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ABSTRACT 

The design  of   rotat ing  superconduct ing  f ie ld  
windings  in  high power generators  is great ly   inf luenced 
by  system  considerations.  Experience  with two super- 
conducting  generators  designed  to  produce 5 and 20 
Megawatts 'has   resul ted  in  a number of   des ign   res t r ic -  
t i o n s .  The des ign   r e s t r i c t ions  imposed by system 
considerations  have  not  prevented low weight and high 
vol tage power genera t ion   capabi l i ty .  The appl ica t ion  
of  multif i lament Nb3Sn has  permitted a large  thermal 
margin to   be   des igned   i n to   t he   ro t a t ing   f i e ld  winding. 
This  margin  permits  the  f ield  winding  to remain  super- 
conducting  under  severe  system  operational  requirements 
System c o n s i d e r a t i o n s   i n c l u d e :   f a s t   r o t a t i o n a l   s t a r t -  
up, f a s t  ramped magnetic  f ields,   load  induced  transient 
f i e l d s  and airborne  cryogen  logistics.   Preliminary 
s e l e c t i o n  of a mult i f i lament  Nb3Sn cable   has   resul ted 
from these  considerat ions.  The cable  will car ry  864 
amperes a t  8.5K and 6.8  Tesla .  

I .  INTRODUCTION 

Superconducting  electrical  generators  have  the 
poten t ia l   for   p roducing   la rge  amounts of power i n  a 
small volume with  very low fixed  weight.  These 
fea tures   a re   ex t remely   a t t rac t ive   for   a i rborne ,   h igh  
power applicatiQns  where volume and  weight  requirements 
a r e  strict. Figure 1 i l l u s t r a t e s  a genera l ized   a i r -  
borne,  high power system.  Another  at tractive  feature 
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FIGURE 1 Generalized High Power, Airborne  System 

of  the  superconducting  generator i s  t h a t   t h e   r o t a t i o n a l  
speed iil t h e  20 t o  30 MW power range  allows  direct  
coupl ing   to   the   tu rb ine  which el iminates   the  gear  box. 
Also, t he   h igh   vo l t age   capab i l i t y   o f   t he   i ron le s s  
s t a to r   e l imina te s   t he  need f o r  a transformer.  Since 
1971, t h e  U. S. A i r  Force  has  sponsored  exploratory 
research and  development  programs in  superconducting 
generators   for   a i rborne  appl icat ions.1  These  high speed, 
synchronous  machines u t i l i ze   ro ta t ing ,   superconduct ing  
f i e l d   c o i l s .  A prototype  rotor  and a 5 MVA generator  
have  been  designed  and-fabricated  by  Westinghouse  Elec- 
t r i c  Corporati011?.,~,4  This  machine  uses a NbTi super- 
conductor. A second  generation  machine  using more 
advanced  technology i s  be ing   bu i l t  by  General  Electric 
C O . ~  This 20 MW generator  will use Nb3Sn, wi th   ro tor  
fabr ica t ion   scheduled   to   begin   in  Sep  1978. A ?sawing 
of t h i s  machine is  shown in   F ig .  2. The environmental 
sh ie ld  is  a conductive  shield which  keeps time varying 
magnetic  f ields  produced  within  the  generator from 
escaping  into  the  aircraft   environment.   Torque i s  
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FIGURE 2 Advanced i0 IW Superconducting  Generator 
(General   Electr ic  Co.) 

t ransmit ted from the  dr ive  f lange  through  the  e lectro-  
magnetic  shield back  through  the  torque  tube  extension 
to   t he   t o rque   t ube  which i s  shrunk  onto  the  composite 
f i e l d  winding  support   structure.  The e,lectromagnetic 
shield  screens  the  superconducting  f ield  windings from 
any  asynchronous  magnetic  fields  produced by t h e   s t a t o r  
(armature)  winding  currents. A thermal  radiation 
s h i e l d   a t  a cryogenic  temperature  intercepts  thermal 
rad ia t ion  from t h e  warm electromagnet ic   shield.  Power 
te rmina ls   a re   no t   ind ica ted ;  however,  they will be 
located  near  the  coolant  headers,  The frame  diameter 
i s  approximately 40 inches  and  the  dry  weight is 
approximately 1500 lbs .  

Airborne  high power systems  have  operational 
requirements which strongly  influence  superconducting 
generator  design.  Basically,   the  superconducting  coil  
( f i e l d  winding) l i k e s   t o   o p e r a t e   i n  a dc  magnetic f i e l d  
with  no  relative  mechanical  motion which will generate  
hea t  and with no mechanical  strain.  As shown in  Table  
I, system  operat ional   requirements   are   contrary  to   the 
above  statement.  These  considerations  are  discussed 
below. 

TABLE I 

OPERATIONAL REQUIREMENTS 

Requirement 

Fast   Star t -up 

One second e x c i t a t i o n  

One second  spin-up 

Sudden Load Application/Removal 

High Eff ic iency 

Rectified  Output 

High Voltage 

Cryogen Logis t ics  

Impact on Generator 

Transient   losses  

Hydrodynamic losses /  
Mechanical movement 

Transient   losses  

Higher  weight/complex- 
i t y  

Transient   losses  

Qua l i ty   i n su la t ion  
system 

Need low helium  usage 
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11. INFLUENCE OF OPERATIONAL  REQUIREMENTS 

Rapid S ta r t   Capab i l i t y  

Perhaps  the most severe  operational  requirement i s  
power generat ion  within one  second a f t e r  demand. Fig- 
u r e  3 i l l u s t r a t e s   t he   poss ib l e   s equences   fo r   a t t a in ing  
rated  speed and exci ta t ion  within  one  second.   In   Fig.  
3 (a ) ,   t he   ro to r  is simultaneously  accelerated by t h e  
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FIGURE 3 Possible  Rapid S tar t -up  Methods 

turb ine  and exci ted by  an  external power supply  in  one 
second.  Fig.3  (b) shows an idl ing  system where t h e  
r o t o r  i s  cont inuously  rotated by means of  an a u x i l i a r y  
motor  and the   t u rb ine  is  brought  up t o  speed i n  one 
second  during  the  exci ta t ion ramp. When the   t u rb ine  
speed  matches  the  rotor  speed a clutch  engages.  Fig. 
3(c) shows t h e r a p i d   s t a r t   c o n c e p t  of cont inuous  f ie ld  
e x c i t a t i o n  and a one  second  spin  up.  Fig.  3(d)  indi- 
ca tes   cont inuous   f ie ld   exc i ta t ion  and r o t o r   i d l i n g .  
Again, a c lu tch  is used t o  connec t   the   tu rb ine   to   the  
r o t o r   a f t e r   t h e   t u r b i n e  i s  acce lera ted   to   speed   in  one 
second. I t  is  desirable   to   avoid  the  complexi ty   of  an 
idl ing  system and a c lu tch ,   therefore ,   the  most a t t r a c -  
t i v e  methods are 3(a) and 3(c) .  I t  has  been  determined 
tha t   the   l igh tes t   superconduct ing   genera tor   des igns  
concept  incorporates a conductive  image  shield.  This 
requires   that   the   rotor   be  spinning when t h e   f i e l d  i s  
exci ted which ru l e s   ou t   t he  method shown in   F ig .   3 (c) .  
Therefore ,   the   preferred method is t h e  one i l l u s t r a t e d  
in   F ig .   3 (a) .  

When t h i s   r a p i d   s t a r t  method is used,  losses from 
bo th   t he  one  second ramp t o   r a t e d   f i e l d   c u r r e n t  and t h e  
one  second  spin-up must be accommodated by t h e   f i e l d  
system  without  causing  the  superconductor  to  normalize.  
The one  second  current ramp resu l - t s   in  a time varying 
magnet ic   f ie ld  which produces  heat   wi thin  the  f ie ld  
co i l s   g iven  by 

P/V = al B + aZB, (watts/cm ) '2 3 
(1) 

where B is  the   t ime   r a t e  of  change  of  magnetic  flux 
dens i ty  and a1 and  a2 a r e   c o n s t a n t s   r e l a t e d   t o   t h e  
proper t ies  and  geometry  of the  superconductor  which 
y i e l d  eddy cur ren t  l o s s  and h y s t e r e s i s  loss respect ive-  
ly .  The advanced 20 MW superconduct ing  generator   (a l l  
charac te r i s t ics   d i scussed  below r e f e r   t o   t h i s  machine) 
u t i l i ze s   t he   l a rge   t he rma l   marg in ,   i . e . ,   h igh   c r i t i ca l  
temperature,of Nb3Sn to   opera te   under   these   severe  
t ransient   condi t ions.  A cabled,   s ix   s t rand,  Nb3Sn 
superconductor  with a molybdenum cen t r a l   s t r and  was 
se l ec t ed   fo r   t h i s   app l i ca t ion> .6  The operat ing  current  
is  864 amps with a Tc of 8.5K a t   6 . 8   T e s l a  and  an  over- 
a l l  cur ren t   dens i ty   in   the  epoxy impregnated  winding 
module of 15,000 Amp/cm2. Eddy current   losses  w i l l  a l s o  
be  generated  in  any  conducting members of  t h e   r o t o r .  A 
winding  support   structure made of a glass-epoxy compos- 
i t e  mater ia l  i s  used t o  reduce  these  losses   in   the  cold 
region. However, the  torque  tube,   bore  tube and rad ia-  
t i o n   s h i e l d  w i l l  experience  heat ing  in   the  cold  region.  

During  . the  excitation ramp .the  energy.  deposited  in  the 
winding i s  predicted t o  be 100 jou1.e~;  torque  tube, 
340 joules;   bore  tube,  70 joules;  and rad ia t ion   sh ie ld ,  
3,700 joules .   This  w i l l  r e s u l t   i n  a loss of  about  0.2 
l i t e r s  of  l iquid  hel ium  out  of 4.5 liters s t o r e d   i n  
t h e   r o t o r  and is  not  expected t o   r e s u l t   i n  a quench 
s ince   t he  first ramp w i l l  r a i s e   t h e  winding  temperature 
in   the   h igh   f ie ld   reg ion   to   approximate ly  6K. For a 
cont inuous  pulse   t ra in  of  5 second  pulses,  the minimum 
off-time  between  pulses is  est imated  to   be 5 seconds 
t o  a l low  suf f ic ien t   cool ing  between pulses.  Otherwise, 
the  winding  temperature would increase  f o r  successive 
pulses  and eventually  the  winding would quench. 

During tests of a prototype  rotor  developed by 
Westinghouse Electric  Corp.,  moderate  speed  changes 
(2500 RPM/min o r  42  RPM/sec) caused  f ield  normaliza- 
t ion .  The goa l   fo r   t he  advanced 20 MW generator 
6000 RPM/sec. This  speed  change will cause  approxi- 
mately  0.6 l i ter  of   l iquid  hel ium  to   be  boi led  off .  
Rapid  speed  changes  can a l so   cause   f r i c t iona l   hea t  due 
t o   r e l a t i v e  movement between t h e  winding module and 
suppor t   s t ruc ture  or  between  superconducting  wires. 
The former w i l l  be  eliminated  by a spec ia l   i n t e r f ace  
mater ia l  and t h e   l a t t e r  by the  monolithic  nature  of 
t h e  epoxy impregnated  coil module i n   t h i s  second 
generat ion machine. 

Rectified  Output 

For DC operat ion,   the   generator   output  must be 
r e c t i f i e d  and f i l t e r ed .   Th i s   p re sen t s  problems which 
are not   present  when the  load is  balanced  and  passive. 
For a f u l l  wave, three  phase  br idge,   the   s ta tor   phase 
cur renhf low  for   2 /3   o f  a pos i t i ve   ha l f   cyc le  and  2/3 
of  a nega t ive   ha l f   cyc le  due t o  switching.  This non- 
s inuso ida l   s t a to r   cu r ren t  waveform r e s u l t s   i n  harmonic 
components of  mmf i n   t h e   a i r  gap which move r e l a t i v e  
to   the   ro tor ,   un l ike   the   ba lanced   condi t ion  where t h e  
r e s u l t a n t   s p a t i a l  mmf due t o   s t a t o r   c u r r e n t s   t r a v e l s  
around t h e   a i r  gap a t   t h e  same speed as t h e   r o t o r  and i n  
t h e  same d i rec t ion .  The predominant  harmonics a r e   t h e  
5th and  7th,   the   former  rotat ing  counter   to   the  rotor  
and t h e   l a t t e r   r o t a t i n g   w i t h   t h e   r o t o r .   T h e r e f o r e ,  a 
r e s u l t a n t  harmonic  of 6 times  the  fundamental  frequency 
produces eddy current   losses   in   the  e lectromagnet ic  
shield.   This   shield  cannot   be  cold  s ince  the  losses  
are many k i lowat t s .  Even though the  t ime  varying  f ie ld  
which pene t r a t e s   t he   sh i e ld  is small ( less   than  1 
g a u s s ) ,   t h e   t o t a l  winding l o s s  i s  almost 1 watt r e s u l t -  
i n g   i n  a s teady   s ta te   t empera ture   r i se  of 0.16K and 
an  increase  in  helium consumption  during  operation  of 
1 . 4   l i t e r / h r .  

Pulsed Power Operation 

A s  opposed to   the   cont inuous  power generation  of 
u t i l i t y   t ype   gene ra to r s ,   t he   l oad   p ro f i l e   fo r   h igh  
power airborne  generators  i s  pulsed.  Pulse  durations 
of  several  seconds  to  several  minutes  are  considered. 
The sudden appl ica t ion  o r  removal  of  load  also  results 
i n  time varying  magnet ic   f ie lds   in   the  cold  region 
of  t h e   r o t o r .  Losses are   es t imated  to   be 15 jou les  
f o r   t h e  winding,  13  joules  for  the  torque  tube, 0 . 3  
j ou le s   fo r   t he   bo re   t ube  and 152 jou le s   fo r   t he  
r ad ia t ion   sh i e ld .  Helium b o i l   o f f  i s  es t imated   to  
be 0.01 l i t e r s   p e r   a p p l i c a t i o n  o r  removal  of  load. 
The l imi ta t ion  on the  off-time  between  pulses was 
discussed  under  Rapid  Start   Capabili ty.  

Direct High Voltage  Generation 

Superconducting  generators  have  the  capabili ty  of 
d i rec t ly   genera t ing   the   h igh   vo l tages   requi red   for   th i s  
appl ica t ion .  The 20 MW generator  i s  designed t o  produce 
40 KV DC r e c t i f i e d .  The d i r e c t  impact upon t h e  system 
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pounds f o r  a 60 second  run time; however, for   long 
t imes  the  weight   penal ty  i s  s ignif icant ,   approach-  
700 l b s   f o r  a run  time  of 5 minutes  using  the  high 
turbine.  

i s  the   e l imina t ion   o f   t he  power transformer  and  con- 
sequent ly  a reduct ion  in   weight  and volume.  The gener- 
a tor   does   no t   suf fe r  a large  weight  penalty  because  the 
s t a to r   cons t ruc t ion   r equ i r e s   no - i ron   t ee th  between 
s ta tor   bars   (as   in   convent ional   i ron  core   machines)  and 
a r e l a t i v e l y   l a r g e  amount of  space  can  be  used for 
insu la t ion .  An "air co re"   s t a to r  is possible  because 
of  t h e  tremendous mmf capabi l i ty   of   the   superconduct ing 
f i e l d  windings  which  can  establish  the  required mag- 
n e t i c   f l u x   i n   t h e  low permeabi l i ty   path of a l a r g e   a i r  
gap - 

Efficiency  Considerations 

Due to   the   impor tance   o f   weight   in   th i s   appl ica-  
t i o n ,  it is des i rab le   to   de te rmine   the   e f fec t   o f  
genera tor   e f f ic iency  on system  weight. Assuming t h a t  
the   ou tput  power and power q u a l i t y   a r e   t h e  same 
regard less   o f   e f f ic iency ,   the  power conditioning  sub- 
system  and  load are unaffected.  For  generators  having 
different   eff ic iencies ,   system  weight  is af fec ted  by 
the  generator,   generator  cooling  subsystem,  turbine/gas 
generator  and turbine  fuel   supply.   In   general ,   the  
weight  of  the  generator  increases as t h e   e f f i c i e n c y  
increases;  however, t he   t u rb ine  and  gas  generator 
weights  decrease  because  prime mover power decreases 
for   higher   generator   eff ic iency.   Therefore ,   the   weight  
e f f e c t s  on the  system  tend  to   cancel .  The weights  of 
the  generator  cooling  subsystem  and  the  turbine  fuel 
supply  depend upon the   genera tor   e f f ic iency  and  run 
time and s t rongly  affect the  system  weight as shown 
below. 

The gene ra to r   e f f i c i ency  r), i s  t h e   r a t i o   o f   e l e c -  
t r ical  power output t o  mechanical power input .  If 
PLOSS represents   the  heat   generated  within  the  gener-  
a t o r   d u e   t o  i 2 R ,  eddy current ,  windage  and bear ing 
losses ,  and PGEN is the   ou tput  power i n  megawatts,  then 

'LOSS = 'GEN . (Megawatts) 

This   heat  must be removed t o  avoid damage due t o  exces- 
s ive  temperatures  where  long run times prohibi t   opera-  
t ion  under  adiabatic  conditions.   Cooling  subsystem 
weight i s  given  by 

where Wc-0~ is  i n  lbs/(Megawatt-second)  and ton i s  t h e  
run time  in  seconds.  The other  major  system component 
weight is t h e   f u e l  consumed by  the  turbine.  For a t u r -  
bine  with a spec i f i c   p rope l l an t  consumption o f  SPC 
lbs/(Horsepower-hour),  the  fuel  weight is given by 

A system  weight  penalty of 

AWcooL = PGEN WcooL [+- - ++I ton, (1bs)  (5) 

is incurred when one  uses a generator  with an e f f i c i e n -  
cy  of  q- which is less t h a n   t h a t  f o r  another  generator 
with a h igher   e f f ic iency ,  q+. The add i t iona l   fue l  
weight i s  

AWFuEL = .3724 PGEN SPC [ $ - ++] ton. (lbs)  (6) 

Consider two 20 MW generator   designs  with  eff ic ien-  
c i e s   o f  95.4%  and  92.6%  with WCOOL = 1 lb/(MW-sec) f o r  
a hollow-conductor,  water-cooled  stator. Weight penal- 
t i es   assoc ia ted   wi th   us ing   the   lower   e f f ic iency  machine 
are p lo t t ed   i n   F ig .  4 as a funct ion o f  run time. The 
t o t a l  system  weight  penalty i s  l e s s   f o r   t h e   t u r b i n e  
with  the  lower SPC since  the  cooling  subsystem  weight 
is independent  of SPC. Also ,   no te   tha t   the   fue l   weight  
penal ty   tends  to   dominate ,   especial ly   for   high SPC. 
The system  weight  penalty  for  both  cases is only  about 
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FIGURE 4 System Weight Penal t ies   vs .  Run Time 

Cryogen Logis t ics  

One o f   t he  more important  system  considerations 
i s  t h e   l a r g e  amount of l iquid  hel ium  required on board 
an aircraft. A 20 MW generator  w i l l  consume 20 liters/ 
hour  of  liquid  helium.  For a 10  hour  airborne  mission 
assuming a 10% reserve,  220 l i ters of   l iquid  hel ium 
will be  required.  System  weight, volume and r e l i a -  
b i l i t y  w i l l  be   adversely  affected  by  the  a i rborne 
helium  supply  and  the  great  complexity  and  logistics 
problems  of a cryogenic  subsystem.  Problems  associat- 
ed  with  the  airborne  cryogenic  subsystem  include: 1) 
supply  from  cryogen  source t o  base, 2) base  supply 
( f i l l i n g  and  standby  operations),  3)  airborne  supply, 
4) helium  reclamation  and 5) reduced  e lectr ical   break-  
down p o t e n t i a l  when a helium  overflow o r  leak is 
present   in   the   conf ined   space   o f   the   a i rc raf t .  

The most  economical method of  supplying  helium  to 
the  base is d i rec t   t ranspor t   o f   l iqu id  from the  source.  
The choice be.tween us ing   on ly   l iqu id   t ranspor ted   to  
the  base o r  supplemental   re l iquefact ion  of   boi loff  
w i l l  be  an economic decis ion which i s  current ly   being 
s tudied.8  Select ion  of  a base  supply  system  concept 
w i l l  be  strongly  dependent upon the   l i qu id   quan t i ty  
requi red ,   the   ex ten t  which reclamation  of  the  helium 
gas is required and the  undefined  operational  cryogenic 
l i fe t ime  of  a superconducting  generator  in  operational 
use.  Cryogenic lifetime is def ined   as   the   l ength   o f  
time t h a t   t h e  machine  can be  continuously  maintained 
a t  standby (-80K) o r  operat ional  (-4K) temperature. 

Since cooldown  from room temperature  dominates 
helium  consumption  and more room temperature  cooldowns 
are requi red   for   shor te r   c ryogenic   l i fe t imes ,  it is 
d e s i r a b l e   t o  maximize the  cryogenic  lifetime o f   t he  
superconducting  generator.  Operational lifetime f o r  
l ightweight  superconducting  generators would o r d i n a r i l y  
be  determined  by  corona breakdown and  high  temperatures 
in   t he   h igh   vo l t age   s t a to r   du r ing  power generat ion and 
is es t imated   to   be  100  hours. 

Since power genera t ion   a t   h igh   vo l tage  w i l l  occur 
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for  only  one  hundredth  of  the  total   mission  t ime,  the 
c ryogenic   l i fe t ime  should   be   a t   l eas t  100 t imes  the 
mission  durat ion,   i .e . ,  1000 hours   for   a   typical   ten 
hour  mission. However, U.S. A i r  Force  experience  indi- 
cates   that   cryogenic   subsystems  are   subject   to   handl ing 
and se rv ic ing   l i f e t ime  limits due to   the   ex igencies   o f  
f l ight l ine  operat ional   condi t ions.   These limits appear 
to  be  hundqsdsof  cryogenic  operational  hours. 

Selection  of  a  helium  logistic  system w i l l  a l s o  
be  strongly  dependent upon t h e   a v a i l a b i l i t y   o f   l i q u i d  
a i r ,  oxygen o r  ni t rogen  to   e l iminate   excessive  hel ium 
consumption  during cooldown and  standby  operation. 
Aircrews  already use oxygen a t   a l t i t u d e  and l i q u i d  
oxygen  which is  already  avai lable   should  be more c o s t  
e f f e c t i v e   f o r  cooldown of  the  superconducting  generator 
than  l iquid  helium. 

F i l l i ng   ope ra t ions  at  t h e   a i r c r a f t  w i l l  probably 
be  accomplished by por tab le  Dewars which w i l l  be 
connected t o   i n d i v i d u a l   a i r c r a f t  af ter  b e i n g   f i l l e d   a t  
t h e . l i q u i d   h e l i u m   s t o r a g e   s i t e  on base. The a i r c r a f t  
cannot  afford  the  weight and volume.penalty  of  an  air- 
borne  refr igerat ion  system. A s tandby  re f r igera t ion  
system  could  be  utilized on b o a r d   t h e   a i r c r a f t   t o  main- 
ta in   the  superconduct ing  generator   a t   a   temperature  
above the   f reez ing   po in t   o f   a i r .  The generator  must 
always  be  kept  cold  (standby)  because  of  the  mechanical 
f a i l u r e   p o t e n t i a l   o f   t h e  complex cryogenic  rotor,  long 
cooldown times  (several  hours)  and  excessive  cryogen 
consumption f o r  cooldown  from room temperature.  Stand- 
by cooling  can  also  be  accomplished on t h e  ground by a 
mobile  compressor  and an on board   re f r igera tor  o r  by  a 
portable,   cryogenic  heat  exchanger  using  l iquid oxygen 
o r  other   avai lable   cryogenic   f luids .  

On board  the  aircraft ,   the  standby  cooling  system 
must be augmented by a l ightweight  l iquid  helium 
s torage  Dewar capable  of  supplying  the  system  mission 
requirement.  Lightweight 220 l i t e r  Dewars a re   no t   ye t  
available,  but  preliminary  development  effort  funded by 
t h e  Aero Propulsion  Laboratory  has  demonstrated  the 
capabi l i ty   of   manufactur ing  large  f iberglass   re inforced 
epoxy Dewars a t   ve ry  low l o s s   r a t e s . 9  No attempt  has 
been made t o  produce  lightweight  composite Dewars, but 
replacement  of  the  f iberglass by Kevlar   f ibers  would 
r e s u l t   i n   a  Dewar subsystem  weighing less than 100 
pounds.  Exhaust  helium  from  the  superconducting  gener- 
a t o r  w i l l  be  near  ambient  temperature  to  extract  maxi- 
mum enthalpy and will be  vented  overboard. A s torage  
Dewar system is  s imples t ,   l i gh te s t  weight  and l e a s t  
expensive  in terms of   acquis i t ion and  developmemt cos t ;  
however, a l l  of the  helium is  l o s t .  The expense  of 
replacing  the  vented  helium i s  considerable,   but  the 
severe  weight and volume penalty  of  an  airborne  helium 
recovery  system i s  probably  unwarranted a t   p r e s e n t .  
Estimated  annual  helium  consumption  based on highly 
opt imis t ic   p ro jec t ions   o f   a i rborne   genera tor   appl ica-  
t i o n s  i s  s t i l l  only  a  small  percentage  of  the 600 
mi l l ion   cubic   fee t  per  year  used fo r  pro tec t ive  atmos- 
phere use a lone   in  1990. lo Beyond the  year  2000, an 
impending  helium  shortage would motivate  airborne 
helium  reclamation. 

Helium gas  causes  a  significantly  reduced  break- 
down potent ia l   because  hel ium  tends  to   diffuse  through 
even the   t i n i e s t   o r i f i ce s .   Ca re fu l   cons ide ra t ion  must 
be   g iven   to   the  on board  helium  supply  and  venting (o r  
s torage)   system  to   e l iminate   the  possibi l i ty   of   hel ium 
contamination  of  the  environment  surrounding  high 
vol tage components which  must be  located  very  close 
together  on board  an a i r c r a f t .  

The expansion/compression  sequence  which an a i r -  
c r a f t  and a l l  equipment i n  it goes  through i n  a t y p i c a l  
mission is  a  special   problem  for  the Dewar subsystem. 
Appropriate  check  valves must be   u t i l i zed   t o   p reven t  

severe losses of   s tored   l iqu id .  The low pressure 
ambient  condition  during  the.mission  could  provide  a 
free  source  of  subcooled  helium  for  generator  cooling 
should  the  need  arise.   Sloshing and high  accelerat ion 
loads  during  the  mission will cause  special  problems 
i n  Dewar design  to  prevent  excessive  losses.  

111. CONCLUSIONS 

System requirements . for   a i rborne  high power appl i -  
cat ions  s t rongly  inf luence  superconduct ing  generator  
des ign .   In   par t icu lar ,   t rans ien t   opera t iona l   char -  
a c t e r i s t i c s  have d i c t a t ed   t he   u se   o f   t he   h igh   c r i t i ca l  
temperature  superconductor NbgSn. Transient   losses  
due to   r ec t i f i ed   ou tpu t   r equ i r e  an  ambient  temperature 
e lectromagnet ic   shield on the   ro to r .  The advantages 
of   high  vol tage  generat ion,   d i rect   turbine  coupl ing 
and   h igh   e f f ic iency   a re   o f fse t ,   to  some degree, by t h e  
additional  weight and  complexity  of a cryogenic  supply 
system. 
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