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Spacc e'ivironmental in te rac t ions  wi t:i the p o m r  
distribution/povar processin: subsystem can Secorne a 
ser ious problem for po 'er systems rated a t  10's to 
1 0 0 ' s  of I t i l owat ts .  U t i l ' z u t i o n  of ceramic  
superconductors nt lU00 A/cm , Irliiclr tins already 
been demonst ra ted  a t  7 7  !C i n  3 conductor  
confi2uration may c l i n i n a t e  both bus mass and 
d i s t r i b u t i o n  voltnge problems i n  a high par.ter 
s i t e l l i t e .  The ana ly t i ca l  r e s u l t s  prescntcti here 
dcinonstrate t'int a superconducting coaxial power 
transmission bus o f f e r s  s ign i f i caq t  benef i t s  in 
reduced distr ibution voltagc and m s s .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

tt 

In t roc!uc t inn 

Ikscload sate l l i te  ;)o 'er rcquiremeiits in t!ie r:icge of 
IO'S to 100's of k i l o a t t s  ni l1 potcnlially require 
a nuclear reactor with II long boon :>et:Teen the energy 
conversion suhsystcm an(: t'ie loakl. As the pov-er 
level from tlic space nuclear reactor  poner system 
increases, voltu,e, current ,  or  hotti .? i l l  have to 
increase d r ~ i r r i t i c ~ l l y  beyond conventional pract ice. 
Xev approaches .si l l  !;e rcquircd to provi2e the poller 
transmission I,iis betc.een the nuclear reactor anrl the 
l O J 4 .  

Environmeiitril nnd indiicctl interact ions !.ji th tile p3::cr 
:: i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs t r ibut ion/poiier process i ng suhsys t e n  i x y  be t !:e 
l e a s t  un:ierstood anrl most ser ious  o:>stacIc to 
deploying and operating: 3 space p l a t  for.;! -:!it!i high 
pov:er consumptimi (huri\;reds of kilo;.:atts/riic~3~,~;ttts). 
F i y r e  1 S I I O * - S  the nature of the pro:,lein in terms of 
i!ie e f f e c t s  of' the space plasirin cnvironcent oii 
t?XpOseii contiuctors. Iiigiier po;.rer requ i rcrnen t s  force 
the spacecraft :xxier SyYtcin to IiiiJher volLn;e to keep 
convent ions1 bus con:bictor losses low. 
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Present spacecraft have solvr  poser requirements 
ranging from hundrcds of watts to several kilowatts. 
Power is generated :it 2 8  V and the d is t r ibu ted  
currcnts are  of the order of 100 A or less. 'Re Space 
Shut t le  cun provide up to 12 k!'. 'of power from three 
on-board hydrogen-oxygen f u e l  c e l l s ,  which i s  
distributed a t  28 V, ant! the distributed currents are 
of the order of hundreds of amperes. For fu ture 
speci3 l izcd buscloarls, hunc!reds of ki loviatts may bc 
required and i t  i s  l i ke ly  that  space nuclear reactor  
poncr  s y s t e m  w i l l  be ncccssary .  E f f i c i e n t  
transmission a t  these p o v m  levels wil l  require either 
much hisher d i s t r i b u t i o n  voltages (severa l  hundrcd 
v o l t s  t o  a ! t i l o v o l t  o r  more) o r  a lovj- loss 
superconducting coaxial power transmission scheme. 
Hig!ier d i s t r i b u t i o n  voltages impose very d i f f i c u l t  
conditions o:i the bus dielectric. 

L0;v JAXS Transmission Lines 

Tie alternative spproxti a3dresser:i i n  this paper is to 
use Iiigli tempers t u r e  s u p e r c o n d u c t o r  power  
transmission a t  low voltsge to achieve lossless 
t ra i isn iss ion and rninimixe the neeti f o r  dovrn stream 
pov:er concl'itioning. %e p o w r  is transmitted a t  the 
primiry generation/ut i l izat ion voltage (28 V n7) by 
high tcoiperature supercoatluctors cooled to 1 iquit! 
n i  trogen or  liquic? hydrogen teiiiperatures. Phis low 
voltu;e distri,) i i t ion system r x ~ i l 1  elirninatc nost of t l x  
problems associated w i t h  \ ? i e l e c t r  i c  i n s u l n t  ion 
d c L r  !. Lion tiue to ato1:iic oxygen i n  low e a r t h  
orb i ii: j. 
Ketlund.tncy i r i  a low loss t iansmission bus can be 
provitleti by incorpornt ing several sealed conductors 
vritiiin a s ing le  insu lat ing sheat!\ (Figure 2). T!icse 
clesizns and techniques h,ive been applied to 'tigit 
voltnge transmissioi) l ines i n  t!:r?e rece. t preliriiinory 
reports from Ielris :!esearcii rEnter2-6. P i p r e  2 
and Tsi) ie I have heen ext racted from thcse reports. 
t in external  sh ie ld  shom in Figure 3 pro tec ts  the 
transnission l ine from t5errxl input from t!ie adi ient 
space environment sncl meteoroid impscts xliicli could 
c<iusc i t  loss of coolant (o r  SF6 i n  tlie case of h i j h  
voltage enclosures). 
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FIGURE 2. SOUACE TO LOAD CONNECTION WITH COAXIAL _ _  

FIGURE 1. EFFECTS OF PLASMA ON EXPOSED H16H 
VOLTAGE COMPOMNTS 
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TABLE 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i7.r 
16.6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAiia 

10.6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
For  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl l i g h  t e - p e r a  t u r z  supcrcongluctor poi:er 
t ran srni ss  i 0.1, t ermi nn t i ons and fee? t hroughs wou zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAd 
also be problem that iould liavc to be aLkiressc; a d  
solved jus t  7 s  in the case of  hiyh voltage power 
t ransx iss ion  l ines. Special procaiit ions ~?iculd !i:ivc 
to he taiten in t'ie hig!i tempcrature/high rad iat  ion 
ciivironmierit near tlie space ridclear reactor sourc.'. I n  
terris of const ruct ion,  neec! for enclosures, and 
.neteoroir!  p r o t e c t  ion, t h e  hij! i  t cc ipera turc  
superconductor t ransy iss ion  l ine  is s imi la r  to tile 
technical ch l lenges of ?n ST, enc lo~c~!  high voltage 
transmission line. 

A s,>ace po:icr 'XIS vtich cznhccts <i i).tssioad rirtcle lr 
reactor to thc load wil l  gmcral l :~ be  lo;^ voltage in(! 
of 10 to 100 nicters in lengt!,. Sccause p ~ w r  levels 
.+. i l l  Zenerally reniiin i n  t!ic 10 to L O O C  k'" rnnze, 
cur ren ts  brill o n l y  be 100 to 10,OUi) a'nperes, and 
ultra!tigh current c'cnsities I i l l  not be rquire\ l .  I t  
i s  poss ib le ,  t:ierefoi.e, to quickiy .!cmonstritz the 
u t i l i t y  of :ii:h temperature superconrluctors for lory 
power  s a t e l l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi t e s  ( l e s s  t:i.in 1 0 0  !,'.') v,:iere 
distr ibution voltngc is of grcnt concern hecausr of 
t space etiv i coninen t. 

VlAlllM mlll RLEn 

FIGuRE3. ELEMEMS CDHPWSIISG A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACERAMIC SUPERCONDUCTMI T M "  

THERMAL I N S U U ~ A R E  S" 
BUS FOR SATELLITE uwcanws. THREE ALTERNATIVE METHODS PROVIDING 

Curreiit s.tlcl l i  te s j s t e m  ire being presses' to liiylier 
and hiy'ier voltages :)erause C is t r  
r u n  1101 awl <: is t r i , * i t ion vo i l  
3ertrly a l l  voltage requi renrnts  above 28  V,.c arc? 
c lus& by poc er  r1istriiiulio:i losscs. ('peration of  
nev, ccran;i c supcrcon luc t nr s a t  t mpe r I tu res grca t e r 
t i m  70 !< ~*~ou1~'  pcrmi t lous re Ir izera t ion losses m c !  
moderatc current rknsity in thri r q q e  of 100 to lOC0 
Wcr.12. 
tlie 1ov c l c c t r i c a l  currznts ,  i t  i s  poss ib le  to 
conceivc a2pi ic'it ions o f  r e r m i c  cd~J~~conl~! l r tOrS I S  

they ex is t  to('3y. The Follovinq n n ~ l y s i s  ~ I S S U ~ C S  

t 'u l  ;o:ic, cer,i:nic supcrccngiuctors C I I ~  'ii! wccvss f < i I l ;  
f n > r i c r i t e ( ~  s t  currcnt  J c n s i t i e s  near 11300 i n  
veloy ri l jnetic f ie i  ' s  ( l ess  t h n  0.1 'Tcsl2c). 

Fecausc - F  tile 10:. riw;.net ic riclcl iii,wcr: 

211s  paper 1 i l l  dlescrihe tlte range 01 application of 
t i  i ph temp e r a t 11 re  s upe r c o n 2  u c t o r  s to  10-i poxe r 
s J t r l l i t c s ,  with s p x i 1 1  emphasis 01 the design of tl 

s a t e l l i t e  pomr distribution systcv a t  low vo1t:ige for 
a low ,>ewer spacecraft. 

;kthods/::esul t s  

A p a r a m e t r i c  a n a l y s i s  has been performed t h a t  
dcterniines t'ic traclz-off be1 ;ccn supercon<:uctors 
o p e r a t i n g  a t  v a r i o u s  c u r r e n t  <!ensi t i c s  and 
coiivcnt ional "tiof" conductors operat in: i t  the i r  
ndixinium capab i l i t ies .  The ef fec t  of pressing the 
"hotf1 conductors to higher povcr serv ice r:itiscs 
conc'uctor miss to incressc nt U fixcc! bus voltage. I n  
orde r  to ir:ioipiizr n-ass, thc space power systcm 
designer i s  forced to generato a !iigLicr bus voltaee to 
minimiLC ;?ass as  slio,*n i n  Figure 3. Satc l l i  ta po,.:er 
system 6esi;rnet-s a r e  avcrsc t o  bus v o l t s p s  that  
vxccei 100 V I~ecause of the environwntal 4cgraciat ion 
of the d ie lect r ic  insulation on t!ic bus, eltliough hi,rir 
'x is vol t q c  1 ' 1  11 simni f i cmt ly  dccrease the ')us mass 
as s'iown i n  Table 1.2: 

The cslcula trd lraiisqission ')us m s w s  shom i n  r i y r e  
4 a r c  'hsed on non-redundant coaxial conductors for  
simi,Iici ty. The co1i:luctor configuration cross section 
shot n i n  r ip i re  2 i l lus t rs tes a ceramic superconductor 
,)o *<-r trnns-iission 311s. 'Ihe core of thc cmxial l ine 
is  holloir to n l  low re f r ip ran t  to he sloaly circulated 
inside the tuoc to w in ta in  the superconductor a t  the 
dcsircl operating tci-pcrature. 'rtie coaxiql bus i tse l f  
is creritcd : t roud a ceramic d ie lcct r ic  insulator tu'>e 
~* i i i c I i  h a s  !,een p r o c c s s e d  s o  t k a t  c e r a m i c  
supcrconrkict in: 1,tycrs are povidc,? inside mt! outside 
t',e d ie lect r ic  tube. 'Eie outer cylintier i s  fabricated 
from n 1 t;'iti.:ei$tt, hi:!i-strenlth mater ia l  sue+ n s  
hard rod polyner film to act as .i s!iield against spnce 
debriz i r k< !  ttiermnl radiat ion. T!ic outer sh ic ld  
cj1inc:er p rov ides  I v:icuurn S P R C C  t o  min imize 
cont!uct ion atit '  convection therr.:il losses. The cm~. ia l  
eon luctor i s  ,issu-ted t o  be supportctl from the outer  
s!i~elcI tube by very thin !lark! roc; poljr  e r  tcnsion 
f i !x rs  of m i n i m 1  mass. 

0 

c \ \ L I C W  

0 ?oQ 

Bus WTM M 

FIGURE4 BUS VOLTAGE EFFEIX ON MASS FOR CQPPER AND 
SUBRGWIDUCTOR 0 ON A 9&MW AT 250 KW 

111 orclor t o  i i m i t  r c r r i = r r a t i o n  pens l t ies ,  tiic 
s ide  ::ill t ! ic rwl  losscs are  minimized for v%cioits 
ti1erx11 co:ic?itio,is t'iat m y  exist for tlie poi*,ar !)UT. 

, Is  ?II exqmple, Figurc 5 s!io:**s n typical h ise lm<:  
nuclea; re-ictor canfi;irrnt io!] *4zr3 the f i r s t  meter o f  
bus  le,i;tl! r a y  '3c sul>jcct to  very hot tcm>craturcs 

http://riw;.net


ncnr the reactor (LIP to 200 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1:) ~,~Iriclr is conriccted to 
J lonxcr region v~!iicIi i s  scb ject  to the &i?>ic~ l t  
temperature of t!ie 'Jaci,sic:e of t!ierml r d i a t o t s  (v:2 

hive assumed t h i s  region a t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA300 an? rin'ally an 
even l o n p -  r q i o n  of h i s  tliat is l a rze l j  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsu: j j ,x t  to 
deep space temperature (as low a s  100 1'). Enc'i of 
these regions LtilL require different treatment of ti,e 
vacuum space to minimize the therm11 loss tlirou$i the 
x a l l  of tt'c coqductor .  F i p r e  3 s!rows t h r e e  
appronclres to the v3cuum space w:iiel, inclridc: 1) 
vacuurll vl i th no f i l l e r ,  2) part ial l j '  f i l led space zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI' i t  
foam or porder, and 3)  super insuls t ion.  - S i t t i g  
po ints  out t!iat tentperatures of 1200  K c in be 
\ v i  ths tood by super  i n s u l a t  ion o r  ir1111 t i l ayer  
insu lat ion ( ' % I ) .  For space app l ica t ions ,  the ' X I  
system is an oriter of m s p i t u d e  less n=iss for the 
sane insu lat ion v i luc a s  p a r t i a l l y  f i l lec: vacuur- 
systems. The analyscs i n  t h i s  report have been 
Ij.ilitc3 to the o p t i i ~ ~ i z a t ~ o n  of tirc poj er  trans? ission 
bus using the ;:L1 approach Gcveloped by S i t t i 2  . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAv zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

i 

WQ- 

For selccteci voltages, current densities, arid p w r  
leve ls ,  mass and thermal loss calcu lnt  ions :wrc 
performed to y ie ld  p lo ts  of bus l i near  densi ty  vs. 
ceramic superconductor current densi ty  a s  shown i n  
Figure 8. Even a t  todsy's tiemonstratcd current  
densi t ies near 1000 A/cm , reasonable bus m s s  i s  
achicved at  zero voltage drop nlong thc ;ius. A 1oa:i 
v o l t a g e  of  2 8  Vdc i s  assumed fo r  a l l  t h e s e  
calculations. Ke dramatic in:provement in  but migh5 
a t  li'v!ier currrnt density i n  thc range of 10 
A/cm'whicii is avilila.)ie in Fietall ic supercon.;uetors 
i s  apparant in Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6. As the baseload nuclear 
pov:er levcI incrcnses, the impact of Iilgh current  
densi ty  superconductors on mass reduct ion becomes 
morc dramatic. 

to 10 

10' 18' ' 18' 10' 

c u R R c ; I y T m w )  

FIGURE6 SUPERCONDUCTOR BUS MASS AT VARIOUS 
WWER LEVELS 
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Analyses of r c f r i z e r a t i o r  po'iter ant1 mass of the 
r e f r  iger ' i tor  l o r  thc  suL>erconr'uct in;: b u s  a r c  
projressing. T!ir o p c r s t  ing teripera t u r e  of t h e  
superconductor 3nt' the loe.11 environnent lempernturc 
ire corisi kred as var inbl-s. 'be supercor.cquct in: bus 
, ) i l l  be subjccl to {' i ffcrent 10.3:: te~:lperatures alon:: 
i t s  lenzth hetwen t!ie baseload reactor an6 the lost!. 

1 1  cdrr IC of Seneft t ta t , i i lo r  l g ,e  scpcrcon:uctoi 
current density and operatin: tepperaturc to Yiinirnize 
t ' ie systeix msss, ~ h i c 1 1  includes tire r e f r i s e r a t  ion 
considerations. Tlrc effect of hisher tempcratures a t  
the reactor  on the po:;er : u s  r e f r i j e r d t o r  must be 
analyzed a i <  e f f e c t i v e  thermnl insulnt ion Pr1easures 
ta:<e:i. '171~ corrQletc systrrn rlilss optiximtion has slot 
k e n  ncconipl ishcd yet where re f r igera t ion  mass i s  
considere?. 

*'est appl icat ions o f  the supercoiic:uctins s a t e l l i t c  
transmission ;ius a i l 1  produce a si jnif icant lrcnt load 
a t  t h e  tcrmin i t t  ion p o i n t s .  S ince  te r ipc rn ture  
Cifferences wil l  be much smaller a t  the loar? end, fed 
sa tc l l i te  applications wil l  exceed onc ;iltt of thernlal 
loss a t  the load termination. Sincc a reactor  
termination can zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAbe rnuc!~ ho t tc r ,  t h i s  termination 
t!iermal loss can eas i l y  excecd one wat t ,  but is 
unlikely to exceed 10 x i t t s .  

The mriin refrigerator heat load is strongly affected 
by the opcrsting temperature range of the outer shield 
and thc coax i i l  conductor. For the purposes of th is 
stur!y, loa temperature di rferences associateB .-vi th 
space temperature equilibrium are assumed to have one 
layer of :b;I,I (although none would be required). 
Exterior sh ie ld  v ~ n l l  temperaturcs of 300 Kelvin a r e  
assumed t o  r e q u i r e  8 I s y e r s  of  TiLI nnci high 
temperature reactor locnt ions are assumed to require 
100 layers of XLI. ' h e  thick layers of 5x1 sssocinted 
with high temnperoture d i f ferences w i l l  a f f e c t  tbe 
ovcr:tl 1 bus cii:irncter a s  shoum i n  l'igure 7, v:hcrc tlic 
rndius of a l l  Zimensionally s ign i f i can t  elemciits 
st1oT.n i n  r i g u r r  3 hnve hecn plotted. The hizh 
temperature bus viill suffer a s i p i f i c a n t  size penalty 
r)elo.- 50 I?" p o w r  levels. The ca lcu la t ion  method 
u t i l i z e d  in these analyses w r c  taken from Kapner  
nnci do not inclucle an outgassing correct ion for high 
temperature operation of Y L I .  *The cumulative mass 
components of a 100 k:' :xis a t  10 A/cm2 are plotted in 
Figure 8 l o  sho:~ t!iat temperatures zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof several liundrec, 
Kelvin can be to lerated (20 to 40 l n y c i s  of ..%I) 
before system :.reigr!it begins to increase significantly. 

8 

Fl6URE7. SIZE OF BUS ELEMENTS FWI COAX AT 77K 



1806 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
TLc re f r ig r r3 to r  t8ei;iit c911 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA;)c zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA' i n  iqportdtit system 
clement a t  very zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIon temperature. The m i n  advantage 
o r  ceramic supecconi:uctPrs for  a s ' i t r i l i  t e  poce:. 
trnnsnrission :us accrues b j  increasin; the operat ing 
te :nperature from 4 1: r e q u i r e d  for  s e t a l l i c  
superconc!uctors to grcntcr than 20 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi:. Less relat ive 
ndv,intagc occurs  by i nc ress in :  r e f r i g e r a t o r  
temperature to  C O  R or above. The opt imizat ion of 
tile operat in2 teaipcrature 11~1s not been accor-plished 
in this rrport. 

r 

Titc re f r igera tor  e l e c t r i c a l  po-ier requirec'ent on 
board the s a t e l l i t e  can be subs tan t ia l  a t  4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAY where 
2000 electr ical watts may be required to remove one 
watt of heat. A lonz transmission bus carryinz 10's 
to zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 0 0 ' s  of k i l o w t t s  of e l e c t r i c a l  power can be 
shown to require severa l  wat ts  of re f r igerat ion.  
:bxever ,  a t  20 K an2 abovrJ these re f r igera tor  
electr ical powcr requirements !>!ill be less than the 
e l e c t r i c a l  loss (1.5 to 2%) in n conventional bus. 
In fact, the refrigerator for the bus wi l l  probably 
be equivalent to the s a t e l l i t e  refrigeration m s s  and 
povw required for sensors and comiunicst ions. 

4'etall ic superconductors requir ina re f r igera t ion  in 
the range of 4 1: to ill K rlrc of no benef i t  to  the 
h-lseloed space power sys tem bus because t h e  
re f r igera t ion  dad insu lat ion cons t ra in ts  are  too 
severe. The nesi ceramic supcrconductors that operate 
i n  the range of 20 Ii to  90 ! 'a l lev ia te zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa great  deal 
o f  the re f r igera t ion  problem and can compete vi t'i 
conventiondl ":rot" :IUS J is t r ikn i t ion systems on the 
h s i s  of piass for a bus exceeding a fcw meters i n  
length. Figure 4 i l l u s t r a t e s  the rn3Snituc: of 
p o t e n t i a l  mass snv ings  i f  j u s t  1000 A/crn' i s  
achievable in tire ilea ceranic su,)ercoiiductors. '"he 
rmss savings over a "hot" Sus is  so suostmtial that 
the nuss of tlte additional refrigeration rcyuired on 
t h e  s a t e l l i t e  can e a s i l y  be accornochted fo r  
temperatures of 20 to 30 K. The t i i e r r ~ l  loss in the 
"hotft power 'IUS vi11 a l s o  be substanti: l l  and w i l l  
orEset the re f r idern t ion  cycle e l e c t r i a l  pov.er 
pcna 1 t y . 
The tilt irnate bencfi t of the superconducin,z bus to the 
spme power system v i 11 not be the mss savings. The 
great benefit of the superconducting 'xis wil i  be the 
cnor'rous rcduct ion in bus voltaze requirements duc to 
tile zero voltage drop along the DOUS. Lo\: bus voltaze 
( l e s s  than 100 V ) wi l l  pcrmit a conventional 
c l ie lect r ic  instilafFon trc1inoio;fy to be u t i l i zed  2s 
the baseload po,:er of sate l l i tes  is forced anove 10 
,,r,- I, ,. Successful fdwicatiort of long conductor lengtils 
froin cera ic superconductors with current density of 
100's A/cm indicate tl,at near tern success of a bi$ 1 

tempera turc ceramic superconductor transwission bus on 
n sate l l  i te miy be possible. 

This ef for t  has been supporteti by the Aero L'ropulsion 
L a b o r a t o r y ,  A i r  F o r c r  ' : r igh t  A e r o n a u t i c a l  
Laboratories, ?'rigiit-Patterson A i r  Force lhse ,  011 
45433.  Special thanks a r e  i n  order to G. Delisoti o f  
the 1Ftr:hes Spsce a n d  Communicnt ions Croup a t  C1 
Sejunr:o, TA, ~ :ho  or iginally suggested this application 
of h i  $1 t etnpe ra t ure superconduct or s. 
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