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SUMMARY 

Power management and c o n t r o l  technology f o r  t h e  l a r g e ,  high-power space- 
c r a f t  of t h e  1980's i s  discussed.  
need f o r  h ighe r  bus vo l t ages  are shown. Environmental i n t e r a c t i o n s  t h a t  are 
p r a c t i c a l  limits f o r  t h e  maximum p o t e n t i a l  on exposed su r faces  are shown. A 
dual-voltage system is  proposed t h a t  would provide t h e  weight sav ings  of a 
high-voltage d i s t r i b u t i o n  system and take i n t o  account t h e  p o t e n t i a l  environ- 
mental i n t e r a c t i o n s .  The technology development of new components and c i r c u i t s  
i s  a l s o  discussed.  

System weight op t imiza t ions  t h a t  i n d i c a t e  a 

INTRODUCTION 

Future  use  of space f o r  la rge-sca le  manufacturing and cons t ruc t ion ,  mate- 
rials process ing ,  and medical and s c i e n t i f i c  r e sea rch  w i l l  r e q u i r e  l a r g e  quan- 
t i t i es  of bu lk  e lec t r ica l  energy. These uses  w i l l  a l s o  impose a series of new 
d ive r se  requirements on electrical  power systems i n  t e r m s  of lower weight,  in- 
creased l i f e ,  reduced c o s t ,  improved e f f i c i e n c y ,  and ruggedness. These requi re -  
ments d i c t a t e  t h e  development of a high-voltage,  u t i l i t y - t y p e  power system and 
power system cont ro l .  The technology development proposed i s  t h e  f i r s t  phase 
toward r e a l i z i n g  such a power system. 

SPACE POWER SYSTEM ELEMENTS 

Even though proposed space  power systems may vary  from a few hundred w a t t s  
t o  gigawatts ,  a l l  w i l l  s h a r e  t h e  same gene r i c  system elements:  

(1) Power source:  Power sources  f a l l  i n t o  two major classes, s o l a r  and 
nuclear .  
1980's w i l l  be  t h e  f lexible-bodied deployable s o l a r  a r r a y .  

A technology ready f o r  near-term a p p l i c a t i o n  i n  t h e  mid and la te  

(2) Rotary power t r a n s f e r :  So la r  power systems r e q u i r e  cons tan t  o r i en ta -  
t i o n  t o  maintain optimum sun angle .  Nuclear systems r e q u i r e  thermal c o n t r o l  
systems poin ted  toward deep space.  I n  Ear th  o r b i t a l  a p p l i c a t i o n s ,  t h e  power 
source must r o t a t e  every 90 minutes.  To c a r r y  t h e  power ac ross  t h i s  i n t e r f a c e  
r equ i r e s  a r o t a r y  coupl ing device wi th  low f r i c t i o n ,  low l o s s ,  and long l i f e  
c h a r a c t e r i s t i c s .  

The s imples t ,  most d i r e c t  approach is  t o  ca r ry  t h e  power across  the  i n t e r -  
face  by means of cables .  This method r equ i r e s  r ap id  reverse  d r i v e  of  the  s o l a r  
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a r r a y  t o  unwrap t h e  cab le s  p e r i o d i c a l l y .  S l i p  r i n g s  have been used ex tens ive ly  
f o r  power t r a n s f e r .  
vo l tages  be ing  considered has  no t  y e t  been developed. The development of on- 
a r r a y  conversion systems t h a t  create high-frequency a l t e r n a t i n g  cu r ren t  could 
enable  power t o  be t r a n s f e r r e d  ac ross  t h e  i n t e r f a c e  by noncontact means, by 
using e i t h e r  i nduc t ive  o r  c a p a c i t i v e  couplers .  

However, technology adequate  f o r  t h e  h igh  powers and h igh  

(3)  Transmission: A s  space  systems grow i n  phys ica l  s i z e ,  t h e  design of 
t h e  power d i s t r i b u t i o n  system, i n  a d d i t i o n  t o  power level, w i l l  r e q u i r e  s e r i o u s  
a t t e n t i o n  i n  o rde r  t o  keep l i n e  l o s s e s  t o  an  acceptab le  level. D i s t r i b u t i o n  
and conversion a t  t h e  load  sites w i l l  r e q u i r e  t h e  development of  high power, 
high-voltage l i n e  swi tches  t o  provide load  disconnect  c a p a b i l i t y .  Conversion 
a t  t h e  load  s i t e  w i l l  r e q u i r e  switches,  t ransformers ,  and o t h e r  components s u i t -  
a b l e  f o r  ope ra t ion  from t h e  d i s t r i b u t i o n  bus. 

POWER MANAGEMENT AND CONTROL TECHNOLOGY 

Transmission System C h a r a c t e r i s t i c s  

I n  t h e  l a r g e  space systems now under s tudy ,  power must b e  d i s t r i b u t e d  from 
t h e  source  over  long d i s t ances .  
given t o  opt imizing t h e  d i s t r i b u t i o n  system t o  minimize weight and power l o s s e s .  

Thus, c a r e f u l  cons idera t ion  w i l l  f i r s t  be 

Environmental I n t e r a c t i o n s  

Operation of power systems i n  t h e  plasma environment of space could pre- 
s e n t  des ign  l i m i t a t i o n s  t h a t  must be  c a r e f u l l y  considered before  t h e  system de- 
s i g n  i s  f i n a l i z e d .  

Power Management Philosophy and Approach 

Trade-offs between the  optimum d i s t r i b u t i o n  system and t h e  l i m i t a t i o n s  im- 
posed by t h e  environment, coupled wi th  t h e  c h a r a c t e r i s t i c s  of t h e  source  and 
t h e  requirements of  t h e  load ,  w i l l  f a c t o r  i n t o  t h e  power management philosophy 
t h a t  w i l l  be adopted. 

Choices w i l l  be  made between d i r e c t -  o r  a l t e rna t ing -cu r ren t  systems, t h e  
d i s t r i b u t i o n  vo l t ages  , t h e  branching philosophy wi th  i t s  a t t endan t  switching,  
and load  cont ro l .  The power management w i l l  be  con t ro l l ed  wi th  a microproces- 
s o r  t o  i n s u r e  maximum use of  t h e  a v a i l a b l e  power, t o  govern load sha r ing  on a 
p r i o r i t y  b a s i s ,  and t o  monitor system performance t o  prevent  c a t a s t r o p h i c  f a i l -  
ures .  

The development of a l i gh twe igh t ,  e f f i c i e n t  mul t ik i lowat t  power system 
w i l l  r e q u i r e  new c i r c u i t  and component technology. 
W i l l  undoubtedly inc rease  t h e  t ransmission and d i s t r i b u t i o n  vo l t age  l e v e l s  and 

High-power space systems 

196 



r e q u i r e  h igher  vo l t age  switchgear  and remote power c o n t r o l l e r s .  
l igh tweight  conversion, i t  w i l l  be  necessary t o  develop new c i r c u i t  concepts 
t h a t  use h ighe r  f requencies .  The r ecen t  developments of  f a s t  high power semi- 
conductors switches and h igh  energy d e n s i t y  capac i to r s  provide f o r  s i g n i f i c a n t  
weight savings.  

To achieve 

TRANSMISSION LINE OPTIMIZATION 

I n  an e lec t r ica l  power d i s t r i b u t i o n  system, t h e  t ransmission l i n e  contr ib-  
u t e s  t o  t h e  t o t a l  system weight i n  t h r e e  ways. The f i r s t  is t h e  weight of t h e  
t ransmission l i n e  i t s e l f .  This  is  given by 

where 

w~~ t ransmiss ion  l i n e  weight ,  g 

d dens i ty  of  t ransmiss ion  l i n e  material , g/cm3 

A cross-sec t iona l  area of t ransmiss ion  l i n e ,  cm2 

R t ransmiss ion  l i n e  l eng th ,  cm 

The f a c t o r  of 2 arises from t h e  need t o  have a r e tu rn .  
be used as a r e t u r n ,  t h e  weight is  only h a l f  as much. 
s e c t i o n  does no t  inc lude  t h e  case of  spacec ra f t  electrical r e tu rn .  

I f  t h e  spacec ra f t  can 
The a n a l y s i s  i n  this  

The second con t r ibu t ion  t o  t h e  weight of t h e  power system, due t o  t h e  
AWPG requi red  t ransmiss ion  l i n e ,  is  t h e  extra power genera t ion  system weight 

t o  make up f o r  power l o s s  i n  the  t ransmiss ion  l i n e :  

n 

where 

I t ransmiss ion  l i n e  c u r r e n t ,  A 

P t ransmiss ion  l i n e  r e s i s t i v i t y ,  R-cm 

apG marginal  s p e c i f i c  weight of power genera t ing  system, g/W 

The t h i r d  con t r ibu t ion  t o  t h e  weight of t h e  power system, due t o  t h e  
t ransmiss ion  l i n e ,  is  t h e  extra h e a t  r e j e c t i o n  system weight 
handle t h e  h e a t  produced by l o s s e s  i n  t h e  t ransmission l i n e :  

AWHR needed t o  
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where 

marginal s p e c i f i c  weight of hea t  r e j e c t i o n  system, g/W "HR 

The t o t a l  weight pena l ty  t h a t  can be a l l o t t e d  t o  t h e  t ransmiss ion  l i n e  
AW+L i s  

AW+L = WTL + AWPG + AWHR 

To f i n d  t h e  minimum t ransmiss ion  l i n e  pena l ty ,  set 
an optimum c u r r e n t  dens i ty  of 

d A w l T L / &  = 0. This  g ives  

and an  optimum coriductor area of 

*opt = I 

The weight of t h e  optimum d i r ec t - cu r ren t  t ransmiss ion  l i n e  i n  terms of t h e  
power t r ansmi t t ed  i s  given as 

where 

P power, kW 

R t ransmiss ion  l i n e  l eng th ,  cm 

P 

am 
~ t p ~  
V l i n e  vo l t age ,  V 

r e s i s t i v i t y  of t ransmiss ion  l i n e ,  g/cm3 

s p e c i f i c  mass of hea t  r e j e c t i o n  system, kg/kW 

s p e c i f i c  mass of power genera t ion  system, kg/kW 

When t ransmiss ion  l i n e  materials are chosen, t h e  f i g u r e  of m e r i t  used f o r  
both minimum t ransmiss ion  l i n e  weight and t ransmiss ion  l i n e  weight pena l ty  is 
t h e  product  pd. F igure  1, which compares some of t h e  b e t t e r  known conductors ,  
shows t h a t  aluminum i s  about a f a c t o r  of 2 b e t t e r  than  copper and sodium is 
nea r ly  another  f a c t o r  of 2 b e t t e r  than  aluminum. 
t ransmiss ion  l i n e  weight,  i n  terms of power output  P and load  v o l t a g e  V is 
then  

The optimum d i r ec t - cu r ren t  
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and the optimum transmission line penalty is twice this. 

For a three-phase transmission line, where V is the line-to-neutral rms 
voltage and the neutral carries no current and can be considered much smaller 
than the other lines, the total transmission line weight is 3dAR. For this 
case, the optimum transmission line weight WTL is 

PR 
~d ("PG + ~ H R )  - -  - wm (34 , line-to-neutral voltage ,no neutral) v d 

The total transmission line weight penalty is twice the transmission line 
weight, as in the direct-current case. 

Depending on what is the limiting factor, voltage-to-neutral, line-to-line 
voltage, rms voltage, or peak voltage may be used in the weight comparison. 
The effects of these parameters can be given in a factor 
voltage distribution, where 

FV for the type of 

Table I shows the factor FV 
the transmission line weight being minimized for that type of distribution. 

for different types of power distribution, with 

The quantity PR/VVPd(apG + "HR) is plotted in figure 2 for pd = 
7.6~10-~ for an aluminum transmission line and 
values of 

apG + aHR - - 30 kg/kW. Other 
PRY V, p ,  d, and apG + am may be obtained by appropriate scaling. 

Tentative conclusions for minimum transmission line weight penalty are 

(1) Use as high a distribution voltage as possible, subject to constraints 
on insulation converter weights, etc. 

(2) Use aluminum (or in an advanced system, sodium) transmission lines 
rather than copper. 

(3) Use three-phase alternating-current, double-voltage alternating- 
current &.), double-voltage direct-current distribution, or a spacecraft 
return system. 

SPACECRAFT-ENVIRONMENTAL INTERACTIONS 

Power systems must be very large to generate the multikilowatts needed for 
future missions, and these systems must operate in the charged-particle environ- 
ment of space. 
the large power system and charged-particle space environments. 

This requirement introduces the topic of interactions between 
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A p i c t o r i a l  r ep resen ta t ion  of  a l a r g e  space system is shown i n  f i g u r e  3. 
This i l l u s t r a t e s  t he  ca t egor i e s  of t he  i n t e r a c t i o n s  of concern. The f i r s t  
category i s  c a l l e d  "spacecraf t  passive" - i n t e r a c t i o n s  t h a t  arise from t h e  en- 
vironment a c t i n g  on the  spacec ra f t .  The geomagnetic substorm f l u x  of p a r t i c l e s  
occurr ing  a t  geosynchronous a l t i t u d e  t y p i f i e s  t h i s  category of i n t e r a c t i o n .  
This f l u x  charges spacec ra f t  su r f aces  t o  a va lue  where d ischarges  can occur  and 
cause e l e c t r o n i c  anomalies. This  spacec ra f t  charging i n t e r a c t i o n  has  been t h e  
s u b j e c t  of i n t e n s e  i n v e s t i g a t i o n  f o r  t h e  p a s t  3 years .  

The second category of i n t e r a c t i o n s ,  c a l l e d  "spacecraf t  active," i s  a new 
concept and is  t h e  p r i n c i p a l  i n t e r a c t i o n  of concern here .  This  category is il- 
l u s t r a t e d  by t h e  c u r r e n t  loop through t h e  environment. The power system w i l l  
f l o a t  e l e c t r i c a l l y  a t  some vo l t age  relative t o  t h e  plasma p o t e n t i a l .  The ex- 
posed in t e rconnec t s  t h a t  are p o s i t i v e  w i l l  c o l l e c t  e l ec t rons ,  and t h e  nega t ive  
in t e rconnec t s  w i l l  c o l l e c t  ions .  This c o l l e c t i o n  can be considered t o  be a 
cu r ren t  loop through t h e  environment t h a t  is  p a r a l l e l  t o  t h e  power system. It 
is  p a r a s i t i c  and r ep resen t s  power lo s ses .  This  l o s s  depends on plasma dens i ty  
and ope ra t ing  vol tages .  This  i n t e r a c t i o n  must be understood and technology 
developed t o  minimize l o s s e s .  

Other i l l u s t r a t i o n s  of t h i s  second category of i n t e r a c t i o n s  are ion  thrus-  
ter e f f l u x  i n t e r a c t i o n s  ( i f  t hese  systems use i o n  t h r u s t e r s )  and electromagnet ic  
i n t e r a c t i o n s .  
crease t h e  power system i n t e r a c t i o n s .  The electromagnet ic  i n t e r a c t i o n s  are 
torques  introduced by t h e  motion of t h i s  l a r g e ,  d i f f e r e n t i a l l y  charged body 
moving through t h e  Ea r th ' s  magnetic f i e l d .  

The i o n  t h r u s t e r  e f f l u x  can enhance t h e  plasma dens i ty  and in- 

So la r  Array - Environmental I n t e r a c t i o n s  

A ground tes t  i n v e s t i g a t i o n  of s o l a r  a r r a y  - environmental i n t e r a c t i o n s  
has been under way a t  t h e  L e w i s  Research Center f o r  t h e  pas t  several years ,  
Typical  r e s u l t s  of t e s t i n g  s o l a r  a r r a y  segments i n  s imulated low-Earth-orbit 
p lasma environments i s  shown i n  f i g u r e  4 .  The test is  run i n  t h e  dark  wi th  
vo l t ages  re la t ive t o  ground app l i ed  t o  t h e  segment by a power supply.  The cur- 
r e n t  is  measured by a sensor  f l o a t i n g  i n  t h e  high-voltage l i n e .  For p o s i t i v e  
vol tages  up t o  200 v o l t s  t h e  e l e c t r o n  cu r ren t  c o l l e c t i o n  appears t o  be propor- 
t i o n a l  t o  the  in te rconnec t  area, t h e  plasma d e n s i t y  and p a r t i c l e  temperature,  
and a reduced va lue  of t he  ope ra t iona l  vo l tage  (about 10  percent ) .  
200 v o l t s  t h e r e  i s  a t r a n s i t i o n  i n  t h e  cu r ren t  c o l l e c t i o n  from in te rconnec t  
area t o  whole panel  area c o l l e c t i o n .  A t  about 500 v o l t s  t h i s  t r a n s i t i o n  is  
complete and the  e l e c t r o n  cu r ren t  c o l l e c t i o n  i s  propor t iona l  t o  t h e  panel  area, 
the  plasma dens i ty ,  and t h e  ope ra t iona l  vo l tage .  For nega t ive  vo l t ages  between 
0 and -10 v o l t s  t h e r e  i s  combined e l e c t r o n  and ion  cu r ren t  c o l l e c t i o n .  For 
nega t ive  vo l t ages  between -10 and about -700 v o l t s  t he  ion  cu r ren t  c o l l e c t i o n  
seems t o  be propor t iona l  t o  t h e  in te rconnec t  area, t h e  plasma p rope r t i e s ,  and 
a reduced va lue  of ope ra t iona l  vo l tages  (about 10 percent ) .  A t  above -700 v o l t s  
t h e r e  i s  a t r a n s i t i o n  t o  a rc ing .  
emission from t h e  in te rconnec t  t o  the  environment. It co l l apses  t h e  ope ra t iona l  
vo l tage  t o  e s s e n t i a l l y  zero f o r  t h e  du ra t ion  of t h e  arc (q t sec ) .  

A t  about 

This a rc ing  i s  be l ieved  t o  b e  caused by f i e l d  
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Spacecraft-Environment I n t e r a c t i o n  Technology 

A spacecraft-environment technology program must be e s t a b l i s h e d  t o  under- 
s t and  the  i n t e r a c t i o n s ,  t o  eva lua te  t h e  impact on system performance, and t o  
develop design gu ide l ines  and recommend p r a c t i c e s  t o  minimize t h e  i n t e r a c t i o n s .  
F i r s t ,  t he  power l o s s e s  through t h e  environment must be evaluated as a func t ion  
of ope ra t iona l  vo l tages .  
proved and weight reduced i f  t he  ope ra t iona l  vo l t age  can be increased  from t h e  
c u r r e n t l y  proposed 200 v o l t s  t o  a few k i l o v o l t s .  However, i nc reas ing  t h e  vol t -  
age a l s o  inc reases  t h e  environmental  l o s s e s .  Hence, i t  would be b e n e f i c i a l  if, 
a t  h igher  o p e r a t i o n a l  vo l t ages ,  l o s s e s  could be reduced t o  a t o l e r a b l e  level. 

For the  l a r g e  power system, e f f i c i e n c y  can be  im- 

Ground t e s t i n g  of s m a l l  s o l a r  a r r a y  segments ope ra t ing  a t  e l eva ted  vo l t -  
ages i n  s imulated space plasma condi t ions  has ind ica t ed  t h a t  a r c i n g  can occur  
on negat ive  vo l t age  areas of t h e  a r r ay .  A t  plasma condi t ions  corresponding t o  
about 900 k i lometers  a l t i t u d e ,  t h i s  a r c i n g  occurs  a t  about -800 v o l t s .  Space 
f l i g h t  t e s t i n g  has  v e r i f i e d  t h i s  phenomenon. 
e l imina ted  i n  any f u t u r e  high-voltage space  power system. 

This a rc ing  tendency must be  

The e f f e c t  of charge depos i t i on  on (or  i n )  t h e  materials used on these  
l a r g e  space power systems must be understood i f  t h e  proposed 20- t o  30-year 
ope ra t iona l  l i f e  is  t o  be r e a l i z e d .  This  depos i t i on  can r e s u l t  i n  material 
degradat ion over long mission l i f e .  
t i o n  by e l e c t r o s t a t i c a l l y  a t t r a c t i n g  charged p a r t i c l e s  back t o  t h e  su r faces  and 
thus  reducing t ransparency of t h e  s o l a r  c e l l  covers.  The charged-par t ic le  envi- 
ronment can be enhanced by ion iz ing  outgass ing  molecules o r  by products  from 
a rc ing  . 

A charged v e h i c l e  can enhance contamina- 

Both t h e  ope ra t iona l  hazards from p a r a s i t i c  c u r r e n t s  and a r c i n g  and t h e  
long-term e f f e c t s  of system degradat ion must be understood and con t ro l l ed .  

Dual-Voltage System 

A high-power system conf igu ra t ion  t h a t  would provide t h e  weight savings of 
t he  optimized d i s t r i b u t i o n  system and t ake  i n t o  account t h e  p o t e n t i a l  environ- 
mental i n t e r a c t i o n s  is  a dual-voltage system. The s o l a r  a r r a y  would genera te  
Power a t  200 t o  300 v o l t s  t h a t  would be upconverted t o  vol tages  of  about 1000 
v o l t s  o r  g r e a t e r  d i r e c t l y  on t h e  s o l a r  a r r a y .  The advantages of  t he  upconver- 
s i o n  would be lower weight of t h e  r o t a r y  power t r a n s f e r  device and lower 1 2 R  
l o s s e s .  The upconverter would be l i gh twe igh t ,  e f f i c i e n t ,  and not  regula ted .  
Such a conver te r  could e a s i l y  be implemented as a vol tage  m u l t i p l i e r  f o r  d i r ec t -  
cu r ren t  d i s t r i b u t i o n  o r  as a ser ies - resonant  i n v e r t e r  f o r  a l t e rna t ing -cu r ren t  
d i s t r i b u t i o n  wi th  a r o t a t i n g  t ransformer.  A s  t h e  capac i ty  of f u t u r e  powel' sys- 
tems i n c r e a s e s ,  system opt imiza t ions  w i l l  probably demand t h a t  s o l a r  a r r a y  
vol tages  inc rease  s i g n i f i c a n t l y  beyond 200 v o l t s .  Solu t ions  t o  t h e  environ- 
mental i n t e r a c t i o n  problem w i l l  make poss ib l e  t h i s  h igher  power t ransmiss ion  
and d i s t r i b u t i o n .  
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The high-voltage distribution system would provide power to the user site 
and be downconverted to the individual load requirements. 

HIG'H-POWER-CONVERSION TECHNOLOGY 

A major portion of any space power system will be the inversion and conver- 
sion equipment. To meet the proposed space power system weight goals, it will 
be necessary to reduce the specific weight of high-power-conversion equipment 
to less than 1, and probably less than 1/2, kilogram per kilowatt. To achieve 
these goals, the circuit and component technology has been directed toward 
higher frequencies. Higher frequency circuits allow a significant reduction in 
component weight and especially in the magnetics, which usually account for ap- 
proximately 50 percent of the power conversion weight. 
maintained high so the component weight reduction will not be significantly off- 
set by an increased thermal control mass. 

Efficiencies must be 

Three basic types of converters and inverters are presently under research 
and technology development at Lewis: the capacitance diode voltage multiplier 
(CDVM), the series-resonant inverter (SRI) ,  and the conventional converter. A 
CDVM transfers energy from its source to the load by capacitance rather than by 
magnetic coupling and consequently does not require the weight-intensive power 
transformer. 
cuit capacitance and the filter inductance. 
using a high switching frequency, and incorporating high-energy-density capaci- 
tors, the mass and dissipative losses of the CDVM are significantly reduced 
Over present-day power processors. The efficiency of this type of converter 
has been demonstrated to be typically 95 percent. 

The CDVM uses a higher switching frequency, which reduces the cir- 
By eliminating the transformer, 

The series-resonant inverter using thyristor switches has been developed 
to a technology readiness status and was chosen as the baseline 3-kilowatt 
power processor unit for the 30-centimeter mercury ion thruster system. An in- 
house study has shown that the SRI  technology could be extended to meet the po- 
tential requirements of magnetically isolated inverters and converters used in 
large space power systems. The new series-resonant inverter would be a modular 
unit whose power output would be determined by the transmission and distribution 
system selected but that could provide outputs of 20 to 25 kilowatts. The unit 
would use bipolar transistors presently under development and would switch at 
frequencies greater than 30 kilohertz. The technology of heat-pipe-cooled mag- 
netics presently under development at the 3-kilowatt level. would also be used. 

Since frequency plays such an important role in establishing the minimum 
size and weight of electrical equipment, a technology development effort has 
been started on a conventional converter with switching frequencies of about 
100 kilohertz. 
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POWER COMPONENT TECHNOLOGY 

To reach the  performance l eve l s  required f o r  power d i s t r i b u t i o n  and con- 
t r o l  i n  space - i n  terms of weight, e f f ic iency ,  l i f e ,  and r e l i a b i l i t y  - consid- 
e rab le  component technology development is  required. 
areas f o r  development are described here. 

Some of tIie more c r u c i a l  

Rotary Transfer Devices 

Dif fe ren t  p a r t s  of a spacecraf t  o f t e n  have d i f f e r e n t  o r i en ta t ion  require- 
ments. 
must face t h e  Sun and t h e  antennas f o r  communications and cont ro l  must face the  
Earth. 
j o i n t s  are required i n  the  spacecraft .  
power but need development i n  the  high-power W O O  kW) range. L e w i s  has a cur- 
r en t  program t o  do t h i s .  

An example i s  a solar-array-powered spacecraf t ,  where t h e  s o l a r  a r ray  

This multiple o r i en ta t ion  requirement means t h a t  a ro t a ry  j o i n t  o r  
These j o i n t s  are ava i l ab le  f o r  low 

Fas t  Switches, Magnetics, and Capacitors 

I n  a high-performance space power d i s t r i b u t i o n  system, voltage conversion - 
such as from a low- o r  mediunrvoltage s o l a r  a r r ay  t o  a high-voltage communica- 
t i ons  tube - is  o f t en  required. I n  the  pas t ,  voltage conversion equipment has 
been heavy, with a higher than desired power lo s s .  
v ices  and capac i tors  as w e l l  as switches t o  operate a t  higher frequencies are 
needed t o  make l i g h t e r  weight, higher e f f ic iency  converters and u l t imate ly  t o  
achieve lower power cos t s  i n  space. 
L e w i s  on transformers, low- and high-voltage capac i tors ,  diodes, power t rans is -  
t o r s ,  and s i l icon-cont ro l led  r e c t i f i e r s .  

Lighter weight magnetic de- 

Component development is  being done a t  

Materials 

The d i e l e c t r i c  materials needed are of t he  bulk in su la t ion  type and t h e  
conformal coating, o r  po t t i ng ,  type. One of t h e  most usefu l  i s  parylene, which 
is coated and polymerized from a gas and has exceptional pene t ra t ing  power. 
Parylene is extremely i n e r t  and f r e e  from pinholes. 
a t  L e w i s  f o r  a wide v a r i e t y  of appl ica t ions .  

It is being inves t iga ted  

High-Power, E f f i c i e n t  Switchgear 

A missing element f o r  higher power electric d i s t r i b u t i o n  i n  space is t h e  
necessary switchgear. Much work has been done a t  28 v o l t s ,  and some a t  
120 vo l t s .  More work is  needed €or t h e  higher voltage d i s t r i b u t i o n  systems 
(300 V, 1000 V, and up) t h a t  w i l l  be needed t o  handle t h e  higher powers f o r  
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f u t u r e  space app l i ca t ions .  L e w i s  i s  p resen t ly  i n v e s t i g a t i n g  120-volt dc,  300- 
v o l t  dc,  and 1000-volt dc s o l i d - s t a t e  switchgear .  

CONCLUDING REMARKS 

Future  use of space f o r  la rge-sca le  manufacturing and cons t ruc t ion ,  m a t e -  
rials processing,  and medical and s c i e n t i f i c  research  w i l l  r e q u i r e  l a r g e  quan- 
t i t i e s  of e lectr ical  energy. 
new approaches must be developed t o  handle t h e  t ransmiss ion ,  d i s t r i b u t i o n ,  con- 
ve r s ion ,  and c o n t r o l  of such h igh  power i n  space. 

With t h e  growth t o  mul t ik i lowat t  power levels, 

Prel iminary system opt imiza t ions  s t r o n g l y  favor  t h e  high-voltage u t i l i t y -  
type  power management and c o n t r o l  system. A system weight op t imiza t ion  of t h e  
t ransmiss ion  and d i s t r i b u t i o n  system w a s  performed a t  t h r e e  normalized power 
l e v e l s .  The r e s u l t s  c l e a r l y  i n d i c a t e  t h e  s u b s t a n t i a l  b e n e f i t s  t h a t  can be 
achieved wi th  high-voltage d i s t r i b u t i o n .  

An important cons idera t ion  i n  t h e  high-voltage power system op t imiza t ion  
w i l l  be  t h e  l i m i t a t i o n s  imposed by environmental  i n t e r a c t i o n s .  Higher vo l t age  
reduces I2R l o s s e s  but  i n c r e a s e s  environmental  l o s ses .  

One p o s s i b l e  high-power system t h a t  would provide optimum t ransmiss ion  and 
d i s t r i b u t i o n  and whose design would t ake  i n t o  account t h e  p o t e n t i a l  environmen- 
t a l  i n t e r a c t i o n s  i s  a dual-vol tage conf igu ra t ion .  Such a system would genera te  
s o l a r  a r r a y  power a t  200 t o  300 v o l t s ,  would be  upconverted t o  1000 v o l t s  f o r  
t ransmission ac ross  t h e  r o t a r y  device,  and would be d i s t r i b u t e d  t o  t h e  use r  a t  
high vol tage .  Downconversion would be provided t o  t h e  i n d i v i d u a l  load  requi re -  
ments. This approach is  compatible f o r  t h e  near  term only ;  h igher  power sys- 
t e m s  w i l l  r e q u i r e  t h a t  t h e  technology of handl ing high vo l t age  i n  t h i s  environ- 
ment be understood. 

The development of a high-voltage,  l igh tweight ,  e f f i c i e n t  mu l t ik i lowa t t  
power system w i l l  r e q u i r e  new c i r c u i t  and component technologies  t o  reach t h e  
performance levels requi red .  The component technology must be developed f o r  
e f f i c i e n t  r o t a r y  power devices ;  high-speed, high-power semiconductor swi tches ;  
high-energy-density magnetics and capac i to r s ;  and high-power switchgear .  To 
achieve  l igh tweight  conversion, i t  w i l l  be  necessary t o  develop new c i r c u i t  
concepts t h a t  use h igher  f requencies .  
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TABLE I. - VOLTAGE DISTRIBUTION FACTOR 

Type of d i s t r i b u t i o n  and method 
of spec i fy ing  vo l t age  

dc, 2 w i r e  
dc, 2 w i r e ,  f V ,  balanced 

dc,  3 w i r e ,  fV,  balanced 

Single-phase ac, 2 w i r e ,  rms 
Single-phase ac, 2 w i r e ,  k V ,  rms, balanced 

Single-phase ac, 3 w i r e ,  k V ,  m, balanced 

Single-phase ac, 2 w i r e ,  pk-pk 

Single-phase ac, 3 w i r e ,  k V ,  pk-pk, balanced 

r m s  , balanced Three-phase ac, 3 w i r e ,  V 

Three-phase ac, 4 w i r e ,  VLm, rms, balanced 

Three-phase ac, 3 w i r e ,  VLTN, pk-pk, balanced 

Three-phase ac, 4 w i r e ,  VLm, pk-pk, balanced 

Three-phase ac, 3 w i r e ,  VLTL, rms, balanced 

Three-phase ac, 4 w i r e ,  V L ~ ,  rms, balanced 

Three-phase ac, 3 w i r e ,  VLTL, pk-pk, balanced 

Three-phase ac, 4 w i r e ,  VLm, pk-pk, balanced 

LTN ’ 

Voltage d i s t r i b u t i o n  
f a c t o r ,  

FV 

2.00 
1.00 

1.225, (m) 
2.000 
1.000 

1.225, (m) 
2.828, (2&) 

1.732, (6) 
1.000 

1.155, (2/&) 

1.414, (d) 
1.633, ( 4 / & )  

1.732, (&I 
2.000 

2.449, (&) 

2.828, ( 2 G )  
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T R A N S M I  S S I O N  L I N E  M A T E R 1  A L S  

M A T E R I A L  D E N S I T Y  
3 g l c m  

C O P P E R  8. 96 
S I L V E R  10. 50 
G O L D  19.32 
A L U M I N U M  2.6989 
S O D 1  U M  0. 97 
B E R Y L L I U M  1. 85 

R E S  I ST I V I T Y  

nc m 
P d  

1.72 x 15.5 x 
1. 59 x 16. 70 x lom6 
2.44 x 47.1 x 10-6 
2. 82 x 7.62 x 
4.3 x 10-6 4.17 x 
4.0 x 7.4 x 

Figure 1. 

R A N S M I  S S l  O N  A N D  D l  S T R l  B U T  I O N  S Y S T E M - M A S S  V E R S U S  V O L T A G E  

v) 

P 

1o00. * 

900.. 

m-. 
700 .. 
600 ' *  

500 
450 .. 

" 

P.l = lo6 kW M m R S  

28 300 500 lo00 
VOLTS 

Figure 2 
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S P A C E C R A F T - E N V I R O N M E N T  I N T E R A C T I O N S  

ARC 

\ 
Figure 3. 

PLASMA COUPLING CURRENT 
(LOG SCALE) 

SOLAR A R R A Y  - E N V I R O N M E N T A L  

I N T E R A C T  I O N S  

(LOW EARTH ORB IT) 

- +----t---9-++; : VO LTA GE 
10 100 lMl0 (LOG) -lo00 -100 -10 

TRANSITION I 

TO ARC 

I 

ION 

i t 
COLLECTIONS 

ELECTRON (INTERCONMCTS) 
I- 4 COLLECTION 

(INTER CONN) 

ELECTRON 
S- COLLECTION 

(PANEL) 

Figure 4. 
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