 !isling (481.1 ~1T vs 4(l0 ~ff). ft also requir<'" :1 hi~hcr investment cost to begin l."onstruction 
OPl'r.uions ( S2~5IMvsS1800M). 
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SOLID-STATE SPS CONSTRUCTION EQUIPMENT 
COMPARISON 

&OW 2.BOW 
EQUIPMENT BASELINE SOLID·STATE RATIONALE 

• BEAM BUILDERS 
1.5 m MOBILE MANNED 3 PH·2 VI PH-1 DIFN 
7.5 m MOBILE MANNED 2 

• CHERRY PtCKERS 
30m 17 MPTS AllY a SOLAR 

~o A .. RAY 
90m 2 §/ 120m 2 

150m 1 
#i £; 250m 1 

f 1 • INDEXERS 

46ml 6 
130m SINGLE SUPPORT 8 

. " 230m 2 
20m\ MUL Tl SUPPORT 

2 I ASSY FACILITY 
70m 2 INOEXREQ 

BUS DEPLOVERS 
· - ENE ROY CONV BUS 1 3 LOWER VOLTAGE REO 
- ANTE:°'NA BUS 1 1 

ANTENNA DEPLOYMENT PLATFORM 1 

SECONDARY STRUC ASSV SUBSTA 1 

SUBARRAY OEPLOYERS 3 

.,,., 
0!>10·011'11 
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SOLID STATE SPS GEO HASE STRUCTURE COMPARISON 

A 1:omp;1riso11 of thl.' 1.•s1inrntl.'s on (;l~O has1: stru1.·turl' 11111s11 nnd ''O!Jlt a1·e shown cm the facinJ pup for the reference 
Sf>S •11HJ r~1r rh\· ~olid ~1.a11.· oplion. Th1.• major diffcre11c1.• hl.'twecn thcu;e 4 Hay End Builder construc1ion bases lies in the 
g1.·u111ctry. urrnngl.'nwnr ;ind su1)port of lhl.'ir rcsrcctive 11ntcnna construc1Jon platforms. Whitt thtH platform;; are located 
lll diff1.•r1.·nt kwls 011 1.•ach hm;1.•, they arc both att11d1cd to 1i11.• !lupport structure shttre<I by the rotary joint a~mbly 
fadlity. 

Al this sh1g1.· ot' conc1.·pt devcloprmml. tlw solid stute SPS construction base is somewhat lighter than the reference 
< iEO bus1.'. The llltl.'rnatl.' solid st•tll~ 111111.•nrrn construction platform could also be modified to build lhc smaller reference 
ilntcnrrn ( 1.0 km vs 1.4 km dianwtcr). If thut were done. the modified reference would rhen be llahter than the solid state 
construction biisc sho\\n, 
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SOLID STATE SPS GEO BASE STRUCTURE 
COMPARISON 

ANTENNA ASSY CAPABILITY 

BASE STRUCTURE 

• MASS 
• UNIT COST ( 1979$) 

420 

.> 

&GWAEF 
END BUILDER 

1.0 km dla 

2927MT 
$337M 

2.& OW SOLID STATE 
END BUILDER 

1.4 km di• 

fl• -142 MT 
fl• -$17 M 
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SOLID STATE SPS CONSTRUCTION BASE IMPAC.."TS 
' 

The impact of Solid State SPS constru,·tion is summari7.ed c>n the l<1c111g page in terms of penalty (or gain) to the 
reference GEO b1m· mass, 1.:ost and productivity. 

The reference bti'.l•! work facilities must bl.! rlwiscd pl'im<1rily for the .'\olid Slat!.! antenna construction opi:ra1ion. 
Due to the alternate antcrurn construction approach, kss structure is ncedc<.l for the base. However, to strive for the 
I 0 GW annual prodt11.:~iun go11I, udditiNial construction equipment and OJ~::rating crews are needed. It is cstim:1h•d 
th<il rdi:rcnce constt·uction cr.:w ( 444) must be im:n~ased b:; 47 people which nect:ssitates that another 17 m diameter 
lrnbitat hl' adtld. The net effect im~rcascs the initi;1l mas.~ of the reference base by 122 MT. The investment cost and 
annual op.:-rationci costs al!io increase as shown. For the Solid State SPS construction base defined, It was not prnctical 
to accclcrah.'. the antenna asi.embly 1 •• pcr11lhm further to complete l.!Onstruction in less than 104 days. Consequently, 
productivity of the Solid State SPS construction ba11c Is 86.5% ""the reference. It is possiblt:, however, that another 
more highly auto111ated antenna facility could have built the entire solid state satellite in the desired time. This remains 
as an area fer fut um study. 
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SOLID-STATE SPS CONSTRUCTION BASE IMPACTS 

GEO BASE ELEMENT 

WORK FACILITIES 

-STRUCTURE 
- CONSTRUCTION EQUIPMENT 

CREW SUPPORT FACILITIES 
ADDED HABITAT (17 m DIA) 

WRAPAROUND FACTOR (47%) 

TOTAL 

ANNUAL OPERATIONS(+ 47 CREW) 

SALARIES 81 TRAINING 
RESUPPLY 

0580·009W 
422 

I ' ~' 

!::i.MASS, 
MT 

-142 
21.1 

243 

122MT --
119 MT/VR 

l::i. UNIT COST, 
•M79 

-18 
461 

386 

386 

$1206M 

--
70 
87 

$137M/VR .,,, 
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soLm STATE sPs oPERAnON.AL FACTORS 

This chart co,....,i:-ares some of the solid state SPS operational factors to those of the reference SPS. 

IndustrlaJ Complex - More solar array, graphite fiber, and aluminum power bus sheet will be required 

over 2., biUion PETS/satelJlte will be required. BeryHum oxide wlH be consumed at 19000MT/yc. 

Rectenna Construction - WllJ require four .of the 2.5 gw ground receiving stations to be brought on­

line each year. Two times as many sites wlJJ be required as for the reference but the sites wUJ be 

hal! the size. 

Launch arid Recovery Site - The additional mass-to-orbit per year will require an additional HLLV 

orbiter and booster. This will require larger vehicle processing faciU"tles. No additionaJ launch pads 

wilt be required. 

LEO Base - No impact. 

Space Transeortatlon - Four additional EOTV's will be required in the fleet. 

GEO Base - The impact on the GEO base is discussed in detail on other charts. 

Maintenance - Several hundred phase control system component failures per year per satellite will 

be the primary maintenance requirement. The solid state transmitter can tolerate substantial numbers 

of failures. 

Utility Grid - No significant impacts. 

Mission Control - No significant impacts. 423 
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SOLID-STATE 
120 

. 

REFERENCE 
60 

RECTENNA SITES 

491 

CONSTRUCTION CREW 

SOLID STATE SPS OPERATIONAL FACTORS 

BOOSTERS ORBITERS 
HLLV'S 

CONSTRUCTION TIME 
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SOLID STATE SPS MASS AND COST SUMMARY 

The mass estimate for the re;;.lized solid state configuration and the cost estimate for the satellite only 

are summarized on the facing page. The cost figures shown do not include space transportation, space 

construction, or the ground antenna. 
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SOLID STATE SPS MASS & COST SUMMARY 

"'"'''"'• SPS.3070 MASS (MT) ESTIMATING BAS IS (COST ($M) 

1. 1 SPS '" .,~ .. 3,89Q -· ! - .... ·- -1. 1. l ENERGY CONVERSION 17, 037 ~!652 
1. 1. 1. 1 STRUCTURE 2,333 Detat led Estt mate 225 
1.1.l.2 CONCENTRATORS (Q) Not Required {Q) 

1.1.1.3 SOLAR BLANKETS 12, 027 - Scaled from ':i'e'ero~ro 
''' •' ' •Vt 1 \tl'Wtl l, 131 

1. 1. 1. 4 POWER DISTRIB. 2,250 Detat1ed Est! mate 116 
1. 1. 1. 5 THERMAL CONTROL (0) Allocated to Subsys~ems (Q) 

1. 1. 1. 6 MAINTENANCE 427 Scaled from R e!e re~ ce . 190 
1. 1. 2 POWER TRANSMISSION 7,296 1,289 
1. 1. 2. 1 STRUCTURE 460 S~led from Referenc! 38 
1. 1. 2. 2 TRANSMITIER 6,673.0 ~~~a!led Est!~e~e 1,097 

SUBARRAYS 
L 1. 2. 3 POWER DISTR. & COND. 631.0 : Scaled from 1.1. 1. 4 70 
1. 1. 2. 4 PHASE DI STR. 25 Scaled from Referenc·e 51 
L 1. 2. 5 MAINTENANCE 20 Docking Ports Only 20 
1. l. 2. 6 ANTENNA MECH. POINTING 118 Scaled by Mass x Area 13 

0 01.1.3 INFO MGMT & CONTROL 145 Scaled from Ref. 73 
i46 -~~1.1.4 ATT. CONT. & STA. KP. Scaled From Ref 110 
0.2 -0 "'' COMMUN I CAT I CNS Same as Ref. 8 o z.1.1. 5 

~ f: 1. 1. 6 - Est. Based on Slmpltftcatton 46.3 INTERFACE 113 - -g;~l.1.7 GROWTH & CONTINGY. 5,464 Same O/o as Reference 1Q.L 
t""' G 
...... t"' 

~ (a 
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SPS MASS COMPARISONS 

\1ass estimates for the referenced SPS and the solid state options are summarized on the facing page. 

ThP. improvemmt between the Pha~ ll and Phase Ill systems came from the increase in distribution 

voltage and consequent reduction in power losses, principally reflected as a reduction in the solar array 

size. 
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SPS-3429 

5 GW 

KLYSTRON 
REFERENCE SPS 

0180-25969-2 

SPS MASS COMPARISONS 

2.5 GW 

PHASE III 
SOLID STATE SP9 

428 

2.5 GW 

PHASE II 
CcJLID STATE 9P9 

221 GROWTH 
MISCELLANEOUS 
MPTS 

SOLAR ARRAY 
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SPS COST COMPARISONS 

Not surprisingly, satellite cost deltas track the mass deltas. The main difference between the Ptiase II 

and Phase Ill solid state SPS costs is a substantial solar array cost reduction. The slight cost increase b; 

the microwave transmitter is due to the fact that the Phase Ill solid state cavity combiner modules are 

somewhat more expensive (as they are also more massive). 
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SPS COST COMPARISONS 
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ALTERNATE SPS '~ONSTRUCTION BASES 

Two construction base" Wl're developed during Phase 3 f•'r comparison with the Phusc 1 reference GEO construction 
base. As shown on the facing pag~. oni: ulti:rnate ba~c is defined to build a :?500 MW photovoltaic SPS with solid state trans· 
mitting antenna: a second alternate ba'ie is defim·d to build a 100 MW indired optically pumped laser SPS. This chart com· 
pares the annual prodw.:tion rate, unit cost, mass, and crew required to operate these buses with the Phase 2 baseline. as 
updated on the preceding chart. 

Further discussion on construction requirements for the solid state ;u1d laser systems is contained in tht. ·appropriate 
sections Qf this report. 
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ALTERNATE SPS CONSTRUCTION BASES 

• SPS PRODUCTION RATENR 

• UNIT COST, 1979$ 

• MASS, M( 

• CONSTRUCTION CREW 

BASELINE 

100W 

9.018 

6668 

444 

432 

SOLtO·STATI 

aeaow 
10.218 

ena 
411 

I.MIR 

0.2GW 

12.0la .. 
117 
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THIS PAGE INTENTIONALLY LEFT BLANK. 
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SPS GEO CONSTRUCTION BASE - PHASE 3 CONCLUSIONS 

05I0-070W 

• GEO BASE FOR SOLID STATE SPS CONSTRUCTION 18 COMPARABLE TO PH·2 
REF. BASE, EXCEPT 

- PROVIDES 15% LESS ANNUAL PRODUCTIVITY 
- NEEDS 10% LARGER CREW 
- ADDS 10% TO UNIT COST & OPERATIONS COST 

• GEO BASE FOR IOP LASER SPS CONSTRUCTION IS SMALLER (2&% LIGHTER) 
THAN PH-2 REF BASE, BUT 

- HAS 98% LOWER ANNUAL PRODUCTIVITY 
- USES 30% LARGER CREW 
- INCREASES UNIT COST & OPERATIONS COST 30% 

• SMALLER CREW MODULES ADD 14% TO GEO BASE MASS 

- INCREASES INVESTMENT PHASE COSTS 60% (INITIALLY) 
- PROVIDES OPTION FOR EARL V DEVMT UNDER 

DEMONSTRATION PHASE 
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SPS CONSTRUCTION TECHNOLOGY - RECOMMENDED 
NEXT STEPS 

• BROADEN SATELLITE CONSTRUCTION TECHNOLOGY 

-· ALTERNATIVE STRUCTURES & ASSEMBLY METHODS 
- SUBSYSTEM INSTALLATION TECHNIQUES 
- FINAL ASSEMBLY TEST & CHECKOUT CONCEPTS 

• EXPAND CONSTRUCTION SYSTEM TECHNOLOGY 

- WORK FACILITY REQUIREMENTS & EQUIPMENT 
-- CREW OPERATIONS SUPPORT & SAFETY 
- BASE/SATELLITE DYNAMICS & CONTROL 
- BASE BUILDUP REQUIREMENTS 

• CONDUCT LABORATORY SCALE DEMONSTRATIONS 

- STRUCTURAL CONCEPTS & MATERIALS 
-- STRUCTURAL FABRICATION & ASSEMBLY 
- CONSTRUCTION SUPPORT OPERATIONS 
·- SUBSYSTEM ASSEMBLY METHODS 

• ESTABLISH EARLY CONSTRUCTION EXPERIMENTS FOR 
SHUTTLE F i..IOHT DEMO 
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